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IIpuBefieRE JaHHBIE O CpPeJHHX CONEP/RAHMAX pej-
KHX I PYJHHX 5IeMEeHTOB B NOpPOf000pasyoIux MuHe-
paiax TPAHWUTONIOB, OCHOBAHHEIE HA OOJBIIOM KOIM-
gecTBe (Domee 12 000) wactumx oupemenenniti Nb, Ta,
TR, Be, Li, Rb, Cs, W, Mo, Pb, Zn, Cu m apyrax
3JIeMeHTOB.  DBHYHCIeHHEIE  CpefiHEe  COJeps;KaHud
ABJIAITCA CBOeOOPABHEIMII KIapKaMII PeflKAX 3IeMeHTOB
B Iopooo0pasyoix MAHepansax FPaHUTONIOB H AT
BOSMOKHOCTh OO0BEKTHBHO ONEHWBATH CBoeoOpasme co-
cTaBa MHHEPAJOB, a TaKme CYAUTH 06 MX TeOXUMIYe-
CKHEX 0CO0EHHOCTAX B BaBHCHMOCTH OT TeHe3Hca I'PaHUTO-
npa, ero merporpadHdYecKoro cocrasa, CTeIeHM H3Me-
HeHHOCTH TIOBHNMH IIpoIeccaMu pypoHocHOcTH. OHI
MOBBOJAANIT YTOYHHTH XapaKTep IOBeJeHHSA pegKuX
JIEMEHTOB B IpOlecce KPHCTAMIMB3ANAN TI'PAaHITHOI
MATMBL M TI0 TOMY NPH3HAKY BHIEJATH TPAHHTHL ¢ XO-
poImo TpOABIEHHOH pPYAOTeHepHpPYIOMWeil cHocoOHOCTEIO,
qTO INMeeT IepBOCTelleHHOe 3HAYeHlle I8 HAYIHO-
0060CHOBAHHOTO INIAHHPOBAHMA IOMCKOBO-PABBEIOYHEIX
paGor.

Tabaun 95, mamoctpamnit 17, comcor JuTepa-
TYpH — 364 Ha3B.




BBEJTEHUE

Boapimme yermexu, TOCTHTHYTHE 2a HMOCHeHHE IOl B 00.JacTH 1a60parTopHHX
MeTOTOB CENapaIuy, MO3BOMANNIX MOIYIaTh W3 PABJIMIHBIX THIOB IOPOT MOHO-
MUHepAIbHEE (PPAKIME, 3HAUNTEIHHO DACIIMPHIN BO3MOKHOCTII HETPOJOTHH Kak
nayku. IlosBmiack BOBMORHOCTD HOJNYYATH A  PASIHTHEIX HceIeoBaAHNIL
I B TePBYI Ouepefb QI AHATHTHYIECKUX HEOOXOMuMOe KOMMIEcTBO YHCTEIX M-
HEPAJOB H Jake UX OTAEIbHBIX pasHOBUAHOCTEI M TeHepanui.

Ioceaee 0COGEHHO BA/KHO, TAK KAK MCHOIB30BAHHE OOBYHBIX XUMHTECKHX
AHAIMA0B TOPOJ WM ONTHIECKHX ocofemmocreit mopogoofpasylomux MHUHEPANOn
He BCEDJIA [|AeT OJHO3HAYHEE Pesy.ILTATH MPH pacluiu@poBKe MPOTECCOR NETPOTeHe-
amca m pymoobpasosaHms. HeomeHWMy0 IOMOI[b MOKET OKAsarh PN DTOM H3y-
YeHHEe RBTOPOCTENEHHEIX COCTABHHIX dacTell M3BEPIKEHHBIX LOPOJ — pPeNKHX B7e-
MeHTOB T WX MHHepaxos. Tak, OUH I TOT ke DIEMEHT Moier 00pasoBHBaTH
PasImIHBEIE COEAUHEHHA (F — ¢uoopur, Tonas; TR — oprur, Momaunr, OacTHE3UT
u ap.; Ti — cden, WIBMEHAT, PYTH 1 T. IL.), TEM CAMBIM yRAasHEAA Ha cnoeobpasme
yCaoBuil KPHCTAINUBANAM MAarMel. Pasiudsle CONEP/RAHIST DEJKHX OIEMEHTOR
B coctaBe IMOPORO0GpPAasylONIAX U AKIECCOPHBIX MHHEDPATOB MOIyT YRASHBATL HA
cBoeofpasme TeHe3Mca TMOPOJH WK HA €€ BO3MOJKHYIO PYAOHOCHOCTD. IHomoGran
nHPOpMAIES 3HAUUTENAbHO Gomee pasHo0bpasHa IO CPABHEHNIO C TO#, KoTOpas
To0BIBa@TCA METOJaMH RJIACCHIECKOU merporpadmi. Tarx BOSHHRIA MBICIB 0 BO3-
MOJKHOCTA HCIOIH30BAHMA PEJKHX DIEMEHTOB M MX MUHEPATOB B KayecTBe MHANKRA-
TOPOB PASIHIHHX FE0JOrHIECKHX IPOLECCOB.

Pagorst A. W. TmuaGypra (1954) u B. B. IepGuunt (1954) Gprm offEIMA U3 HEp-
BEIX B 2TO# oOmactm. B HHIX yKassBAJI0Ch, ITO MHHEDPAIB IEPEMEHHOTO COCTABA
MOTYT PACCMATPHBATHCS KAK XMMHYECKHe WHMKATOPH, XapaKTepH3yoIue COCTan
cpe/isi, U3 KOTOPOil OHE BHEJSANACh W KOTOPAsA HeNPePHIBHO MEHACTCA B XOUE aBo-
JIONMN MATMATHIeCKOro paciiaapa—pacrsopa. OTmedamocn, 9TO MO COAEPKAHIIO
PeIKIX DIEMEHTOB B MOPO00GDPa3yOIIUX MHHEpaTax MORHO CYAUTH O HAXMIII
B TOPOAE COOCTBEHHEIX MHHEpAJO0B BTHX JJIEMEHTOB. Briio BhicKA3aHO MEEHHE
(TueaGypr, 1954), 4T0 MO COAEP;RAHHIO PE[IKHX DIEMEHTOB B MHHepAJax NerMari-
toB (maupmMep, Cs u Sn B Ca0Aax), MOJKHO CYAHTb 0 HAIMIHN B MerMATHTOBEX
JRIIAX PYA cooTsercIBylOmEx oanementon. Bo Beex nogo0HKX CIydagx CcOoCTasn
MIIHepATa yHOMEHAETCA Kak Hamboxee TOCTOBEDHBI WHANKATOPHEIL HPH3HAK.

B 1959 r. ua cmmmosuyMe «['eoXuMHs peJlKUX HIEMEHTOB B CBABH C npobaemoil
nerporeresncay (TEOXU AH CCCP) ompefieqeHEl BO3MOKHOCTH HMCLOIL30OBAHMS
ocoGeHHOCTEIl pACTpeJieleHAs PeJKNX dIEMEHTOB B M3BEP;KEHHBIX IMOPOAX Rak
reoXnMMAYecKAX KPUTEPHEeB IPH pelleHAH NeTPOreHeTHYeCKUX sajat.

Hocaenyommue paborst (Taycon, 1961 u Ap.) BO MHOTOM JAOMOJHIIM HPE/CTAE-
JIeHAS 0 XapakTepe pacHpefieleHus PeJKUX W PYAHEIX 2TeMEHTOB I10 mopojoodpa-
3VIOMEM MOHEpAaIaM TPAHHTOUIOB.
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IIpoGuema MHEHEPATOB-MHANKATOPOB BechbMa aRTyalIbHA U cilokHa. Ee akTyams-
HOCTb B HEOGXOAUMOCTH JaTh B PYKH HCCTeIOBATENH A0CTATOYHO HANIEMKHBIE H 005-
CRTHBHBIe NPHU3HAKN, KOTOPHE MOJKHO WMCIOML30OBATEH NpU PasjanIHEIX TeHeTHue-
CRUX M METalJIOTeHNMYeCKAX IOCTPOCHHAX. Ee cl0:KHOCTD BaKI0UaeTCH B 0TCyT-
CTBHH CHCTEMATHIECKHX M JOCTATOIHO HPOBEPEHHBIX HaOnro/leHnil, packpeBa-
IOMUX HPUYMHEL TOABIEHMSI XapaKTepPHOTO NpPHBHAKA Y MEIHepaTa-HHATKATOPA.
Brierenme srux mpmsmakos ocrosmmsercs HETIOCTOAHHKIM COCTABOM TOJIaBIAION it
9aCTH IOPOI006PasyOmNX MEHEDATOB TPaHUTOUIOR M HAJIHIHEM HECKOJILKUX I
TeHepanuii.

HamnGomee makEmMm u AOCTOREPHEIMI MH/MKATOPDHBIMH NPU3HAKAMI SBIS-
I0TCSL OCOOCHHOCTH COCTABA MUHEDANA, a MMEHHO: H3MEHeHUs B CONePIRAHUH Kak
PIABHBIX, CIATaloINX MEHEPaX dJIeMeHTOB, TAK M TeX, KOTOPHE H30MOP(HO BXOTAT
B €r0 KPHCTANINIECKYIO DEIIETKY U KOTOpPHe OOHYHO HABHBAIOT 8JIeMEeHTaMH-TI] i~
MecaMu. OHAKO WOCHeIHWE He ABIMITCS npuMecAME B OYKBaIbHOM CMBICIE CI0BA,
TAK KaK IpPeicTaBIAT cofoii 3aKOHOMEepPHHE cocTABHEE YACTH TOI MuHEpanxooipa-
BYIOIIeil Cpefsl, W3 KOTOPOi TpOMCX0/1ii0 00pasoBaHme W3yuaeMoro MHHEpAJa.

Haxonscs B mopome B Bechma mesmaumtennEOM KOJMUecTBe, OHH 3aMeTHO
HARAIINBAIOTCA B OIpefle]eHHHX MIHepaIax-KOHIEHTPATOPAaX, COCTAB KOTOPHX
HAarIATHO OTPAsKAaeT MBMEHEHUS B TOf CIOMHOII 1O HACHIIEHHOCTII Pa3IAIHBIME
SIEMCHTAMH T'eOXHMHYECKOIl CHCTeMe, KOTOPYI0 MBI HABKIBACM MarMoii. _

Wamenenne cocrasa u COJCPIRAHIS DTHX HJIEMEHTOB B ONpeJleJIeHHHX MITHepa-
Jax-ROHIEHTPATOPAX OTPAKAET TEOXUMHYECKHE 0COGEHHOCTH MATMEL: CTENeHb HACHL-
MEHHOCTH ee JAETYIUMH KOMIOHEHTAMH, a TaKyke PYIHEIMI 1 PeRIMY BII€MEeHTAMII,
Pa3TMIHOe CONePAAHNE KOTOPHIX MOKET YKABHBATD HA HEOGHYHLIL xXapakTep sapo-
AIEHAA WIHM NOCTeAYIoNeli KPHCTAIIH3aNNE IPAHATHON MATMMI.

Hsygenne xapaxrepa pacnpegerenus PEIKUX I PYAHEIX DJIEMEHTOB IO clara-
TOIMIMM TPAHAT MHHepaTaM HO3BOMUIO BEIEINTH CPEIH HIX MUHEPATH-HOCHTEI 1T
MITHeDATH-ROHIeHTpaTopsl. M Te m fipyrme MoryT OBITH MCIOIB3OBAHEL KAK MIHe-
PAIBI-HHETUKATOPH!, TO3BONAIONINE HAPALY ¢ 0OMEre0I0rNYeCKIME T neTporpacguge-
CRIMHA JlaHARIME Gosee 0G0CHOBAHHO: CYIuUTH 06 yeaosuax GopMHpOBaHMA IpaHNT-
HEIX MacCHBOB (HaIpHMep, TOBHIIIEHHOE cogepacanme Ti B Gmotmre rubGpupnbx
rpanuroB; Rb m Li — B kanmeBoM noenom mmate m3 ammrambisx gacTeil TPaHUTHEIX
MaccuBoB; F nm Sn — B Gumormre 13 TPaHUTOB TPEIIWHHBIX HWHTPY3WBOB W T. II.);
COTIOCTABIATE N0 MOZOOHHIM IPHBHAKAM TPAHHTH PA3IHYHBEIX MAcCHBOB MJIHM pas-
JUTIHBIX ROMIVIEKCOB; BEIABIATL MPHHA/TE;KHOCTh TPAHETOWIA K onpefieIeHHOMY
TeHeTHIeckOMy THIY (BEcokme cofepskanma Cr, Ni, V i musxme Nb, Ta, Sn 5 6uorn-
TaX I MarEeTHTax m3 TPAHNTOR raGOpoBoil POPMALHM, BHCOKAS TIMHOBEMICTOCTD.
B HHU3RAA JReJNe3HCTOCTh OGHOTHTOR, HAPSA/Y ¢ BHCOKHEM comepsranmeM Rb B xammenom
IOJIEBOM MNAaTe W3 ABTOXTOHHEIX I'PAHATOHIOB, OTAMYAIOMAS HX OT OIHOMMEHHEIX
MHUHEPAJI0B MHTPY3MBHEIX T'PAHUTOB M T. M.); CYAHTh O BOZMO;KHOIM PYIIOHOCHOCTI
TPAaHETOHZOB (MOBEIMIeRHEIE cofepsrannsa Sn n Cu m mosmkenase Pb u Zn B 6moTnTe,
Be B mnarmormase, Au » Kpapme m T. 1.).

Hockonpky B mepeuncienmmx caydadax pedb maer Goabineil YacThi0 0 TOHKNX
OTIMMHAX B COCraBe MHUHepaTa, B KauyecTBe NEPBOOYCDEJHON 3aMaulm BOBHHEAET
HeoOXO0IUMOCTh BEITHCIC I CPeJINAX COJlep;KaHmil PefIKUX U PYAHEX DJIeMEHTOB
B mopogoofpasyomux (n manGomsee PACIPOCTPAHEHHEX aKIeCCOPHBIX) MHHEepajax
TPAHATOH/IOB. ITO JIAeT BO3MOKHOCTE Golee OpaBMIbHO HHTEPUOPETHPOBATE Halmo-
AAIOMHAeCHA H3MEHEHHS B CONEP;KAHWN TeX WM WHEIX DICMEHTOR W BEIOHpars Goxee
[PaBIIBHEIE MYTH NPH PEIIEHNH CHO/RHHX BOMPOCOE NETPOTOTHH M pyrmoobpaszo-
BaHHA.

B macrosimee mpems cuuraercs 00menpN3HAHHEIM, YTO TPAHHTONIE ABIAIOTCHA



00pa3oBaHEAMYI TeTePOreHHBIMHE. OcoGenHOCTH cOCTaBa OJHOMMEHHBIX MOPO000pa-
3VIOIUX MHHEDAJIOB B TeHETHIECKH PA3IHUHBIX IPYNIAX PAHUTOMAOR, HECMOTPA
Ha OTIeJIbHbE YKA3aHNS, HAIPEMED, O TOM, YT0 KAJHeBHe MOJIeBHIC IIATH FPAHM-
ToW0l TAGOPOBOI M TPAHHTHOH POPMAIMIL OTIMIAIOTCS IO COMCP/RAHMIO pyouaus
n cpuuna (Qepmratep m Ap., 1969), ocraioTcs HPAKTHICCKH HE BEISICHEHHBIMH.

B rteopeTHuecKUX M NPAKTUUECKUX TEIAX GEII0 OB KpaiiHe BajkHO WCIOJIL30-
BAThL 0COGEHHOCTH YACTHHX CcOMEPsKaHUil pefKHX DIeMEeHTOB B mOPO000PasyIomux
MEHEpAaJax TPAHHTOUMIOB, B TOM CJy4Yae, eCill OHU 3HATHTEILHO OTIMIANTCA OT CPeji-
HUX, HAUPHMEp, 1e3Hs WK 00Ba B OHOTHTE, poabfpama man Oepuiius B IIarmo-
Knasze, CBUHNA Wam (Topa B KAJIHEBOM IONERBOM Imare i T. 1.

Impps cpefHuX COlep/RaHmil WMelT GOJIBINYI0 1EHHOCTD €Ie ¥ TMOTOMY, 4TO
ABJIAIOTCA CBOCOOPABHEIM DTAJIOHOM, TMO3BOJAKNIUM CPaBHEBATL I OIEHHBATD
qacTHBIE COMEP/KAHHA, TOJBepsKeHHBIe N3BeCTHRIM KONeOaHEAM B 3aBHCHMOCTH
OT TEeTPOXHMHYECKHX OcofeHHOCTEil TPAHMTONA, €ro TeHe3uca, COCTaBa caMoro
MHEHepajia WiH CTeleHH ero M3MeHeHHOCTH. Cpenue COMEP/RAHNA PEJIKEX JJIEMEeH-
TOB B MUHEPAIAX-HOCHTEIAX MOTYT OBHITH TaK:ie NPUHATH KaR BepXHHUIl Tpefel
IepPBHTHO-MATMATHIECKUX COAEP/RAHMI DTHX DJIEMEHTOB B rpamurax. bojee Brco-
KHe COJepyRAHNs, OYeBHAHO, YRAZHBAKWT HA M3MEHEHHOCTH IPaHNTd, COmpPOBOKIA-
JONYIOCSA ero MMIperHaIueil peIKIMI i PY/AHEIMIL 5JIeMeHTaMIl TTH X MUHEepalaMi.

Kpome T0r0, M3yUeHHe COCTABA MOPOA006pasyIONIX (1 aKIECCOPHBIX) MIHEpa-
0B PABIUYHBIX TeHePAluUil IpPONUBAaeT CBET HA IOBeJEHME PEJKNX DJIEMEHTOB
B MarMaTHuecKoM Tporecce.

VeraHOBJIEHHE CPEJHUX COJeP/KAHMI PEKUX DIEMEHTOB B TPAHMTOMAAX pas-
JIWYHOTO TeHe3mea IIM cOCTaBa MMeeT OOJbIIOe 3HAYEHHE, IOCKOIBKY TO3BOJIAET
0GBEeKTHBHO ONEHHTH CTEIEHh WX KOHIEHTPAINN B Ka;KAOM N3 BHJEJCHHbIX THIOB.
OpHaro JlajbHeiimeil sajiadeil ABIsETCS YCTAHOBIEHHE CPEAHUX cofepsRaHuil pefi-
KHUX 2JIeMEeHTOB B HOpooobpasyiomunx (u AKIECCOPHBIX) MIHEpajzax IPaBHTOBI0B
pasiuuHoil GopMANMOHHON HPUHAJIEKHOCTH. Ilogo0HBIE WCCAETOBAHNUI npuolpe-
TafoT 0coboe 3HAUeHHe IPH PpeIleHuy BOOPOCOB O TIOTEHINAIBHOH PYTOHOCHOCTH
IPAHUTOMIOB, TAK KAK CpejiHee cofiepsranue 91eMeHTa B MOpoAe He orpaskaeT GopME
ero HAXOJRICHNS — PACCEAHHON WM KOHIEHTPHPOBAHHOL. IMocnenussA, Korpa
37IeMeHT 06pasyer cOOCTEEHHEIE MUHEPAJILI, MOJRET CAYIRUTD BAIHEIM WHIHKATOPOM
OpM MOMCKAX KaK DHOTEHHBIX, TAK M JKI0TEHHBIX CKOIICHUII MUHEPAI0B PeJKHX
DJIEMEHTOB. SHAHHE CPEHEX COjePyRaHmii PeIKNX DIeMEHTOB B MUHEpalax, KOTOPHE
MOJKHO MCTOAB30BATh IPH ONEHKe PYAOHOCHOCTH TPAHHTHBIX MAaCCHBOR, npuobpe-
TaeT 0coOBIl MHTEpeC eme U TMOTOMY, UTO YsKe ceiiyac M3BeCTHO MHOTO IPMMEPOD,
KOTJIA COJeP/KAHMA HTUX DIEMEHTOB B PYAOHOCHRIX TPAHUTOMAAX (manmpumep, ['op-
moro Auxras, Bocrounoro Casina) GAMBKE K KIAPKOBLIM WIH Jlajke HUAE UX, M 10-
DTOMY He MOT'YT OHTH MCIOJb30BAHHL B KauecTse JOCTOBEPHOr0 MHAMKATOPA PY0-
HOCHOCTH.

YeTauopienne cpeHEX cOfeP/RAHMIl PEJIKNX DJIEMEHTOB B MEHEpalax M3 rpa-
HUTOWJOB DASINUHEIX PETHOHOB NO3BOIUT OOBCKTHBHO ONEHATH CTENEHDL KOHICH-
TPAIHE Ka/K[0T0 HIEMEHTA B COOTBETCTBYIONMEM MUHEpajie-HOCHTENE M MUHEpaJe-
KOHIIEHTpaTope W jarb Ooidee OOBEKTHBHYIO T[EOXMMIYECKYIO XapaKTePUHCTARY
permoHa, MMEULyi0 IepBOCTeNeHHOe BHAUeHME NPH HAYdHO o00cHOBAHHOM IJIAHH-
POBAHHUN TOMCKOBEIX M Pa3BeIOYHEIX Pabor HA PEfKHe HIEeMEeHTEL.

Ilast yememmoro pasBUTHs TeOJOrHH HeoGXOMUMO NPHMEHENHe HOBEIX METO/I0B
W IpHEMOB, HY:KHH Golee TOUHBE JAHHEE O PUAHIECKUX cBOiiCcTBAX TOPOJT M MUHE-
pajioB, HOBHE MIHEpPAJOr0-TeOXHMUIeCKHe giaaccHUKATUE HM3BePsREHHBIX TOPOTL,
VUUTHBAIONME He TOIBKO 0COOGHHOCTH COJIeP/KAHMA B HHX Tmopo000pasyomux un
AKIECCOPHBIX MUHEPAIOB, HO U cBoeoDpasme WX COCTABA. B cpasm ¢ sTEM 0Cc0H0e
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BHAYeHHE NPHOOpPETAeT YCTAHOBIEHHME HOBBIX Te0XHMITECKUX XapAKTePHUCTHK,
0CO0EHHO TAKHX, KaK CpeJHEe COTep:HaHHe PEIRUX W PYJHEIX HIEMEHTOB B MUHEpa-
JlaX TPAaHHTOMIOB DPA3NMYHOr0 TeHesHCa M PABMMIHON pymoHOcHOcTH. OmHONE 13
OCHOBHKIX 3a7ad TeOXMMHH CJeJyeT CYHTATH He TONBKO JadbHeilmee yTouHeHme
ocofenHocTeil pacmpefieenns coep;RaHmi PEIKAX HIEMEHTOB B IOPOMIAX M BBIsI-
CHEHHE UX KOPPeIsANHOHHEIX CBA3€H, 10 U Iepexo/ K BEACHEHHIO 3aKOHOMEPHOCTEIT
PACHOPENeNCHHAA PEKUX BJIeMEHTOB B MUHEPANAX, T. €. K TeOXUMHN MUHE paIos.

Wsmnosxenne Marepmana B mpepnaraemoii pabore m monumEeHO nepeanciaeHHBIM
BBHIIIE Bagadan.

AuHanusy mogBepraiuch mopogo00pasyome MHHEPAJIEl 13 TPAHHTOUIOB paa-
JITTHBIX TOHETHYECKHX THOOB, Pa3JdHMYHOTO BO3PACTA W I€OTpadmuecKoro momro;ge-
Husi. VHTpYy3UBHEe Na/IMHATeHHRe TPARATOMIE B HIX IpefcTaBIeHBl TAXe030iicKkuMu
rpamuronfamu Bocrogmoro Caama, Tyssi, opmoro Aumras, ¥Ypana, Kasaxcrana,
Y3l0erucrana W Mes3030HCKIME rpaauroniaMn Cesepo-Bocrora CCCP, Bocrowmoro
Sabaiiranba, Cepeproro Kaskaza n ApPMeHNH; ABTOXTOHHEIE METACOMATHUECKHE —
HOReMOPHICKUME TPAHMTOMIAME YKpaunsl m B MeHbImeit mMepe Hoabcroro momy-
0cTpoBa u BOpOHEMKCKOTO KPHCTAIIMIECKOr0 MAacCCHBa: IPAHATOMAL Tad0poBOit
GopManmm — mECTPHIME TO COCTABY HUFKHENAIE030HCKIMI rpaEaToujamMum Y paia.

Jaa cpaBHeHHS MPUBEJIEHH TAK:KE TANHEE O CONePIKAHTIO PEIIKUX BIIeMEHTOR
B I0pO000pasyomux MHUHEpamax THEHCOB W MUTMATHTOR YERpauHH, MeI0THEX
rparuror Hoabckoro momxyocrposa, saumapmros Jlaxbmero Bocrora, memounsx,
OCHOBHEIX M yJIBTPAOCHOBHEIX mOpOR u rapGomaruro Ypama, HKomberoro mosry-
ocTpoBa W AnjaHa, 3aMMCTEOBAHELIC I.TABHEIM 00pasoM M3 IHTEpATYpHL.

Metomura BHIIeneHms HOPOK00dpasyoINX MUHePATIOB, obfecmeauBaOas mx
AOCTATOMHYI0 YHCTOTY, CBOAUIACH K CJAENYIOMEMY.

Marepmamom i UX W3BIEUOHIUA CAV/KATA TA YACTH OPOAYKTOB CMBIBA, IOJY-
aCMBIX HA KOHIEHTPATHOHHEOM CTOJE B Pe3yibTarte IPOMBIBKI IPOOICHHKX 10 RKpyil-
HocTH 0,5 MM 1mpod TPAHETOMIOB, KOTOpAs JIMNIEHA TIPOAYKTOR TIePeHM3MeTbUeH ;s
(maaM) wim cpocTROB IOPOA00OPASYIONIX MUHEPAIOB ¢ AKIECCOPHBIMI T OBKITHO
Ha3bIBaETCs XBOCTAMH. XBOCTH KOHIEHTDPATIHOHHOTO CTOJIA mojiBepraxuch daora-
nuu mwo merony A. II. Ilurxar-Opasimckoit (1967), mosBoaAmeMy mOTyIaTE MOHO-
MAHepAIbHEEC QPARINME CII0[, KBAPIHA W IOJEBHX IMTATOB (mocaennme cymmapmo).

Cormacuo atomy Meropy GHOTHT W MYyCKOBUT aroTHpyIOTCS KATHOHHEIM pearem-
tom AHII, obecneumsaommy rufipododm3anmio uxX moBepXHOCTH. Hempecens mose-
BRIX MITATOB W KBapra OCYIECTBAALTCA cepHOIl Kueaoroit. Caionsmoi KOHI@HTpaT
moppabnusaerca mo 0,25—0.1 mum u HepevnmiaeTcss OfNH WIH HeCKOJIbKO pas. Pas-
AleleHre OMOTHTA M MYCKOBUTA OCYIECTBIAETCH HA saerTpomaraure. [{na moduro-
TN AGARTHBHBIX YACTHI, CIIOB MPOBOJUTCA KOHTPOJLHAS (IOTANNA, TOBBOIIA-
IOMas DOJTYIUTh YHCTHI OT CHIOAEL KBApPI-TIOJEBOINIIATOBEIL TPOAVET.

Haa spdpexrusnoii dmoranmm morenoro mmara OPOM3BONHUTCA TOAPOOIEHTe
fio kpynaoctn 0,15—0,074 mx, cBomsamee K MHHEMYMY KOJHYECTBO CPOCTKOB KBapIa
m mojessx mmaros. Daoramus segercst Tem sxe pearenrom AHII, mo AKTHBHpYETCA
$ropucrosogopoaHOil KUCTOTO, KOTOpasi 0THOBPEMEHHO ABJIALTCSA ICIPECCOPOM KBaP-
nessix vacrnn. Hommenrpar ocHoBHOM $uoranmm modeBmx mmatosn MepedniaeTcs
OflMH WJIM HECKOJBKO pas. 3aTeM MPOBOIMTCA OJHA WIH HECKOIBKO KOHTPOJbHBIX
baoranmit, wrobm » KaMepe (IOTANMOHHOI MAMIHAHE OCTANCA WHCTHIL KBapi.

Pasmemennme romrexTuBHOrO KOHIEHTpaTa IO0JEBHX WIMATOR HA KAJWEBHIH ©
HATPHEBO-KANBIMEBEIT Tpoussofmaoch no meroxy M. I'. Bememko (1969) ma men-
Tpudyre n Gpomodopme, pazGanieHHOM B coupre, 1o GopMmyie
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rge V, — oGmeMm cmupra, HeoGxomuMelil st pasbasaenns Gpomodopma o 3anaH-
HOTO YeNbHOTO Beca; V, — HavyalbHELT ofmem Gpomodopma; d, — YAGAbHEI Bec
opomodopma 2,89; d — saj@HHELl YIEIBHBIL Bec (obpano 2,59); dy — yHeabHBI
BeC THAPOJUBHOTO COUPTA — PACTBOPHTEA. IIpx momo0HOM paseleHHH YHCTOTA
TMOJy4aeMBX KOHIEHTPATOB COCTABIANA 95—98%.

OOmHpHELl aHAINTHIECKHIl MATEPHAT PACHPE/eIeH TaK, 4T0 B TEKCTE HMPUBO-
JATCA TPeIMYIIEcTBEHHO CPEJIHIe COMeP/ AN, 8 ROHKPETHHE UaCTHEI cofiep;RAHNsA
PeIKAX HJAEMEHTOB B MHHEPAJAX ¢ YKA3aHHeM THHA HMOPoj i permoHa TPHUBOIATCH
3HAUNTEABHO peske. B KauecTBe OCHOBHOM XapaKTePHCTHKIL, npuBOLHMOL B O0Ib-
IMHCTBE TAGTHI, MCIOIb30BATOCH CcPefiHEe apuMeTHIecKoe, MOCKOJAbKY IPH 601b-
IIOM WHeJe HaGMOAeHHIl OHO JaeT J0CTATOYHO BepHOe NpeficTaBieHHe O CpeHeM
coflep/RAHMN dJIeMEHTA B MHUHepaie. B masecTHOit Mepe 2T0 OBLIO KOCTUTHYTO Oia-
rofaps TOMY, UTO TIpH BHUMCIEHHM CPeJHEro COeP:RaHus PeIKUX M py/AHHIX aure-
MEHTOB B TOPOJ00OPA3YIOINX MHHepanax TIPaHHTOUJIOB PABIMYHOrO COCTABA WIH
reHe3mca HamboJee BRICOKHE M Haubolee HH3KHWE COJ@P/KAHMA dJEMeHTa B MHHEpane
He YUMTHBAIMCh, KAK HE YIUTHIBANUCEH I COJIEP/RAHUs PEAKHX DIEMEHTOB B n3Me-
HeHHHX MEHepAIax WIH MAHepalaXx #3 M3MEHeHHHX I'PAHNUTOB.

Opuaro fAaa TOTO, YTOOB HMEThH fojiee TOJTHOE TIpeficTaBieHne 0 XapakTepe
pacipefieseHus COJP/RAHMIT PeJAKAX W PYIHBIX HIEMEHTOB B MuUHepazax, ObLIN
BLIMMCIEHE CTATHCTHIECKHE ONeHKE (z, &, 8%, §, A, 1y, ta, lg t,, lg t,) TeX daeMen-
TOB, KOJAMUECTBO ONPEeTeHH KOTOPHIX YIOBIETBOPAET TpeGOBaHIAM, IpPebABIsIe-
MEIM CTATHCTHKOI. DTH JAHHHE B BHE OTACILHBX Ta0uIl HOMEIIEHS B KOHIE Kajk-
moil TJIaBHl, MOCBAIIEHHOI TOMY WIH HHOMY MHUHEpAJy.

OcHOBHASA TPHROJIMAs XAPAKTEPUCTHKA, ¢ KOTOPOIl CPABHUBAIOTCA BCE 0CTAb-
HEe, — cpejJiHee cOjlep;KAHHWe DdJeMEeHTa B MHHepaje MHTPYSHBHOrO IPAHHTA.
OHO mOYYeHO B Pe3yabTaTe 00be/INHEHHS JAHHKIX 10 COACPIRAHMUI0 TOTO MIM HHOTO
5IeMEHTA B ONHOMMEHHBIX MHHEPAJax H3 AMOPHTOB, IPAHOANOPHUTOR, OHOTHTOBHIX
W JeHKOKPATOBBIX TPAHNTOB MHTPYBHBHOTO TeHe3mca M PABJIMYHBIX PETHOHOE.

B npusopmMbix TalIHIAX HOPAOK PACIOTOKEHHA HIEMEHTOB COOTBETCTBYET
yMeHBIIEHI0 CTENECHH MX KOHUEHTPALMM B JAHHOM MuHepare.

Beero B paote menoanzoBano 12 582 wacTHRIX ompejeseHnii, U3 KOTOPHIX
8430 3aMMCTBOBAHO W3 JIHMTEPATYPHl, @ OCTAJbHBE BHIOOJHEHB B AHAJTHTHIECKHX
saGoparopusx BpoHHMIKOI T0I0T0-Te0XNMIIeCKOM NapTHH U B NMTPI.

Li, Rb, Cs ompesieasinch METOAOM dporomerpnu maamenn, Ta m W — xumn-
QeCKNM, A OCTAajbHBIe DJIEMEHTH — KOJIYeCTBEHHBIM CHEKTPAJIBHEIM =~ METOZOM.
YyBeTBHTENBHOCTD OIPe/ieNeHHuil (8 2/m): Li, T1 — 0,5; Be, Sn, Bil— 4:"Nb. Ta,
Ca — 2; W, Mo, Cu, Ge — 3; Pb, Sc, B, Cs — 5: Rb, Zn, Ni — 10; F — 50.
UYyBCTBUTENBHOCTD OUPEIeNCHNsA HJIEMEHTOB, COTEeP/KAHUA KOTOPHEX B MHHepanax
OPHUBONATCHA TOTBKO IO JIUTEPATYPHBIM JIAHHEIM (8 2/m): Ba — 100; Co, Cr — a0;
TR, Zr — 20; Sr, Th — 10; V —5; In — 0,02; Au — 0,00002.

Pacupejiesienne KOJMYECTBA OTPEGNEHMIl PABIMYHBIX PEAKHX OJIEMEHTOR
B HOpO7000pA3yONINX MHHepajax, HCIOMb30BAHHOE NPH BHBOJAE HX cpefHnx
coflepsRaHmil, MpecTaBIeHo B raba. 1.

ToBopsi 0. CPe[HUX COJEP/KAHMAX DEJKMX BHIEMEHTOB B MHUHEpalax, HEIb3i
He YOOMAHYTH O BIUAHHH Ha HAX MUK POBKJII0YEHNIT cOOCTBEHHHIX MHHEPAI0B ATHX
9JIeMEHTOB, 0COOEHHO OOHIBHEIX B I[BETHHX MHUHEpATaX TPAHHTOMJAOB M, B HaCT-
mocTn, B Ouorute. Crenuanbo a1o GyeT paccMOTPEHO B CIIeyIONmell TIaBe, 31ech ke
clefyeT OTMETHTH, 9TO B JNTEPATypPHBIX JTaHHBIX B GONBIIMHECTEE CAy4Yaes He IPHBO-
[ATCsA CBEJIGHMIT 0 YMCTOTe AHAJUBHUPOBABIIMXCA MUHEPAIOB. B wussectHoil Mepe
5TO CBS3AHO ¢ TEM, YTO COBPEMEeHHBIe, T0CTaTOUHO dPPeRTHBHEE METOJIEl cenapanm,
HO3BOIAIONIAe TOYTH HOJTHOCTHIO 0CBOOOKIATH WHTEPEC YOl MIHepat oT MUKPO-
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BRIIOUEHHIT, HE NPUMEHAIOTCA AOCTATOYHO IIHPOKO. Hoaromy mpm BeiBome cpemmmx

COZIeP;KAHMUIT DIEMEHTOB He YUHTHIBATHCH O0COGEHHO BLICOKIE COJlepsKaHHUsA, KOTOPEHIe

MOryT GHITH OGBACHEHHl HANWIHEM MHKPOBKIIOUEHMI cOOCTEENHEIX MHUHEpajos,

Brmoamenne macroamieit paGoTsl 0Kazamoch BOBMOJKHEIM Oraromaps momoru

roxaextusa JlaGoparopmi akmeccopHEIX MuHepaion UMT'P3, rae mox pyrosoj-

creoMm A. II. Opammackoii u JI. II. Tomosamonoit m ocoBenno Omarogaps moMoru

H. fl. [llep6auesoii, A. C. Omeiiauxosoit u B, C. Hecrroroii, Gbuio nposeieno

GoabIIoe KOJMYECTBO BHITETeHMIT MOHOMHHE DAJIBAKX  (parImi n0pPoR0odPasyImIIX
MHHEPAJIOB.

Tabauma 1

Koanueerno menoapsosannbix ompeeaennii PEAKNX I pPyJIHBbIX
JIEeMEHTOB B nopoﬂooﬁpaaymmllx MHHEepajlax TpaHHTONOB

{anuessbl
J1IeMeHT (%?\::ggg Buotnr MycHOBHT IInarmornas Irm.ﬂelauﬁﬁ Kpapn
mnar
Ti 28 399 34 —_ = =
w = 88 32 201 149 206
Mo 15 163 5 246 227 284
Sn 13 396 55 92 110 238
Nb 8 408 98 11 20 21
Ta 8 305 96 11 20 21
U 15 20 — 11 ) 21
Th 3 19 — e 2 6
TR 8 30 s 4 T —
Zr 34 59 == — e =
¥ 29 1 -— 25 == —
Ge — 10 — — T 34
Pb 16 68 4 92 387 132
Zn 9 177 — — 2 88
Cu 15 53 — — 8 146
Cr 43 39 b} — = =
Ni 28 269 5} = = —
Co 30 195 5 — = —
) 40 33 2 = — ==
Bi — 15 — — — 37
In — 5 —_ — — 1
Li 35 528 187 84 222 72
Rb 14 536 139 107 574 28
Cs 303 95 8 378 23
Tl = 48 17 — 4 20
Be 31 204 88 320 335 277
Ga 33 76 24 31 50 . 7
Sr 34 18 = 34 136 8
Ba ] 33 e 26 116 1
Sc 63 73 — —_ = =
Au 61 13 4 7 6 24
F 13 269 59 73 34 1
B 7 21 —_— 223 28 61
Beero 670 4834 904 1606 2811 1757

Cumraio Tarske OPHATHEIM [OJTOM BHPASHTH CBOIO UCKPeHHII0 GiarogapHocTts
corpyaukam Jlaboparopuu axneccopusix munepaizos UMI'PO B. W. Hedemonoii,
T. T. Banamosoii, T. A. Kacaesoii, JI. C. Jlesuenro, E. I'. Koapsxanosoii, oxa-
S4BIINM HEOLeHHMYI0 IOMONb B COCTaBIeHWH Tabiul, rpa@uKos, THCTOrpamu,
B BRIYHCICHUM CPCIHHX CONEP/RAHMIl, YHHQUKANUN JTHTEPATYPHL U T. M.



I'masa 1

®OPMA HAXORIEHNA PEJARHIX 9JIEMEHTOB
B 1IIOPOIOOBPA3Y IOIUX MIHEPAJIAX TPAHUTOU/IOB

Ilopomoo6pasyioniue MEHEPAIB TPAHHTONLOB CJIAralT OCHOBHYIO Maccy no-
poasl. flpassch MO cocTaBy AMOMOCIIHKATAME (KPOMEe KBApI@), OHI obmamanoT
HENOCTOSTHHBIM COJlep/KaHAeM IJIaBHEX 00pasyoiiuX MAHepas bdJeMedTOB, 9YT0
OKazHBaeT GOABIOE BANAHEE HA WX M30MODPPHYIO eMROCTh.

Pefkue bieMeHTHl B II0POA000DPAsyOMUX MHHEPAIaX KOHIEHTPUPYOTCSH
B MeHbIIEell cTemeHH, 9eM B akrmecccopHuix. llopojooGpasylonue MUHEpPaIHl sSBJIA-
J0TCA s OONBIIMHCTBA PeIKHX MHEHepajamu — HocuremxsMu. OJHaKo mHoposo-
ofpasyoue MUHEPAILl BCJAJACTBHE OOMBUIOTO HX COLEP/KAHUA B IOPOJe MOIyT
3aXBATHBATH I KOHCEPBUPOBATH OOJBIIYIO YACTh TOTO MM MHOIO PEJKOr0 dJIeMEeHTa
or ero o0mero cogep;kaEmsA B HOpOfle. SHAHHWE YACTHRIX I CPEJHHUX COJEp/KAaHMil
PeIKEX OJEMEHTOB B 1I0P0jI000pasyiomuX MIiHepajax mMeer 00ibmoe SHaTeHHe
OpPH BESBJICHIH CBOEOOPASHA B PacHpe/eleHun dIEMEHTOB IO CJATAONIM HOPORY
MAHepalaM, OpH BHYHCICHHH Kodd@numenra pyLOHOCHOCTH M T. II.

B oramume 0T IBeTHHIX MHUHEPadoB TPAHUTOHAOB, POrOBOil 00MaHKH M 0cCO-
GeHHO OHOTHTA, BHJEJeHHe KOTOPHX He HpefcraBIseT TPY/AHOCTH, CBeleHnsA 0 co-
MepsKaHUM PeKNX DJIEMEHTOB B KAJMEBHIX IOJEBHX IITATAX I IIarHoKN1asax Kpai-
He ckyAEE. OOBUHO YEa3mBaeTcs, 4ro 0oJIbpINas 9acTh COAeP/KAMUXCA B I'DAHATO-
uge Mo, Be, Rb, U, Pb, Sr u B xounenrpupyercsi B moiessix mmarax Ges paspe-
JeHUs WX HA KAJHeBHe WIN IWIarHokaassl (Suwioe u ap., 1963; Moraporcrmii, Mexs-
mnuenro, 1967; Jlsxnu, KyOumeuna, 1967; Menbsnuuenxo, Moraposckmii, 1968).

B macrosaiee npeMs MPaKTHIECKH OTCYTCTBYIOT CBEJIeHHA O CPEJHNX COfep:Ka-
HEAX PYAHBX W PEJKHX DJIEMEHTOB B MOPOM000pPa3yomuX MHHEpaIax PYHXOHOCHEIX
M HEPYAOHOCHEIX T'PAHHTOB, PPAHATOB Pa3IWIHOrO COCTABA I TeHEBHCA, & TAKKe N
B MEHEpaJaX M3 TeHeTHUeCKN CBABAHHLIX cepuii mopofl. ITomoGube anuHbe SABIAAIOTCA
Ba;KHBIMH TEOXTMUYECKUMU pernepaMi, HO3BOJAIONEMI CYJHThL KAk O pyJAoreHepu-
pyloIeii cmocoGHOCTH TPAHATOB, TAK W 0 MPUYNHAX €e MOPOKAAIOIINX; KaK 0 cBoe-
o6pasun reHesmca rPAHNTON/A, TaK 1 00 0COOEHHOCTH MOBEJICHHA PeIKMX M PY/HBIX
5IEMEHTOB B TeUeHWe IUTeIBLHOTO U CI0JKHOCO IMpomecca CTaHOBIeHHA, opMmpo-
BaHHUA ¥ NOCAeAyIOIiero mpeodpa3oBaHUs T'PAaHUTHEIX MaCcCHBOB.

ITpusofmMelil HEWke MaTepmai IPeICTABIAET TOXBKO MEPBYIO TacTh pPabOTH
[0 TeOXNMHH I0PO000PasyIIUX MUHEPATOB IPAHHTONIO0B. B pambmeiimem Heol-
X0nMo GyeT YCTAHOBHUTDH 3aBHCHMOCTH MEKIY COCTABOM HMOPOT006PasYIOIMX MUHe-
PAIOB W COMIEP/RAHNMEM B HUX DPeJKHX DIEMEHTOB. 4T MO3BOIUT Gosee 060CHOBAHHO
ONEHNUTH POJIb METPOXUMATECKOTO I KPHCTANIOXHMAYECKOTO (PARTOPOB B KOHIEHTpa-
IME peJKuX JJIeMEHTOB B IOCTMArMaTudecknme oTamsl (GOPMEPOBAHUA MHTPY-
3UBOB.



Paccmarpusas ocobennoctn copeprxanus peasux u PYAHBIX 3JeMEHTO8 B IIOPO-
foo0pasynomux MEHEepAIax IPAHHTOHIOR, CPaBHHBAS YACTHEIE COlEP/RAHUA CO Cpej-
HHMI 1 IIBITAACH HA OCHOBAHUM 3TOTO CYAWTH O I'€HETHUECKUX WM/IM Te0XIMIYeCKHX
0COGEHHOCTAX TPAHMTOMAA, HA0 eCTECTBEHHO YIUTHIBATH W BO3MOKHOCTE TOr'O, 4TO
TIOBEITIGIHHAIE CONEP/RAHMA DICMEHTA, OOBYHO B NEPBYI0 OUEpeNh IPHBICKAIONIHE
BHUMAHHC HCCIeN0BATeNA, MOTYT OBITh UyiIALMH JAHHOMY MHHEpay.

Rpucrannnueckme pemersum mopomooGpasyromux MHEHEPAIOB 00MaJal0T HeOLH-
HAKOBOH M30MOPYHOIl eMKOCTBIO B OTHOMEHHH pPasINIHBIX PeJIKUX 3IEeMeHTORB,
W BX TIPHCYTCTBHE, OCOCEHHO B HOBHINEHHHIX KOJHYECTBAX, HE BCEIA BHIBRAHO
H30MOP(HBME BaMEIIEHMsAMH B y31aX DTHX pemeTor. B 1o e BpeMs maoMopdHas
dopyMa HaXOKIEHAA PENKMX M PYQHHIX HIEMEHTOB paccMaTpHBAeTCS KAk ompeje-
AAIOMAs NP BEIIENCHUN WHINKATOPHEIX NPH3HAKOB MHHEDAIOB W IPH pasCpaHi-
UEHHN MX HA HOCHTENN M KOHIEHTPATODHI PA3MHIHEIX PYIHBIX W PeTKUX DIEMEHTOB.

PopMer BXOKIEHTSA PEKUX M DYJHEIX 5JE€MEHTOB B MOPOA000pasyiolme MuHe-
Pabl TPaHATOH0B MOBOJBHO pasHooGpasHE. MHOrme sIeMEHTH MOTYT BXOXATH
B COCTaB MIUHEPATOB, PACIIONAraACh B BAKAHTHEIX MECTAX KPHCTATAMIECKOIl PemeTK,
B fleextax, MMCIOKANHUAX, B YIACTKAX MOBAMIHOIO OIOTHOTO CTPOGHHNA KpHUCTaJ-
AHYECKHUX peleTor, B cOpOMpPOBAHHOM COCTOSHHM M T. 1I.

Kpome toro, B MuHepanax oGBIIHN M 94CTO BeCHMA MHOTOUICICHHEE CAMEe pasHo-
00pasHble MHKPOBRIIOYEHUS: TBEPAHE N Ta30BOKATKIE, HNePBHYHLEIE W BTOPWYHEIe.

Banaune nocropomumx sriovennmii ma coflep;RaHme PeKUX WIH PYIAHHX 5ie-
MEHTOB B MUHepaile MO;kerT OBITH yCTPAHEHO IJIM IIyTeM MeXaHHTeCKOTo 0CBOGOIe-
HIA 0T MUKpompmMeceil coGCTBEHHBIX MHHEPATOB HTHX DIEMEHTOB, WIHM IyTeM
u30npaTebHOTO BHINEIAYUBAHUA pPEATEHTAMH, He PaspymaioniIMA  CHINKATHBII
MHIHEPAT-XO03ANH, HO XOPONIO PacTBOPAWIINME MHKDOBKIIOYCHAA, HAIPAME]D TAKHe
CyIbOHILI, KAk TajJeHur, chamepur, MONUOTEHUT WIAN APYTHe MEHEDPAIEL.

MukposrIOueHNs MUHEPATOB DPeJKMX WINM PYIHEIX 5JIEMEHTOR BCTPEYaTCA
BO BceX 0e3 HCKIIOMeHUs HOpPoA006pa3yomuX MUHEpAJTaX TPaAHHTOHIOB. HauGomxs-
mee mx KoJamYecTBO Habmiofaercs B Gmormre. XapakTep MHKDOBKIIOUEHHH MOjkeT
OBITH pasamueH. JT0 MOTYT GHITH COGCTBEHHEE MHHepanbHNe ¢assl, o6pasoBaHmbe
npu pacnajie pactBopos. TakoBs MEKPOBRIOYeHHA pyTHaa B oumorure. H. B. Beson
(1959) cumraer, uro Bombdpam m Moaubew, M30MOPOHO HAXOAANIMECH B TJIATHO-
Kia3e B HUSIIHX CTETIeHAX OKUCIEHHA, 3aTeéM MOTYT JaBaTh HAYAJI0 IEeJHTY | MOBeI-
JAATY, CONEPRAMUM BTH BIEMEHTH B BHCIIeNl cremeHnm oxmcaeHma — W i Mob+.

JT0 MOTyT GHTH DIHTAKCHYECKWe HAPACTAHHA IOCTOPOHHIX MHIHEDAIOB HA
IpaHd MWHEpajla-X03fiWHA B @Oporecce ero pocra. B MyckoBuTe CI0T0HOCHHIX
HerMaTHTOB YCTAHOBJIEHBI, HANPHUMED, MAarHUTHHE BKJIIOUEHHS, INPeCTABICHHE®
MAarHeTUTOM H MHPPOTUHOM. 3aKOHOMEepPHAs OPHeHTHPOBKA HTHX MUHEDAIOB HA TLIO-
crocrax (001) MycroBuTa chRUeTeNBCTBYET 00 BMUTAKCHIOCKOM Xapakrepe cpacra-
Huil u o0ycioBIeHa OAHBOCTBIO CTPYKTYPHHX MOTHBOR KACIOPONHHX IIOCKHX
cerox (001) myckorura m (001) muppormma, ysisl KOTOpHX samoamens Fe (Cagpo-
HoBa, Jiirmpn, 1969). IlomodHEe BRIOYEHHS PYIHEIX MUHEPATIOB B3HATATEIHHO
CHIIRAIOT MPOMBINIIEHHYI0 HEHHOCTh CTI0/bI, a IPH OOMIBHOM HX PasBHTHH JEJAI0T
e HeIPUTOJHOI JUIA HCHOJNb30BAHNSA B KaYeCTRe HJICKTPOUOIAMMONHOT0 MaTephaia
(Bhadra m np., 1968) n reoxmmmueckoro mAgmKaTopa.

IT0 MOTYT GbiTh BKIKUEHHS MWHEDATAa B MHHEpAIe, BHBBANHHE WX OTHOBpe-
MeHHON  Kpucramimzanmeii. Tarosw, HanpuMep, MJIACTHHKN  MOMHOIEHHTA,
pacuonaraiimuecs I0 CHARHOCTH MeK/y ITACTHHKAMY GMOTHTA, HPHIEM HU PPAHMT,
HE OHOTHT HEe HeCyT CJIe[0B HO3JHEr0 usMeneHus (Xpylios, 1961). B rpammrax
Bocrounoro 3abaiikanea GmoTnt, OTMETHII Bogoit m3 MarepHaga, pasgpo0ieHHOro
go —0,6 mm, moxasam comep:kanme Momubgena 310 z/m, a GuoTuT, BHIEIEHHEIL
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neETpudyrupoBaHueM U3 TOil ke mpodsl, pasppodaennoii 1o —0,2 mm, morasax
SHAYETeIBHO MEHbIIee collep/kaHue MoamdjaeHa — 3,5 ¢/m (Kosmos u np., 1965).
B apyrom ciydae cofepxanne MoandieHa B fHOTHTE YMEHBIIMIOCH IOCHe IeHTPU-
$yrmposanms ¢ 6,8 mo 1,9 e/m (Ilerposa, 1966). IlpuBemeHHBIe TpEMEPHl IOKa3hi-
BAlOT, UTO OoOJiee TOHKME KJAcCH ApoOIeHus cnocoOcTBYIOT 0oJjiee TOJHOMY OCBO-
fOMIeHNI0 MCXOJHOTO MaTephaja OT MHKPOBKIIOYeHHMIL.

MHKPOBKIIOYEHAA MOIYT BOSHUKHYTb, HAKOHEI, KAK IPOAVKTH H3MEHEHI:
MuHepaja miam Oolee mO3[Heii MMIOpPErHAIWH ero B mpouecce 001ero u3MeHeHHs
rpaanromna. Tak, B CI0OAaX rpeii3eHEBNPOBAHHEIX TPAHMTOB OTMEYAIHCH MURPO-
BKJIIOUEHTSA MOJMOMEHUTA B BH/E MEJBUANIIHX Yelmlyer, Pacmoiaraiomuxcsa Mey
amcrouramu caofm (Bysaes, 1962). MoskHo cocnarbes U HA yOeguTenbHBIE ONBITHL
B. JI. Bapcyxosa (1957), moxasapmme, 4TO COAEp;KaHHe OJNOBA B MYCROBUTAX
ymensmaeres (¢ 1000 xo 500 2/m), ecam mocaeHmit GBI MeJKO pasjpobieH W GT-
nenrpudyraposan (raba. 2). 9TO mO3BOIAET CUMTATH, UTO BHATUTENLHAS HACTH
0I0BA B MYCKOBHTaX NPHUXOANTCA HA MUKPOBKIIOUEHU.
TaGauma 2

3apHcHMOCTh COXEPKAHNA SN B MYCKOBHTAX OT HpHMecH B HOX KaccnTeputa
(Bapeyros, 1957)

Conepadne Sn B MYCKOBHTE, 2/m Comeprante Sn B myckoBute, 2/m | Cojepianie Sn B MYCKOBUTE, &/ m
o mentpudyru- | nocae mentpudy- | Ao menTpudyrm- | nocae nenTprdy- || fo meaTpudy- | mocae MEeHTPUPY-
poBaHUA THPOBAHHA poBaHUA THPOBAHMA TUPOBAHNA THPOBAHUA
19 19 98 83 230 180
20 20 115 65 300 170
26 17 170 140 500 260

81 36 220 110

Ha ocHOBaHHU H3VUeHMAs TPEKOB OCKOJKOB CIOHTAHHOTO M HHAYNHPOBAHROTO
fesleHns ypaHa B CIOJAX YCTAHOBJIEHBl TPH PA3THYHBIEC N0 IMPOMCXOFR/CHII0 dopmer
HaXOsKIeHHs ypaHa: 1) ypaH, 3aXBaueHHBIH IPH KPHCTANIMSAMEA CTIOMBL M OTHOCH
TETBHO PABHOMEPHO pACHpeNieIeHHblil B Heil; 2) ypaH, HAXOJAAIMIiCA B IIEHOYHOI
ypaHOBOil MUHEPATH3ANMN, BHeJPHBIICHCA B CIHIOABl MO MIJIOCKOCTAM cHOaiHOCTH
B XO0J¢ TeoJormueckoii meropuu; 3) ypad, aicopOMPOBAHHRIL HA MITOCKOCTAX cnaii-
HOCTH CITIOJ B pesyabTate mpolleccos rumeprexesa (Homapos, Mykomoros, 1966).

CpapHeHyEe MaTepWaIa IO TPUPOAHEIM M MCKYCCTBEHHBIM CIIOJAM M B TOM X
APYroM CIyuae TMOKASHBaeT Haxmdume ABYX GOPM HAXORACHHA TOPUA B CAIOAAX:
oforamenHas TOpPHEM NOCTOPOHHAs (asa 1 pPaBHOMEPHOE €ro pPacCCaHHE. Tpetbs
dopMa — KOHIEHTPANUA TOPHA BIOJL TPEILHH cmaitnoctn (Haymos u sp., 1966).

Cpefn mOpoi006pasy0IUX MAHEPATIOB FPAHNTON/IOB CAMBIMH BEICOKMME COAEP-
JRAHMAME PasHOOOPA3HEIX HIeMEHTOB-TIpHMeceil BHIIeTAeTCs GmoTHr. 910 ABIAETCA
CeNCTBEEM CBOEOODABHA ero CTPYKTYpHl, 0JarompuATHON s H30MOpHHOrO BXO-
JEIEHHA TeI0T0 PAZIA DIeMeHTOB; 00BYHO MO3/IHET0 BPeMEHU ero BEeJICHMHA, KOTia
HPONCXOJUT OTHOCHTEIbHAS KOHIEHTPAIHS PYAHBIX M PEJIKAX DJIEMEHTOB, & TAK/KE
PesyIBTATOM HAJMYHA B HEM MHKPOBKIIOUEHHIT pasHoO0OPa3HEX AKIECCOPHBIX MIHE-
panos: ceHa, MarHeTHTa, NUPKOHA, MOHATIHTA, ronymbuTa mw ap. Vsydenne Beme-
CTRBEHHOr0 cOCTaBa OHMOTHTA CIeyeT MPOBOANTH, IPHMEHAA CTPOLO oqr000pasHyI0
METOIUKY ero BEIICJeHUA: MOJYIeHHe THCTHX PaKIHil ¢ TocIeyIOIIM nX moppao-
JWBaHHEM U NeHTpu@yrmpoBaHueM, MO3BOIAIIINM B aHaunTEIbHOII Mepe ocBoOO-
IATHCS OT MUKPOBRIOUEHMIT MUHEPAJOB PAa3IHIHbIX DJIEeMEHTOB.
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OOBYBBIMIE MUKDOBRIIOYeHDAME B Ouormre suasorcss cdem u  marmermT.
Hasa oupepenenna ux pausHms na COCTAB OHMOTHTA TIPOBENCHE J(ne CePUN aHaIH-
30B. B ogmoM cayuae ma cogepiranmne TiO,, FeO u Fe,0, AHATU3WpPOBAJICA Omo-
TUT, 0TOOpaHHKIT TmOX OMHOR yAApHOIT AYIOH, B APYTOM — TOT jke GHOTHT, HO TOHKO
PACTePTHIT I JIBARIBL TOXBEPrHYTH T UeHTPUPYTHPOBAHAIO /I 0CBOGOKICHNS OT
SARTOUCHIBIX B HCM MEKDOBKIOTennit. Pesyanrarer anammaon OpuBees B Tadn. 3.

Tabmrummga 3

3aBHCAMOCTE Cogepacans TiOg, Fey03, FeO B uoTnre
0T MURposRTIOUeHnii edena w marmernra, nec. %

o nenTpudyruposanug ITocne menTpudyruponanna
Paiion
TiOg FeaOp FeO TiO, Fes0s FeO
Vrpanmna 2,23 4,90 19,90 2,20 8,56 18,65
CepepHelit [{aBkas 435 4,50 17,48 3,43 4,34 19,54
Ypax 3,28 13,95 14,64 2,78 787 19,69
» 4,16 6,36 15,73 3,39 6,58 17,50
» 1,80 5,93 14,12 1,45 6,63 13,45
» 3,30 6,23 13 76 3,18 4,56 19.29
» 3,44 8,89 18,84 2,47 4,84 15,29
» 4,24 ot 13,00 312 ' 127 13,27
el
Cpegmee 34 7.2 15,9 2,8 6,3 174

JameTHoe yMeHBIIeHne corepmanusn TiO, » oruenrpudyruposanmom Gmormre
FOROpHT 00 yHaleHuu 3HAYMTENHLHOrO ROJIMIECTRA MHKPOBKIIOUCHNIT MHHEpaIOB
THTaHA. Pe3yabratsl cmeTpazbEoro AHATH3a, KPOME TOTO, IOKABKIBAIOT, TTO
B oToOpaHHMX GuoTHTAX TIO CPaBHEHMIO ¢ OTHEHTPU(PYTHPOBAHHBIMI HAGIIOIAI0TCS
Gosbmme cofep;kanms oxosa, HERGJIA, MW, XpoMa W MUPKOHHA, OTeBH/HO, 00s-
3AHHOE MEKPORKIIOYCHHAM MHEPKOHA, KaCCHTePHTA W CYILOUIOB.

B 6morure ofbramm IJICOXpOUYHEIe TROPUKH, CBAZAHHEE ¢ MHEK P OBRIOYCH 15 ME
BRICOKODATMOAKTHBHKIX MHHEPATOB, B UACTHOCTH muprona. X. Jlerenxapmr (1959)
HCCIeROBAT OHOTHTHL HA BRIIOTEHIH UAPKOHA U yCTAHOBWI, UTO OMOTHTHL, JIHIICHHEE
BRJIIO9eHMIT, cojlepskar HHpKOHMA 18—56 2/m, a Golee BHICOKWe 3HATOHHmS — o
463 2/m — BEBBamH npECYTCTBHEM BRI0Yennd nuprona. Baraep (Butler, 1953)
TaKie 00BACHAST 00HAPY:KEHHOE B OLHOM 13 OHOTHTOR BEICOKOE CONEp:KaHme IEp-
roruA (150 2/m) merawumrennmo mammImen BRIIOY@HWIT IHPKOHA.

IIo JI. B. Taycouy (1961) mns muaka Xapakrepua npeobaagaonias usoMopguas
hopma maxommenma rpafuronsiax. Omertet mo Auddepenimaapromy BHIeIAYH-
BaHWIO NUHKA M3 OMOTHTA TOKAZANM, TTO U3 HEro MozeT maBAeKaThbes ot 70 go 80%
00Iero cofepsraums dT0r0 aTeMeHTa B MuHepaie. JT0 MO3BOIAET MOJATATh, YTO npm
BELCOKOIT TeMneparype Goabmas qacrh MuaKa BXOJ[Ia B OHOTHT B BHE H30MOPPHOIH
npnvecn. B parbmeiimem mpu mommmenmm TEMIePATYPH 9TH TBEPHBIE DPACTBOPEH
PACHAANHCh ¢ BRICBOGOIKJACHMEM NNMHKA N3 EPUCTANIMICCKON pPeMeTRE OHOTHTA.
B pesyabrare mepsomauannmo M30MODPHO CBBAMEEI NMHHK NEPeXOAMT B J6rKo
TOABIGRHYIO «BHCCIIMKATHYIO» (OPMY, OCTABAACH B Kpnacramrax Omorura B Bmie
MUKDOBKIIOIEHNIT COOCTBEHHBIX MHHEPaIoB.

Kak mssectio, cnnme 80% CBHHIA TPAHUTOUAOB CBABAHO C IMOTEBBHIMH INHA-
TaMu. OHAKO OMEITHL O H30HpaTebHOMY BEIMIEIATHBAHIIO CBUJIETRILCTBYIOT O TOM,
aro or 30 go 50% cBumHENA We ceazaHO B PEIIeTRAX CHIMKATOB, & HAXOAUTCA B BHIE
HHBIX (QOPM, OGYCIOBIMBAIOIUX €ro Jerkoe nasnedenne (Taycom, 1961).
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Ha 0CHOBAHHM HHOT/A BHAUMTEIBHOIO COjep:RaHmA MoaubjeHa B KBapue cum-
TATACH BO3MOJKHBIM KPHCTATIOXIMEIECKAS CBSA3b MOJUOEHA ¢ KPeMHHEM. Omaaro
MOJIHOZeH B KBApIe MOKeT IPUCYTCTBOBATL HE TOJBRO B nzoMopdmoit popme, HO I
B opMe MEKDOBKIOYCHHII MOIHOATOB WIII MonuOjennra, a TaKk:ke OHTH cOpOu-
posanmey (Mo'*) HA IpaHAX KPHCTALIOB KBAPI@A IIPU €0 KpucTaTH3anmm. OmBITE
[0 BEIMEJIAYIHBAHIIO MOJMONEHA TONTBEP/RAAIOT CYUIECTBOBAHHEE YIOMSHYTHIX hopm
(Crypennmkosa H Ap., 1960).

['a30BO-/KEIKIE BRIOUEHMA, TaK/Ke KOHIEHTPHPYIOLLHe B cefe ompe/elenHbIe
peKIe DIeMEHTE, BCTPEIaloTCH SHAUNTEIBHO peie U Hamboaee 00UILHE B KBApIe —
MmHEepaje Hamogee IMO3JIHEM IO BPeMEHH BHIICJCHMA. B pesyabrare mcciemoBaHMSA
TBEPAOIl YaCTH Ta30BO-KHKHX BKJIOUEHNUIl B KBapie U3 rpeil3eHoBOil 30HBL MeTO-
OM PEHTTEeHOCHEKTPAIBHOTO TOYEIHOr0 AHALU3A YCTAHOBICHO OpPUCYTCTBHE BCEX
HIeMeHTOB TPymmEl La 1, KpoMe TOro, O0HApyeH W (9amucon u pp., 1969).
B Imeso9HKX IOPO/ax dacTb (ropa, MOMAMO omormra u (QIIOOpHUTA, HAXOTUTCS
s rasopo-munrnx BrmodeHmax (I{yxmm, Twuros, 1968).

B m3sepsxenHsx mopofgax Hoammamcrux rop (PHP) MaxcmManpHasi KOHIEH-
Tpandsa PyAHHX IeMeHTOB mabmonaeTcsa B poropoii o0Mmanke (B 2/m): Zn — 82,2;
Pb — 47,2; Cu — 164. Opmaxo BBHIY GOJBIIOr0 CPOJICTBA HEePEUMCIEHHEIX dJIe-
MEHTOB K cepe OHH TpPHCYTCTBYIOT He B BH/E nzomopduoil mpmmecn, a 0Gpasyior
MEKPOBRIKYCHHSA CAMOCTOATeNBHBIX MHHEPATOB (Savul u #gp., 1957).

Haguame MHKDOBKIOTCHWII B3HATMTENIHHO HMCKAMKAeT HAIIM IIPeCTABIEHI
06 m3oMopdHOIl eMKOCTH HOPO[00GpasyOMuX MHHEPAIOB I O HPAaBHILHOCTI pas-
JIMYHBIX  cXeM H30MOP(HOTO BaMeNeHMs, ONMCHIBAEMHIX U JTHX MHHEpPAJIOn.
IlpefcTaBuTean KpaiiHeil TOYKW 3PEHUA CUMTAIOT, 9TO MCHOALIOBAHME KOppens-
IIMOHHOT0 AHANM3A T PE3YIBTATOB AudQepeHnIaIbHOr0 BHIETATHBANIS T03BOIACT
OpPUATH K BHIBOAY, 4TO CXEMBI IeTepoBaIeHTHOr0 nzomoppmsma st Ta, Nb, Sn, Be
x gact: Ti He mOATBEpsKAAIOTCS, M HamOOIee BePOATHOIM $opMoil HAXORIEHNA YKa-
SAHHHIX 916MEHTOB B CIIOJAX SIBIsETCA 00pasoBanme MMU cOOCTBEHHBIX MUKPOMHHE-
panos (Hapcees, byraerr, 1966).

[loobHEe paccyssieHns ORI Gil GoJee 00GOCHOBAHBI, @CIH OBl MBIl MMeIH
BO3MOKHOCTD OTHENATH POJCTBEHHEE MHKPOBKIIOYEHHsA OT IOCTOPOHHHMX, IIPO-
AYKTH pacmaja BHICOKOTEMIEPATYPHEIX TBEPABIX PACTBOPOR OT Oomee mosyHeil
HU3KOTeMIePATy PHOH MMIOpPErHANWE TYRABME MIHE paJaMi.

B MarHeTmTe HepefKo BCTPEIaloTcs B KadecTse HPOAYKTOB pacmajia TBEepHoro
pacTEOpa WIBMEHHT, MIIAHENb WK YIbBONIIHHEIb. MarauTHOil cenmaparmeil TOHKO-
H3Me/ILIEHHOr0 MATHETHTA MOFRHO OCBOOOAMTLCA OT SHAIHTENBHON TACTH ITHX
MUHepaIoB — IPOJYKTOB pacmajia TBep/HIX pacTBOpOs. OnHaxko 270 MOHHBNUT HCXO/-
HOe cojepikaHme AIEeMEeHTOB-TPHMeceil B MarHeTure, I Takme npoOEl HE JIOJKHEL
HCIOMb30BATHCA A TEOXAMHYIECKNX BBIBOJOB (Ymcraron, 1970).

[Ipg cOBpeMEHHOM YpPOBHE BHIIEJICHIA MOHOMNHEpPATILHAIX dparnmil mOPOO-
00pasyoIux MEHePAJI0B MOKHO npereGpeds HAIMINeM B HEX MUKDOBKIIOUEHUIL,
TAK KAK POJCTBEHHbE MUKPOBKIIOUEHMUs IOJYEPRUBAIOT TIEOXMMITIECRHE ocofen-
HOCTH MATMEL I OT/Je/bHBIX DTANOB €e KPHCTANIN3ATNT, a IO Ty H/IRX BRJIIOUEHUH,
OUYEeBHMINO, He3HATUTEAbHA M TOIBKO B CIYIae CHILHOTO M3MEHEHUs HOPOJIbL MOKET
TIPHBECTH K CYMECTBEHHOMY HCKAKEHHMIO De3ysbTaToB. B To0 ke BpeMA HaJHTIe
B m0pO000pasy0IHX MuHepazax MHKPOBKIIUEHHIT MEHEPAJI0B PeJIKAX I PYAHBIX
SIeMEHTOR IO3BOJIAET MCHOAB30BATH HMX B KauecTBe MHANKATOPA PYMAOHOCHOCTH
METPY3MBOB, TAK KAK 9TO OTPA/KAET MOBHIIEHHYIO pPYAOreHEPHPYIONLYIO0 crocod-
HOCTH IPAHITHOIl MarMsi, T. e. CIO0COOHOCTh KOHIEHTPHPOBATH HAXOJAMUECH B Heil
Py/HEbIE W Pe[KHe 9IeMeHTHl /I0 TAKOH ClemeHn, TTO OHU IOXYIAioT BO3MOFKHOCTD
06pa3oBHBATH CBOM COOCTBEHHEIE MUHEpAalbl.



I arasm-a 11
POI'OBAAL OBMAHEA

Poropass o0manka — XapaKTepHbIl IBETHOH MuHepas HauboIee OCHOBHEIX,
Gorathix Kambuuem u sxexeson, PABHOCTEI TPAHNTON/IOB: TPAHOAMOPHTOB M AAOpH-
108. Ee comepmanme B mux YBeIMIHBaeTcA ¢ 2—5% B GHOTHT-DPOrOBOOGMAHKOBEIX
rpaEmnTax 10 15—20% B poroBoo6MaHKOBLHX Aumopurax *. B HOpMamLEEX m3RecT-
KOBO-IIENOYHHX TpaHUTAX HamGolee wacTo BCTpeYaeTcsa OOBIKHOBEHHAS 3eleHasn
porosasa oOMamKa.

Poroprie oGmamxnr o6nagarnr Bechma PasHOOOPABHEIM XHMHUYECKHM COCTABOM
I JIOCTATOYHO CIORHOH CTPYKTYpO, AODYCKAMUME GOJBIIOE KOJHIECTRO pas-
JIITHBIX MOHHEIX 3aMEIIEHHUIl I He TOJBKO Cpedm CJaTaloIMuX MHUHEPaJ BIEMeHTOR,
HanpuMep NaAl  CaMg mmz NaSi 2 CaAl, mo w Memee SBHAYMMEIX JJISI COCTaBa
MHHepaja, HO BECEMAa BajKHHIX B I'eOXHMHIYECKOM OTHOINEHNH, HANPHMED 3aMere-
gne Fe < Zn, Sc; Mg « Li; Ca — TR, Y, Sr, U, W, Mo; Al — Ga; K < Ba, Rb
u 1. . Hecmorpsa ma aro. poan poroBoii obMaHKHU B ofmem Gamamce GorpmmucTBA
PEARUX M DYJHBIX IEMEHTOB B I'DaHUTOHAAX He3HAYNTEILH:.

B rpammrompax Merpunckoro nryToHa (ApMeHHsA) Ha 00 IBeTHEX MUHepa-
708 (6moTHTAa M porosoii obMamEm) mpuxopmTes memee 15% Moamb/ieHa or obmero
copepmanud ero s mopoge ([lemumn u ap., 1968). B rparurax Bocrounoro Badaii-
RaJIbA POrOBEe 0OMaHKH KOHIERTpupymor 4—11% Oepunmusa (Taycon u ap., 1969)
i 7—24% omosa (ITerposa, Jlereiino, 1965) or o6mero COJleP:KAHUSA DTHX DIEMEHTOR
B I'paHure,. ‘

Cpename copepsxanus BrumeIens Ha ocHOBaHNE 670 9acTHHX KOJIMYecTBeHHE X
ONpeJleleHuii PeIKHX U PYMHEX 5HIeMEHTOB B poroBoii oGmManke.

Ocobennocru comepsranna PeIKHX B PYIHBIX DIAEMEHTOR
B POroBoii oGMaHKe TIpaHNTOMIOB

Henonpsys momydennsie M@ P CpefETX coftepanuii (tabm. 4 u 9) 1 Koaddu-
IHEHTOB KoEmeHTpannu (Tabm. 6), MoskHO OomennuTH HEKOTOPEIe 0COGEHHOCTH Cojep-
FHAHAI DEJIKUX M PYAHHX DIEMEHTOB B poOroBoii ofMaHKe rpaEHTONIOB.

Crkampgunii. Cpegmee comepamime CRAHUA B POTOBHIX OOMaHKAaxX Tpamii-
Tompos 132,4 2/m, wosddunment KOHIeHRTpanmu 44. CreficTBUeM BHCOKOI cTememm
KOHIEHTpAaNNN CKAaHAWA B POTOBOil o0MaHKe SBIseTCS TO, UTO Ha €ro KO0 Ipm-
xopmures 60—80% crammma or ero obmero cogep;xanus B TpaHNTOHE.

¥ 3mech W B fJaNbHeNmeM THIHYHER COMlepRAHNSA 110PO1000PasyIOMAX MAHEDANOB NAHELD
B COOTBETCTBHH ¢ Kiacchmpukanmmeir B. M. Hynaercroro (1953).
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Ta6auma 4

Cpequne COREKAHNA PEJAKHX M PYAHBIX HIeMEHTOR
B poropoii ofManke IpaHHTONJOB, e/m

2/IeMeHT T'paHOAHOPHTEL gg?ggﬁ;’éfﬂ’:;‘;;e TI'panuronfsl (cpensee)
Sc 112,3 (10) 165,8 (6) 132,4 (16)
Sn 8,5 (2) 25,5 (8) 22,1 (10)
F 5750,0 (10) 5400,0 (3) 5670,0 (13)
Co 34,0 (8) 25,2 (2) 32,2 (10)
7n 223,8 (4) 526,7 (3) 353,6 (7)
Y 173,3 (6) 246,7(3) 197,8 (9)
Vv 198,1 (8) 167,5 (2) 192,0 (10)
Ni 31,9 (8) 27,5 (2) 31,0 (10)
Ti 8300,0 (3) 8000,0 (3) 8150,0 (6)
Mo 3.1 (10) 4,0 (4) 3.4 (14)
Cr 78,8 (8) 75,0 (2) 78,0 (10)
B = 26,0 (7) 26,0 (7)
Th = 29,3 (3) 29,9 (3)
TR 943,3 (3) 246.,5 (4) 545,01 (7)
Cu 15,1 (9) 100,0 (2) 30,5 (11)
Be 6,0 (9) 9,9 (13) 8,3 (22)
U 4,9(7) 54 (4) 5.1 (11)
Nb 15,1 (5) 40,8 (2) 224 (7)
Cs = 5,0 (1) 5,0 (1)
Ga 16,5 (10) 23,7 (6) 19,2 (16)
W 1,4 (2) = 1,4 (2)
Ta 2,7 (5) 4,2 (2) 3.1(7)
Pb 17,8 (13) 6,7 (3) 15,7 (16)
Li 26,0 (18) 29,9 (8) 27,2 (26)
Au 0,0026 (2) 0,0032 (59) 0,0032 (61)
Zr 98,0 (7) 250,0 (1) 117,0 (8)
Sr 70,6 (16) 80,2 (9) 72,9 (21)
Rb 16,6 (10) 26,7 (3) 19,0 (13)
Ba 41,7 (6) 120.0 (3) 67,3 (9)

IIpuMedaHue, 30eck 1B masibHeimeM B CHoOKAX yKazaHO KOIUYECTBO nmpofi, H3 KOTOPBIX BhIBE-
JeHO cpefHee.

Cpeam TPaHHTOWJIOB pPA3JIHIHOrO COCTaBa nambomee BEICOKOE COJIepIKAHUE
CRAMAIA XapaKTepHo A POroBoii 0GMAHKM H3 GUOTHTOBHIX IDAHITOB (cm. Taba. 4).
Amanormanas sapucmmocts ormedena A. C. Jlymukunoit (1960), mo maHEBIM KOTO-
poil cpefHee coflepyKaHHe CKaH/UA (14 oupepenenuii) B poroBoil o0MaHKe M3 Tpa-
mopumopuTa cocrapiser 80 2/m, a ma rpanuta (46 omnpenerenuii) — 120 2/m. Iloxo6-
HEIE COOTHOIEHHEA BO3MOKHO 00BACHAKNTCA GOJNBIINM COZeP/KaHIeM B IPAHOIMOPH-
Tax APYIHX, COCYHECTBYIONHUX ¢ POTOBOIl OGMAHKOIL, #ReIe3UCTO-MArHE3NATLHAIX
MEHEPAIOB, B KPHCTAMIMYECKHX peIIeTKaX KOTOPHX MOI pACCeHBATELCA CKaH/uil.

K pHuUmCIeHHOMY cpeHeMy OJH3KO Cpe/{Hee Cojiep;KaHme CRAHAUA B POTOBLIX
obmankax rpammromaos (Mymmxuma, 1960), pasmoe 115 2/m (65 ompepesnenuii).

[lo cpaBHeHMIO ¢ TOMYYEHHHIM CPEIHHM B POrOBOIl o0MaHKe M3 TPaHHTOHJIOB
I'mecapcKoro INIYTOHA CKAHJHA COJIeP/RUTCA HECKOILKO Gonpme 152 2/m (Menpuu-
wenro, Moraposckuii, 1968;), a B TpaEETOMJax Ypaja 3HATHTEILHO MEHLIIE —
77 ¢/m (Bymasakos, 1969;). Ilo cpaBHennio ¢ rpanuTaMit poroBast ofManKa KUCIBIX
2 y3uBOB COHEPIRUT CKAHIUA 3HAUUTEIbLHO Gomnme — 195,2 ¢/m. Huskue copmep-
smanua craugna (84,6 2/m) XapakTepusyIT pPOrOBEHe o0MaHKI OCHOBHEIX IIODOX,
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Tadonumga 5
Cpepane conpep:kanms PefKUX N PYXHBIX DIEMEHTOB B porogroii oGmanke
NHTPY3HBHBIX, 3GQY3NBHBIX I MeTaMop(muecRIX mopog, 2/m
- B0~
Baexent R TR Tafhe by Trelics Caarr
Sc 195,2 (5) — 84,6 (8) 1096 (14) 52,0 (20)
Sn — 10,8 (3) i = —
Co 37,4 (5) = 98,7 (9) 20,0 (1) 13,8 (5)
Zn — = 17,2 (2) — —
¥ 205,0 (4) — 32,0 (6) 76,1 (10) ==
v 148,4 (5) - 3185 (8) 201,3 (17) —
Ni 38,3(3) — 131,7 (9) 30,0 (1) 54,4 (5)
h'qri — 8100,0 (1) 2400,0 (1) 8736,5 (17) 2517 (3)
0 = 1,2:(1) — — AR
Cr 4,2(4) — 2275 (8) 143,7 (16) 284,0 (5)
TR — = 192,0 (1) — —
Cu — — 81,0(3) = =
Be — 7.8 (6) 1,3 (2) 04 (1) e
U == 14,8 (3) 6,1 (1) — —
Nb i il " - ) 46,1 (1) —
Ga 17,0 (3) 28,7 (3 (7 Sing 32,5(2
Ta — e ) — 2,1(1) i )
Li - 140,0 (1) 6,7 (7) 22,0 (1) -
Au — e 0,0186 (6) = s
7r — — 31,5 (10) 130,0 (16) —
Sr 31.8(5) — 71,4 (7) 15,0.(1) —
Rb — 27,0 (1) = == —
Ba 65,6 (5) — 27,0 (5) 139,0 (16) s
Tadanma 6
Koadppummentsr konmenrpamun (K) pegknx 1 pyaumbx sieMenTon
B POronoii odMaHkKe rpannTongon
Cpennee ComepxaHue, 2/m Cpenuee cofiepsxanue, 2/m
SnemeHT K dnement K
B I'panure B POTOROH B IpaHuTE B poronoii
(RiIapk) ooMaHEe (Kmapk) obMaAkre
Sc 3.0 132,4 441 Be {5959 8,3 1.5
Sn 3,0 221 7.4 U 3.9 | 15
F 800,0 5670,0 7.1 Nb 20,0 22,4 1,1
Co 5,0 322 6,4 Cs 5,0 5,0 1,0
Zn 60,0 353,6 59 Ga 20,0 19,2 1,0
b 34,0 197,8 5,8 W 15 1,4 0.9
Vv 40,0 192,0 4,8 Ta 3.5 34 0,9
Ni 8,0 3.0 3.9 Phb 20,0 157 0,8
Ti 2300,0 8150,0 28 Li 40,0 27,2 0,7
Mo 1,0 34 3.4 Au 0,0045 0,0032 0,7
Cr 25,0 78,0 3.1 o 200,0 117,0 0.6
B 15,0 26,0 s 7 Tl 1,5 0,8 05
Ge 1,4 2,4 17 In 0,26 0,6 0,3
Th 18,0 29.3 1,6 Sr 300,0 729 0,2
TR 350,0 545,0 1,6 Rb 200,0 19,0 0,1
Cu 20,0 30,5 15 Ba 830, 678 0,08
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XOTA poropsie OOMAaHKH THIepGA3UTOB COIEPKAT HHOI/IA 3HATHTEALHOE (104 2/m)y
KommuecTBo sroro siementa (Bopmcerko u sp., 1969). MunuManpabie cofep;Ranus
CKam/us YCTAHOBJIEHH B DPOTOBOil o0MaHKe U3 IPOKIIKOB B aHuesmre — 14 2/m
1 us maBecTroBoro ckapua — 10 2/m (Hexpacos, JleGenesa, 1968).

B smTeparype YKaseBajoch, UTO 3AKOHOMEDHBIX PasJITIMil MeJy coAepia-
HUAME Sc¢ B HOPoA000pasyonux MuHepanax u3 IPAHNTOH0B PAa3AMIHBIX IeHeTHIe-
cKuX THIOB Ypada ne oomapyseno (Qomummx u ap., 1966).

OnHAKO cpejiHee COfeP/KAHIe CKAH/MA B POTOBOIL oO0Manke rpapuTouos Bepxme-
Mcerckoro maceusa 77 2/m (Bymasikos, 1969,) — mourm B 2 pasa HEKe CpPeJHETO.
Mo nmeronmves jgaunsM (CraBpos u ap., 1969), oru rpanuTonns chopMupoBaInch
B peayabTaTe TPARNTH3AINI 0CaL0THO-MeTaMopdusoBanubiX To1ul. Porosrie oomankm
MOCHeHAX 110 CPABHEHUIO ¢ POTOBOIl 0OMAHKOIl TPAHHTOB TaKke XapaKTepH3yHTCsd
TMOHIKEHHBIM coflepskanneM ckaanus (Kpoiiosa u 1p., 1970). llocnenmee, yunTeiBas
BHICORYIO KOHIEHTDAINI0 CKAHAWA B POroBoii ofMamke, oTpaskaeT 0eAHOCTH HCXON-
HEIX TOPOJ CKAHJMEM, TAK KaK IIeCYaHO-CIAHIEBHIE IIOPOJEL COJCP/KAT B 3 pasa
MeHpblIe ckamams, deMm rpaEnTil (Bumorpamos, 1962).

O a1 08 o. Cpeguee couepmanue 22,1 2/m, roopuimuent KOHIEHTpaUN 0,15
B 3aBHCUMOCTH OT KOJWIecTBA POTOBOIl 00MAHKI B TPAHHUTE HA e J{0JII0 MOKeT IpH-
xoiuThesa or 7 mo 24% oxoBa TIOPOJHL.

3HaunTelbHO TTOHMKEHO 110 CPaBHEHUIO CO CPEIHAM COJIepPsRAHEe 0J10Ba B POro-
BHIX oOManmkax us rpammronio Jlamsmero Bocroka (26 oupenemenmii) — 8 2/m
(Hepamxkoseruii, 1969); 3amagmoro 3abaiikanbsa — 8,5 e/m (llerpora, Jlereiino,
1965). B porosoii oGManke u3 TpaHATONOB ¥ paja, B CBA3H ¢ KOTOPLIME HE M3BECTHA
0JIOBAHHAA MHHEpaTH3alus, 0I0BO He obmapyskeno (Bymusnkos, 1969,).

Porossie oOMaHEm 3 pyjoHocHHX rpannto [laasmero Bocrora cojepikar
B cpefHeM Goxpme oToBa (24 omperexenus) — 53,5 2/m, YeMm porosbie OGMaHKI
nepyronocusix rpanutos (30 ompepemenmii) — 5,2 e/m. Ilpn sToM cHIBHO yBeau-
wmBaercs jucHepcus cojpepsanmii oxopa ¢ 0,8 B poroBrx o6MaHKaX HEPY/OHOCHBIX
10 42,52 B POroBHX ofMaHKaX pyAOHOCHHIX rpanutomzos (I'oopos m Jp., 1970).
[ocoenee MoskeT OHTH OTYACTH CBA3ZAHO ¢ IOABICHAEM MUKDPOBRIOUCHHI Kac-
cuTepura.

® 1 op. Cpemmee comepsanme ¢ropa 5670 e/m; KoddPuIEEHT KOHIEHTpa-
mun 7,1.

Cxoamoe cpegmee cofepsanne ¢ropa (7 ompenenenmii), pasmoe 9300 2/m,
npu komxebammm or 2600 mo 7700 2/m, OBlIO YCTAHOBIEHO B POrOBEIX oOMaHKax
13 rpaHETHHEX mopod rop Amuposgak (Buddington, Leonard, 1953). Eme Goabme
dropa comep:;ar poroseie 0OMAHKH M3 CHEHUT-JHOPUTOB I TPAHOAHOPUTOB Bocrou-
noro Casma (5 ompenenenni) — 8600 2/m (Boponmos u ap., 1969). Bomee nricokne
coepsxanmus gropa (10 600 2/m) xaparTepusyloT pPOTOBYI0 0OMaHKY I3 pPamaknsi,
dorarbiXx (QAOOPUTOM TpPeNUHHEIX TI'DAHHTOB.

Ocobenno Goxapmux sHauenmii (24 000—24 700 2/m) pocTuraer cojep:kanue
$ropa B menounom ampubone us cuernToB JlOBO3EPCKOro MaccHBa (Korapro, 1962).

B poroBex ofMaHKaX u3 CKAPHOB COflep/KAaHME (GTopa COCTABIACT 1900, 6800,
1100 2/m, B cpeamem 3270 e/m (Geiger, 1961), T. e. HECKOJBLKO BBHINIE CPEHETO,
XapaKkTepHOro if poropoil 0OMaHKH T'DAHHTOMIOB.

Ko6aast. Cpegmee copmep:xamme 32,2 2/m, Koo(puImeHT KOHICHTpa-
nuun 6,4.

Comepanne Co JIOBOJLHO IIOCTOAHHO B POTOBOIi OOMaHKe M3 TPAHUTOB —
32,2 2/m, uz Rucaux sddysmBo — 37,4 2/m M U3 OCHOBHBIX IOPOA — 38.2/m.
Bmaunteasro menbue Co (20—14 2/m) comep:xar porossie oOMaHKW THEICOB M OCO-

r

Oemmo ciammeB. U TombKO poropbie o0MaHKHM OCHOBHEIX IOPOA B COOTBETCTBIM
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C TeOXUMUYECKHMH OCOGEHHOCTAMN I10CITeTHIX cofepskar Goanme Co — 58,7 2/m
(cM. Taba. 5). Ycramopmemmme OTIHTHA CJICYeT HMCHONB30BATH HPH BHIABJICHHN
MHHEPAJIOr0-re0XHMHYCCKHX 0COGEHHOCTei ABTOXTORHEIX I'PAHUTOB MM TPAHHTOB
ra66poBoit gopmarun.

Il u 1 x. Cpennee comepmanme [HHKA B pOroBoit obmanke — 353,6 2/m, koag-
$unuent xommentpanum 5,9. ITockomsry ocHOBHEIMEI KOHIIEHTPATOPAMH U HOCHTE-
JUAMI HTHKA B TPAHATOMJAX ABIAIOTCH MarHe3MaTbHO-5KeTO3HES MHHEPAIEL, 00BIYHO
HabmofaeTess mpAMas cBAZD MEZLY LBETHHIM WHJIEKCOM TOPOIEL M COJlepsKaHHEM
B Heil quuka. B rparnTonnax Merpurckoro nayrona, reoxmmueckoit 0cOGeHHOCT B0
KOTOPBIX CYUTAETCA HOBHINCHHOE COMeD/KAHNE B HIX OUHKA, KOTHYECTBO IIOCTETHEr 0
B poroBoii o6ManKe cocraBiaser 280— 380 2/m (Memmu u ap., 1968), . e. me npe-
BEIITAET CPeHero BHAYEHUS, UTO IO3BOIIET OpenosaraTh Halu9He 3HATHTE]LHOTO
KOJIMIeCTBa cOOCTBEHHKX MHHEeDAIOB IMHKA, IIaBHEM obpasoM camepnra.

Urrpunii Cpexnmee conepamme 197.8 2/m, wosddumuent KOHIeHT pa-
unn 5,8.

Tenpenmusa urrpua makammmeartees B Gomee HOO3[IHNX U KHCJIBIX HPOAYKTAX
KpHCTAJII3ANNN HAXONUT OTpasKeHHe B Gojee BEICOKOM COZIePsKAaHUE  UTTpHA
(246,7 2/m) B porosrix o6ManKax ma OMOTHT-POr0BOOGMAHKOBHIX I'DAaHUTOB 110 CpaBHe-
HIIO C TAaKOBRIMH M3 JIMOPHTOB, COJepsKAIIUMI 173,3 e/m mrrpust (cm. Tadu. 4).
AHanmoruunse cojep;xanmsn XapakTepU3YIOT I DOroBhe OGMAHKH M3 T'PAHHTOMIOB
10smmo-Kammgoprmiickoro Garomnra (Sen u 1p., 1959). B Tomamurax n TPaHOANOPU-
Tax OmM colepikar (4 ompenemenus) 186 2/m UTTPHA, & U3 KPYNHO3EPHHCTOIO Tpa-
Hara — 2000 2/m. OcoGenHo sHAYMTENBHO VBeIMIABACTCH COJCPHKAHUE UTTPUS
B POTOBHIX 00MaHKaX M3 I'DAHUTOMOB MOBTHIHX HHTPY3uBHLIX az ¢ 13 go 200 2/m
(Anexcues, 1965).

Porosrie o6mankm kuesix a(dyauBor coepxar Gonpme urtpusa (255 2/m) uo
CPaBHEHMIO €O CpeAHMM, a H3 rabbpo — Mempme (32 2/m).

Bamapgui. Cpennee coxepsxanue 192 e/m, xoapunuent KOHIIEHT panun 4,8.

Porossie o6mankm AOPUTOB CO/EPrKAT BAHANHA HECKOIBKO 0OJIbIIe, Uem poro-
Bple 0O0MaHKH T'paHHTOB.

B coorsercreum ¢ reoxmvmaeckmyu 0COGEHHOCTAMM THIePiasnuToB poropas
O0MaHKa M3 9THX MOPOJ OT/IWYAETCH OYCHE BRICOKHMH COMIePHA{AHHAMA BaHATHA —
Ro 2968 2/m (Bopucerko m np., 1969), rorna xak B poropoit o6Mamke ua rabGpo
Cpe/iHee cofep;kaHme BaHAAUA HECKOIBKO HIKE — 318,5 2/m. Orpasennem Gomee
BHICOROTO 10 CPaBHEHHIO € I'DAHHTAMMI COJIEpHAHIIA BaHA/IA B 0CAl0UHO-METaMop-
$udecknx mopomax mBaserca smaumTeXBHOE €ro cofep;KaHUme B POroBOil ofMaHKe
u3 rueiicor (501 2/m), uto MokHO MCHONBIOBATE PN BEISICHEHHHM TeO0XHMIIYOeCKIX
0co0eHHOCTeli aBTOXTOHHEIX I'DAHHUTOB.

Hurxeas. Cpenaee comepsxamme 31 2/m, woauruent KOHIeHTpamuu 3,9,

B porosnix ofmamkax rpanutonioB Hasaxcrama cpenmee collepsRaHue HHKeJs
(4 onmpenenenns) nopsmeno B 2 pasa m cocrasiser 72 2/m (Cepsix, 1964). Conepisa-
HUE HUKEJIA YMeHbIIACTCA B POTOBHIX OOMaHKAX I3 TPAHUTONTOB OJIee MOIO/OT0
BO3pacTa. JHAYUTENBHO MOBHIMIEHE! 110 CPAaBHEHHIO CO CPeTHUM COAEPRAHMA HUKes
B POroBHIX oOMankax u3 rab6po u caammes — 132—54 2/m. 910 MozKeT GHITEH HCIIOIB-
S0BaHO NpH IeHeTHYECKUX IOCTPOCHHAX. 7

Turan Cpeguee coepsxanne 8150 2/m, wroaddumuent KOHIeHTpauuu 3,8.

Cpenmee comep:xamme Ti B POrOBOif O0MaHKe M3 TI'DAHUTOMIOB PABITIHOrO
COCTaBa yAMBUTENbHO IOCTOAHHO ¥ Kodebaercs or 8000 70 8300 2/m. B rpanurommax
Cesepo-Baiikansckoro Haropss cpeyinee cojgepsxanue Ti B porosoit o6manke (3 ompe-
fenenus) cocrapiaser 7700 z/m (Rammpum, Jlereiino, 1967). B rpaEATougax ¥ pasa
coftepsrammsa Ti womeGmrores or 1770 mo 8850 2/m (Bymnskos, 1969,). Becnma
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6aM3KO K cpefHeMy Koimuectso Ti B poropoii ofMaHKe M3 CHEHHTOB M THEICOB
(cm. Taba. 5). Vckaiouenme COCTAaBJAIOT POTOBHe OOMAHKH CJAHIEB, B KOTOPHIX
conep:xanne Tutana (2517 2/m) B 3,5 pasa MeHbIIe, 9eM B POTOBBIX o0OMaHKAX rpa-
HUTOB.

Porossie o0MAaHKM TpaHUTOUOB, (OpPMHpOBAHHE KOTOPHX TECHO CBA3aHO
¢ OCHOBHHIM BYJIKaHu3MOM, cofep:ar Ti amaunreasHo Gompme — o 20 060 2/m
(Bymaskos, 1969), 9To MoKeT CAYKHTH OJHUM U3 KpPATEpHEB IPHU PacHo3HABAHNM
rpaEETON/IOB ra66poBoil Gopmanuu. :

Monnu6pmen Cpegmee cogepmanue 3,4 2/m, KodPPHIMEHT KOHIEHTpa-
nun 3,4.

Xors porosas o0MaHKa, HAPALY ¢ OHOTHTOM 1 CHEHOM, CUMTAETCH MEHEPAoM-
KOHIEHTPATOPOM MOImGJeHa, Ha ee 00 O0BYHO NPHXOJUTCA TONBKO 10—20%
obmero comepskanusas Mo B mopoje.

Cpeanee copepskanme Mo B porosoii o0Manke M3 TPAaHHTOM/0B Bocrounoro
3abaiikanba HecKoIbKo moBsmeno — b 2/m (Kosmos, Pomynkuna, 1965), a B rpa-
puTomnax Yasbexucrana mommxeno — 0,8 2/m (XampaGaes, 1969). B porosoii
ofMaHKe 13 PorosoodMamkoporo rparnta Hpio-Tommmmpa onpeyexeno 1,8 2/m Mo,
a ua rpannTa Mumnecorst — 8,7 2/m Mo (Kypona, Canpaar, 1959). Poroswie 00MaHKR
us pyjpoHocEsX Tpanutos Jlamemero Bocrowa cogepskar Mo (24 onpe/ieIe )
2,6 2/m, T. e. MeHBbII® IO CPABHEHHIO ¢ BHYUCICHHBIM CPEJHMM, HO fgoapime, 4eM
pOTOBHE 00MaHKN H3 HEPYJOHOCHBIX T'DAHUTOB TOrO jKe pailoHa (18 onpenenennit) —
1,5 2/m. OrMeuaercs Takke, YTO IUCHEPCHA COJEP/RAHMIL Mo B poroBex o0MaHKax
py/loROCHEX TpannToB paBHa 1,64, T. e. Bhuue, YeM B TOM ke MIHepa:e 13 HEPY0-
HOCHEIX TpanuTOB, Te ona pasra 0,27 (Coopos u xp., 1970). Mexounsie amdubonst
cenuToB cofep:kar Mo sHaunTeabHO MeHbite — 1,2 2/m 110 cpaBHEHMIO ¢ POTOBOIL
o6MamKoil rpaEmTonAoB (cM. Tabm. 5).

X p om. Cpegnee copepmanme 78 2/m, KosQ@uUIUEHT KOHIEHTpaLUN i 1

Hopsrmennste cofepxanus Cr (227,5 ¢/m) xapakrepusyior ampubomas us rabopo
1 ocoberno u3 caanues (284 e/m). Ilociaesnee, BepoATHO, OTpaskaeT B 4 pasa Goaee
BHICOKHE COJeD/KAHHUA XPOMAa B TECYAHO-CIAHIEBHX moporax (Bumorpanos, 1962)
no cpasuennio ¢ rpamnramn. Ouenn mmskme cofepskanng Cr (4,2 2/m) xXaparrepu-
3YIOT POroBYI0 0OMaHRY M3 KHCIHX dddysusoB (cM. Taba. ).

B o p. Cpexnee copepskanme 26 2/m, xoadduimentT KOHIEHTparum 1.0

Ilo cpaBHEHUIO CO CPeJIHHM, POTOBEe OOMAHKH U3 H3BEPREHHBIX LOPOJ, Ypaaa
comepskar B smauutensuo Goabme — 66 2/m (Jlucuisis, Xurpos, 1962), a memxou-
HEIe POTOBEHE OOMAaHKH u3 nateosoiickux kommiekcos Tamp-Ilams smauurenpmo
membme — 3,1 2/m. Ilo cpaBEeHNIO ¢ TPaHHTOMJAMH POroBbie OOMAHKH H3 AH/e3U-
TOB COjlep/KaT B cpefHeM B 2 pasa Membme Gopa (6 ompenemenmii) — 11 2/m (O1po-
menko u ap., 1966).

Iepwmamnunii Cpegmee comepsanme 2,4 2/m, KoodunmenT KOHIEHTpa-
o 1,7.

B ceMm mpoaHaiu3MpoBaHHHX 00pasmax poOroBoii OOMAHRH COJepiKaHHe Ge
uzmeranock ot 1,6 mo 3,4 2/m m cocTaBIAIO0 B CPEAHEM 2,4 2/m (Burtonu pxp.,
1959). 9ap Bappauu (1959) mpupomut Giamakoe 3HAUEHHE COJl@PHKAHIA Ge B po-
TOBOM oOMaHKe, paBHOe 2 2/m.

Penxue 3ewmamn Cpegmee cofepmanue 545 2/m, kKodddumuenT KOHIECH-
rpamuu 1,6.

ITo cpasmenmio co cpegmmM cogepsxamme TR B poroprix ofMamKaXx M3 TPaHo-
AHOpHTOB AKTayckoro MaccmBa (3amajmblii Y30eKHCTaH) IOBHINEHO — 1200 2/m
(Asumor, XampaGaes, 1965), a u3 rpammTounos Buromekoro mryrona (Boarapus)
nonmskeno — 219 2/m (Amexcues, 1965).
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B menounsix rpammroumgax cofepmanua TR m Y B memxoumerx amprnbomrax
xomeGuiores B uurepsase 210—4700 2/m, OpHYeM B OOJBIUIMHCTBE CJIYIAEB TI
COACPIKAHMA 1 IPEBHINAIOT TAKOBEIX, XapaKTepPHHX I/t moponer (Hosaxenko
m jap., 1969).

B porosoii odmarke u3 ocHOBHBIX mopoj copepmanne TR smaunrensmo momu-
#eHO U cocraBiser 192 ¢/m. B srux mopogax porosas ofMamka sIgeTes IJIaBHBIM
MEHCDATOM-HOCHTeNIeM, TaK Kak Ha ee oo mpmxogutcs 63% odmero cojepnia-
muA TR B mopoze, B 10 Bpema kak B AUOPUTAX OHA KOHMCHTPUPYET UX BHATMTEIHHO
MeHbile — 35—36% (Bamamos un ap., 1970).

Me g 5. Cpermee coffep:ranme 30,5 2/m, osdpPumment KOHIeHTpamux 1,5.

o cpabmenmio co cpeEmM poropire 0OMAHKE 13 rpaauTongos Mamxoro Has-
Rasa comepikar MeAM BSHAYMTENLHO Membime — 15—18 2/m (Mycrapaes, 1965).
Bouxee nricokne comepramua mejm — 81 e/m (eM. Tabi. 5) XapaKTepHaylT porosme
00MaHKM M3 OCHOBHHX IOpOJ, COMCPIRAUIMX IO CPABHEHHIO ¢ I'DAHHTOMLAME B 5 pas
Bosrpime Mejm.

Bepuxanuii Cpemaee conepsranme 8,3 2/m, Koopdunment Koument pammi 1, 5.

Bmusroe cpenmemy suauenmio contepskanme Be (67 ompemenemnit) — 7,9 2/m —
UPUBOIUTCA JIIA pOroBoii ofMaHKM m3 rpamntoB Bocromoii Cnbupu  ([ler-
por, 1969).

Bouee Bricokue comepsxanust Be XapaKkTepHsl JUIA POroBoil o0MaHKN U3 T'panu-
Tougos Tyssr — 9,1 2/m (Llonomaror u ap., 1967), 3amammoro 3abaiikambs —
9,0 2/m (ITerpona, Jlereiijo, 1965) m ocobemnno Bocrounoro Babaiikanna — 12,2 efm
(Taycom u np., 1969). O6exmens Be POTOBEIe 00MaHKH W3 IPAHUTOMIOB Y pata —
4,6 2/m (Bymaskos, 1969,) u Fmccapa — 3,5 2/m (Mexbuuuenko, MorapoBekuii,
1968;). Boasmme mo c¢pasmenmio co cpeiHuM cofep:kaHuA Be xaparrtepmsr man
POLOBOIL 00MaHKN W3 PYJOHOCHEX I'PANITOR Haaprero Bocroka (8 ompegememimii) —
11,7 2/m, B To Bpems Kak B TOM KO MUHepaIe 13 HePYLOHOCHBIX IPAHNTOB COMepiKa-
mie Be smaunrensno mempme (16 onpejereriii) — 4,3 2/m (Tosopos u ap., 1970).
o cparmenmio ¢ rpammraMn cHaAbHO HOHIREHO cofepaanne Be B porosoii ofmamnke
u3 rab0po u u3 rHeiicoB (cM. Tal. 9), 4TO CIeAyeT YUHTHIBATE HPH [eHETHTOCKIX
IOCT POCHIAX.

¥ p an. Cpegree cofepkanne 5,1 2/m, woapdummernr RoHmeRTpamun 1,5,

Ilo cpasmenuio ¢ rpamojmopuramu, poroseie o0Manku GHOTHTOBHIX TpaHuTOB
XapPARTOPUIYIOTCA HECKOABKO Golee BhICORMM cofepswanumem U (cM. Tadir. 4). Bouee
muzkme cogepmanna U (0,43 2/m) yeramosienn B rpammrax Hewo-Tamnumupa (JIap-
cer, Meitp, 1956). Bmuskoe CpeHeMY ROJIMYECTBO ypama — 4—5 2/m copgepssar
POroBeie OOMAHKH M3 TPaHUTOMIORB Hentpansuoro Tams-MMama. 1lpx srom ma
ee aono mpuxoxures or 1 go 5% obmero U mopoyur (JIeomona, 1962).

H u 06 uii. Cpegnee comepikanme 22,4 2/m, wosdpdpumment KommerTpamr 1,1,

JtaM mEdpam 6amsKM cpegHme cofepaanusa Nb B poroBrx ofMaHKax m3 rpamm-
TouoB ¥Ypama — 21,2 z/m (Bymuskos, 1969,) u I'mccapa — 23,1 2/m (Morapog-
cruit, Mexwmmaenko, 1968). 3nagnrensmo Gompie Nb cojlepAaT porosele 00MaHKI
U3 HIKHENAeo30iickux rpamntoB Xunrama — 70 2/m: a B ToM 3me MuHepaze us
CPEeIHeNANe030iiCKHX TI'DAHOJHOPHTOB €ro CONEPIKUTCH BHAUYMTOIHHO MEHDITe —
28 z/m (Bposuyk u 7p., 1969). Tamaste Tabm. 4 Tawske CBHIETEIRLCTBYIOT 0 Oojee
Hu3KoM cozepiamma Nb B poromoii ofmamke gmopmros. CymecrTemmsie OTImdms
B cojtepskammia Nb ycramasimpatores s porosnix o6MaHok m3 PYJOHOCHHIX H HEepy-
MOHOCHELX rparuToB [laasuero Bocroka. Tlepssie comepsxar Nb spaqntennio Gombmte
(11 ompepexennity — 195 2/m, BTOPLIe — BHAYUTEIBHO MeHBIe (13 ompemerenmii) —
49 2/m (Toopos u ap., 1970), Ho Bo Bcex cayYASX ZHAUMTOIHBHO BLINIE BHEITHCJICH-
HOT'O CpejHero.
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B orenpHEX caydasx cofepsamme Nb B poropeix ofMaHKax u3 THEHCOR
B 2 pasa mpeBHIIAeT TPHBEJEHHOE CpejiHee 3HATCHHEe (CM. rabm. J).

[l e 3 uit. Cpegmee cojepskamme 5 2/m, KodapHuIHEHT KOHIEHT ALl 1.

Awnasnornansie cogepsxanus Cs (5 2/m) ycTaHOBIEHEH B POroBoil o0MamKe amje-
sutos (Orpomenko, 1967). Boxee BEICOKHe cojlep:KaHUsA yCTAHOBICHEL B poroBoit
obmanke ampuoomuron — 30—120 2/m (Cnemmes, 1959) 1 0COGEHHO B IETOTHHIX
ampuionax cuennros — 1o 160 2/m (Crapos, [lopraos, 1965). Pubermrsr 13 mesrod-
meix rpamnroB cogepsrar Cs 50—328 2/m (Pamames, 1970).

I'axaumit. Cpenumee comepskanme 19,2 2/m, xoapdumuenr KOHIEHTparum 1.

IIpuBegennuse MUGPE HECKOJBKO BHIIIE CPEHET0 CONepPrRAHMA Ga B pOrOBEIX
oOMaHKax maBepieHHHX mopoi — 14 e/m (Bell, 1955). Oboramenme Ga porosoit
obMaHKN TpamuTonmoB Momer gocturarTh 50 2/m (BopuceHok, 1959), mpudem poro-
BHIe 00MAHKE TO3THAX cTaguii Rpueragiusanuu cofgepskar Ga Gonpmie, YeM paHHHX.
Ilo cpaBHEHMIO ¢ IOJYYEHHEIM CPeJHIM pPOTOBhle OOMAHKH W3 T'DAHUTOMIOB Mamns-
mero Bocroka, comepskamue B cpeguem 0,6 2/m Ga (Hepamkosckuii, 1969), odes-
HeHul, a 13 rpaEuromtos 'mccapa, copepsamue o 37 2/m (MeabHUTEHKO, Mora-
posckmii, 1968,), oforamens aruM saeventom. Cojfeprranue Ga B poroeoit o0MaHKe
u3 roxeMOpmiickux rparmTonos IIpmazoBps BechbMa 0JMMBKO CpeJHEMY H COCTaB-
asier 16—18 2/m (Mapuenxo, llepGakxos, 1966). B To ke Bpema cpejinee cofep:xa-
mme Ga B porosoii oOMaHKe W3 KpPHCTAIIMIECKHX CJIAHIEB BHINE, YeM B POTOBO
obMaHKe rpaHnTOB (cM. Tabx. 5). Boamosxmo, 5T0 oTpaskenie (o:ee BHICOKOTO COfEp-
scamms Ga B caammax, geM B rpamnrax. Camsie muskme copepsranus Ga Xapakre-
pH3yOT poroByio odMamKy m3 raffpo (cM. Tadi. 3).

Poropast 00MaHKA OOBIYHO paccMaTPHBAETCA KaK MIHEPAI-KOHIEHTpaTop raj-
gusA. 9To ormedamoch s rpamurompos Cycamsiperoro Oarommra (LlemrpambHerit
Tsaue-Illans), B porosoit ofMaHKe KOTOPHX cofeps;kanme Ga BhiIe, 9eM B aCCOMM-
HPYONXCH ¢ Heil moxeBsx mmarax (Bopmcenok, Taycom, 1959) u cuennrax Hapim-
Owmmya, e cogepsxanme Ga B poroBoii o0MaHKe TaK;Ke BBIIIE, 4eM B JIPYIUX MIHEpa-
anax (Typosckmii, 1968). Opmako HE3KOe 3HAaUeHHe KOdPPUIHEHTA KOHIEHTPALNH
HE IOJTBEPIKIAel JTOro.

Bouxsdppanm Cpegmeecogepmanie 1,4 2/m, RospPuiient KOAISHT paril 0.9.

Ceemenuss o cojepskammm W B porosoii o0MaHKe KpailHe OrpaHMICHEI. Cyna
10 HUAZKOMY 3HAYCHHI0 Kod(duImenra KOHIEHTpaum, oH Oy/eT IPenMymecTBeHHo
HAKAIIMBATHCA B 60Tee O3/ HAX JTeHKOKPATOBEIX MEHEPAJIAX rpanntonos. B poro-
BOil o0MaHKe 13 pyAonocHHX rparaTos [laxsrero BocToka cpeane cojepiranms w
poume (30 ompesenenmii) — 2,8 2/m, 4eM B poropoii o0ManKe HePYIOHOCHLIX I'paHi-
toB (30 ompenemenmit) — 1,1 e/m (Iosopos m mp., 1970).

Taurtax Cpenmee cogepswanne 3,1 2/m, Kospunuent KOHIEHTpAIIT 6.9

Ilo cpaBHEHHIO ¢ POTOBOIl OOMAHKOIl I'paHUTOB, Poropas OOMaHKa JHOPUTOB
cogepssur Ta B 1,5 pasa membme (M. TaGm. 4). Cpefn maneo30UCKIX TPAHUTOMIOB
XuHrama TaksKe YCTAHOBJIEHO, 4TO poroBad oOMaHKa T'DAHUTOB COJAEPIKUT Ta
Goapime — 14,76 2/m, gwem Tor ke mumepax aumopuros — 1,6 2/m (Bposuyr m np.,
1969). Ilo cpaBHeHHI0 ¢ TIPHBEJ[EHHBIM CPETHUM, COJ[eP/KAHHe TaHTala IOBLIIICHO
B POroBeIX ofMamKax m3 rpammromgon I'mecapa (4,1 2/m) W IOHHKEHO B POrOBOI
obMamke us rpammrongos Bepx-Mcercroro maccmsa (1,7 2/m). Ilocienmme oOpaso-
BaJHCh B Pe3yJapTaTe TPAHATH3AIMH 0CAK0THO-METaMOPHUICCKIX T (CraBpoB
u ap., 1969). ITo cpasmenmmio ¢ rpanmronjavMu, Goxee HU3KHE COTEPIRAHUA TAHTATA
XapaKTepusyioT poropyio oGMaHKY m3 rHeiicoB (cM. TaGir. 9).

CBuuen Cpeguee comepmanue 15,7 2/m, rospdunment KOHIEHTpaLH 0,8.
o cpaBmenmio ¢ AHOpHTAMH, porosasg o0MaHKa TPAHATOB COEPKAT B 2,5 pasa
MeHpiIe cBHHOA (cM. Tald. 4).
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Jurui Cpegnee comepswanme 27,2 2/m, KosPuIHeHT KOHIEHTpPAIHIE
0.7.

Copmepsxarne Li B porossix oOMankaXx ua rpanuTounos Bocrounoro 3abaitkanns
u Bocrounoro Cagna 6imskm cpefaeMy u pasubl 23 u 27 2/m coorsercTBenH0. Comep-
swanme Li pesko monmykeno B rpamnToniax Mamoro Kasraza (6,5 2/m) u Ranupop-
piu (10,6 2/m) (Sen u mp., 1959). B menounom ampudoe cueRuToB cofepsranme Li
3HAUATENBHO Bhime 1 coctasaser 140 2/m (cm. taGma. 5), a puGeKHTH U3 IMEJIOYHBIX
rpaHUTOB ¥ nKaHcKoro Imayrona cogepskar Li or 100 mo 3870 2/m (I'amanes, 1970).
Bricoroe comep:xanme Li (1630—3880 2/m) ycramoBieHo m B poropoil o0MaHKe
nz ampudomuro (Crennes, 1959), 4ro, BepoATHO, CBA3AHO ¢ IPUBHOCOM ATOrO
HIeMEHTA MO3HEMH pPacTBOpPaMU, M3MEHABIIAME mopojy. Bonee Huskoe mo cpasme-
HHI0 cO cpegauM cofeps;kanme Li XapakTepHo st poroBoil o0MaHKHN 13 T'HEHCOB It
ocobenno ua radopo (eM. Tabm. H), YTO CIAEAYET MCIOIB30BATH IPH TeHETHICCKHX
MOCTPOEHMAX.

3oaoro. Cpenmee comepmanue 00,0032 2/m, wiapk xommertpamuu 0,7.

Husrkas pennunpa kosddunmenra xommeuTpanmmm Au B poropoii obManke
VKaspiBaeT Ha pPACCesHUE HTOr0 HIEMEeHTa B JPYIHX MHHepalaX TPaHHTOHIOB.
IIpuBenennoe cpejimee HiKe BBIBEIEHHOIO paHee Ha ocHoBaHWH 14 amanmsoB poro-
BHIX oOMamok m3 pasanuaeix mopox — 0,0059 e/m (Illepdaros, Ilepeswornm, 1964)
1 paBHO CpeJiHeMy cofiep:annio Au B poroBeX oOMankax, spranciaennomy M. K. Ilas-
meroBeM (1970). :

B xmopnTtnampoBaHHKIX POrOBHIX OOMaHKAX TPAHHTOB Y s0eKucTaHa CcojeprKa-
e Au meckonnko Hizke u pasro 0,0026 ¢/m (Xampabaes, 1969). HeoObrauno BrCOKO
cofiep;kanme Au B poroBeX o0MaHKaX 13 KBapuesux quopuroB Morransr — or 0,003
o 0,823 2/m, B cpenmem 0,1 ¢/m (Mantei, Brownlow, 1967). Bomee Huakme cojep-
mamna Au (2 onpenexaennsn) — 0,0026 2/m — ycraHoBieHH B poropoil o0MaHKe
u3 rpamogumopuToB HpHKKyIykckoro MaccmBa (asaxcram); poroseie oOMaHKR
u3 1ab6po 30J0TOHOCHEIX MHTPYBHUBOB TOTO jKe paiioHa cojep:kaT Au 3HAYATETHHO
Goapme — 0,011—0,020 2/m (3Bepesa, I'aBpunenko, 1971).

Ilupxonuii. Cpegnee comepsramme 117 2/m, rooddumment KoHIeHTpa-
mun 0,6.

OTpumareabHblii KJIapKk KOHIEHTPAIUH CBHETEILCTBYET O TOM, YTO DTOT dile-
MEeHT TOJBKO B He3HAYHTEJIHHOIl CTENeHH PAcCenBaeTCsl B peneTke poropoii 00Mankm.
Wmerores pannsie (Eropos u ap., 1966), aro Beero 4—14% obmero cogepsanusa Zr
B IOpOJie HAXOMUTCH B POTOBOIl ofMaHKe.

B BoceMm porosmx ofMamKax u3 usBep;ReHHHIX 1opoj samajamoii Hlormaniun
Hoxkxkonpac nm Muruenn (1952) obmapymunu B cpeguem 98 2/m Zr. X. Jleremxapar
(1959) mpuBoAMT 3HAYEHHS IS JIeBATH POLOBHIX 00MaHOK, pPaBHBIC B CpejHEM
105 2/m Zr. Jle Bop (De Vore, 1955) cooGmaer o cozep:rannm Zr B 46 poropnix
ofMaEKaX M3 MeTaMopduueckux mopoj, jgocruratomem 110 2/m.

Ira mudpa OAH3KA MOJYIEHHOMY CpEHEMY COJep/KaHmio Zr B POrOBEIX 0OMaH-
kax tHeiicoB — 130 2/m (cm. taba. 5). Camsie mHuakme cofepmanus Zr (31,5 2/m)
XapakTepuaylT porossie oOMaHKH rab6po. 9ra mX 0co0EHHOCTH, OTpazkalomias
BiBoe Gojee HEH3Koe cojepsRaHHe Zr B OCHOBHBIX IIOPOJAx II0 CPABHEHMI) ¢ KIC-
amvu (Bumorpamor, 1962), Mosker OHITH MCHONB30BaHA DIl BHIABIEHUN TeOXUMUITIe-
CKUX ocobenHocTell rpannTonIoB rab0poBoii gopmammm.

T aa amit. Cpenmee conepmanue 0,8 2/m, xoappunuent rommentpannm 0,5.

. M. Moy (1959,) oupegenuna B porosoii oomanke 0,31 2/m T1. B agamemin-
rax Cycampipckoro Garommra porosas obmauka cogepsxut 0,8 2/m T1, mpudem
Ha om0 »Toro MmHepasa mpuxopntes toasko 1% T1 mopopst (Taycom, Bysaes,

1957).
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Ilopsimennoe copepxanme T1 (2,6 2/m) ycramopieno B poroBoii ofManke
u3 TpamopmopuToB HypammHCKOro THNa (Baganos, PaGumosmd, 1966). bamsko
BEMMCIEHEOMY cpefaeMy cojepskanme Tl B poropoil o0MamKe 13 CHEHUTOB Cesep-
noit Kuprmamn — 0,7 ¢/m (3mobun u Ap., 1969).

W u g nii. Cpegree cojepranme 0,6 2/m, wosdpdumuenT KOHIEHTPATIUN 0.3.
Ilo mammsm B. B. HMpanosa (1963), comepsanme In B poronoit o0MaHKe MOKeT
rosedarses ot 0,5 1o 2,9 2/m. 1. M. Ioy (1959,) onpeaemun cojiepskanne B poroBoii
o0MaHKe Hem3BeCTHOro HpowcXoyienns 5,8 2/m In.

Crpounuii Cpexnee cojepsanne 72,9 2/m, wosPuIHEHT KOHIEHTPA-
mu 0,2,

Porogele 00OMaHKH U3 JUOPHTOB COjlep:kar Sp HeCKOJBKO MEHBINE, YeM I3 Ipa-
AuToB (cM. TaGu. 4). AHaJOrMYHAs TeHEHIHA 0TMEUaNacs I B TPaHATOMAAX I'mceap-
CKOTO ILTYTOHA, T/Ie CPefHee COMepsKaHme SI B POTOBHIX 00MaHKaX YBeJIHYHBAETCH
OT KBapIEeBHX AHOPUTOB 345 2/m — K poOroBo0OMAaHKOBO-GMOTHTOBEIM TDAHUTAM —
535 2/m (Moraposcrmii, MeabHIYEHKO, 1967). 910, 04EBUIHO, CBSA3AHO C HAIMIHEM
B /MOPHTAaX GOJBIIOr0 KOJHYECTBA OCHOBHOIO IUIArHOKIA3a, B KOTOPOM paccer-
paercsi GoxbmIas dacTh HToro »ieMenta. llo cpaBHeHHIO CO CPe[HHM 3HATCHHEM
poroBie OOMaHKH N3 TpaEHTOMA0B I'mccapa XapaKTepusyloTesd TTOBBIIIEHHIM
(440 2/m), a m3 rpammromsos Bocrowmoro 3abaiikanpa — OJIUBKEM CpeJHeMY
(83 2/m) comep;kaHEmeM TOTO BIEMEHTA, BO3MOKHO OTpaKasi pPeAIbHOCTE cyme-
CTBOBAHIs CTPOHIMEBHX TEOXHMHICCKUX HPOBUHIHI.

Porossie obManku raG6po comepssar Sr 71 2/m, a raeiico — 15 2/m (em. Taba. 9).

Py 6 u nuit. Cpegmee cojepranne 19 2/m, wo>PPUIHEHT KOHIEHTPAIM (1% 45

BoasmuMu comep:annaMu Rb xaparrepmayercst poroBas o0MaHKa M3 TpaHu-
ros Bocroumoro Casma — 16,5 2/m, Bocrounoro 3abailkanpa — 36 2/m, CeBepHoro
Tsiup-Ilansa — 40 2/m. B rpamurompax Ypama, o0pasoBaBmIEXCA B pe3yiabTaTe
TPAHHTH3ALUK 0CAJ0UHO-MeTaMOPPIIeCKUX TOJIL, (CraBpos u ap., 1969), pyOuaumit
B pOroBsX o0MaHKax He yCTaHOBIEH (Bymusikos, 1969,).

[To cpaBHEHHIO ¢ POrOBBEIMH OOMaHKAMH OOBIIHBIX M3BECTKOBO-MIEJOYHBIX I'pa-
HUTOB 3HAUMTENbHO Gospme pyoumus (20—1100 e/m) conmepiar puOeRuTH MmeI0d-
HEIX TpaHETOM0B Y IKancKoro miyrona (I'amades, 1970).

B a p u it. Cpeamee cofepsxanne 67,8 2/m, koa(dumment xonnenrparun 0,08.

Ifo cpaBHeHNIO ¢ JUOPUTAMH POTOBbLIE oOMaHKH rpaEUTOB cofep:kar Ba B 3 pasa
Gonpire. CXoimbie cpefnue comepskamna Ba XapakTepHsl i poroBoil 0OMaHKH
13 THeiicOB, B TO BpeMs Kak poropasd ofMamKa m3 rab0po COAEpHuT ero B 2 pasza
MEHBIIe, OTpaskas, TAKHM 00pPasoM, OCOOEHHOCTH COM@PFRAHMS Ba B ocHOBHHX 1
KMCIBX U3BEP/KEHHBIX U 0CAJ0YHO-MeTaMOopYuIecknX Iopojax.

VHUEATOPHBIC NPU3HAKE POTOBOIi 00MAHKI TPAHUTONOB

1. OfsuEO poroBas ofMaHKA PAacCMATPHBACTCA Kak MHHEPAI-ROHIEHTpATOp
MHOTHX peAKux sjementos. B rpammromiax Bepx-Mcerckoro maccmpa Ha Y paie
poropas o0MaHKa ABJIAETCs KOHIEHTPATOPOM Se, Be, 2Y, V, Cr, Ni, Co (bymus-
xoB, 1969,). Cpemu m3Bep/KEeHHHIX IIOPOJL Cepepo-BaiikaiscKkoro Haropba B PARAY
MOpOJl OT TPAHATOB 10 HeeJIHHOBEIX CHEHHTOB POTOBAA o0ManKa sBIAETCA TJaB-
HEM MumepasioM-Konmentparopom Li, Be, Sn om F (Kamupuu, 1969).

[Toayuennse 3HATCHUS KOdQPUIUEHTOB KOHIEHTPAIUH PEJIKMX I PY/AHHIX
2JICMEHTOB B POTOBOIl 00MaHKe IpaHuToHoB (Talir. 6) cBUZETENLCTBYIOT O TOM, 4TO
mauGoee BHICOKNX 3HAYCHMI, B 3 pasa m Gojiee MPEBHIIAONUX KIapK, OHI 10CTI-
FAl0T y 9ICMEHTOB, FeOXHMUYCCKH OIMBKHUX sHeyesy (Sc, Sn, Co, Zn, V, Ni, Mo, Cr)
sy kagpruio (Y). Jlas oTiX 51eMenToB poropasd 00MaHKa MOyKeT paccMaTpHBATLCA
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Tabanumga 7
HNCTOYHUK
iijo,
ITerpos,
HIyKR, 1964
cknit, 1968,

ABTOP WIH JANTepaTYpHHI
Moraponcku

IlerpoBa, Jlere
Ilerposa,
Menbumgenko, Mora

Meapun-

gcHko, 1967, 1968
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19683

ﬁ!

Astercuesn, 1965
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364
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Mn
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350
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100
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Sr
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400
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310

ii o0MaHKe rpannToB pazANuHbIX (haz muorodgasnerx UHTPY3UBOB, 2/m

Be

D

Se
140

130
150

20

5.4

11,9

Nb

322

' thaza Sn
11

I1
II1

I
IT
1T

affon

I'nceap

Cofep:kanns pelkux U PyAHBIX DICMCHTOR B poroso
P

Cenepusii

3anamuoe
{azaxcraH

3abaitkanne

IE

pus)

Buronrekmnit
mwryrod (Bounra-

RaK HaJeHHbIL MUHePAI-NHIUKA~
TOP, CHOCOOHBII OTpakarTh ToH-
KHE O0COOPHHOCTH COePsRAHMS HX
B mopojie. Jaa ocraabHBIX sie-
MeHTOB Takmx, kak Cs, Ga, Ti,
T1, Rb, Ba w np., B 3maunrtens-
HOIT Mepe o0JaalONEX JHATO-
puanHEEIME cBOiicTBaMU, poroBas
o0MaHKa He fABJIAETCA MHHepa-
JIOM-KOHIEHT PATOP OM.

Ouens BrICOKIIT Koo dumment
KOHIIEHT DAl CKAHINA, PaBHEIT
44,0, cBHIETENBLCTBYET 0 TOM, UTO
TaCTh DTOT0 HIEMEHTA paccel-
BaeTcHA HAa PAHHHMX CTaJUAX Kpu-
CTAIIH3ANIH TPAHUTONTOB. IHe-
CKOJIBKO OTJIHYHEIE KODPOHITHEHTE
rounenrpanuu Nb (1,1) u Ta (0,9)
OTpa;KAIOT HEeKOTopoe mpeobiama-
mme Nb mag Ta wma pammnx cra-
JIUAX KPUCTANIN3AIINT.

2. Conmepikanne peKax u
PYAHBIX DJIEMEHTOB B POTOBOII
oOMaHKe U3 IPAHUTON/[0B Pa3IIId-
HOTO cocTaBa HeommHaroBo. O0-
pamaeT BHIMaHme 6oiee BBICOKOE
collepimanue B POTOBOI oOMamKe
U3 JHOPUTOB M TPAHOIHOPHUTOB
TAKUX XapaKTepPHBIX IEMEHTOB
nporoxpuctananazamun, kKar Cr,
Ni, Co, a Takme Pb m V, B 1O
BpeMs KaK B POroBoil o0OMaHKe
U3 TPAHUTOB IOBBINIEHO COJEpiKa-
Hue HOTBITHHCTBA PeJKUX U PY/-
HEIX DdJiIeMmeHtoB — Sc, Ga, Ta,
Y, Be, “Liy vy oMoy Zr, Zoonw
ocobearmo Nb, Sn, Rb, Ba, Cu.

IMomyuennasie undper cpeganx
co/lepsRanmii I03BOJAIT IIPON3-
BOIUTh CpAaBHEHIE TeOXHMITIec-
KX 0c00eHHOCTeIT pOroBHIX 00Ma-
HOK H3 I'DAHATOHIOB Pa3INTHLIX
pernonos. Tak, mo cpaBHerH© C
TMOTYUYCHHBIMH  CPEJHUMEI  (CM.
Ta0i1. 4) 1A POTOBHIX 00MAHOK 13
rpagnrongoB  Kapmaro-Bankan-
CKOIl IPOBUHIINI XapaKTepHO 3Ha-
YUTeTEHO  0OJNBINee COepiKanue
Be (81 2/m), Mo (13 2/m) u Menn-
mee Sn (13 2/m) u ocobemno Nb
(30 2/m) (Arsenijevic, 1967).



3. Boapmas poab mpomeccos Aupdeperiuanun i CBA3AHHOIO0 C HIMIL H3MEHE-
HUS MIHEepPaJbHOT0 COCTaBa IPAHUTON/OB, OKA3LIBAIOIIHX GoJaplIoe BIANAHHE LN
HA KPUCTALIOXNMHYECKOE PACCeHBAHMe PEIKHX DICMEHTOB, W HPHBO/NIX TPt
0IATONPHATHHX YCIOBHAX K MX OTHOCHTEIBHOMY HAKOIVIEHMIO B IO3/HIX IIPOAYH-
rax jgudepennuanum, JOCTaTOYHO HOTHO OTpPaKaeTca Ha cocTaBe pOroBoil 00-
MaHKII — MIHepaJa paHHeil cTajum KpHCTaaH3allud.

CoctaB poropoii o0MaHKH W3 TPAHUTONIOB PABINYHLIX da3 MHOrOPA3HBEIX
HHTPYBHBOB CBU/IETEILCTBYET O TOM, 9TO DJIEMEHTH, TECHO CBA3AHHEIO C Ca man Ti
(manpumep, St u V), cosepmarcs B (0IBITEM Ko/IUYeCTBE B POTOBHIX o0MaHKax
rpaHuTOmIoB Hepenix (as BHeXpemis (Tadi. 7). Ectp csepennsa (Ceprx, 1964),
4TO OT POrOBHIX OOGMAHOK DAHHMX TOPO K HO3JHMM 3HAUNTEILHO YMEHBIIAETCH
raxsxe comepmanue Ni. [lna Sc, reoxuMuruecKas cyjipba KOToOporo TaKy e TecHO CBA-
sama ¢ Fe. makomieHHe B POTOBHIX 00MAaHKAX M3 I'DAHATOM/IOB HO3/HIX ¢as BHe-
JpeHns HezHaunTeAbHO, s Ba, In, Ta, Ga madmojaercs 2—3-KparHoe, a 1A Be
I p. 3. 5. 4—6-KpaTHOe 00OTaIeHNe 10 CPABHEHUIO ¢ POTOBLIMII oOMaHKaMI T'DaHi-
TONZOB WePBHX (as BHELPEHUSA. DTO CBHIETEILCTBYET O TOM, 4TO COCTAB M COAEP-
JKQHNE PEIKIX DICMEHTOB B POrOBHIX OOMAHKAaX JOCTATOUHO TOTHO OTPAKACLT Leo-
XIMHIUECKHe OCOOCHHOCTH CPe/ibl MITHEepaa000pasoBaHms.

Muorja OTMeuaeTcs, WUTO POroBas oOOMaHKa TJIyOMHHBIX gacTeil MHTPY3HBa
cofepsxuT B cpeues (5 onpesenennii) Goabme Be — 12,1 2/m, gem porosas oOMaHKa
13 anmKajbHbIX uacreii maccmpa (2 ompemesenus) — 1,9 g/m (Ilomommuros u 7p.,
1967). 910 MomeT CJAY/KUTH KOCBEHHBIM YKasaHHeM Ha caaboe IpOABJIEHHE IPO-
meccoB razopoil jguddepeHnuanny.

4. Bo3MOKHOCTL ICHOMB3OBAHUA POrOBOl 0OMAaHKM, Kak HMHIUKATOpa IIOTEH-
MHATBHON PYIOHOCHOCTH T'PAHNTHEIX HHTPY3UBOB, MOGKET OLITH ApryMeHTHpPOBaHA
TeM, 9To, Gy/Ay4ll OJHUM H3 PAHHHX 10 BPEMEHN BEIGICHHS MIHEPAIOM, OHA J0.AHA
OTpaKATH B CBOEM COCTABE IeOXMMUTECKHE OCOOEHHOCTI MArMmbl, B 3HAUYNTeIBHOIT
Mepe He HApYIIeHHLE PasJuYHBIMIL IpoleccaM mufiepeHmmanum.

Cpemu rpamnrouion Bocrodnoro CasHa BHEIAIOTCH, HApHMEp, LPaHOAMO-
PUTHL ¥ GHOTHT-POroBOOOMAHKOBEE TPAHUTHL JFKYT[AYPCKOr0 KOMILIERCA, PYy10-
gocHnie B orgomennn Cu m Mo, M BepXHEMEIOBHIE IeilKOKPATOBBIC I'DAHUTOHIILL,
pymosocHse B orHomenun B, Sn, Nb u Y. CpaBHeHue cojiepsRanus 9THX JJIEMeH-

Taoanumna 8

Cogepssanusi peKUX M PYJAHBIX MJIEMEHTOB B porosoii ooMaHKe
PYJIOHOCHBIX TPAHUTOU[IOB, 2/m

PaiioH, THIT OpYIeHeHIA Y Nb Cu Mo Sn BTl “1‘1‘.;‘3211;‘,’4‘;"“""”’1“
Bocrounniii Casan, JImyr- —_ — 140,0 5,0 — | JImxun u gp-, 1967
TR Y PCKUIT Maccus,
Cu — Mo
Bepxuemenosoit  womn- | 560,0 1400,0 — - — | Tor e, 1967
aexc, Y — Nb
Apmenns, Merpu-Opay- — o 16,0 2,9 — | Memuu 1 ap., 1968
faicKuit HAYTOH,
Cu—Mo
Azepbaiimran, Jlanugar- - — - 5,0 — | dfenpues, Teiinapos
CKHIL mMaccus, Mo 1959
Ilaxpnmit Boetok, Mapb- — — — - 20,0 | Hegamkoscknit, Hapuos,
AHOBCKMIT Maccns, Sn 1968
Cpepuee no rpamu- 197,8 224 30,5 34 | 221 |B. B. Jlaxoenx
tougam CCCP



TOB B POTOBEIX 00MAHKAaX M3 YIOMSHYTEIX IIOPOJ CO CPeJIHIM II0KA3BIBAET, 9TO OHK
BHAUTENBHO oboramensl (B 2—7 pas) amementamu, COCTaBIAKNMUMI XapAKTePHYIO
0COOCHHOCTH PY/[OHOCHEIX TPAHATOB (rabm. 8).

B meomosonocmmx rpammrax Illaxrams CpeflHee CO[ep;KaHUe SN CcOoCTABIAET
(3 ompenenenns) 16 2/m (Taycon u ap., 1966), 1. e. HusKe BEIMHCICHHOTO CpefiHero
cofepzanns (cM. rabi. 4). B rpanutax Heom0BOHOCHOTO Hsxnauackoro KoMmekca
CpejiHee cojep;kaHue Sn B pOroBoii oOMaHke n3 rpanonmoputoB I ¢assr m rpann-
ToB II daswr cocrapnser 8,5 2/m (llerposa, Jlereiio, 1965), T. e. To:ke Hume cpeji-
nero. Bee aTo mMosker cBujieTenneTBOBaTE Kak 00 H3HAYATBHO HIBKOM COJepsKaHun Sn
B Marme, Tak 00 OTCYTCTBUH TeHCHINH K €ro HAKOIJICHNIO B IMO3HAX HPOAYKTAX
Kpucranausaunin. B To ke BpeMs B poropoii o6MaHKe m3 00BOHOCHEIX I'DAHUT OB
Mapssanckoro maccusa cogepsxanme Sn Gamsio CPETHEMY, XOTH M HEeCKOJILKO HIUKe
ero, m cocrasaser 20 e/m (Hemamxosekwmit, 1969).

Hocrarouno werkoe oTamume B copep:annu Sn, W, Mo, Be, Nb u Ta VCTaHOB-
JICHO B pOroBoii o0MaHKe M3 DYNOHOCHBIX M HepYIOHOCHBIX rpauntoB [lannmero
Bocroka. llepsme comepsxar He TombKo Goxbime HepPevIHCIAeHHNX JJIeMeHTOB, HO
XapaKTepUSYIOTCH 3HAYMTEALHO Goxbmeil aumcmepcueii mx copepsxannii (l'osopon
m 7ip., 1970). He mck:iogeno, uro mocaenmee o6ssamo mammamo COOCTBEHHEIX MITHE-
PAIOB DTHX 3IEMEHTOB, KOJIHMYECTBO KOTODPHIX B DYIOHOCHBIX TpaHHTax ofLIYHO
YBeJIHUMBaeTcs.

B rpammromgax Merpuuckoro mryroma, ¢ KOTOPLIM CBABAHO MEIHO-MOJIHOeHO-
BOe opyienenue, cpefnee cofep:kanme Cu u Mo B porosoii oGmanke (12 onpenesre-
Huii) coorBercTBenno 16,0 u 2,9 2/m, T. e. HI;Ke CpeHHX COJIePIRAHAIL, YTO JOJKHO
YKasHBaTh Ha NPeolIajlalon(yio TeHACHIMIO HTHX HIEMEHTOB K HAKOILICHNIO B 0371~
HIX TpOxyKTax nunddepeniuanmn.

Crynmmptit MaTepuan mo ocobeHROCTSIM COJlep/RaHus PYJHBIX W PEIKHX DIeMer-
TOB B POTOBOIl 00MAaHKe DPYJTOHOCHHIX M HEPYIOHOCHEX I'PAHUTOMIIOB He IO3BOJAET
HOKa JlaTh OHpejleleHHble DPeKOMEHJAMN 10 ee HCIOJdb30BAHHI0 Kak HHIIKaTopa.
PY/IOHOCHOCTH I'DAHUTHLIX MATPY3UBOB. OIHAKO A Hee, Kak MHHEPAJIa paHHero
110 BpEMEHH BBIJeIeHNus, Yame HabiiofaeTcsa o0paTHAS 3aBHCHMOCTE MEeRIY cojiep-
ARAHIEM DYIHBIX 9JIEMEHTOB B MUHEpaje-HOCHTeIe W PYIOHOCHOCTbHIO TPAHUTOU/LA.

5. Hexocrarounoe kommyectso AHAMUTHYECKAX [aHHBIX IO POroBoil ofMaHKe
3aCTaBJIsieT OBITh OCTOPO;KHBIM M B DEKOMEHAIUAX 10 € MCIOAb3OBAHMIO B Kade-
CTBE MHIMKATOpA reHesuca BKJIOYAOMEii ee moponsi. OJHAKO MMEIOMIeCS JaHHHIE
UPeJICTaBAAIOT ONpe/IeIeHHEIl HHTepec.

Hpesne Bcero ycramasampaercs, uro POroBEIe OOMaHKHM U3 CJAHIEB CONep-
mar Ti B 4 pasa mensme, gem Tor sxe MuHepal ua rpaHuToB. Eme Goxee mmsrme
conep;ranmsa Ti (150—42 2/m) npusomur [le Bop (De Vore, 1955) naa porosmx
00MaHOK M3 MeTaMop(uueckmx nopox (raba. 9),

Tadanmma 9
CpenHiie coepikannsa preMeHTOB-pnMeceii B poroBoii oomManke

MeTaMophuyecKux mopon, 2/m
(De Vore, 1955)

Cu Zn Pb Ni

|
Cr l v BaiSr

Meramopguueckas gamua r Ti

Juuor-amMyuioanTosas 42,48 | 1122 | 116,0 6,5 [ 1295,13 | 219,64 | 57,85 | 16,92 !702,4
AmpuGonurosan . . . . | 7552 44,2 80,8 | 13,0 | 17319 346,8 |79.21 |90.24 | 1368
T'panyantopags . . . . 149,86 174 | 2200 | 17.7 13,80 | 2244 |5251 |47,0 16,01
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CpaBHHBas OTH JaHHBE ¢ TOXYTCHHHIMH CPEIHMMH COJep:KAHIAMI B TpaHi-
Tommax (cM. Tabia. 4), MOKHO 3aMETHTH, 9TO B OTJIMIHE OT POTOBBIX 00MaHOK I'paHn-
TOB POTOBHIE OOMAHKI 0Ca0YHO-METaMOP(PUIECKIX OPOJL COACPIRAT TAKKE MOHBIIE X
u Ba n 6onsme Ga, Cu, Ni, Cr, V, 1. e. Tex 2JIeMeHTOB, CPeJJHIE CO/I€P/KAHUA KOTO-
PHX B OCATOYHEIX TIOPOJAx BEINIe, 9eM B TPAHATAX. JTO TO3BOIHAET CIUTATH, HTO

Yacmoma

0 ME 13f om
853 M39 2005

Puc. 1. T'umerorpaMmbl pacupejieaeHnit coflep/RAHMIT  PelKuX
HJIEMEHTOB B POTOBOIL oOMalKe TpannToHI0B

T0/100HEEe 0COOCHHOCTH COCTaBa MOIYT OBITH MCIOIb30BAHBI IPH BbIICTEHHH aBTOX-
TOHHEIX TPAHUTOHMOB, 00pPa30BABIIMXCSA B peayrbrare MeTacoMaTiIecKoll Iiepe-
paboTKE IaparHeiicOBBIX TOJIL.

Ha mpuMepe rpaEHToOnfoB Y paja YCTAHOBJICHE M3BECTHbIE OTJIIYUA B COLEP-
sgamun St u Pb B poropoii o6MaHKe IpAHATON/I0B HaJMHIE€HHBIX (mTyToHHIeCKas
rpynma) m CPAHATOMIOB, GOPMUPOBAHIE KOTOPHIX TECHO CBAZAMO C OCHOBHEIM BYJI-
KaHU3MOM (ByJKaHHYECKasA TPYHIa). Ileperie cojepskat (cpeinee) St 19 2¢/m mu
Pb 19 ¢/m, Bropsie — St 46 2/m u Pb 37 2/m (Qepimrarep u ap., 1969). Ecuu BeiCO-
Koe cojep:kanie Sr, XapakTepHOe I OCHOBHBIX IOPOJ[, MO eT YKA3HBATH HA CBA3D
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9THX I'DAHUTOH/IOB C OCHOBHBIM BYJKAHH3MOM, TO BHICOKIe cofepsrannd Pb monixmn
ObLam 661 OBITH XapaKTepHB IS POTOBOIl 0OMAHKHM M3 NaJHHTeHHBIX TPaAHUTOHJIOB.
Kpome Toro, B poropoii oomanke TPaHATONIOB BYJKAHNIECKON TPYIIH ‘He o0ma-
py:xed Rb, uro momker caysmurs MepOil OTIAMINA OT POrOBHIX OGMAHOK TMAJNHICHHL X
Tpamutos, comep:xamux Rb 19 2/m (cm. TaGm. 4).

6. Paccmarpusast rucrorpaMur PACIPEJIeNICHNST COleP;RANMI HEKOTOPHX pej-
KIX M pyIIHEIX 9JIEMEHTOB B POrOBOil 0OMaHKe, HETPY/IHO 3aMETHTh, 9TO OHE JOBOJIBHO
OTYETINBO JeaATCA Ha ABe rpynusl (puc. 1). Ogma ma HEX ofbemuUHsET Takme ore-
Mentsl, Kak Ga, Sr, Li, Be, u XapaKTepHU3yeTcA II0JORUTELHOIT aCHMMeTpieii
IacTOT pacipejiellenusa Colep/RaHlii ¢ Pe3KO BHIPAIKEHHBIM MarcumyMmom. Ilocaes-
HHOIl OTpaskaeT yeTolidmBOCTh IpeodIajialone HU3KUX CoepskaHmii TIePeYHCIeHHBIX
9MEMEHTOB B pOroBoii o6Mamke. Benmunna manGonee wacto BCTPEYACMEIX COJlepiKa-
HIIT HE OTIHYAETCSA CYNIECTBOHHO 0T BEITHCIICHHEX Iudp cpejHnx copepsranmii HTIx
9IeMeHTOB (cM. Tabiur. 4).

Hpyras rpynmma THCTOTPaMM 00'beIMHAST TaKIe anementsr, kKak Pbh, Rb, Mo. Sc,
KOTOpEIE XaparTepuayiorcst Goabmmoil jucmepeuein COJICPIRAHNH W HAJHYMEM JIBYX
c1a00 BHIPAReHHBIX MAKCUMYMOB B JeBOIf i HpaBoil gacTAX rucrorpaMmer. Ilojod-
Hafg KOHQUIYpAIA THCTOTpaMM CBHU/IETEIBCTBYET 00 OTCYTCTBHI CTAGUILHO npeod-
JA/AIOMAX  CONACPKANMI M O BIMAHNE HA BEJIMYHHY [OCJEIHUX pasHo00pasHLIX
(akTopoB, B wWACTHOCTH He HCKI0YEHO BIsHIE TIO3/{HIIX TPOIECCOB, KOTOPHIE
MOTJIM UPHBOMTH K WMIIPErHAIIME POTOBOIi OOMAHKH TeM WM WHEIM DI6MEHTOM.



F'masa III
BUOTHUT

Buorur — pandosee PacHpOCTPAHEHHEII I[BETHOH MHHEPANL TPAHUTOM0B.
Ero comepssanme (B 00. %) ¢ 6—8 B 6morHTOBEX rpanmrax cammaerca no 1,5—0,5
B JeHKOKpPAaTOBHX TPAHATAX H AXACKHTaX, HO AoctHraer 20—24 » manbonee megano-
KPaTOBHIX PA3HOCTAX — IpaHofmopuTax W amopurax. B mociemnmx, mapsaay ¢ Omo-
THTOM, 3aMETHYIO pOJbH UTpPaeT M Apyroil I[BETHOI MHHepax — poroBas o0MaHKA.

BroTHT — TepMHIH cOOMPATEJBHEI W B IPAHUTOHAX IPUMEHSETCA K CII0/aM,
cojlepsRalEM TIepeMeHHBIe KOJINYecTBA OKHCHOTO W 3aKHMCHOIO jkejJesa, Maruus o
amomuana. O0majas TOCTATOYHO CJIOKHBEIM XHMWYECKHM COCTABOM M CTPYKTYPOIi,
B KOTOPOil CBA3H Me;KAY IaxkeraMu ociabIeHa, B KPHCTAIIMYIECKYIO pemerky Omo-
TATA CPABHUTEILHO JIETKO NPOHMKAOT pasjmuBbie Katmouu. IIpm sToM MoryT
npoucxoxuts samemenusi: K < Ba, Rb, Cs; Fe? <« Mn, Sc, Zn; Fe®* « Ti;
Al < Ga; Mg < Li; Ti <~ Nb, Ta, Sn; (OH) < F u gp. Kpome Toro, sHaunrensn-
Haf 4acTh PYIHEIX 7 PEIKHX HJIEMEeHTOB MO;KeT He TOJILKO 3aMellaTh HOHH B y3jax
KPHUCTAIIHYECKOil pemeTky OHOTHTA, HO U NPHCYTCTBOBATH HA ILNIOCKOCTAX pOCTa
Gnaronapa aGcopOuEyu WM BXOAUTH B KPHCTAIINIECKYIO pelteTky Oaarojapsa mme-
omuMesa B Heil jgedexTtaM uianm HapymeruaM. OupejedeHHYI0 POJIb UTPAl0T B MAKDPO-
BKIIOUEHHS pasHOOOPABHEIX AaKIEeCcCOPUeE, J[O0BOJBLHO MHOTOYMCJIEHHBIE B 3TOM,
0o0BYHO MOBJHEM TI0 BPEMEHW BHEJeHHs, MHUHepaie.

CymecTByeT HeCKOABKO CTPYKTYPHEX MoupmKanmi 6moTura, KOTophie OHBAIOT
HEeOJMHAKOBH B MOpOjax pasimdHoro cocrasa. Tar, 6HOTHTH HedelMHOBHIX cleHU-
TOB OTHOCATCA HpeEMyIiecTreHE0 K Tuny 1M, a 6HOTHTH 13 KBapleshX IUOPUTOR —
K tuny 2M.

B rpammrompax Omotur OOHYHO NPUCYTCTBYET B JIBYX renepanmax. boiee
pPAHHAA IpPeICTABIEHA KPYMHHEMA OyPOBATO-KOPUTHEBEIMH IJIACTHHKAMH, KOTOpHIE
KOPPOANPYIOT MIATHOKJIA3 1 HEPEKO BCTPEUAIOTCS B BUJIE BRIIUCHNI B HOPHHpPOBHIX
BHIJISJIEHNAX KAJAUEBOTO I0JIEBOTO muaTa. bolee MO3HAA TeHePANHA NpeJicTaRieHa
MeJIKOUCNIYIHIaTHM OHOTUTOM 3eJIeHOBATO-KeITOT0 IBeTa, O0BKYHO NPHYpPOUYeHHBIM
K HHTePCTHIHUAM I TpemuHaM. BuoTutsl pasHbiXx TeHepanuil BIOJHE 3aK0HOMepHO
OTIAMUAIOTCH IO COCTABY: OoJee MO3JHHE OHMOTHTH O0OKUHO cojepskar menmbnie Mg
un Ti u Goxpme Fe.

MuoroumncaeHnse NCCASIOBAHNA OMOTHTOR MOBBOJNIN BHABHTDL CYIlECTEEHHEIE
ocobeHHOCTH MX. YCTRHOBJIEHO, UTO NOKA3aTeNW TPEJOMIEHHS H o0mas jkelesn-
cTocTh OMOTHUTOB U3 TPAHUTOHJOB HENOCTOSIHHE, IpudeM OOHUHO Balm0/1aeTcs
WX VBeIWYeHUe¢ B OMOTHTE M3 TPAHHUTOB Oodee mosianunx ¢as smegpenus. Onnaxo
nabaofiaoTess U 00paTHRE COOTHOIEHUS, KOTILA HMEeT MeCTO YMEeOBINeHNe Kelie3u-
croctr OMOTHTOB W3 TPAHHTOHAOB IO3THHX WHTPYSHBHEIX ¢as. llpmumma artoro
YCMATpPHBAETCs B MOBBINEHHOM cofiepsxanmn 8 Hux Li u F, saMemammux cooTser-
creenno (FeMg,) < Li, Al u (OH) <— F (Co6omes, 1947).
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llo norasaremo mnpexommenns m sxemesmeroct:m GmoTHTOB BRIIEIAIOT TpaHy-
TOHANL cKIaggaThX 30H m miargopm (CoGoxer, 1950; Ilomosnukunga, [Mengeposa,
1954). B mocaennumx, HaopuMep B TIpPaHATOMAX KOPOCTEHBCKOTO KOMILIEKCA
Yxpaunsr, 6moTnTH 001a/1a10T HARGOIEe BHICOKOl (70—100%) sxexesmerocruio (THa-
M8 u 71p., 1958).

Borarcrpo Guornra pasimunsiMu pyzeEsIME @ PEeIKAMHI DJIeMEeHTAMHE M HX HeIo-
CTOIHHOE COfepIRAHHe CO3/IAN0 @My CIaBY TYTKOTO MEHEpaia-HHIHKATOPA, KOTOPHIii
MOKHO HCIOXB30BATH NPU PENIEHAN PAa3IMYHEIX CHOPHEX BOIPOCOR meTporeHesmca
HIN pyRoodpasoBaHmA.

Taxr, mocrosmmoe mammume B Guormre I0cTRIICKOr0 Macempa (Popamiit Anraii)
Mo, Sn, Li mospoammo BHcKaszaTh OpeanoIoKe e 0 HePCHeKTHRHOCTH DTOr0 Mac-
ciiba Ha pejromeraibHoe opyjaenenme (Mnxaresa, Huxmruna, 1960). Pasmuamsrii
COCTaB Py[HBIX dI€MEHTOB B Omormrax mus rpamutommos laxbmero BocToxa mojI-
TBEPIARA c1alyio pynoHocHOCTh XyHrapmiickmx TPAHUTOUOB, CRAZH OMOBAHHOLO
4 0I0BAHHO-NOINMETANNTAISCKOTO OPY/ACHEHNA ¢ BEPXHEMEIOBLIMH, 4 CYIeCTBEHHO
HOJUMETATLTRYECKOr0 — ¢ - rpanuronfamu IIpuGpemnoit cepun (Mzox, Hpasnos,
1962).

Hosme ycramosnena sapucumocTh mokasateneii CBETOIPEIOMICHHEA OHOTHTOR
OT COLCPIRANUA 1 TPAHUTAX JUTHA I $TOPA, UTO mpe/IAramoch paccMaTPUEATh KAk
cB0oe00pasHEIT MHIHKATOD BO3MOKHON PYLOHOCHOCTH rpanuros (lloramser, 1964).

Vcxoms u3 xapartepa pacmpejenenns Cr, Ni, V u Sc B 6morure, mokasamo,
UTO TOCHAeHHIT B KpaeswX wacrsax Garomamra Cheppa-Hesana KPHCTAIIHB0BAN ¢S
paHbie, 9eM OHOTHT M3 HEHTPAJIBHOIl 9acTH HTOr0 MaccmuBa (Dodge a. oth, 1969).
Buisisaenst ocobennocrn Guorntos s FUOPUTHAEIX IPAHHTOMIOB, 4 UMEHHO MOCTOSH-
CUTBO HX JREJICSMCTOCTI B MOPOJAX PasHOro merporpadmaecroro cocrana (Bacmrenxo,
JImreunon, 1966).

Henonpsonanne Guornros B neasx xoppeasnmn TPAHATOWIOB OCHOBAHO Ha pas-
JIYHOM COACPARAHME B HUX dieMeHTOB-puMeceii. Taxkme oramums OsInm yeraHOB-
JIeHbl B OHOTUTAX W3 JOReMOpHiCKUX IpaHmToB Yxpaunst (Pabunosmy, 1957) u
Rouawcroro momyocerpora (Berpum, 1965), nocrexemGpuitckux rpaanronnos Boctou-
Horo 3abaiikaabs (Cuunma, 1961) u Topmoro Axnras (Muxanesa, Haxnruna, 1960;
Crypumun, Hururnua, 1964; KyseGumi u ap., 1967) u ppyrux mecr.

IIpueesiennsie npuMeps ceupeTeBCTBYIOT O TOM, 49TO IpH RKiIaccapuramm,
ROPPEJAILL, TeHeTAIeCKIX HCCAONOBAHNAX MM PACTICHOHIN IPAHATONI0B MIPOKO
HCHOIb3yercA GHOTHT — ero coflepkaHme B MOPOJe, BEINTHHA €r0 ReJesHCTOCTH
uan turagucroctn (Kynnerckuit, 1953; JTamunk, 1951; Cumnna, 1961 u np.). B mo-
CIe[HIE TOMBl OMOTHT IBITAIOTCS WMCIONB30BATH B KAUECTHE HHIIRATOPA PYIOHOC-
HOCTH TpanutHMX murpysuii (Maox, Hpasuos, 1962; HKomres-J[sopruxos m ap.,
1958; Cmraun, 1966 u Ap.). Onnako mpu mpoBefleHHH TOTOGHKIX HCCaeI0BaHTIT
KpaiiHe Heo0XO[NMMO 3HATL CpeJHNE COepsKaHms PYAHBIX W PENKHX DIEMEHTOR
B 0HOTHTAX M3 IDAHUTOMIIOB, T. 6. HEOOGXOTHMO MMETH CBOeOGPABHEIN HTANOH 1A
CPABHEHHS! HACTHBIX COJleP/RAHMIT AIeMEHTOB B GHOTHTAX W3 U3ydaeMEIX I'PAHUTOMIOR
PasImIHOrO cOCTABA, TeHe3UCA WIH PYAOHOCHOCTIH.

B macrosmeii raase mpusesiens cpejmme COMIeP/KAHNA PYAHHX N PeIKHX die-
MeHTOB B Gmotnrax. OHM nonyuenst u3 4834 9acTHEX KOMMIeCTREHHEIX OIIpeieTe Hil
9THX DJIEMEHTOB, U3 KoTOPeX 3570 3amMcTBoBaHO M3 TATEPaTY pH.

OcoBennocrn copepskanna pegxux u PYAHBIX DIEMEHTOB B ONOTHTE rpaHATOMIOB

Bumorur sBiasercs MmmepasoM-mocureneMm m MHHEPATOM-KOHIIEHTPATOPOM MHO-
rux peaxux agementoB: Nb mw Ta, Zn w Sn, Limw F u . 1.
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U3 moaydeHEHX JAHHEX (Tabi. 10—13) caemyer, UTO CpejHNE CONEPKAHUA
PEKUX | PYHEX DI1eMEHTOB B GHOTHTE HEONHHAKOBHL [l TPAHATON/0B PasIMIHOro
cocTasa, TEHE3Wca, CTENeHN W3MEHEHHS WIN PYJIOHOCHOCTI. 06 2TOM CBHIETENb-
CTBYET KpATKIil aHAAW3 MMEIOMIEerocs Marepuada.

Tadauna 10

CpejiHHE CONEPRAHNA PeJIKUX M PYAHBIX HIEMEHTOB B OMoTHTE TPAHATONOB, 2/m

DnevenT T'PaHOAMOPUTHE TpaunTsl GUOTATOBEIS ngil‘;“ﬂnﬁﬂ‘;‘;‘;‘gfﬂ‘e r%ﬁ&‘:}?y %ﬁlp‘}g?&.ﬁ_
Bi 3,0(3) 1,4 (8) 1.9.(1) 1,8 (12)
Sn 41,5 (36) 66,8 (179) 710 (71) 76,5 (396)
Li 335,8 (66) 1024,0 (203) 1504,5 (28) 916,4 (297)
Cs 43,7 (27) 119,1 (105) 123,8 (27) 107,1 (159)
Sc 44,8 (25) 67,0 (41) 86,3 (7) 61,2 (73)
F 4161,5 (13) 11455,8 (104) 24037,0 (68) 15567,6 (185)
Ni 313,4 (17) 292,0 (33) 49,5 (71) 152,8 (121)
Co 34,6 (17) 53,0 (33) 50,0 (1) 46,8 (51)
Th 82,0 (2) 171.0 (6) 190,0(2) 157.0 (10)
7Zn 308,8 (19) 494,2 (80) 663,2 (12) 480,7 (111)
Ti 17035,0 (57) 17629,8 (135) 18551,6 (12) 17517 8 (204)
Nb 93,4 (71) 148,1 (207) 198,2 (48) 143,6 (326)
Mo 44 (16) 5,8 (108) 9,8 (13) 6,0 (137)
Rb 467,8 (71) 1131,2 (201) 1780,9 (36) 1054,2 (308)
1J 220,0 (3) 190,0 (1) 140,0 (1) 198,0 (5)
A% 1,5(2) 6,8 (65) 13,7 (6) 7,2 (73)
Ta 9,8 (38) 16,8 (168) 14,2 (37) 15,3 (243)
Cr 1433 (3) 58,5 (2) 30(1) 91,6 (6)
Tl 4,6 (6) 5,3 (25) 44 (2) 5,1(33)
u 6,5 (4) 8,6 (5) 21,7(3) 11,2 (12)
Ln 0,6 (3) 1,2 (2} — 0,8 (5)
Ge — 4,5 (8) 35(2) 4,3 (10)
Ga 45,0 (2) 71,0 (15) 24(2) 61,0 (19)
TR 1064,5 (8) 963,6 (13) 1050,0 (2) 1006,2 (23)
Cu 28,0 (7) 61,8 (10) 28,7(3) 45,0 (20)
Ba 20178 (7) 840,0(3) e, 16645 (10)
Be 2.4 (22) 4,8 (94) 8,5 (21) 4,9 (137)
B 10(1) 13,6 (14) 40 (2) 117 (17)
7r 153,3 (6) 115,2 (10) 63,0 (2) 122,1 (18)
Pb 16,6 (14) 13,3 (51) 27,2 (5) 13,7 (70)
Sr 75,0 (8) 194,1 (10) — 141,2 (18)
Au 0,0021 (3) 0,0013 (2) 0,0021 (1) 0,0018 (6)

Bucwmyrt Cpeaueecogepsanue 1,8, 2/m, Kospdunuent KOHNEHTpauK 180.

Nz 40 GmoTHTOB, IOABEPTHYTHX AHAJIN3Y, BHCMYT O00HAPY;KEH, OPH TyBCTRH-
TeNBbHOCTH OIpeienenus sucMyTa 1 2/m, Toabko B 15 oGpasnax. Ocobenno Gompnime
cofep:kanns BacMyTa (3,1—4,5 2/m) xapaxTepusyior 6mornte u3 gmopuTos Hanukn
(Bocrounoe 3abaiikanne). Copepsranne BHCMYTa B OUOTHTE M3 I PAHUTHBIX HErMaT-
ro 1,3 2/m, B GnoTuTe N3 NOKeMOPUICKUX T PAHUTOB Pyccroit mrardopmsr — 1,4 2/m,
a Ilpmasceesa — 1,8 2/m.

Bricoxuil KIapK KOHIEHTPAILWH, PaBHBIL 180, ykaseiBaer Ha Baj;KHOE WHIMKa-
TOpHOE CBOICTBO OMOTHTA B OTHOIIEHHH OTOrO DJEMEHTA, & TAK/Ke HA IEOXHMIrie-
cKyl0 GIHM30CTH BHCMYTA M jKejesa.

O o B 0. Cpennee copepsxanne 76,5 2/m, Kod(pUIMEHT KOHNEHTPAIAK 22.,5.

Tecnas KOJWYECTBEHHAS CBA3b On B GHOTHTAX ¢ HMX JKEJE3NCTOCTHIO Jlejaer
BEPOATHOIL CJIEIYIONYI0 CXeMy reTepoBajeHTHOro maomoppusma (Bapeyros, 1957):
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Cpeanne cogepsmanna pejrux PYAHBIX dIeMEHTOB
(¢ yaerom anmrepa

Paiion Ti Nb Ta w ' Mo Sn
Cemepo-Bocrok GCCP | 16674,6 (44) 122,8 (39) 14,9 (39) 7,4(4) | 3,75(4) | 57,9 (103)
Jaapanit Boerok . . 9794,0 (1) 249,2 (5) 25,4 (9) 2,5(1) 2,5 (1) |109,0 (121)
Boerounoe 3adaii-

Kahe . v o ow 14378,5 (23) 196,6 (25) 26,7 (15) 44(6) | 59(43) | 31,5(33) ‘
Bocrounmit Casu . . 143201 (17) 194,5 (15) 8,5 (9) — 1,15(2) | 29,9 (16)
TRBE ol Ry w e @ s 19345,4 (22) 95,3 (29) 8,15 (13) — — 6(1)
Topusii Amrait . . .| 180103 (10) | 153,6 (16) 10,2 (13) —- 2(2) 37(1)
OIPATE % b S e d o o w 15703,6 (36) 110,0 (32) 13,4 (30) 48(12) | 49(18) | 854 (21)
Cesepuniit KaBrasz . .| 23247 (12) 90,4 (83) 13,8 (79) 78(10) | 95(22) | 193.9 (67)
Razaxcram . . . . . 12037,3 (10) | 1255 (118) 7,9 (60) 8,3(32) | 3,3(35) | 57,9 (47)
Yabexucram . . . . . — 219,9 (28) 31,5 (24) 2,8(4) 1,7 (4) 22 (1)
Tamrurneran . . . .| 203005 (13) 103,05 (13)] 18,8 (12) — - —
Cpeamnee nountpy-

SUBHEIM  TPaHiTOl-

aam CCCP . . . .| 175178 (204) 143.6 (326)| 15,3 (243) 7,2(73) | 6,0 (137) | 76,5 (396)

Li* + Sn** — Mg?* - Fe3*: oma TOATBEPSK/IACTCA HAIUYUEM WPAMOil Ipomop-
THOHATBHOCTH MeR/IY cojep:anmeM Li mw Sn B 6mormrax (Hypacosa, 1967).

Cpemu mopooodpasymomux MHHEPAJI0B T'PAHHTOHOB OHOTHT OOBITHO ABIAETCH
TVIABHBIM MIHEPaJIOM-KOHIEHTPATOPOM U MHHEPAJIOM-HOCHTEIeM 0JI0BA, 3aKJII0TAN
B cebe S0—90% ot oGugero COMePIRAHMSA ITOTO HIEMEHTA B TOPOJE.

Tadaumuma 12

CpegHue COTePRANNA PeIKUX 1 PYAHBIX DICMEHTOR B GHOTHTE N3MEHCHHBIX IPaHHTOR,
AIINTOB W MErMaTUTOB, 2/m

I'panuTsr
dileMeHT ALIITH ITerMaTuTh
HHTPY3UBHEBIC M3MEeHeHHbIE

Bi 1,8 (12) — — 1,3 (1)
Sn 76,5 (396) 159,6 (23) — 105,0 (7)
Li 916,4 (297) 1400,0 (47) 436,7 (3) 897,0 (94)
Cs 107,1 (159) 221,0 (23) 170,0 (1) 71,7 (83)
Sc 61,2 (73) e - 38,2 (5)
F 15567,6 (185) 14760,0 (15) —_ 24700,0 (2)
Ni 152,8 (121) e — 30,0(1)
Zn 480,7 (111) 655,9 (17) — 683,3 (3)
Ti 17517,8 (204) 10298,2 (11) — 144496 (10)
Nb 143,6 (326) 242,3 (22) — 204,9 (15)
Mo 6,0 (137) 2,7(9) 17,0 (1) 1,5 (5)
Rb 1054,2 (308) 12179 (48) 995,0 (4) 8820 (95)
AY 198,0 (5) — — 190,0 (1)
W 7.2(73) — — 5.1 (9)
Ta 15,3 (243) 33,2 (11) . 23,5 (14)
Tl 5,1(33) — 6,0 (1) 3,0 (2)
Ga 61,0 (19) — == 156,0 (5)
Be 4,9 (137) 5,2 (9) — 2.7(29)

B 11,7 (17) 25 (2) = e
Au 00018 (6) — — 0,067 (1)
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B OMOTHTE rPAaHHTON0B PA3JIHYHBIX PErNmOHOB CCCP, 2/m

TYPHEIX JIAHHBIX)

Ta6anmma 11

Pb Zn Sc Be F Li Rb Cs
— 2134 (9) | 557(26) | 2,11 (22) | 9542,9 (7) 1448,6 (52) | 1139,3 (51) | 130,4 (45)
sty 680,0 (2) — 4,0(1) | 11200 (1) L — —
10,03 (42)| 494 (50) 20,5 (4) | 8.4 (12) | 97423 (89) 821,7 (78) | 1057,7 (70) | _ 255 (6)
— 530 (1) 429 (1) | 24(4) el 7200 (21) | 638,6(21) | 54,08 (12)
= — 44,9 (2) | 2,85 (5) — 377.5 (24) 504,2 (12) 37,9 (8)
— 6133 (3) = 9,17 (27) | 14989 (9) 13245 (36) | 1277,8(12) | 123,3 (6)
12,8 (5) | 607,3(19) | 39(11) | 29(3) | 12363 (4) 4732 (24) | 9939(33) | 91,7 (6)
21,5 (9) 414 (12) — 2.6 (8) | 2994,7 (57) 465,5 (11) 675 (22) | 101,25 (8)
356,6 (6) |107,3 (12)] 53 (56) | 25810 (60) 1034.4 (52) | 1229,5(98) | 80,6 (68)
22,2 (10) | 5749 (14) — — 17300 (1) 14968 (5) 1333,2 (%) 575 (2)
— — 39,7(7) | 31(9 4675 (4) 493 (4) 880 (1) 40 (1)
13,7 (70) | 480,7 (111) | 61,2 (73) | 4.9 (137) |15567.6 (185) 916,4 (297) | 1054,2 (308) | 107.1 (159)

Onpako Tak OBBaeT He Bcerfia. Fenu B onmopomocHHX rpammrax Hykyaboeii-
CKOrO KOMIIeKca B OHOTHTE CBA3AHO M0 70% Sn nopoast (Taycom m np., 1966),
T0 B IPAHATAX, EMEIONAX 3HATHTEIBHbIe RKOIMIECTBA APYIHX MHUHEPaJI0B-KOHIeH-
rpaTopos Sn, poib GHOTHTA B PACCESHUE ITOTO ATEMEHTA CHJIBHO CHUFKAETCH; HANpH-
wep, B rpaanrax Bocrounoro Casma ¢ GmoTmToM cBaA3aHo Toabko 38% Sn mopoam,
329% Sn mpuxoanrced Ha ceH, a ocTANbHBE 30% , mO-BEAUMOMY, HAXOJATCA B aKIeC-
copHOM Kaccurepure (SHAMEHCKMHE W AP., 1964).

AHaJorM4YHble COOTHOMIEHMA YCTAHOBIEHB I
rouHoro Babaiikaibs, B KOTOPHIX HEAb3A BHIEJNTDH
ppubamsmrensEo g0 25—30% Sn cBA3AHO B IOJEBHX mmaTax,
n chene (Hysemmn, 1966).

BIm3kd K BHYMCIEHHOMY Hamu cpexaemy — 76,5 2/m (cm. taba. 10) — nndps,
npusommmsie JI. X. Apercom u Y. P. Jimbentepr (1952) aas omormros — 66,5 2/m.

IlepBrie JaHHBE O COJAEP/KAHMIIO Sn B Omormrax npmEagiexar Ortremany
(Ottemann, 1946), Koropsiil OmpeneImwI B Guormre m3 rpammra Bporena 230 z/m,
a B Gmormre m3 rpanmra BypmGepra 300 2/m oxosa. DT NAaHHbEe, OYEBHIHO, 3aBHI-
[MeHH 3a CYeT MHKPOBKIKNYEHMIT KaccmTepuTa, Tak RaK fodee IOBTHHE AHAIMBEL
CBUIETETBCTRYIOT O 3HAYATENHHO MEHBIIEM COMEp:RAHMI Sn B OmoTHTe — IIPEUMY-
[EeCTBEHHO 3D—4d 2/m.

CaMble BHCOKHE CPeTHUEe COMePI/KAHHA SN yCTAHOBICHH B GHOTHTE W3 IPAHUTOB
Jlaxsrero Bocroka — 109 2/m. Cesepmoro Haskasa — 194 2/m, a cambie HM3KHE —
n3 rpaanros Bocroumoro CasHa — 30 2/m m Bocrounoro 3adailkanba — 31,5 2/m
(em. rabm. 11).

CojepsraEme Sn B GHOTHTE B 3HAYATENBHOL Mepe 3aBUCHT OT meTporpaduiecKoro
rAma rpaEETOufa: B OHOTHTE M3 IPAHOAMOPHTOB OHO MHHEMAJIBHO, & U3 JeliKoKpa-
TOBHX TPAHUTOB — MAKCHMAIBHO (CM. ta6x. 10). AHajormuHEe JAHHBC IPHEOLUT
B. U. Cepux (1966) nmo rpanmroufiaMm Kasaxcrana, rje OHOTHTH U3 JUOPHTOB obma-
MA10T MEHEMAILEEIM (3 2/m), @ U3 JeHKOKPATOBEIX PAHUTOB I ANACKATOR — MaKCH-
MadbHEIM (24 2/m) comep:RaHEeM Si.

‘B rpanTax NOBHINEHHOI IEJ0THOCTH COCTAR f@oTHTA CTAHOBATCA Hebmarompu-
ATHBIM U1 W30MOP(HOTO BXOMKJEHHA, TAK Kak IO Mepe yBeNHUeHNs MeJ0THOCTH
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Cpejane colepskaHusT PeIRUX W PYQHBIX DICMEHTOR

Tabaunoa 13

B OHOTHTE NHTPY3UBHEIX, 3(PysuBHBIX 1 MeraMopdmuecknx mopoy, 2/m
CyeHuTH
dnemenT I,H};g;;*ﬂgf[’m Bﬂ?c};?;ém TI'a66po I'Hedtcer Coanms
HedeanHOBhIe 1 E’ﬂ,‘;j‘,;’;;;’;;e

Sn 76,5 (396) 25,0 (4) — 52,5 (2) - — —

Li 916,4 (297) 46,0 (1) 521,3 (6) 526,6 (7) 80,0 (1) 66,7 (4) 203,0 (9)
Cs 107,1 (159) 10,0 (1) 317,3 (6) 1142,0 (5) — 17,5 (4) 26,4 (9)
Se 61,2 (73) = — — == 47,1 (8) 30,6 (16)
F 15567,6 (185) 3000,0 (2) 7980,0 (15) 18083,3 (6) - 1416,7 (6) 4531,8 (22)
Ni 152,8 (121) = o o 1200,0 (3) 136,2 (4) 236,6 (19)
Co 46,8 (51) — — - = 38,5 (4) 46,7 (3)
Th 157,0 (10) - = = — —_

7n 480,7 (111) 473,0(3) = 230,3 (3) — - 62,9 (7)
Ti 17517,8 (204) — 16313,5 (2) 26800,0 (2) 16225,0 (2) 22361,8 (30) 16620,0 (46)
Nh 143,6 (326) 72,3 (3) 75,0 (3) 196,0 (1) 54,2 (2) 33,6 (1) 168,0 (4)
Mo 6,0 (137) 3,6 (6) — e e — =
Rb 1054,2 (308) 250,0 (1) 1019,0 (6) 1237,5 (8) 1100,0 (1) 525,5 (4) 642,9 (8)
v 198,0 (5) — i = - 5201 (23) 248,0 (16)
w 7,2 (73) 1,1 (2) - = . o i

Ta 15,3 (243) 5,87 (3) 16,1 (1) — 10,2 (2) 41 (1) 10,0 (2)
Cr 91,6 (6) = ~ — 110,0 (1) 210,7 (26) 2433 (3)
i 5.1(33) ~ = . 30,0 (3) o

U 11,29 = k. 10,0 (5) 6,8 (1) ~ -
Ga 61,0 (19) — (6.5 (2) 39,4 (7) 15,0(1) A1,7 (14) 31,0 (22)
Cu 45,0 (20) 26,0 (2) - = = 19,6 (15)
Ba 1664,5 (10) ; , U34,0 (2) 1827,0 (18) 662,0 (16)
Be 4,9 (137) 2,0(1) 2.8 (7) 2,0(2) 2,2(1) 2,2 (16)
B 1,7 (17) e — — iy =

Zr 122,1 (18) — L 2 = 1406 (23) 58,8 (16)
Ph 13.7 (70) 200 (2) 2,2 (1) : 15,0 (16)




[Opofl B HEM YBEeJIMYMBAETCH COAEP/RAHHe Fe2* m Mg? m ymempmaercs Feli
u Al¥, T.e. ero cocraB CTAHOBHTCA HeONATONPHATHHIM IS BXOM/CHUA B €r0
pemerry Sn¥i ([Immrpmes u xp., 1962). B pesyabrare comep:xamne Sn noHmEKAETCA
[0 CPABHEHHI0 ¢ OMOTHTOM M3 HOPMATIbHEIX I'DAHATOB C 40—67 mo 14—18 2/m ([Lypa-
copa, 1967).

Iponeces Anddepernuanun 00LIYHO HPUBOIAT K HAROIIEHIIO Sn B OmormTe
113 TPAHUTOB TO03AHUX (a3 BHEAPEHNs W M3 NETrMATITOB.

B OmornTe M3 TPAHUTOMOB TPEIIHHHBIX MHTPY3HUBOB Cesepo-Bocrora cpejnee
coflepiKanme 00BA HECKOIbKO Bhime (17 ompepenennit) — 70,2 2/m, dem B ouormute
13 TPAHHTOUIOB GaTonuTonono0HKX HHTPY3HBOB (46 ompe/eqeHnii) — 35,6 2/m
(Hexpacos, 1966).

B GmoTmTe 113 I3MEHEHHBIX aJbONTH3MPOBAHHEIX I TI'peiiseHH3UPOBAHHEIX I'pa-
HITOB COZePKAHIe Sn II0 CPABHEHHIO CO CPeJHNM YBeJIMIHBAETCH ILOUTH B 3 pasa,
pocruras B cpemmem 159,6 e/m (cm. TaBa. 12). Ilocaenmee HECOMHEHHO CBA32HO
¢ ero MMIperHamueil KACCHTEPHTOM, XOTs B Npolecce M3MEHeHHS Camoro GumoruTa
[IpU MYCKOBUTH3AIMH I TPeif3eHN3aNH GHOTHTOBLIX IPAHUTOB MPOMCXOMMT yMEeHb-
LeHNe COJep;RaHusl B HEM O0JI0Ba.

CuiapHO TOBLINIEHHBIE COJep:RaHuA Sn OBLIM yCTAHOBJEGHBL B OMOTHTAX TPaHM-
TOB, MOJBEPTIIUXCS HAJOKEHHOH MHHEPAIH3AUNHE HTHM IEMEHTOM (Haack, 1969).

WMecaenosaTean NHTATHCH YCTAHOBHTH CYIIECTBOBAHME pPA3IMIHOTO YPOBHA
B COJeP/KAHIE Sn B GHOTHTAaX W3 IPAHUTONIOB, HEOAMHAKOBHIX IO PYIOHOCHOCTH.
OjEy HaBII0/eHIA TIOKABAIM, UTO OMOTHTEL OJOBOHOCHBIX TPaHHTOHMIOB COJEpiRaT
Sn Goapme — 100—300 2/m, vem GHOTUTHL HEOJIOBOHOCHBIX TPAHUTOB — 30—50 e/m
(Bapeywos, 1957). 1lo pammmim B. Bapcyxosa 1 JI. Ilasaenxo (1956), cpenmee
conepsamme Sn (11 ompepesenuii) B GmoTuTaX 13 0J0BOHOCHHIX IPaHHTOB Hauxba-
Hapsimcroro paiiona cocTaBaser 145 2/m, a B OmoTHTAX M3 OJOBOHOCHBIX I'PAHUTOB
Bocroumoro 3adaiikaaba (3 ompenemenus) — 370 e/m. Ha [laxsmem Boctoxe
cpefHee cofepikamnme Sn B GHOTHTE HEONOBOHOCHEIX TDAHHTOB (70 ompenenenuii)
cocragasger 20 2/m, a B OHOTHTE OJOBOHOCHBIX TPAHHTOB (40 ompejenenmii) —
120 e/m (Hemamrosckuii, Hapuos, 1968). IloBbimennbe COXEPIRAHI Sn ycra-
HOBJIGHBL Il B OHOTHTAX OJOBOHOCHEIX rpanmTos Ilpmxamkaiickoro paiioma — 100—
400 2/m m Mso-YarcKOro MHTPY3MBHOTO KOMIIERCA — 55—250 2/m (Py6 u ap.,
1964).

BHOTHTE OTOBOHOCHBIX KyKyabOeiickux rpamutos BocTouHOrO 3abailkaaba
rarke cogepxar Sn Goabme — 150—200 g/m, ueMm GHOTHTEHL U3 HEe0JI0BOHOCHBIX
IPAHATOB AMYIARHKAHO-CPET@HCKOTO KOMILIeKca — 20—25 e/m (AnTHODHH H AD.,
1967). Amazorndysble JAHHIE TOJYICHH H A NEPMCKUX I'DAHUTOB Hasaxcrana,
e GEOTHT W3 0X0BOHOCHOTO MaccuBa Hapaofa comepmur 250 2/m Sn, a U3 HEOIO-
somocHoro Maccmsa Axuaray — 30 e/m (lamees, 1964).

K. Exad (Jedwab, 1953) rawswe yraseiBad, 49TO B fuoTHTaX OJIOBOHOCHBIX
rpaaaToONI0B Hopmyoimma (Aurnus) cpemgmEee CONEpyKAHHE Sn (13 ompejieIeHHii)
pasno 126 2/m, a B GuoTHTax M3 IPAHUTOHOB Ilenrpanpuoro MpaniyscKoro mMac-
cuBa (59 ompepenenmii) — 280 2/m, T. e. BhimIe, UeM B OMOTHTAX M3 HEOJOBOHOCHBIX
rpamutouzos lllBapmsambia, Ije cpegHee Colep;kanue Sn B OmormTe COCTABIAET
(10 ompepenenuit) 66 2/m.

C pmpyroii CTOpOHEI, HMEIOTCS JaHHBIe, CBH/IETEIHCTBYOMEE O fosiee HU3KOM
COJlepsKAHMI Sn B OHOTHTE I'PAHUTOMIOB, B CBA3H ¢ KOTOPHIME ONOBAHHEIS PyX0-
nposBIeHNs HeussecTHE. Tak, cpexmee (14 ompe;iesenuii) cofep:kanue Sn B HEOJI0-
BOHOCHOM 5IbKyprauEcKom rpanute (Cepepmmiii HaBras) cocTasisier 14 2/m (Onu-
kanze, 1968), B HeoMOBOHOCHHNX rpaHATax Sanaimex Hapmar (25 ompejieenmii) —
30 2/m (Durkovicova, 1966).
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B 6uorure HEOJOBOHOCHBIX TpaHuTOB [[KUAMHCKOTO KOMITeKca cpejxHee cofep-
amne Sn (5 onpepenenuii) cocrasaser 6,1 2/m (llerposa, Jlereiino, 1965). Huskuwm
coiepanmeM Sn (22 z/m) XapaKkTepuaylorcsa u OHOTHTH AKuaTtaycekoro HHTPY3UBa
(3amammsrit Yabexucran), B cBuau c KOTODPBIM OJIOBOPYIHBIE IIPOABIEHHA HE W3-
BecTHE (AsumoB, 1967).

Onmaxo u cpenm onoBomocHLIX TPAHUTOB BCTPETAOTCA TaKue, GHOTHTH KOTOPHIX
COMIePHAT SN 3HAYUTETHHO MEHbIe CPeJHeT0,*a CPelH HeOJIOBOHOCHEX — OO,
IIpumepom mepprix MOTYT GHIThH GHOTHTH W3 T'PaHHTOB Cesepo-Bocroka CCCP,
cofepamue (4 ompenemenus) 25 g/m Sn (Jlumaros, 1961); npumepon BTOPHIX —
OHOTHTHI M3 I'DaHHTOHIOB KRapnaro-Baxkanckoii o6nacru, CpeniHee cojepraEme Sn
B KOTODEIX (5 ompepenenmii) paBHo 268 2/m (Arsenijevic, 1967).

Hab6monaemere KonebaHus B cofiep:kaHum Sn u APDYITUX DHIEMEHTOB CBA3ZAHLI
¢ PA3MMIHEIM COCTABOM (GHOTHT TefiKOKpPAaTOBEIX TPaHATOMIOB (oJee skelesucrt)
1 pa3IUTHOM CTEMeHbI0 MBMEHEHHOCTH GHOTHTA (010BOHOCHBIE TpaHHTHL 0OBIYHO
B TOIl HIM MHON cTemenm rpeiiseansuposansi). Bee sTo CBHIETEIBCTBYET O TOM, 4TO
HE TOIDBKO LePBHYHASA 06OTAMEHHOCTH 0JOBOM I'DAHHTHON MarMur. Tanmei Hagaao
OJIOBOHOCHBIM TDAHHMTAM, CKASHIBAGTCH HA €ro coftepskanunm B Gmotnte. [locixemmee
JABHCUT OT MHOTHX (aKTOpPOB, yremxbHAs poas KOTODHIX BHIABIEHA HEIOCTATOTHO.
SHAUATONBHYI0 DO MIpaior 3nech meTpOXmMHYECKHEe OCOGEHHOCTH TpaHHTOMTA,
MEXAHHI3M €T0 BHE/IPeHMUSI, CTeNIeHb N3MeHeHHA 103 [HIME npomeccamir 1 T. . Hauio-
flaeMEle KoJe0aHHA OTPaKANT TaKKe TeOXHMHUIECKYI0 CYALOY 010Ba B Ipomecce
KpUCTAIIH3ANNHE TPAaHATHOH Marmel: auGo ero paccemBaHWEe B DPAHHUX TPOAYKTAX
KpucCTalmsanum — ampuGoine wrn cdere, 1u60 HAKOITEHHTe B MO3ITHUX TPOAYKTAX,
B YacTHOCTH B MHHEpaje IO3IHEr0 pTama KpHucramanzanum — Guotute. B ceasn
C 9THM CJIG[[yeT OTMEeTHThH, YTO B HEOJOBOHOCHEIX TPaHHTAX Ha 10110 GHOTHTA Ipil-
xopuress 2—10% obmero comep:xamma Sn B mopome (Ilerposa, Ilerpos, 1965),
TaKk KaK 3HATHTENBHAS YaCTh €0 PACCeHBACTCH B cere, a B 0moBoHOCHEX — 70",
(Taycom u np., 1966).

Buoruts aBroxTomEEX Meracomarmweckmx TPAHUTOB COJlep;KaT 010Ba B JiBa
Pasa MeHBINe 10 CPABHEHHIO CO CpegHUM — 25 2/m.

Jdumruii  Cpexnee conepxanune 916,4 2/m, wospdmmment KOHIIeHT pal-
nun 23.

Tecnasn cBsisp nurns ¢ Marmmem n 5 Mennmei Mepe ¢ IBYXBAJEHTHBIM KeJe30M
00ycaI0BUIA €ro mpemMymecTBerHOE paccemBaHme B KPUCTAIINYECKOIl pemreTke
OumotnTa, e om samemaer 2Mg?* « Li* ++ A]3+,

Buorur ssaseres ocmopmsM MIHePAIOM-HOCHTEIeM W MEHePATOM-KOHIeHTpa-
TopoMm sutua. B rpammrax Tams-Ilans ¢ 6mormrom cBs3amHo 20—60% (Taycom,
1961), B rpammronuax Cesepo-Bocrora — 91,5% (Hexpacos, 1966), B rpamurax
Hasaxcrama — 919 (Craspos, 3mamenckmii, 1961), Apmennn — 40—75% (Illa-
Gosn, 1969) o6mero cofep:xanua Li B mopope. ,

[Monyaennre navm cpennne coxepsramua Li B Guorure — 916 2/m (cm. taGa. 10)
SHATHTENILHO OTAMYANTCA KaK OT NMEepPBHIX MaHHHX — 267 e/m (Taycom, 1961), Tak
u ot Gonee mosaEEX — 562 2/m (3amamkosa, Curamn, 1967). Boapmoe kommaectso
MCIOIL30BAHHBIX AHAIN3O0B IIPUBENO K YTOYHEHHIO OpEACTABICHIIT 0 cpejmeM
corepskapnr Li B Guornre.

o cpaemennio ¢ Brrumesrenmsm cpenanM obeamenst Li Guoruth ma rpanuton
IIBIKY PTHHCKOT O MaccuBa, conepskamue Li (14 onpenenennii) 470 2/m (Opuranze,
1968), 3amapgmrx Rapmar (25 onpesenennit) — 606 2/m (Durkovicova, 1966),
Cymer (2 ompenenermst) — 805 e/m (Ilonsmckmit, 1965), rpamonmopuror IOskmo-
Kanudopruiickoro 6Garomnra (8 ompemenenmit) — 152 2/m (Sen m gmp., 1959).
B ro ke Bpema oBoramemm Li Guornter  Yaukamckoro mayroma (IO:kmas
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fAxyrna) — 1527—1570 2/m (I'amanes, 1968), Haxbunckoro maccmea — 1200 2/m
(Craspos, 3mamencrmii, 1961) u mp.

Cpemn rpammrousio Cosercroro Coiwoaa manGosee GoraThl IuTHeM OHMOTHTEL
us rpammntos Cesepo-Bocrora, I'opmoro Axras n Kasaxcrama (cm. Tada. 11).

B cepunm pasHOBOZPACTHHIX TPAHHTOB 00OrAI[EHEN Li 6morHTel U3 TPAHATOB
MOJOIEIX KoMILIekcos. Tak, B 6morure U3 Me3030icKHX rpaguTonyios ['oprOro Anras
cpefiHee COoflepsKaHne Li cocraniuser 2330 2/m, T. e. B 2,5 pasa Goapiie BETACISHAOTO
cpefiHero W TpEMepHO B 7,5 pas Gombiie, Tem B fmoruTax M3 rpaHUTONOB Golee
TpeBHEr0 KajeJlOHCKOr0 KOMILIeKca (IMenrensros, 1962).

Copepsanme Li B GmOTHTEe BO MHOTOM 3aBUCHT OT METPOXHMHUECKOTO CoCTaba
rparmronsa. CaMbie HUBKHE €TI0 COlepRAHNSA (336 2/m) ycraHaBIMBAIOTCHA B OOraTHX
GEOTHTOM JHODUTAX W TPAHOJHOPUTAX, CAMble BHICOKHE (1504,6 2/m) — B aeiiko-
KPATOBBIX TPAHATAX, COTEPKANEX Maxo GUOTHTA, UTO CBHAETEALCTBYET O 3HATH-
TeIBHOM BIVMAHAK MPONECCOB KPHCTAILIOXUMITECKOT0 PACCEAHNS HA KOHIEHTPAIILIO
ATOTO DJIEMEHTA M O CYIMECTBOBAHWNH OODATHOI 3aBHCHMOCTH MEKY COJePIKAHMEeM
fmoTHTA B MOPOJe M JUTHA B GHOTHTE.

Cpepu rpamnTonjios Cesepo-BocToka MIHNMATBHEIM COCPIKAHNEM Li raxse
obmanaioT OHOTHTHL U3 TPaHUTOUOB nosuimenHoii ocuosroctn (Hexpacos, 1966).

Ilponeccs ampdepeRnuranum TPUBOJAT K YBENMTCHIIO cofepsanns Li B Ono-
THTE N3 TPAHUTOUIOB TO3HHX WHTPY3HBHBIX $as m m3 mermarutoB (cM. Tali. 12).
B Cynerax GHOTHTHI M3 NETMaTHTOB COAEp/KAT Li B gBa pasa Goxbiie — 1380 2/m,
wem wmatepumckme rpamutet — 805 2/m (llomanckuii, 1965).

Ecrs pamuse (Omtoes u nip., 1968), uro OUOTUTEH M3 CBA3AHHBIX ¢ IPAHUTAMH
KBapIEBHX IPOKUIKOB JOPYJHEIX HTAIOB SHIOTeHHOIl MUHepaJXH3amuy Cofep;KRaT
Li 2643—1656 2/m, 4To BO BCeX CAYYAAX 3HATATENBHO TPEBLIINIAET ero CpPeIHEe
cojlepikaHme B OMOTHTAX W3 TPAHWTOB. DBMOTHTH M3MEHEHHBIX T'PAHITOMIOB no
CPABHEHHI0 C HeM3MEHEHHEIMH COJlepsKar Li smaumrensso Oomsme — 1400 2/m
(cM. Taba. 12). B Gmormte M3 KBapIl-TONA30BBIX rpeiizeHoB Y IKaHCKOTO IIYTOHA
conepsxanne Li goermraer 3150 ¢/m (Famamxes, 1968).

BecrMa 9acTo HabMIONAIOTCA, OJHAKO, I ofpaTHEe caydan. Tak, B rpanuTOMIax
Omunkammmackoro Maccusa (CesepHsiii BocTok) MakcnMaabHOM KoHmeRTpamuei Li
(470 2/m) xapaKTepHsyIOTCA Teé PasHOCTH fmoTuTa, KOTOpPEE HE 3aTPOHYTH MYyCKO-
BUTH3AMMEH MM XJOPUTH3ALMEeN, TaK KaK B IOCTCHAX CJIyIafdX CONCPRAHIE Li
ymersmaercst 1o 370 2/m (Hexpacos, 1966).

B 6motuTe M3 IBYCHOAAHEX rpamnTos Bocroumoro 3abailkalpA KOJIHYECTBO
Li nocruraer 4430 2/m m ymemsmaercst o 1340 2/m » GuoTHTe W3 MYCKOBHTOBHIX
rpamntop (3amamxopa, 1960). Ilo cpapnenuio ¢ fmorarom ua rpanopuopuros (Llen-
rpansueii Kasaxcram), cofiepianmum Li 210 e/m, xxopuT u3 TeX yKe IOPOA COAEP-
sxut Beero 11 2/m Li (CoGomes u ap., 1968).

BHOTHTH Iep/KaHCKAX TpaBnToB (Y KpamHa) cofepkar Li B cpexnem 5320 2/m,
a GHOTUTH MeTacoMaTHYeCKMX MOpOj, pasBUBAIOMUXCA IO ITHM TpaHATAM —
3230—2940 2/m (3umuenko, 1967). B OmornTe HEeM3MEHEHHHIX IPAHUTOB IlpuazoBba
comepsrutes 2940 2/m nutnsA, B GuoTHTE aIBONTH3MPOBAHHEIX TDAHATOB €TI0 KOJH-
wecTBo ymenbmaerca o 1978 z/m (llarenxko u 1p., 1966). IMogoGubie HabI0KeHNA
CBUJIETENBCTBYIOT O TOM, 4TO B LpONEcce M3MEHeHHsA TPAHUTA MMEET MECTO Kak
IPUBHOC, TAK W Lepepacmpesienenue Li, 9acTHIHO 3a CYET €r0 DRCTPAKIM u3 pas-
pymatomerocs (motnra, B TO BpeMs KaK BO BHOBR obpasopaHHOM GHOTHTE CO/lep-
sraEme Li 3aMETHO VBeJIMYHBAETCSH, YTO OTpazaeT GOraTcTBO CPEJH MuBepaioobpa-
30BaHUs HTHM DIEMEHTOM.

Comepsxamme Li B OHOTHTE IIENOYHBIX CHEHNTOB Cesepo-Bocrounoit Tyssi
HuKe, 9eM B OMOTHTEe M3BECTKOBO-INEJIOYHBIX TDAHATOB, H cocraBisger 412 2/m
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(Hosamenro u xp., 1970). Bomxee muskme copgepxanusa Li xapakrepusyior u Guo-
TATH M3 MEeJ0YHEIX Mopos Byparckoit ACCP (7 ompenexenmit) — 305,7 e/m (Tuxo-
HeHKOBAa # Jp., 1971). 9to BosmozkHO oTpazkaer Goiee Hu3Koe colep;rarue Li
B IEJI0YHBIX MOPOJaX MO CPABHEHHIO ¢ KICIILIMIL.

o cpasmenuio co cpemum conepikanmem Li B Guoture maTpysupmnix rpasu-
TOHJI0B CpejiHee coepsKaHme ero B HIroTuTe KpHCTATIHICCKIX CIaHIeB (cM. Tadr. 13)
HJIM THeHCOB W ciaannmes — 340 2/m (Mararon, [lmakum, 1964) smaumrenpnro momi-
KeHsl. B oroM orHOmMeRWE Gwormthr s MOKeMOPHHCKIIX aBTOXTOHHBIX TPaHHTOB
1o coftepsannio Li (933,5 2/m) croar 6mmme k OHOTHTAM MHTDY3HBHBIX CPAHUTOH/IOB.

I esmit. Cpermee conepsxanme 107,1 2/m, xosdpunmenr KoHIenTpamum 21,4.

Lesmii aBasercs runmannv JUTOPHABHEIM BIEMeHTOM, XapakTepHOil 4eproii
ROTOPOTO ABIACTCH €ro HAKOLIGHHE B MO3HIX mupdepenuarax. Boapmoii mommmii
PAIUYC LE3UA 3aTPYAHACT €ro BXOKICHIE B KPUCTAIIHYECKYI0 PEMIeTRY KaJHeBLx
OJIEBEIX NIIATOB, B KOTOPOl KaJaMil MMeer KoopAuHanuonnoe uciao 10, B To Bpems
Kak OHOTHT ¢ Goliee BHICOKIM KOOD/IIHANIORHEIM YHCIIOM KaJIus, paBHEM 12, i Han-
QUEM I0JO0CTell M KaHAJOB CHOCOOEH BMECTHTE KpynHelii xaruon nesus (I'muaGypr,
Craspos, 1969). B CHTy 3TOr0, OCHOBHEIM MHHEpPAJIOM-HOCHTEJeM MHUHEDAJIOM-
KOHIEHTPATOPOM 1e3Hs B IPAHATAX sABJIsAeTca Gmormr. B rpamurax Bocrounoro
HKasaxcrama ma ero momo npuxomures 69% obmero comepmanus Hesus B HOpojIe
(CraBpos, 3mamencxkui, 1961). Hoayuennoe mamu cpernee cozepsmanue Cs (co.
Tabxa. 10) oramwaercs or CPe/Hero cofep;kaHUA ero B GHOTHTAX rpamuros Comet-
ckoro Coksa, mpHBOAEMOro pamee (3amamkosa, Curaum, 1967) w pasmoro 42 2/m.

HHX Hapmar (21 onpepenenue) — 20,1 2/m (Durkovicova, 1966) u Bocroumoro
Hazaxcrama — 53 2/m (CraBpoB, 3mamenckmit, 1961). B Ouormre ns CPAHATOR
IIBIKYPTHHCKOTO MaccHBa OHO Gamsko cpemremy u cocrapuser 110 2/m (Omuranze,
1968), a B Guormre us rparnTonsios Jlonabynak-Kermenuunckoit somus (3amammsrii
¥ s0erucram) SHAYHTEJIBHO NOBHIIEHO W  JocTHraer 575 e/m (I:xamamerin-
HOB, 1967).

Copepmanus Cs, smaunrensno UpPEBHLIAIMAE CpejfHee, YCTAHOBIEHH B OHo-
THrtax uz rpammronzios Cesepo-Bocroka CCCP — 130 2/m — m Bocrounoro 3adaii-
Kaxba — 255 2/m (cM. Tadum. 11).

Camble Anskme cofepmannn Cs — 43,7 o/m — XapaKTepHBl 1A OHOTHTOB 113
TPaHOIMOPHUTOB, caMEe BHCOKHe — 123,8 2/m — w3 eliKOKpaTOBHX TPaHHTOR,
UTO OTpazKaer XapakTePHYIO TeHIeHI{HIO e K HAKOIVIEHIIO B MO3/{HIX MPOTYKTAaX
muddepennuanin; mocuemee WHOTTIA HOATBePKIACTCA 0G0JIee BHICOKMM coziepska-
HueMm Us B Gmotmre m3 mermaturop — 233 e/m (8 ompenenenmii) mo CpPaBHEHHUIO
¢ OmoTHTOM MaTepmECEMX TpaHuTOB — 42 2/m (20 OIpe/esIeHnil), 4To OTMeTamocs
B rparuronsax Kasaxcrama (CoGonen u ap., 1968). Onmako cpexaee cogepskanne (s
B Omotnre u3 0OGLIYHEIX MHKDORINH-IIATHOKIAZ0BLIX TIOIMATHTOR (cM. Tabm. 12),
HHRE TAKOBOTO TPAHMTOB W cocTaBiser 71,7 efm.

Hosrumennze, o cpasmenuio co CpefHuM, conepanus Cs XaparTepmn s
OmornroB ms KBapI-MUKPOKIHHOBEIX M KBapI-GHOTHTOBHIX nposuakoB Jxugng-
CROTO pYIHOTO IOJIA M COCTABIAIT COOTBETCTBEHHO 164,5 m 141 2/m (OnroeB u ap.,
1968

Ocobenno smaumrersmo — o 221 2/m — yBemunumpaercs cpegHEe  cojep-
manue Cs B OHOTHTE M3MEHEHHEIX (rpeﬁaeﬁnsuponanamx) TPaHuToB (cM. Tada. 12),

UsMeHARmuX rpaant. Merounukom mesms HaCcTHYHO MOI' OHITH W caM duornr, Tak
Kak B rpamnrax HKasaxcrama, HAIIPUMED, XJIODHT CONep:KHT B 8 pas MeHbure Cs;
9eM HEeU3MeHeHHEBIH GHOTHT (CoBomer u np., 1968).
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Ilo cpaBHeHHIO ¢ MHTPYBMBHBIMH T paHUTOHAMH OMOTHTH 13 ABTOXTOHHELX
rparuToB conepkar (s B 3 pasa MeHBLIC — 32,3 2/m. Takne ;xe HU3KHE Cpe/IHHE
copepsxanmsa Cs — 26,4 2/m xapakTepHbl A OMOTHTOB M3 KPHCTAIMYECKIX CIaH-
nes (cm. rabm. 13) m THeiicoB — 93 2/m (Makaror m pp., 1964).

Copepssanne Cs B GmoTHTe meJOYHKIX MOPOJ] KpailHe HEPABHOMEPHO U Koued-
aetes ot 43—62 2/m (3moGum m ap., 1962) no 1420 2/m (Typoscxmi, 1968). Ilo cpas-
HeHHmI0 ¢ TpaEuTaMm (oliee BLICOKHE CpeJIHHe COJep:RaHus Cs ycraHABJIMBAIOTCSH
[ 10 HATIMM JAHHHM B 6mormTe HedenmnoBrXx — 317 2/m — 1 0c00CHHO IMeJTOYHBIX
n HOpMadBHEIX cumemmToB — 1142 2/m (cm. taba. 13). CulopsasBe KOHIEHTPATEH
HOCTeHAX MOTYT pacCMATPHBATHCHA KAK peajbHBIN MCTOYHHK HTOTO PEROTO 3ile-
MEHTA.

Ckamnjanii. Cpegmee copepsxamme 61,2 2/m, KodOUIUEHT KOHIEHT AL 20.

CxomerBo MOHHEX paguycos Sc®* (0,83 R), Fe?* (0,83 Ay m Mg* (0,78 A)
1 6aM30CTH WX HMOAAPH3ANMOHHEX CBOMCTB OMpEJeNfAeT IUPOKOS PACCeAHME dTOrO
simeMenTa B IBeTHHX Mmmepasnax rparnrousos (Illepbuma, 1959). T'erepoBaienTHOe
n3oMopdHOe 3aMeNieHHMe IPOMCXOIUT IO CXeMe Fe? -+ Sit « Sc¥t -+ Al3t,

M3 mopoxooGpasyomuX MHHEPATOB TPAHHTOB OMOTHT ABJIAETCA IJIaBHEIM
MITHEPaJIOM-HOCHTEJIeM 1 MHHEepaJloM-KOHIEHTPAaTOpPOM CRaHMS. Ha ero momo
npuxoputca 7—13% obmero cojep:xaEnsa CRaHIUA B rpanopnopurax u GmoTHI-
POroBOOGMAHKOBEX IDAHWTAX, & B JEHKOKPATOBHX, I/le BOBMOKHOCTI K nzoMopg-
HOMY PACCeSHHI0 CKaHjus (ojee OrpAHHYCHHBI, 3HATUTETBHO fosnpme — 10 46—
68% (Mexpumgenko, Moraposckmii, 1968).

Coptepsxanme, OIHBKOe K BHYHCIEHHOMY CpeHEMY — 61 2/m Sc, xapaKrepHO
a1 OMOTUTOB U3 HEKOTOPHX TIPAHATHHIX MAaCCHBOB Cesepo-Bocroka CoBercroro
Cowosa — 57 2/m (Jlmnatos, 1961).

Brotuts u3 Mesosoiickux rpamntop Cesepmoro Hapxasa oforamemsi Sc m
comepsar B cpepneM (14 ompenenemmit) 73 2/m Sc¢ (Onumkanze, 1968).

BuoTuTH #3 TPAHHTOHJOB PAa3JIMYHEIX PETHOHOB Cosercroro Corosza obmaganT
peomHAKOBEM cofepsxanmem Sc. Coxepskanme Sc B GHOTHTAX M3 IPAHUTOB Cesepo-
Bocroka CCCP 6ausko K cpefiEeMy H3 IDAHATOMJ0B ¥ paja I TamKuUKICTaHa —
nommxenmoe, Hasaxcrana — mopenmenHoe (oM. Tada. 11).

OTHocHTeNbHAS 00OTAMEHHOCTH CKaHjueM OMOTUTOB 13 T'DaHWTOU/OB Hazax-
crama ormeuaiach pamee A. C. Jymsikumoii (1960), cormacno uCCAeQOBAHMAM KOTO-
poii cpefiEee coflepsKaHme CKaHIUA B OHOTHTAX M3 IPAHMTOH/IOB Kasaxcrauma, IIpm-
Mopba H 3abaiikalbs COCTABISET COOTBETCTBEHHO 30; 2 m 10 e/m. Ilepsoe, B ua-
BecTHOI Mepe, MosKeT OHTDH CBABAHO ¢ MUPOKHM PACIPOCTPAHEHHEM CPEM HIX aeii-
KOKPaTOBHX pAasHOCTell IPAHHTOM0B.

©TMegaeTcs OIpe/lesleHHAs BaBHCHMOCTH MEKJIy MHUHEPATBHBIM COCTABOM Tpa-
HUTOW(0B U cojiepsxanmeM Sc¢ B GmornTax. BHOTHTH M3 MOPHTOB M TPAHO/MOPUTOB,
cojiep;Kamue APyroil, eMKUi B OTHOIICHWN CKaHIHA, [[BETHON MHHEpAZT — POTOBYI0
ofMaHKy — coiep:kar Membme Sc (B cpefmeM 48,5 2/m). B 6uotnTe m3 GHOTATOBHIX
TPAHATOE CpejiHee COJleps;kaHyue S¢ MOJHUMAETCA 110 67 2/m, a B TeHKOKPATOBBHIX —
10 86 2/m (cm. Tabxa. 10). B Omormre u3 GHOTHTOBO-POTr0BOOOMAHKOBHIX I'PAHMTOB
T'mccapekoro xpefra cofepsranme S¢ TaKike MeHbIE — 10—13 2/m, wem B Omorure
13 GUOTHTOBHIX ¥ AIIMTOBMHEIX TDAHWTOB, TJe POropas OOMaHKA OTCYTCTBYET,
a coflepskanue Sc¢ B OmoTHTe YBEJMYHBAETCS IO 36—88 2/m (Meapamuenko, Mora-
posckmit, 1968;).

OGHYHO OTMeYaeTCs TEHIEHIUSA K HAKOIUIEHHIO Sc B NO3JHHX HPOJyKTax nug-
depenmuanuu. O6 5TOM, B 4ACTHOCTH, CBHETENLCTBYET YBEJHICHNE CrO COJIePRAHIA
B GHOTHTEe W3 TPAHWTOB MO3JHUX (as MHOTOPAZHEIX NHTPY3UBOB. B Cesepuom llpn-
fanxambe, HanpEMep, GmoTHTE H3 rpamuToB I pasm cojepikar 91—104 e/m Sc,
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a us rpamuros LI ¢asm — 117—195 ¢/m. B rpamurax Bpasunuu Hambolee HHBKUE
comepmanna Sc (8,2 g/m) ompefeneHs B GHOTHTe PAHHUX HTANOB KPHCTAILIH3AILIH,
B OHOTHTAX U3 TPAHATOB IIO3JHEr0 JIOMHEBMATOJMTOBOIO 3Tama COACPrRAHMEe Sc
poapacraer 1o 130 z/m m gocrEraer MaxcuMyMa (670 2/m) B GmoTHTAX IHEBMATOJIH-
tosoro srama (Herz, Dutra, 1964).

TemeHmus K HAKOIUIGHHI0 SC NpOABJIAETCS M B JKUIBHBHIX I0pOjax, OAHAKO
TOIBKO B TeX, KOTOpEe OB 60TaTH MITHEPATH3aTOPaMH. Hanpumep, cofep:xanme Sc
pricokoe (190—200 2/m) B GuoTuTe M3 aXLGHTCOAEPKAMUX HEIMATHTOB I EMe BHIIIE
(448,5 2/m) — B OmoTmTe M3 KBApI-(QIIOOPATOBHX T'PAHUTHEIX NEIMATHTOB Hasax-
crana (CemenoB m fip., 1966); B Guormrax jke 13 OOBITHEIX HETMATHTOB OJHIOKIA3-
MUKPOKJIHHOBOTO THIA CpefiHee cojepsxamme Sc 38,2 2/m (cm. Taba. 12); HE3KHE
cofep:kanus — 32 g/m — OTMeYAJUCh B AHANOIMIHEIX NErMATHTAX W3 TPAHATOB
Vpana (Byuursakos, 1969,).

Ilo cpaBHeHHIO ¢ OHOTHTAMN HHTDY3HBHBIX I'DAHUTOM{OB GHOTHTHL U3 AOKeMO-
pHiiCKHX ABTOXTOHHHX TI'DAHATOB XapaKTePHAYIOTCA MEHBINNM COACP/HAHIeM Se
(16,8 2/m) mopoGHo OGHOTHTAM M3 KPHCTATLINIECKUX CAAHIER (cm. Tabx. 13). B To mxe
BpeMsi GHOTHT W3 TPETHUHOro rpasozmopmta Homopajgo copep:RuT Seod 2l s/m,
a OMOTHTH U3 /OKeMODPHICKMX TpPAHATOB TOTO jKe PAiioHA XapaKTepuayloTCsd II0-
CTOSIHHO TOBEIIIEHHBIM COJIeP/KaHHEM HTOTO DIEMEHTA, COCTABIAKINUM B CPETHEM
(10 onpenenenmuit) 72,9 2/m (Bpeit, 1952). B mocxenmem ciaydae fmoTuTH KoKeMO pHii-
CKUX TPAHHTOB, BO3MOKHO, OTPa;kaioT Gonee BHICOKNME II0 CPABHEHHIO ¢ TPAHMTAMH
colepKaEUA SC B MeCYaHO-CIAHIEBHIX MMOPOJAX.

B Gmorute u3 rabopo comepsramme Sc paHo 15 2/m (Sen a. oth., 1959), uro mamo
OTIMYAETCA OT CpeJHero cofep:anus (7 OIpejeleHHil) ero B GmoTuTax W3 I'PAHO-
mmoputoB (14 2/m) Toro ke MaccuBa M He OTpafKaer foee BHICOKOTO 110 CPAaBHEHIO
¢ TpamuTaMu cojepmaEma Sc B rabopo.

B meramopdmueckHx mopojax ¢ yBeJHIeHHeM CTeIeHH meramopduama cofep-
samme Sc B Gmormre ymenpmaercs (Kpsuror u ap., 1970).

® 1 0 p. Cpenmee copepanne 15567,6 2/m, KRoaQ@uIIEHT KOHIEHT AL 19,4.

@rop BXOAUT B KPHCTAINIMIECKYI0 DeNIeTKy GmoTmTa 0aarogaps 3aMemeHmio
(Fe, Mn)** « Li* + Al** m (OH)~ < F~. Ilocienuee oObsAcHIET HAOIIONANIYIOCH
[OYTH NPAMYI0 3aBHCHMOCTH MEHIY COLeprKaHmeM Li u F B 6uoture. W mopomo-
00pasylomux MHHEDAJOB TIPAHHTOMOB OHOTHT FBIAETCA TIJABHEIM MHHEPATOM-
HOCHTeseM ¥ MEHepamoM-kommertpaTopom F. Ha ero momo mpaxoauTcsa 80—90%
$ropa mOpOAH, UTO OTMedaisoch jus rpamnToB Bocrounoro Sabaiikanssa (3amamn-
xopa, Cmraum, 1967), Vatexmcrama (Kymmypamos, 1967), I'opmoro Anraa (Amo-
muH # ap., 1965).

CymecTByeT MHeHHe, 4To BejmuuHa cojiepmanusa I B GuoTuTax TPAHHTOHIOB
MEpa OcTaeTcs HOCTOAHHON [l KayKkaoro THOma MOPoJ (Kosmos m ap., 1965,).
OfHAKO HMEIOIUecs JaHHLe I03BOJAIT BIIOJHE OLPE/IeJeHHO TOBOPHUTHL O CYIIe-
CTBOBAHMH pErMOHANbHBIX oramdmil. Tar, M0 CPaBHEHMIO ¢ BRIYHC/IEHHEIM CPEHIM
(cm. Taba. 10) GuorntHl M3 rpamuTeB boabmoro Hapkaza u [[3upyabcKoTo MaccuBa
XapaKTepusyoTCA MOHW/KeHHEIM cofepsianmem F — 1700—1900 e/m, uro oTpakaeT
00yl TeoXHMHYICCKY0 O0COOCHHOCTH T[PAHHTOMOB 3TOr0 pErHoHa (Omuxanae,
1967,). B To ;e BpeMA 3HAYHTEIbHO MOBHINEHHEIE CPEJHHE COMepPiRAHIA F ycra-
HOBJIEHH B Omormre m3 Tpamuromgos Hasaxcrama (cm. Tali. 11).

Hoxyuennsie namn Aamase (cM. Tabr. 10) mo3BoAANT yCTAHOBATDH, YTO MHHE-
MaubHEe CpefHme cofepskaHua F xapakTepmayloTr GHOTHTH 13 Hambosiee MeJIaHO-
KPATOBHIX DA3HOCTeH TDAHATOM/(OB, A4 MAKCHMAJbHbe — W3 JEIKOKPATOBHX Ipa-
HUTOB. BHOTHTH W3MEHeHHHIX I'PaHHTOB cofep:kaT F modrm CTONBKO jKe, CKOIBRO
fUOTHTH N3 HeMm3MeHeHHHX rpauutoB (cM. Taba. 12).
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He mabmomaerca mamenenus B copepskanun F B Gmormre us rpaHuToB Yeryx-
CKOrO MACCHBA IIPH IepPeXofie OT IIABHOM K DHIOKOHTAKTOBOH dammu, rie 0HO cO-
crapiasier B obonx cayuanx 1200 e/m (Hymmypanos, 1970).

Tipomecest fufdepennuanuy TPUBOAAT K YBENMUEHHIO COMep/RaHiA F B 6mo-
rure. OOHUHEO OTMevaeTcs 2—2,5-KparHoe yBeImdenHe CORepiRaBUA F B Owmotute
w3 TPAHATOB NO3JAEEMX das MHOTO(ASHEIX WHTPY3UBOB 3amajHOTO 3a0aitkaanpsd
(Kocrenkas u fip., 1965) u T'opmoro Axras (Amommnn u fp., 1965). Ocobenno BHCO-
knx cogepsxanuii (24 700 2/m) mocTHTaAET KOIMIECTBO F B 6GmoTuTe W3 IErMaTuTOB.

[ocKOABKY KOMMYECTBO JOTYIHX B KOHEUHHIX INPOAYKTAX mmuddepeHnTanL
TPAHMTOW/OB CBAZAHO UPAMOIl 3aBUCHMOCTEIO © MOTeHIHANBHON PYIOHOCHOCTEHIO
OTMIELIAIOMIXCSA THAPOTEPMAbHBX PACTBOPOB, & B IOCHEIHUX MHOIHME penKme
omemenTH — Ta, Sn, Li, Be, TR — ofpasyior, ocofenno ¢ ¢gTopoM, TEerKo Mur-
pUpYIOIye COSTUHEHNA, TIPOCTHE MM KOMIICKCHEe, MOCTOMbRY YpOBEHDL HAKOILIE-
pus Qropa B OHOTHTAX MOKeT CIHY/KHTH W3BECTHBIM HH[IKATOPOM PYAOHOCHOCTIH
MHOTO(A3HEIX HHTPY3UBOB.

Bricokoe comepsxanme F ormedaercst B Omorure HIO0MeRO-PTOPOHOCHHX Tpa-
amros Bocroumoro Sabaiikanes — 19 500 2/m (I'pefenHnKos, 1968) u B GumoTHTax
droporocurx rpanutos Tamb-lllams — no 17 300 2/m (JImcummra m ap., 1965).

OcoGernoctn cojepkanms F B GHOTHTAX MOKHO HCIOTB30BATH M NPH BHIAC
HeHmH 0COGeHHOCTeil BOSHNKHOBEHHs W IOCHEIYIOMEro CTAHOBJICGHHS I'pAHATOB.
Tax. 10 cpaBHeHHIO ¢ GHOTHTOM MHTDYSHBHEIX I'DAHHTOMIOB OMOTHTH ABTOXTOHHBIX
TpanHnTOB comepsrar F mourn B 2 pasa mempme — 6183 2/m. Bonee musKme Conep-
sxamms PTOpa XapaKTepUayoT GHOTATH 13 KPHCTAIIMIECKUX CIAHIEeE (cm. Ta6a. 13),
uTO, VYUTHBAS AHAJOTHYHOE COMEPHAHHE F » ocamouserx mopofax (Bumorpajos,
1962) mosBoNAET CUATATH, ITO €TO COAEPIKAHUA B GUOTHTE MOTYT CAYKHTH OJLHUM U3
IpU3HAKOB ABTOXTOHHOTO NPOMCXOK/EHHsA TPAHHTOB. B mureparype yiKe YKashl-
panoch (Hemen, 1964), aro HusKme CoOflepIRAHNA F B MycKoBHTe HO3BOJAIOT OTJE-
JSATH TECMATHTH OPTOTEKTHYECKOTO M MeTareKTHiecKOro MpOMCXOrK/IGHUA.

Ecth MaEHHE O TOM, Y10 OHOTHTE M3 TMOPOX, B (POPMUPOBAHWM KOTOPHIX IIPO-
meccH TaAYOWHHOrO THOpHIMAMA WIpAIM BHAUNTENBHYI0 POIB, KOHIIGHTPHPYIOT
MEHBITe JeTYUnX, B TOM Umcie u §ropa, yeM GIOTHTE X3 MOPOJL IHCTO MarMaTHIecKoil
amamn (Kocremas, Mopasurosa, 1965).

Io comepsanmio F B Gmormre MOKHO HApAAy C APYrAMH JaHHEIMU CYIHUTh
0 CTeIeHH MeTACOMATHYECKODO M3MEHeHWs I'DAHATA, TaK Kak Habamojaerca Ompe-
feNeHHas KOPPeJIsANNs MesKly COeP/KaHneM KajlieBoro MoJieBoro niara B rpamiurax
1 gropa B Gmorurax (Koamos u 1p., 1965,), yKassBaoN@as Ha CXO[HOE IIOBeJIeHne K
n F B npomecce auddepeRnuanum 0 Ha 3HAYATENHEYI0 POIL TETYHHX HPH METaco-
MATHYECKHX TIpoIeccax.

Hurexns Cpenmee comepsxanme 1528 e/m, Kiapk KORIEHTpaNuH 13:

Hukers — 5IeMeHT paHHUX CTafuii KPUCTAIM3ANHMM 1 €ro KOHMNEHTpaluA
B GEOTHTE OLpeJeNiseTcs IeOXHMMHYECKHM CPOJICTBOM C [BYXBAJEHTHEIM JKEJE3OM.

Ilo cpaBHEHMIO CO CpeJHEM HamGosee 00OrAIEHEl HIKeIeM GHOTHTH I'PAHOIHO-
DHTOB, A GHOTHTH JMeHKOKPATOBEIX TPAHHTOB COJleP/KAT MUHMMAILHLIC €ro KO-
wectsa (cM. Tabn. 10). AHaTormuEas 3aBHCHMOCTH OTMEYANIach paHee B IPAHUTOMAX
Kasaxcrama, rjie Kommenrpamusa Ni, MarcmManbHas B OMOTHTAX W3 AMODUTOB, HE-
VKJIOHHO TOHW/RAETCSA B CTOPOHY Hau(o1ee KHCIBIX WIEHOB M JIOCTHIaeT MIHEMAIL-
HOPO 3HAUeHHWS B OmormTax ansckuroB. Ilo maHHBIM B. N. Cepmx (1964), cpennee
comepsxanue Ni B GHOTATAX 9TOr0 permoHa (70 ompenexennit) — 50 2/m, T. e Hue
BHUHCIEHHOTO cpenEero. IloHMAEHO COfepaHne HEKeJd — 50 2/m — B OuormTe
U3 TPAHATOMO0B SMEWHOTOPCKOTO KOMIJIEKCA M B fmoTnTe W3 MeHee OCHOBHEIX
rpanuTonoB HKaJGmHECKOro KOMIIIEKCa — 8 2/m (Hysebumii m pp., 1967).
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Ilo cpaBHeHNIO ¢ TPAHUTOH{AMYI 3HAYMTEILHO oforamensl Ni GHOTHTH W3 JTaM-
npodupoB, B KOTOPHX Cofep:Kamme aToro siaementa gocraraer 500 z/m (Muxamesa,
Hururuna, 1960). Eme Gonee Bricokme copep:rammss Ni HaGaomalorTcs B GmoTHTe
u3 0CHOBHBIX opoA. Tak, B OmornTe 13 pyA0HOCHHX rad0po-Tuataszon Hopuascxoro
MEeCTOpOsIeHnsA cpenee cofepsxanme Ni cocrasaser (3 ompemexemma) 1200 2/m
(Penkum m ap., 1963), xora B Gmormre ma rad6po Kammdopruun ero coflepsraHne
CHIBHO IMOHMeHO u cocraBiadger 70 2/m (Sen a. oth., 1959).

B Guorure aBToXTOHEHIX TpamuToB comep:kammsa Ni B 4—4,5 pasa Hume, gem
B OHOTHTe WATPY3UBHBIX IPaHNTOB. B Guotnrax us mokeMGpuiickux TPaHUTOB ¥ Kpa-
uHBL cpetaee cofep:ranue Ni cocrasaser (137 ompemenenuii) 35,4 2/m (Mummenko,
Opca, 1968), Kapeann (4 onpexemnenus) — 47,5 2/m (Berpmu, 1965), B T0 e BpeMs#
B OmoTHTaX U3 CHAHIEB CpefHee coleps;kamme Ni BHAYNTENBHO BEIE I TOCTATAET
236 2/m (cm. 1abmx. 13), 4ro, NO-BHAMMOMY, SBIACTCHA OTPAKEHHEM 3HAYHTONbHO
Gosee BrICOROrO coftepskanusa Ni B clIaHNAX IO CPABHEHHIO ¢ TPAHHTAMIE (Bumorpa-
noe, 1962).

Upemn joremGpuiicknx rpammrounos Hoxsckoro moayocrposa u Y Epamms:
OTMeUeHa 00MmAA TeHJeHUNs, BHPA/KAIOMAACA B TOM, UTO IOHH/KEHHE KOHIeHTpPa-
muii Ni B fmoTurax Haer mapalaelbHO YBeIHTEHHI0 KHACIOTHOCTH nopox (Berpum,
1965; Mumenko, Opca, 1968).

Ko6aaxsr. Cpegmee comep:xanue 46,8 2/m, koaddunuent kormentpamuu 9, 4%.

Hommenrpanusa kobansra B GHOTHTE ONpPEIENACTCH TeOXUMIUECKIM CpPOICTBOM
€ JBYXBAJICHTHBIM jKeie3oM H MarameM. I[loaromy BosmoskmocTH uU30MOpdHOTO
Bxoztennst Co B OMOTHT [OCTATOYHO IMUPOKH, 9TO HPHBOJAT K 3HATHTEIBHOM OHO-
POXHOCTH pacHpefeleHnsA ero cojep:kamuii B aroM MmHepate (Mumenko, Opca,
1968).

Brramcmennoe cpenmee — 46,8 2/m — HECKOIBKO BHINE CPEIHEro COEpsRAHMS
Co B Omorure (53 ompepenenme) — 32 2/m, mpusofguMoro B mmreparype (Haack,
1969).

HoGanbr B 0THOCHTENBHO NOBBIIEHHKX KOJMIECTBAX HPHCYTCTBYET B GHOTHTE
13 FPAHUTOH0B 3MEHHOTOPCKOr0 KOMILIEKCA, HO er0 MeHbIIe B OHOTHTE U3 Ral-
Guncknx rpanntonstor (KyseGuerii i jp., 1967). [lopsimennsie ¢cpe/ame coepHamms
Co ycramopnemsr B Gmornte u3 sBopHUNKuX rpamaroB (Cymersr) — 71 2/m — u ua
BMemaomux ux ciaadmes — 79 e/m (lloxsmcrmii, 1965).

Hopsimennste coepskanma Co yecraHoBIeHs B OHOTHTe U3 I'PAHHTOHAOB Y paia.

B nmemsmemenmpix Oumormrax us rpammros Cesepo-Bocroka comepskamme Co
cocrapiuser 17—37,5 2/m, B XJI0pATH3NPOBAHALIX Pa3HOCTAX CHUZKAETCH 0 7,6 efm,
a B XJIopuTax, oOpasoBasuruxca sa cder Gmorura — xo 1,3 e/m (Hexpacos, I'ama-
ku, 1962). 9ro cBugereascrByer o hnoce Co M3 pazpymalomerocs 0HOTHTa H 00
0DOrameHHH HM IHIDPOTePMAIbLHLIX PACTBOPOB, KOTOpPEe MOTYT IPHHAMATH yIacTie
B Iporecce pyaoo0pazoBaHNUA.

Brraucaenmoe cpemmee comepskanme Co B caammax cocraBasier 46,7 e/m, mo
ApyraM jgasEeiM — 60 2/m (Ceprees m mp., 1967).

Brornt na mokeMOpumiicKuX aBTOXTOHHBEIX T'PAHATOR cofepRuT (O HECKOIBKO
M@HBIIe, 9eM OHOTHT H3 IIOCIACKeMOPUIICKNX MHTPY3UBHHEIX TDAHHTOUIOB, a HMEHHO
32 2/m. 9romy comepskammio Oamako cofep:kamume Co B OMOTHTe W3 CJIAHIEE.

Cpemu joremGpmiickux rpammrTomgos Hoxbekoro momyocrpoBa OHOTHTH 13
oxee peBHHX ITAIHOKIA30BLHIX TPAHUTOMIO0B cofep:kaT Goxbme Co, 4eM GHOTHTEL
u3 Gomee MONOIBX GHOTHTOBHX rpamntos (Berpmm, 1965). Amamormumas saBucu-
MOCTH OTMEYeHA M B OMOTHTAX M3 IpaHmToB Y Kpaumsl (Mmmenko, Opca, 1968).
JT0 COOTBETCTBYeT (oiiée BHICOKOMY cofiep:kammio Co B MeCYAHO-CIAHIEBEX MOPO-
Jax, 10 CpPAaBHEHHIO C TPaHATAMH.
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Cpennee comepsxanue Co B GmoTHTe N3 THEiicoB (35 onpeaenennit) 42 2/m (Haack,
1969) — 6amsko HONYIeHHOMY HAMHI CpefHeMY (cm. Taba. 13).

T opuit Cpemmee conepmarme 157,0 2/m, kooddumment KonmenTpamun 8,7

B rpamurax IOskxmoro Hasaxcrama ¢ gmoruToM cpsazano 16,4% Bcero Topus
nopomst (Jleonosa, Penme, 1964). Cpennee cofepranue Th cuIbpEO NOBHIIEHO B 610-
ruTax W3 mETpysmBEEX rpamnToB Cesepo-Bocrora (7 onmpepenennil) — 185 2/m;
13 JeiikokpaToBmX rpaEmToB CeBepHOro Tanap-Ilags — mo 260 2/m. B Guormte
ua ToHanuTOB KommemnTpanms Th mmke m cocTaBiser 34—36 2/m (Jleonoma, 1962,
1966). B Gmorute W3 ABTOXTOHHHIX TDAaHHTOB Vrpanmst comep:ramme Th mamo n
cocrasasier 11,8 e/m (Mpanrmmun, 1960) mam (4 ompenenenusi) 17,5 2/m (bapr-
HUIKEH ¥ Ap., 1969). BHOTATH IMETOYHEIX NMOPOJ COAepHKAaT Th B cpefHeM 3HAYU-
renpEO Menbme — 8,5 ¢/m. IlpE aToM Ha €ro om0 IPHXOANTCA 4—11% obmero
conepsmannss Th B mopome (Ilonaxos, 1970).

Il u m k. Cpennee comepmanne 480,7 2/m, koapduument rommerTpaumun 8,0.

Bricoxuii k0s$(uUIITenT KOHIEHTPAIHN IOATBEP:K/aeT KPHCTATIOXUMITECKYIO
1t reoxuMuuecKyo ¢Bash Zn ¢ Fe?* m Mg, u B cBA3H ¢ 9THM KOHIEHTPAIMIO B 7REJIE30-
VATHEBHANBHHX CHINKATAX — B OmOTHTE M DOTOBON OOMamKe. JleficTBRTENBHO,
GUOTAT ABIAETCA MIHEPAIOM-KOBIEHTPaTOpPOM IHHKA B TpaHATax Maragasckoro
vacensa (IOzmm m mp., 1966), B KykyanOeiiCKIX rpaHuTONax Bocrounoro 3abaii-
ranpsa (Hyssmmm, 1966), Ceseproro Tanp-Mlana (Taycon, 1961) m 1. 1.

C GmoTuToM TpaEHTOB cBsizaHo 70 80% ImHKA ITOPO/L! (Taycon, 1961). Bimskas
uudpa TPHBOAUTCA [JiA TPAHATOB Texaca (Caugem, I'onpud, 1952); B HUX Ha [0JI0
fmoruta mpuxomuTca 85% IWMHKA IOPOJEI. OnmEako B GHOTAT-POroBOOOMAHKOBHIX
rpaEMTaX Ha JI0JI0 GHOTHTA MPWXOAWTCH SHAYNTENLHO MEHBIIE IMHKA — 0 43%
(Taycon, 1961), aro ykassBaer Ha KOHKYPHPYIOWYI PO/IL ApPYrHX MBETHHIX MITHE-
pamzoB, Y9ACTBYOIUX B KPUCTAIIOXHMHYECKOM PACCEAHHI JTOTO BIIeMeHTa.

Cpenmee copiepskanme Zn B omorure, mpusopumoe H. X. Bemenoaenm (1965), —
300 2/m — ropasgo Huske, a faHAbe Xaaka (Haack, 1969) — 699 2/m (53 ompene-
JeHNs) — 3HAYATENHHO BHIIE IO CPABHEHNIO ¢ BEITHCIICHHBIM CPE/IHIM — 480.,7 e/m.
SHAUNTENBHO BHINE CPeJHeTo cojiepsranme Zn B 6noTHTAX M3 HEKOTOPHEIX TPAHITOR
Cesepuoro Haexaza (14 ompepenenmii) — 4300 2/m (Opuxanze, 1968), Tanp-lllansa
(3 ompepexenns) — 743 2/m (Taycon, 1961). Tlo mammum famEBM (cM. Tabi. 11y
GHOTHTH U3 TPAHETOWIOB ¥Ypana m YsGexkncraHa oforameHBl IMHKOM, Il 13 Ipami-
tomnos Cesepo-Bocroka m Hasaxcrama — o0ej(HEHBI. Huskme copepskanua  Zn
(255 2/m) ycramoBieHH B OmoruTe u3 I'DAHATOB Benrpuu (Nagy, 1969).

Conepsxanme Zn B OmOTHTE 3aBHCHT OT I@OXHMHYECKHX ocoGeHHOCTEH meTpo-
rpaguaecKoil TPOBHHIMH ¥ OT COJEP:RAHUA IBETHEIX MIHEDAJIOB, 3aXBaTHBAIOIINX
ATOT DIEMEHT B CBOM KpucTaiinmdeckue pemerkn. CTaHOBHTCA MOHATHBIM, WTO TPH
OTHOCHTeNBHON YCTOIUMBOCTH KOHIEHTpamum Zn B HOpoJax Kakoro-imbo paitona
¢ YMeHbIIEHHEM 00Iero cofep/KAHNSA NBETHEIX MUHEPATOB B TPAHATOM]e — OT rpa-
HOJMOPATOB K GHOTHTOBHIM H JTefKOKPATOBHM IDAHNTAM — CPEJIHee CO/eprRaHue Zn
neyknonno yeeamampaerca (cm. Tabxn. 10). Xaaw (Haack, 1969) raxsxe yxassiBal,
YTO ¢ yBEIMYCHWEM COJlep;RAHMs B TpaHuTe OHOTHTA COJep:KAHMe B HEM IHHKA
YMEHBIIAETCH.

B sxmapemx uddepennmarax TPaHHTOB (MeTMaTHTax), OYeBHIHO, B CBA3N
¢ yBeamuemmeM oOmieii ejiesMCTOCTH OMOTHTA COJEP/RAHMe B HEM IMHKA YBEJH-
YEBAeTCA, TAK Jke Kak W B OWOTHTe W3 M3MEHEHHLIX TPAaHHTOH/0B (em. Tabm. 12).
CuabHO TMOBHINEHHEE cojlepskaHms Zn OBLIM YCTAHOBIGHE! N B fuoTnTaX TPAHWUTOB,
MOIBEPTTINXCS HANOKEHHON IWHKOBOII MHHepalu3alnm (Haack, 1969). Bce sto
HECOMHEHHO YKA3HBAeT Ha TO3[HIOD AMIPErHAINI OHOTATA IHHKOM. Onnako 6mo-
THT W3 METACOMATHYECKN WMBMEHeHHHX 30H B TPAHMTAX YacTO COMEPsRUT MEHbIIe
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NUHKA, 9T0 CBHU/ETEILCTBYET 00 ero 4acTHIHOM HepeXxojle B PacTBOp W BBHIHOCE M3
OGuoTuTa.

Yacruaublii BHIHOC NHHKA W3 OmorHTa HAOIOAJICA B IIPOIEcce IIIUOTH3AIIIL
JIArHOTPAHNTA, OJHAKO IPH IMPONMIHTH3ANME MOT00HOI0 BEIHOCA HE IPOMCXOTHT,
X0TA GMOTUTHL N 3aMemanTca xaoputoM (3mobun u Ap., 1969). Buorur us usMenen-
HEX ABycaioAAasX rparuTos Cesepo-Bocroka CCCP comep:xur Zn (3 ompemerenus)
233 ¢/m (JImumatos, 1961), 1. e. Mempime cpeguero.

B amreparype yKasmBajioch Takke, WT0 OHOTHTH U3 THAPOTEPMAIBHO H3Me-
HEHHBIX IITOKOB MOHIOHHTOB cofep:kar Zn Menbme (Parry m gp., 1963). IIpu anxs-
omrusanmu rpasuTonoB Tsaap-1lans orMedascs BEIHOC UHKA B CBAH C 3aMEMIOHIEM
OmotnTa arperaroM cepummra u geikoxcena ([aBpmmum m xp., 1966). 9ro mosker
OBITH CBAZAHO C TEM, YT0 B CHJBHO IEJOYHBIX BOJHEIX pacTBOpax B cuiy aMmdorep-
HOCTH OHHKA, TO-BHIUMOMY, MpPONCXONHI0 o0padoBaHue Jerko pPacTBOPUMEIX IIH-
Katos, T. €. noBmumanach pouas ammona (Zn (OH)z? wim (Zn (OH)3' (MBamnmkmit
u 1p., 1966). B otux ycroBuax momked OLLI IPOHCXONUTH BEIHOC IUHKA H 0DeTHEHIe
AM M3MEHEHHEIX OHOTHTOB.

Tarkmm o0pasoM, B 3aBHCHMOCTH OT COCTABA IIOCTMArMaTHIeCKAX pPAacTBOPOB
comepskanme Zn B OHOTHTE MOKET MEHATHCA: YMEHLIIATHCA B PE3yJbTaTe BHIMIEJa-
YUBAHMS MM IIOBBIIATHCA 3a CYeT HUMIPErHALUH.

Pacemarpusas cofiep:kaHume LWHKa B OHOTHTe KaK BO3MOKHEIH HHIUKATOD
PY/IOHOCHOCTH [PAHATOH/OB, HEOOX0{HMO OTMETHTH, UTO CpPeHee COfep/KRaHue MUHKA
B Ouornre us Geapynunx KameqoHckux rpamauros Cesepuoro Tams-lllans cocraBaser
630 2/m (Taycon, 1961), a B GmoruTe N3 PYITOHOCHEX TepPIUHCKAX TPAHHTOB TOrO e
paitona — 300 2/m (Tappuana u gp., 1966). CxomHEIe COOTHONIEHHSA O0TMEYATIHCD
u B Momnonnrax MOrer mw Hesamsl, B KoTOpbIX GHOTHTEL M3 HEPY/JOHOCHHIX MITOKOB
coepswar mueka 300 ¢/m m Goxee, a usz pygoHocHux — 300 2/m u memee (Parry,
a. oth., 1963).

Ognaxo ecth yrasamusa (Haack, 1969), uro Omorutsl M3 rpaHHTOB, B IeHETH-
9eCKOIl CBA3M ¢ KOTOPHIMH HAaXOAATCH I(MHKOBEIE DPYRONPOABIEHAA, XapakTepi-
3YIOTCS BechbMa BHICOKHM cojepsanueM atoro aiaeMenta. Cpemnee ma 200 amanmmsoB
OHOTUTOBHIX KOHIEHTPATOB W3 TPAHATHHEIX DOpox ApRaH3aca, K KOTOPHIM OTYACTH
OpUYpOdYeHE HoAUMeTalInd9eckKue MecTopo:kaerad, faer uudppy 720 2/m Zn (Bene-
moan, 1965), 1. e. 3paumresbHO mpeBbimiaeT cpegmee. llosTroMy, mcmoab3yA GHOTHT
KAK WHAAKATOD DPYAOHOCHOCTH, OCOOGHHO BAKHO YUHTHIBATH CTEIICHb €ro HaMe-
HEHHOCTH.

ITo cpaBHeHMIO cO CpegHEM cojeprkaHueM Zn B OHOTHTe MHTPY3HBHBIX I'pDaHII-
rToumoB (480 2/m) OmoTETE M3 JOKeMOPHHACKUX aBTOXTOHHRIX TDAHUTOB COJEp:KAT
BTOT HIEMEeHT B HECKOIbKO MeHbimeM Koxmdectse (420,4 2/m). Amanormumsie cBese-
HAA nMeloTcs u B aareparype. Cogeps:ranme Zn B fmorute J0KeMOpPHIICKUX I'PDAHATOB
Konopago (10 ompemenennit) — 973,4 2/m — sHAYNTENHLHO HUIKe, YeM B OHOTHTe
H3 TPETHYHHX IPAHOJHOPUTOB Toro ske peruona — 1344 2/m (Bpeii, 1952). B casm
C OTHM CJIe[yeT OTMOTHTH, 4T0 cpeiHee cojep:Ranue Zn B GmoTute U3 THeiicoB (35 om-
penexenuit, 455 2/m; Haack, 1969) u ocoGeHHO 13 KpHCTAIHYIECKHX CIaHIEB
(62,9 2/m; raGa. 13) 3HaumMTeNBHO HHKe, YeM B OMOTHTe 13 WHTPY3WBHBIX TDaHH-
TOHIOB.

Benas nuakoM (B cpepnem 232 2/m) OMOTHTH W3 IPAHHTOHAOB rabopoBoi dop-
ManuE. B aHATOTHYHEIX TpPAHATOMAAX AKADHE MHOHEPAIOM-KOHIEHTPATOPOM
OHHEKA ABIAeTcA He OHOTHT, cofep:Kammi B cpemmeM 153 e/m, a marmermr, copmep-
JRammit B cpegaeM 575 2/m (Upamnukmit u gp., 1966).

Turan. Cpersee comepxanme 17 517 2/m, voapunnenr kornenTpanmn 7,6.

B crpyxrype OmormTa W3 IpaHHTOB THTAH 3aMeIIaeT TpPexXBaJeHTHOE 7Keleso,
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HO B I@JIOTHBIX IPAHETOH/AX U CHEHHUTAX OH YACTHIHO sameniaer xpemumni (Ceppgo-
qerxo, 1948). HeoGxopmmas TpH 5TOM KOMIEHCAUUA 3apPAJLOB OPOMCXOIHT IYTeM
COTIPAKEHHBIX CYMMapPHO-IKBUBANEHTHHIX samemenmit: Fedt + Sit* « Ti** + A%
mau Al¥E + Fedt « Mg? + Tist,

BHOTHT CUHTAeTCS OCHOBHEIM KOHIIGHTPATOM THTaHa B IpaHATax. Opaako
Ha ero oMo MPHXOIATCA PABIMIHEE KOJHYECTBA THTAHA B 3ABHCHMOCTH 0T cOCTaBa
rpannTomna. lpn HEBKOM COEP:KAHNE THTAHA B HTOPOAE OCHOBHHIM HOCHTEIIeM ero
apisercsa omorur. Hampmmep, B MOHAIUTOHOCHBIX TpaHNTOHAAX Hanta-Hapru-
crOTO paifoHa ¢ GHOTHTAMH CBA3AHO OKOIO 70% turana, a ¢ mipmernTom 15—20%
(3mamenckmil, 1958). AHATOTHIHbIE i pE TPHBOAATCA W APYTHME HCCIE0BATETAMM
(3asamkosa, CHTHMH, 1967), mofcUMTaBIINME, YTO B GuoTuToBHIX rpanmnTax 1o 94%
rHTAHA CBA3AHO ¢ OMOTHTOM W JHNIb 5% ¢ HIHMEHHTOM.

B mopojax ¢ BHICOKHM COflepRaHmeM Ti o 37 % oTOro dieMeHTa COCPELOTOYEHO
B TMTAHOMATHETHTE, a OCTANbHAS 9YacTh pacupeenfercs PABHOMEPHO MELy ouo-
THTOM, HOJIEBBIM [MIAaTOM H HMHPOKCEHOM (/Teonona, Knaccosa, 1964).

Bechva 0m3K0 B cpefueMy copepxcanme Ti B Omornute H3 TPAHUTOB Haubcroro
vaccupa (Ilemrpanpusii Hasaxcram), B KOTOPHX OHO COCTABIAET (3 ompeneneHnA)
17 523 2/m (Jlmurpues, SHAMEHCKMIL, 1956). HamGonee oboramenst Ti Gmorutsi u3
rpanuroR TamKRMRUCTAHA, mambonee o0eimeHsl — u3 rpaHmros Hasaxcrama (cM.
raba. 11).

BrramcieHHoe HaME cpeiiee cofeprxanne Ti B GHOTHTAaX W3 IPAHUTON/0B Coser-
crxoro Comosa, paBmoe 17 517 2/m, sHAYHMTENBHO HILKE HX usoMopdHOIl eMROCTH
5 OTHOMEHHN ?TOFO BIEMeHTA, TAK KAaK DKCHePHMEHTAJBHO IOJYTeHB CIIOMN,
copepsxamue o 85 000 z/m Ti (Kosanenko u ap., 1968).

Copep:xarme Ti B OmOTHTe BO MHOIOM OIIPeJeIAETCH KaK IeTPOXHMHYECKAM
COCTABOM TPAHNTON/A, OKABHIBAIOILEM GOIbIIOe BIMAHME HA KPHCTAIIOXIMIYeCcKoe
paccesiHMe ATOTO DIEMeHTA, TAK M BOSMOKHOCTAME K oOpasopaHmio cOOCTBEHHBIX
THTAHOBHX MuHepamaor (cfeH, WIbMEHHT, PYTHI I T. n.). B Omormre u3 neikoKpa-
TOBHX 1 ATACKATOBHX TrpaHmToB kommdectso Ti Goampme cpeamero (em. Tada. 10),
a cojlep/KAHMe B HTHX MOPOAAX cera W AILMEHHTA HeaHauYWTeIpHO. B OmoTHTE M3
I paHOHOPHTOB, TJie KOJIMIECTBO AKNECCOPHBIX THTAHOBLIX MHUHEPAJI0B 3HAUATEILHO
yBeqnYuBaeTcH, COJep/KaHme Ti menpme cpegHero. OTHOCHTEIBHO NOHIGKEHO €O~
nepsanme Ti (15517 2/m) m B Guormrax ms ansckuror Hasaxcrama (Hapcees,
Byraen, 1966).

IIponeccsl AunddepeHNHANAN OPHBOAAT K VMeHBLIICHIIO KOIMYecTBA THTAHA
p OMOTHTE W3 MO3IHAX MarMaTH4ecKUX IMPOAYKTOB. Tak, B 6uorure | gassl MaccHna
Ryy (IlenrpaabHBIT Kasaxcran) comepswamme Ti 16 520 2/m, a B fnoruTe W3 Tpa-
pnron 111 passt — 7139 e/m, 7. e. B 2 pasa MeHbIIe (JIaxosud, 1967 ). AHaJIOTHIHH
cpeeHHA W M0 MHOTOPAZHBIM MAaCCHBAM Kuprusum, rjie, HampuMep, B CHEHUTAX
I dpassr Maccmpa Hapur-Owmiys1 GHOTHT CONEPIKHT Ti 34 450 2/m, a B JTeHKORPATOBBIX
rpaamrax 111 daser — 12 000 2/m (JJeomosa, Pemme, 1964).

B Gmorute M3 W3MEHEHHHIX, albOMTH3HPOBAHHEIX H/IH rpeiizeHU3HPOBAHHEIX
rpanmEToB cofiepskanme Ti yMeHBIIAETCs MOUTH BIBOC (cm. Taba. 12). BricnoGomna-
JOTMiics IPI ATOM THTAH [aeT HAUANO0 PYTHAY, aHATA3Y, & B HEKOTOPHIX CHydasaXx —
CTPIOBEPATY W WIBMEHOPYTHIY.

[lo cpaBHEHHI0 ¢ WHTPYSHBHBIME IDAHHTOM/AMH OMOTHTH W3 ABTOXTOHHBIX I'Da-
autoB cofepmar Ti B cpejHeM 3HATATENHHO MEHBIIE — 13 385 2/m. AmamOTHYHEIE
COOTHOIEHA HAaOI0aINCch I CPeii PAsHOBO3PACTHHIX I'DAHUTONI0B Koxopano, rae
GWOTHT M3 TPETHYHEIX TPAHOAUOPUTOB COTIE PHAT Ti 33 417 2/m, a u3 okeMOpHiICKUX
rPAaHATOWJOB — BHAUMTENHHO MEHBIIE — 13 367 /m (Bpeii, 1952). llockoabry omo-
THTHL W3 CJAHIEB W rHeficor 00IagaioT CXOIHBIM cojlepsRaHueM TUTaHa — 16 620 2/m,

45



oTa 0COOGHHOCTH COCTABA OGHOTHTA MOMKeT OHTH HCTIONb30BAHA NPH TeHeTHUe-
CKHX TOCTPOCHMUAX.

Huo6mii. Cpexnee comepsxanme 143,6 2/m, woadppunuent KOHIeHTpanuum 7,2,

Bansocts moHHBIX pagmycos u Benmumm JIEKTPOOTPHIATETBHOCTH 06y CI0R-
amBaeT mpeoblajialollee paccesHme HEOOUS B MHHEpaJaX THTAHA, a B3aUMO3aMe-
MEHne HHOOMA ¢ TAKMMHE NeTpPOreHHBIMI oaxeMenTamu, rar Fe?*, Mg? gpechma
OFpaHMiEHO, TAK KAK OH mMeeT Goiee BHICOKMII 3apsy.

Bxosmpuenune Nb s RPUCTAIIHIECKYI0 PeIeTKY OMOTHTA MOsKeT IPOMCXOMATEH
Gmaromaps samemenmio 2Ti4* < Nhs+ i HeSr s T el Mg2t e NP5 wlo 4%

Cpenu mopomootpasymomux MHHEPAJIOB I'PAHATONOB OHOTHT ABIACTCS TIABHEIM
MIHEPAIOM-KOHIEHTPATOPOM U HOCHTENeM HUOG, Wsyuenne pacmpenexenns ero
[0 MHHEpaJaM TPAHATOHIOB PA3INTHOIO COCTABA IOKAZANO0, UTO B MOHAIATOHOCHEIX
rpaHmEToOnNAaxX (3HaMeHcKuil m mp., 1957) ¢ 6moturom ceasamo or 60 mo 86% Nb,
B TO BPEMs Kak B CeHCOMeP:KAINX TPAHETONNAX GHOTHT KOHIEHTPHPYOT 3HAYI-
TenbHO MeHbme — 16—60% (3Snamencrmii u ap-, 1962). Boaee moaamme mecaeno-
BaHHS TIONTBEPAMIM 3TO MOJNO0KEHHe, IOKA3aB, 94T0 Ie0XHMHYECKOe mopefienne Nb
B TPAHNTAX 3aBHCHT B 3HAYHTENBHON Mepe OT WAPATEHE3NCA THTAHOBAIX MHMHEPAJIOB.
B Momanmrcomepskamux rpammrax ¢ mibMeEmTOM n pyrmioMm Gonbmas wacts Nb
KOHIOEHTPHPYETCA B OHOTHTE, B OPTHTCOMEPIRAITHX TpaHUTaX €O ceHOM W Marme-
tTuToM Goxbmas wacte Nb KOHIEHTpHpYeTcA B ceHe, a MeHBIIAs — B BGEOTHTE
(Parker, Fleischer, 1968).

Honyuennsie mamm cpemnme (c. Tadu. 10) smagmrennmo oTaMUATOTCH OT npu-
BOMUMEIX B nmrepatype (taba. 14). Pammme nammsre (Rankama, 1948) cuawno 3a-
BEUTIEHEI, Gollee MO3JHME (KAK MO pErmoHaM, Tak m o THIOAM TPaHNTOMIOB). Kak
OpaBHIO, HHKE MOJYIEHHHIX HAMHI 3HAYCHIL,

Tadamma 14

Copepskanne Ta u Nb B 6unotire TPAHNITONI0B 1O JAHHBIM PA3HBIX HCTOMHIKOB, 2/m

3 ABTOD IIH JIHTePATYDHBS
Ta HCTOYHHE

IMopopa, paiton Nb

DPEHMOMN 21 i, acs 5808 W e S Ao 1300 | o 800 | Rankama, 1948
Ppaumromamr, CCCP . . . . . . . . . .. 52 (17) 4(17) | Curanm, 1966
I'pannta Gmorurosste, CCCP . . . . . . . 80 (38) 5(38) |To ke
I'pannTer  nefikorparosme JIBY CIIO/IAHBIE,

CCCP.................200(27) 18(27) | » »
Ipannrsr Jeiikokpatosee, Kasaxcram . . | 294 (5) 8,5(8) |Momoapekmit 1 ap., 1965
Tpanommopmrer, Tysa . . . . . . . . . . .| 49 (6) 8,2 (6) | Hyspmenro. Ecnkoma, 1968
I'parurongm, Irasrwii Kaskazcrumii xpeder 78 () 8(5) Onukamze, 1967,

Toeosoe e e oo . | 144/(326) | 15,3 (243)] B. B. JIaxormu

I'panntongs, CCCP

Conepsrarme Nb B 6mormrax memocrosumo. [lo CPaBHEHUI) CO CPEIHUM OHO
HOHIREHO B OmotmTax m3 rpanutomnos Tyss — 100 efm (Llomonmuros u xp., 1965),
HRapnaro-Bankancroii ofmacrn (5 onpenenenmii) — 100 2/m Nb (Arsenijevic,
1967). BmotmTH ®3 AEHKOKPATOBHX M AJNACKHTOBEX rpasuToR llenrpanbroro
Hazaxcrama umemr B cpegmem (8 ompemenenmii) 225 2/m Nb, mpunyeM HamboJIee
BhICOKHe cofepxanus (330 2/m) xapakrepmayior 0moTHTEL Temupmuncroro mMaccmpa
(ITomoancxmit m mp., 1965). Ocobenno mMuoro Nb B Gmornte Wa ansickuros Tapbara-
Tag (3 ompenenenus) — 2100 2/m (Hapcees, Byraem, 1966).

Ilo cpaBHeHNmIO cO cpeiHEM TOBHIIEHHEE COZleP/RAHUSA DTOTO DJEMEHTA OTMe-
JaloTedA (cM. taba. 11) B GmoTHTE M3 rpaEETOMIOB Hansrero Bocroka ur Vabexucrana,
4 NOHIKEHHEe — B OmotHTe M3 rpanuTomaos Tysw m GeepHOTO Kamkasa.
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[lpm cpapHernyu OUOTHTOB M3 TPAHHTOMIOB Pa3JHYHOTO cocrapa (cM. Tabma. 10)
o0HapY/KUBACTCA. UTO MUHHMAJBHBIME cofiep:xanuayma Nb — 93,4 2/m — xapax-
TepUAYIOTCA OMOTHTHL W3 Hambolee MeJaHOKPATOBBIX pasHOCTEH TPAHHTOMIOB —
KBapIeBHX [MOPHTOB WIM I'PAHOJAHOPHTOB, B KOTOPHIX, MOMHMO OHOTHTA, HMEETCH
MHOTO JIPYTHX MUHEDAJIOB jKee3a M THTAHA, 3aXBATHIBAOMUX HUOOMII B CBOW KpH-
crajImdecke pelleTKH. DHOTHTH U3 TefiKOKPATOBRIX I AJACKUTOBHX TIPAHHTOR
conepkar Nb B cpegnem Gonbuie (198 2/m), yem GmoTuTH M3 GHOTHTOBHIX I'DAHHTOB.
910 MoskeT OBITH CIAeNCTBHEM He TOJNbKO MOBHIMEHHOTO cofep:ramms Nb B atom Tume
IPaHUTOMOB, HO I MEHBIIEX BOBMOKHOCTCH K H30MOPHHOMY paccesHmio HEOOUA
BRUNY HEe3HAYNTEIHHOTO COTEP;KAHUS B HUX NPYIUX MHHEDAJIOB THTAHA ¥ ;RejIesa.
[loaroMy mEmOOmil mMOTyd4aeT BOSMO;KHOCTH 00pasoBHIBATH COOCTRBEHHBIE MUHEpAJIH,
U B JeilKOKpaToBeX cyOmenounsix rpanurax llenrpanemoro Hasaxcrama Omormr
yyKe He ABJIAETCH OCHOBHBIM MHHEDAJIOM-HOCHTeJeM ATOTO dJeMEeHTa, Tak KaK KOJIH-
gecTBO HHOOIA, MpPAXOIANIErocs HA ero joxio, cmmmraerca no 2—31% (Ilogons-
cKmit m mp., 1963).

B rpamogmopurax HanGumckoro maccmsa Omotmt cojep:xut Nb menbme —
96 2/m, wem B OmOTHTOBHIX TrpaHuTax (3 ompepenenus) — 137 o/m (3maMeHCKMil
m ap., 1957).

B mpornecce ;[minbepemmaumi CPAaHUTHOIL MarMel cojep:;xasme Nb B Omorure
yBeapuupaeics. B OHOTHTAX H3 PAHATOB IIO3/IHUX (bas MHOTO(ABHEIX HHTDPY3HBOB
koamuectBo Nb Bospacraer B 2—7 pa3 OO CPaBHEHMIO ¢ GHOTHTOM N3 TPAHHTOB pPaH-
nux @gasz. O TeHNEHIUH K HAKOIUIEHWI0 HHOOMA B mo3fHMX audpdepennmarax cBm-
JeTebCTBYET 1 HOJAYTOPAKPATHOE yBeJAWdeHe ero coJeP/Kannsa B OMOTHTe U3 I paHuT-
HEIX TerMaTnToB (cM. Tabu. 12). Brsicnenme xapakTepa maMeHeHHs cofep:ranmsa Nb
B OMOTATEe B 3ABHCIMOCTI OT THIICOMETPHYECKOIO MOJO;KREHNS B TeJle MACCHBA IMOKA-
34710, 9TO B TMOJYTOPAKILIOMETPOBOM BepPTMKAABHOM paspese TDAHUTHOTO MaccuBa
HamMenbmee cofep:kaame Nb HaGmopaerca B GHOTHTe W3 cpefiHeil gacTH paspesa
(raba. 15).

Tadaunma 15
Copep:anme Nb m Ta B OHoTHTe N3 IHNCOMETPHYCCKI PABIMYHBIX YYACTROB
DB YPTHHCKOTO rpannTHOre maccnsa (Cesepmbiii Kaskas)

OrMeTEa, M Nb Ta OTMeTHa, M Nb Ta
2300 147 20,5 1150 84 4.5
1750 119 14,8 1050 112 15,6
1500 84 11,5 750 140 16,4

HanGonee sricorue cpepame cojepsranud Nb — 252 2/m, KoTopme B oToenb-
HBIX caysasx moryT gocrurarh 600—700 z/m, xapakrepHsl 1A GHOTHTOB M3 alb-
GMTU3MPOBAHHBIX WA Tpeil3eHN3HPOBAHHHIX rpaEAToB (cM. Tabm. 12). Ilociegnue
OIHOBPEMEHHO COJeP/KAT MHOTO aKIeCCOPHHIX TaHTajg-Humobarow (Jlaxommu, 1967,).
[HockoapKy B JaHHOM caydae He Habaogaercs o0paTHOIl BaBHCHMOCTH MeRIY CO-
pepsxapmem Ta u Nb B GHoTHTe M KOITHTECTBOM COOCTBEHHBIX MUHEPAJIOB ATHUX dJIe-
MEHTOE B I'DAHHTE, CJIEIyeT HpPeJmoJIO;KUTh, 9T0 3HayuTeabHas yacTh Nb m Ta mpm-
BHEeCeHA B IPOIECCe MPTACOMATHYECKOTO WH3MEHeHHs IpaHuTa.

B To ke BpeMsa ecTh JAaHHBIE, CBHAETEILCTBYIONINE O TOM, UTO B IPOIEcce m3Me-
HeHWA caMoro OmoTHTa acth Nb m3 mero sxkcrparmpyercs, jlapas Hadajio coOOCTBEH-
HBIM MHHEpaZaM, BCTPEUAIONIMMCS 8lech OOBMHO B IOBHINEHHHEIX KOJMYECTBAX.
Tax, B rpapnrax [[pHazosbsa OMOTUTH U3 HBMEHEHHKIX TPAHUTOB COJeDsHAT HeCKOIBKO
menbme Nb — 623 2/m, uem 6uoruTs n3 HensmeHesHsx — 770 2/m (Ilatemko m nip.,
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1966). Myckosnr us rpanarounos Ceseproro Tams-Illans COTIEP/KUT MeHbme Nb.
UEM 3aMelaeMEli UM GHOTHT, 9To 06BACHsET OTHACTH MOABINEHHE B T'pelizeHm3mpo-
BAHHEIX TPaHWTAX COGCTBEHHHIX MHHEPANOB 3TOTO daleMeHTa (Ypyubaes, 1965).
Hpn srBerpmsanum Gmormra Collep:kanre Nb B sToM MumHepamze raxske YMEeHb-
IaeTCs, M OH MHTPHPYET B BOXH B0HKE BrBeTpuBanua (Iloamopuma, 1968).
C wacruunoii sxcrpaxumeir Nb ms OmoTHTa mpu ero mamemenmn CBABAHO W yRe-
JIYNeHHe B HeM [WCHEPCHI CONePKAHM 5TOro blleMeHTa.

BMeIIAIomeii ero MOPOME, YTO MOKHO ACHOXB30BATE KaK OIpeje]eH kL] KoppeJs-
THBHEIH WM TeHEeTHYeCKWIT IpH3max. Taxr, Gomee BrCOKME cofiep:xannst Nb B rpa-
HATaX YCeTYRCKOTO Maccmsa, OTIHYaomue ero or Axuomckoro, OTpammanTCa W Ha

cocraBe GHOTHTOB W3 HTHX MaccmROR (rabm. 16).
Tadamma 16

Copepsanna Nb n Ta s rpannTax u éuornre (Kymmypagos, 1966)

I'panyTi Euorpr
Macens —_—
Nb Ta Nb Ta
Yerykerni R 5 B T e ) 35 12 224 a7
Axvoncemii . . G g e e 2 L 30 3.5 210 31

Cocras Omorura, HO-BUIEMOMY, MOKeT OTpakaTh mn cBOeoOpasme remesmca
rparnronsa. Tar, mpu cpasmemnn 6mormra U8 TDAHUTON/OE MHTDPY3UBHEIX DAIIH-

MHTEPECHO OTMETHTH, YTO B IPAHMTOMIAX HOJ00HOTr0 remesmea, HampuMep B Mera-
COMATHYOCKAX MWK POKJIMH-TIE PTHTOBHEIX rpaauronnax Iloxsaproro VYpana, orme-
HAETCA AHOMATLHO BEICOKOE cozep:xranme Nb B mopome, 8 8—10 Pas mpeBHmammee
KJapKoBoe.

Nuerorest, ommaxo, u TPOTHBOMONO Hbe Ranmste. Hanpmvep, Gmornrs H3 rpa-
HuTonnoe Bepx-Hcerckoro maccmsa ma ¥Ypane oramuantes nopoanmo BBITIe PYKAHHEIM
HHSKHM cpefHEM (5 ompefienenuii) conep;rammem Nb — 25,5 2/m (Bymaskos,
1969,). Cawmraror (Craspos = np., 1969), wro atm rpammTOmIL oGpasoBanmcs B pe-
8yJIbTaTe rpaHHTH3AIAHN 0Cal09HO-MeTAMODPYIICCKIX TOJImT.

ITo pammmmM T, JI. Onuxanse (1967,), 6morursr uz TPAHHTOMIOB ¥ PYIITEHCKOrO
Kommnerca (Boabmoii Karxkas), koropme mo CYMECTBYIOMNM TPeJCTaBACHNAM sp-
JAATCA TPOAYKTOM (parmuOHHON nuddepennuanun 6azanpToBol MarMel, xapak-
TePUBYIOTCA BHAUUTONBHO Goliee HU3KIMMIT CPeHUMA copepskaHmaMu Nb — 18 2/m,
CXOMEBIME ¢ cofepskamuamMr Nb B Gmormre rabopo (2 ompeneneHns) — 54,2 z/m
(em. Tabm. 13).

Monu6pen. Cpennee copeprranme 6,0 2/m, koogdunment KOHIeHTpanuu 6,().

OrtrOocHTeNTBHO BEICOKHE comepsranus Mo B Gmormre, mo cpasmenmio c 0CTATb-
HEIME T0P0/1006pasyomumn MHHEpanaMu, HO3BONAIOT Gollee WM MeHee onmpejeNenHo
POBOPHTE 0 KPHCTANIOXUMEUECKOT cBszm Mo ¢ Ti m Fe3* (Taycon, 1961).

B obsramrx rpanmrax Hanboiee BHCOKHe conepmanua Mo dukcupyiores B Gmo-
THTe, X0TA B o6mem Garance Monubena pons 6HMOTHTA M3-38 ero MaJIOro KoJMYecTBa

48



B TOpOJle HEBeJHMKA ¥ HA ero J0Ji0 mpPUXOJMTCH 3—19% obmero copepsranana Mo
p mopojie, a 60—90% ceasano ¢ momesmvu muatamu (CryfeHEMKOBA I Ap., 1960).
[osse, ONHAKO, BHACHWIOCH, YTO B MeJAHOKPATOBHX PasHOCTAX TI'PaHATOMJIOB
fnotur xKomnerTpupyer B cebe mo 40% obmero coneprraHuA Mo B mopone. B meso-
H 7efiKOKPATOBHX IPAHHTORAAX Gombmas yacTh Mo COM@PRMTCA B NOIEBEX INATAX,
pacmpefensifich NPHOIMBATENHHO MOPOBHY MEMY IIATHOKIABAMU M KAXHEBHIMH
monepsivu mmatamu (Kosnos, Pomynumma, 1965; emmn m mp.. 1968).

BrunciaerHoe cpefuee — 6 2/m — HAKe CPEJHET0 COJepP/RaHUA Mo B O6moTuTe,
npusogmmoro B amreparype (Haack, 1969) m pasmoro 10 2/m (53 ompepenennd).

Ilo cpasmenmio co cpepum — 6 2/m — copepranue Mo 3HaumTeIBHO TOHU-
;xeHo B GmoTHTax M3 rparmromnos Kapnaro-Baakanckoil obnacts (3 onpejenenns) —
1 2/m (Arsenijevic, 1967). B Omormre m3 maxe030iCKHX TPAHMTOMOB Yuanno-
lasumyperoro paiiona (Bocrounoe 3abaiikanne) cpejHee cofepanne Mo (35 ompe-
nesenmit) cocrasaser 5,6 2/m (Hosunos, Pomynkmra, 1965), a n3 rpanuTon Benrpmn—
5 2/m (Nagy, 1969), 7. e. 6am3Ko K cpefHeMy.

B 6mornronpix rpapmrax Yarkamo-Kypammucknx rop, o0iafalomux IOBHIIEH-
HHEM 0 CPAaBHEHNIO ¢ KIapKoM cofepsxannmeM Mo, KOJHUeCTBO HOCIEIHETO B ouo-
rate cocrapiaser 2,0—2,4 2/m (YpynbGaer, 1965), T. e. Hum;Ke cpefiHero, a B 6moTH-
Tax W3 rpaEmTOMIOB J[KWINHCKOTO MHTPYSMBHOTO KOMIeKca (damaHoe 3aoaii-
Kagpe), 001afalomux OIM3KEM K KJIAPKOBOMY KOJIYECTBOM Mo, ero copmeps;ranne
mHorna Bemme m cocrasaser 3,6—13,0 e/m (Ilerposa, 1966).

Han6osee Goratst Mo 6mornts ma rparuronsios Cesepuoro Kaskasa — 9,5 2/m,
a Hambojee HUBKWEe COJEP/KAHHS YCTAHOBJIEHH B GHOTHTAX M3 I'PAHUTOR ¥ 30erm-
crana — 1,7 2/m n Ypama — 4,9 2/m (cm. maba. 11).

Mo nanssv JI. B. Taycona (1961), comepsxarme Mo B GmormTe M3 rpaHOAMOPY-
o8 cocrapiser 3,1—4,6 2/m, a w3 OmormroBHX rpammroB — 2,3—2.6 ¢/m, T. e.
MeHBIIe, UT0, KA2al0ch OB, MOATBePsKAAeT IAHHLE O TOM, 9T0 B HOPOAAX ¢ MOBHIIIEH-
HHIM CcoOJlepskaHmeM THTaHA HallloflaeTcsi HEKOTOPOe yBelWdeHme COfep:ARaHmsd Mo
(Kypona, Canmpau, 1959). B To ke BpeMs IO IOJYIeHHBIM HAMH JIaHHBIM
(cm. Taba. 10) cpennee copepsxanme Mo B OmoruTe rpAHOMOPHUTOR B 2 Pasa MeHEINe,
yeM B OHOTHTE JelikonpaToBmx rpaHuToB. Ilocienmee, BepOATHO, CBABAHO C 601b-
MAM cofleP;RaHMeM B IPaHOAMOPHTAX cera, MIbMEHHTA 1 THTAHOMATHETATA, B KOTO-
PHX MOTJIa PACCEMBATBCA 3HAUHTENbHas wactb Mo.

BroTHTH M3MEeHeHHHX I'PABHTOR cofiep:xar Mo B 2 pasa MeHblle, 9TO CBH/IETENh-
CTBYET O ero 3HAYATE]LHOM BEIHOCE M3 KPHCTAJIMYECKOIl pemeTKH 3TOro MIHepada
(em. Tabm. 12). Ilpaspa, mmerorca cpenerus (Taycom, m ap., 1970), uro s dmornTe
W3MEHEHHHX TPAHHTONJOB, HAIPEMEp, H3MeHeHHHIX JEHKOKPATOBRIX I'PaHUTOHIOB
OpexuTKaHCKOrO Maccmsa, coiepsxamme Mo mosmmaercs jo 51 2/m, B TO Bpems
kAR IS OMOTHTOB W3 HEW3MEHEHHHIX TPAHHWTOB TOTO ke TYFKHPCKOTO KOMILIEKCa
xapakrepHo copepsranme 1—3,7 ¢/m. Ilo pany naHHEIX 5TO, BepOATHEIl Beero, 00b-
fcHseTCs WMIperHanmeii OmorTmra Goliee TOBAHEM MOJIHMOJEHHTOM.

B rpammrax Bocrounoro 3abaiikaibs B MYCKOBHTE, METacOMATHYECKH pas-
BUBalomeMes o OHOTHTY, cofepsuanne Mo HaMHOTO HIzRe (MeHee 2 e2/m), 4eM B MCXOJI-
goM 6motmre (Umamosa, Byrtysoma, 1968).

C npyroit cTOPOHEI, €CTh JIAHHEE, YTO B Ipeli3eHN3MPOBAHHLIX I'PAHATAX COACD-
sxanme Mo B 6mormre mommmMmaercst mo 30 2/m (3mmor m ap., 1963), oweBmpaHo, 3a
cdeT WMIIPErHAIHN ero MOJHOIeHHmTOM.

Memee sicHA BOSMOMKHAS 3aBHCEMOCTE MEIKAY MOIMOIEHOHOCHOCTBI) TI'PAHHTA
n comep:xarmeM Mo » Omorute. Tax, B 6moTHTE W3 HeMOJMONEHOHOCHBIX TPAHUTOB
Vpana u Bocrounoro Casna conepskanne Mo MeHbIIe M COCTaBIAET 4,0 m 2,0 2g/m
COOTBETCTBEHHO. B PY0OHOCHOM 3ABI;KYPTHHCKOM TPaEMTEe, B KOTOPOM COJIEPrKaHIe
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Mo & 2 pasza Bsime KaIapka, comep:xanue Mo B 6mornre cocrapiaser 7 2/m (JIaxosmy,
1967,). Ilo ToMy e MacCHUBY MMEIOTCS W IPYIHe NaHHbE: CpelHue conep:xanma Mo
B OHoTHTe paBHH (5 onpefenennii) 1 z/m (Onuranse, 1968) wrn 2,3—5,8 2/m (Cry-
ACHHAKOBA | 1p., 1957).

B rpammrommax Burmmcxoro ILIOCKOTOPbA, HE COMPOBOKAAIOMIMNXCS MOJIHG-
ACHOBEIM OpyJeHeHHeM, GHOTHT COJep:KUT 3HAYHTEILHO Goxpme Mo — 20—24—
28 2/m (3mmos u gmp., 1963). B Gumormre rpammrommosn Hamuparckoro marpysmea,
B CBASH C KOTOPHIM M3BECTHHL pymompossaenus Mo, CpeJiHee cofiep;RaHue mOocJe[-
Hero B GHMOTHTE COCTABIISIET (24 onpemenenusn) 20 2/m (Ipenmmes, eitgapos, 1959).
ITH mpumeps CBHIETEJIBCTBYIOT O TOM, YTO MOBHIIEHHOE cogepanne Mo ormeya-
J0ch B OMOTHTE KAk wu3 Oe3pyRHBIX, Tak W W3 PYMOHOCHBIX I'PaHUTOB.

Buornrer w3 asroxronmmx TpaHuTOB comep:rat Mo B 2 pasa membme (2,9 2/m),
UeM H3 MHTDY3HBHHX T'DaHHTOS.

Buornt n3 menounnx Hopox ApMeHnH, cofepskamux Mo 5 Koamgecrse B 1,5 pasa
MPEBBIIAIINEM KJaPK 9TOIO AIEMEHTA B KUCIEIX IOpOfiaX, TAKKE COMEPKUT OOJIbINe
Mo — 30—300 o/m (Memnxceram, 1969) mo cpasmenmo ¢ BEIYHCICHHEIM CpeJIHIM.

Py6ugni. Cpenmee copepsanme 1054,2 2/m, roaddunment KOHIIEHTpa-
num 5,3.

Rpucrannoxmmmaecras 6amzoctn PYOUIUA W Kaums, 00yCIOBIEHHAS WX OJTH-
HAKOBOII BaJeHTHOCTHIO, OIMZKEMN HOHHBIMI pajmycaMu W HOHHBIM XapakTepoMm
CBASH C RHCIOPO/IOM, 00y CIOBIMBACT HAKOILIOHHE ATOTO HIEMEHTA B OoraThix Kagmem
nopofoodpasyomux Marepagax. OMHAKO B cury Goabmoro pasmepa mona pyommms,
HOCTeHHI MpPelloYTHTeNIbHee HAaKATLIIBACTCS B OHOTHTE, TNe Kawmil wMeer KOO PIH-
HalnonHoe uucao 12. [MosToMy B MemaHOKpPaToBHX PasHOCTAX TPaHUTA OCHOBHAN
Macea pybmams npuypouena i bmormry, a B IeiikOKpaTOBHIX TPAaHUTAX — K Kajme-
BBIM TIOJI@BBIM MIIIATAM.

B rpanurongax Cesepo-Bocroka s 3aBHCHMOCTH OT HX COCTAaBa HA OO OHO-
ruta npuxopmres or 14,5 mo 93,6% (Hexpacos, 1966), » GmormrosRIX rpammrax
Tanp-Mlana — oxomo 15% (Taycom, 1961), a B rpammrax Kasaxcrama — 45%
ofmero cogep:xanns Rb B nopozie (Craspos, 3HaMeHckwmii, 1961). Beramcaenmoe
cpeanee comep:xanme Rb s 6mormre — 1054 2/m (cm. Taba. 10) cymecTenro oTam-
UaercA OT WPUBOIAMOro paHee 1o rpaEmTouiaM CoBeTCKOro Comwsa 870 z/m (3amam--
wosa, Cmrama, 1967). Ilo CPABHEHMIO C MOJYYCHHBIMH JaHHBIMH, CpelHMme cofep-
wanusa Rb B 6uornrax Bamammoi Ppysam — 450 2/m (Opuranze, 1967,), Ka6apauno-
Bankapun — 720 2/m (Onmramse, 1968,), Apmenmm — 150 e/m (IllaGosm, 1969),
Ypaxa — 985 o/m (Bymuasakos, 1969,), Kaszaxcrama — 700 2/m (Craspos, 3namen-
cras, 1961), Cymer — 1025 e/fm (llomanckmit, 1965) — CBUIETEIBCTBYIOT O HE3HA-
IUTeIBHON KoHNeHTpanmun Rb B Gmormre YRA3aHHBIX TPaHUTONZOB. B 10 ke Bpems
corep:xanume Rb mosenmeno B Gmormrax w3 rpaanTos Bocrounoro 3aGalikamps
1250 2/m (Kyapmun, Arrummn, 1965), Banagmerx Rapmar — 1249,7 (Durkovi-
cova, 1966), 3amammoro VYaGexmerama — 1700 2/m (Msxamaaeraumos, 1967).

HanGonee srncorme coepsranna Rb yeranopmennt B 6mornrax ms TPaAaHUTOUIOB
lFoproro Axras u Razaxcrana, namGonee nmsxme — Tyssr m Cereproro Kankaza
(em. rada. 11).

Conepsanme Rb B rpammrommax PasIHIHOrO COCTABA HEONUHAKOBO. (aMue
HU3KHe comepxaumsa Rb — 467,8 ¢/m — xaparrepusr mus Gmornton ms MeJIaHOK pa-
TOBBIX pasrocTeil rpanurompos. Haubomee prcoxme cpefame comep;rannsa Rb yera-
HaBIABAIOTCA B OMOTHTE JIeHKOKDATOBEIX TPAaHHTOMIOB, 4TO OTPA/KAET TeHCHIIHIO
ITOTO HJIEMeHTa HAKAITMBATLCS B MOBHHEX muddepennmarax (cm. tad. 10). Hesna-
IUTeIpHO cofepsxanme Rb B 6mormre ms tomammron Benegurepckoro wkpucramnn-
fdeécroro maccusa — 490 2/m (Miiller m mp., 1966), us rpanogmopuTOn llearpaabmoro
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Hasaxcrana (20 onpepenenmit) — 870 2/m, B To BpeMs Kak B OHOTHTAX M3 JEHKO-
KpaToBhIX TPAaHUTOB TOTO jKe pailoHa OHO BHAYMTENBHO BHINEe (8 ompereTeHmii)
1960 2/m (CoGomer m mp., 1968).

Ilo cpapHeEWI0 ¢ NPHUBEIEHHEIME JAHHBIMU BECOKWE cofepskanmsa Rb —
1120 2/m (8 oupepiesenuii) xapakTepHE AxA OmoTHTOR M3 rpaHopmopmror IO:kHO-
Haamdoprmiickoro Garonmra (Sen u ap., 1959). B 6umorurax pasmmumsix guddepen-
nmaros comepskanme Rb memaMenmo yBeinmumBaercs: B OHOTHTE H3 TPAHHTOB IO3MI-
anx fas BHeAPEeHNA B 3—4 pasa, ma HerMaTHTOBHX mmi — B 1,2 pasa (cm. Tabm. 12).
3HaunTeNpHO NOBHINeHHEE Koxmuecrsa Rb — 2584—3568 e¢/m — ormeuenn u
B OMOTHTE W3 KBAPU-MUKPOKIMHOBEIX W KBAPH-OHOTHTOBHX HPORMIKOB J[ywmanu-
ckoro pyaHoro moss (Omrtoes ® Ap., 1968). Bomee BEHCOKWe cpefnme comep;RaHUA
Rb — 1217 e/m — ycranapmrmBaTcs B OWOTHTE H3MEHEHHEIX TPAHUTOB (CM.
taba. 12). B memenennnx rpaanrax Hamernaeix Morun (IIpmazorne) cogepsranme Rb
B Omotmre mocruraer eme Gompmeil sesmauHE — 3300 ¢/m (Hym, Mumenko, 1963).

Becbma peicokme copmepskamus Rb (4 ompememenms) — 6480 e/m — ycramos-
JneHsl B OHOTHTE W3 MeP;KAHCKUX IPAHATOB Y KPAUHHE M 0COOEHHO BEICOKTE (D ompe-
memenmit) — 7260 2/m — B mosgHEmX OWOTHTAX W3 METACOMATHIECKH WN3MEHEHHEIX
pasHocTeil Tex jke rpaHuToB (3maueHko, 1967). IlosToMmMy cualofsHBIe KOHIEHTPATE
mO00HEIX FPAHATOB MOKHO PACCMATPHBATL KAK PEANBHBI MOTEHI[UATBHEIT HCTOU-
HEK pyomnms.

O1ueHNBaA BO3MOKHYI0 PYAOHOCHOCTH TPAHMTOMNOB I0 coflepskammio Rb B Gmo-
THATE, cCaegyer OTMETHTh, YTO 6HOTHTH H3 TI'PAHHTOHUA0B PYHOHOCHBIX MAacCCHEOB.
KaK TPaBWIO, B TOI WIN WHOH CTENEHN MeTACOMATHYECKMX W3MEHEHHEIX, TAKIKE
XapaKTepHUsyIoTCs MOBHINEHHEM cofepskanmeM pyOunmsa. Hampmmep, OmotnTe 13
rpanunrougos Hasaxcrama, compososimaemex pepromeranbusiMm (W, Mo, Be) opy-
geHenumeM, comeps;xar Rb spaunrensno Goxawme, gem Oezpynaaee (tada. 17). Beicornm
comep;kaameM Rb — cpemmee 1960 2/m — wHensAoTCs Tarske GHOTUTH 13 TAHTAIO-
HOCHEIX rpammToe Boerounoro 3ataiirames (3amamxopa, Curmmn, 1967).

Tadauma 17

Cpegune cogep:ranms Rb B Onorure rpannrtos Kasaxcrana, 2/m
(Ceprix, 1966)

Maccun Rb Maccns Rb
) Haphone (2} o & & s we o W5 o 02200
P aREme g Cpemmee(32) .........|l 20757
Arcmaray. (1) o v b 5w v o e e 28530 . ;
Boerounstit Hoynpag (9) . . . . . . 804,0 DiugyaEne
TREReT (1) .70 i s e s e w| 24385 | ameaaikapabae (B) - < v o6 oL L s 637,0
Honrenxoas (5) % « v o v o o v ow [ -A96,0 FIammae(6) - « . o L = 4 o 34 .| 18546
IR ) o g iy @ v e e aedn| 92080 B Dieem e 0 D) womiie b B p ey 16610
Yy

Ocobenrocru B cofmepsranun Rb B 6moTHTe MOTYT GHITH MCIONB30BAHB IIPH BRIAC-
HOHHOW TeHeamca IpaHmToB. Tar, M0 MONYYeHHHM NAHHEIM, OMOTHTH H3 T0KeMOpmHii-
CREX TpPAaHUTOR XapakTepU3ylTCs B CcpejHeM OO0JbIIHM comep:xanmem Rb —
1480,7 e/m, uem OWOTHTH W3 NOCIEKeMOPHWIACKNX WHTPY3UBHBIX TIPAHUTOR —
1054 2/m, yrasmBasa HA 3HAYHTENLHYI0 POIb METACOMATHYECKHX Tpoueccoe B dop-
MHPOBAHHN OKOHYATENHHOIO OGJIHKA JOKeMOPHUCKHX TI'PaHHTOB.

ITo cpapuenmio ¢ GHOTHTOM WHTPYBWBHHIX TPAHUTOHIOB MOHMEEHB M OIH3RH
Me;RAy coboii comepskanmsa Rb B Omormre meramopdmueckux mopox. Taw, muskme
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cpefiwe cofepikanusas Rb xapakrepurt mis Gmoruros m3 caammes (cM. Tadi. 13).
Huxe cpennero smaueHums, MONYYEHHOTO [UIA HETPYSHBHBIX IDaHUTOM[IOB, cofep-
manme Rb uw p Omormre w3 0uKOBHIX W (uazepHEIX rpaHmTO-rHEicOB — 770 efm
(Miiller, Lenz. 1966), cnannes m rmeiicos (4 ompemesnenmii) — 750 e/m (Mararomn,
IMmaxun, 1964).

Buorute w3 menounsx nopox Byparuu comepsrar Rb, mo cpasmenmio ¢ Bri-
THCTCHHBIM CpefHUM, 3HAYUTeNbHO MeHblle (7 ompemexenuil) — 508 2/m (Tuxo-
HEHKOBa 1 Ap., 1971).

Bawmapguii. Cpenmee comep:anme 198 2/m, xosdpdunment KOHIEHTpPALHH 3.

leoxummgeckas OamsocTs BaHAMUA ¢ THTAHOM W JKEIe30M o0ycioBamBaeT
KOHILEHTPALNIO 3TOTO dJleMeHTa B OMOTHTE, KOTODPHIL ABJIAETCA CPSH MOPOZ0ODpa-
3YIOIUX MUHEDATOB I'PAHATOMOB INIABHEIM HOCHTEJIEM H KOHNEHTPATOPOM RAHAIHA.
B rpanurommax Kasaxcrama Gumorur cocpemoroumsaer B cede 60—70% o0Imero ero
COlep/RaHMsA B MOpPOJe, B TO BPeMA KaK Ha 00 poroeoil odManku mpuxonures 30—
37% aroro anmementa (Ocraduitayk, 1964,).

Cornacmo amreparypHEIM JAHHBIM CpefHHE COlepskaHus V B Omormrax u3 rpa-
HuTOMA0B ¥ pana (3 ompemerenus) — 220 z/m (Bymasaxos, 1969,), Kaxupopmmm
(8 ompemenennii) — 251 2/m (Sen m np.. 1959), Bamagumx Kapmar (25 ompememne-
uuit) — 409 2/m (Durcovicova, 1966).

B aurepatype (Haack, 1969) umeiorcs cmefenuss m o Goiee BEICOKOM cpe-
Hem comep:ramun V B Ouornre rpammromgos — 410 o/m (53 onpesleTIeHAs).

broruter  spopumnrnx rpasnromgon (Cyaers) comep:kar V  3HAYHTENBHO
MeHbIle — 72 2/m. Croapko e cogepyRaT W OHOTHTH W3 BMENIAKINX WX CJAAHIEB
(Homamcrmit, 1965). B 6motmrax m3 mopoj paHHEX cTajmil dbopmuposanua cogep-
anme V Ooabme, veM B OHOTHTAX H3 (0Jee MOBMHEX TOPOL (Ocraduitayr, 1964).
Bricokme comepskanus V ycraHOBIeHH B OuOTHTE W3 rabopo — 400 z/m (Sen m mp.,
1959) n u3 rueitcos — 529 2/m (cm. TaGa. 13). B 6morurax ua raeiicon cofiep:kanme V
B cpejHeM (35 ompesenennii) cocrasaser 885 2/m, 1. €. B 4,5 pasa Goabie, ueMm Omo-
THTEl AHTPY3HBHBIX TIPAHUTOB, 4TO MOKeT OHITh HMCHOAB30BAHO TPH BHACHEHHH
OPHU3HAKOB aBTOXTOHHBIX MEeTACOMATHYECKUX TI'PaHUTOB.

Boawdpawm Cpegmee comepmanme 7,2 2/m, KO2PPUIMEHT KOHIEHTpa-
unn 4,8,

CpaBHUTEIBHO BHICOKHI KodpPHIIERT KoHnenrpanuu W B OmoTuTe CBUmETEN -
CIByeT O BepoATHOIl reoxmvmieckoil cesasm W m Ti. Ha gomo Gmorura B rpammrax
Cesepuoro Haprasa mpuxommres 3—8% obmero comepanns W s nopopae (Cry-
meHHHKOBa M 1p., 1960).

Ceegerus o coepskanun W B OHOTHTe H3 PasIMYHBIX IPAHHTOUAOB J0CTATOUHO
orpeiBouHEL. B rpammrax Yarkamo-KypaMmackux rop, xapakTepusyiomuxcs moBsi-
IIEHHBIM 1O CPABHEHWIO ¢ KJIApPKOM cofep:KaHmeM W, KOJNYECTBO MOCIETHEro
B Omotdre Hmie cpefuero u cocrasaser 2,2—2,4 2/m (YpymGaes, 1965).

[oprimennEe coffep/kanusa BOIbPpaMa YCTAHOBIEHH B OHOTHTE W3 IPAHUTOB
Ceseproro HKasrasa — 7,8 2/m, Hasaxcrama — 8,3 2/m, a mnOHmKeHHBE —
B OmoTutre u3 rpaHATOB Ypana — 4,8 e/m w Yabexmcrama — 2,8 efm (cMm.
Taba. 11).

Boasfpam B coorsercTBUE ¢ IHTOPHILHBIME CBONCTBAME WMMEeT TEH/IEHIIHIO
oboramarh mo3THUe rupdepeHIEATE — JI€IIKOKPATOBEE ¥ AMACKHTOBEIE T'DAHMTHL.
CooTBeTcTBeHHO M GHOTHTH TOCHEJHNX WHOTJA CONEPKAT HECKONBKO MOBHIIIEHHBIE
ero KOJIMYecTBa.

IIpusenennrie fammste (cm. rabm. 10) csmgereabCTBYOT, wTO O CPABHEHHIO
¢ OMOTHTOM rPaHOAHOPHUTOR cofiepxanme W B GmormTe TefTKOKPATOBHEIX IPAHATOUIOB
yBeanauaercsa B 4,5 pasa u cocrasuser 13,7 2/m. Heckoabro Gonpme Boabppama
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cofepsxar omorutsl u3 anackuros 3anannoro Taup-llans — 3,4 2/m, mo cpasnenmo
¢ OmOTHTOM OHOTHTOBHIX rpaHuToR — 2,2—2.4 2/m (¥Ypyubaes, 1965).

B MmmorodasHHX IpPAaHUTHHX MaccHBax Iloro-zamaguoil wacrm Ilpmbaiikames
cofepanme W B Omormre ypeamamsaetca ¢ 1 go 7 w 10 2/m mpm mepexopme ot rpa-
guroe | ® rpammram I m III ¢as smenpenus (Hocaxc, Masypos, 1970).

B rpamnrax OIbRYypPTHHCKOTO MACCHBA, ¢ KOTODPHIM IIPOCTPAHCTBEHHO CBA-
3aHO BOJBPpPaM-MOJHOTEHOBO® MECTOPOKIeHHEe, COfep/KaHHe BOJbHpaMa IpPeBH-
maer xaapkosoe. [oamdgecTBo BoIbpama B GHOTHTe HTHX T'PAHATOB 3HAYUTENHHO
moBmmeno u cocrasiager 18 e/m, a B HeBoxbppamMoHocHEX rpammrax Camoma —
1,0 z/m (CrymemmmxoBa m ap., 1960). B 1o :xe Bpemsa comepmanme W (B Kammom
cIyuae cpefHee H3 [BYX AHAJIN30B) H3 HEDPYAOHOCHHX M pyAoHocHHX (W, Sn)
rpaauTos Bocrogsoro 3abaiikanba ofHHAKOBO W cocrasiser O 2/m (Msanosa, By-
Tyzosa, 1968), T. e. HECKOIbKO HU/KE CPeHEro.

Comepsxagme W B Omorure aBTOXTOHHBIX I'DAHUTOB HHUMAe TAKOBOTO B OHOTHTE
IHTpY3HBHEIX TPAHHTOUOB ¥ COCTABJIAET B cpefneM 5,6 2/m. B Gumornre m3 memoq-
HEIX TopoJ ApmeHud cofep:kanme W 3HAYHTEJIbHO BEIIE CpPeIHETO M COCTABJIAET
30 2/m (Meanuxcerss, 1969).

Tamnrtaa Cpenuee cofepiranue 15,3 2/m, rosdunuenr woHueHTpanun 4,4,

Buornr, B KpucTamamieckoil pemerke roroporo Ta wmosmer samemars Ti,
ABIAETCA TLIABHBIM MOPOT000pa3yiOIuIM MHHEPAIOM-HOCUTEIEM DTOIO 3IEMEHTA.
Msyuenme pacupepenenus Ta mo MumHEepagaM TPAHHTOHIOB PAa3IHIHOIO COCTABA
HOKA3aJI0, YTO B MOHANHMTOHOCHHIX TpaHurongax (3mamenckuii m gp., 1957) ¢ Gmo-
tarom cssasaro ot 50 mo 72% Ta, a B chercomep:xamux rpasurounax — 38% Ta
(3uamencrmit m xp., 1962). Bomee moagame mcciaenoBaHMA IOATBEPIHIM 5TO IOJIO-
JReHIe, IMOKasas, 4T0 FeoXmMuYeckoe mosefeHue Ta B rpaHHTaX 3aBUCHUT B 3HAYH-
TeJqBHOIl Mepe OT IlapareHes3imca THTAHOBEIX MHEHepaIoB. B MoHamurcosep:xammx
rpaHuTax ¢ WIBMEHHTOM U pPyTHiIoM Ooxbias 4yacth Ta KOHUeHTpHpyerca B OMO-
THTE, B OPTUTCONEP;KAIMUX IPAHUTAX O CHEHOM W MarHeTHTOM 0GOJbLIIAS 4acTh Ta
rouueaTpupyerca B cdeme, meupmass — B Ouormre (Parker, Fleischer, 1968).

Moayaennsie cpenane (e, tada. 10) sHAIATEABHO OTIHYAIOTCH OT MPUBOTUMEIX
B aureparype. Hambonee pamuue namaee (Rankama, 1948) asasiorca cunbHO 3a-
BRIMICHHBIMIE, 00Jee MO3HHE, BRMHCIABIINECS KAK M0 pPerHOHAM, TAK H HO THIAM
rPAaHATOMIOB, KAK IPaBWIO, HIKe IOJYYeHHBIX HAMm sHadeHmil (cMm. rtabm. 14).

[Tpu cpaBHeHRHH OHOTHTA M3 I'PAHUTOMAOB paszanmgHoro cocrasa (cMm. tabm. 10),
KaK I CIEI0BAL0 OKUATh, OOHAPYRUBAETCH, YT0 MIHIMAIBHBIME cofiepsranuamMu Ta
(9,8 2/m) xapakrtepusyiores OHOTHTEL U3 MeJTAHOKPATOBHIX PA3HOCTEH I'PaHUTOMIOB:
KBAPLEBHIX IHOPHUTOB, TPAHOAMOPHUTOB B KOTOPHIX, MOMHMO OHOTHTA, CONEPIKHATCH
MHOTO [Apyrux Mumaepaxos Fe u Ti, Morymumx 3axBaTeBAThL B CBOH KpPHCTAJIHIE-
crie pemretru Ta.

Panee rarae ymommuaiock (bBeye, Caraua, 1968), uro copepsxanune Ta B Gmo-
THTE HpH Hepexojie ot rpaHofmopuros (17 ompemenenmil) K OHOTHTOBHIM TpaHHTAM
(38 ompeneneHnit) u JefiKOKPATOBRIM rpaHuraM (27 oupefeseHnil) yBeIWIHBAETCH,
cocraBiasas coorsercteeHHo 4,0; 5,0 m 18,0 2/m.

Huskue comepsxamma Ta — 7,6 2/m — ycramosiaeHsl B OMOTHTe W3 I'PaHOLHO-
puroe Haabmeckoro maccmea, B TO BpeMsA Kak B OMOTHTe U3 OHMOTHTOBLIX 'DaHATOR
OHHM 3HAYUTEAbHO Bhme (3 ompedenenus) — 18 z/m (3mamenckmit u np., 1957).

BHoTHTH 13 IefKOKPATOBHX W ATACKHTOBEIX T'DAHUTOB cofep:kar Ta B cpegHeMm
HeCcKOIbKO MeHbme (14,2 2/m), uem OmotmTe w3 GmoTHTOBHIX rpammEToB (16,8 2/m).
Orgacrr 310 MOjKeT OHITH CIE/ICTBUEM KOHIEHTPAIMH 3HATHTENBHOI YaCTH JTOrO
9JIeMEHTAa B CBOUX COOCTBEHHHIX MuHepasnax. [[as gedAKOKpATOBHX CYyOMEI0IHEX
rpaauros llenrpansuoro Hasaxcrama, Hampmmep, orMedanoch, 910 OHOTHT B HAX
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He ABISETCA OCHOBHEIM MHHEDAJIOM-HOCHTEIEM TAHTAJd, TAK KaKk KOJIUYeCTRO
HOCJIe/[Hero, OPUXOfsMieecs Ha OHOTHT, CHEMaeTca B HEX 10 7% (Ilogoabexmit
u ap., 1965). Bunorutsr s atux rpammToB comepar B cpepaeM (12 ompepmenenmit)
6.5 2/m Ta, npmuem manGonee BHcokme comepsanms — 14 2/m — XapakTepHH s
ouornrop Temmpmmmckoro macemsa (ITomonbermit n op., 1965).

B ornenpnmix caygasx Goapmme xonmuectsa Ta (3 ompepenenns) — 33 2/m —
yerauapnmpaiores B Omornre ms amsckmros TopGararas (Hapcees u np., 1966).

Bumornrsr us rpamnromngos Comercroro Coiosa BechMa HEPaBHOLEHHKI WO COJIEp-
xanmo Ta. HanGonee oboramess Ta Gmorutsr 3 rpaEmromios Bocrogroro 3adaii-
Kanbs (26,7 2/m) m YaGexncrana (31,5 2/m). Comepsxanme Ta B 6GmoTHTAX M3 rpa-
HuToB Bocrounoro Casma, Tysm m Kasaxcrama cocrapisier B cpenaeM 8 2/m (cwm.
raba. 11). 9Tu TaHHBE HECKONBKO OTAMIANTCS OT Golee PaHHHUX, COIJIACHO KOTO-
PEM 10 copepskanmio Ta B GmoTnTe MOMKHO BHEANTH 7B TPYIIB TPAHNTOWIOR:
¢ conepsranmeM Ta, B cpepnem 6—7 2/m (rpammrar Kapkasa, Ypaxa, Sabaiikanns)
n ¢ conepxanueM Ta 4—5 ¢/m (rpamnter Yxpawnm, Ilenrpaasroro Kasaxcrana u
Popuoro Anrasn) (Curaum, 1966).

Brornr mocrarcumo monmHo orpaskaer ocoGemHOCTH COTeP;RAHUsA TaHTala
B TpanuTHO#l Marme. Tax, amskmm comepskanmem Ta B rparmrax Bocroumoro Casma
(3mamenckmit, 1964) cooTBercTBYIOT I HE3KWe CONEPIKAHHMA HTHX DIEMEHTOB B OHO-
TUTAX U3 TPAHUTOB 9TOT0 paiiona. llosumennsie coxepsxanns Ta B rparnrax Bocrou-
Horo 3abaiikanes (Beyc, Curanm, 1968) maxomAT oOTpaskeHENe B BHCOKOM COJIe PsRAHUIL
9TOr0 deMeHTa M B OHOTHTAX U3 IPDAHHTOB 5TOr0 paiioma (cM. Tad. 11).

Ppanmmar  Lenrpaneroro Tamukmerana 060rameHs TaHTATIOM — 1,8 2/m
(Moraposermii, Meabuuuenko, 1968). Cpenee copmepskaEHe HTOTO dieMeHTa B OI0-
rare (8 onpenenenmii) — 48 2/m Ta — m ocoGenHo HU3Kas BeamuHA oTHOmMeHs Nb
i Ta, pasmas 5, mOJUePRUBAIOT TEOXHMMUYECKYI0 0COGEHHOCTDH HTHX TPAaHHTON/IOB,
AHajorHYHas KapTuHA HaGa0IaeTcs W B rpaEnTax AKdYaTayccKOro MaccmBa: Tpa-
aurel | dasu copepsnar 0,4 2/m Ta, a 6morur — 14,5 efm; rpamnts 11 dasw comep-
#ar 2 2/m Ta, cOOTBETCTBEHHO N OMOTHT XapaKTepH3YeTcs Goee BHICOKHM comep-
/RaHHeM 3T1oro aixeMenra — 38 e/m (Asmumon, Xampabaes, 1966).

B Ceseprom Tanp-Illane B cooTBeTeTBHN ¢ GONEE BHICORHEM coleps;ranmem Nb
B OmotuToREIX, a Ta — B ANACKUTOBHX PPaHUTAX OMOTHT W3 GHOTHTOBHIX TPAHUTOR
coliepsRUT B 2 pasa Gonbime HEHOOHA, YeM OHMOTHT M3 aJdCKMTOBBIX TPaHHTOB, KOTO-
DEIT B CBOIO oOuepexb comepsknT B 2 pasa Goavme Ta (VpynGaes, 1965).

Buorur w3 rpammros 3anagmoro Yabexmerana HaciaefyeT 0coGeHHOCTI cozmep-
RAHUA B HAX pejrux amementos. Tak, Gomee mricoxme copepsxannsa Ta B rpammrax
YeTYKCKOTO Macempa IO CPaBHEHMI0 ¢ AKYOMCKEM IpeKpacHO OTPaskalTcad W Ha
cocrase Omormra (cM. Tabm. 16).

HanGomee srcokme cpemume copepmanna Ta (33 2/m) ycranosiens B Gmorure
N3MEHEHHHIX (aMb0NTHSHPOBAHEBIX U IPeH3eHN3UPOBAHNKX) IPAHNTOB. EcTh Mannsie,
UTO B JUTHEBHIX CJII0[IAX METACOMATHYECKN W3MEHHHX TI'PaHHTOR cofep:xamme Ta
MozKReT focTurath Goabmeii seamamnn (10 902 2/m), cocraBasa B cpemmem (6 ompe-
nenenmii) 270 z/m (Cmreun, Pasuma, 1963).

Vavenennbie rpanuTH OIHOBPEMEHHO XAPAKTEPH3YIOTCA U BHICOKHMI cofep-
/RAHIAMHE  AKIECCOPHBIX TAHTAN0-HMOOATOR I IOCKOJIBKY B MAHHOM cjydae He
nabmonaercs o0paTHOI 3aBHCHMOCTH MeRIy cofepsrammeMm Ta B 6moTure W Koam-
YeCTBOM COGCTBEHHBIX MUHEPANOB DTOTO HIEMeHTA B TPAHMTE, CJELVeT IPeJIoso-
ARUTH, 9TO 3HAYNTENbHAs 9acTh Ta OHTa IpUBHECeHA B MPOMEcce MeTacoMaTHIeCKOTO
U3MEeHeHUs IpaHnTa.

B 10 e Bpems ecrb gaHHEIE, CBHIETENBCTBYIONEE O TOM, UTO B Tpolecce MaMe-
HEHWA IPAaHATOR 9ACTh TAHTANA DKCTPATHPYETCA W3 OMOTHTA, TaBag HAYAT0 COOCTREH-
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HBIM MIHEpA/JIaM 3TOT0 3JIeMEeHTa, BCTPeYanIIMCcs 00KTHO B MOT00HBX IPAHKTOATAX
B HOBRMEHHOM Koaudecrse. Tak, B rpamurax [lpuaszoBbs OHOTHTH U3 H3MEHEHHEIX
rPAHUTOB COJleP:KAT HEeCKOJbKO MeHbme Ta — 75 2/m — ueM OHOTUTH U3 HemaMme-
HeHHBIX rpaHntoB — 77 2/m (IIarenro m ap., 1966). MyckoBur H3 IpadHTOHIOB
Cesepuoro Tanp-Illaus, o6pasyiomuiics npu saMelleEn OMOTHTA, TAK:Ke COMEPHRIT
ME@HBIe TAHTAIA, UYTO OOBACHsAET OTYACTH IOJABJIEHHE B Tpeil3eHM3HpOBAHHBIX
rpagnTax TaHTano-gumodaros (¥ pymbaes, 1965). 3maunrensHsrit seaoc Ta durcn-
pvercs B Ipomecce XJopurmsamun Omormra. HoamdecTBo 8TOTO djIeMEHTA B XJIOPH-
Tax, IO CPaBHEHHIO ¢ TAKOBBIM B Omorurax, yMmenpuaerca B 1,5—5 pas (Beye m ap..
1968). IIpu BeigerpuBanuu Guorura coffep:xranue Ta B aTOM MUHepalle yMeHbIIAETCH,
1 9TH HJIEeMEHTH HOJIYJanT BO3MOKHOCTH MUI'PHPOBATH B BOIBL B30HLI BEIB@TPUBAHMUSA
(IMonmopuna, 1968).

[IpuBeaeHHERIT MaTepual DO3BOJIAET FOBOPHUTH O TOM, 4TO coflep:kanme Ta B Gmo-
THTE BO MHOTOM OIpejedseTcA COfiepyKaHHeM DTOr0 HJIEMEHTA B HCXOTHONH Marme
I 9TO OHO He OJMHAKOBO HE TOJNBLKO B OMOTMTAX M3 PABHEIX IOPOJ, HO M B GHOTHTAX
U3 IPAHNTOR PA3HOTO COCTABA H PASHEIX PETHOHOR.

Comepswanme Ta B Gmotwmre, HapAXy ¢ OOIMEre0I0rMUECKEMHA TAHHBIME, MOKET
oTpaskarh cBoeoOpasme reHe3mca rpaHuTOMAa. IIpm cpaBHeHHH cocraBa OmoTHTa
73 TPAHUTOUIOB WHTPY3MBHHEIX HAJIWHTEHHHX (IOCIEKeMOPHHCKHUX) M aBTOXTOHHBIX
MeTacoOMaTHIeCKUX (MOoKeMOPRIICKIX) OKABKIBALTCSH, UTO B MOCHAeHAX cojep:ranme Ta
HECKOJIBKO BHINe. B T0 sKe BpeMs GMOTHTH M3 KPHCTANIMIECKUX CAAHIEB COMePIKaT
reckoapKo MeHbme Ta (cm. radm. 13).

[lo cpaBHeHWI0O ¢ TOAYYeHHRIMEH JAHHEIME OMOTHTHL W3 IpaRUTOMI0B Bepx-
Ncercroro maccusa (¥ pax), ¢opMEpOBaHEe KOTOPLIX CBASHIBAIOT ¢ IPAHUNTH3AI[HEIT
ocagoano-Meramoppuaeckux toam (CraBpor m mgp., 1969), xaparrtepmsyiores
TOROIBHO BEIACP/KAHHEIM, HO HUBKUM CPelHEM ( D OIpefeienuil) cogeprannem Ta —
2,4 2/m (Bymnsaxos, 1969,).

[To mapmeim . JI. Opguragze (1967,), OHOTHTE U3 TPAHATOHIOB Y PYIITEHCKOTO
roMmiiekca (bBoapmoit IHapkas), KOTOpEe [0 CYMECTBYIOMIEM HpeICTaBIEHIAM
ABIAIOTCSA TIPOIYKTOM QpakmMumoHHO Auddepennuanun 6a3aIbTOBOH MArMel, Xapak-
Tepusyorcsa Hamboxee HH3KEMH cofep:RammaMmu  Ta (13 ompepemenmit) —
6 2/m. Mamo rtamTtanza cofep;kaT ® OMOTHTEL m3 Trabdbdpo (2 ompenmenenus) —
10,2 e/m.

YV pamun. Cpenmee comep:xamme 11.2 e2/m, xoaddumment KommenTpammm 3,2.

Onerter o Benmenadnsaanio (Taycon, 1961) morasanm, 4To OCHOBHAA Macca
ypana B OHOTHTe HAXOMHUTCA B maoMopdHOIl dopme 1 cBA3AHA [OCTATOYHO IIPOTHO;
MEeHBIIAS — HAXORHTCHA B cOpOHpPOBAHHOIM (ophe.

Ha momio GumoTmTa NPUXOMUTES paszamguoe KoamuecTBo U B 3aBHCHMOCTH
07 ocoDeHHOCTell MEHEpPAILBHOT0 cocTaBa rpanuta. B cpegmem npusogumbie mupLI
MOCTATOYHO OJN3KE: HampuMmep, oworut u3 rpamnTongoB [Osxmoro Hasaxcrama
roumentpupyer 20,6% U mopomst (Jleonosa, Peune, 1964), B rpannrax [{earpain-
woro Tamp-llama — 10—21% (JleomoBa, Taycom, 1958). B Gorarsix mMummepamamu
Ca, Ti u Fe ajaMeninTax u TOHAJIHTAX HTOTO PAOHA KOJIMYECTBO YPAHA, HPUXO/A-
merocs Ha jgoxto Omormra, MeEbime (12—139%), weM B GHOTHTOBHIX Wi JeHKOKpa-
tropux rpammrax (16,7—18%).

[lo cpaBHEHMIO ¢ BHIYHMCJICHHBIM CPeHHM, CHJLHO IOBBIMIEHO cofepmanne U
B Onotute ua rpagnToB l'opmoro Anras, rje omo gocruraer 100 e/m (Taycom, 1956),
a B Omormre m3 rpamnToB Ceeeproit Huprusum cpenmee comepswamme U (13 2/m)
omusko cpenmemy (Jleomosa, llormbGropa, 1961).

bBuornter usz rpammrommor [O0:xmo-Kamudopruiickoro Garommura Oeamsl ypa-
mom — 0,8—5.2 2/m (Jlapcerm m mp., 1956).




Cpenu rpaHHETOMIOB PA3IMYHOrO cOCTaBa cofepskanue U MakcnMaibHO B OHO-
THTe TeHKOKpaToBHX rpamnToB (cM. Tabua. 10). Bmotutel m3 mefikoKpaToBHX TIpa-
anToB Cesepuoro Tsamp-llams comepssar 25 e¢/m ypama, T. e. Goibme, 9eM GHOTHTEH
m3 roHamuroB — 5 2/m ypama (Taycom, 1961). Bumornr us GmormToBoro rpammra
maccusa Homseii (CIIIA, mrar Helo-I'emnmup) cogepsxur U 38 2/m, a us porosoo6-
MaHKOBOTO IpamuTa Toro ke MaccmBa — 19,7 2/m (Jlapcen, Deiip, 1956).

Obunme B Golee OCHOBHLIX DPABHOBHIHOCTAX TpPAHATOHAOB MuHepamos (a,
Fe m Ti, B KpucramimuecKuX permeTKax KOTOPEIX MOT PAacCemBATLCA YDPaH, ABIACTCSH
OIHOH W3 TPWYINH, O0OYCIOBIMBAIOMIAX YKA3AHHEIE OCOOEHHOCTH €TO COJepIKaHIid
B Omormre.

HaGnmogaerca Gimskas ¥ IpAMOIl 3aBUCHMOCTH MeKAY comepsranueM U B Gmo-
ture u obmuM cofepskanmem U B rpamnnTomie. [losToMy mpomece HaRONIEHHA BTOTO
aJeMeHTa B Xofe AudepeHnmamuy 9eTKO OTpazkaeTcd M Ha cocrape OmornTa.Tak,
rkoimgecTBo U B OmoTnTe sHAYHTeNBHO yBejmumpaeTca (¢ 28 mo 145 2/m) mpu mepe-
xome or rpammroB | dassr k rpammram I ¢assr (Bapamos, [y Jle-Tams, 1961).

| SumaunTennEEE paszbpoc copepskapumit U, KoIHYECTBO KOTOPOTO B OmoTmTe
roaebmeres or 0,8 mo 100 ¢/m, B waBecTHOIl Mepe CBA3AH ¢ pasJMIHOI THCTOTOH aHa-
JM3HPOBAHHOTO MaTepuaja, TaK Kak B OWOTHTe OOBIYHE MUKDOBKIIOUEHHS BEICOKO-
pajimoaKTHBHKIX MuHepasoB. C Jpyroid CTOPOHHE, 9TO MO;KeT OHTH pe3YIBTATOM
H3MEHEeHHOCTH OMOTHTA, TAK KaK B NpOIECcce MYCKOBHTHBAIUII IIOCJIEIHETO OTMe-
qancs 3HAUMTENbHH BEHOC ypara (Hammmmm u mp., 1969).

Xascu (Hayase, 1955), mayuas pajmoaktnBHOCTH OGmorurtor fmommm, ycera-
HOBWJI, 9TO B HeH3MeHeHHHIX OMOTHTAX VpaH pacupocrpaseH paBHoMmeprno. Ilo mepe
n3MeHeHHA OMOTHTA B HEM IOABJAKTCA TeMHEIC NATHA, O0YCIOBIEHHBIE KYUHBIM
pPacmoNozeHneM PaSHoaKTHBHEIX BJIEMEHTOB, KOTOPHE B [JalbHEIINeM MOI'YT H3BIIe-
KaThCA ¥ OTJHATATHCH BJOAb TPENIHH.

Ilo cpaBrenuo ¢ 6HOTUTOM HETPYSUBHEIX TPAHHTOMOB B OHOTHTE aBTOXTOHHEIX
TpaHUTOB Y Kpamusl comepskamna U 3HAUYNTENHHO IOHWKEHE M COCTABIAIOT B Cpejl-
nem (7 onpepenennii) 3,7 e/m ypama (Bapremnkuwit m np., 1969). Copmepskanme U
B OMOTHTE IMEIOUYHHX IOPOJ sHaunTensHo Husxe — 0,2—5,5 2/m, Omaromaps demy
OH He HI'paeT CYIECTBEHHOH poam B pacupefenenunm sToro aiaemenrta (Ocumos,
Mypasaes, 1970). B Gumornre m3 [0JEPHT-MOHI[OHATA IO CPABHEHWIO ¢ OMOTHTOM
TPAHUTOB COfeP/KAHNE YpaHa 3HAYMTEIBLHO MEHBIIe M cocTaBager 3.4 2/m (Ocumos,
Hypasnes, 1965), aro MokeT OHTH HCIOTH20BAH0 KaK OJMH U3 IPH3HAKOB IPH BHIje-
IeHnu TpaHEToOMAOBR rab0poBoil dopmanun.

X powm. Cpennee comepsramme 91,6 2/m, Koapdumument KonmeHTpamum 3.7.

XpoM — pJeMeHT paEHNX crajuil Kpmeranumsamud. Ero reoxmmmdeckas
CBA3L ¢ MarHueM I ;kelIe3oM o0yCIOBIWBAET ero Hambolee BEICOKIIE COJEDPKAHIIA
B OMOTHTe MEJaHOKPATOBHX pasHocTell TPaHUTONIOB — JIMOPUTAX II TPAaHONHOPUTAX
(cM. Taba. 10).

ITo gannsm (Haack, 1969), cpeamee conepsranue XpoMa B GHOTHTe TPAHUTOHIOB
(53 ompemenenmsa) — 129 e/m, 1. e. BHme BHUMcIeHHOTO (cM. Taba. 10).

ITo cpaBHeHHI0O ¢ BEUNCIEHHEIM cpegHmM cofep;kamme Cr B OmOTHTe rpaHo-
nuopurop Kamudoprmu (8 ompemenennit) — 57 2/m — mommsxkeHo (Sen a. oth.,
1959), a ms rpammroB Ypana (3 onpeperenus) — 143 2/m (Bymaaxos, 1969,),
3anagaeix Hapmar (25 ompepmenenmit) — 124,4 2/m (Durcovicova, 1966) n asop-
punknx rpamutos  (Cypmersl) — 118 2/m (Hlonamckmii, 1965) — mossmesno.

B orawume or Ouotmra w®3 rTpaHnToB, Hambosee oforamensr Cr — 10
300 2/m — 6morutet m3 aamnpodupos (Cxypuaum, Hururmaa, 1966).

Brotuth ms rmeiicoB cojiep:kar B cpemmeM (35 ompepmemenmin) 210 2/m xpoma
(Haack, 1969); mo mamum garasmM (em. Taba. 13) — 210 2/m — B rreiicax u 243 2/m—
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B CJAaHDAX, T. €. BO BCeX CJydasX 3HAYATENBHO BHIIe, 4eM B OUOTHTe I'DaHHUTOB
(Bunorpamos, 1962).

T axxumit. Cpegmee comepsxanme 5,1 2/m, KoauuuenT KOHIEHTpaIHK 3.4.

Tagnmii — 92JeMeHT, OMH3KHII 10 TEeOXHMHYECKHM M KpHCTALIOXAMAYE-
CKUM cBOiicTBaM Kaumio. ETro riaBHHM MHHEDAJIOM-KOHICHTPATOPOM B IpaHHTax
fB16TCH GUOTHT, TAK KAaK 3aMel(eHIe Kajius 0ojee KpymrsM momoM Tammus (1,33—
1,49 A) NPOHCXOAUT B pelIeTke Omorura Jerde, B CHIY ero 0oJiee BHICOKOr0O KOOp-
HHAIMOHHOTO YHCJIA, 9YeM B pelleTKe KalmeBOro IIOJEBOTO INIara.

B rpamurax Tansp-lllana na gomwo GmorHTa IPUXOTUTCH 20—40% obmero co-
aepsapma T1B rpammronpe (Taycom, 1961), B rpammrax CesepHoro KaBkaza —
7—11% (Memms, Xmrapos, 1953), B TpamEATaX CeBepO-3aNmaj(HOM HaCTH 3adaii-
kanpl — 0—0% (Ilepemer, 1970,).

B mociemeM caydae JIeflKOKpaTOBBLI XapaKTep TPAHHTOB OOYCJIOBHMI IpPeod-
najaomee (90—95%) paccesmme Tl B moxeBHX mmarax.

ITo cpaBHEHUIO CO CpefHUM Hanbojee BEI- Tagauma 18
cokme copepmanns Tl — mo 10 2/m — orme-  Cpegmme copepaannn Tl » Guornte
qeHsl B OMOTATAX U3 NOPPUPOBHIHEIX OHOTHTO- PasHOBO3PACTHBIX IPAHUTONIOE

Banagmoii I'pysun, 2/m

grix rpauaToB Opekoro 3aypanes, a Haumbomee
(Onmnxapze, 19672)

HH3KHEe — o 2/m — dame BCero BCTPevaroTcs
cpeau Gmorntos ms rpamuto Cesepuoro [Ipm-
OajxXalrbA. Iopoxa Tl

Banskne cpepmemy copepskanua Tl ycra-
HoBJeHEL B OmotuTe m3 rpamuTor CeBepHOTO ” o i | 33(
Tanp-Ilans — 5,2—6,0 2/m (Taycom, 1961), ?gg’;ﬁﬁgﬁﬁ:rwﬂmf_ G
Ceseporo Hasrasa — 4,8—7,2 2/m ([{emun, Mesosoitckme  Tpanurl 34 (
Xurapos, 1958), us rpammromgos Cynzer — 3—

5 e/m (IloxsHckuii, 1965). B pasHoBo3pacTHEX
rpanurougax Cesepmoro HaBrasza cofep:ramme T1 muske IpHBEJEHHOTO CPEJIHEro,
npugeM HECKOAbKO o0fOramieHsl MM TepPIIHCKHE I'DAaHHTEHL (tabm. 18).

B Guorute 13 rpamEToB pasHoro cocrasa copep:anne T1 me ommmaxoso. Jleiiko-
KpPAaTOBEle TPAHUTHL COJepsKAT GHOTHT B MHHHMAJIBHOM KOIHYECTBEe, HO C Hauboiee
BHICOKIME cofepsranusvn B Hem T1 — 5,8—8,0 2/m (Taycon, 1961; Hemun, Xura-
pos, 1958).

Boasmoii pasmep mona Tl jomken cmocoGeTBoBaThH €ro HAKOINIEHHIO B MO3/-
pnx mpoaykrax anddepennumanuu. OQHAKO CpaBHEHUE COJl@P/KAHHSA Tl B OGumoTHTe
3 TPAHETOB U 113 CBABAHHBIX ¢ HUM IIeTMaTHTOB IIOKA3BIBAET, UTO BO BCEX Ciydasax
GuormT ma mersaruToB obexmen Tl mpmmepmo B 2 pasa (cM. TaGm. 12).

B npomecce maMeHeHMA (MOTHTA MMeeT MeCTO 3HATHTENBHAA TMOTEPA MM Tai-
aun. Jlas Gmornros us rpammto Cesepmoro Hasrasa, mampuMep, yRashBaJoCk,
q10, eciH B HemaMexeHHoOM OmormTe cofepsxanme Tl cocrasusier 6 2/m, To B Xjopu-
tusupoBagnoM 0,6 2/m (Bockpecenckas, 1959).

B Gmorure ma joxkeMOpumiicKHX rpaHHTOB YKpamHckoro u Pycckoro kpuerai-
amueckux uwmTos copepmanme Tl (9 ompegeremmit) — 5,6 2/m — CymecTBeHHO
He OTJMYAeTcA OT TAKOBOTO B OMOTHTe H3 IIOCIEKeMOpPHICKHX I'DaHHTOB.

N uaunit. Cpexmee comep:xanme 0,8 2/m, kospduunent KoHIEHTpaTHH 3,1

CpaBHHTEIbHO BHCOKHI Koa@@uUueHT KOHIEHTPAIMHI MO3BOJSET paccMarpi-
BaTh OMOTHT, KAK MUHepAJI-KOHIEHTPATOp TAKOLO DPEJKOr0 DIEMeHTa, KaK HHIHI.
Ero ocmosmaa macca ~60—80% (Msanos, 1963) sawmouena B Guorure.

B rpamnronzax Hapamasapa Guormt comepmut or 0,3 xo 0,9 2/m unp@a, Opu
3TOM €r0 CoJep/KaHme B OMOTHTE YMEHBIIAETCA OT MOPOR APeBHHX (as K MOIOJBIM
(Bamamos, Patunosuu, 1966). B Bocrounom 3abaiikanbe cofepyranue In B 6uotnTe
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u3 rpannta cocrapiuser 0,49 e/m, a B Guorure us rpamogmoputa — 1.8 2/m. B no-
CJe[HeM cJayvae OHO IIOYTH B 3 pasa (OJbIIe CpeHero.

o pammwv JI. X. Apenc n Y. P. JluGenGepr (1952), cpejHee cojlepsxanue In
B Omormrax (4 ompemememus) cocrasaser 0,22 2/m. Ilpu sTom ycramoBmemo, wTo
ofpasnel ¢ BEIcoknM cofepskarmem In (0,42 2/m) CollepsKaT TaK:Ke 3HAYATEILHLIe
KoImvecTBa Sn.

OcobGenno BEICOKHE cofep:xanua In — 21 2/m — oTMeuens! mis GHOTHTOB 13
nermaruros (Msauos, 1966).

Il'epmanmit. Cpegmee comepskamme 4,3 e/m, KodYUINEHT KOHIEHTpa-
mum 3,1.

Bricoxnii xoatdumuent konnenrpamun Ge B 3e1e3HCTO-MATHE3HAIBHHX MUIHe-
pajax, B UacTHOCTH B OHMOTHTE, CBHJIETEILCTBYeT HE TOIHKO O JHTOPUIBHBIX, HO
u 0 cuepo@uILHEX ero cBoiicTBax.

IIpuBeiennoe cpejHee oTimuaercs OT Godee panHEX JaHEEX (Burton m ap.,
1959), cormacno roTopeM cofepsxanne Ge B cmogax xomebaercst or 1.6 mo 3,4 2/m
H COCTABJAET B cpefHeM 2,4 2/m.

W3 16 mpoamanmsmpoBaHHNX HAMH GHOTHTOB TIepMAHWii OB VCTAHOBICH
TOABKO B IATH 00pasmax IpH TyBCTBHTETLHOCTH onpejerxernus 3 2/m. Iloxygennsre
Pe3yIbTaTLl BMeCTe ¢ JIMTepaTypHBIMI IAHHBEIMH I03BOJISIOT YCTAHOBUTL HECKOJ KO
domee BEHICOKOe cpepnee cofep:kanme Ge B OHOTHTAX W3 rpaEnTor Hazaxcrana
(6 ompemenenmii) — 5,2 2/m — mo cpaBHEHNIO ¢ GHOTHTOM U3 TPaHHATOB ¥ 30eKUCTana
(4 onpenenenns) — 3,0 2/m. Haubomee BECcOKme cogepsramma Ge — 7,7 efm —
ObllM _ompefiesieHHl B GmOTHTe W3 Tpeii3eHN3NPOBAHHBIX TPAHHTOB Hasaxcrama
(lep6a, m np., 1966), uro IO/TBePK/aeT BHIBOJ O TOM, 4YTO BEICOKHe COJIep-
sannsn (e XapakTepHBI JIsi Tpeii3eHOBHX 00pasoBamHmii (UBanos, 1966).

I'amawnii. Cpegmee copepswamme 61,0 2/m, xosdduiment KOHIIEHTpanum J.

o xummuecknmm u Kpmeraamoxmmuueckmm ocoGemmocTsM Ga TecHO CBf3am
¢ Al, xors BHICOKMIT TOTeHIMA nonmsanuu (Ga pPOTHHUT ero ¢ XaJIbKOQHIBHBIMIL
anementamu. Ma wmcna mopogooGpasyomux mumepamor Ga KOHIEHTPHAPYeTCs
NPEeHMYIIECTBEHHO TaM, rje Al HaXOJUTCA B IIECTEPHON KOOPAMHAINE (pOrOBHE
obmankn, 6uorut). Ilosromy B Gmornte, rxe Al maxomuTes We TOABKO B JeTBEPHOII,
HO M B IIECTePHOH KOODAMHAIHMM, KOHIEHTpamusa (Ga BEIIE, 9eM B HOJEBLIX
ImaTax.

ITo namnemm JI. B. Taycoma (1961), na gomio 6mormra mpuxopures 21% obmero
copepmanns Ga B rpannre. B rpammrax IIpmasoBps ma om0 GmoTuTa OPUXOAUTCA
30—36% obmero conepsxarma Ga B mopoge (Mapuenko, IllepGaxos, 1966), a B rpeii-
BEHU3UDOBAHHEIX M aJb0NTHBNPOBAHHEIX TpaHmTax Toapko 7—10% (Mumenko
n np., 1966).

Hoxyuennoe mamm cpemmee comepmanme Ga B Gmoture — 61,0 e/m — aHauu-
TeJIBHO BEIIE CPeJHAX, BHYHCIEHHHX II0 MEHBIUIEMY KOMHYECTBY AHAIHBZ0B —
37 2/m (Taycom, 1961) u 19 2/m (Bell, 1955).

ITo cpasmenmio ¢ monyuennsM cpegmnmM Membure Ga cojepskaT GHOTHTH 13
rpaunToB Raamgoprnn — 25 2/m (Sen m ap., 1959) n Mlornammun — 45 2/m (Hox-
Koabjic, Muruesn, 1952). Tlociennee maxomur oTpaskenme m B Gosee HHZKOM K09(-
dumenTe KOHIEHTPAUMA B HUX HTOTO HIEMEHTA.

AHAII3 UMEIONIXCS TAHHBIX MOKABEBACT, UTO GHOTHTH M3 TPAHNTOB PABIITYHELX
DETHOHOB HECOMHEHHO OTIHYAIOTCA 10 cofepxannio Ga. OcoGeHHO BHCOKHE coep-
mannsa Ga — 101 ¢/m ycraHoBiens: B GmoTHTe M3 TOPHEIX nopox Amommn (Hucn-
kaBa, 1958). B Gmornre ms rpammros 3amammrx Kapmar cpemmee cofepkanne Ga
(26 ompenenenmit) — 44,9 2/m (Durcovicova, 1966) — mourn B 2 pasa HEKe Cpej-
HETO.
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B rpamurax Hasaxcrama cpefHee CoOJep:RaHIe (Ga B Omormrax (27 ompepeie-
uuit) — 54 2/m (Cepmix, 1966), B rpanuTOmIaX [0sxu0it KanundopHnl 3HATHTENHHO
venpme (9 ompegenenuit) — 22—25 2/m (Sen u n1p., 1959). Bechma mamo Ga ompe-
lesemo B GwoThTe W3 rpaHMTOB YsbekucraHa (4 ompejeleHms) — 2,2 2/m (¥Ypys-
Gaes, 1965); oueBHAHO, BTO AHAIUTHISCKAA omudKa.

HauGonee Gorarst (B cpeamem) Ga OmotmThl m3 OHOTHTOBEIX T'DaHHTOB (cM.
rada. 10). o mamme B. V. Ceprix (1966), GmoTursl u3 JeHKOKPaTOBELX H AJIACKI-
TOBHIX TPAHNTOB comepskar Goubme Ga (60—66 2/m), wem ToT ke MHHEpPAT 3 JHO-
puToB u GHOTHTOBHX rpamuToB (40—53 2/m).

B cepnnuTH3HpOBAHHAIX GHOTHTAX YCTAHOBJICHbI fojee BHICOKHE 110 CPABHEHUIO
co cpenanm comepxanust Ga — 120 u 160 2/m (Mapuenxo, Mepoaror, 1966), uro
MOJKET OBITH CJeCTBHEM BBICOKOTO COfleP:KaHHfA dTOr0 dJIeMeHTa B MYCKOBHTE.

Tannmit, obajarommil 0OJBIIHM MOHHEIM pajguycoM, 4YeM ANIOMHUHNI, TPOAB-
56T TeHJEHINI0 K HAKOIIEHHI) B IPOAYKTaX OCTATOYHOH KPHCTATIM3AIMM. Jeii-
CTBUTEIBHO, 10 CPABHEHHIO ¢ OIOTHTAMH HHIPY3UBHEIX TPAHUTOB CpeJHEe COLep-
scanme (ra B OHOTHTE HMETMATHTOB YBEIHUHBAETCs B 2 pasa I COCTaBIsieT 156 2/m
(cm. Tabn. 12).

AHaxormIHble AaHHHE OpEBOfATCs u 1o rpamuram Hasaxcrama, B KOTOpBIX
conepsxanme (Ga B GmoTHTE M3 HEIrMaTHTOB — 140 2/m — B 2 pasa Beme, 9eM B 0110~
TuTe us rpaEmTa, Te ono pasHO 64 2/m (I'ameeB m 7p., 1961). Iro crugeTEIBCTBYET
o makomieHmi Ga B GHOTATAX OCTATOYHHX IPOAYKTOB KpucTammsanmu. B 1o e
BpeMs B GHOTHTAX H3 TPAHATOB IIOB[(HUX HHTPY3UBHEIX daz mo cpaBHeHno ¢ Goxee
pamEnMu cojiepskanne Ga yMEHbBIIARTCHA B 1,5 pasa (Ocradumitayk, 1964,). 910, Bos-
MOJKHO, CBHJETEJILCTBYeT O TNpeol/IaJaHun XalbKOPHILHEIX CBOHCTB Y TauuImi
B BHCOKOTEMIEDATYPHYI, COOCTBEHHO MAarMaTHiecKylw, CTaJHio.

Cpemu JOKeMOPHIACKHX IPAHHTOUOB OMOTHTEL M3 IDaHHTOB miargopMeHHOro
tuna coxep:xar B cpenueM Ga Gombme — 60 2/m, dem OHOTHTHl W3 TPAHHTOB Teo-
cymKamEaIbHOr0 THma — 30 2/m (Mapuenkro, IlepGakos, 1966).

Cpenmee cojepskanme Ga B Omorure 13 CTaHIEB (em. Tabm. 15) MeHbume, 9eMm
B GHOTHTe M3 WHTPYSMBHHIX IpamurToB. Hme omo m B Gmotmte m3 KpHCTaJlte-
CKUX CJOaHmeB u MurMaTmToB Angama — 51 e/m (Mapaxymes, Tlomum, 1961).
BroTuT u3 GHOTUTHAHPOBAHHKIX THeiicoB IIpmazoBbsA comepuT Ga (5 ompenede-
nuii) 29 2/m (Mapuenko u xp., 1966). HanGoxee mmskume copeprranus Ga (15 2/m)
XapaKTepHs! 1A OmormToB m3 radbpo (Sen i zp., 1959).

B niexounbIX mOpoAax MUHHMAIbHOE COAeprRaHe Ga (30 e/m) xapakTepHO [
GHOTUTOB W3 MEA0YHO3eMeJbHEX CHeHNTOB, a MaKCHMAalbHOe (65—T71 e/m) — mun
GuornToB 13 HeeIMHOBHX H IIEIOYHHIX cheHuToB (Bopmcenox, Junobun, 1959).
HesmaunrensHoe cofepxanne Ga B OmoTHTe U3 CHEHHTOB, OYeBHAHO, HABIACTCH
¢TeICTBHeM ODIIINA B DTHX MOPOJaX KaTmeBOrO II0JEBOTO INIaTa, B KOTOPOM MOTJIA
paccemBaThCH 3HAYMTENHHASA Macca dTOTO DIEMEHTa.

Penkune 3ewmuan Cpegnee cofepsRaHNe 1006,2 2/m, woopPUOHEHT KOH-
neaTpanuu 2,9,

CBejieHus 0 cocTaBe W COJEPIRAHNN DIEMEHTOB PeIKUX 3eMeb B fumoTnTe BechbMa
OTpaHIIEHEL.

Ha mnpuvepe KHPOBOIPAJCKHX TPaHUTOB Y KpPamHbL OBLIO YCTAHOBJIEHO, 9TO
¢ GmormroM cBsazamo ~10% obmero copepsanms TR B mopoge (l'aBpmiosa,
Typanckas, 1958). laa rpammrompos Maragauckoro Maccumpa yRAsLIBALOCE, qaTo
ocHOBHEIM KommenTpatopom TR B HuX aBmsercs OHOTHT (IOmumn, Jleitbosa, 1966).

Cyjifi 0 MMeonpuMes JAHHBIM (cM. Tadir. 10), cpegHume COJAEPKAHHA TR0,
B GUOTHTe TPAHATOWIOB PASIHTHOTO COCTABA CYUECTBEHHO HE OTIMIAIOTCH, OJHAKO
B GMOTHTE OHOTHTOBHIX TPAHHTOB OHH HECKOJTBKO HIKE — 963,6 2/m.
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ITo cpaBmenmio ¢ momywemmsim cpeaum — 1006,2 2/m — comepsxamme TR
TOHU;KeHO B GHOTHTEe U3 T'PAHHTOR Bepx-Hecerckoro maccusa (Ypan). rae omo co-
crasuser 330—230 2/m (Bymuasxos, 1969,), n B 6Guorure M3 rparutop Cesepo-Boc-

(4 ompenenenns) 117 e/m (Hexpacos, 1966). 3mnaunrensuyio OefHOCTE TpaHETHOI
MArMbl STHMH 3JIeMeHTaMH OTPAaKaloT GHOTHTL 113 rparnToB Boarapum, conepskanme
139 2/m TR (Amercnes, 1965).

Boaee Bricokne conepsxanusa TR, nocrurawomue 2000 2fm, a B cpenuem (13 ompe-
Aenenmii) — 1241 2/m — XapakTepusyor OHOTHTH M3 TPAHHTOB Y 30eKmeTama
(Asumos, XawmpaGaes, 1965; Babaes ap., 1969). Buorur us TEerMaTUTOB, JIHIICH-
HBIX peiKko3eMeIbHOI MAOHepadnsanun, cogep:xutr TR mennme — 61 2/m. ueM 6mo-
THTEL W3 BMemAOIMX TPaHuTOB Buromckoro mnyrona — 139 2/m (Anexcuesn.
1965). 910 — cayugair OTPHIATENLHOT0 BAMAHUA KDPHCTAILIOXUMITIECKOT0 pacces-
Hus. Vmewores, ogmaxo, IIPHMEPEH, Korjia mpomeccs guddepermmamnin CONPOB 0K~
AawTcs maxomiaermem TR B mosmmmx TpOTyKTax u, CJIeNoBATeIBLHO, B OWOTHTAX.
Tax, Guwormtrt ma rpammros | (assr mosEEMe0BEX Tpauntos Cepepo-Bocrora
CCCP comepsrar 200—500 e¢/m (TR 4 Y)
cydbassr — 10 1000 2/m (Pyé, 1967).

Brotntir ocmoBmEIX TOpON coiep:kaT B CpeIHEM 3HAYHTCIBLHO Menpme TR
(6 ompenenenmii) — 96,3 2/m (Bazamop u Ap-, 1970) mo cpamenmio ¢ BEUmCTEHEL
CpeaHnM,

Me s Cpennee cofepmanme 45,0 2/m, wospdumment ROHUeHTpamun 2, 2.

@®opma maxommenua Cu g I0PO/1006pas3yOIMUX MHHEepasaX, B TOM wHCe I
B Omorure, sBmsercs MICKYyCccnonnoii. OmEm mceaemoBaTexn (Cangean, Tommiu,
1952) npexmomaraior npucyrersue Cu B Bujie cyandhumos, apyrue (Cepnix, 1964) —
Ha OCHOBAHMM TOTO, UTO CpejHee conep;xanne Fe®* u Cu B rpammrommax Xapakre-
PH3YeTCH BaBUCHMOCTEIO, GIHAKOI K IPAMOIL, He OTPHIAIOT BOBMOKHOCTI uzoMopdh-
HOTO ee paccesiunsi. B rpamnronmax Kapamasapa, Hanpumep, HaGII0/1aeTCsA mpsvas
3aBHCHMOCTH coftep:kamna Cu B GmOTHTAX oT IX meaesucroctn (PaGumosuy, Bana-
708, 1971). B rpamnromnax Merpunckoro mryrona bmorut, HapARy ¢ porosoii 06-
MaHKOH 1 MAIHETUTOM, SBISETCH OCHOBHBIM KOHIeHTpaTropoM Cu ([lemmn u ap., 1968).
B rpammrax Vas6exucrama oxoxro 80% memm Taxsme npuypodeno k Guornry (Kym-
Mypagor, 1967).

Hoxyaennoe cpexnee cogepskanme Cu B GHOTHTe TpaHHTOMTOB — 45,0 e¢/m —
SHAYUTEILHO BHIIE CPeIIHETo CofepsRaHms (93 ompenenenus), mpUBOIIMOTO B smTe-
patype u pasroro 15 2/m (Haack, 1969).

Byranciennsre cpegmme comepskamna Cu B GuoTHTE TPAHHTONIOB pPasIugHOr O
COCTaBa CBHETENBCTBYIOT O TOM, 4TO HamuGojee 00OTameHsl €10 GHOTHTH U3 Ouo-
THTOBLIX TDAHHTOB, & W3 JEHKOKPATOBEIX — obeqHensr B 2 pasa (cM. TaGu. 10).
B xommuectse 100—300 2/m, T. e. Gomee wem B 4 pasa IpeBHINAIOIMEM cpelHee,
MeJ[b YCTaHOBIeHA B OGHOTHTE 13 TPAHOMOPATOB I IIATHOT PAHATOB 3MenHoropcKoro
komuuerca I'opuoro Aaras (KyseGrrii u ap., 1967).

[Ipenmymectennoe paccesnue Cu B mambomee pamEmX OPOAYKTAX KpHCTail-
ATH3AIHN HAXO/T OTPasKeHHE M B DPe3KOM YMeHbIIeHNHn copeps;kanna Cu B MHOro-
(asupIx uATpy3mBax: or 230 2/m B Gmorure ma rpammTos I dasrr 10 14 2/m B 6Guo-
TaTe M3 MeHKOKPATOBHX Trpamutop I1] taser (Measmmaenko, Moraposcxmit, 1969).

Wwmesores nannse, CBHIIeTeTheTBYIOMMe 0 npuBHOce Cu B 6mOTHT B npomnecce
THIPOTePMAIBHOTO0 U3MEHOHTST nopomet. Tak, comepsxanme Cu B Gmotnte W3 mema-
MEHHOTO CHeHMTa cocTaBiuser 71 z/m, a B Guorure W3 YPAIUTHBHPOBAHHOIO CHEHNTA
Aocturaer 1200 2/m (Upaunmkumii w ap., 1966). Hapany ¢ arum VCTaHOBJIEHO, YTO
€CIIH  HEeU3MEHEHHEIC OHOTHTE XapaKTepua3yoTcA MalBIMH, TO WN3MeHeHHhe —
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BEICOKMMI CTaHJapPTHEME orTkIoHemmAME cogepmanmii Cu (Parry, Nackowski.
1963).

OTMeueHa M3BECTHAS KOPPEJAMHA Mey BHCOKHM cofep:xannem Cu B GmoTnTe
I HAJWYMeM MeJHBIX MecTOpO/eHHUIl B pailoHe, Ha OCHOBAHMH Yero CUMTaeTcs, UTO
GHOTAT MOKeT PAccMaTPHUBATHCS KaK WHIMKATOD MEJHOI0 ODYJCHEHHS OT/eJbhHBIX
IpoBMHEIEIT. JTO 3aKI0YEHHE OCHOBHBAGTCS HA TOM, YTO B OHOTHTAX M3 KBapLeBLIX
[HOPUTOB T MOHILOHNUTOB, HE CONPOBOKAeMEIX MEIHEIM OPY/IeHEHIEM, CO/eP/KaHNIe Cu
He3HAYMTETHHO M CcOCTaBiseT B cpexHeM (8 ompefenenmit) 28,5 2/m. bmorursr us
AHANOTHYHHIX IOPOJ, ¢ MACCHBAME KOTOPHIX ACCOMUMPYIOT MeJIHEIe MECTOPOMK/ACHMA,
cogepmar Cu 320 z/m. B caydae 3HAUNTeNLHBIX MECTOPOJIEHHIl {HOPUTHL M MOH-
HOEUTH OOGLYHO HM3MeHeHHl M OMOTHTH W3 HUX B HTOM CJIydYae XapaKTepusyloTcHd
0COBEHEO BLICOKHM cpeHuM cofepsanneMm Cu — o 3050 2/m (Parry, Nackowsky,
1963). Onmako Bricokme cojlep:kanus Cu B OmoTHTE U3 THAPOTEepPMAIbHO H3MEeHEeHHBIX
HOpPON, BEPOATHO, CBABAHEL C €ro HMIpPerHANUeil XaTbKONHMPHTOM.

Omnpepenenst (Putman, Barnham, 1963) Beicokme comepsxanus Cu B Gmotute
13 TPAHATOB, 110 COCEICTBY ¢ KOTOPHIME H3BECTHEL MeJIHBIE PY/I0IPOSABICHI. B o e
ppemsi GuoruT u3 rpanuToB Merpm-Opxybajckoro miyrona, ¢ KOTOPBIMIL CBABAHO
MeTHO-MoTHOAeHOBOe opynenenue, coxepsxnt Cu B cpemmem (11 ompemememmii) —
2.1 2/m (demun m ap., 1968), uTo 3HAYNTENBHO HHMKe IPHBOJMAMOTO CPEIHEro.

Ilo mocmenaum ceefenuaM (Pabmmoswd, Bamamos, 1971) OGmorursr m3 rpaHu-
rompos HKapamazapa, ¢ KOTOPHIME CBA3AHO MeJHO-MOIHOJIEHOBOE OPY/CHEHIE,
copepsrar Cu B cpesmem (5 ompenenenmii) 58 2/m, T. e. Goupme, dem OMOTHTEL 13
IPAHHTOUJIOB 3alajHOT O Vabexucrana, ¢ KOTOPEIMH CBA3aHO HPEHMYIIECTBEHHO
BOABYPAMOBOE U 30II0TOe OpY/EHeHHe i KoTophie cofepsiar Cu B cpeHeMm (5 ompe-
menenmit) 33,2 2/m.

B 6moTHTAX aBTOXTOHHHIX TPaHMTOHA0B coxepskanme Cu mpmmepno B 1,5 pasa,
a B GmoTuTe M3 caaHIeB B 2,5 pasa Huske, YeM B OMOTHTAX HHTPYSWBHBEIX TPAHHTOB.
Huskue cpegume cofepskanna Cu (35 onpenexenuii), pasmwie 7 2/m, MPHBOAATCH
u mas 6mormra us rreiicoB (Haack, 1969).

B rpammrommax AJKapum Coleps;kaHme Memu B OmoTHTaX Kojedrercs oT 71
n0 420 z/m (MBammukmit m ap., 1966), 4ro sHauMTeIBHO TPEBHINIAET CpeJHEE, I
o6BbsCHARTCS, BEPOATHO, TeM, YT0 (OpMHpOBaHHE TPAHUTOMAOB AKAPHH TECHO
CBAZAHO ¢ ACCHUMIJISNHOHHEIM M MeTacOMATHIECKNIM M3MEHEHHEM OCHOBHEIX IIOPOJ.

B apuii. Cpenmee cojepanue 1664,5 e/m, wospOUIEEAT KOHIEHTpA-
muu 2.

Bapuii (1,43 A) samemaer B pemerxe Omornra Kammit (1,33 A) u aror Mumepax
ABJISeTcA TIABHBIM II0CJe KaJHeBOT0 TMOJeBOI0 WINaTa HocuTeleM Oapus B IpaHil-
TOoHAax.

Bamsko K cpefiHeMY COjeps;KaHmio KojmiecrBo Ba B OmoTmTax 13 TpaHHTOB
IlaxTamuuckoro naTpyausa (Bocrounoe 3abaiikanne), rjie oHO J0CTUTaeT 1100 2/m
(ITammypa, 1965). 3maumrenpno Mempme Ba B GmormTax m3 TpaHNTOB Hazax-
crama (2 ompemexernns) — 710 2/m (Ocragmitayx, 1964,), damaxueix HKapnmar
(25 ompenenermii) — 803,9 2/m (Durcovicova, 1966), TpeTHYHEIX T'PAHOIMOPHTOB
Koxopago — 396 2/m (Bpeii, 1952) m ocofenno us rpamnrtos Bemrpuum — 175 2/m
(Nagy, 1969). B 1o ke BpeMs 3HAYHTENBHO HOBBIIEHK COJ(@PIKAHMIA Ba B Ouorurax
u3 maBepsxeHHLX mopoj Hammpopruu, rjge oHH COCTABJIAIOT 2140 2/m B Gmormre U3
rpamopuoputos (8 ompenerennii), 2000 /m B OmoTHTe M3 IpaHATOB I 1600 2/m
B GmotuTe 13 Tad6po (Sen m ap., 1959), uTo, BOZMOKHO, ABIACTCH TEOXUMHICCKIUMI
0c00EHHOCTAMH 3TOr0 pPermoHa.

[oxyuennsie peayabprarsl (cM. Taba. 10) cBujereabCTBYIOT 0 TOM, 4TO OHOTUTHI
TPAHOAMOPUTOR cojeps:kaT Gompme Ba, dem GHOTHTH TpPaHMTOB.
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Cpenu rpamntousos I'mccapexoro xpedra cogepsxanne Ba B Gmormrax YMCHB-
HIAETCsl TMPIL Iepexojie 0T cpe/HeKapOOHOBLIX I'PAHOTHOPUTOB K BePXHEeKapOOoHOBEIM
rpasutam ¢ 294 1o 169 2/m (Baparon, 1966). B cssasu ¢ ornm caemyer ormerutr.
AT0 paHee OTMeuan0Ch yBeludeHHe cofiepxanua Ba B GuoTMTAX MarMaTHUecKmY
IIOPOA TI0 Mepe YBeJIM9eHUsA TeMIepaTyphl X KpHCTaILIN3aIHT (Engelhardt, 1936).

ITo cpaBuermio ¢ Gmormrom HOTPYSUBHBIX I'DAHETOB 3HAYMTETHLHO MeHbIme Ba
cofepikar GHOTHTH w3 caamnen (16 ompefenenuii) — 622 2/m (Ceprees u op.,
1967). B Gmorure ma rmeiicos ero kommiecrno yBeamamBaercs mo 1827 z/m (cm.
Tabm. 13) m Gausko TakoBoMy GmOTHTOB w3 rpasnTos. B Gumornre ma memnoummrx
nopoxr Koaberoro moxyocrposa cojepsamme Ba komeGuaercs or 534 mo 1335 2/m,
cocTaBiAA B cpemnem 934 2/m (Pepacumoscrnii, Beases, 1963), 1. e. meusmre,
9eM B OMOTHTE M3 TpPaHHTOR.

Bepmaauii Cpeguee comepsranne 4,9 e/m, rosdpdmmuent KOHIEHT pa-
wum 0,9,

Huskoe suauenme woosdduumenta KOHUEHTPAUM CBUIETOIBCTBYET O TOM,
UTO GHOTHT IDAHHTOM/IOB HE MOMKET ABIATHCH HOCHTOTEM BHAYHUTEeHHOI MaccH HToro
aneventa. [leiicreutensno, B rpaEmrax HsmnpanacKoro RoMmrexca Ha om0 GroTHTA
npuxogurcs Beero 1—49% o6mero cofepxanus Be B mopoge (Ilerposa, [Terpos,
1965).

Opmako noxa Be HOPOJLL, UpPUXOAAMErocs Ha GHOTUT, OGyjleT HeojHHAKOBA

TPAHNTOHAX DASIMYHOrO cocTaBa. B amopurax ma momo Gmorura OPUXOJATCH
3,0% Be, asB TeiiKOKPaTOBHX rparuTax — 1,7% 00ILEero ComepRAHI €T0 B Iopome
(Terpos, 1969).

o cpaBHenno ¢ BrumcTenmEM Cpe/nnM cojlepskanmeM — 4,9 2/m — Rouu-
uectBo Be, cyasa mo amreparyprv /IAaHHBIM, TIOBBIIICHO B OMOTHTE M3 TPaHHTOUIOB
Rapnaro-bankanckoii o6aacru, rme omo cocranmger (4 onpepemennn) 66 2/m (Arse-
nijevic, 1967); B Guorute W3 PyOHOCHHIX KA OHHECKIX rpanuTongos (23 onpejeme-
1) — 26,6 2/m (JTywun, Mlesnos, 1967). B rpannrougax Cesepo-Bananmoro 3abaii-
RAIbA, XapaKkTepusylomuXcs HOBHITCHHEIM Cofiep/KaHueM Be, KoumdecTso moce/-
HeTO B OHOTHTE TaKiKe WMOBBINEHO M cocTaBuiser 1519 e/m (3mnos m xp., 1963).

SHAUNTEILHO TOHHKeHO cpenaee comepi;kamme Be B Guornre wa rpammnron
Bocrownoit Cubupu, rze omo cocrasiser (107 ompemenernnii) 2,05 2/m (llerpos,
1969:)8 Guormrax wmz rpammros Hansrero Bocroka — 6 2/m (Hegamgkopcrmit,
1969); » Gmorurax us rpanmurommos Ypara (5 onpenenennii) — 2,2 2/m (Bymnsa-
kKos, 1969,).

boabmoe prusame na comepmanne Be B Guornre okazmBaGT KPHCTAJII0XIMII-
AECKOE  PAcCeAHHe, CBABAHHOE ¢ OCOGEHHOCTAMM MEHEPATHHOLO COCTABA Tpanu-
TOHTA. YCTaHABIHBACTCA HOCTEIIEHHOE YBEIMYeHHe coflepikannA Be npu nepexome
0T OHOTHTOR M3 TPAHOIMOPHTOB K OMOTHTY M3 OHOTHTOBLIX W JIeHROKPATOBLIX Tpa-
uuroB (em. tadia. 10). ITocaegnee cBA3aHO He TOABKO Co cmoco0HoCTh0 Be makamim-
BATLCA B MO3/IHIX ITOPIIAX MATMaTHIeCKOr0 PAcIIaBa, HO I ¢ Goee OTDAHIYCHHBIMIT
BOSMOIRHOCTHMIL €ro K M30MOPYHOMY DACCEAHHI0 B JGHKOKDATOBEIX rpaENTax. ITo
HOATBE PAJIAeTCs U Hal N I0/IeHUAIMIL, CBU/IeTEIhCTB YIONIMIL 0 TOM, 4TO ¢ BO3pacTaHIeM
KPEMHEKUCTIOTHOCTH YBeJIMIHBACTCA CHJA KOPPEIAMHOHHON CBS3M MesRIy cojep-
#anneM Be m F B Gmotmrax, a Tamme B nmopogax (Ilerpos, 1969).

Habmonaercs nexoropoe ysenmuenme cofepsanus Be B Gmotute u3 rpammron-
A0B Goiee MOJIOJIOTO BO3PACTA 110 CPABHEHITIO ¢ (ojIee npesEEMU. B SmoTnrax pamme-
Raaelonckux rpammto I'opmoro Auras, manpmmep, cojepikanne Be cocrasaser
3 2/m, a B GuoTHTe M3 Me3030MCKIX TpanuTonRoB mouTu B 6 pas Gouasme ([TerTens-
Koe, 1962). B sxunbmnx AITHTOBUAHEIX I'DAHHTAX JTOTO KOMILIEKCA HMHOIJA yeTa-
HaB/UBACTCH BRKPAIVICHHOCTh aKIeCCOPHOTO Gepmiia.
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Cpennr rpanutoupos Coserckoro Coiosza mamGomee oboramenst Be OuoruTei ms
rpannToB Bocrounoro 3abaiikansa u Iopuoro Axras, manGoxee oGeHEHB OHOTHTHL
na rpamntoB Cesepo-Bocroka CCCP u Bocrounoro Casma (em. Tada. 11).

3HaunTeNbHOe OTIAWINe B coleps/xaHmu Be OTMedYeHO /A OHOTHTOB H3 PYIO0-
socaaix (W, Mo, Sn) m mepymomocEEx rpamutoB (I'oBopos m xp., 1970). llepsrie
copmepixar B cpenmeM (72 ompepexerms) 9,5 2/m; mropwie (80 onpenexenmii) —
2,1 2/m. Ilpum BTOM CHIBHO H3MEHSETCHA U HCIePCHA COJEP/RAHIN, a MMeHHO o
ymenpmaercs ¢ 66,33 mo 3,02.

Ilo cpaBHenmi0 ¢ GHOTHTaMHI WHTPY3HBHBEIX TPAHHTOMOB GHOTHTEL ABTOXTOH-
HEIX TPAHUTOB cofiepsar Be mourm B 3 pasa mempme — 1,8 2/m. Becbma Gamsko
K ar0il mudpe u cperHee cofep:anue Be B crannax, ABIAIMIXCA HCXOIHEM MaTe-
puazoM mpE (GOPMEPOBAHNE TPAHHTOU0B Hojo0HOTO Temesmea (cM. Taba. 13).

B o p. Cpenmee copmepwamme 12,7 2/m, xoapdumment xommentpaumu 0,8.

Huskoe sHadenne KoaddumumenTa KouleHTpanun B B 6moTHTE CBH/ETEIBCTBYET
0 TOM, 9TO m3oMopdHOe BXokIeHHe B B ero KpHCTAIIHYECKYI0 pemerKy KpailHe
3aTPYIHEHO.

B Guornte ms rpamopmopuro Bocroumoro Casma comepssamme B cocrasiser
1 2/m u ma ero gomo mpuxoxutes 1,5% obmero comepskarms B B mopoze (Craspos,
Xurpos, 1960).

Apaius UMEIUXCHA JIaHHHX LOKasHBaer, 4ro cofepsmanusa B B Omorure 1m0/-
BepskeHsl naBecTHHM Koxebamuam. Cpexu rparuronios Coperckoro Coio3a MOBBIIIEHLI
copep:xanusa B B Gmornre rpanntos anprero Bocroka (7 ompemesenmii) — 23 2/m
(Py6 m ap., 1964). B Gumorurax 00BOHOCHHX rpaEmToB UyKorkm cozep:xanue B
eme Bome — 30—90 e/m (CoGomes, 1970), uro oTpaskaer, IMO-BHAMMOMY, H3BeCT-
ay1 GopomocuocTs 5T0il mpoBmEmun. Cpefmee cofiepskanne B sHATHTeTBHO MOHN-
;keno B GmoruTe ma rpamuToB Iopmoro Anras (5 ompemenenmit) — 4,4 2/m (Kocauc,
Cyxopykos, 1965), B 6Guorure u3 sBopHUNKuX rpamuTongos (CymeTs:) oHO cOCTaB-
aset 8 2/m, B TO BpeMsi KaK B OHOTHTe M3 BMEIIAIOIMX CJIaHIeB 0HO Brme — 18 2/m
(ITonamcknii, 1965). llocnmemmee, mO-BHJHMOMY, CBHIETEIHCTBYET O IIOBHIIEHHOM
conepsxannn B B mecuamo-ciannessix mopopax (Bmmorpamos, 1962). Buormrer ms
[PAaHNTOB, B CBAZM ¢ KOTODPHIMH OTCYTCTBYET IOCTMAarMaTmdeckKas GOpOBas MHHEpPa-
ausamus, cofepar Membme B — 3,8 o/m (10 ompememenmii), gem OmOTHTHL 13
TPAHWTOB, CONMpPOBOKJaeMule HOR00HON MuHepanmsammeit — 23 g/m (7 ompene-
JeHmi).

Hab6mogaeTca onpejie/ieHHas TeHGHIUs 00pa KOHIEHTPHPOBATHCA B OHOTHTAX
rpaEATONToB paHEuX Pas Baefpenus. B 'opmom Anrae mpum mepexone oT rpaEuTOB
I ¢assr k rpamuram III ¢asm comep:xamme B ymembmmaercsi m cOCTaBIAgeT COOT-
perersenno 10,7 u 6 2/m (KHocamc u nmp., 1965).

B GumormTe 13 aHIE3WTOBOTO TMopdupa MO CPaBHEHMIO ¢ OMOTHTOM U3 TpAHUTA
conep:kanne B cymecTBemHO He ypenmuupaercs u cocrasiaser 8 z/m (Orpomesko,
1967).

Ilupronuii Cpegmee comepsranme 122,1 2/m, xospuuNMeHT KOHIEH-
rpanun (0,6,

Huskoe smauenue kodd@uIuenTa KOHIEHTPAIUHN CBHIETEILCTBYET O TOM, 4TO
B TpaAHMTOHjIaX OMOTHT He ABJIAETCA MHHEPAJOM-KOHIEHTPATOPOM DTOrO dJIeMeHTa.
Tlocunennee fABIAeTcA CleJCTBUEM TOr0, 4TO BXOKAEHHE TAKOr0 BBICOKO03APANHOTO
KaTHoOHA, KaK IMUPKOHHN, B KPUCTALINYECKYIO pelleTRy OmoTuTa, rje OH, MO-BHJM-
MOMy, Mosker zamemars Fe®* mmm Ti%*, orpammueno. Ilosromy ocmopmas Macca Zr
TpaHUTOB cBsizaHa ¢ nupkomom ([leremxapnr, 1959), a B GuormTax paccemBaeTCH
TonBKO 4—7% Zr or ero obmero comep:kanus B rpanute (Eropos m ap., 1966).
Buicoxme conepskanns Zr, mpupogumsie [leremxaparom (1959) nns Guormros M3
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rpaantoB Hemnrckonga u BypmGepra, — 463 i 900 2/m, O4eBUIHO, CBABAHLI ¢ MITK-
POBKIIOUEHUAME I[HPKOHA.

B momxywenmsix mamm gamEBIX OT/Ie/IbHBIC AaHOMAJILHO BHICOKHE CONEp:RaHHA Zr
B Omorure (420, 1000 2/m) raxske, OYeBHIAHO, CBAZAHEL C MHAKPOBRIIOYCHIAMI IHp-
ROHA, XapaRTePHHIMU JUIA 3TOTr0 MHHepasna. JT0 TeM (olee BEPOATHO, 9TO HHOTNA
HAOIIOIAeTCA TPAMAA 3aBHCHMOCTE MEKILY COflep/RaHmeM NUPKOHA B IOpPOJe W Iup-
Konmsa B Gmornre. Hampumep, B joremGpuiickux rpanurax IlpumazoBwa, ormmaa-
IOIEXCA IIOBELUIEHHBIM COfiep/KaHueM NupKoHa (715 2/m), ycramoBiens um mambomee
sricokne (g0 1000 e/m) comepmanus nupkonus B Guornre.

Ilo cpaBHeHMIO ¢ MOTYIeHHEM CPeJIHNM cofiepranus Zr B GHOTHTe U3 TPaHHTOB
PA3IIMHEIX DETIMOHOB Heo[MHAKOBH. OHM IOHIKeHE B OHOTHTe U3 rpaHuToB Y pajia
(2 ompefenenus) 22 2/m (Bymuakos, 1969,); Opcroro 3aypaiussa (4 onpenenenus) —
30 2/m; rparuronos I0skuoit Kamugopmmn (9 onpemexemmit) — 40 2/m (Sen u np.,
1959). Copepsxanue Zr Takske HEBEIHKO U B GHOTHTE 13 usBep;xeHHLX mopox Mlor-
JaH/UH, TJe OHO COCTAaBIfAeT B cpefgmeM 23 2/m mpu KoxeGaHmax COflepRaHmil oT
15 mo 100 2/m (Hoxkoanac, Murges, 1952). IloBrimeno comepsxanme Zr B GmornTe
n3 rpaEuToB Jamagumx Hapmar (25 ompegenenmit) — 212,5 e/m (Durcovicova,
1966) u Cesepo-Bocroka CCCP — 285 2/m.

Buorntsr u3 rparurongos pasmmumoro cocrasa COeP/KAT HEONNHAKOBOe KOJH-
gecTBo Zr. HamGonee smaunTenpHo 0HO B GmoTHTE W3 TpaHOgHOPUTOB (cM. Tadi. 10).
XapakTepHO, 4TO TaK:Ke H3MEHSETCH It COJep;KaHHE NMPKOHA B pPa3iUIHBIX 0O
COCTaBY IPAHUTOMJAX, YTO MOKeT CJIAYKHTH ONHHM H3 BO3MOKHEIX 00BACHOHHI
Ha0JI10{aeMOr0 H3MEHeHHS COfep;KaHus ZI B OMOTHTAX W3 IPAHATOB PasIMIHOTO
cocrasa.

B Guorure ns rmeiicos cpepmee cogepmanume Zr 61msKo CpelHeMY COJep KaHHI0
9TOro dJIeMeHTa B OmoTHTe TpaHuTOB (cM. Taba. 13). Cxommoe cpefHee coJepiKaHHe
Zr (140 2/m), BramcnenHoe Ha OCHOBAHWN 45 AHAIH30B GHOTHTOB m3 MeTaMopu-
decknx mopox, npusogur [le Bop (De Vore, 1955). B 1o :xe Bpems comep;xaEme Zr
CHIBHO IOHNKeHO B (uoTHTe M3 ciramnes (cM. Tabi. 15). Amamormumse cOoJlepIKa-
HIA ZT YCTAHOBJICHSL M B BEICOKOTTHHO3EMICTEIX CIAHIAX Ceseproro [Tpmramgomps
(160 ompemenenmit) — 59 2/m (Ceprees u xp., 1967).

SHAYUTENbHO IMOHUKEHO cOfepsKaHue Zr B OHOTHTE I3 rabopo — 35 2/m (Sen
m ap., 1959), aro Mosker GbITh HCIOIB3OBAHO 1Ipu 00BACHEHAN oco0eHHOCTElT cozep-
AaHusA 2T B OHOTHTE IPAHHTOHAOB TablpoBoil dopmamun.

Cemuen Cpernee comepmanne 13,0, woaddumument KounenTpaguu 0,6,

Wsomopdroe samemenme kaima CBUAIIOM B GHOTHTAX OTPaHHYICHO M3-3a pas-
JUTHBIX BEJIITITH HX 3JIeKTPOOTPUIATENBHOCTel U IIOTCHIMANOE HOHH3AINN, B CHIY
HEro CBA3L CBUHIA ¢ KHCIOPOIOM [(OJMHA HOCUTH B OCHOBHOM KOBaJIGHTHHI, a ¥ Ka-
AHA — HOHHBEIL XapaKTep.

B 6moruroBsix rpammTax ma xomo GmoTmTa mpuxogureda 2—3Y% cBuHIA OT ero
o0mero cojep;RammAs B LOPOJe, XOTA B AHOPHTAX, XapaKkTepH3YIOMHUXCA HUBKHM
COLEPIRAHMEM KaIUeBOro IOJeBOro muara, GHOTHT KOHOEHTpHpYeT 1o 34% obmero
conepsanmsa cBuHna B mopore (Taycom, 1961).

Burmicaennoe cpepmee (13,0 e/m) HuzKe, 9eM cpegmHee cofgep:kammne Pb B Guorute
(29 ¢/m) mo mammeim Bepenoas (Wedepohl, 1961).

o cpasnenuio co cpepunm mossumeno cogep:xanne Pb B Gmorure 13 TPAHATOB
Benrpuu — 160 2/m (Nagy, 1969); Banagasx Kapmnar, rie ono cocrasaser (25 ompe-
perennii) 30,8 2/m (Durcovicova, 1966), m smaunTesbHO HEIKe B GHOTHTE M3 ME30-
solicknx rpamutos Ceseproro HKaskasa (14 ompenenennii) — 12 e/m (Omurapge,
1968) m Y pana (5 onpenenenmit) — 9,4 2/m (bymasxros, 1969,). B 6uornrax marpy-
BMBHBIX I'DAHATOM](0B Hamboiee BHCOKue coiepsranna Pb xapakrepnsr jus Gmorara
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13 JeffKOKPATOBLIX T'PAHUTOR, a HamboJdee HU3KMe — JIA OMOTHTA TPAHOJMODPHTOB
U [PAHATOB, B KOTOPHIX COJIEpsKaHie HTOr0 MUHEPAJIA 3HATHTENLHO BEIIIE (CM.
taba. 10).

[lpm waMeHeHHN TPAHUTOHMIOB OMOTHTHL TePHAKT YacTh B3aKJIIOUEHHOI0 B HUX
CBUHIIA, XO0THA MHTeHCUBHOCTDL 3TOTO IIpoleccda BO MHOI'OM ompeaedaercsa XaparTepoM
NOCTMArMATHYeCKUX TpomeccoB. Tak, IpH NpONIIHTUSAINE W SOHOTH3AIHM I'pa-
nuronjos  Taue-lllags, composommawmuxes Xmopurusaiueii OGHOTHTA, BEHOC
CBUHIA T3 IOCJAeJHEr0, Kak TpaBuino, He upoucxogur (3aobun u 1p.,
1969).

BllOTHTH U3 IPOJIYKTOB aBTOMEeTracoMaTHYeCROI0 M3MeHeHUA [JHOPUTOB IX,D,H-\'BPHH
{CHeHNT-IMOPUTEL, IPAaHOAUOPHTH) cofep:xar Pb B cpenpmem mennnie (7 ompenene-
nuii) — 3,8 2/m, dem GuoruTH MeXoxHBIX mopox (2 ompemenenmsi) — 12 2/m (MBa-
HUIKRiL i ap., 1966). Buornrs n3 nensMenenasx MorornToB miratoB [0ra n Hesaga
Tawske copepswatr Pb Goaxpme — 40 2/m, wem u3 WX W3MEHEHHEIX pasHocTeil —
9 e/m (Parry, Nackowski, 1963).

Jlamasie, OCHOBBIBASICH HA KOTODPBIX MO;KHO Obwio OBl MCIONb30OBATL OHOTHT
KQK WH(IKATOP CBHHIOBOTO OpY/@HEHUH, HECKOILKO MPOTHBOPEUHBHL.

B Bocrounom Sabaiikanse (Padmuonmu, Bacrosa, 1959) nadmogaercs csoeod-
pasHas raprmHa conepskanms Pb B Omormre, sawmowanomascs B TOM, 4TO OHOTHT
13 TPAHHTOUOR, ¢ KOTOPHEIMI CBS3AHO IOIHMETATIINIECKOe OPYAEHEHMe, COJep:RHT
Menbme csuana (12 2/m), uem GMOTATHL U3 IPAHUTOMIOB, ¢ KOTOPEIMH CBA3AHO PeIKO-
meranbaoe (Mo, Sn) opypenenne (10—36 2/m). B mrarax [Ora n Hesana ormevqaerca
AHAJOTHYHAA KapTHHA. BHOTI/ITB[ n3 PYAOHOCHBIX MOHIOHHUTOB, ¢ KOTOPBIMH CBA-
3aHO MeIHO-CBHHIIOBO-IIMHKOBOE OpyJAcHEHHNE, XaparTepH3yITCA MEHBIIAM conep-
swapmeM Pb (3 cpemuem 22,5 2/m), ueM OGHOTHTHL M3 HEPYHLOHOCHLIX WJII COMPOBOIK-
TAeMBIX HE3HAUMTEIbHBIM PYLOUWPOsBISHHeM MOHIOHHTOB. B Hux 6mornt copep:rat
B cpefpaeM 42 ¢/m (Parry, Nackowski, 1963). B ro ;xe spems B OmoTmrax reprmH-
cknx rpamaroupos Tanp-llams, ¢ KoTopsME cBA3aHa MOAUMETALIHYECKAs MHHe-
panusanmsa, cogepaanue Pb B cpeprem cocrasasier 24 2/m (Fagpmmus n ap., 1966),
T. €. D0IbIme. YeM B OHOTHTAX W3 TpaHuTon «dezpyaHoroy CycaMeiperoro Hartonura,
coepskaame Pb s roropeix B cpegmem 18 2/m (Taycom, 1961).

Buorursl rparurougos raboposoit dopmamumn ¥ paza cogepsxar ol 2/m ceuHIA,
T. €. BHATUTEJLHO OO0JBIIE, UM TOT Ke MHHEePAJ U3 WHTPY3UBHBIX HAIWHIeHHBIX
rpauuronos — 12,2 z/m (@epurrarep u mp., 1969).

B Omormre ma caaHnes cpejHee copepmanme Pb — 15 e/m — Oausko K Taxo-
BOMY OHOTHTOB M3 HHTPY3HBHBIX PPAHUTOB.

Crpounuuii. Cpemmee copepszamme 141,2 2/m, woaddurmentT KoHIEHTpa-
mun 0,5.

Wzomoppusm Sr u K orpaHmdeH, ¥ MOITOMY HAKONJIEHWA JTOTO 3JeMeHTa
5 Ouorure He orMevaercs. VIMeolumecs jaHHBE VKAa3LBAWT HA OOIbIIOE pasimdyune
B cOMep:KaHmu St B OMOTHTAX M3 TPAHUTOB PA3HBIX PECHOHOB, 9TO MOKET OTpasaTh
reoxuMmIecrue 0CcO0BHHOCTH oocjaeJHUX, MIH OBITH cleJCTBHUEM pasamuusa aHaJINTHu-
YeCKMX METOJ0B. B m06oM ciayuae GHOTHTHL M3 PAHATOB ¥ paja CHILHO 00eIHeHbl
Sr — 9,7 2/m (6 oupenenenuii) mo cpaBHeEHI0 ¢ OHOTHTaMu u3 rpaHuros ['mccap-
croro miyrona (8 ompenenenmii) — 298,8 2/m (Moraposckuii, MeasEnuenko, 1967).
Cpenmee comep:kanue (4 ompesmenenus) Sr B Ouornre w3 rpanutos Bepx-Hcercroro
MaccHBa TAaK:ke BechMa HH3KO W cocrasiger 23,2 o/m (Bymusros, 1969,); B 6uorure
n3 rpannTon Janagaux Kapoar (25 onpeneaennii) — 32,8 2/m (Durcovicova, 1966).
B rpammrax Kasaxcrama HaGofaercst HEROTOpPOe YMEHBIIEHWE COJep:KRaHua St
i Omorare — ¢ 60 o 57 2/m npu nepexone or rpanutos | ¢aszw k rparuran 11 dass
(Ocradmitayr, 1964.,).
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Ecan cpasauth cpeume cofep:kanms St B OMOTHTAX W3 PAaHUTOMAOB Y padna,
OpHUHA/JIE;KRAIUX ABYM reHeTHueckn pasianunuM rpynnoam (Qepmratep u mp., 1969),
TO MOKHO B3aMETHTH, UTO OMOTHTH TI'PaHUTONAOB TaGOposoil popMmammu comepssar
B cpepmeM Sr Goabme (26,3 2/m), wem GmormtH rpammTHON dopmanuu (9,7 2/m).
JTO MOKET OTPaKaTh FeOXHMHYECKHe 0COOEHHOCTH OCHOBHOH MarMhl, IOCKOJBKY
OCHOBHBIE MOPOAKI cofiep:aT B 1,5 pasa Goapme St, uem kucase (Burorpamgos, 1962).

B 6morure ms menounmx mopox Houbkckoro moayoerposa cofepsanme ST Ko-
ne0nercsA B BechbMa 3HAUYHTENBHHX mpemenax or 21 1o 90 418 2/m (lepacumoBcrmii
m gp., 1963), wro ofwscHsercs, BepoATHO, MEKDPOBKIIOYEHHAMH CTPOHIHEBOTO
amaTHTa.

domxoro. Cpennmee comepsxanme 0,0018 2/m, xosdduument xoHmeHTpa-
nuu 0,4,

CpefieHHA 0 cofiep:kaHuM Au B OMOTHTAX KpailHe CKYAHE. B Omorurax m3 rpa-
HOHOpUTOB Y3bexmcrana cojep:kanme Au cocrapiasger 0,0017 2/m (XampaGaes,
1969). B xaopurmsmposaHEmEX Oumorturax oHo yseamuusaercs o 0,0031 2z/m.
Heckonbko Gonbmue mupsl cpeflHNX coflepsanmii Au B Gmorure (8 onpejenenmii,
0,04 e/m) npuBopsarca B padGore I0. I'. Illep6axosa u I'. A. Ilepessormma (1964).
Eme 6Gosee BBICOKHE CONep:KAHUA YCTAHOBJEHB B KBAPLEBHX JIUOPHTAX HITATA
Monrana, rge koxmuecTBo 3ojgora B OGmotmrax romeGmaerca or 0,002 mo 0,924 2/m
u B cpenmem cocrasnaer (14 ompepenenwuii) 0,076 g/m (Mantei, Brownlow, 1967).

B rpammrompax ¥Ypamna cpegHee comep:xamme Au B Omormre (06 ompejesenmii)
0,0018 e/m, 7. e. BecrMa Giausro TakoBOMY B GHOTHTAX W3 IDAHUTOB Y30eKHCTaHA.
HanGonee sricoxme copepsxammst Au (0,067 2/m) ycramosieHs: B OMoTHTE W3 TIer-
maturoB Bepx-Hcerckoro maccusa (Bymwaskos, 1969,).

Cornacro mocnmeguuM gaunawM ([lasaeros, 1970) cpennee comepswanme Au B Gro-
THT€ U3 WHTPYSHBHEIX mnopox Yarkanbckoii somm (120 ompegmesenwii) pasHO
0,0071 2/m, T. e. sHaYUTENIHHO BEIIE BHUHCIeHHOrO cpefnero (134 ompenenenusn) —
0,0030 2/m.

Copepsxarme Au B OmoruTe, CYAA 110 MMEIOMEMCH JAHHEIM, MOKET OTParkaTh
PYZOHOCHOCTH TOpOAsl. Tak, OHOTHTH M3 WHTPYBUBHHEIX WOPOJ CTEHHIKOBCKOTO
THIA, ¢ KOTOPHME Ha Teppuropun Cesepuoro HasaxcraHa mapareHeTHIeCKH CBS-
BaHO 30J0TOe NPOMBIIIEHHOE OpyIeHeHUE, cofep:kar Au 3HauHTeJILbHO OoJdbIne
(3 ompemenenusi) — 0,0119 2/m., uwem OUOTHTEH U3 WHTPYSUEOB KPHKKYIYKCKOTO
Kommuekca (3 ompemenenus) — 0,001 2/m (3sepesa, I'aspmmenko. 1971).

Unpuraropusie npH3HAKH OHOTHTA

1. Paccmarpusasg xodddmiiueHTH KOHIEHTPAUMY PEIKAX H PYIHEX 3JIeMEHTOB
B Omorure (taba. 19), MoKHO BaMeTnTh, 4T0 HamGoldee BHAYNTEAbHBL OHH Y dile-
MEHTOB, TEOXHMUYECKH TecHO cBAsaHHHX ¢ kenesoM (Bi, Se, Co, Zn), marEmeMm
(Li, Ni), rurasom (Sn, Th, Nb) nmaun wamxmem (Cs). s Taxux dieMeHTOB OHOTHT
MOKeT PAaccMaTpPMBATHCA KaK HANe;KWHIH WHAMKATOP, IYTKO OTpaskalomuii ocobeH-
HOCTH HUX COJIePKAHEA B TPAHUTHON Marme.

Pasnmunme B crenennm xomnmentpanum B Omormre Nb m Ta, reoxmvmueckn Oims-
knx turany, uwin Cs m Rb reoxumumvecku GIMBKUX KaJMI0, CBUETEILCTBYET O TOM,
TTO BEIEAEHHe OHOTHTA CIOCOOCTBYET pas[eeHNI0 HTHX Te0XHMHUYECKH CXO/AHBIX
map BJIEMEHTOB B MATMATHYECKYI0 CTAIMI0 KPHCTAJIHM3aIum.

2. Tlerporpadmueckmii cocTap IpaHUTORIA OKABHBAaeT ONpefleleHHOe BIHAHUE
HA colepskaHme PeNKHX W pPYJAHBIX 2JeMeHTOB B OHMOTHTE.

B maumGonee MeIaHOKPATOBHIX PASHOCTAX TPAHHTOMAOB, ABJIAIONMXCA 00BYHO
HanbolXee pAaHHHME IO BpeMeHEH GopMupoBaHHs, OMOTAT 00OTamleH TAKUME 3JIeMEH-
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Tabamnoa 19
Kosddmumentsl kounenTpanun (K) pegrnx u pyRHLIX JJICMEHTOB B OnoTNTE TPAHNTOMIAOB

Cpemnee cofepikanue, 2/m CpenHee comep:kanue, 2/m
an > 3 s X K
o "\f\?l?.‘gﬁgt B GuoTNTEe . H o n(f{%?lg?s" B GHoTHTE
Bi L0,01 1.8 180,0 Ta 3,9 15,3 4,4
Sn 3.0 76,5 25,5 Cr 25,0 91,6 3,7
Li 40,0 916,4 23,0 Tl 1,5 5,1 34
Cs 50 1071 214 | U 3,5 11,2 3.2
Se 3.0 61,2 200 | In 0,26 0,8 3,1
F 800,0 15 567,6 19,4 Ge 1,4 4,3 3.1
Ni 8,0 152,8 19,0 Ga 20,0 61,0 3.0
Co 5,0 46,8 9,4 TR 350,0 1006,2 2,9
Th 18,0 157,0 8,7 Cu 20,0 45,0 2,2
Zn 60,0 480,7 8,0 Ba 830,0 1664,5 2,0
Ti 2300.0 17 517,8 7,6 Be 9,5 4,9 0,9
Nb 20,0 143,6 7,2 B 15,0 1,7 0,8
Mo 1,0 6,0 6,0 Zr 200,0 1221 0,6
Rb 200,0 1054,2 53 Pb 20,0 13,0 0,6
M 40,0 . 198,0 5,0 St 300,0 141,2 05
W 1,5 7,2 4,8 Au 0,0045 0,0018 0.4

TAMM PAHHUX CTANHI KPHCTALIUBAMNT, KaAK Cr, Ni, V, a Taxske Zr, Bi u Ba. B 6mo-
THTOBHIX TpaHEmrax oOmorutel coepskar Goapme Cu, Ga, B. HanGomee oforamen
PYAHBIME ¥ DPeJKAMH dJeMeHTaMH — L Rb,. Cu Tl Be, ENB Ts, U, W,
Mo, Zn, Sc¢ u mp. — OHOTHT TeifiKOKPATOBHX T'PAHHTOMIOEB. C opmHOII CTOPOHH,
2T0 MOJKET OBITH CBS3AHO ¢ OTHOCHTEJIbHHIM HAKOILIEHWEM 5THX DJIeMEHTOB B IIO3]I-
HEX OPOAYKTAX KPUCTAIIMBANAM, KAKOBEIME OOBYTHO ABIAIOTCH JIEHKOKPATOBHE
TPAHHUTH, C JAPYroil — HECOMHEHHO CBSI3AHO ¢ OrPAHMICHHBIMH BO3MOKHOCTAMU
M30MOPQHOTO PACCeSHHMS HTUX HJIEMEHTOB B JPYTHX MHHEpalaXx — MHEHEpajax Ca,
Ti wnm Fe, mopo1ooGpasyomux WiI¥ aKIECCOPHHX, MPACYTCTBYIOMUX B JeHKOKpa-
TOBSIX TPAHATAX B Kpaiine orpammyennEoM ronmyecrse. Hampmmep, copepranme Zn
p Omorure rpamommopmros 308,8 2/m, a B OmorTmTe JMEHKOKPATOBHIX I'PAHNTOMAOH
663,2 2/m (em. Tada. 10). B 6mormrax us rpanutos flmommu copepixanue Zn Kones-
aercs or 200 mo 370 2/m, Ho mosmmaercsa 1o 860 2/m B rpaHATONNAX, TNe C duoTH-
TOM He accOMUUPYIOTCA ApyrHe Maguueckde MHHEPAIbI (Karo, 10130, 1970).

B rpammromiax [Ipmvopba Gmormr m3 amsckuTos copgepmur Nb 784 2/m m
Ta 77,9 e/m, a Omorur U3 OHOTHT-POTOBOOOMAHKOBHIX TPAHHTOB — 3HATATENLHO
serpme: Nb 271 ¢/m m Ta 13,8 ¢/m (Ilomescknx m mp., 1970).

Cpemu omosonocueix rpanuros Cesepo-Bocroka CCCP copepsanne Sn B OHo-
THTE, HECMOTPA HA ero OIHBKYI0 JKeJe3HCTOCTh W IIHHO3eMHCTOCTD, 00yCI0BIEHO
BApPHALMAME B €ro COAePKAHHE B MOPOie — B IPAHOAHOPHTAX, e COMeprRAHHEe
GHOTHTA CAMOE BHICOKOE, COJlep/KAHHEe Sn B HeM cooTBeTcTBeHHO cHmxaercs (MBa-
HOB ® Ap., 1970). IlosroMy BEICOKMe CONEP;KAHHA PY/IHHIX H PEJKAX B.IeMEHTOB
p OmordTax JeilkOKPATOBHIX T'DAHHTOB ABIAKTCA HX XapaKTePHHM NPHSHAKOM
1 HE BCe /A ABMATCA TOKA3aTeeM IX TPUHAIEKEOCTH K 0c000il py0HOCHOH Marme.

3. BechbMa WHTEpECHA BOSMOKHOCTbL IIPOCIEIATH XapaKTep IOBEJHHsI M CTe-
neHb HAKOILIGHIHs PeJKUX W PY[AHHX DJIEMEHTOB B Ipomecce AupdepeHnmanuu rpa-
HOTHONH MATMEl, NCHOJL3YSA CHOCOOHOCTH OHOTHTAa KOHIGHTPHPOBATH HEKOTODEIE
U3 HEX B 0COOEHHO 3HAYUTENILHOII CTEIIeHH.
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Cofepiranu:a peiknx M PyIHBIX DIEMEHTOR B
TOCACOBATCIBHEIX (has Muorod

TaGamma
dHoTHTE TpannTOB

A3HDIX WHTPY3UBOB, 2/m

20

Oabs Daza
Paiton MeHT B ] I i o l o~ ABTOP U JNTePETYPHBIT HCTOIHITE
Bocrounoe dadaii-| Li 900 ' 1240 | 2120 Sanamrona, 1960
RaJpe Rb | 720 ’ 1000 | 1365 Tor ke
Janamnoe 3adaiikaane| Sno | 57 f 4.0 10( Ierposa, Jlerciimo. 1965
Be [ 075 2.0 32 ITerpona, Herpos, 1965
Fe | 5500 | 7700 |35 000 Rocrenkasn, Mopasnuosa, 1965
Cl 1800 | 2600 | 1400 Tor ke
Li G644 — 1760 Ierpora, 1965
Topumit Aarait Li 15431 2465 4 262 Rocane u gp., 1965
Rb | 1270] 2200 4 152 Tor e
Cs 105 145 170 » o »
I3 10 7 6 » »
Be 4 [ 10 »
E 138 000 126 250 |28 500 »  »
F 670 1760 1220 Anomnm, Tlotanwes, 1965
Henrtpaapnmit Kasax-| i | 1600 | 5000 | 6100 Jlsaxopuw, 1967,
cTan Rb | 2300 | 4600 | 8300 Tor e
Cs 90 200 400 s ]
u 28 145 - bapanos, Iy Je-tau6, 1961
Cesepuntit Razaxeran| Ba 740 - | 7 — Ocradmitayi, 1964,
Sr G0 a7 — Tor ke
Cesepnoe Ilpndan-|{ Nb | 99,7 | 152.3 - B. B. Jlaxosiy
Xalmne Ta 4.0 54 - Tor ke
I'necap Sr 250 | 288 | 260 Moraposcknii, Meabunuenxo, 1967
Be i | 5 Meannimuenro, Moraponckuii, 19681
Se 2080 425 88 Menpunuenro, Moraposernii, 19655
Ta 5.7 7,5 [-185 Moraposermii, Meapumuenso, 1968
Nbe| 584 | 624 {1928 Tor me
Uyrorka W 1.0 5,9 — Wpanon, Hapros, 1970
Mo 7.0 39 -
|
IOro-3anagmoe  Ipu-| Mo 10 24 2,6 Hocane, Masypos, 1970
Gafikaupe w 1,0 L0100 Tor e
Sn | 24,0 | 70,0 | 2100 T
Nb [483,0 8400 |2128.0 »
Ta | 246 | 70,52| 2624 I
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Iponecest augdepeHnuanuym rpaHATHON MarMbl o0EMHO TPHUBOJAT K HAKOIUIe-
HHIO B MO3THAEX MPOAYKTAX Kak JeTyIHX KOMIOHEHTOB (F, B), Tar u peJikux u pyj-
nmx oiaementos (Ta, Nb, Be, Li, Sn, W, Mo m 7. A.). B GonpumucTBe caydaes 9710
PurcnpyeTest M B 0COGEHHOCTAX COCTABA fmoTnTa M3 IPAHATOB MO3JHHX $as MHOTO-
JasHHXx HATPY3HBOE. B HeM O CPABHEHUIO C guormroM u3 TpanuToB I dasel yeean-
uynpaercs cojepanme Nb B 1,5—2,5 pasa, Mo — 8 2, Cs — B 1,5—3,5, Rb —
8 3—3,5, Li m Be — B 3—4, F ot 36y U.—585, W, S Ta — B 10 pas
(raba. 20).

B 1o ke BpeMsa cojiep:kanme St u B 06HYHO HECKOABKO YMEHBIIAETCA. B mmOro-
¢asHsix MaccuBax Hasaxcrana OTMeUaercs TaKiKe Pe3roe VMeHBIIEHIe COJepKa-
st Cu — ot 230 2/m B Gmormre u3 rpannTon I dassl fo 14 2/m » OuoTHTE U3 Ieiiko-
xpartopsix rpanuros I11 gassr

[Ipomece KpHCTAIIHBANMOHHOIT muepeHIHATIIT  OCAOKHACTCA MPOLECCOM
ra30BOTO IEPEHOcA, BHBHBAIIMIM 00efHEHNE PIyOMHHBIX gacTeil MHTPYSWH dJle-
MEHTAMH, VBJICKAEMEIMH JeTyuuMu KOMIOHeRTaMH. H TarmM 2i1eMeHTaM OTHOCATCH
Sn, Li, Cs, Ta, U = nmp.

Biansnme Tazopoil amdepeHnumanui XOpomo NPOCHE;KMBATCS HAa NPUMEpe
fuoTHTa W3 TPAHMTOB TPEIMHEBIX HHTPYSMBOB, KOTOPHE NPE/CTABIAIOT cofoil
WHBeKIUR Hamnboldee MONBHKHON I oGorameHHoil JeTyInMIl IpaHNTHON MarMmsl.
BHWOTHTE 73 TPAHUTOB TPEMUHHHX HHTPY3HBOB Cesepo-Bocrora CCCP copepskat
Gonpme Sn, 4eM GHOTATH U3 0ATOANTOMONOOHBIX HHTPYSHBOB (Hexpacos, 1966).
BuoruTel m3 panakusno0pasHHX TPENIMHHBIX TPAHNTOR VYrpanusl BHIEIA0TCA
caMbIMuE BHIcOREME cofep:xanmsamu Nb, Ta, Mo.

B o s;xe Bpems ecti pammbie (Hocrerkast, Mopmeurosa, 1968), uto GuoTHTH
13 TAyGUHHEEX mopox Goraue ropom, wem GHOTATHL U3 HOPOL, ¢gopMupOBABIIIXCS
5 menee rayommmnx ycaosmax (llomoxmros m np., 1967). BuoTutsl m3 ray0uHHABIX
wacTeii MaccmpoB cojepskar Ooabme Be — 2,8 e/m, ueM OMOTHTHE U3 ANUKAJLHEX
qacteit maccmsa — 1,2 2/m (ITomoamror m xp., 1967). B ByryabpMuHCKOM MaccuBe
(Bocrounsiii Caan) OHOTHT M3 KBAapIeBOTO CHEHHTA DIyOMHHOI (anyi CONepP:RIT
Rb 750 2/m, Li 772 2/m, a OmoTHT H3 TPAHHTOB ammkanabroit ganun — Rb 364 2/m
n Li 1960 2/m (Bopoumnos, Jlma, 1966).

BRaTHTeAbHO OGOTAleHbl PeJKUMHM H DPYJHEMH 2JIeMEHTAMHI OMOTUTHL W3 anu-
kaapEEX wacreit rpaEmTEEX MaccmBop Cemepo-3amammHoil  HacTH Sabaiikanpa
(raba. 21).

Tadanma 21
TI3MeHenHe €pelHEX CONEPHAHNIl PEJIKIX W PYAHBIX JICMCHTOR B guoTHTE

AeHKOKPATOBBIX rpanTiTOB IYKIPEROTo KOMINIERCA B 3aBHCNMOCTH
0T CTENneHn PONPOBAHHOCTH MACCHBOB, 2/m

(Iepemet, 1970;)

CrelleHb 9POANPOBAHHOCTH I Rb ‘ T

Li
Cuapmam . . . . .. . [ 1700(2) | 3.2(1) | 2060(2) | 08(D) | 21 (&) 50(2) | 540(3)
Cpeguan . . . . . . . .|2385(2) | 40(3) | 4250(2) | 110(3) | 04(3) 54 (2) | 4000 (3)
CmaGast . . . . . . . .13600(2) | 75(2) | 5500(2) | 10,0(3) | 156(4) | 36(1) | 600(4)

CpaBHeHHe CpEJHUX COAeD:KAHMI PeAKHX M PYMHEIX DIEMEHTOB B Guorure
13 TPAHHTOB W CBASAHHEIX ¢ HUMH NErMATHTOB HOKA3BIBAET, 4TO paubomee OelHBI
JMIt GHOTHTH W3 AIMTOB. BHOTHTH W3 IEIMATHTOB COfiepyKaT B cpefHeM Ooxbime
TaKnx pemkmx saemenros, kak Nb, Ta, Zn, Sn, F, Ga (cm. rada. 12), B T0 Bpems

(i



Kar cofep:ranus Ti, W, Mo, Sc, Li, Rb, Cs, Tl, Be B uux monwmmens:, gro VKa-
HBACT HA OTCYTCTBUE TEHACHIMH JTHX JJIEMEHTOB K HAKOIIEHWI0 B OJHIOKIAZ-
MHKPORIUHOBHX WIN CAMTOHOCHHX IErMATHTAX.

JlagHEE, TpPHBOXHMEE ApyraMu  uccaegosaressamu (Comoos u jnp., 1968),
TaKKe CBHIETENBbCTBYIOT 0 GOllee HEAKOM 10 CPABHEHMIO C IDAHHETOM coflepsRann
B OHOTHTEe HB CIIO/[OHOCHHIX merMatmros Li (2500—500 2/m), Rb (2530 —660 2/m)
1 Cs (230—58 2/m). Ommako jammse nTmx aBTOPOB 0 COJCPIHAHHA PeKUX INeaouei
B OHOTHTe W3 TPAHHTOWIOB 10 CPABHEHWO ¢ BHYHCIEHHEIM (cM. Tabm. 19) cregyer
UpU3HATH 3ABHIIEHHKIMHE.

Bmorarst m3 mermarmros Cemepo-Baifkameckoro merMaTHTOBOrO moAca W H3
CIIOJIOHOCHBIX MAMCKMX MEIMATHTOB TAK/KE CONEP/KAT MEHbIe Li, Rb, Cs u Be
(raGu. 22), wem Omorwrsr m3 rpammTOB.

Tabanmuma 22
Cpe;ume coxepiRannA PEIRHX 3JeMeHTOB B OHOTHTE nerMaTHTOR, 3/!!1.

ITopoaa Li Rb Cs , Be

Cesepo-Baiikansernii nermarnrornii mose (Mauyitosa 1 ap.. 1966)

CJII0I0HOCHRE TerMaTHTH (120 el b 5w e 0 478 602 48 1,77
Hepammaeckue mermartarsr (11) . . . . . . . . . . . 1006 715 8 1,52
Penromeransure mermararer (1) . . . . . . . . . . 387 930 He omp. 35
Cpexmmee (24) . . v v v v . . . 3 it

716,1 667,4 ‘ 27,7 1,8

MaMcrue cmofoHOCHBIE HMEerMaTHTLI (Maxarom, Hlmarnn, 1964)

HEI‘MHTHTH MlIH])ﬂH.‘HHIOBDI‘O I CMellaHnoro cocra-
oy e, s SIONERY A A e i i ol L 700 59 B

PaccMorpennme mammeix mo HOHKPETHHIM TI'DaHATHHM MaccHBaM liaszaxcrama
nokasesaer, 410 W, Mo, Nb o6uamo B Goxpurem komxmuecTse conepsrarca B GmoTHTE
U3 Tpas€uTos, B 10 Bpems kak Ta m Be oGxamaor Gomee yeroitumpoii TeHJIeHIueit
HaKAIIMBATBCA B OHOTHTE W3 mermMaruTon. B rpanmroupax Opckoro 3aypambs
OErMaTHTRL 9aCTO HPOCTAB/ICHE JHH30- W ULIHDOBHIHEIME CHHTeHETAYeCKUME 060-
cobnennaMu. Berpewaomuiics B mux OHOTHT COTEPKAT MEeHbIIe Sn, Ta, Li, Cs,
9eM OHOTHT U3 JRUNBHEX [erMaTATOB, YTO HO[YEPKUBAET GOIBIIYI0 PO MPOLECCOB
fupdepennHanN B HAKOIIEHHN HTHX HIEMEHTOR (traba. 23).

B onosorocHOM Maccuge Kapao6a comepsxanme omosa B Gmormre m3 merma-
TATOB BhIE, YeM B OGMOTHTe W3 I'DAHHTOB, a B OHOTHTE U3 HEeOJ0BOHOCHOTO MACCHEA
MMEIT MecTo obparuile cooTHOmeHHs (Taf.. 24).

B Gorarsix caofoit caogoR0cHEX nmerMartutax cojgep:xamme Li m Rb B Guorn-
Tax MEHBINe, 4YeM B OeJHHX OMOTHTOM KepaMu4ecKuX merMarurax (cM. Tadm. 22),
IT0 YKA3blBaeT HAa 00PATHYIO 3aBHCHMOCTE Meiiy cOfiepyKammeM djIeMeHTa B MHHe-
pajie W KOMMISCTBOM TOCHEJHEL0 B IOpPOJE.

Bee ato cBuperenncrsyer o6 OTPHUATENbHOE POMH KPHCTAIIOXHAMHIECKOIO
PaccesiiuA, NpPemA1CTBYIMEro HAKOILICHA PeREX HIeMEHTOR B mosnEEX qudde-
pernmarax. [I. M. Bpeit (1952), uccaemosapmmii nopojisl B Munepansl Homoparo,
macan: «HauGonee Baskusre npunnmnuassmse BLIBOIEL M3 9T0H paGoTH ciejyomue;
KasKMBIi MHHEPAN HeIrMATHTOB COJEPIKHT MEHDBIIe MOTTH KaRI0TO BTOPOCTENIEHHOTO
COCTABILAIONIEr0, YeM TOT jKe MHHEDAT H3 MaTepHHCKOI nopoprt. ObbAcHAETCH 2TO
0COOEHHOCTAMI KPUCTALINYCCKOI CTPYKTY PBI MHHEPAIO0BY.
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Tabnmma 23

Cpepnne cofepsaHia PefKIX I PYAHbIX JIEMEHTOB B fnoTHTE TPAHHTOB N MErMaTHTOB, 2/m

Ceseproe Ilpmanxambe

TIopopa w Mo Nb Ta Be Se
Maccus famanxapabac
TPREBTEL « « o « 35 = = = o tiee 0,7 1,0 77,0 1,5 1,4 71,0
TlerMaTuTHl . . . .+ « « - + - . 1.7 08 77,0 29 1,5 78,0
MaccuB AxdaTay
TPaBHTH . « « « « o o o s ¢+ 13,0 1,4 101,5 35 29 —
IerMaT®TH . . . . . . « « « « = 29 6,5 56,0 35 10,0 —
Maccus Mairac
TpaguTsr . - . . . . - =+ o+ - B4 26,0 42,0 2,5 = —
TISPMATHIFR: = & o (-850 e 4 0.5 08 238,0 6,1 — —
Opckoe 3aypaiabe
Ilopoaa w Sn Nb Ta Li Cs T
Macens Hortamcy
TPaHETH . . . - - - « « + « + » 12,0 73,0 | 156,3| 17,2 | 562,0 0| 470 46
TierstptiTes <. 0. S et - 7,0 60,0 | 218,0| 254 | 297,0 0| 475 | 42
Maccus Cpealne-YMKOTHHCKNH
TpanuTsl . - M- SRR 20 169,0| 150,0| 18,2 | 1645,0 | 13150 | — -
IMerMaTuTH . . . b N ¢ 6,0 30,0 56,0| 12,0 | 200,0 | 3700 | — —

OTpasxeHueM BayKHOI poaM MeXanus3Ma ruddepeHnEAINE B HAKOIJIEHNH
Pe/IKEX BIEMEHTOB MBIAETCA H3MeHEHHE COlePIRAHHMA HMX B PASIMIHEIX TreHepa-
nusx Omormra. Tak, B MyCKOBHTOBHIX mermaturax BocTounoit Cubupu or panueil

reHepanuy OMOTHTA K TO3/(HEil yBeJIWuHnBaloTCs
copepsxannsa (8 efm): Li ¢ 420 mo 650, Rbe
560 mo 700, Cs ¢ 26 mo 59, B TO BpeMs Kax
comepsanne Ba ymempmaercsi ¢ 1400 no 450.

Ceemenmsi o cocrase Omormra m3 addy-
SUBHEIX TOPOJ BeckMa orpammuens. Opmaxo
¢y 1O HEMHOTOYHMCIEeHHHM [aHHRM, B HEX
WHOTAA OTMEUAIOTCH TOBHINEHHBE COMEPHABUA
Ta, Zn mam F. B 10 jXe BpeMsa COflep:KaHHA
Zn, W, Mo, Rb, Cs mommmens. Tax, ecanm B

Tadaunma 24

CopepskaHns pPeRUX JJIeMEeHTOB
p OMOTHTE HNErMaTHTOB W FPAHNTOB
Kasaxerana, 2/m

(Tamees u ap.. 1961)

ITopona

Ga Sn

Maccus Hapaoba

fmoture m3 HabLRypTHECKOrO rpanura (Cesep-
ueit Kapkas), cpegmee cofiepxanme Nb u Ta
B GHOTHTE COCTABIfeT coOTBeTcTBeHHO 128 m
16 2/m, 10 B GmoTmTe W3 mroKoB cyGaddysus-
HEIX JHOAPUTOB BTH COJepsaHms pasHH (7 om-
pemenenmii) 98 m 5,5 2/m. Bomee nnsxme
comep:kaHms [a  BHIBRBAT  yMEeHbLINEHHE

64

TpauuTh
106

IlerMaTHThI

Maccuns ArzaTay

170
161

TpanuThl
IermaTnTh

250
360

30
10
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BemnunHEl orTHOmMedHA Nb:Ta or 11:1 B Gmormre us rpaguToB o 18 :1 B
6morure ns aunapmros. IlockoTbKy B rpaHmTax, B OT.AMIHE OT apdysuson, gacrn
Omornra BHIENsETCA B HO3MHHE  HTAIE RPHCTAIM3AIUN,  IPUBE/eHHbIe
ocobennocTH comepskauusa Nb u Ta CBUIETEJIBCTBYIOT O CHOCOOHOCTH TOCIEHEro
oforamare BMeCTe ¢ JIETYYHMH HAHO0Jee [103/IHITe MOPIHH  TPAHUTHON MarMEl.
[Mo cpaBmenmio ¢ Gojee ;KOIESHCTHIM OHOTHTOM 113 INB/HRYPTHHCKOIO TpannTa
B OuorHre M3 JUmapura comep:kanme W yBedmunBaercs B 0,0 paz, a Mo mpax-
THgeckn He maMeHsercA. Comepskanme Zn ysexmausaercs ¢ 420 mo 713 e/m.

B 6mornre ms ammesmr-mammron comep;raume F Gomee wem B 2 pasa TIPeBHI-
niaeT TAKOBOe B OHOTHTE M3 TpaHuToB ® gocrmraer 31 800 e/m (Xampabaes, 1969),
970 CBUICTEABCTBYET, TAKUM 00pasoM, 0 GOIbIOM POTI HTOTO BIeMeHTa B BYJIKAHO-
YeCKIX IpOIeccax.

Bospacraiomue cogepskanms Ta u Nb » mormrax us IPAHUTOB 1O CPABHEHMIO
¢ OmoruraMn M3 KHCIAHX dQPy3uBOB, B GHOTHTAX N3 TPaHUTOR HO3THUX (a3 MHOTO-
(pasHEIX WHTPYSMBOBR IO CPABHEHWIO ¢ PAHHNME W B GHOTHTAX M3 MOrMATATOR o
CPaBHEHHIO ¢ OMOTHTOM M3 IDAHHTOB YKA3HBAIT HA GONBIYI0 POJb KPHCTAJIH-
BaNHOHHON Auddepeduanun B KOHMEHTPALNH ATHX HIEMEHTOR.

AHIUSUDPYA TPUBEIEHIbE [AHHBE, HETPY/IHO 3dMETHTh, YTO OHMOTHTH IerMa-
TUTOB OOBMMHO 00OTANIEHEl TEMH DIEMeHTAM, KOTOpBIE WM TECHO CBS3AHEL C JIETY-
anmu (Ta, Sn, Ga), wim gerve sxomsaT B penterry Gosee sxemxesucroro duornra (Zn).
B penkoMerambHbIX TermMatmrax, re CHIBHO PABBUTHL  NIPOIECCHl  3aMEI[eHMUs,
OMOTHTHL COTEP/KAT MHOTHE PEJKHE HIEMEHTH B 00/IbIIOM KOJIHIeCTBe, 4eM OHMOTHTHI
TPAHUTOB.

OrMeuaercsa yBeqmdeHHe ;KETeBHCTOCTH OHOTHTOB OT BHEIIHHX K BHYTpEHHIM
AOHAM HETMATUTOBEIX JRUI, Ifie TAKKEe IPOHCXOMAT 00OTAILeHHe OHOTHTA PeKEME
mesxouaMu n Be mpm obegmenmm ero Ni, Sc, uro CBUIETCILCTBYET O IIOCTe0-
BaTEMBHOI RPHCTALIMSANME OHOTHTA B KHIAX M O OONee MOBIHEM o0pasosa-
HOU OMOTHTa BHYTPEHHHX 30H HO CPABHEHHI) ¢ OHOTHTOM samwbanmor (Cadpo-
HoBa, 1969).

4. BHOTHTH HBMEHEHHBIX T'DAHHTOUIOB XapaKTepu3yioTca 00Jiee BHICOKUM CO-
fep:raHueM OOMbIIHACTBA PYLHEIX DIEMEHTOR, €M OHOTHTH HeM3MEH HHEX I PaHNUTOB.
IT0 HECOMHEHHO OTPA/KAET MX TOBBIIEHHYIO KOHIEHTPANUIO B TOIM cpefie, KoTopas
IpousBojmIa usMenenne rpamnra. Ilocrenmaa morma mpupogurs Kak K mMmper-
HAIMA OMOTHTA MUHEPATAME PYAHBIX I DEIREX HIEMEHTOB, TAK M K obpaszoranuio
HOBOTO OmoTmra. OfHAKO B Tpomecce WAMEHEHMs OGHOTHT OOKYHO TePAET BAKJIIO-
UEHHBIC B HEM PEIKHE DJIeMeHTH, 0foTamas WMH PACTBOPH, IPOHBBOANLNE U3Me-
HeHme rpanuta. [logTBepsKIeHneM DTOMY MOTLYT CaOV:KHTH MHOTHE HIPUMEPHL.

B Omotute u3 HOMBMEHCHHEIX TPAHHTOB CpeHEe cofep:ranme Tl cocrasmser
6 2/m, a B xmopurmamposannom Guormre B 10 pas mensme — 0,6 2/m. Oguospe-
MeHHO HAOI0NAeTCs M PeBKOE yMeHblIeHHe coxepxanus Rb (Bocrpecenckas, 1959).

Comep:kanne Be » Gumorure w3 rpeifseHusmpoBaHHxX TPAaHHTOB YMEHBIIACTCS
¢ 19 10 17 2/m (3mros i ap., 1963). D10 mOATRE PIKTACTCA AHHBIMHE 0 TOM, YTO B T'pa-
anroufax [lansmero Bocrora comep:zanme Be » MYCKOBHTe B 3—4 pasza HImnxe,
gem B Guortnre (Hemamkosckmit, Iloropemora, 1967).

B rpamwmrax Cesepo-Bocrora CCCP MyCKOBUT, 00pasoBaBIOHiicA N0 OHOTHTY,
CONeP/RAT 110 CPABHEHHIO C HOCHeJHUM 3HauMTenbHO MeHbme Sn (JIyros, 1964).
Wsvenenne Guornra composokiaercs, KAk NPABINIO, YMEHBIICHEEM COMle PHRAHUA
B Hem Li. Wsemeuenne ma paspymamomerocs 6mornTa JUTHS B suge LiF, 6maro-
TPUATCTBYET MPOABICHIIO B HOZOOHEIX TPAHUTOMIAX AMOIUIOHATA WIH CIIOLYMEHA
(Jlaxopma, 1963). Comepixanme Co B HEMBMEHEOHHEIX OUOTHTAX M8 TeX ke TPaHUTOB
cocrasisier 17—37 2/m, a B xT0pHTaX, obpazosasmuxcs 3a cuet omotmra, 1,3 2/m



(Hexpacos, lamaxun, 1962). Ipoucxonsmnii npm stom Beioc Co Mor ocymect-
BusThCs B Gopme wommienca Na,[Co(OH, F)l,. B mamenenmom GumoruTe OTMe-
waeTcs TaKKe yMemblenue cofiepisamus Zn, Pb (Msammukwmit m ap., 1966; Parry,
Nackowski, 1963) u Mo (Usanosa, 1969).

MexaHuaM HKCTPAKIIUU PEAKUX ¥ pPYIHBIX DJIeMeHTOB B HPONECCe U3MeHeHUd
GumoTnTa MoEeT OHTH pasimuAKM. B mpomecce rpeiizeHusanui rpaEnToB (TOp MOT
cnoco0CTEORATh W3BJIEUEHUI0 OJI0BA W3 OHOTHTA B BHJE KOMIJIEKCHOTO COEJIMHEHUS
tina Na,[Sn(OH)Fl,. Ilpm camxenmn pH pacreopos, mampumep B 30HAX Tpeil-
3EHW3AINH, 2TO KOMINIEKCHOE coeflMHeHHe pachajiaercs ¢ obpasoBaHueM KacCute-
puta u ¢upoopuTa.

Ilpu anpOWTH3aUMHM I'PAHWUTOMAOB, CONPOBOKIAEMOIl paspymenmeMm Ouormta,
Nb n Ta wmoram bsKeTparmpoBaThCs B BHAE KOMINIEKCHHIX coefiMHeHmii Tnma
Na(Nb, Ta)O,, pacnmaj KOTOPHX HPHBOJWI K 00pa3oBaHMIO CKOMIeHHI codcTBed-
HEX MpHepasorn Ta m Nb, cronbh XapakTepHBIX s anrLONTHAMPOBAHEEIX TPAHUTOR.

Boimoc ms paspymaemMoro OmMOTHATA NHHEKA B CHIY ero aMyoOTePHBIX CBOICTB
B INEJOYHHBX BOJHBIX PacTEOpPaX MOT NPOMCXOANTH B (opMe Jerko pacTBOPHMEIX
nuakatos [Zn(OH),1*~ wam [Zn(OH);1~ (Mepammnkmii m np., 1966).

JKCTpaKIMA WINM UMOPErHALNA PYAHEIX M PeJIKNX DJIEMEHTOB B IpoIecce pas-
pylnenus OMOTHTA HPHUEOAMT K BO3HUKHOBEHWIO GOJBINON HEOTHOPOAHOCTH B pac-
npeflesieRHu MX cojepsranuil {Tadm. 25).

Tabauma 25
Huenepenn cojepskannii Ta, Nb n Ti
B OHOTHTE HEN3MEHEeHHBIX 1 H3MEHEeHHBIX TPaHHUTOVOR, e/m

TTopona Ta Nb Ti

IpopyTnr, KBapueBsle rpaHoOJuoOpuTH . - . . . . . . .. 10,6 101,8 6987

I'paBuTH OHOTHTOBHE . . . . . . - . . . . 1,7 131.6 5667

I'pannTel JeHKOKpPaTOBLIC . AR e e N - 1,6 119.8 4290
I'papuTEl H3MeHeRHEE (aJbp0HTH3NPOBAHHBIC 11 rpeiizennsypo-

BaHHBIE) Ty & BRI 17,8 | 187.7 7563

YMenplnenEe COJep:KaHHuA B H3MeHeHHOM OHOTHTe HE TOILKO pPeJKuX, HO
n merporensnx (Mg, Fe, Ti) saeMenT0B croJib XapakTepHO, UTO OIHUM H3 IpH-
3HAKOB IIOCJeMAarMaTuueckoil mmepepalOTKM TPAaHWTOB M COOYTCTBYVIOINEH BTOMY
HpOLecCy pPeAKOMEeTAJIbHOII MHWHepalu3alnuy HABJIAETCH IOHWKEHHe jKeJe3’CcTOTo
romunonenta s ouorure (Hamerun, Noapms, 1967). Cunrator, yro orHomenne Mg : Li

MOZKET CHY/KUTh WHAMKATOPOM SINTEHeTHUeCKHX mpomneccos (Arsenijevics 1968).
B To ke BpeMsa auA pAa 3AeMEHTOB (UKCHDPYETCsS YBEIHWYEHHE MX COJepsKaHMil
B M3MeHeHHOM OHOTHTE, CBHIETeNLCTBYIOIIEEe O HNPEeNMYIMIECTEReHHOM IX TPUBHOCE
pacTEopamMm, TpOUBBOAmMEME usMenenme mopoisl. Taw, B rpammrax Cerepo-Bo-
croka CCCP Gepnuamii He yeTaHARJINBAETCA B HeU3MeHeHHKX GnoTurax, 3a10o B caado
MYCKOBUTH3WPOBAHHBIX PA3HOCTAX ero cofiep:xanme cocraBiser 4—25 z/m (Hexpa-
cos, 1966). Ypenmyusaercsi B msMeHeHHHX Omormrax m copep:kamme Cu (Parry,
Nackowski, 1963), B 10 Bpema Kak [nd Takmx sxeMmenToB, kak Ni (Hexpacos,
lamaxun, 1962), W (Meanona, 1969), cymecTBeEHOr0 M3MEHEHUA B COMEPIKAHUI
IIPH OePexoJie OT HeU3MeHeFHOro OMOTHTA K M3MEHEeHHOMY He YCTaHOBJIEHO.

Boapmoii mHTEpec mpejicTaBiseT BHACHEHHE 3aBUCHMOCTEIl MesKJy Cofepika-
HHEM PasIWYBHX PEIKHX BHIEeMeHTOB B 0HOTHTE, TaK KaK 9TO NPOJHBAET CBET
Ha ¢opMy WX HaXO:KIeHHWs B paciuiare B camoMm OuormTe.



CymecTBoBaHHe IOTOOGHHX BaBUCHMOCTEHl OTMedagoch JJIH PALA IIEMEHTOB.

B rpammrax Cesepo-Bocroxa CCCP (Hexpacos, 1966) m Hasaxcrama ([murt-
pueB 1 fp., 1962) Onura ycraHosieHa mpaMas 3aBHCHMOCTH MEKIY COJEpsKaHHEM
B Gumornre Li m Sn m Memay comepskaHmeM Sn B OGmorHTe W €ro OOIIEH KeTesH-
crocThio. YacTo orMeuaeMoil ABIAETCHA TaKmKe 3aBHCHMOCTH MEKIY COJEP/KAHUeM
B 6mornrax Li m F (Rocanc, Cyxopykos, 1965), Ta, Nb m F (I'peGennuxos, 1968),
Nb, Ta m Sn. Ilocnegmee mopreep:xmaercss TeMm, 4TO HAOMIONAETCH CYIIECTBEHHOE
OTAMYMe B cOoAep:KaHHE Sn B Gmormrax ma meramramomocHmx (11 2/m Sn, 38 ompe-
nenennmit) m Tarramonocusx (106 z/m Sn, 8 ompepmemenmii) rpamuros (3azameosa,
Caramg, 1967), ykasmBaiomee Ha M3BECTHYI0 IeOXHMHYECKYI0 OOM[HOCTh B TIOBe-
JeHUH 3THX H PAfa APYTHX saeMeHToB. Hak m3BecTHO, OM0BAHHOE OPYIEHEHHE TACTO
accOIUAPYeT ¢ TAHTAJIOBOL, HHOOUEBOIl, peske GepUaTHEBOl W BOIBHPAMOBOI MUHE-
panusanmeii (JIyros, 1964).

[Ipuasaro cumrath, 4T0 KOMIEHCAIUA 3apAN0B IPH H30MOPHHOM BaMemeHHH
B KPUCTAJJIMYECKOH pemeTke OWOTHTA THTAHA HHOOMEM MOKeT OCYIIECTBIATHCSH
TMOCPeACTBOM YACTHIHOTO 3aMelnleHmsa MarHua Jjaurtmem Mg?*t -+ Ti 4" < Nb 5"
+ Li". Ecuu sra cxema sepna, 10 Me;xny copmep:kanmeM Nb (Ta) m Li B Guormrax
Jo/KHA HAOMIOAAThCA IPAMAas 3aBUCUMOCTE, TeM Goxee, 710, mo garnasiM M. B. Hyss-
merko (1961), Li apxaercsa areMeHTOM, KOTODHIL B CHIYy HUSKOI BATEHTHOCTH M CIIO-
cobmoct 3amemars Al cmocofersyer Bxommenmio Ta mw Nb B caromsr: 2A1%; <
<« Li* 4 (Nb, Ta) ®*.

B Omormrax rmccapcKuX TPaHHTOB OTMEYAETCs TeCHAA LPAMAsf CBA3bL MEKAY
comep:kaameM Nb w Ta, a rakse Nb m Li mw Ta u Li. B 1o ;e BpeMa Meirmy comep-
aaamamn Ta, Nb n Ti auneiinas saBmcmMocts He mpossigercs (Moraposckumii,
Mexnpangenko, 1968), xors B rpanurax Cesepo-Bocroxa CCCP mamegaercs ompe-
meJeHHAs CBA3H Me;kAy comepskanmeM Ta m Nb m THTAHHCTOCTHIO IBETHHIX IIOPOJO-
0o0pa3yoIux MHHEPAJIOE IpaHATOMAOB. B o0mem cayuae copep:xaEme B HuX Ta
m Nb cummaercsa mo Mepe ymenpimenma roamuectea 1i0, (Hexpacos, 1968).

Habmromaercsa KoppeaAnua MemKIy CONep/KAHHeM IIeJOYHEIX DIEeMeHTOB B OHO-
THTAX W WX o0meit :kemeswcrocrThio. C yMeHbIIeHHeM NOCIeJHEH yMeHLIIAKTCHA
cofeprranma Rb u Cs m yseamumpaores comepskanua Li (Mararon, Imaknu, 1964).

B 6uorurax rpammroumos criaamgareix 30H Cesepo-Bocroxa CCCP xoHmesn-
Tpanusa Sn o0KYHO pacreT MapajIeTbHO YBEIWYCHHI0 HX KEJIe3HCTOCTH H TIHHO-
aemucroctsn (Mpamor m mp., 1970). Comepsxamme W B OmoTHTax OpAMO HIPONOp-
UOHAJIBHO WX IJIMHO3EMHCTOCTH ¥ OOpPATHO OPOMOPIHOHAILHO MX INEJ0YHOCTH,
UTO TIO3BOJISET CUUTATH BOBMOKHHIM CJHEIYIOMIYI0O CXeMY T'eTepPOBAJIEHTHOTO W30MOp-
¢pmsmMa B Gmormrax: Si 4 4 (Fe, Mg)?* 4 (R, Na)* — Al** + W4

CyiiecTBOBAHMe IMOTOKUTEIBHON KOppeasmmu MesAy copep:xammamu Li, Rb
u F B 6mornrax [[yKEAHCKOTO KOMIUIEKCA [aeT OCHOBAHME /A 3aRIOYEHHs O MPH-
cyrerBud Propunusix KommrexcoB Li m Rb B mexogmom mMarmMarmieckom paciiiase.
B TO :Ke BpeMa OTCyTCTBHE KOPpEISANMOHHOI cBA3H Memay copgep:xammeM Li, Rb,
Sn, Nb n Cl B 6uoruTax cBA3aHO, BEPOATHO, CO 3HAYUTEJHHO MEHBLMIIEH IIPOTHOCTHIO
XJIOPHIHEX KOMILIeKcoB oTHOcHTenbHO Propupanx (Kocrenkas, Mopisurosa, 1965).

YeraHoBIeHA JIHHEHHAS CTATHCTHIECKAS ROPPEIANEA MEKAY COAep:RaHUAME
B Omornre Li m Mg (Arsenijevic, 1968), orpakaromasn KpHCTAIIOXAMETCCKYIO CBA3D
Li ¢ Mg Omormra, xak yreep:knan JI. B. Taycom (1961), mo me mopoxm
B I[EJIOM.

Haangne KOpPpeIANUOHHOII CBA3M MEKIY COlep:KaHAeM KalHeBOro IOJEeBOTO
mmara B MOpoje, ¢ OIHOM cTOpoHH, H $ropa u pyGuama B Gmorute, ¢ Apyroil (Hos-
aor, Bomosurosa u ap., 1965), ABiasercsa oTpaskeHHEM MOBHIMEHHBIX COJEpPRAHMIL
pyommua u dropa B GHOTHTE W3 ANACKUTOBEIX rpaHmroB (cM. Tadm. 10).
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3HaENe TOMOOHKX KOPPENsANHOHHLEX COOTHOMIEHWH MEEAY pPasiumiHEIMH IpyH-
IAMH BJIEMEHTOB IIO3BOJSET YCTAHABIMBATH HE TOJBKO OOMHOCTh HIH OTIHYUE
reoXIMAUeCKNX MyTell MATPANUE 9TUX HJIEMEHTOR, HO I OTJINYaTh IePBHYHEE CO/ep-
JRAHESA OT BTOPUYHBIX HAJTOKeHHBIX, HAPYIIAOINX XapaKTep 00BYHOI 3a BHCHMOCTH.
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PaccmaTpuBas JEarpaMMsl 9acTOT pacIpeielleHnA COMePRAHMIl PEIKUX M Py/-
HBIX 9JeMeHTOB L OmormTax (pmc. 2), MOHO yOelHuThCA, 4TO [JdA MOJABIAIOMETO
GOJMBIIMHCTBA DJIEMEHTOB OHH O00JalaloT pPEe3K0 acHMMeTpWYHEIM crpoeHmeM. Mx
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OTpunaTeJbHAS ACHMMETPHA CBUJIETEILCTBYET 00 YCTOIYHBOCTH B GHOTHTE HU3KIX
Coliep;Raumil PeIKEX I PYAHBIX DIEMEHTOB.

CaeeTsueM peskoil acuMMeTPHE pACIpeNeTeHs ABIACTCH HecoBIaemnie
HamboJee 94acTo BCTPEIAGMEIX cojlep;kaHuii (cM. puc. 2) ¢ BEYACICHHBIMI cpen-
HuMA (cM. Ttadma. 10). Ilocaemame Beerga MMEIOT HECKONBRO OoJbIee 3HAYEHTE
O CPABHEHHIO ¢ MOJOIM.

s npusepenHrx rucrorpaMM tamike BHAHO, uTO HAMGoJIee HEPaBHOMEPHO
pacmpefielieHsl B OHOTHTe Tawkme sieMeHTH, Kak Sn, Be, F. Ormeuaemire ma rpa-
PUKAX oTHeIbHBIE BHICOKIE comepskanus Nb, Ta, Mo, W, Sn, Be croxs me Xapas-
TEPHBl 1 HUM30MIHBL, UTO, BEPOATHEH Bcero, 00A3aHH MHKPOBKIIOYEHUAM COO-
CTBEHHBIX MHUHEDANOB JTHX diIeMeHToB. OTImTHOH, GIMBKOI K CcHMMeTpmuHOii.,
dopmoii ormgaoTes rucrorpammer mas Zn u Ti. Has mux mambomee gacro BCTpe-
qaeMele COfepiRAHNs Hanfomee GIMIKM BEMECIEHHBIM CPEIHEM, a CPaBHUTEINHHO
CUMMETPHUTHO PACIONATAIONINeCs OKOI0 MAKCHIMyMa 0oJee HU3KIE U 0G0Jee BEICOKUE
CO/lePsRAHIA CBUIETeIBCTBYIOT O 3aKOHOMEPHOM H3MEHEHHH COCTaBa OHOTUTA B 5a-
BHCHMOCTH OT YCIOBHIl ero ofpasopamius.

9. HeoGxoxumocts o BaskHOCTH 3HAYEHWA CpefHEX COflepRAHUI PeIKUX Hile-
MEHTOB B OHOTHTAX CTAHOBHICH OCOGEHHO HATVIANHON IIPH MONMEITKAX HMCIOIB3OBATH
ATOT MUHEpaX, KaKk MHIMKATOP BO3MOKHOIN DYZOHOCHOCTH IPAHUTOB.

OBpan0 yRaskBaeTCA, UTO MOBHINEHHBIE COMleP/RAHUA PYIHBIX U PEIKHX BJe-
MEHTOB B OMOTHTE SBIAIOTCA XapPAKTeDHEIM NPH3HAKOM TOM0GHEIX IPaHATOR.
Onnaro, yuuTeBas, 4T0 GHOTHT SBIAETCH TIaBHEIM MUHePaJIoM-HOCHTEeNeM U M-
HEpaIOM-KOHIIEHTPATOPOM JIIA MHOTUX W3 DTHX BIEMEHTOB, MOKHO IPeMIOIO0KHATE,
UTO B OTACTBHEIX cayuasx Oyjer xapaxkrepHa m oGpaTHas sasHcEMocTh. Ectb psy
AQHHBIX, CBHJETEILCTRYIOIUX O TOM, YT0 GHOTHTH U8 PYAOHOCHEIX I'PAHHTOE 00-
JAa[al0T MOBHILIEHHBIM COJAEP/KAHNEM DYAHHEX UJIH PeJKHX HIeMEHTOB.

B Ouwornrax ma ramramomocEmx rpammron cogepskamme Ta (24 ¢/m) m Nb
(234 2/m) (3amamkosa, Curunn, 1967) B 1,5—2 pasa Beme mo CPABHEHHUIO ¢ MO Y-
UEHHBIMHM HAMH CPEIHUMH 3HAYCHWAMI.

Umerores paborm (Crramm, 1966), mokaseiBaouime, 4T0 OMOTHTHI W3 I'DAHI-
TOMOB, € KOTOPBIMH TeHETHYECKM CBABAHH IEIMATHTOBEE WU TUAPOTEPMAILHO-
IHEBMATONHTOBbIE pyfAompossienus Ta, Xapakrepuayiores Gojee BHCOKHMH COjiep-
manmamn Ta (13—33 2/m), weMm GMOTHTEL HePYNOHOCHEIX TPAHUTOB, conie pyralme
4—T 2/m.

Buornrst m3  mwobuii-roponocnsix rpammros Boctowmoro 3aGaiikambs xa-
PAaRTePU3YIOTCA BeCchbMa BBICOKUMH copepswapmamn  F — 19 500 2/m un Nb —
24350 2/fm (I'pebennuros, 1968). Comepswanme mocaemmero B 17 pas ImpeBkImaer
cpejHee.

JI. B. Bapcyros (1957) oTmeTna, 4To GHOTATH 0T0BOHOCHEIX TPAHHUTOB COJEp-
mar omona o1 80 o 400 e/m, B To BpeMs Kak OHOTHTH W3 I'PAHUTOB, C KOTOPBIMHI
nojiobHoe OpyjleHeHHe HE CBA3AHO, COAEP/KAT ero MeHsmme — 30—50 2/m. Copep-
samme Sn B OHOTHTAX W3 HEOJOBOHOCHHX rpanmToB Yykorkm (2 OILpe/IeJIeHIS )
11 2/m, a m3 omonomocHwx (2 onmpenenenns) — 55 2/m ([dyroe, 1964). Amanornunas
8aBUCHMOCTL OTMedandack W B Bocrounom 3abaiikanne, Te GHOTHT M3 HEONOBOHOC-
HBIX IDAHATOB COMlep;KUT B cpepHeM (7 ompenexennii) 12,9 2/m Sn, a u3 oxoBoHOC-
HEX (18 ompemenenmii) — 81,2 2/m Sn (Upamosa, Byryaona, 1968).

B ormomennn comep:xanma Be B 6MOTHTE IPAHHTOMIOE HMEITCS CheNeHNs
0 ToM, uro B rpanurax Cesepo-Bocroxa CCCP Omotnt m3 TpaHHTOMIOB Gepmiio-
HOCHBIX HHTPY3HBOB HEPEIKO XapaKTepusyerca MOBHIIEHHBIM (10 8 2/m) comepska-
uueMm Be (Hexpacos, 1966). Ilo mamamm H. II. BaGoxormoii m mp. (1962), copep-
swanue Be B Omornre GepuiroHocHHX mETPYsHBOB B 1,5—2 pasa IpeBHIIaeT cofep-
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_xaHWe STOrO IEMEHTA B TpaHHTe, T. €. KOdDPUONEHT KOHIGATPANHH HTOLO dJle-
MEHTA BEINE CPeJHEero, KOTOpLil paBen 0,9 (cm. rada. 19).
Ilast GpaHLy3CKOTO IEHTPANBHOTO MacCupa TaKRe YKABKBALOCDH, YTO OePMILILO-

-

HOCHBIE TPAHNTH OTAMIAIOTCS OT HeOePUIIOHOCHBIX DOIBILIM cofiepskanmeM B Ouo-
tare Li, Sn u De. AHaJOrMuHbe IPEMEPHl MOKHO IIPHBECTH U JJS APYTHX blle-
MEHTOB.

B murpy3nBax 0/KHOM YacTH INTATa Apu3oHa, ¢ KOTOPHIMM HPOCTPAHCTBEHHO
11 TEHeTHIeCKH CBABANEL MEJHBIE MECTOPOKICHIsA, COlepARane Cu B OuornTe AoCTH-
raer 10 000 2/m, B TO BpeMsA KAk B OHOTHTAX N3 MOPOL, PACIOIOKEHHBIX BHE BILH-
MOIL CBASM C MeIHBIMH PYAOIPOABIEHHAMI, J10 200 2/m. Ha ocHOBaHMH 9TOrO
JleaeTca BEIBOJ, UTO AHOMAJBHBIE KOHIEHTPAIUII Cu B OmOTHTE IPEJCTABIAITCA
Gosee TYBCTRUTEIbHBIM MOKA3aTeJNeM HaIHTIA MeIHOIl MUHepaXm3aluu, YeM coJep-
capme Cu B camux mopojax (Lovering m ap., 1970).

Mmetorcs, ojHAKO, HE MeHee MHOIOUHCICHHBIC [AHHLIE, CRUJETeN bCTE YIOmHe
0 TOM, UTO OHOTHTH PYJOHOCHBIX T'PAHUTOMJOB COJEP:RAT B paje ciyuyaes MeHbIle
COOTBETCTBYIONIEr0 2JMEMEHTA II0 CPABHEHMIO CO CPEHHIIM.

BHOTHTH W3 TPAHHTOB OJIbKYPTHHCKOIO Maccuba (Cesepuniii  Hasras),
¢ KOTOPHIMHA HpPOCTPAHCTBEHHO CBIBAHO BOABOPAM-MOTHONEHOBOE MECTOPOIK/ICHIE,
XapPaKTePHsYOTCA HECKOIBKO IOHNKEHHEM copepannem Mo (68 ompejenenmii) —
2.8 2/m — WO CPABHEHHIO CO CPEJHUM — 6,0 2/m, u Golee HUBKNM COJIEPrRaHHEM W
(30 ompepexenmii) — 1,4 2/m — @O CPaBHEHHUIO CO CPEJHHUM — Tidefm

1lo mameem A. A. CaramHa (1966), rpammTsl, OHOTHTH KOTOPHIX COACpIRal
13—33 g/m TanTAMa, ABIAOTCA PYAOHOCHEIMU B OTHOIIeHHN HTOT0 daementa. OAHAKO
3 rpammrax [mccapa, ¢ KOTOPBIMI HCH3BECTHEL PYONpPOABICHHA TanTana, GHOTHT
cOflepKUT TAHTAl B AHAJOPHTHBIX ronmuectsax — 18—30 2/m (MorapoBckuii,
Meapunuerko, 1968).

I'panmronys Merpu-Opaybaickoro mryroHa (Memmnu u ap. 1968), ¢ KoTOpHMU
OHOTHIECKH CBASAHO MEJIHO-MOJHNOIEHOBOE MECTOPOKIEHHE, CORCPHat MoaudeHa
p 2,5 pasa MeHbIIE BEMUCICHHOTO CPEHETO — 2.3 2/m (11 oupepeinenmii) u MeJu
p 3 pasa mempme — 13,6 2/m (9 oupepensnuii).

Bmorar B TPAHATAX W3 30H OEPWIIHMEBOTO OPY/CHEHMA copepssur Mano Be,
A caMpie BEHICOKHE ero COfiep/KaHMsf XaparTepHbl JLTA obpasios OMOTHTA, BIATHIX
pHE 30HH PEIKOMETAIbHOrO OPYACHEHI (Jedwab, 1956).

Bruta efesaHa MOIDBITKA MCIOMb30BATH COAEP/RATIC I B OmoruTe B Kauecrse
MHMKATOPA TPH ONeHKe MAcCHBOB C TOUKM SPEHIA X XPYCTaNeHOCHOCTH 1 (00~
puronocHocTH, GOrTacHO MOMyIEHHEIM pesyabrataM OHOTAT U3 PAHUTOD Renrcroro
maccusa cogepimur F1000—5000 2/m. D70 cojlepyRaHMe PACCMATPUBAETCHA Kak
BEICOKOe, UTO KOCBEHHO YKA3mBaer Ha Hammime b paceMaTpUBaeMOM Maccupe
pamoopura (Jlyramen, 1969). Opearxo upHBECHHHE mups mOYTH B 3 pasa HMUKe
BLMTCIEHHOTO cpejiaero cofepranus F» GHOTHTE I MMEHHO DTO, BO3MO;KHO, odecme-
g0 3HAYMTENbHOE HakomieHme F B IHerMaTATOBYI0 CTajMio.

[lofoGHbIe HECKOABKO IPOTHBOPEUNBHIE JAHHHE CBUIETeIHCTBYIOT O TOM, 9TO
eBsA3H MELY PYAOHOCHOCTBI) ITPAHNTA M COJEPIKAHNIECM B puoTuTe PYyHAHOTO DIIEMEHTA
HOCHT CJIO/KHBIL Xapaxrtep. DT0 MOKHO HPOMILIIOCTPHPOBATD HA IpUMEpe TaHTANd
5 HuObms, IS KOTOpHX OmoTHT ABIAETCA TIABHBIM CPei nopoo00pasyomux
MUHEPAIOB HOCHTEIeM M KOHIEHTPATOPOM.

BricKABKBATOCH MHEHUE, 4TO TOBBINEHHbe CONepRanls Ta u Nb B OGuormrax
ARTAIOTCA TONOKITEILHEIM TPHZHAKOM IPH OLPEe/e eI HepCcHeKTHB MOTEeHIHAb-
HOIl TAHTAJIOHOCHOCTH IPAHMTOMHBIX KOMILIERCOB (Curaun, 1966; Awomwnn n ap.,
1970). OmEAKO IpPH BTOM CIeyeT YIHTHBATDL TOT daxr, 9TO B HEPYJAOHOCHBIX Ipa-
HETAX ¢ GHOTATOM CBABAHA OCHOBHAS JacThb HUMOGHsA, 4 B TAHTAJOHOCHBIX T'DAHHUTAX
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TONLKO HesHaumrejbHas. OCHOBHAS e ero wacTh BXOAUT B COCTAB aKIeCcCOPHAIX
MHHEPAIOE — CTPIOBEPHTA, dBKCEHMTA, KOIYMOWT-TAHTAINTA, KOJAMIECTBO KOTOPHIX
B 9THX T'PAHUTAX YBEJWIMBAETCH.

B 10 jxe Bpems BOBMOMKHOCT kK 006pa3OBAHMIO COGCTBEHHELX mubepanoB Ta m Nb
B T'paHOTaX WIN mervathrax Oyier Hambolee ONTHMAJbHA B TeX CIYYanx, KOTAA
YCIOBMA JIIA PACCEAHHA ITHX HJIEMEHTOB B GmoTHTAX OYyAyT MUHEMAIBHH. B mimo-
MasuUTOBBIX I'DAHUTOMIAX, I7e HeT cdeHa, a OHOTHTEH XapaKTePMBYIOTCH BHCOKHM
Coflep:RaHneM aMIOMUHEA, H30MoppHOe paccesnue Nbu Ta orpanmueno, uro BechMa
OmarompmaTcTByer 06pA30BAHMI0 ODTHMH 5IeMEHTAMH COGCTBEHHEX MHHEPATOB
(ITaBrenxo m ap., 1960). :

Orparnuennoe paccesnme Ta mw Nb B 6moture m Husroe cofiep;Kanue mocie/l-
Hero B IIOPOAE jiesaeT BO3MOKHHIM TOSBIEHHE AKIECCOPHEIX TAHTAJI0-HEOGATORB
B JICHKOKPATOBHX T'PAHUTON/AX, COACP:KAINHX HTH DICMEHTH B KoJXmdecTnax, Gama-
REX K RIapROBEIM mim faxe Hmxe ux (Ilomompckmii m mp., 1965).

Brrto rakske ycramopmeHo, uto Mexxly comepsxkaEumeM Nb m Ta B GmormTe 1
ROIMIECTEOM MUHEPANOB STHX IEMEHTOB B IPaHHTe YacTo Habumofaercsa ofparHasd
3aBHCHMOCTH: MOBHINEHHOMY cofiepskarmio Nb B 6moTuTe COOTBETCTBYET HOHMKEHHOE
Ccolepiranue TanTano-HEOOaToB B rpammre (Jlaxommu, 1965). Ara obpaTHas 3aBu-
CUMOCTD BRHIPHCOBHIBA@TCA M IPH CPaBHEHHMH CpeflHHX comepskanmii Ta u Nb B 6mo-
THTAX CO CpeJHUM COJleP;KaHMeM B FPAHNTOMAAX TAHTAI0-HHOOATOR I AKIECCOPHHIX
MmHepanon tatana. B wacrmoctm, B oforamemEBIX MHHEpAIAMH STHX IeMEHTOR
MeUKOKPATOBHX W AJACKUTOBHIX TPAHUTAX conep:kagme B Omormrax Ta Hmxe,
a Nb HesnaumrembHO Bhime cpegmero (tadi. 26).

TaGamma 28

3aBHCHMOCTD MEKAY CpexHnME coiepskannamu Ta n Nb B 6moTnrte rpamnTongosn
W KOJINYECTROM B MOCIAEJHHX cOOCTBeHHBIX MHHEPANOB HTHX JEMEHTOB, 2/m

Tiopona Ta Nb NiGTw'| o ‘ P o
Juopur, kBapuepse rpamo-

AMOPHTH . . . . . ...| 98(38) 93,4 (71) 96 | 067(26) | 3507.4(26)
Tpapnrse Gnorutossie . . . . .| 16,8 (168) 148,1 (207) 89 5,29 (107) | 1124,0 (107)
Ipanurer  neiikowpaTtoBeie U

SIECHUTOBRG T L7 & 7L wlud 42 @7 198,2 (48) 14,0 43,53 (36) 258.4 (36)
I'paunrouas nwurpysusnwie . .| 153 (243) | 143,6 (326) 9,5 12,72 (169) 1306,3 (169)
Ppannronns aproxronnse . .| 21,2 (26) 191,7 (31) 9,0 0,56 (10) 18708 (10)

B mermarmrax, B Tex cayuasx korja oHm comepsar MHKDPOJIHT, COAEpP KaHus
B Omorure Nb m ocoGenno Ta OKa3HIBAIOTCS CHIBHO TMOHMYKEHHBIME M COCTABIHIOT
coorsercreenno 160 m 7 2/m (Ilonesckux m ap., 1970).

AHaIU3 JAHHHX 10 TPAHATAM PABIHIHEIX PETHOHOB TAKMe MNOKABHBAET, HTO
B TexX cayuasx, xorpa copep:kanme Nb m Ta B Gmormre mpesmmaer cpesmee sma-
UeHHe, colep;RaHue TAHTANO-HHOOATOB B I'DAHETE UACTO HUZKE CPEJIHEro, M HaoGopoT.

Tak, cpepm GuormroBmx rpammtos Coserckoro Cowosza -HamGomee oboramiens
Nb m Ta 6Guormtst ms rpammron JlaxbHero Bocroka, Bocrounoro 3aGaiikamss u
Vabexmcrama (cM. Tabur. 11). B To e BpeMs IS GHOTHTOBEIX TPAHHATOB ATHX pe-
THOHOB HE XapAKTEPHLI HOBHIUIEHHHC CONePKaHMA TaHTano-umobatos (Jaxosmy,
1967,). HamGonee Goratwie Tamrazo-mmoGaTaMm rpaante ['oproro Aaras, Kasax-
crana u Tyss cofiepskar 6uoTnT, B KoTOpoM Kommuectso Nh HEe3HAYHTEIbHO, & Coflep-
sxanme Ta B 1,5—2 pasa mmke cpemero.
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PasmmM 00pasoM # B 0eQHBIX TaHTaI0-HHOOATAMH [0KeMOpHIICKIX IPaHHTAX
OUOTHTH XaPAKTePU3YIOTCH OYeHDb BRICOKMM COJIepRAHUeM Nb u Ta (cm. Tabm. 26).

HaGmoNens DOKABHBAIOT, UTO B IPAHATOMAAX, PYAOHOCHHIX HA Nb u Ta,
5TH HIEMEHTH BXOJAT TIABHEIM 00pasoM B MHHepaJ KOHEYHOTO JTala Kpucranin-
sarun — Owotut. B HEpYZOHOCHHX I'DAHATAX OCHOBHAA Macca Nb u Ta csasaBa
¢ MHEHepa;OM PAHHEr0 9Tana KpHCTAJIIH3anul — cpenom (HyspmmH, 1966). To mxe
xapaxrepro 1 A ojosa (Ilerposa, [erpos, 1965).

Kpome TOT0, TOBHIIEHHBE CO@P/RAHNA PY/IHEIX I Pe/IiiX pIeMeHTOB B OMoTUTE
He 00SBATEABHO OTPAsKAIOT MEPBOHAYAIHHYI0 (TEOXHMHILCHYIO CIEeIAATN3ATIAION
CPAHUTHOIl MArMEl. JTH TOBBIIEHHBE COJlep/RARNA MOTYT BOBHMKHYTH U M3 00BYHOM
«HecmenmATHANpoBanHoiy Marmer. Cyjas 1o ANTEPATYPHEIM JTAHHBIM (ITerpona,
Jlereiimo, 1965: Koamos, 1966), pyaoHocHEe PeJKOMETA/IbHLIE UATPYBUUL B OTIH-
qu@e 0T HePYAOHOCHBIX XapaKkTepUsyioTCs 3HATHTENLHO YBeJANYUBAIIUMCI COep-
JKAHUEM PYIHBIX HIEMEHTOB B JIEHKOKPATOBHIX nupdepennuaTax, 4ro YKA3LIBAET
HA BHCOKYIO CTEIEHh HAKOIUIEHHs DTHX DIEMEHTOB B HPOJYKTaX nnddepeHIHATIR
nogoGHEX uwHTpy3uil. B TO jKe Bpems B HepyMOHOCHBIX MHETPY3HWAX COJEPIRAHUSA
PYIAHBIX ¥ PEIKUX JJIEMEHTOB OT MEJaHOKPATOBRIX K nefikoxpaToBsM JEpepen-
miaTaM yOIBAOT.

(reneHb HAKOIUIOHHA PeJKNX BJIEMEHTOB B OHOTHTAX Boobme m B OmorATax
o3HEX $as MEOropasHHX HHTPYSHBOB B 0COOEHHOCTH MOFKET ABHTLCH NpPHU3HAKOM,
MO3BOJMIONIAM OIEHHBATH IMOTEHIUATBLHYI0 PYJOHOCHOCTDH MHTPY3Uil, TAK KaK OHA
OTpaikaeT TEHJEHIHI0 PYHHOTO BelEeCTBa HAKAILIABATHRCA K mO3HAM 9TAamaM KpH-
CTaIA3aATAT. v men @ — o T T

B Oumormte OJOBOHOCHHEIX TPAHUTOB I{YJII;(’Jé]‘i'IGi{OFO KoMIJjieKca BoCTOYHOTO
Babaiikanbs K0aQPUIEEHT KOHIEHTPAHN 0JI0BA B OHOTHTE (28,0) Bhume cpeHErO
spageHusa (25.,5) 1 3HAYATENBHO HPEBBIIIAET Koa(PuumenT KOHNEHTPATIHIT 0J10Ba
B GHOTHTE HEOJOBOHOCHHX rpaHuToMfoB [axTaMHHCKOTO KOMILIEKCA TOLO JKe
paitona, vae on pasen 1,8 (Taycom u ap., 1966).

Onpe/IeeHHBIM TPUIHAKOM, OTPAYKAIOIIUM XapaKTep IOBEJGHIIH PYLHOTO 3Je-
MeHTA, MO:KeT OBITH ero 0Jif, HPUXOJAM@sNCcA HA OHOTHT. Tak, B OJOBOHOCHEIX
rpagurax Bocroumoro 3alaiikanba Ha 0110 OHOTHTA TPUXOAUTCH 70% obmero
0:10Ba MOpOJLL, a B HeosnoBoHocHHX — 13% (Jlereiino, 1967). Boaee T0ro B HEOI0BO-
gocHEX rpaEurTax JAEAMHCKOro KOMIUIEKca [OIA 0JI0Ba OT 00mero CcofepHaHnsA
B DOPOAe, OPHXOAAMAACH Ha OMOTHT, YMEHbIIAETCA OT 8.-99% B Ouorure U3 rpa-
muros I dpasm 10 4,3% B Guorurax us rpanmros 111 dass (ITerpona, Jlereitgo, 1965).

Orpamenue OMOTHTOM BHICOKHX WIM HHBKHX cofepyRaHMil B Marme pPyAHBIX
W PeIKNMX DIIeMEeHTOB CBHAETEJILCTBYET O TOM, UTO OH ABJIACTCH HaJe/KHEM Te0XIMA-
UECKHM HMHIHKATOPOM. Opmako paccMaTpuBas Ppy[OTeHepHpYIOILyTo cnocoOHOCTD
TPAHUTHON MATMBl KakK IIPOIecc, MPUBOJAMAN K HAKOIIEHMIO nepBOHAYAIBHO pac-
CestHHBIX B Heil PYIHBIX ¥ PeJKEX DICMEHTOB B IOBJHHX NErMATHTOBBIX I THPO-
TePMANBHBIX 00PA30BAHUAX, CIE/yeT OTMETHTh, ITO OTPAKEHHEM JTOTO HAKOILIEHHA
PYAHBIX U PEIKHX DIEMEHTOB ABIAeTCH 00pasoBaHue MMH co0CTBEHHBIX MHHEPAIOB
B MATMATHYECKYI0 CTA[HI0 (GOPMEPOBAHMA MAaccHBOB. B oTOM CBETE HpUBeJIeHHBLIT
MaTepHual CBHAETEILCTBYET O TOM, 4TO OMOTHT He BCET/ia MOFKET OBLTH MPAMBIM WHA-
KATOPOM pYJIOHOCHOCTH TpaHUTa, TaK KAaK 4YacTo HaOmonaercs oOparHas CBA3DH
MEKAY COJep:KAHHeM B OGMOTHTE pPEIKHX JIEMEHTOB W KOJIHIeCTBOM co0cTBEHHBIX
MEHEPAIOB 9THX 2JeMEHTOB B I'pamnTe. V3BeCTHEIM MOTEePK/ICHUEM dTOT0 ABIAIOTCA
pesyibTaThl, N3N0KEHHEE B IOCIE[HHX padorax mo reoxXuMun rparnromon [laub-
mero Bocroka m Uykorkwm. B Hmx ykasmpaercs, 9To B Omorure rPasnTONIOB, PY/AO-
HOCHHIX HA& BOIL(paM, MONHGIEH W 0J0BO, COJEpHKAHEme OTHX dICMEHTOB 3HA-
U@ETeTBHO ITOBHINIEHO [0 CPABHEHMIO ¢ OHOTATOM HePY/IOHOCHBIX rPAHHTOH/IOB
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(Hepamxosckuit u ap-, 1970; Jlesamon u xp., 1970; WUsaunos u ap.. 1970). TIpen-
CTaBlICHHE 0 HAONIOAEMbBIX OTIHIMIX JawT ganHsle Tabma. 27.
Tabamma 27
CraTnernyeckne owenkm * CONCIRAHNI PEIKUX M PYAHBIX 3IeMCHTOR
B OHoTHTE pPY{OHOCHBIX (1) m Geapyausix (2) rpamnrongos Haasnero Boeroka
(Tosopom 1 ap., 1970)

[
Haement n l X, 2/m i a2
| 107 ' 166.0 . 24 652,0
Sn
9 257 ] 21,0 ‘ 350,0
~ 1
1 ' 83 [ 10,0 | 744
w
2 ] 76 { 1.8 | 1.61
1 76 ‘ 85 . 1554
Mo
2 ‘ a1 | 1,5 ‘ 1.9
I e
| 58 | 398.0 f 26 431.0
Nb :
P ' 60 ’ 12,0 | 32800
1 I 58 | 27.8 ‘ 458
Ta ! |
2 ’ 60 ’ 16,0 [ 12,84
1 ‘ 72 I 9.5 ] 66,33
Be et e R
9 ] 80 | 21 J 3.02
* 37eCh M Jazee; n— YHCIO AHATMBOB; X — CpeHee APIMPMETIHLCKOR ] 02 — oTa HIAD THOE OTKAOHCHIE,

C nmpyroii cropomsr, us Tex ke pador, BechbMa HACHILEHHBIX AHAIMTIIYECHIM
MaTepHayoM, ciefyer, 4ro GHOTUTH M3 TPAHHTOHIOB, ¢ KOTOPBIMH ¢BA3AHBL OJOBO-
BONB(paM-MoTHOTEHOBEE PYAOTIPOABIEHUSA, XaPAKTEPHIYIOTCA OOTBITHM IHATIAZO-
HOM KOXeDaHuA CONep/RAHHI 3TUX DIEMEHTOR: W —or 0,8 go 160.0 z/m; Mo —
or 0,5 mo 60,0 e/m (Jlesamop u np., 1970); Sn — or npeoGaagaomux 14— 30 2/m
Alo BCTpedanmuxcs: 3HAIHTENbHO pesre 100—140 2/m (Usawos u ap., 1970). Takue
BRICOKHME CONIeP;RAHMSA, BEPOATHO, 00A3aHL MUKDOBKIIOYCHUAM COOCTROHHEX MITHE-
PATOB HTHUX 3IEMEHTOB, 9TO B CBOI OYepelb MOTIO CHIBHO HCKAZNTL TIOJIVUCHHbiC
HHPPH CPeJHUX CoMeprRAHMIL (em. Taba. 27).

Onnako B cayuae usMeHEHHBIX TPaHATOUJIOB, KOIlA MOT MMETh MECTO TMPHBHOC
SHAYUTENBHOT0 KOJMYECTBA PEJKHX BIEMEHTOB, BO3MOKHO HAINTMe I IpPAMOI 3aBu-
CEMOCTH. JT0 TeM Goiee BepOATHO, 4T0 B psAfe cayvaeB NOBBIIEHHBIEC COAePIRAHI
Sn u Zn Obutn ompefienens B GmornTe TPAHMTOUIOR, MOJABEPTHIUXCH HAJOKEHHOIT
MHAHEe panusannu sruMm anementamu (Haack, 1969).

Bricokas macmmenmocts 6morura Propom sBaseTcs Gomee peanbHHIM HHTHEKA-
TOPOM, TaK KaK OTpaskaer KOJIMIECTBO JeTyunx, OKa3HBAKIIAY HENOCPEICTREHHOE
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BINAHME HA MOTEHIHAIBHYI0 PYAOHOCHOCTb OTIIEIJIAIONMXCS PAcTBOPOB. lloatomy
roHnenTpanus F B Ouornrax, compoBoskammascs CHUREHHEM INOKasaTeleil mpe-
JIOMJTEHHS, MOKeT SIBUTHCA MHAMKATOPOM, IO03BOJIAIONIEM CYAUTL O IOTE€HIHAI L0
pyronocuoctu rparutos (Ilorameer, 1964; Hozxos u nap., 1965). B ceasu ¢ stum
cllefiyeT OTMETHTH, YTO OHOTHTH U3 TPAHHTOB TPEIWHHEIX WHTPY3WBOB HEPEIKO
obmafaoT yMepeHHOI WIN HH3KOil ;keaesmcrocThio (Bumorpamos, 1965; Jlursumos,
1966), aTo, Bo3MOsKHO, O0BACHALTCA MOBHIIEHHKM coiepsranneM B Hux F. Borarerso
TPaHUTOB TPEMIMHHBIX NHTPYSHBOB (PIIOOPHUTOM W wacTas OPUYPOUEHHOCTH K HHM
PeIKOMeTANLHEIX MecTOposKienuil (JIsxonmy, 1968) mosponser paccmatpmpath aTy
0co0eHHOCTh OMOTHTOB KaK OJMH H3 IPH3HAKOB PYAOHOCHHIX IPaHUTOMJIOB.

ITpusefenssie cpeflAne cOJlepKAHMA IOKA3HIBAIOT, UTO OMOTUTOBHE KOHIEH-
TPATEL MOTYT OBITH MCTOYHUKOM MHOTHX PYAHEIX W DPeJKNX aneMeHToB. CoBepIIento
COpaBe/UTHBO YKA3KBANIOCH, HANIPUMED, 9TO GIOTANMOHHBE CAIOAHEE KOHIEHTPATH
MOTYT pPaccMaTPHBATLCA KaK JIeIIeBBIl HCTOYHHK TonyTHOro moayuenus Li u Cs
('musbypr m mp., 1969).

6. OcoGemnnoctn cocrapa OmoTuTa MOTYT OBITH MCIOAB3OBAHB TPH BHACHEHNI
resesmca rpannTa. Mo;xHO TIpPHBECTH PAJ TPUMEPOB, MOKABHBAIOINAX BO3MOGHBIC
OyTH PEHIeHWs ATOTO BOMPOCA.

Fosopst o csoeobpasuu GHOTUTOB M3 ABTOXTOHHBIX METACOMaTHYECKMX Tpamil-
TOB, CJe/lyeT OTMETHTH WHTEPECHBIe Pe3YJIbTaTH M3YYeHHs TOJAMTHIHBIX MOAH(H-
Raumii cmiof rpapuron7os. OHH MOKA3agm, UTO B HHTPYSWBHEIX TPAHHTOMJAX
OHOTHT TPECTABICH MPeMMYINecTEeHHO moauTtunoM 1M, a B aBTOXTOHHBIX MeTaco-
vatwgeckux rpanmrax — 2M, (Tenwrwmn, 1967; Iapammun, 1966).

B orHomeHuH meTporeHHHIX 3/1€MEHTOR CPABHHTENHLHO JaBHO OBLIO YCTAHORB-
JeHO, 4TO OMOTHTH [OKeMOpUIlCKMX TPAHUTOB, HEPEJKO WUMEIONNX aBTOXTOHHOe
NPOUCXO0si/IeHne, 00alaloT MeHbiueil Beamunnoil ofmeil sKeaesmcTocT MO cpaBHe-
Hmo ¢ OHOTHTAMH M3 NOCTTEKTOHWYECKMX, YACTO TPENUHHKX WHTPY3MBHHX TI'pa-
anros (Ilomosunxuma n ap., 1954: Burorpanos, 1965).

Buorurer s fokeMOpuiicKkuX TpannToB Ioro-sanannoii wactu Kapeaun ofragaor
MOBLINEHHOIT TITNHOBEMUCTOCTBIO, XaPAKTePHOIl UL TOPOJT METACOMATHUECKOTO TIPO-
UCXO/KJIeHAA, a TAaKHKe W HUBKOIM ;KeJe3meTocThio, GIMBKOH K JKeJTe3MCTOCTH MeTa-
MOppUUECKUX H IDAaHUTH3NPOBAHHBIX OCHOBHHIX 1OPOj. IlepevnciaenHre mpHSHAKL
HO3BOJIAKT CIUTATH, UTO HTH TPAHUTOMIB MMEIOT METACOMATHYECKOE IIPOMCXOJKIe-
aue (Jlobau-tHygenro, flewkesmu, 1966).

U, maronel, n» mocieannx paborax OGBUIM YCTAHOBJICHB PABJINUHA B COCTABE
Omorura, ¢ ONHOIl CTOPOHBI, U3 HIETOYHO-H3BECTKOBHIX, MEJ0UHEIX H CYIIECTBEHHO
KQJIHEeBBIX I'DAHUTOE MArMATHYECKOTO TPOMCXOKIEHWs W, ¢ Apyroii, u3 Meracoma-
THYECHKHUX TPAHUTOB, KPHCTANIMYECKHUX CJIAHIER, THelicon u KHUCHBIX YapHOKUTOB.
Ha rtpeyroasnoii nmarpamme (Fe,O, -+ TiO,) — (FeO -+ MnO) — MgO &no-
THTHL IePBOIl TPYINH HOPOJ OTIANYAIOTCA TOBBINEHHHIM cofepskarmem Fe,0, -
- TiO, n nonmxennsim MgO. Ha rpeyroapnoit guarpamme MgO — Al,0, — oGmee
Fe B popme FeO — Gmorurst MarMaToreHHBIX I'PAaHHTOB 3aHAMAIOT TOJdE, XapaKTepH-
aylomeecs TORHINEHHONl jKETe3NCTOCTHI) W HOHIGKEHHOIT MarHe3malbHOCTHIO
(Gokhale, 1968).

lpn pemeHnn reHeTMIECKUX BONPOCOB PACCMATPHBAIOTCSH U PEIKHe DIEMEHTEH
Omoruros. Tak, GamsocTh comepsRaHMil HIeMEHTOR-TpAMeceil B GHOTHTAX OCAOYHO-
MeTaMOPPUIECKUX MOPOJ apXes M JPeBHUX THEiiCOBHWAHKIX TPaHuTOB BOCTOYHOTrO
3abaiikaibs ykashiBaer Ha UX BepOATHOE 00pABOBAHME B PE3YJbTATE IPONECCOB
vabrpameramoppusma srax roxm (Eckum u gap., 1962).

Hannsie raba. 28 mo3BosI0T yOOAUTHCA B CYMECTBEHHEIX OTAHUHAX COJe pyRaHuil
PEJIKUX DJIEMEHTOB B OGMOTHTAX IBYX TEHETHYeCKH OTIMYHEIX TPYIIN TPAHHTOMIORB.
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BHOTHTEL aBTOXTOHHBIX TpPAHHTOHIOB comep:kar Goabue Nb, Ta, Zr, TR, Ga, Rb,
T. €. DJIEMeHTOB, KOTOPsle WIH CONep;kaTcsa B OOMbIIEM KOJIHYECTBE B HECYaHO-
CIAHUEBRIX TOPOAAX, WIM ODBYHO HAKAIIMBAOTCA B METACOMATHIECKH M3Me-
HeHHBIX mopoiax. B ro ;xe Bpema B OmoTHTE ABTOXTOHHBIX TPAHHTOB COfePIKAHUE
OombmnHCTBA PyAHBIX anemeAToB — W, Mo, Sn, Zn, Cu, Bi — nmommxeno. Ilonn-
JKEHEL COIEP/RAHMA M TAKUX pefREX axeMeHToB, rak Gs, Sc, Be u Th. Ecan cpenmee
cofiep:KaHme mocaeHero B 6morure marTpysnsHeix rpaauros Cesepo-Bocroka CCCP
(7 ompegenennii) cocrasiuser 185 2/m, To B GmoTHTe ABTOXTOHHEX T'PAHHTOB (D Ompe-
gexernit) 14,4 2/m.

Tadamma 28

Cpefdie cogepmaHusm PeKAX W PYIHGIX DIEMEHTOB B OUOTHTE
IPAHATOMAOB PA3AMYHOTO TeHesmca, e/m

I‘])aHHTUHnH
9meMenT NHTPY3NBHEIE l ABTOXTOHHKIE | radbpoBoit Gopmanun
r
I

Bi 1,8 (12) 1,6 (2) -

Sn 76,5 (396) 25,0(7) =

Li 916,4 (207) 933,5 (46) 44,6 (7)
Cs 107,1 (159) 32,3 (13) —

Sc 61,2 (73) 16,8 (9) =

F 15 567,6 (185) 6183,3 (18) =

Ni 152,8 (121) 35,4 (137) —

Co 46,8 (51) 32,0 (137) —
Th 157,0 (9) 14,4 (5) —

7n 480,7 (111) 4204 (27) 232,0 (5)
Ti 17 517,8 (204) 133,85 (52) 49000,0 (1)
Nb 143,6 (326) 191,7 (31) -
Mo 6,0 (137) 3,3 (8) =
Rb 1054,2 (308) 1480,7 (40) 157,1(7)
v 198,0 (5) 160,0 (4) -

W 7.2 (73) 5,6 (4) —
Ta 15,3 (243) 21,2 (26) e

Cr 91,6 (6) 40,0 (3) -

Tl 5,1 (33) 5,6 (9) =

§] 11,2 (12) 3.9 (4) -
Ga 61,0 (19) 141,7 (6) —
TR 1.006,2 (23) 600,0 (1) =
Cu 45,0 (20) 31,8 (4) =
Be 4,9 (137) 1,8 (3) =

Zr 1221 (18) (40,0 (2) —

Sr 141,2 (18) — 26,5 (2)

Cpegee cogeprranme B GUOTIHTE ABTOXTOHHEIX 1y/AHOBO-08PHIGBCKEX T'DAHATOB
Yrpanmast (4 ompefenenna) Sn — 15 2/m, Mn — 0,8 2/m, Be — 1,7 2/m, uro B 3—
7 pas HmKe CPeHWX CONEP/ARAHHI A dTAX diaeMerToB (cM. Ttabdm. 10).

[Monyaennse nammsie mo cogep:kaguio Ga B GHOTHTAX CBHIETEIBLCTBYIOT O TOM,
970 OHOTHTH WHTPY3HBHHIX TPAHHTOMIOB cOAep:Kar B 2 pasa MeHpme Ga, yeM Gmo-
TATHL ABTOXTOHHBIX rpaHuToB (cM. tadm. 28). 910 Moker OHTH ciefcTBHEM 0Ooiee
BEICOKOTO cojiepkamua Ga B cIaHOaX 0O CPABHEHHIO ¢ KUCIEIMH IOPOJAMH.

B Omormrax apToXTOHHHX TrpaHdTOB HOHWEKeHo cofep:xamme Cr, Ni, Co, V,
X0TA B GHOTHTE M3 CIAHNEB CONEp/KAHHME ATHX DIEMEHTOB 3HAYMTE]HHO BEIIIE, TeM
B GHOTHTe M3 WATPY3MBHHIX I'DAHATOMLOB. B03MOKHO BTO CBA3AHO €O CBOEOGpA3HeM
aponecca TPAHNTH3AUHEA, CONPOBOMKAAMErocs OTTOHOM pAfa JIEMEeHTOB, BO3-
MOKHO — ¢ ux nubdpeperuuanueil B yeaoBUAX pasaMdIAKX cragmii MeramopdmaMa.
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JleiicTBuTeNIBHO, COlEP/aHuUe NEeTPOTEHHEIX M DPEJKHX JJIeMeHTOB B OHOTHTE
BO MHOIOM ONpeeJsercs CTeNEeHBI MeTaMop(usMa BKIKNYAIONIEH ero IOpOb.
MHuorouncaeHHEe paGoOTH CBUIETEALCTBYIOT 0 HNOBHITEHHN cofiepsxamms Ti B Gmo-
THT® HApaJIeNbHO ¢ BO3PACTAHHWEM CTemEeHH MeTaMopdmsMa BMemalomeil IOPOJH
(Bakpyrkmr m ap., 1968). Yeeamuenme copepanmsa Ti compososkpaercs. JHMHeil-
HEIM YMEHBIIEHUEM CONep/KaHms [PYTHX OKTas[JpPHYECKH CBABAHHHIX KATHOHOB
Al3+, Fe?t, Mg?* (Kwak, 1968). VYcramosueno rakke, 910 HaGmmojaercst Ipomop-
HUOHAJNbHAA CBA3h MEKAY REJe3UCTOCTBI0 OMOTHTOB M IOPOAE, B TO BpeM:A KaK
MesKly THTAHHCTOCTBIO OmoTmTOB U 00muMm cofep:kanmem TiO, B mopose »TOro
e mabmomaercs (Boiiko m np., 1967).

B GmormTe M3 MeTaMOpUUECKHX HMOPOJ ¢ yBEJMUEHHEM CTeNeHH Meramoppusma
yMenbmaercs cofepskanme Zn (Ilerpos map., 1965) Li u Cs, B T0 BpemMsa Kak cofiep-
;xarme Rb ysemmumsaerca (Haraimes m ap., 1966). B meramopduueckux mopopax
Maxejonnu cofiepicanme Rb B carofax GAmBKO K KJIApKy AJS 3eMHOIl KODHI, Li —
o6saE0 He mpesmmaer 65 2/m, a Cs mourm He HAOAKAeTCs B CIAHNAX U TOILKO
B anb0UTHANPOBAHHEIX THeiicax ero cojepykanme cocrasiser 32—115 2/m (Stojanov,
1968). B orom caywae comepswanuss Li, Rb m Cs B caonax ms MeramopduiecKmx
HOPOJ 3HAUMTEJbHO HUyKe, YeM B OMOTHTAX U3 WHTPY3MBHEIX I'DAHUTOMNIOB, M MOKET
CAY/MHTh OJHAM U3 JOKABATEJBCTB, HMO3BOJAIIIUX OTINYATH HMHTPYSHBHEE TIpa-
HHETOMAL W3 ABTOXTOHHBIX.

Uro Kacaercs OMOTHTOB IPAaHUTOUAOB, (OpMHpOBAHEE KOTOPHIX CBABAHO
¢ OCHOBHOM MATMOi, TO COCTAB MX TAK/Ke OTIMYAETCH OT COCTABA OMOTUTOB WHTPY-
3UBHHIX TpaEmrommoB. Tak, OmoTursl m8 rpammromaos Amymrukano-Illaxrammn-
CKOTO THIA, 00PABOBABIINECs B Pe3yIbTaTe ACCHMUJIAIHE OCHOBHOM MarMoil KHCJIBIX
MOpOJ OTIMYAIOTCH BHICOKOI MAarHe3MAAbHOCTBIO I TOBHINEHHBIM COJep/KAHHEM
taTaga. bmotmTsl ma rpammTompos Hykyiabbeiickoro Tuma, sABIMIOmEEcS DPOUS3-
BOMHEIMM KHCJIOil IAJWATEHHON MArME, XapaKTepPH3YIOTCH NOHHKEHHOH Marde-
3WATBHOCTHIO W MOBHIIeHHEIM cofiepsrarmeM Si0,, Al,0,, a taxke Mn, Li n F (Jlnr-
suroB, 1966).

UccaegoBanmsa, IposefleHHbie HA Y paje, IO3BOJAMWIM YCTAHOBUTH, 4TO Majo-
srenesdcTeil OmoTnT ¢ comepmanuem Ti mo 17 700 e/m muporo pasBHT B rpaHu-
TOMAX TpaEATHOH (OpMANEH, a CpejHe;Kene3uCTHIl OmotmHT ¢ Cofepmanmem Ti
0 49 000 e/m xapakTepeH s TpaHHETOMAOB OasanbroupHoil gopmanmu (FHyi-
woBa, 1965). 3mas cpenmmee copepskanue Ti B GuornTe U3 rPAaHATONIOB I PAHNTHOI
dopmamum (17 515 2/m), MOKHO CKas3aTh, YTO HPHBOIMMEIE THEPPLI AEHCTBUTEIHHO
ABJIAIOTCH CIJIBHO IOBHIIEHHBIMIL.

[los:xe ma mpmMepe rpaHmTOWA0B ¥ pana Oburo mokasamo (Bymwasxos, 1962,).
970 GHOTHTH TPAHUTOMIOB, BOSHHKIINX IIPH CEeJEKTHBHOM IUIABIEHHH CHaJf, IO
cOCTABY (BEHICOKAf TIMHO3EMHCTOCTH) CXONHBI ¢ OMOTHTAMH M3 TMeNHUTOBBIX I'HEHCOB.
B 10 ji<e BpeMa OMOTHTH U3 IHUA0MCCATBHBIX T'PAHUTONIOB, POPMUPOBAHHE KOTO-
PHX TeCHO CBABAHO C OCHOBHBIM BYJKAHM3MOM, Xapakrtepuaylorcs Goabmeil Tmra-
HUCTOCTHIO .

CopepskaHue PeIKUX U PYAHBIX 3JIeMeHTOB B GmoTHTE rpaHmTONzoB rabGposoii
dopManum 0OGEYHO CHIBHO HOHWKEHO.

B crpysrype Boapmoro HaBkaza OTYETIMBO BHIIEIAITCS TI'PABNTONJIHEIC
KOMIJIEKCH, OmoTuTel KoTopx oboramernsl Nb, Ta mam Sn. Mckawouenune cocras-
IAK0T GHOTATH W3 KaJdelOHCKHX T'PAaHUTOWAOB ¥ PYMTEHCKOT0 KOMIJeKca, KOTOphe
COJIepsKAT DT HJIEMEHTH B 3HAUMTEJIBHO MEHbIIEM KOJIWYeCTBE M CUMTAITCA HPO-
nykrom ampdepennmannm Gasaabrosoit Marmel (Opmkaase, 1967,). Ompenenennbie
OTIWYHS B CONeP:KAHEHHM PelKMX dileMeHTOB HabmojaoTcs B OHOTHTAX HM3 rpa-
HATOHAOB Y paja, OTHOCAIIEXCS K PA3IWIHBIM TeHETHICCKHM IpyImam.
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[lo mammerv I'. b. epmirarepa um japyrux mecaegosareieir (1969), GHOTu;:i
U3 IPaHHTOHOB I'PAHHUTHOI dopManmum comepskar B cpemmeM (B 2/m): Rb — 1706:
Sr — 9,3; Pb — 12,2, B To BpeMa Kak OHOTHTH M3 rpaHEHTOMEOB rad6ponoii dop-
mammn — coorsercreerno 1300; 26,0 m 50,5 e/m. Ogmaro, ecam mammsle mo Rb
u St orsedanT UX 00Jee BEICOKHUM CONEP/KAHMAM B KUCJIOI M OCHOBHOII MarMe cOOT-
BETCTBEHHO, TO JaHHBIE MO COAeP:KAaHMI0 B OHOTHTE CBUHIA, BePOATHO, OITMOOYHEL,
Tak Kak 010 yerasosieHo (3mamenckmii, Tposrosa, 1968), uro rpammTommsr rad-
OpoBoil m rpaHATHOH (GopMamumil CHABHO OTIMYAOTCA IO COAEP/KAHMI0 CBHHIA:
nepseie cofep:xar ero B 6—9 pas membime.

[o mamuM gaHHEIM, OHOTHTEL TPAHHTOMAOB radGpoBoii (gopmanmm comepskar
3HAYUTEIbHO MEHbIIe IHHKA, JAUTHA H PyOMAmsA, UeM OHOTHTH M3 HHTPY3HBHBEIX
rpaEATouAos (cM. Tabia. 14), orpaskad TeM caMEIM TreOoXHMHYECKHe 0co0eHHOCTH
KHCIOH W OCHOBHOI MarM.

'merorpammsr gacToT pacDpe/ieleHHA COfePKAHWI PeJKUX H PYMHHX AJIeMeH-
TOB B OHOTHTAX TOKA3BIBAIOT /A OONBIIMHCTBA HX CXOAHYI0 KAPTHHY — CIIBHO
BRIPA/KEHHYIO OTPHI[ATEABHYI0 ACAMMETPHIO M 9KCI@CCHBHOCTD, CBH/IETENBCTRYIOILYIO
06 yeroilumBoM mpeodIaTaENM HU3KHAX COJEP:KAHMI TOTO WM WHOTO 3JeMeHTa
(em. pmc. 2).

Ha arom ¢one mapegra BeTpedaiomuecs Beiconme cofmep:xaHmsa Ta m Nb, Mo
u W BHIIIAAAT HeOOBTHO W, MO-BHAUMOMY, 00A3aHH MAKPOBKJIYEHUAM COOCTBEH-
HEIX MHHEpajon THX sneMeHToB. s Sn m F Hanuume BRICOKHX comepsrammii dui-
CUpyeTcs 3HAYUTeNBHO Halle H, MO-BHAHMOMY, OTPA/KAET HE TOIHKO KOHIEHTPAIIWIO
3TUX BHJIEMEHTOB, HO M M3MEHSIONYncs U30MopdHYI0 eMKOCTh OHOTHTA B 3aBUCH-
MOCTH OT KHCJIOTHOCTH — IN@JOYHOCTH CPEefiEl MHHEpPanooOpasoBaHus.

Pacnpenenenue copepswanumii Ti M reoXuMumdYecku CcXOAHOTO ¢ JKeIe30M Zn
OIM3K0 K HOPMAJIBHOMY M CBHJAETEIBCTBYET O DABHOMEPHOM HACHIOIEHHU KPUCTAI-
AMYECKUX PEIIeTOX GHOTHTA STUMH DJIEMEHTAMII.



Fmasa 1V
MYCROBUT

MycKOBHT — XapaKTepHbIl MHHEPAT IO03IHeMArMaTHYeCKOTO JTANA KPHCTA/l-
amsarum. B BYXCOOIAHBX # MYCKOBUTOBHIX TDaHHTAX €ro COAepiRaHme KOIes-
teres o7 2—3 10 8—10 06. %. B GéabmeM roamgecTBe OH HPHCYTCTBYET B Ipeil-
3eHUBHPOBAHHEIX TDAHMTAX, [Jle €r0 NOsBIeHHe B SHAUMTENLHON Mepe CBA3AN0
¢ (PTOPHCTHIM METACOMATO30M IIOJIEBBIX IINATOB.

Jlist MycKOBUTA XapaKTepHBI CIeJyIIIHe H30MOPHHLIC 3aMelleHs: OH <« T,
K-<Rb, Cs, Ba; Al < Cr, V, Ti, Sn, Nb, Ta, Li. BoaMo:H0, OTHAKO, YTO JUTHII
3aHIMACT BAKAHTHLE OKTaalpUYECKHe HOTOAREHIA HPeJIMouTATeIbHee, HYeM 3aMe-
maeT adiMEHIIL.

B ofmeyM dataHce HA [0JH0 MYCKOBHTA HUHOT[A HPHXOTUTCH 3HAYUTENDHAA
4acTh PEARUX HICMEHTOB IPAHHTOMOB. D MyCKOBHTOBRBIX TpPAHMTAX Bocroumoro
Babailkanbs, HAIDHEMED, YCTaHOBIEHO, YTO OCHOBHLIM HOCUTEIEM Nb u Ta apasaerca
MYCKOBHT, B KOTOpOM cocpeporoueno 98—99% umolud u 92—94% ranrama ot HX
obmero cogepaamua 1 rpanure (Kyspmenxo, 1961). B Cesepo-3anajmom 3adaii-
Ragbe B HeH3MEHCHHHX Ipanurax Goixbmas yacts Mo n Be cofepmTes b HONEBBIX
mmaTtax, a B IPeil3eHU3MPOBAHHEIX — B MYCKOBHTE (3II0B H Jp., 1963). Ecan
B HEMBMEHCHHEX TPAHHTAX HOCHTeTeM OCHOBHOI Macch Rb smusercs Kanmessii mo-
menoil mmaT, TO B Tpeii3eHM3MPOBAHHBIX TPAHUTAX POTb TIABHOIO HOCHTENA Tepe-
XOIUT K MYCKOBUTY, B KOTOpPOM 3armiodeno 1o 66% Rb mopomm (3anamrosa, 1960).
Jlast IpYrmX 5IeMeHTOB SHAUeHHe MYCKOBHTA, KAk MHHEPANA-HOCHTONA, SHAMH-
TEABHO CKpOMHee. B aIbLOHTH3MPOBAHHEIX I I'pEUBEHHIMPOBAHHEIX IPAHHTOMAX
llpmasosbs Ha 00 MYCKOBHTA NPUXOTHTCH 4—13.,5% obOmero cojiepscanusa Ga
B mopozie (Mmmenxo u up., 1966).

[Ipm BHIBOjE CPERHHX coOfep:aHmil ObLIO MCIIONL30BAHO 904 wacTHEIX ompeje-
JTeHmIT PYJHHX H PeIKHX HIeMeHTOR B MYyCKOBHTE, W3 ROTOPEIX 670 anmaru3oB 3amM-
CTBOBAHO M3 IITEPaTyphl.

OcofeHHOCTI  CONESKAHIS  PeJKHX I PYAUBIX DJICMEHTOB
B MYCKOBHTC IPAHHTOIIOB

OcofeHHOCTI COJIeP/RAHMAA PEAKMX U PY/(HBIX 2/IeMEHTOB paccMaTpUBAIOTCA
B MYCKOBUTE II0 Mepe yOBIBAHEA WX KOHIEHTpAanum (rabir. 29).

O xo0Bo. Cpemnee comepmanne 339,2 2/m, KoaGOUIMEHT KOHIENTPALNH 143

BechMa BHCOKMIT KO3PPUIMEHT KOHIEHTPALIH CBHIETEIBCTBYET O 3HATHTC/Ib-
HOil KOHIERTpamuy Sn B TOil cpefie, W3 ROTOPOIl BRICAICA MyCROBHT. Hecroasro
Gouee BEICOKOE cojepskamme Sn B Myckonmrax (38 ompememenwmii) — 397,8 e/m —
npusosar JI. X. Apemc m Y. P. JInGenGepr (1952).
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Tadamma 29

Cpepane copep:RaHnsa PelkUX W PYTHBIX DIEMEHTOR B MYCKOBITE TPAHHTONIOB
U HEROTOPLIX JPYrux mopox, z/m

TpaHnTH YHIIBHBIE TODOIBL Meramop prrgeciie
NOPONBI
DIleneHT
. TpeiiseHnsN- KBapIcBBIe
ABYCHIOMARBIC | popanppe ATIJITH TerMaTHThl JRILIB THe’CH CaaHmbl

Sn 339,2(36) | 3437(7) | 3200(1) | 260,0(10) | 1000,0 (1) = -
Cs 5181 (82) | 1050(4) | 100,0 (1) 78,3 (6) 165,0 (2) - -
Mo 80,8 (5) i — . i

Li' | 2677,2(115) 8700(5) | 3050(2) | 379,2(13) | 11250 (2) - -
W 304 (13) | 130,0 (2) 65,0 (1) 20,8 (12) 680(1) | 200(3) | —
Rb | 289816 (117)] 1948.0(5) | 1055.0(2) | 1120,0(13) | 12200 (2)

F  [10760,0 (10) 1390,0 (38) — [890,0 (11)
Ga 210,5 (6) — —_ 774 (16) - - 97,0 (2)
Ta 31,8 (77) 6,1 (5) 45,0 (2) 27,2 (6) 27,0 (1) A8 4,92 (1)
Be 47,4 (30) 6.5 (1) il 9.2 (57 i a .

Nb 160,8 (79) 36,2 (5) 1920 (1) | 2007 (6) 91,0 (1) £ 4,2 (1)
Tl 541 (10) 4,7 (1) 45 (1) 4,3 (4) 8.2 (1) - "

v 94.0 (2) i i 90,0 (1) - — 1440 (1)
Au | 0,0086 (2) 0,01 (1) e 0,02 (1) o = e
TR 645.0 (2) — — i — — =

Ti | 34018 (24) - 1770,0 (1) | 2700,0 (1) - — = |'7220,0 (8)
Pb 4.3(3) = = 20,0 (1) - = s

In 0,06 (2) - - st - -

Cr 156,0 (1) ot i s — — 2240 (5)
Ni 15.0 (1) s s et el ol 13.6 (5)
Co 46,0 (1) e =t s s = 3.9 (5)

Cpenmnee copepsianme Sn B MyckoBure m3 rpammrougor Haprasa (66 ompeje-
nenmii) — 266 2/m (Onmkangse, 1967) — Huske BEIYMCAEHHOrO0 M HMOATBe;KIAET Ieo-
XEMUYecKoe cBoeofpasue IpaHHMTONIOB BTOTO paiiona. B MmyckoBure ma rpeiisenn-
BUPOBAHHBLIX T'PAHUTOB cojlepskanme Sn cocrapiser 343,7 e/m. Orueramsmii npn-
BHOC SN, COOPOBOMJAIONIAIl MYyCKOBHTHAAIMIO OMOTHTA, OTMEYAJICH W B TpaHHTax
Hazaxcrana (I'anees m np., 1961). Cpegree copep:xanue Sn B MycKOBHTAX M3 I'pa-
HHUTOB 3/leCh WHOT/IA B 2 pasa BHIIe, 9eM B GHOTHTE U3 HEM3MEHEHHBIX I'PAHUTOMIOB
(CoGomer u mp., 1968).

MyckopnT m3 amiuToB M 0cO0EHHO M3 NEIMATHTOR COMEP/KAT MeHBINE Sn, gem
MyckosuT u3 rpanutoB (cM. Tabxa. 29). Pamee ormewasock, gro, ecam mabiaomaercs
oforamenne OIOBOM CJIIOJ M3 HErMATHTOB, TO B JaHHOM pailoHe MOTam 06pasoBaThCs
¥ OJIOBAHHBIE MECTOPO;JeHHA; HUBKOE ;K€ COJiepikaHue Sn B MYCKOBHTE HOKa3bl-
BAaer, 9TO DaiiOH, BEPOATHO, JHIIEH TAKHX MecToposkienmii (Apenc, JlmGemGepr,
1952). Tlos:xe ma mpumepe Hasaxcrama ObUIO ycTaHOBJIEHO, YTO B MYCKOBHTE W3
OerMaTHTOB TPAHATHEIX MACCHBOB, ¢ KOTOPEIMH CBA3aHO OJOBAHHOE OpyAeHeHHe,
cofiep;kaHue Sn 3HAYATETLHO BHINE, 9eM B MYCKOBHUTE U3 NETrMaTHTOB HePYAOHOC-
HEIX MaccuBoB (tadu. 30).

[lomobnbie HaGmiofeHus CBUIETENLCTBYIOT O TOM, UTO TeHJEHUUS DPYAHOTO Be-
IMecTBa K HAKOIVIEHWI0 B HOBJIHHX HPOAYKTaX, B JAHHOM CJIy4ae 0J0Ba B MO3THEM
MYCKOBUTe NErMaTUTOB, MOKET PAacCMATPHBATBCA KaKk ONpeleJeHHHH NpH3HAK
OpOsABJIEHAS PYJOTeHePHPYIONmEeH cmocoOHOCTH TPAHUTHON MaTMEL.

Ecre namebie, mokassBapoIiue, 4TO COAEp:kanme Sn B MYCKOBHTe H3MeHAETCsH
B 3aBHCHMOCTH OT BPeMEHN BHIEJEHWs, 4TO HO3BOJIAET PACCMATPHBATH MYCKOBHT,
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: Tabarma 30
Cogepskanna Sn m Ga B MYCKOBHTE IPAaHHTHBIX NEerMaTHTOB Kazaxerana, 2/m
(Famees u Ap., 1961)

MyCKOBUT
DaemMeHT Maccus
KpY IHOUem yiigaToiit MeJIROYenTyigaTslit
Hapaoba 580 1240
Sn Axuaray 20 210
Ilsxaner 30 50
Tapaoda 87 113
Ga Axuaray 56 110
Ilsmaner 30 57

Kak HAAEKHEBIT MATAKATOP CTemeHH KOHUEHTPAI[MH O0Ba B Cpele MHIHEepaix000-
pasosagna. [JeiicruresbHo, B rpaHuTax Cesepo-Bocrora CCCP (Hexpacos, 1966)
copepKamme S B MyCKOBATE W3 IDeil3eHH3MPOBAHHBIX IPAHUTOB (44,3—129,6 2/m)
SHAYMTENLHO BHIIIE, YeM B MyCKOBUTe U3 ABYC.LORAHEX rpanmros (6,5 2/m).

MycxoBursl W3 rpaHHTHHX merMarnTos [asaxcrana COJep:aT pasiuTHOE
konmrecTso S0 1 (a B 3aBHCHMOCTHE OT BPEMEHH BbIIeMeHHs 2T0ro MuHepaia. Memrko-
qemryiigarTsle MO3HHE MyCKOBHTH COAEPMKAT MX 3HATHTENHHO Goapuie, TeM KPYyOHO-
gemyitgatsie (cM. tadmx. 30).

B pymoHOCHHX MyCKOBHTOBHX rpanurax Bocrousoro 3abaiikaaba [JiaBHLIM
KOHIEHTPATOPOM Sn ABJIAETCH MYCKOBHUT, comep:mamuit ero or 180 mo 1100 e/m
(Asamosa, 1969). [locaessee, BepoATHO, 0043aH0 MIKPOBKINIEHAAM KaCCUTEPHATA,
teM Gosee, 9T0 KOJAMYECTBO SN B MYCKOBHTE, Pas3BHBAIOIIEMYCA MO OMOTUTY, BHIIIE,
geM Vv MCXOFHOrO OHOTHTA.

I[ e 3 mit. Cpeggee cojepixanme 518,1 2/m, roappunment xounerTpamun 103,6.

[lo cpaBHeHH© ¢ MyCKOBUTAMH M3 ABYCHIOJAHBEIX TPAHUTOB, MYCKOBATH W3
rpeii3eHM3APOBAHHAIX TPAHUTOB H RUIBHEIX MOPOJ| COAEPIRAT Cs B 3—7 pas MeHbIIe
(cm. tabm. 29). Jlmreparypusie AaHHBE CBHIETENbCTBYIOT O 3HATHTEIBHOM obora-
[MeHNH 1[e3HeM MyCKOBHTA II03THUX IeHePaidil M0 CPaBHeHHIO ¢ folce paHHAMA —
¢ 160 mo 220 2/m (Cmenmes, 1961).

B MyckoBHTe H3 KBAPIEBHX JKAI COflep/RaHIe (\s 3gagATeIbHO HEHe. [[pH aTOM
yCTAHABIMBACTCA JOOOMBITHAA B3aKOHOMEPHOCTh: MYCKOBHTH W3 GepuiLI-KBapIe-
BHIX GKET cojepiar B cpejueM (33 ompegerenns) mepme Cs — 8 2/m, 4eM MycCKO-
sur w3 soxbPpavur-kpapressx sxkmr — 11 2/m (Hlasmxosa u ap., 1961). 910 0OBsC-
HAGTCS TeM, UTO Te3Wil NpeimoYTHTeNbHEE HAKAILIMBAeTCs B Oepuiie (IpuUMepHO
B 9 pas Gompme, 4eM B MYCKOBHTE), H I0ITOMY MHHEDAJEI, BO3HUKIINE B OJHOIL
napareHeTHIECKO AcCOMHATHA ¢ OepHLiIoM, Oyayr o0eJHEHEI lE3WeM 3a CYeT ero
H30APATEALHOTO «3AXBATAY PACTYM[EMH KpHUCTAJIAMM depmiLia.

Moauogen Cpegmee cogepmanme 80,8 2/m, KooHUIHEHT KOHIEHTDA-
nur 80,8.

B MeracoMaTHIecKOM MYCKOBHTE, PA3BUBAIMEMCA Ho OMOTHTY, COJGp:Ka-
nme Mo moamsaercs fo suaueasa veasme 0,2 2/m (Msanosa, 1969), uro cBuieTeIb-
CTBYET O ero BHIHOCE B IIpOIecce HM3MEHEHHUA MAHEpPAJa.

Jurui. Cpeggee comepxanue 2677 2/m, KoapPUIIEHT KOHNGHTpPALHH 67.

MycKOBUTE 13 rpeii3eHI3NPOBAHAKX IPAHATOB COMEPIHAT Li & cpemaem 870 2/m,
4710, BO3MOKHO, CBA3aHO ¢ 00pa3soBaHWEM JSTHM 3IIEMEHTOM cOOCTBeHHBIX MHHEpa-
JIOB — aMOINTOHHUTA WM CHOJYMeHa.
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MycroBuTel M3 KEHABHEIX mOpOX (AUIMTOB, IErMaTHTOB, KBAPUEBBIX M),
CEASAHHBIX ¢ TpaHMTaMum, cofep:kar Li B 2,5—5 pasa Membme, uem MYCKOBHUTEE
ABYCJIOAAHBIX IDAHUTOB, UTO OTPajkaerT paccesHHe ITTABHON Macchl 9TOTO HIIEMEHTA
B TpOLECcCe KPHCTAINH3AIUH caMOT0 I'PAHUTA. JTO0 NOATREP/KAACTCH NAHHEMHE 110
comepsanmio Li B myckosmrax ms PasIMYHBIX THHOB mermarutos (Manyitzora
u 1p., 1966; Comomon m ap., 1968).

MyckosuTsl u3 Gepuii-wpapuessx u BOAEQPaMAT-KEAPUEEHIX KU COJePsKAT
JAUTHA SHAUMTENPHO MeHbIe — B cpefneMm (33 onpepeaenmsa) coorsercrrenHo 750
u 310 e/m (Ilapmosa m np., 1961).

B MyckonuTax u3 msMeHEHHHIX TpaHHTOB YEpaussl cofiepsranne Li npepmmaer
cpeanee u cocrasasier 3000 2/m., a B cocymectByomux ¢ mmM Omormrax 2080 —
2400 2/m (Kym m ap., 1963).

Bounsd¢pawm Cpemnee comepswanue 30,4 e/m, Roa¢¢UNUMEHT KOHIEHTpa-
nunm 20.

Boxee npicoxme copepskanus W ormewarores B MYCKOBHTE M3 KEAPUEBHIX I
I 0co0eHHO u3 TrpeiizeHmANpPOBAHAKIX TPaBuTOR, rie oHM pocturawt 130 2/m.
Anajoruvynoe mopejieHuUe Bosb(pama orMewasock m B rparutax Bocrouwnoro 3aGaii-
Kadbs. 31ech MYCKOBHT JABYCTI0ANX IPAHATOR, obpasopakrmmiics 2a cuet GmoTHTa.
copepxur ot 10 no 150 2/m roxsdpama. B MyckopmTonmIx TPaHUTAX MaKCHMAaIbHEBe
Kommuectsa W OpUXOATeS Takike Ha MYCKOBHT, cofepsramuii ero B cpemnueMm 20—
100 2/m. Opmaro mamBonee mHcORIIE cofiepsrannuas W YCTAHORIEHB B MYCKOBUTE
U3 KBapl-MyCKOBHTOBHX rpeiisenos — 120 u 510 2/m. Mumepaizornueckue mccle-
AOBAHIS TOKA3AIM, 4T0 BEHCOEMEe cofepmanns W o0BACHAIOTCS HAJMYHEM MUKpO-
BRAIOUeHH BoabPpamnra (Uranora, 1969).

B woro-socrounom Axrae copepsmanme W B MyckormTe TpeilZeHNBHPOEARHEIX
THefiCOB W NMerMaTHTOR HENOCTOAHHO — oF 6 no &0 2/m. JletanpHsle WceaeIoRaHuA
TAKE MOKA3aMH, 9TO OH HAXOIUTCS B CJII0/Ie B BUJe MAKPOCKOOMUECKUX EEIOUeHMIT
meennra (Mnxaxesa n gp., 1968).

Pyomamii. Cpenmee comepsanne 2899 efm, wros¢duuuenT KOHUEHTpa-
nnu 14,5.

B ssmnpEbX mopopax, cBasaEEBIX ¢ paHHTOMAMI, copep:xanue Rb B 2 pasa
HIIe cpefiHero, ofHaro makomienue Rb B mospmemMarmarmnueckmii mepmos cranorme-
HUSL HHTPYSWROB QuUKCHPYeTCsi M0 (0Jee THCOKOMY €ro CONEPIKaHUI0 B MYCKORHTE
HO3JHUX TeHepanuii mo cpapHenuio ¢ Gojee pannmmu: ¢ 470 mo 4100 2/m (Caenmes.
1961).

B myckosuTe U3 n3aMeHeHHBIX TTAHHTOB ¥ Kpanssl corepsranne Rb smauntenrno
Goirbmie, weM mpueesieHHOe cpenHee, a uMenno H000 efm, uTO MOUTH B 2 pasa mpe-
BRIIAET €r0 COAeP;KaHue B COCYMIEeCTBYIONNX ¢ HUM (UOTHTAX, T7e OHO COCTARIAET
2880—3300 2/m (Kyu u ap., 1963). Ilo cpapHenmI0 ¢ H3MEHEHHEIME TPAHHTOUAMT
B MYCKOBHTE M3 Gepmili-KBaplessx U BOALGPaMAT-RPAPIEEHX K1 cofepskanue Rb
HECROJIBKO MEHDINe, OJHAKO TaK;ke NPeBHINAET BHYMCICHHOE CPeJHEee H COCTARIAET
B cpentaeM (33 ompepienenns) coorrercrrenno 4500 u 3600 2/m (Ilapaora Ap., 1961).

@ rop. Cpensee comepsanme 10 760 2/m, wos¢duument KoHIleHTpanuu 13,4,

Cpennee comep:kanme F n myckosmrax ma rpannrtomgon Kapkasza (66 ompese-
mermii) — 2700 2/m — smaumTeNHHO HEWIKE IPUBEIEHHOTO cpefiHero. 3Ta ux ocoleH-
HOCTH MPEKPAaCHO OTPAKACT FeOXHMHAYECKYIO 0COOEHHOCTh TPAHUTOWIOB lKaBkasa —
ux Oepmocts dropom, — yeranoraennyio I'. JI. Opguxanse (1967).

B mycrosurax ma cnamuen cojepskanme F p 11 pas MeHbINe, YeM B MYCKOBHTax
M3 IBYCHIOJIAHBIX TpaHuToB (cM. Tabmx. 29).

Faaaxmii. Cpenmee comepsmanme 210.5 2/m. rodpPUINEHT KOHIEHTpa-
nun 10.



ITo cparHeHHO ¢ BHMUCICHHEIM CpPEIHEM cofiepkanue Ga HwKe B TIPAHUTON-
qax Ipuazosbs — 80 2/m (Mapuerro u fp., 1966) m 5 ropusix mopogax fnonmum —
123—183 2/m (Hucukana, 1958). Koumuectzo Ga » 1,5—2 pasa Brime cpejaero
B MeJKOYENIYITMATOM MYCKOBUTE TO3JHUX TeHepanuii us mermartuton (cM. tada. 30),
a Taksxe Godee ueM B 2 pasa BHINE B MyCKOBHTe U3 albOMTH3MPOBAHHBIX M Ipeiize-
HU3UPOBAHHBIX TPAHUTOHIOB, TJle OHO MOKeT [OCTHTATH 240—260 e/m (Mmmenxo
n np., 1966). B mycrosure u3 cianner comepmanne Ga B 2—3 pasa Hm:Ke IpuBe-
aennoro cpemunero (cm. tadn. 29). lormuennse copepmanns — 84—110 o/m Ga —
VCTAHOBTEHH B MyCKOBUTEe W3 MeTaMopdmueckux mopom Aapmamckoro mmra (Mapa-
wymes u jp., 1961).

Tanraa Cpeanee comepsanue 31,8 ¢/m, Koapduuenr Konuenrpanun 9,1.

K BbumcIeHHOMY 3HAUEHII0O OJHM3KO cpejmee coflepskamme Ta B MycroBuTax
us rpaEmrommon Kaskasa (66 ompemesenuii) — 28 o/m (Onukamse, 1967,).

B MyckoBuTe 113 rpeiiseHA3NPOBAHHBIX I'DAHNTOB TAHTATA 3HAYUTENBHO MEHbLIE,
B cpemmeM 6 2/m, 94ro, OYEBMJHO, CBA3aHO ¢ HPEHMYINECTBEHHBIM BXOKJICHIEM
3TOTO HJIEMEHTA B COCTAB PABIMYHBIX TAHTAIO-HHOOATOB, KOJHMYECTBO KOTOPHIX
o0KYHO BO3pacTaeT B IpPeH3eHHBMPOBAHHRIX TIpanurtax. Oco0eHHO BHICOKHE COJep-
swagusa Ta (55 e/m) xapaxrepHBl IIA MYCKOBHUTOB IEIOYHBIX I'DAHITOB.

ITo o6eroarennsumm famaeM . JI. Opgurapze (1967,), cpefd pasHOBOZPACTHLIX
rparurounos Hasrasa mauGoiee BeicoruMm copep:xanmem Ta (32—50 e/m) obxanawor
MYCKOBUTEI 13 TO3JHETePIUHCKEX TPAHUTONIOB.

Cpenaee cofep:ranue Ta B MyCKOBHTE M3 IErMaTHTOB HECKOJXBKO MEHbINE Cpeji-
HEro, BBIYHCJAEHHOTO I MYCKOBHTOB PpamurTomioB (cM. tabm. 29). B mycrosure
pejkoMeTaibHEX merMatuton cogepsanme Ta 30 ¢/m (Caemmes, Menentves 1962),
a B MYCKOBHTe W3 TAHTATOHOCHKIX mermMaturos — 0 150 o/m (Opmkanse, 1967,):

B MyCcKOBHUTAX, 10 CPABHEHHID ¢ OMOTHTAMIL, BeCchMa 3HATHTENBLHO BO3ZpACTAEeT
KOHIEHTPAIMA TAHTAIA OTHOCHTeNIBHO HHOOMA, M OTHOLICHHE Nb : Ta cocrasaser
{:5, a B mambosjee TO3[HMX TeHepanmax Myckosura Mosker jocrurarn 1,1 :1
(Onuranze, 1967).

‘Bepunaauii. Cpexsee comep:kanme 47,4 2/m, KooQPUIEEHT KOHIEHTpA-
uuu 8,6.

B meycamoasnpix rpanurax KanGe MycKOBAT CONEP:RUT MeHbine Oepuiiids —
B cpenmen (12 onpenenennit) 20,8 e/m (Jlyrmm u ap., 1967). B mycrosure rpeiise-
HUAMPOBAHHKIX TPAHNTOB W IETMATHTOB cojepskanme Be » 4—7 pas MeHbme cpej-
HETO0, 94T0 CBHIETeILCTBYET, OYEBUIHO, O TPEAMYIECTBEHHOM 00pa3OBaHUE B 3THX
mopoiax co0CTBEHHBIX MmHepanos Oepmiina. B mponecce BHIBETPHBAHUA MYCKO-
BAT mpespamaerca B winT. OHaKo cofepskanna Be B MyckoBHTE M HPOAYKTE €0
seigeTpuBanna Oansru. CiefosartebHo, BHHOC Be mpH BEIBETPUBAHHI MYCKOBHTA
TpOmopIIoHaien ooeMy seiHocy semecrsa (I'puropnes, 1970).

Huo6wuii. Cpeguee comepmwanne 160,8 2/m, roagdunmenr roHuenTpanum S.

Cpenaee cogep:kanme Nb B Myckosure us rpanurompos Haskasa (66 ompe-
neaeruit) 93 2/m (Opuranse, 1967).

B mosnHme 3Tamel KPUCTAJIHBAIMA TPOUCXOANT HaxomneHme Nb m ero comep-
JKaHme B MycKoBHTax ua nermaruros gocruraer 201 2/m. Amajoruduoe cofiep:anue
Nb (200 2/m) mpusogmTcst A MYCKOBHTA pejroMeranpHbix mermaruros (Cren-
Hes u p., 1962). Boaee Brcoroe copepsranue Nb (785 2/m) xapartepHO A MyCKO-
BUTOR W3 I[IEJOYHHIX TPAHHUTOB.

I'. JI. Opnragse (1967,) yeramopaeno pasanume B comep:xanum Nb B Mycko-
BUTAX M3 METMATHTOR, CONEPIKAIMX W JIWIMEHHBX MHHEpajoB TaHTaja ¥ HHOOHA;
MakeuManbHEe cofep:kamma Nb (410 2/m) yeraHOBIeHH B MyCKOBHTE KOJYMOHTO-
HOCHBIX merMarntTos ['pysmm.
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Taanmii. Cpegnee copepmanue 5,1 e/m, kosdduumenT KoHnenTpanum 3,4.

ITo panmmM Ttaba. 29, comep:xanme T1 B MycKoBHTe U3 rpeli3eHH3HPOBAHHEIX
TPAaHATOB H IEIMAaTHTOB MaJjo OTIMYaeTcs 0T cpefHero. OOHAKO 9TH COMEpP;KAHIIA
BecbMa HemocTOSHHE. VMeloTcsi JaHHEE O TOM, 4TO B Ipeii3eHH3UPOBAHHHX I'DaHU-
tax coflepsanme T1 B Myckosure Mosxer gocrurath 50 2/m, a B cepuuure — 10 2/m
(sanos, 1959).

Copepsxarme T1 B MycKOBMTAX HOSJHMX IeHepAlWH 3HAYMTENBHO OOJBINE, 4eM
B MYCKOBHTaX PAHHHX, H COCTABIAET COOTBETCTBEHHO 4 m 18 z/m (Cneummes, 1961).

Banmapgmuii. Cpegnee copepsxanue 94 2/m, KoddUIUEHT KOHIEHTPALME 2,3.

Mycrosurer fABopckux rpammros (Cymers) comepsxar V 107 e/m (Ilonsmckmii,
1965).

3doxoro. Cpemmee copep:manme 0,0086 2z/m, xosgduIEeRT KoHUEHTpa-
umm 1,9.

ITo ppyrnm pasnmM (Illep6axor u ap., 1964), cpepHee comepsxanme Au B MyCKo-
pure (7 ompepenenmii) 0,0038 2/m.

Penrme 3emuamun Cpenmee copepsranme 645 2/m, xosddmumenT KoHIEH-
Tpamun 1,8.

MyckoBHTH H3 JeHKOKPATOBHIX IPAHMTOMAOB AKYaTaycCKOro Maccmpa (3amaj-
BHH Y3bexmcran) comep:kar or 700 mo 1400 e/m TR,0, (Babaes m mp., 1969).
B mycxosmre ms rpammroB Bepx-Icerckoro maccmsa, copMmpOBaBIIErOCs B pe-
3yJbTaTe I'PAHHTUBANNU MeraMopduuecKmx Toim, comepskanme TR,0, cocrapaser
590 e/m (Bymusaros, 1969).

Turan Cpennee comep:xanme 3402 ¢/m, rosddunumenr xounenTpanmm 1,5.

B mycrxoBmre M3 JRUIBHEIX HOPOJ — AINIMTOB W MEIMAaTHTOB — cofep;kanme Ti
3aMeTHO yMeHbmaercs. B To jke BpeMs B MYCKOBHUTE H3 CJIAHIEE OHO VBEJHYHBAETCH
Goiree uem B 2 pasa (cm. Tabxa. 29). dra ocolennocTh copepmmanusi Ti B Myckosmre
MOKeT OBITH MCMOJb30BAHA HPH TETPOJOTMYECKHX HOCTPOCHHAX.

U upguit. Cpenuee comeprxanme 0,064 ¢/m, kosdduument ronuenrpanuu 0,25,

Ceepienns o comepskaEmm In B MycKOBHTAX BechbMa MAaJOYUCJIEHHE; OH OB
TOUHO ompejeneH (Aperc u fip., 1952) B 5 w3 38 usyuaBmuxca 06pasnoB MyCKOBUTA
ue 3 us 13 obpasnor genuponnTa. Cpeanee cofepsmanue In B MyCKOBUTAX, MOJYYEH-
Hoe Temu ;e apropamu, 0,4 2/m. JI. M. llloy (1959) mpusogur uudpy B 4,5 2/m,
9T0 3HAYMTE]IBHO BhIe 0ojee MO3MHUX JUTEPATYPHHX navHEX; mo B. B. WUsanory
{1963), mycwosurel rpammrounos comepaar 0,08—0,05 z/m In.

Ormeuaercs (Apesc m pp., 1952) ompemenenHas cBsasp Sn u In B camopax:
RayKIBIE w3 7 00pasmoB CHIOX ¢ OTHOCHTENBHO BHICOKHM KoamuecTsoM In (Goiee
0,42 e/m) copep:kan Tak:ke HeoOBYHO BHICOKHE KOJHYecTBa Sn.

CrefieHHA O cONep:KAHUMU JIPYIHX BJIEMEHTOB, NpHBENEeHHKX B Tala. 29, mocra-
TOYHO CKY/IHEL

HHI[IIKHTO])H]:IE NPH3HAKH MYCKOBMTA TPAHATOHOB

YeraHoBIeHA pasnuyYHAS KOHIEHTPAUWA PEIKUX UM DPYAHBIX DIEMEHTOB B M-
ckosure. Hambonee senmra oma mua Sn, Cs, Mo, Li, W, Rb, F, Ga, Ta, roanuectso
KOTODHX B MYCKOBHTE B IECATKH pas MpeBRIIIaeT colepsKaHne STHX 2JIEMEHTOE B Irpa-
BuTe (Tabn. 31). Juas HEX MyCKOBHT MOKeT paccMaTpMBAThCHA, Kak Haubolee YyTKHN
MIHepal-HHIUKATOP.

Cpepname coflep;KaHHA PEAKHWX U PYJAHEX DIEMEHTOB B MYyCKOBNTE, TpPHBEeHHEE
B Tab;. 29, oTamuaoTcs OT paHee M3BecTHHX (tabu. 32). Ycramopiens: Goxee BECO-
Kue cpegame comepskarusa Nb, Ta, Sn, Li, Rb, Cs, Be, npugem B Mmyckopure us rpeii-
3eHI3WPOBAHHLX TpPaHuTOB cofep:xadme Nb u Ta, a rarxme Li, Rb, Cs m Be mennime,
a cofiep;xanue pyAHEX diaemenToB Goxwme: W (130 2/m) m Sn (344 2/m). Bricokne
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Tatanma 31

Koathdunuenrs: KounenTpaunn (K) pegrux n PyJHBIX DICMCHTOR
B MYCKOBHTE TPaHHTOH0B

Cpegmee cofepikaHile, 2/m CpellHee cofep:Ranue, 2/m
JieMeHT B TpaHuTe K BJieMEeHT B rpamnTe K
(Kaapk) B MYCKOBHTE (KAapK) B MYCKOBHUTE
Sn 3.0 339,2 1131 Tl 1.5 b 3,4
Cs 5,0 5181 103,6 v 40,0 94,0 2,3
Mo 1,0 80,8 80,8 Au 0,0045 0,0086 1,9
Li 40,0 26772 67,0 TR 350,0 645,0 1,8
w 1,5 30,4 20,2 Ti 2300,0 3401,8 1.5
Rb 200,0 2 898,6 14,5 | Se 3.0 4,1 1,4
F 800,0 10 760,0 134 Zr 200,0 230,0 1,1
Ga 20,0 210,5 10,5 Zn 0,26 0,065 0,25
Ta 3,5 31,8 91 Ph 20,0 4.3 0,2
Be 5,9 47,4 86 | In 0,26 0,06 0,2
Nb 20,0 160,8 80 | Sr 300,0 7.5 0,02
U 35 17,0 49 |

cofiepxanusa W H Sn CBHETEJbCTBYIOT O OPHBHOCE 3HAYHUTEJIBHOM YacTH 3TUX 9IIe-
MEHTOB W B 3HAUMTENbHOIl Mepe OOBACHAIOTCA NPHCYTCTBHEM MHKPOBKIIYEHMNI
c00CTBeHHBIX MHHEDAJIOB DTHX 2JIEMEHTOB.

TaGaumma 32

Cpefnile cofepKaHNA PeJRAX HIEMEHTOB B MYCKOBITE IPaHITOHO0B, 2/m

Nb Ta Li Rb Cs Sn Be A’;]‘?‘{?g blpé[n ?{c:‘:){: EI;;;-{-

— - - — — - 20,8 (12) | Jywun u ap., 1967
190 (4) 21(4) | 1630 (4) | 2020 (4) | 208 (4) 68 (1) — 3amamkosa u Jp., 1967
70 (2) — — = — — - KyabMeHKO 1 1p., 1968
109 (33) | 21 (33) = = — — — Curnne, 1966

e - 910 (16) — — — 24,8 (15) | Tlenrexskos, 1962

— -- 2340 (9) | 2900 (9) | 250(9) - — CoaogoB u nap-, 1968

D1u JAHHBE CBHEACTENBCTBYIOT TAKyKe O TOM, UTO B IPOLECCe IPeil3eHH3anun
rpaHMTA W MYCKOBHTH3AIUH OHOTHTA HPOMCXONHNT BHCBOOOMKIEHWE Ti, mawomero
Haga;o pyTHIy W aHarasy, a traxxke Nb m Ta, Bxogamux B cocTan WIbMEHOPYTHIA
WIW CTPIOBEPHTA. YBeJIHMUeHHE COXeP;KAHUA PYTHIA B ABYCIIO[AHBIX H TpedseHu-
3HPOBAHHEIX T'PAHATAX 110 CPABHEHUIO C HEM3MEHEHHEIMH, & TAK/Ke MOABJIEHHE B M3-
MCHEHHOM OHOTHTEe HIOJBYATHIX KPHCTAIIOB PYTHAA YKashBaeT HAa pPealbHOCTh
pTeTeHNsA PYAHBIX M PeKUX DIEMEHTOB H3 DPaspymiaiomerocs Guorhra M mOCie-
qyfomero o0pa3oBaHHA UMM COOCTBEHHBIX MHHEPAJIOB.

Myckosut — 00HYHASA COCTABHAS YacTh I'PAHUTHAIX HETMATHTOB, [/ie OH BCTpE-
gaercsi B BEAe KPYIHHEX KPHCTAMIOB M TOHKOWemyiigaroro cepmnmra. Llo pammeim
raba. 29, cofepsKaHue PeJKHX 9IeMEHTOB B MYCKOBHTE M3 HeTMATHTOB, KaK IPABMIO,
HEKe, 9eM B MYCKOBHTE M3 TDAHWTOB. JTO BABMCHUT OT THIA IErMaTHTA W CTeIeHH
H3MEHEHHOCTH ero MO3JHUMHE mpomeccamm. Tak, caMsie BHCOKHe cofepmanms Li,
Rb n Cs madmogaorces (Conomor m ap., 1968) B MyckoBHTe U3 JUTHEBHIX pEKOME-
ragpEHX mermararos (taba. 33). OfHako KAk m B cayuae GHOTHTA (CM. raba. 22),
MYCKOBUTH W3 CJIIOAAHHX HeTMATHTOB COJEPKAT 3HAYMTENHHO MEHbIIe Li, Rb
n Cs, 4eM MYCKOBUTH M3 peIKOMeTaNbHHX IEerMaTHToB, 4YTO CBHIETEJNLCTBYET
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0 mpeolrafalmeM paccessHUN NX B TPaHHTe W OTCYTCTBHE TEHICHLUNH K HAKOIJE-

HUIO B CTaJHIO 061)&30B3HHH 9THX IDerMaTHTOB.

Anajormunas 3aKOHOMEDPHOCTh HaOMIOZAeTCS W B MYCKOBHTAX H3 IETMATHTOR
Cepepo-BallkalbeKOr0 MErMaTrHTOBOTO IOACA: CAMBIE HUIKHE CONePsKAHOA pef-

KHHUX BJIeMeHTOB YCTaHABINMBAIOTCH B MYCHOBUTaxX

CHIOTOHOCHBIX — TeTMATHTOR
(cM. Tabm. 33).

TaGamma 33

Cpepnne cogepskamna Li, Rb, Cs n Be B myckosure
PazanyEbX THHOB NerMaTHTORB, 2/m

T nerMaTiTa

Li ‘ Rb Cs Be

ITo H. A. Coaoposy m ap., 1968

JinTuesm# pegroMeraasued (18) . . . . . . . L. . 2900 3280 300 —
Beaantnersrit (8) o 200
Caomorocubrit (11) o R g 80 570 36 —
I'pefisenomwie sxmier (8) . . . . . . . . . . . . .. 1030 3160 40 =
ITo M. M. Manyitaoroit n jp., 1966
CuawoonocHsrii (41) 101 325 32 19
Kepamuwecknit (11) 20 G ) G Bty Bt T T 203 621 18 5,1
PenroMmeradsuniit (5) . . . . . . . b B B R 165 2026 78 289
Cpepaue cofepiraniia PeKUX DACMCHTOB B PASINYHBIX TEHEPAIMAX
MYCKOBHTA H3 IETMATHTOB, 2/m
(Mmaxuu, 1970)
TeHepanua L RD Cs Sr Ba
111 62 240 12 52 2650
87 159 146 9 6 165
Y 150 1260 1 3 133
VI 100 1770 390 2 200

B mpomecce aBomoOIuM NErMATHTOBOTO paciiana HAGIIOLAETCH 3aMETHOE 060-
raumeHne HO3JHAX TeHepanuii MyCKOBHTA JHTHEM M 0CO0CHHO pyOHjueM W mesmeM,
B TO BpeMsA Hak conepﬂ{alme CTpOHINA H Gapnﬂ JHAYUTEJ LDHO VMEHbINACTCH.

Boxee 00nanbiM ABIAETCH YMEHLIICHHE COTEP/RAHMA B MYCKOBUTAX DJICMEHTOR,
KOTOpPEe 00muHO BX07AT B pemerkn Ca- m Fe-comepskamnx MHHEPAJOB B IIABHBII
3TAm KPHCTAJJIM3AINA.

CpaBEeHHe cocraa MYCKOBHTOB M3 TPAHNWTOB W HErMATHTOR Romopago moka-
38710, HaOpUMep, YTO MYCKOBUTEL W3 HeTMATHTOB COJEP/RAT, KAk HPABUIO, MEHBIIE
Sr, Ba, Sc, V, Cr, ueM MyCKOBHTH M3 TPAHUTOR (trabi. 34).

Copepixanme B MYCKOBUTE PE/IKAX DIEMEHTOB BAPhMPYET TAK/KE B 3aBHCHMOCTI
OT cocrasa MuHepaia, IO KOTOpoMmy oOH paspmpaercsa. Haubonee Gorar pejpxumm
mexogamu, a rakske Zn, Pb u F, myckosur, passunaomuiics no Guorury (ra6a. 35)
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Tadauuma 34

CpefHiic COJEPRANNA BTOPOCTCNCHHBIX DJICMEHTOB B MYCROBHTE JOKeMOPUiicKHX TpaHnTOB
n nermaturos Komopano, z/m
(Bpeit, 1952)

|
ITopoda ’ Sr Ba ‘ Se | U

Boyagep Kpuxk

TPABHETEL (Z) v o v v 4 o oo B W R 0 % % & s @ I 592 ‘ 632 l 1 ! T48 " 409

IMermatnTor (2) i e e BB LR B BB BE B EE 305 [ 88 | 16
Opepaenpg MayuTumn

TPARATEE (2] & & & W g @ o @ o e ow e S G W 4 % 0 , 92 | 374 } 143

476 138
[MermaTnTo (1)

646

)
oo

Cuasep Illaywm

Tpannts (3) }141‘2‘3[|

a2 422 137
Tlermarurnr (2) A5

156 | 18
Tagaumga 35

Cpejnie cogepsKaniia Pejkiix 1 PyAHBIX DICMEHTOB B MYCKOBHTE NErMaTHTOB, 2/
Bocrowinii Casn ([ieGoB 1 ap., 1968)

Miugepan ’ L 1 Rb Cs Sn Pb Zn F
I
MyCKOBIT TI0 11OJEBBIM
mumataM . . . . . .| 56 (161) | 313 (161) | 5(161) | 14(21) | 16,5 (21) | 45(21) | 1300 (21)
Myckoput 1o GuUOTH- \

TY ..o .. .. | 88(12) ‘34(.1“:) 5(12) | 12307 | 120 (17) | 35 (17) | 4500 (17)

Cesepo-3anax CCCP (Topruenxo, 1970)

THIT HerMaTiTa Li Rb Cs

’ I | l )
TMose BOMIATOBHI, Gespymubii (8) . . . . . - . . . . . . . .« ... | 630] 2600{ 96
MycKOBHT-TIOIeBOITIATOBEIL, ¢ opyaenennem Be, Nb, Ta (10) . . . . 580 | 3600( 250
Cropymenoshii, ¢ opyjgenennem Li, Be, Ta. Nb, Sn (47) . . . . . . . 770 | 6800| 180
CHIOy MeN-T o uToBHil, ¢ ovyAcnennem Li, Cs, Ta, Be, Nb, Sn (9) | 1370 19200 [ 2270

MyCKOBUT M3 JUTHEBHIX MEIMATHTOB II0 CPABHEHHIO ¢ MYCKOBITOM 113 IIPOCTHIX
1lerMaTHTOB oGoTamien @TOpoM, T. €. B MYCKOBHTAX M3 HETMATHTOB Halb/iofaeTcs
TPOMOPLIOHATBHOCTE Meskay comepsxanumamu F u Li (Hewmem, 1969).

Hexoropsie 0cOGEHHOCTH COCTABA MYCKOBHTa MOTYT OBITH HCIOJIB30BAHBI Kak
OTOMHATEIBHBE KPUTePUH TPH peiieniu reHeTndeckux Boupocos. Tax, s Mycko-
BHTA W3 KPUCTAJIMUECKUX CJIAHIEB XapakrepHo Gomee Hmskoe (890 2/m) copepina-
mme F (Hewmer, 1969), wem jus myckosura us rpasntos (10 760 ¢/m) (cm. rabu. 29).
Ho B MyCKOBHTe W3 CJIAHIEB CHJIBHO HoBbimeno cogepxamme Ti (7220 2/m), uTo,
O-BHJIEMOMY, OTpaskaer Goiee BHICOKOe cojlep:ranne Ti B mecuano-cianeBRX HOPoO-
JaX 10 cpaBHEHMIO ¢ rpanuTouami. Ecian B rpanuTonax 60abmmHCTEO MyCKOBUTOR
nMeeT CTPYKTYpy 2M,, To B ocaJouHBIX 1 MeTaMOpPPHIECKHX IOPOIaX BCTPEdarTCs
et 1M 1Md.

93



IIpuBesennse mudpsr cpeannx cogepsxanuii MOIyT GHITH MCIOML3OBAHKE K npn
OUEHKE MOTeHMHAIbHON pPYAOHOCHOCTH I'PAHUTHLIX HHTPY3UBOB.

Ipumepsr Goee HIBKOrO COeprRARMA PEIKAX DIGMEHTOB B MYCKOBHTE W3 IIer-
MaTHATOB IO CPaBHEHHIO C MYCKOBHTOM W3 TPAHHTOB CBHU/ETEJLCTBYIOT O TOM, 9TO
B HpONECcce KPHCTANIM3ANNOHHOIN [nddepernmanuy rpanuTHON MarMsl KpHCTANIO-
XHMIYECKOe pacceAHune MOKeT HpeobuajfaTh Hal TeMH (aKTopaMu, KOTOphie 0OEIYHO
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Zz 248 04 N6 6
20 20r /
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// 0F -7—
G 4 1 X . L_| 7%
4§ 50 96136 1772 131408 185044 430 77568 IMETE 232069 305352 e, BPR ...
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0 b at 7
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Prc. 3. Tmerorpaspsr pactpepieeHuii coflep/RaHMIl PefIKIX 2JIEMEHTOB B MYCKOBHTE I'DAHATOHOB

HPUBOJAT K HAKOIJIEHHIO PelIKUX JJIEMEHTOB B MO3JHUX juddepennuarax u ciaara-
OmMuX HX MIHepPalaxX U CpeJn KOTOPHX GOraTcTBO MArMbl JeTYIHMH HrpaeT Hambo-
Jee Ba)KHYIO DPOIb.

Kax moxaszamo Brme (cM. Ta6i. 29), B MyCKOBHTe 3 HBMeHEHHEIX — J(BYCIION -
HBIX, MYCKOBHTOBHIX HJIM TI'Del3eHH3NPOBAHHHIX I'DAHATOB — COJ@P/KAaHHE MHOTMX
PYAHRIX H pPeIKUX JJIeMEHTOB MHOT[a YMEHBIMAeTcA HACTOABKO, 9YTO OH Iepecraet
OHITE He TONBKO MHHEDAIOM-KOHIEHTPATOPOM, HO M MHHEpaJIOM-HOCHTexeM Nb,
Ta, Mo, Be, Rb. 910, mo-BumguMoMy, CBA3AHO ¢ yBeJNYeHHEM KOIMICCTBA COGCT-
BeHHEIX MHHEpAaJI0B 3THX 3i1eMeHTOB (JIaxosmu, 1967).

IToceprme Moram 3aXBATHBATHCA IIACTHHKAME CHETEHETIUECKOTO ¢ HIMI MYC-
KoBHTa. Bricokue cofep;xanusa Sn B MyCKOBUTAX 113 TPeii3eHI3HPOBAHHKIX I'DAHATOR,
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a Takske cuiapRbe RoideGamma B conepyxammu Ta ‘B MYCKOBUTE CKOpee BCETO
06s3aHb HAJHIMIO MEKPOBKIIOUSHNIl KaccuTepuTa U TanTano-anodaros. llopmimen-
HBle COJIep/KaHNs B MYCKOBHTe T'Defi3eHu3npoBaHEEIX rpanuTos Snu W, n30MOpPHHO
CBS3AHHHX TN HAXOIAMMXCH B BHJe MEKDPOBKIIOUEHHI COOCTBEHHBIX MHHEPAJOB,
CBUJIETENBCTBYIOT 0 TOBHINEHHOH pyJoreHepupylomeil cnocoGHOCTI IPOUECCoB, KO-
TOpHE MPUBENH K CYMMapHOMY 0fOramenuio MyCKOBHTOB HTHMIL BJI€MEHTaMH. Lleii-
CTBHTeJIBHO, MYCKOBHTH TPAHNTOM/0E, BMEIAIIIX BOILYPAMOBHIE MECTOPOIeHHA,
XapaKkTepuaylTcsa n Haubojee BEHCOKNM COJepPIRAHNEM Boashpama (Tabma. 36).

TaGaunma 36

Copepskanus §n, W 1 Mo B MyckoBATE PyJOHOCHBIX IPaHATORB Boctounoro 3abaiikaana, z/m
(ABanopa, 1969)

ITopona Sn w Mo
I'panurhl GHOTHTOBEE ¢ HESHAUNTENLHEIM COJlepIKAHHEM MYCKOBHTA (2) | 155 14 01
T'DAHUTH OBYCAONAHEE H MyCKOEHTOBHE (3) LI Fetndfmin® ot o TG00 353 03
T'paEuTEH MYCKOBHTOBHIC, BMEIAWINe MECTOPOKICHH {3} snieainis [N832E] T 0,5
Kpapu-MycKOBATOBHE TIpefigensr (1) . . - « o o v o o oo v v v v v 400 | 510 0,2

[lockonbKY coflepskanue peJKHX mejodeii B MyCKOBHTe M3 HErMaTHTOB OTpa-
JKaeT B MEPBYI0 oYepe/ih MX KOHIEHTPAIHIO B Munepazoobpasyomeii cpefie, ocober-
HOCTH CPEeHHX COJePIKAHMUIl OTHX DJIEMEHTOB IPEI0KeHH [UIf ONEHKH NePCIeKTHE
PYJOHOCHOCTH KOHKDETHHX MJBHHIX Tex (c. Talm. 35). MyckoBuTH Gespy/HEX
CIIOJIOHOCHO-KePAMIYeCKAX HerMATHTOB XapaKTepuayloTcs, B YaCTHOCTH, HUSKHMH
copepsxammamu (8 2/m) Li< 10, Rb << 100, Cs << 50, a MycKOBHTH PY/IOHOCHEIX, CIIO-
YMEeH-7eNHI0AATOBHX TerMaTHTOB J0JKHEL BE/ICIATHCA HeOOBYHO BHCOKIM COAEP-
sxanmem Cs — >T700 — 1000 2/m (Popauenko, 1970).

I'mcTOrpaMMEL 9acTOT PacipefieleHHst Pe/IKAX IeMEeHTOB B MYyCKOBUTE IDAHUTOM-
0B (pue. 3) yKasHBalOT Ha MX pasimuEblii Xapakrep. Takme dJeMEHTH, Kak Rb,
Cs, Li, Nb, xapakTepuayioTcsi MOJ0KUTEIBHON acCHMMETpHeil K 3HAYMTEJBHOII DKC-
IEeCHBHOCTHI0, CBHAETENHCTBYIONEIl 00 yeTOHYABOCTH MX HH3KHX comepxanmii. [laa
Ta, Be, W 1 ocoGenno Sn TH 0co6eHHOCTH MeHEe XapaKTepHHL. B oraumume oT aie-
MEHTOB HepBOil TPYNOE 3JleCh YBeINUMBAeTCA BEPOATHOCTH HE TOJBRO HHBRIX, HO
1 follee BEICOKHX COJ[epKaHU.



I'nasa V
HJIATHORJIA3BI

Hnarmorassr, apassacy anomocmimkarayuy Na i Ca, 00paszyoT HeIpepHIBHY IO
Cepuio TBep/IEX pacTBOpoB. HpoMe TOro, OHI cojlepskaT OPTOKIAZ0BHIT KOMIOHEHT,
KOJIHYIeCTBO KOTOPOTO B OCHOBHEIX INIATHOKJIazaX cOCTaBJISeT 70 D Moix. % u BOa-
pacraer B KucaniX miaruokiasax (Jlump u ap., 1966).

Coxtepssanme 1 cocrap MIArMOKIA30B 3HAYNTEIBHO BAPHHPYIOT B 3aBHCHMOCTH
0T merporpaduueckoro cocrasa rparnrona. B maufomee pacupocrpanennsx omori-
TOBBIX I'PAHUTAX IPHCYTCTBYeT onmurokaas (15—25% An) B koauuecrse 25—30 06. % :
B JIHOPUTAX COeDIKAHME IUIATHOKIasa MoskeT jocturath 60—70 06. %, a comepsxa-
HIle aHOPTHTOBOIO KOMIIOHeHTa yseandnBaercs 10 30—55% An. B meiikoxpaToshix
IpaHHTaX H AJIACKHTAX HPHCYTCTBYeT anbOuT-omnrokaas (5—12% An) B koangecrse
2—30 06. %.

B crpykrype miarmokiasa Moryr umern Mecto samemtenms Al <— 3 o
Ga; Ca < Fe”, Mn, Mg, Sr, TR: K <~ Ba u 1. m. Kpowme toro, samemars Ca B mia-
IHORIase MOTYT, no-BujmMoMy, moust Wi Mo, TpeGymomue necreproii Koo pamHammm
(Bemos, 1959).

[TockoabRY yCTaHOBICHO, YTO ¢ YMEHBIICHIEM 0CHOBHOCTH MIATHOK/IAZ0B B HIX
YMEHBIIACTCA CO/lepianue JIeMeHTOoB, reoxnvmudecku Omuskux Ca (Sr, B), u yse-
JAHTHBAETCA cojlepikanne siaeMenton, 6amskux Na u K (Be, Rb), 6510 65t npaBnabmee
NPUBOUTH COACPRAHNA PY/IHBIX U PeJKHX DIEMEHTOB B ILTATHOKIA3aX OIPeIesIeH-
HOro cocraBa. Hpome Toro, B mociefmee BpeMsi cTajqo W3BECTHO, YTO B MOJMCHHTE-
THICCKHX ILIATHOKIA30BHX JIBOHHIKAX CMe:KHBIe JIBOMHUKOBHIE ILIACTHHKH He
Beerjta OBBAIOT MPE/ICTABICHH OJIHIM I TEM sKe ILIarHoKaasoM. [Ipu usyuenmn mia-
ruoKIazoB 3 dadpagopura Kamamer (59% An) n aumgesmra Hopeermm (35% An)
OBLIO  YCTAHOBIEHO, YTO COCEJHHE CONPHKACAIONMECS BOMHIKOBHE ILIACTHHKIL
MOTYT HMeTh Pas3HbIil XUMHYECKHil coctaB. XapaKTepHO NPH HTOM, UTO OJNH WHAABH/]
JIBOMBHKA ABJIACTCH BLICOKOTEMIIepaTypHoii dopMoil, a Apyroii — HMsKo- win cpen-
neremneparyproii (Weda u jp., 1969). IlogoGnoe caomenme Kpmeraiios zmaun-
TEJLHO YCIO/RHACT TeXHUKY BBIJEJICHHA OTHOPOJIHBIX II0 cocTaBy (pakumii mia-
YHOKJIa3z4.

[lpuBomumbie Hmke HUGPE AAIOT TOABKO o6mee NpPELCTABICHIE 0 TeOXHMITIe-
CKUX 0CO0CHHOCTAX INIATHOKIA30B MPAHUTOMA0B, coxepmamux 10—30% amopruro-
BOTO KOMIIOHEHTA.

Pesynpratn nccaefopauinii, 1poBeAeHHEE PA3IUYHBIME ABTOPAMH, I103BOJSIOT
CYUTaTh, YTO INIArHOKJIA3 SABIAETCA MHHEDATOM-HOCHTEJNEM WJIH MIHEPAJOM-KOH-
uentparopom paia snementoe — TR (Towel u 1p., 1965), Sr (Moraposckmii, Men-
andenko, 1967), B (Bapeyros, 1958), Be (Taycon u np., 1969; Kyspmur u mp..
1968), W, Mo (Crygenmkosa u jp., 1960; Kosmos n ap., 1965), Ga (Mapuenxo,
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IMep6akos, 1966) m ¢ HuM CBA3AHO 40—60% obmero comepsRAHMA HTHX DJIEMEHTOB

B IOPOJIE.

Hume obcy:xma

BaHB W3 JHTepaTypHL.

jorea peayasratsi 1606 xo
kaHMil PeIKUX M PYAHBIX DJIEMEHTOB B INIATHOR

JTUYecTBEHHHIX OIpe/ieeHnil Co/ep-
mazax, M3 KOTOPHX 793 3amMCTBO-

OcoGeHHOCTH COJIeP:KAHMA PeIKNX I PYJHBLIX 3IeMEHTOB
B IIATHOKAA3€e IPAHATOHIOB

Cpepiree cofiepsRaHue H CTe
KjaazaxX TPAHUTOHIOB Da3JIHTHE
W3MeHEeHHOCTH, COCTaBa MAHEpaia

Cpeguue conpe

[eHb KOHIEHTPAIHH DEIKHX JJIeMeHTOB B IIaTHO-
W BaBHCAT OT COCTaBA TPAHMTOMMA, CTEIEHH ero
n 1. m. (em. tabm. 37, 38).

TaGanma 37

PKAHNA PeJKUX M PYAHBIX DIEMEHTOB B INATHORIA3C rpasuTonon, 2/m

I'paHnTH JeKOKpa- T'pPasnTORAB
DJIeMeHT T'paHOIMOPHTHL TpanuTs GMOTHTOBBIC TOBBIE W AIACKHA- UMHTPY3UBHEIE
TOBBIC (cpepHee)
U 0,57 (1) 27,2 (3) — 20,5 (4)
Tl 0,025 (2) 6,0 (2) 7.8 (2) 4,6 (6)
Cs - 15,0 (2) - 15,0 (2)
Ga 23,0(2) 47,4 (11) s 43,6 (13)
Be 3,6 (22) 11,4 (98) 14,7 (79) 11,8 (199)
Pb 19,0 (13) 22,5 (6) 46,9 (62) 40,6 (81)
Sr 502,2 (9) 509,8 (6) 264,0 (1) 490,0 (15)
w 2,5 (8) 1,9 (62) 2.5 (52) 2,2 (122)
Mo 2,5:(12) 1,6 (66) 1,0 (65) 1,4 (143)
B 32,5 (39) 14,3 (77) 14,3 (7) 20,1 (123)
Sn 10,7 (5) 7,8 (14) 2,4 (54) 40(73)
F 903,7 (8) 564,1 (22) 1216,7 (6) 748,3 (36)
Li 17,7 (12) 32,0 (21) 1,3 (3) 24,7 (36)
Rb 33,3 (3) 136,5 (8) 107,0 (57) 107,0 (68)
Au 0,00065 (2) 0,0016 (3) 0,0009 (1) 0,0012 (6)
Nb — 7.9 (4) = 7.9 (4)
X = 8.4 (1) s 8,4 (1)
Ba o2 215,0 (3) = 215,0 (3)
Ta — 0,5 (4) — 0,5 (4)
TE — 42,5(3) ¥ 42,5 (3)
Y p an. Cpemnee cofep:anue 20,5 2/m, Kod(PUIHEHT KOHIEHTpPALHI ik

JuaunTenbHAasd RKOHIEHTpaIHA

gimmzocreo U u Ca.

U B maaruokiaaze o0BACHAETCH reoXHMUIeCKOIl

Copnepianme U B IarmoKIase rpaHITON/0B HEIOCTOSAHHO. B rpamurax I'opmoro
Axras aror Muaepan comepxut 10 e/m U (Taycon, 1956), ¥ para — 1,5 2/m (Hpm-
a0B 1 ap., 1959), nEorga 1o 70 2/m, o9eBHMIHO, 3a CUeT MUKpOBRIIOUeHMIT coOCTBEH-
max vumepanos ypana. B IOxmo-Hanmndoprniickom Garoamre comepskanme U yBe-
ImOEBAeTCHA B INIATHOKIase M3 Goee KECIBIX PAsHOCTeil TPABHTOMJI0B M COCTABIAGT
0,56 2/m B miarmoKIa3ax U3 TOHAIUTA M 2,3 2/m B NIaTHOKIA3€ W3 PPAHATA (JIapcen
u xp. 1956).

B ocroBEHX mopofax (rab6po) miarmoKias coeprHnT U 3gaunTeI5HO MEHbIIe —
0,26 2/m (Jlapcen u fp., 1956) mam 0,12—0,42 2/m, x0T Ha €ro [[0II0 1 OpPHXOTUTCS
40—60% ypana mopoms (Fiypapaes u np., 1965).
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Tanunnii Cpegmee comepxanue 4,6 2/m, wooddunuent KOHIEeHTpamuu 3,0.

B unarmoxmasze ms rpammrommor Cycameipckoro 6atommra Tl me o0HapymeH
(Taycon, 1961), a B onuroxnase us rpanurongos Kypamunckoro Tuma ero cofiepska-
uue cocrasaser 0,7 2/m (Baganos u gp., 1966). Hanbonee auakme cogepsanpna T1 —
0,02—0,3 2/m — xapakTepE3yIT OCHOBHEIE DPasHOCTH OIarnoKaasa, B TO Bpems
Kak B anpbure ero couep:rutes Goabme — go 2 2/m (Illoy, 1959). B axn6ure us ner-
MaTHTOB cofiep:kanne T eme Berme — 3 2/m (Cunemmen, 1961), xora MakcHMaxbHEe
ero KOJNYecTBa YCTAHOBJICHH B aAb0HTaX M3 aMasoOHMTOBHIX rpamntoB — 10 2/m
(MBanos, 1966).

Il e s wii. Cpemmee copepmanne 15 2/m, kospdumuent KoHIeHTpaun 3,0,

Ceentenus o cojepskanmn Cs B n1arnokIasax IpaHTONIOB Kpaiime OT'DAHIYEHEL.
lHockoapry conepsranme Cs B 5—6 pas BEIIe B ABYCTIONARBIX rpaBuTax, 9eM B 0umo-
THTOBHEIX, MOKHO II0JIaraTh, YTO KHCJLIE INIATHOKJIA3BL COMEP:AT 3TOTO BJIeMeHTA
Ooapmie, dem onuroknassl. [leHCTBHTONBHO, B W3MeHEHHHIX IpaHHTAX cpeanee
comepxanne (8 B IIarnoKaase BhIe, YeM B HEH3MEHHHIX I'DAHATAX, W COCTABIAET
20 2/m, a B orfenbHBIX caygaax 30 2/m. B miarmokaase ma merMaTHToR cojep:kanne Cs
CYMECTBeHHO HEe yBeamumpaercs (cM. Tada. 38).

I'anaxmii. Cpennee comepsxanne 43,6 2/m, rosapdunmenT Konmentpamuu 2,2,

B rpamnromgax riasmMm HocmTexsMm Ga, HADANY ¢ KAaJMEBBIMII IIOJEBHIMIT
lunaramu, ABIAOTCSA Iaarnoriaassl (Bopmcemok m gp., 1959). Ilocaenmme (Hall,
1967) copepxar Ga mourn B 3 pasa Gomblne, YeM KaameBHe IIOJEBHE IITATEL

Borancnennsre mugper cpenaux copep:xanmii Ga B miarmoxaase H3BEPIKeHHEIX
nopoj cocraBaaior 24 2/m no Taycony (1961) m 19 2/m no Baany (Bell, 1955). Mono-
TOHHOCTH pacupeenenns Ga moguepkusaercsa Gauskumm cofmepmanuavm Ga B 1ia-
THOKIase u3 rpamuTomaos Cycameipckoro Garomara — 20—25 2/m  (Taycon,
1961), na aamemmuros Mormanaun — 25 2/m (Hokkoasac u ap., 1952), rpanuros
Ty — 24 2/m (Bopucenox, 1959). Cpemu rparuTomgos CHIeamnm MaKCHMAJbELE
cogep:kannsa Ga TPHXOMATCH Ha INIATHORIAZH IHEBMATOMHTO-IEIMATHTOBON Teo-
Gassi. Tax, B nmarmoxmase us rpammra Crmerom cogepskanme Ga cocrapiser 26—
31 2/m; B anpGurax ma moaaHeil merMaTHTOBOI Teodassr — 46—95 2/m, B rapoTep-
MaJbHBIX anb0urax — 14—23 2/m. B naarmoknase ma rpammra Kpronome comep-
aamme (ra 30—36 e¢/m, a B ansOurax ITHEBMATOIHNTO-THAPOTEPMAIBHOI Teodassr —
27—43 2/m (Walenczak, 1959).

B naarnoknase ms rpammros Ilpmasossa copgepsamne Ga cocrasaser 15 g/m,
IpidemM Ha ero Ko/ mpuxomurcs 54—53% obmero Ga mopogsr (Mapuenko u jp.,
1966). B rpeiizennsmpoBaHHEIX H anBONTHAHpPOBAHHBIX rpaHuTax TOro ke paiioHa,
B KOTOpHIX HalilofiaeTcs IpAMas KOPPEJANHA MeKAy MHTeHCHBHOCTHI0 ITOCTMAT-
MaTHYeCKIX IPONeccoB i KoauaectBoM (Ga B mopoje, cofepsxamme (Ga B I1armoKia-
8aX 3HAYHTENbHO yBenmumpaerca u cocrapiser 68—100 2/m, npmuem ma ero goamo
npuxoputes 36—44Y% obmero comepxamnsa Ga B nopoge (Rynm m gp., 1963).

Cpenmee cofepsxanme Ga B IIarmokjiase merMaTHTOB (rabm. 38) cBmperenncTByeT
06 OTCYTCTBHN CYNECTBEHHOI0 HAKOILIOHHS DTOTO HJIEMEHTA B OOBIHBIX HeIMATHTAX.
HejicTBuTensro, u mo Gosee pAHHNM JAHHEM B INIATHOKIA3€ CIIOMOHOCHHIX IIerMa-
TUTOB cpefiEee cofepsranue Ga (6 ompefenennii) cocrasauser 14 2/m (Bopucerok u Ip-,
1962), 1. e. Toxe MeHbIIe, YeM B rpaguTe. OHAKO €CTHh yKasaHHe, 9TO B OT/E]bHHX
CIy4asAX aJbOMTH H3 IETMATHTOB MOTYT cofiep:kaTb Ga mo 80 2/m (I'ameer m np.,
1961). 3amermoe oGoramenne rammmem (Ocradmitays, 1964) ormewasocs B miarmo-
KJaze H3 TPAHATON/I0B NO3[[HAX WHTPYSHBHHIX (haa.

Bricokne copepanna Ga (54 2/m) xapaKTepH3yIOT IIarMOKIask H3 CHEHUTOB.
Ilnarmoxnasst ms raG6po comep:kar B cpemmeMm (6 ompenenennii) Ga 30,8 e/m
(raba. 39), a mnarmoknass ns Meramopduuecknx mopox (3 onpefienenus) — 21 z/m
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Tadaunma 38

Cpejune cofep:KaHus PefRNX H PYJRHBIX 9ACMCHTOB
B OJATHOKIA3E N3MEHEHHBIX IPAHHTOE I RHIBHBIX HOPOJ, CBASANHBIX ¢ rpamnTamu, e/m

DieMeHT I‘pammﬂb:zamenen- ADNUTE TIerMaTATh KBapnersie yKMIbl

w 3,0 (10) 3,1(13) 3,4 (9 39,7 (2)
Mo 2,3 (14) 2,1 (15) 2,09 (12) 18,8 (2)
Sn 10 (1) 11,5(2) 6,5 (4) -
U 10 (1) ke o »
Pb 86 (1) 9,5 (2) 26,2 (4) —

F 900 (6) 533,3 (6) 110 (2) 760 (1)
B 10,3 (11) 7(6) 7,6 (5) 14 (2)
Li 38,3 (3) 85 (1) s
Rb 164,3 (7) 30 (1) —
Cs 20 (3) 15,0(3) —
Be 426 (17) 11,0 (13) 7,6 (11) 0,7 (1)
Ga 25 (1) 13,8 (7) —
Sr A 170 (1) --
Au — 6,0013 (1) —

(Mapakymes u Jp.,

1961), T.e. MeHBIOIe 9eM CcoJepiRaHme Ga B IJarmorj1ase

rPaHATOHIOB.
Tacauma 39
Cpejane COEEPKAHNA PEJKNX I PYJHBIX HIEMEHTOB
B IUIATHOKJIA3e MHTPYSHBHBIX 1 d¢Qy3HBHBIX MOPOT, 2/m

DneMedT BdPpysuBb KMCAHIE CHeHHUTH TaGopo
W 1 (1) —_ —
Mo 4.5(1) — —
Sn 66 (1) 1,7 (1) —

u = 0,63 (1) i
Pb 16 (1) — 9(1)
B 20 (1) — —
Li 23,04 (17) —_ 2,8 (4)
Rb 1,9 (17) — —
Cs 6 (1) w5 i
Be 11 (1) 2.3 (7} 1,2 (1)
Ga —_— 4 (1) 30,8 (6)
Sr 627,9 (17) 1074 (6)
Ba 284,6 (17) = 66,7 (6)
U -— 10,24 (4)

B epuaamnit Cpenuee cofep:xaHue 11,8 2/m, xodduuument KOHIEHTpa-

o 2,1.

Ilpucyrcrene Be B mrarmoriaase
JKIeHnsA, HApALY ¢ OepuiimeM,

0GyCIOBIEHO, 0YEBHHO, BOSMOKHOCTEI BXO-
(BeO,)®~ — (AlO4)*" m BHCOKOBAJEHTHEIX KaTHO-

uos, maupumep TR3* — Ca?+. C mIarmokja3oM OOBITHO CBA3AHO 40—60% obmero

HoJamdyecTBa Be B TpaHATOHIAX

pug, 1969).

HabmomawTes onpefene
KOTOpasi NPHXOJMTCA HA IIATHOKIA3 B 3aBHCHMOCTH O

7#

(Taycom m Ap., 1969; Hyssmur u Ap., 1968; Kammu-

HEHE OTAWYAA B BeJMIAHE TOi 01K Gepuiina mOpOMH,
T MeTPOXHMAYECKOTO THIA
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rpaanToujia. Tak, B PaHO/MOpATAX HA JIOTIO0 ILIATHOKIAZA npaxopurcesa 62,5% Be
HOpOJEI; B aMPpuO0I0-0MOTHTOBRIX Tpanurax — 56,3%;: » GumorHTOBLIX IpaHATaX —
64,8%; B seiikorpaToBrx — 52,19 (Llerpos, 1969). I puunra sroro u & U3MEeHeHNn
COACP/RAHUA B pacTiaBe GepHIIHA, B USMEHOHIH COCTABA MITHEDATIOB, B H3MEHEHIH
BOBMOKHOCTEI K M30MOp(HOMY paccesnmio, B COTy MOABJCHWA TIH HCIO3HOBECHITS
KOHRYpPHDYIOIUX MHHEPANoB, HAKOHEI, B M3MCHOHUI cofiepsranus gropa, crnocod-
HOTO 00pasoBMBaTh GTopGepumraTer — ROMILIEKCHEI® COefHeHNs (epuirus, mpe-
IATCTBYS, TAaKUM 00pazoM, ero paccesmmo B MHUHepazax.

Hnarmoxnasu muopuron coltep:xaT B cpegnem Mennme Be, wem Gomee Kmeiisre
TLIATHOKIA3E NeiKOKPATOBEX TPAHHTOR, XapaRTepHYIOMHEecsH Hau0oIee BHICORIIM
cpeinuM conep:sammem Be (cm. ra6m. 37). 9ro TO/ITBePIKAACT PAHEe YCTAHOBICH-
HYI0 3aBHCHMOCTL M@XIY COHEp:RAHUEM B INAHOKJIA3e AXLOUTOBOI MOTERYIH T
Gepuanns (IlokpoBekwmit n Ap-, 1963) win Geprmmaus n Hartpna (Hemamxkosexmit u ap.
1967). 910 obBacHAET B W3BecTHOI Mepe I Tor gakT, aTo Koaddumuent KOHILeHT pa-
uun Be B niarmokaasax us Gomee Gorarnix KaJIBIMeM I'DAHHTOMIOB cgen-opTuTo-
BOro THNA H3MeHAETCA B mpemenax 1,0—2,22 a rooddpumuent Kommentparn
B UILMEHHT-MOHAIUTOBEIX TPAHATAX HECKOABKO §0JhIIe 1,1—2,25 (Taycor u ap.,
1969).

CunbHO TOBHIMIeHHbIE comepxranns Be B nuarmokmase wamememmmix T'PAHUTOR
I TIerMaTUTOB, JMOCTHTAIONHe B OT/IeTbHEIX cayqasax 56—280 z/m o6sacEAOTCH
OYCBUIHO, HATHYHEM MHKPOBKIIOYCHI i Gepuma.

B rpamarax Bocroumoii Cunbupu cpegnee cofiepxanne Be B maarmoriase,
(60 ompenenenmii) 3,2 2/m (ITerpom, 1969), uro smaumrennmo mmsme NPUBEIEHHOT O
CpemHero.

Csunmen Cpexmee comepianue 40,5 2/m, woaddumnent KOHIEHTpauum 2.

JI. B. Taycon (1961) ormewaer IIPHYPOUCHHOCTS, OCHOBHOI MAacCH CBHENA Tpa-
HUTOUJ0B K 110/1eBEM mmatam. [Tpn srom YCTaHoBIeHO, YTO coiepacanme Pb B miarmo-
RIa3aX OTHOCHTENTBHO OJUIKO K €ro cojlepKammio B 4CCONMHDOBAHHKIX C HTHM MHIC-
PAIOM Ka/MeBhiX IOJEBBIX IMHATAX.

l'eoxummueckas 6musocr, Pb u K BLHIDKACTCA B TOM, 9TO cpefHee Cojepska-
uue Pb B Gomee Kucamix maarmoxiazax TeHKOKPATOBEIX TPAHUTOMIOR B 2,5 pasa
IIPEBLIMALT COepKAHUe DTOr0 IIEMEHTA B GOJee OCHOBHOM IIArnOKIa3e TPaHOono-
putos (cM. Tabu. 37). Pesko mopmmenmse copepkanus (o 86 2/m) Pb, matmogao-
MHeCA HHOTAZ B IJIATMOKTa3e W3MEeHCHHEIX TPAaHATOM/OB, — pPe3YJALTaT HaJIITIs
MIKPOBR.TIOGGHUI TajeHnTa (cM. Taba. 38).

Ilo cpaBrenuo ¢ UPHBCTEHHBIMI CPeHNHME COHeP/KAHEAME KOMMYeCTRO Ph
SHAUNTETBHO TIOHH;KEHO B ILIATHOKJIAaze u3 Aunopuros F0mmo-Kammdopmmiickoro
Garomura — 14 2/m (Mapcen m mp., 1956) m uz MOKeMOpHIICKEX rpaHATOR OnTrapuo —
3,8 2/m (Tilton a. o., 1955).

Cpemn rparutongos Coserckoro Corosa mossrmenmrie conepmanusa Pb (47 e/m)
XapaRTepH3YIOT IIATHOKIA3H 3 TPAHATONI0B Razaxcrana, a mormmenmse (12 2/m)
rpasuTonoB Cesepuoro IKaskaza.

Crpommuii Cpexnee copepaanme 464,2 2/m, xoaddunment KOHIIeHTpa-
oum 1,5.

Peoxmumuueckan Gamsocrs Sr2+ (r;'=1,20) m Ca®* (r, = 1,04) o6ycnopmr-
BAET POJIb MIATHOKIA3a KaK IJTABHOTO KOHNEHTPATOpa M HOCHTENA CTPOHINS Cpej
I0PoNI000pasyomuX MuHEpazon TPaHUTOUIOB.

Ha pomo mmarmoxnasa m xaamesoro IOJIEBOr'0 MOATa OpuXoguTces ~80% o06-
mero cofepsxanma Sr s mopojge (Moraposckuii m ap., 1967). Ipuuem nonesse mmarw
© RHCJEM INIATHOKIA30M M3 AITHTOBUAHBIX TPAHATOB KOHIEHTPHPYIOT TOJAbKO 78%,
a ¢ Gosee OCHOBHEIM IIIArMOKITA30M 13 rpanogmopuros — 88% Sr mopojsr.
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Honygennsie pesyibrarsl (M. Tabi. 37) CBUJETENLCTBYIOT O Gosee BLICOKIX
cojepiKanuAx Sr B IIarnokaase aumoputos (450 2/m), 0 CPABHEHUIO C MIIATHOKIA30M
JeiikokpaTosx rpannToB (264 2/m). Beicokme comepiraHusA Sr yCTAHOBIEHH U
B IarmokmTase ma rpapogmopuros Kammdopumiickoro Garomnta (7 ompejieeHmii) —
517 2/m (Sen m jap., 1959) m ocolenno Brcokue (4 ompepenenns) — 1128 2/m us
TpernunpX rpanojmopnto Koxopano (Bpeit, 1952).

B To ke BpeMs ecTh [aHHbLE, YTO IPH KPHCTAJIH3ANNN IIarHOKIa30B MPOHC-
XoiuT ux oboramente Sr 1o cpasHennio ¢ Ca (Berlin u mp., 1969).

Jlra KpuCTANIOB IJIATHOKTA3a, OTOOPAHHEIX M3 AHOPTO3UTOB M rabbpo Kom-
nnexca Cruiryorep, MonTana, yCTaHOBJIEHO, YTO IOHHKEHNE COACP RAHMA RaJIBIH
COTNPOBOK/IACTCH YBEIWIeHUEM COJIePRaHMA CTPOHIHA (Typexnan, Komm, 1959).
D10 yKasHBaeT Ha CYMECTBEHHOE paaJuuMe B IOBEJIeHHH CTPOHIMA B HOPOAAX
OCHOBHOTO M KHCJIOI'0 COCTABA H MOJKeT OBITH HCIONb30BAHO IPH IETPOTOIMIECKIX
MOCTPOEHHAX.

[aarnokaas >ddy3UBENX TOPO XapaKkrepusyercs OIN3KAM, XOTs I HECKOTBKO
moBBIIeHHBM cofepaanmeM St (Tadmr. 40). [Ipu aToM mmarmoKIassl 0a3aIbTOB BBLICIA-
yorcs muanMan bHEM (500 2/m), a ranuTos —MakcuMaabHLM (380 2/m) cojlepyRaHueM St.

Tatdoanma 40

Copepswannst Li, Rb, Sr n Ba B maarnoxaase s ysuBHBIX Wopo, 2/m
(Ewart u ap., 1969)

ITopopa Sr Li ‘ Rb Ba
ST L6 T Tt € DUR-P NS OE SR S T T SRR ST S MW ST L 500 6,7 1,5 | 140
Annesn'm(3).........................531,7 13 2 81
T LN s e s 6 G R R B 8 BB S 5 8 8 880 38 3,5 | 190
Paof@PrB (il = 5 S it S L B e OR T AR S R 641,7| 256 | 18 | 3954

B puoamTax copiepsiaHUs ST MMEOT TeTKO BHIPAKeHHBII MaKCUMYyM B IIarmo-
krasax cocrasa 40—50% An (Ewart m xp., 1969).

Boasd¢pam Cpegmee comepxanume 2,2 e/m, Koo(pPUIHEHT KOHIEHTPA-
man 1.5,

Csemenns o cogep:ranun W B ITaTHOKIase BechbMa OTPaHMYCHDL. Ero npeumy-
MeCTBeHHAS KOHIEHTPAIiA 0TMeYajach B IIATMOKIA3aX M3 IDAHUTONJIOB T'oproro
Anras (Muxazesa u jap., 1968) u Cesepuoro Kasrasa (Crynemmmkosa 1 7p. 1960).

Jlanusie Taba. 37 cBHAETEIBCTBYIT 00 ONpE/IeICHHOM YBEJHYCHUI COJep:Ra-
pust W B TJIaTHOKIAse M3 JUOPUTOB M JeifKOKPaTOBBIX I'PAHHUTOB, IO CPAaBHEHHIO
¢ OHOTHTOBLIME T'PAHATAMHI. B TlepBoM ciydae nTO MosKeT GHIThH CJeICTBUEM Ie0XuMi-
qeckoii 6amsoctn W u Ca (Beaos, 1958), Bo BropoM — OTHOCHTeJHHEIM HAKOIJIE-
HIeM DTOr0 DIeMEHTA B IMO3AHAX puddepennuaTax, KaKOBLIMH OOLIYHO ABJIAIOTCH
JIeiiKOKpaTOBBIE TI'PAHMTOU/IEL.

Hexroropoe yBeandenue cofiepsxanns W oTMedaeTcs B IVIATHOKIA3C M3 AIIHTOB
W MerMaTHTOB, B KOTOPHIX CpeJHee COJepyRaHme DTOTO DIEMEHTA COCTABJIACT 31—
3,4 2/m. OpEaro 0coGeHHO BHICOKUX 3HATEHMH — 39,7 2/m moctmraer cofep:xanme W
B KHCJIOM IIATHOKJIa3e¢ M3 KBApLUEBHIX JKMJI, YTO HECOMHEHHO CBA3AHO ¢ HAIMTHEM
MIKPOBKIIOUeHNiT COGCTBEHHHIX MHHEDAJIOB 3TOTO BJIEMEHTA. MuKpoBKI0UeHIAM
coOCTBOHHEX MIHepaloB BosibfipaMa 00sA3aHEl H YparaHHbe COJePRaHUA DTOTO 3=
menta (77—250 ¢/m) B nnarmokIasze UBMEHEHHBIX IDaHUTOB.

Ha Cepeprom Haskase nrarmokiassi U3 JHIAPHTOB COJlepKaT W mouTH ¢TOIBKO
e — 1 2/m, CKONBKO W IJArMOKIassl M3 KOMarMarTHYHEIX ¢ HEMH FPAHHTOB —

0,7 g/m.
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Mouxutpnen Cpeanee comepsmanue 1,4 e2/m, woddpdunmmenT Kommentpa-
wan 1,4.

B 6moTHTOBEIX rpaEuTaX IIATHOK/Ia3 KOHIEHTpHpYeT B cebe 30—40, a B meiiKko-
KpaToBHIX — 48% ot obmero comep:xanus Mo B mopoge (Kosmos u Ip., 1965).

CorsacHo monyIeHHEIM JaHEHM (cM. Taba. 37) sHAYATebHEE cofep:xagusa Mo
(2,5 2/m) XapaKTepH3YIT OCHOBHEIE IIATHOKIASH HOPHTOB, & MEHEMAJ bHELE (1 e/m)
KHCJIble IIarMOKIassl JeiKOKPATOBHX I'PAHATOB.

B naneosoiickux rparmrax Ympumo-I'asumypckoro paitona (Bocrounoe S3adaii-
Kaibe) cpennee cojep:kanme (11 ompexemenmit) Mo B miarmokiazax TOHEKEHO IO
CpaBHEeHHIO CO cpeftauM u cocraraser 0,8 z/m (Kosxos u gp., 1965). 3mauntensno
noumxeno copep:xanue Mo (1,0—1,2 2/m) u B rpanurongax Kasaxcrama u Cesep-
wsoro Hasrasza. Boaee Brcorme comepskanus Mo B IJIardoKJasax, paBHbie 2,5—
2,9 2/m, npusopar I1. Kypozga u J. Cammama (1959).

Habmoniaercss HeKOTOpoe oforameHme MOXHGIEHOM IIATHOKIAZA 113 U3MEeHeH-
HBIX TDAHHTOB, & TAK:H€ M3 IerMaTUTOB W KBapIeBHX »kui (cM. Tabx. 38), cBAsan-
HOe, MO-BHIMOMY, ¢ HAKOIJIEHHEeM, IPHBHOCOM HJIU HepepacpenenenneM Mo B mosj-
Hi€ STambl CTAHOBJEHHWS TPAHUTHHIX Teld. OT/eIbHEIE yparaHHEE COTEpPIKAHII —
no 360 2¢/m necoMEeHHO 06A3aHbI AUCTIEPCHBIM BKIOYCHHAM ILTACTHHOK MOJIHOTeHNATA .

b o p. Cpenmee comepsxamme 20 2/m, KodppunuenT xonuentpanmn 1,4.

K momydemmomy smawenmio Gamsko cpemmee comep:kamme B (20 ompesenennii)
B I7arpokiase uHTpysuBHEIX nopox Tame-lllama — 21,2 2/m (Orpomenko m np.,
1966) u B muarmoknase u3 amjgesurToBoro moppupa (cpesmee ms 6 ompefeaeHnit) —
20 2/m (Orpamenro, 1967).

ITo moxyuennrv fanEbM, HauGoIee BHICOKHE COflep/KaHMA B XapakTepHsl s
njaruoknaazos rpanntos J[lanprero Bocroka, mambonee mmaxkme — Cesepmoro Kas-
Kasa.

AHAJIH3 CPE/IHAX COAEP/RAHMH MOKABKIBACT, UTO MAKCHMAJBHEI® CDPOIHIE cojiep-
manua B (32,5 2/m) xapakTepuayioT oCHOBHEe ILIAaTMOKIA3H U3 JHOPUTOB, & B ILIa-
THOK/Ia3e u3 OHOTHTOBHX M JIEHKOKPATOBHX TPAHUTOB OHH IOHEKEHH 00J0e TeM
B 2 pasa (cM. Tabu. 37). [lonoGman 3aBmcuMocTs oTMeYanach 1 B rparnTax JlaabHero
Bocroka, rje cpefnee comep:xanue B B miarmoxmazax ma KBapieBEX JIIOPHUTOB CO-
crapisAer 48 2/m, a w3 rpamnros — 30 2/m (Py6 u np., 1964).

Ilo ppyram pammev (JIucunsaa u ap., 1962), cpenmee cofieps;kanme B B annesn-
Hax Takke sHauuTenabHO Bhime (10 ompememenmii) — 170 2/m, wem B omuroxmazax
(5 ompezienennit) — 40 2/m. Ipenmymecreennoe paccesnue B B mrarmoknasax, ocy-
mecTBJIAeMOe CKOopee Bcero kak Al?* <« B3+, gem Si'* <~ B3%*, mossoasier caurats,
9T0 GOPOHOCHOCTH OPOT CIIE/YOT CBABLIBATE ¢ IIOBHIIGHHOI KounenTpamueii B B ma-
ruokaasax (Bapcykos, 1958).

Ocobenno HuMBKHM coflep:xanmeM B 0TIHYAOTCA IIATHORIA3H ABTOXTOHHEIX
rpaHUTOB (Taba. 41).

Oaoso. Cpenmee comepimanme 4 2/fm, woodduument KOHNeHTpanun 1,3.

Ha ponro nuarmoxnasa B He0m0BOHOCHHX TpamnTax [[HAUHCKOr0 KOMILIOKCA
npuxopurca 18—20% obmero copepxanus Sn B nopope (Ilerposa, Jlereiigo, 1965).
Amajgorysas KaprHHa HaGmofaeTcs W B TpamEETax AMyKEKaHo-CpereHcKoro
KOMILIeKca, The ¢ CAIHIeCKMMH MHHepaJaMu cBA3aHO He Goxee 25—30% osoBa
moponel (AmrmnuH I Ap., 1967).

lloBepenme ooBa B mIarmoKIas’sax U3 TPAHHTOHIOB Pa3IUYHOI OCHOBHOCTH
NOKa3kBaeT ero mpeolIafaomylr KOHNEHTPANMIO B INIATMOKIA36 U3 J[MOPHTOB
(cM. Tadm. 37).

B npomecce mamewenms rpaHuTomga HaGmIOZaeTCA KaK M A GONBIIAHCTBA
APYIHX 5IEMEHTOB YBeIHYeHHe COfep:kaHHA Sn B mrarmokiaze — go 10 2/m.
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Tataumma 41

Cpegune cofepKannsa PeRAX W PYAHBIX 3JIEMEHTOB B INIArHOKjIa3e
IPAaHHTOMJIOB PA3INYHOrO reHesuca, z/m

I'paBUTOUIBL
DileMeHT
UHTPY3UBHBIE aBTOXTOHHBIC ra6Gposoit dopmManmu

W 2,2 (122) 1,99 (18) 2,4 (17)
Mo 1,4 (143) 1,5 (28) 1,7 (22)
Sn 4,0(73) i 9 (1)
U 20,5 (4) = i
Pb 40,6 (81) 11 (1) 34 (5)
F 748,3 (36) 609 (10) 2288,5 (7)
B 20,1 (123) 8,2 (25) 18,2 (20)
Li 24,7 (36) 24,8 (9) 2,7 (4)
Rb 107,0 (68) 152 (4) 2,5 (4)
Cs 15 (2) 7(1) e
Be 11,8 (199) 2.4 (25) 2,5 (21)
Ga 43,6 (13) 21 (3) —

Sr 490,0 (15) 170 (1) —
Ba 195 (2) — -
Au 0,0012 (6) L —

B aasbure ma rpanura BypmGepr comepsxanme Sn eme Brime — 50 2/m (Otteman
1940), uro BeposATHEil Bcero ofbACHAETCA HATMIAEM MAKDOBKIIOUOHHIT KacCHTePUTA.

1o cpaBHeHMIO ¢ IPHBE/IEHHEIM CPEJIHUM, HanGomee 06OTAMEHbl 0I0BOM ILTAaTHO-
xaass m3 rpapmronjios Cesepo-Bocroka u [lansuero Bocroka.

I'paERTH PA3UHIHON PYAOHOCHOCTH XapaKTePH3YIOTCHA DABIHIHEIM COJIeprKa-
HEHEM SN B IIITarHOKJase.

Cpefiee cofepmanne Sn B INIATHOKJIa3e U3 OJIOBOHOCHHX I'paHuToB [laibHero
Bocrora (28 ompepenennii) 3,4 2/m (Hegamkoscruit u n1p., 1958), T. e. HIKe IpU-
BofmMoro cpegaero (M. Taba. 37). B meososonocHsx rparmtax Bocrounoro 3abaii-
Kaabsd OHO eme MeHbime u cocrasiaser 2,8 e/m (Jlereimo, 1967). Comepsranme Sn
B IJIATHOK/Ia3e U3 BOAb)paMoHOCHHX rpanuToB Bocrounoro 3abaiikanbs npeBrmaer
cpefiHee cojlepskanue B 2 pasa u gocruraer 9,2 ¢/m (Msanosa, 1969).

[lnarmokias THOAPATOB cOfep:kuT Sn 3HaumTeabHO Gombme (13,5 2/m), dem
NJarnoKIa3 KOMarMaTHIHOTO ¢ HEM rpamuTa (4,3 2/m).

@ 1 o p. Cpenmee comeprkanue 748,3 2/m, rodpPuUIHMEHT KOHIEHTpATHI 0,9.

Cpennee cofep:xanue F 3aK0HOMEPHO yBeIHYNBAETCA OT 903,77 B mnarmorIaze
us amopuroB fo 1216,7 2/m —us nAeiikokpaToBHX rpaEuToB (cM. Tabx. 37). Bouee
KHCJIBe TJIarMoKJIa3bl M3 AIUITHTOB M HEerMATHTOB comep:kar ¢ropa sHaYHTEABHO
MeHbme (tada. 38), uTO BO3MOKHO CBA3aHO ¢ oOpasoBaHIeM COGCTBEHHOIO
Munepalia — (aoopHTa.

JI u ruii. Cpenmee cofepskanme — 24,7 2/m, koaQPuUIHEHT KOHIEHT AL — 0,6.

Cpeit T'PAHUTOMIOB PA3TAYHOTO COCTABA BHICOKHE COMEPKAHUA JATHA —
32 2/m— XapaKTepHH s IUIaTHOKJAa3a U3 OWOTHTOBHX TrpamutoB (radmx. 37).
Boiee BEHCOKHe cofiep:amus Li ycraHoBIeHEH B IUlarmokIaze H3 caabo mame-
HeHHHX TpaEnTonjoB IIpWazoBhs, Ije OH COLEP/KUT 50 —60 e/m Li (Mapuenko
i JAp., 1966), a u3 anpOMTHBHPOBAHHHIX U TPeii3eHH3NPOBAHHEIX — 3HAUNTENLHO
Gonpme — 260 — 280 2/m Li (Kyum m ap., 1963). Muorga comepswanme Li B maa-
rooknase mocruraer 2310 2/m, 4TO BepPOATHO CBA3AHO ¢ HAIWYHEM MUKPOBRIIO-
weHWH JUTHEBHIX CJAOI WIH coGCTBEHHO JHTHEBHIX MUHEepaloB.
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ITaarmokaassr u3 rpamurTommgoB Bocrogmoro Babaiikamba u l'oproro Anras
conepskar autus 30—42 e/fm, a Cesepo-Bocroka CCCP m Ypama — 2,6—9.8 2/m
(cm. Tabm. 39). Huskne comepswanna Li (7—7,5 2/m) XapaKTepPHH [ OIaTrHoKIa3a
u3 rpannronsios Cycamsiperoro Garommra (Taycon, 1961). Ilnarmokassr memoTasx
CHeHHTOB coziep:kar Li B cpemuem (2 ompemenenun) 4,6 2/m, IIpH 9TOM HAa €ro 00
upuxopurcsa 8—10% o6mero Li mopoum (Kopamenko, ITomonuror, 1970). Camse
mskne cofepsranud Li (2,7 2/m) yeramosiens B nuarnokzase rpagnTonon rabopo-
BOIi popManum, 4To MozKeT GHTh HCIOIB30BAHO TIPH HeTPOLOTHICCKITX TOCTPOCHUSX.

o cpaBHeHWI0 ¢ NMIATMOKIA30M U3 TPAHHTOB Cesepnoro Haekasa (14,6 2/m)
TOIaTHORIA3 M3 KOMArMaTHYHBIX ¢ HUMH JHOAPHTOB cofep:kuT Li smaumrennmo
Goxpme (66 2/m).

Py o6wupguii. Cpeauee comepsxanne 107 2/m, xospdunument Konnentpamun 0,5.

Haunboaee nmaxne cpemmme comepsranns (33,3 2/m) XapaKTepPHH I OCHOBHBIX
TJIarnoKIa30B U3 JHOPUTOB, a B H0jiee KHCIOM ITarHOKIA3¢ GHMOTHTOBLIX ¥ JIEIEO-
KpaTOBKIX TPAHUTOB OHN COOTBETCTBEHHO yBeamumpaores 1o 136 m 107 2/fm (cm.
raba. 37). Ilocaennee, BepoaTno, cBA3aHO © VBeJIHYEHHEM COJeP;KAHUA B COCTARBE DTHX
nnarmornazoB Na n K, cnocobersyiomux Bxosxaenmio Rb B pemerky mrarmoxiaza.

ARaNOTMYHEIe COOTHONIEHHA OTMeYEHH W B INIATHOKIIAZe W3 rparuronmos Cyca-
MEIpecKoro Garoamra (40—250 2/m Rb), npuuem mamGoxee BEHCOKIe ero collepRaHuA
(260 2/m) ycraHOBIeHH B IJIarMOKIAze M3 JeilkokpaToBuX rpauntoB (Taycom,
1961). Ilo cpaBHeHHIO ¢ UPHBEJIEHHHIM CpEJHAM CXOHBIE cofep:kagma  Rb —
145 2/fm — ycramosnens B miarmoxnaze Koympanckoro wmaccusa (Yyxpos n np.,
1962), a B mmarmokmase m3 Me3030iickHX rpaEuTOB BocTowHOro BabailKanba OHO
Menbme — 20—25 2/m (Aurunus u 1p., 1969). B mnarmormase 3 ToHAIHTOB M aja-
meaumnros Sanajgnoii lornanmuu conepmanua Rb cocrasmsior coorsercrrenmno 10
n 200 z/m (Hoxkoxsne, Muraemr, 1952).

llmarmokias m3 H3MEHEHHBIX I'DAHUTOB COJEPKHT B cpegueM B 1,5 pasa Goabnie
Rb (164,3 2/m), wem u3 nemsmenennrix. Cogiepsranue Rb B mrarmokmase aBToXTOHEEIX
TPaHATOB TaksKke B 1,5 pasa BEINe, 9eM B IIaTHOKIa3e MHTPY3HBHEIX TPAHATOB, YTO,
BO3MOZKHO, CBHJICTEILCTBYET 0 GOablIeil POMM MeTacOMATHYeCKHX TPOIeccoB B dop-
MHDOBAHHN TI'PAHUTOHMIOB HTOr0 TeHETHYECKOTO THIA.

OcoGenno mmakme cpepuue copepkanus Rb orveuenst B miarmokiase ms amma-
puros, rje onm cocrapnaor 1,8 2/m (cm. ra6m. 40). Oxmako ma Ceseprom Kasraze
IUTArHOKIA3EL M3 KOMATMaTHYHKX IPAHUTOB U JHIIAPUTOB COAEPIRAT B CPETHEM CXO/l-
HOe KomugectBo Rb (23 —43 2/m).

3 0 orto. Cpernee comepsxanue 0,0012 2/m, Koadpunuent roumentpamu 0,3.

PammoakTnBamuonHEil amanua IIArMOKIA30B M3 TPAaHUTOHJOB TOKA3aJl, 9YTO
cofiep;kaHme Au BO3PACTaeT B MX H3MEHEHHHIX PABHOCTAX. TaK, B HeH3MEHEHHOM
nrarnoxaase cofepranme Au cocrasiger (0,0005 2/m, a B waTencusmo CePHIUTH3I-
posannoM — 0,0048 2/m (XampaGaen, 1969).

Huo6mit. Cpexmee copepsxanme 7,9 2/m, Koadpunuent roumentpamun 0,4.

B nanarmoknase us menounsx rpanutos Bocroumoro [Tamupa cpexnne cogepsra-
musA Nb (mammeie B. C. IlaBnenko) Beime m coctapisior (10 ompenemenuii) 13 2/m.
Iocnennee Mosker GHITH B 3HAYHTENBHOI Meépe CBA3aHO C HAJHIAeM MUKPOBKIIOYCHN i
TAHTAJN0-AHN00ATOB, BechbMa OOWIBHEIX B DTOM TIIIE rpasnTonuos. Tem ke o0bsc-
HAeTCA H BhCOKoe — 1o 100 2/m (Cremnes, MexenThes, 1962) — conep:xanme Nb
B anb0HUTe PeKOMETANBLHEX IIeIMaTHTOB.

B mnarmornaze ma womarMaTmuERIX TpaHATOB ¥ numaputoB (eseprOro
Hasrasa copepmanme Nb cxogmo m cocrasiser coorsercTBerno 7,9 u 6,7 2/m.

Urrpmir. Cpegmee comeprxanue 8,4 2/m, rospdpumment xoruenrpamun (),2.

ITnarmoknas ua rpamuTos Rammgopumu cogepsxur 8,4 2/m wrrpua (Towell
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u 11p., 1965). KoamgecTBo HTTPHs HECKOIBKO YBEJIMTHBACTCH B KUCIOM IIATHOKTa3e
nermarutos — 10 2/m (Aunercuen, 1965).

b a p mii. Cpexnee cofep:anne 215,0 2/m, wosdduneHT KOHIEHT AT 0.2:

B Gosee 0CHOBHOM ILIATHOKJIa3é U3 TpeTHuHbiX rpanopumopuros Homxopano cpen-
mue cofepsanust Ba (4 onpenenenns) 98 2/m (bpeii, 1952), a B IarmokIase u3 rpa-
nnToB Benrpun 256 2/m (Nady, 1969). B nermarutaXx 1o cpaBHeHMIO ¢ pAHEMMH reHe-
panuAMI NJIATHOKIA30B COJleprRanue Ba B mosgHHX reHeparuAX yMEHBIIAeTCA ¢ 210
mo 9 2/m (IlImaxum, 1970).

Cpenu odpdysusos mHambonee HUZKUE CPeHUE CONEPIRAHUS Ba (81 2/m) xapak-
TepHHI JIIA IJIATHOKIA3a H3 aHJIE3UTOB, a gauboxee BRcokHe (35D 2/m) — W3 JUOa-
puros (cM. TadiL. 40). 9ro moxTBEpIKIALTCH HaOJIOMCHIAMI HAJ[ NIaTHOKIazaMy 13
PHOJMTOB, B KOTOPHIX YCTAHOBJIEHA IIOJO/KUTENLHAA KOPPEJAIHA MEKIY COflepixa-
mpnavn K n Ba (Ewart, Taylor, 1969).

Tantaa Cpermee conepsranme 0,5 2/m, KoapPuIeHT KOHMEHTPanun 04,

B mnarmoxiase ms mexounsix rparmTos Bocroumoro ITammpa cpejmee coxep-
swanme Ta cocrasnser (10 oumpeneremmit) 1,1 2/m.

Cxopmbie comepsranus Ta — 0,45 u 0,41 2/m — ycTaHOBIEHH B ILIATHOKIa3e
W3 IPAHATOB M KOMAIMATHYHBIX ¢ HEMM JHIAapUTOB Cesepuoro Hasrasza.

Penkue seman Cpegsee cofepsanme 42,0 2/m, Kkoa(duImeHT KORIEHT pa-
mmu 0,1.

B nuarmokmaaze ms rpammronjioB Bamsirsraano-Cyroickoro paiioHa cofiepsKa-
mme TR -4 Y cocrasaser B cpepneM (3 ompemenenust) 50 a/m (Py6, 1967). Eme
Gonee sricorne copepmanna TR,0; (mo 150 2/m) ormeqaer B. C. IlmaBnenko B mia-
FHOKIA3e W3 MEeX0YHHX rpammtoB Bocrounoro Hammpa. Ilmarmoxias m3 rpamuTon
Kanudopaun CONEP;KAT 3HATHTENHHO MEHbIIE TR,0, — 16,5 2/m (Towell m np.,
1965). B mnarmokiasax KOHIEHTPHPYIOTCHA IPeUMYIECTBEHHO HTTpUEBHE PeTKo-
3eMeJLHBIE BIeMEHTHI.

[liaruoKIass 3 LHOPHTOB, CBA3AHHEIX ¢ TabOponaMu HBupanckoil HHTPY3HH,
comepsxar 51 2/m TR0, (banamos u jp., 1970), T. €. HECKOIBKO GOIBIIE BEITHCICH-
goro cpejuero. Ilpm oToM Ha HX JIOMI0 NPUXOANTCA 7O 48% obmero copep:xanna TR
B IIOpOJie.

Kob6aant. Comepmanne Co B IIaruoKIa3e MOKET JOCTHIATDH 15 e/m (IOmr,
1959). Ero BxoskjeHne B KPHCTALIMIECKYIO PEIIETKY IIATHOKIA3a COIPOBOKACTCH
O/[HOBPEMEHHEIM BXOJK/IeHEEeM As*, xoropHil 3amemaer Si't min Al%s

I/IH,IIHKETOPH]JIE ONpU3HAKH IIArNOKIa3a rpaHuToONIOB

B nuarmokiaze TPAHETOHZOB B 2 pasa Goibile MO CPABHEHMIO ¢ KIApKOM KOH-
HeHTPUPYIOTCA TaKAe DJIEMEHTH, KaK U, T1, Cs, Ga, Be, Pb (rabm. 42). Ilaa atux
HIIeMECHTOB TLJIATHOKIA3 MOKET PaccMaTpHBAThCH, KAk MHHepaJ-HHIUKATOD, nocTa-
TOUYHO YYTKO OTPAsKAIOMUIT 0COOCHHOCTH M3MEHEHIA HX collepskaHuil B KpUCTAJLIn-
gylomeiicA I'PaHUTHOM Marme.

JLust D1eMEHTOB ¢ KJIapKOM KOHII@HT AN MCHLIIE eJIMHNIEL TaKNX, Kak Li, Rb,
Au, Ba u fip., HaKaIIHBAOMAXCA OOLIYHO B IPOAYKTAX MO3THIX CTA/[HIl KPHCTAILIN-
Baluy, WHINKATOPHEE NPH3HAKHE IJIArHOKIasa I ero poib B obmem OajiaHce HTHX
HIeMEHTOB OrpaHUYeHsl. BIIoiHe OTYETIHBO BEIPHCOBLIBAIOTCA HEOMTHAKOBLIE Cpei-
HIe COJlepsKanusl PeRNX M PYJHLIX 9JIeMEHTOB B IIArHOK/IA36 TPaHUTOH[OB pasind-
moro merporpadmTeckoro cocrasa (cM. Tabi. 37). OmoBo m MoaHG/eH B HaNOOMBIIEM
KOJIMIeCTBe BCTPEUAlOTCS B INIATHOKIA3€ 13 TPAHOJMOPUTOB, B TO BPEMA Kak pyjo-
IPOABJIEHAS DTHX DIEMEHTOB OGEIYHO CBSI3AHEL ¢ fojiee JTeKOKPATOBBIMU PasHOCTAMI
rpaHnTOn0B. B 0CHOBHOM B IIATHOKIA3C 3 TPAHOAHOPUTOB B G0JpIIEM KOJHYeCTBE
HAKAIIHBAIOTCHA TaKke B i ST — 21eMeHTE, TeOXHMHETECKH TeCHO CBA3AHHLIC C Kailb-
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Tabamma ¢4
Koapdunnenrsr xonnentpanun (X) penkux m PYIHBIX 3JIEMEHTOB
B IJIarMOKJIa3e IPAHHTOHOB

Cpelinee coflepsanne, 2/m CpefiHee comep:KaHue, 2,/ m
JIEN T -
SR B I'DaHHTe B IIATHO- K dateMeHT B IpPaHHTE B IJ1aruo- id
(Kaapx) Hiaze (ri1apk) Hjlasze
U 35 20,5 5,8 Sn 3,0 40 1,3
T1 1,5 4,6 3,0 F 800,0 748,3 0,9
Cs 5,0 15,0 3,0 Li 40,0 24,7 0,6
Ga 20,0 43,6 2.9 Rb 200,0 107,0 05
Be 5,5 11,8 2.1 Au 0,0045 0,0012 0,3
Pb 20,0 40,6 2,0 Nb 20,0 7.9 04
Sr 300,0 490,0 16 Y 34,0 84 0,2
W 1,5 3.9 15 Ba 8300 215,0 0,2
Mo 1,0 1,4 1,4 Ta 35 0,5 0,1
B 15,0 20,1 1,4 TR 350,0 425 0,1

nueM. llrarnokmassl GHOTHTOBHX IPAHUTOB OTAMYAIOTCH HAMOOIEE BHICOKMMM cofiep-
manuaMu Li, Rb, Ga, Au u U. B 6onee knemom mrarmokiaze TeHKOKPATOBEIX T'pa-
HUTOB, KOTOpHIE, cJaras pasiWmdHble M0 MOIIHOCTH Teja TPEIIUHHBIX TPAHUTOB MU
BAKMIOYNTENLHEIE (ashl MHOrOPasHEIX WHTPY3UBOB, YACTO SBIAITCH PY/JOHOCHEIMH,
nomumo W n F, KORHeHTpHpYOTCS 5IeMEHTH, TeOXWMHETECKH GIHSKHE K KaImio
(Rb) wmm matpuio (Be).

Omnpernenennnie oTamusa HaGIOIAITCA 1 B COCTABe TIATHOKIA3A M3 HEH3MEHOH-
HBIX W M3MEHEHHEIX (aMb0MTH3HPOBAHHKIX WJIN T'PeH3eHH3MPOBAHHEIX) IPaHHTORIOB
(M. Taba. 38). O6urymo ormewaercs, wro Mo n W, KoHIeHTpHpYIIUecs mpenMye-
CTBEHHO B IITATHOKJTa3e, MOTyT GBITH BEIHECEHB B Pe3YIbTATE MOCTMATMATHICCKAX
[TPOLECCOB U3 paspymaiomerocs MIArHOKIasa U CocoOHE 06pas3oBaTh COGCTBEHHER
MEHEPAILT — meenut wian Monubnernt (Crynennukosa, Iimmakmma, 1964).

Onmaxo naunsie TaGang 38 u 43 NOKaskBaloT, 4To cofepskanme Mo, Sn, Pb, Rb,
(s B IUIarnoknase M3 W3AMEHEHHHX TPAHUTOB, KaK npasuio, yeeamumpaerca. Oco-
Oenno cnapro (B 10—50 pas) yeenmunsaercs conep:ranne W, Li, Be, uro ykasm-
BAET HA HECOMHEHHBII NPUBHOC IIO3JJHUMH PACTBOPAMH 9THX 9IeMeHTOB. TOIBKO cO-

TaGanrama 43

COH&p}KﬂHHH PeARNX 3JeMEeHTOB B ILIArHoK/Jga3ze
HEH3MEHEHHbIX N M3MeHeHHBIX TPAaHNTONI0B, 3/m.

ITopona F w Mo Be

Caxamajickuii maccun (Boeroumoe 3abaiirainne)

Ipuniivsl GotwioBmd © . -, . 0. Ll n eNELes R 25 2.5
T'panute aBycronsase 7.5 25

ikt el B

Ayabaypruncrmii macens (Bocroynoe 3abaiikanse)

LPABUTH, BEOTHIOBRG v v ic o v mis 5 o 5% e 5| 250 2.5 25 6 J 10 250
Tpanurte gsycmomanme . . . . . . . . . . .. . .| 450 2.5 2.5 21 14 450
Tanumurnit maccns, Topuwii Aaraii (Kocamne, Cyxopyvros, 1965)

Tpaanrss - GuoTHTOREIE <, &, 0700 0y i, I — ’ ~— I - 19 23 1 30
T'panursr neycawaanne — — 29 10 30
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jfep/kaHEe B B ILIATHOKIaze MSMEHCHHEX TPAHNTOB YMEHDIIACTCH B 1,5—2 pasa,
9TO CBUIETEILCTBYET O BO3MOMKHOCTH DKCTPARIMK €r0 3HATHTETBHEIX KOTHYECTH I3
paspymIaomerocs IIarmoKIasa. _

BecpMa HHTepECHH Te HMBMEHEHHS B COJAED:KAHMH DPY/HBIX M PERNX JJICMEHTOR
B IJIATHOKIA3aX, KOTOpEe BOBHMKAIOT II0]] BIMAHAEM IPOIECCOB nuddepeHIIATII.

IIpexe BCero cleayer OTMeTHTh CYIIeCTBOBaHNe TeTKO BHIpAsREHHOI TeHIeHIHR
BHAYNTEIHHOT0 HAKOILIEHAS BOAbPpaMa B INTATHOK/IA36 3 JEHKOKDPATOBHIX Ipani-
TOMOB 3AKTIOUATENBHLIX (as, Tfe ero cojepkaHue yBeAWTHBACTCH B 3—3,5 paza
1 JIOCTHTAeT B OTJEIBHHX ciaydasx 8,5 2/m.

Momm6ieH pacipesielien 60Jee MOHOTOHHO H B G0IbIIeM KOTHYCCTBE COACPIMTCH
B TLIATHOK/IA36 TPAHATONIOB PAHHNX METPY3HBHHX (as. ITH JaHHEE COTIACYIOTCH
¢ napasMnu Taba. 37 0 MOBHIIEHHOM CO/lePiKanum MoJmOJIeHA B ILIATHOKIA3e H3 Tpa-
HOJWOPUTOB, a BOIbppamMa — B IVIATHOKTaze M3 JefiKOKpaToBBIX TPAHUTOB, 4TO,
BO3MOKHO, CBABAHO ¢ PA3IHIHEIM XaJIbKO(PHILHEM UM cuepouIBHEIM XapaKkTepoM
HTHX DIEMEHTOB.

Konmenrpamus Be B KHCIOM INIarmOK;Ta3e M3 IPAHHTOB 3aKMIOUNTEILHEIX das
HaXOJUT HOJTBEP/K/ieHIe B paHee OTMedaBIIeicA CBASH Be ¢ Na (Hemamxosckuil,
[loropenosa, 1967). B miarmokiase u3 rpanuToB muorodasHsx WHTpysuBoB Ha-
saxcrana cofepsxanne Ga ypeamampaercs ¢ 48 e/m B IIaTHOKIA3e U3 IPAHNTOB I dasm
1o 70 2/m B mnarnokuaze us rparmTos IT dass (rabum. 44).

TaGanmma 44

Cofepkanusa PeAKAX DIEMeHTOB B IIATHOKIase PAHUTOHIOR
muorodazHbIx WHTPY3NBOE, 2/m

IeaTpaasubiii Kazaxeran

dasa w Mo l Be ‘ B F
Maccus Kyy
I 2,5 3.5 12 4 340
IT 2.5 3,5 — 4 520
111 7.5 2,5 2.4 o 40
Husuma-Tay
I 2,5 3.5 8 4 3000
11 — — — — 1800
111 8,5 2:5 — 4 40
Cepepusii Kaszaxcran (Ocragmitayx, 19641, 19642)
dasza Ga Ba l Sr
1 48 310 820
11 70 80 720
[Oro-3anaguoe Ipubaiikaase (Kocanc, Masypos, 1970)
dasa w Mo Sn Nb ‘ Th
1 2,0 01 2.2 7,0 0,41
Il 4,0 01 3,0 7,0 41
Iil 5,0 0,1 35 14,0 1,64
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Topupiii Anraii (Kocaxe n ap., 1965)

dasza ’ Li Rb Be B J Cs
I 70 35 50 95 5

II 35 24 28 83 3
IIT 29 19 15 50 3

3anaguoe 3abaiikaane (IleTposa, Jierex‘im), 1965; Ilerposa, Iletpor, 1955)

dasa Sn Be
I o1 1,8

11 18 25
III 15 9,2

Tarue snements:, kax Sr u B, B Goabmem koamuecTee BCTPEYAIOTCHA B ILJIATHO-
RI43€ M3 TPAHUTOB pamHuX has. BosmoskHo, aT0 yKaspBaeT ma yMeHbeRme H3o-
MOPPHOIT eMKOCTH IIIATHOKIABA ¢ YMEHBIICHIOM er0 OCHOBHOCTIM, TAK KAK Te0XHMH-
decKas cy/Ap0a HEKOTODHIX M3 ITHX HJIEMCHTOB CBHIETEIBCTBYET 00 MX HAKONJICHHN
B NO3AHEX NpoAyKTax Auddepennmanun. VHTepecHo, 4T0 B HEOIOBOHOCHEIX I'paHu-
Tax [lsmnnurckoro romuznexca (Ilerposa, 1965) e mabmionaerca ysemmuenns cogep-
FRAHII 010Ba B ITATHOK.Ia3¢ U3 TPAHATOB IOB/IHUX HHTPY3UBHHX a3 (cM. Taou. 44).

IIpencrasienne o Bamanun nponeccos Audpdepennmanun TpaHUTHON MATMEI Ha
COACPIRANNE PYAHMX H PE/IRAX 0JIEMEHTOB B IJIATMOK/IA3e JaeT cpABHEHHE COCTABA
aTOro MHHEpPAJIA M3 TPAHUTOB H CONPOBOKAIONIX HX KITHHEX TI0POJL (rabm. 45, 46).
Ha npmmepe rparuros Kasaxcrama n CONPOBOKIAIOMAX UX FKIJIBHBEIX MOPOJ BU/IHO,
UTO BOABYPaM, TAK ;Ke Kak U GepPHILIHI, MOCTOSHHO COJIEP;KUTCA B TOBLINICHHOM KO-
JUIECTBE B NJIATHOKIa3e W3 aIVIATOB U IerMaTHTOB. B miarmokiase ma mociemmimx
copepskanne W nocruraer 14 z/m. B mporusononommocts Boabppamy Moauden
pacupefienier 6oree MOHOTORHO M HEPEIKO eTO COJEP/KAHNE B ITATHOK/IASE KU BHEIX
IIOpPOA MEHBINe, 4eM B INIarHOKJase TpanutoB. B Tex caywasx, korma coflepRaHme
Mommb/leHa B IIIArHoOKIa3e MerMaTHToB TocTuraer 360 2/m, 0HO 00513aHO MUKDOBKIIO-
UeHHAM Mosmbienuta (eM. Tabm. 45).

Anasornynas Kapruma HabmogaeTcs B TPaHATaX M KWILHBIX nmopogax Y paia.
31ech cieyer oTMeTHTH MHOTIA HabIo/[alomeecs yMeHbIIeRNe coepkanmsn F B mira-
THOR/Ia3e U3 RUIBHLIX IOPOJ M peskoe Hakomwrerne W (77 2/m) u Mo (35 2/m) B mua-
THOKTa3e M3 KBapl-IOJeBONIIATOBEX KU pynonocHoro Iumoso-Komesckoro mac-
cuBa (cMm. Taba. 46).

HeoGrrano Bricorme comepsranns Be B miarmokiase ms merMaTnros 09eBHTHO
CBIJIETEALCTBYIOT 0 HAMMYMN B TAHHBIX TIETMATHTAX COOCTBEHHEIX MIIHEPATIOB 3TOr0
dJIeMeHTA, BepOATHEI Bcero, Gepuiia.

Ompeniesrennsie ormama waGaogaoTes B cogepskagmu Li, Rb u Cs B naarmo-
RIa3e M3 pasunIHbIX THIIOB HEIMATUTOB: B alb0UTe H3 PEIKOMETAILHIX HerMATHTOB
IO CPABHEHMIO €O CJII0JIOHOCHBIMH YBEJIHYHBAeTCs cofep:kanue Rb u ocobenno Li
(rabu. 47). Kpome Toro mosamme TeHepamuy ILTATHOKIA3a M3 IIerMaTHTOB 000Ta-
menst Rb u cnanno oGesmenst Ba u Sr (rat.. 48).
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Ta6amua 45

Cofepkanusa PeflKEX M PY/HLIX JICMEHTOB B ILIArHOKIa3e rPAHNTOHIOB
¥ CBA3AHHBIX ¢ HUMH SKHIBHbIX mopox Kasaxerama, z/m

ITopona w Mo Be Tlopona w Mo Be
Maccnms Axuaray Maccur #Hamankapabac
TPAEHTH . o o o s v » 0,7 04] — UT'pamwr®l . . « «.+ + =« 1,0 0,4 6,0
IerMaT™dTH . . . . . . 14,0 |1 3600} — [Amamrer . . . . . . . .| 07 0.4 —_
1 IlerMaTHTHL . . . . . - 0,7 0,4 10,0
Maeccus MaiiTac
DPaBTRE 1T & 55 &% o i 0,7 43 = Wasoae fladras
ATRRTEL £, oo gvye rrpmipys 3,6 0,6 - L DRI o « 0w wowmw] 07 0.4 12,0
IlermaTATEL 07 18] A40 P ADIMTEL W e wa w] 0T 04 | 13,0
., MerMaTATHL . . . « - - 0,7 0,4 8.1
KapRapaluHCKHHE MAcCCHB )

Ppammmt . . - . . . s 0,7 0.4 12,0 Maccup BocTouninlit Koyupapn
ATTWTRE FEL LY e & e 1,2 04| 450 | Tpammoer - . . . o.oane ) 07 0.4 4,6
ABABOEL - v« + o o 5 28 0,8 6,8
IMlerMaTHTBL . . « + « - 34 0.8 8.9

TaGanmma 46

CofiepKanusA PeKOX M PYJHBIX DACMEHTOB B HIardokiase rpannToijios
H CBA3AHHMIX ¢ HUMH JKHIBHBIX IOpoR Ypaxa, e/m

IIopoma w Mo Be B F
Muroso-KoneBeRNit MmaccuB
 3317:1: 1.0 T SRR et e T T I 25 25 8,0 12,0 | 760,0
fferMarwthir + - o ol o TR LINC A BLESIARA B A0 TN A8 PR R 6,0 | 16,0 —
KBapm-IoAeBOMUATOBAR FHAA .« v« « v o & v o o o o 77,0 |- 350 0,7 | 20,0 | 760,0
Nmabux-Kaparalficenmii Mmaccns
Tpapmimsg” % v b L S T e e WS 25 2.5 60| 7.0 40,0
REEIRD 5. o 10 o o 30 i & & & 4 & & 8% 2 = i we @ owl| 4D 25 60| 7,0 | 2800
TTErMATHTEL o o .« « « « « & & & o « = o =+ = o o o & o o s 25 3.7 —i| = .
‘ KoukapeKNil Maccus
Dianmeer "5 <oty SEREREL S T B e S o SR | 35 1 25 40 4,0 14000
ATHOTEE o o oS00k B e e ks T e & I 50 | 25 26,0 | 40 | 1300
e s P e T A e s o & e a0 28 50| 4,0 90,0
Tadaumma 47

CpeHue COAep:RaHN: PeJKIX IeMEeHTOB B II
(Cosomos m gp., 1968) u B mIarnokIase pasiiiH

JArMOKIA3e PA3TMYHBIX THIIOE NMErMaTHToB
pix resepammii (l[marum, 1970), 2/m

MuHepa Li Rb Cs Sr Ba

OauroKIa3 W8 cIoaoHocHHX Termarmros (27) . . . . - 12 24 30 — =5
AabGuT M3 pefkoMeTanbubIX mermarntos (26) . . . .. . 120 48 30 e —
Ilmarmoknas I m II remepamuit . . . . . . « - « « - « « — 10 — 480 | 210
» 1V B et 4 R B A ST DR — 12 — 310 42

» \'s » o e B e T S . 9 — 350 56

» VI » AR v Wb o I P S s 15 — 120 36

» VII » 3 Pl ity (HEAIRH ARSI — 14 — 2 9




IIpencraBienne o BIMAHUN HMOHATIOHHOI AnddepeRmuanun aetT cpaBRenme
CONEpRaHMA POKAX DIEMEHTOB B INArHOKIA3€ U3 TTYOHHHBIX H AIHKANBHLIX YaCTe ii
TPaHHTHEIX WHTPY3HBOB.

B cesepo-Bocrounoit Tyee maarmoxras us TPaHATONIOB TIyOHHEHON (ammn co-
Aepxutr Gonsme Be — 8,8 2/m, uem ma rpammTommos ammkansEOK panme — 0,6 2/m
(LomommroB m fp., 1967). HanGoxee zamerno feiicrame nogo6noi Juddepenmuarnnmn
CKaskBaeTCs Ha cofiepskanmu Li; oHO ycToiiumBo mOBBINIEHO B MTATHOKIa3e M3 Amm-
KaJbHLIX YaCTed I'DAHATHEIX MHTPYBMBOB (CM. TaGu. 48). Mosromy rommuecto Li
B IIAIHOK/Ia3¢ MOKET OHTH HCHOMB30BAHO KAK WHIAHKATOP 5PO3HONHOIO cpesarpa-
HATHEIX MacCCHBOB.

CpasHeHme cOCTaBa IIATHOKIA3A M3 Me3030HCKOro 0HOTHTOBOTO rpaEETa M HpO-
priBatomero ero nunapura (Cesepmsrit KaBkas) mokasano, 4To miarmokiaas ms Juna-

TaGanna 48 PHAT CYIECTBEHHO oforamen TOXbKO (ropom,
. B TO BpeMA KaK B COHGPIKAHHE OCTaTbHLIX
Copepmauus Li u Rb » naarmoxraze DIEMEHTOB CYMeCTBEHHBIX OTIHYMI He HAGIIo-

HTOHIOB
Byrynh;fri‘l];nogonsomnenca naerca (rabu. 49).
Bocrownoro Caana, 2/m ITpu cpasuennn CPEeHEX COJIep:RaHIM pej-
(Boponmos, Jluwm, 1966) KHX 3JIEMEHTOB B IJIATHOK/IA3e JIMIADHTOB (cm.
Tabi. 40) co cpejHEMHE 3HAYCHUAME, BEHCICH-
Daup HEIMI JIIAl NJIaTAOKIA3a MHTPY3HBHBIX IpaHu-
diement TounoB (cM. Tabu. 37), BEACHAETCSH TaKKe, 9To

PTTHITMEAR, | PROHRMAR . yonBHe  SHATHTONLHO oboramenst Sru Ba u

obemmersr Rb m Ph.

Li 31 7 BecrMa muTepecHo BHACHHTE BoaMOKHEIE
11{11) :g 13 OT/TIHA B COMEP;KAHAU DYTHLIX H PeIKHX DHie-
Rb 20 30 MEHTOB B DNIarHOKNIa3e W3 PYNOHOCHHX U He-

PYROHOCHEIX rpauuros. Ilockomeky Gompmun-
CTBO PYNONPOABICHHN NPOCTPAHCTBEHHO TSTO-
TeeT K JIeHKOKPATOBEIM I'DAHMTOMIAM, TO CUNTAeTCA, YTO KHCJBIH COCTaB ILIATHO-
KilIasa OpUCYDI PYAOHOCHBIM IpaHuToHfaM. Onmako Gojee 00BEKTHBHO CYIUTH 00
9TOM MOKHO, HCIIONB3YA OCOOEHHOCTH COMEPIKAHMI B IIATHOKIaze PYIAHEIX U pej-
KHX DIIeMEHTOB.

Tabnmma 49

Cogepskanna pejkux M PyNHBIX 5I€MEHTOR B IIAINOKXaZe TPAHATOB
M CBA3AHHBIX ¢ HHMH JUNapHToE CeBepHOro Kapkasa, /m

IIopona w Mo Sn Pb Be B F
I'pasntsr 6moratoBse . . . . . . . . . . . 1,0 11 431 200120 35 |1550
Jlnmapute cy6mATpysmBHEE . . . 135 | 1.4 | 134 160 11,0 | 45 | 5400

Wmerommecs nammsre (tabu. 50) He mosBoas0OT TOBOPHUTE O CYMIECTBOBAHHH YHIi-
BepCaibHoil saBucumoctn. Ilmaruokmass rparnros Ge3py[HEIX H PYNOHOCHHIX B 0T-
sHomennu W it Mo copepsxar nparTaueckn ofuaakobse KOJIN9eCTBA BTHX BJIEMEeHTOR.
Tak, B rpammrax Bocrowmoro 3aGaiikains HE3aBHCHMO OT HAIHYHA TeHETUYECKI
CBASAHHOIO ¢ HIMI BOXB(PAMOBOTo opyAeHeHus cofepsxanme W B IJIAarHoKIasax Ko-
ae0eTcA B y3KOM HHTepBaJe Kommenrpanuii 1,0—1,2 2/m; Mo 0,50—0,64 2/m;
Sn —<0,6—1,0 2/m (raGm. 51).
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Ta6amma 50

Cpefiane cofep:KaBusA PefKNX H PYJAHLIX DAEMEHTOB B INIATHOKIa3e PYAOHOCHLIX
W Ge3pyHbIX TPAHATOR pasimuEbix permonos CCCP, 2fm

FPaitor TpasuTH w Mo Be B F Sn
Cesepo-Bocrox OuoBonoCHHeE (2) 20 2h 4,5 8 170 —
Bespynuse (2) 2,5 3,6 7 7- 14320 —
Ilpumopse OnoBoHOCHEE (2) 2h oh 144 17 | 1255 —
3abaiikanne 010B0-0e pHIIHEBOHOC- 2.5 25 | 25,5 11,5| 455 =
Hsie (2)
Cepepunii Hapkas Boasppam-moandaenoso- | 2,5 25 | 10 4 560 s
Hocuue (1)
Kazaxcran Boasdpam-monnbpen-e- | 0,7 04 |220 | — — =
punnuesonocHse (1)
Bespyaunie (2) 0,7 04 |12 — - =
Bocrounoe  3abaiikanane | OmoBonocHbe (2) 1,0 0,58 e — 0,85
(MBanosa u jp., 1968) | Bespymuue (2) 1.4 061 — — — 0,6
Cpenuce no HETpysnBHEM rpapmrougaM CCCP 2.2 1,4 11,8 20,1 | 7483 4,0

TaGanma 5H1

Comepsxanna Sn, W n Mo B miarmokiase rparntongos Bocrounoro 3abaitkanna
(Msanosa, Byrysosa, 1968) m Yyrorkun (Wsamos m ap., 1970), 2/m

Maccus Sn w 1 Mo

Beapyanme
AJICHYeBCKHE TPAHHTH . . « o« « o« + +» « o + » E Mo <06 1.2 ] 0,58
HORAVIC ™ & " o & &wlba v P O g Il B <06 1,0 0,64

CIAEAR 5t & 0 % e G, 20 A w4 % Gy g iy i e 0.7 1,0 0,56
AYPYaryl - »ii's o o Has A8, FIR NG A R 1,0 1,0 0,50
Bocrouno-Hyaptumernit . . . . . ... . £ .8 — 0,7 1.7
SamagHO-H YasTHHCKME . . . . . . . S sy - 0,6 0,7
TTOSIHB:. G v 5o g w0 o ORIE R g el o o e 08 4,0

OpHaKo NIATHOKJA3 W3 PYAOHOCHEIX T'PAHHTOB JIBKYPTHHCKOIO MaccHBa
cogepur W 1 2/m, uro B 2 pasa Mensmme cpejiHero snauenus. B To e Bpems mia-
rHOKIa3 n3 rpaauTonoB Jlanmmarckoro mATpysuBa, ¢ KOTOPHM CBs3aHA Mosb/e-
HoBas MuHepajmsamus, copepxur Mo B cpexuem (6 ompenenenuii) 7 2/m (Idensnes,
Teiipanos, 1959), T. e. sHaumETeTBHO GoABIIE CpEIHETO.

[[narnokaass ma rpapuToB MyapTHHCKHX TpaHUTHBIX MaccHBOB (Uyrorka),
¢ KOTOPHIMH CBS3AHO OJOBO-BOJb(paM-MonubenoBoe OpyAeHeHHE, CO/lepaT Mo
cpasuenmio co cpefuuM Menbme W m Goabme Mo.

[InarmokIassl W3 TPAHATOB, ¢ KOTOPHIMHU CBf3aHA OOBAHHAA WIH Oepuiinesas
MUHEPAJH3ANAA, XapaKTepH3YIOTCHA IOBHIIIEHHEIM COJIeP/KAHNEM OTHX JIEMEHTOB.

OnHako 5Ta 0COOEHHOCTH BHIJIEP/KUBAETCA TOJNBKO IPH COIMOCTABIGHHWH B Ipe-
lesaX KOHKPeTHHX permoHoB. Ilpm cpaBHeHUH CO CPeJHHM COJEPHKaBWEM pPYJIHBIX
DIEeMEHTOB B NJIATHOKIa3e 13 MATpysuBHuX rpanuTongoB Coserckoro Colosza He-
Pe/IKO OKaaBIBaeTCs, 4TO IJIATHOKJIAshl 13 PY[OHOCHHX I'PAHUTOB COJEpP/KAT MOHBIIE
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COOTBETCTBYIOIET 0 BieMeHTa. Tak, NIarmokias H3 0JIOBOHOCHHX TPAHATOB BocTou-
Horo 3abaiikanssa cogepsxur Sn 0,85 2/m (Usanosa, Byrysosa, 1968), T. e. Menpme,
JeM IUIArMOKJIa3 W3 HepYHOHOCHHIX rpaHuToB Jamagmoro 3abaiikaxsa — 1,8 2/m
(ITerpoma, Jlereiino, 1965), u sHaumTeIBLHO MeHBIIe, oM cpefiHee coleps;kaHme Sn
B ITarnorIazax Boodme — 4 2/m (cm. TaGx. 37). Bosmoskmo, 8T0 cBAZaHO ¢ Tem, uTo
HJIarHoKIas He ABJIAETCS XapaKTePHHIM MEHEDAJIOM-UHAUKATOPOM HA 9TOT HIEMEHT.

B Bocroumom 3abaiikanbe IIarmoKiassl TPAHATOB, ¢ KOTOPEIMH CBSI3KIBAOT
pynonpossiaerue Sn u W, coiep;xaT 110 CPABHEHHIO CO CPeJIHEM 3HAYUTEIBHO MEHDIIe
atnx anementoB (Hsamosa m ap., 1968). Ilnarmoxuaasst us amopuros Kimakm, ormo-
CAIMWXCHA K MOJAMeTa indeckoil soue Bocrounoro 3abaiikanss, cogepsar Ph 15 2/m
(Pabmmosma, Backosa, 1959), uTo HecKoanKo HHKe CPEHET0 COJepKaHUA BTOro
9NMEMEHTa B IUIArHOKJIaze TpaHOAHOpuroB (cM. Tabx. 37). B To jxe Bpems mia
GOPOHOCHEIX MHTDYSHBOB OTMedaeTcs MOBHINEHHOe cojep:kamme B B mrarmokiase.
Tax, cnenmanmsamus nesoncknx mmrpysmit Kpacmospekoro Kpasg B OTHOmeHm:m B
BHIpakaeTcA He TOJLKO B TOCTOAHHOI 60POHOCHOCTH TeHETHICCKY CBA3AHHEIX ¢ DTHMU
UHTPY3HAMU KOHTAKTOBO-METACOMaTHYECKHX 00pasOBaHMil, HO M B IIOBEIICHHOM
cofep;ramnd B B nunarmormaze — cpenmee 44 o/m (Kysomum, 1964), g4ro B 2 paza
BLIIE MONydeHHOro cpeamero. Taxum oGpasom, mis Be u B BupucossBaerca mx
TeHJHIN 060ramarh IarKOKIask PY/[OHOCHEIX I'PAHATOB, B To BpeMs Kak s W,
Mo, Sn momo6moe HakomiIenme YCTAHABIMBAETCA HE BCEIJA.

Ilnarmoxnassr ma pyJOHOCHEIX W HepPYNOHOCHHIX TpaEHTOHLOB Kaszaxcrama Xo-
poIo pasiauyanTes no copep:xanmio 8 gux W, Mo, Sn, Be m Rb (Cepnx, 1966).
Bo Beex caryuasx mrarmokiassl ms pyJOHOCHHIX IDAHATOB OKA3HBAIOTCS oboramen-
HBEIMH DyJAHBIM dieMeHTOM. OC00eHHO 5TO XapaKTepHO IS INIATHOKIA3Aa M3 MO-
mubjeHonocHsx TpamuTos Komremwons (1,7 ¢/m Mo), omoBoHOCHEIX TPaHUTOB
Rapao6a (7,6 2/m Sn) m 1. 1. Opmako cpaBHeHEe €O CpejHEMH, MOJYYeHHEIMY Ha
OCHOBAHHM BHAYHTEJALHO GONBIIEr0 KOAHYCCTBA AHAMUZOB, NMOKABHBAET, YTO CJIH
Komgect80 W B miarmokIase PYROHOCHHX TPAHATOB HE3HAUHTENHHO OTJHIAETCS
OT cpejHero, To cofep:kamme Rb, Mo m Sn sEaunTennmo HmKe CpeIHETO
(rabm. 52).

B ro e Bpems s pasgenenns MaccHBOB Ha PY/JAOHOCHHE H (e3pyjlHHe TaHHbE
no copepskannio Pb B nmarmoxnasax menpurogmst (Cepsix m ap., 1969). Tax, cpemnee
COflepsraHMe CBHHIA B IIArMOKIa3aX PYAOHOCHHWX rpammToB Cesepmoro IlpmGai-
Xambs (37 ompegexenmi) — 50 2/m, a B IIarmokaase ma Ge3pyNHEIX I'PAHHTOB
(23 ompenenmenus) — 45 2/m. OfHAKO B PYAOHOCHHIX IPAHHTAX IUCHepcHs coep-
xanmit Pb B maarmoxnasax smaumrensmo Beme — s? = 693, a B maarmoxiaze Ges-
PY/HEIX TpaEUTOB Menbme — s® = 328 (Cepux, MBanos, 1969).

AHAJIOTYHEIe JAHEKE, CBH/IETeIbCTBYOMEE 0 Golee BHCOKOM comepkammm W,
Mo, Sn, Be m jpyrux sieMenToB B ITarmoRJIazse H3 PYAOHOCHEX IPaHHATOB, NpPHU-
BofateA u juia Jlamerero Bocroka (cm. raGa. 52). Ilpm srom ycramaBamsaiotcs me
TOJBKO OO0JIbIIe COflep/KaHUA, HO M OOJNBIIHe JHCIePCHH cofep:xanuii. Ilocmemaue
MOTYT ORITH YACTHYHO CBSBAHLL ¢ HAJWYIEM MUKDOBKIIOUCHNII ¢OGCTBeHABIX MHHEpa-
0B PYJHBIX QJIEMEHTOB, HOBEIIEHHEIE CO/IeP/KAHNA KOTOPEIX XaPAKTEPHE A pyJio-
HOCHHIX 'PAaHUTOH/I0B. OHM ke HECOMHEHHO OKA3al BIMIHE® M HA BeIWTHHHL Cpeji-
HUX COJep:KaHHi.

B naarmormasax ksapueswix mmopmros Homakm comepsxanue Pb =15 2/m (Pa-
Ounosuy, Backosa, 1959), 1. e. MeHbIIE CPEIHEr0, XOTA ¢ ITHME HOpOJaMH IPOCTPaH-
CTBEHHO CBA3aHBI IIOJIUMETANINYECKUE PY/OMPOABICHHS.

B saxmouenme ciefyer oTMeTHTH, UTO COJED/KAHMe DPYIHBIX W PeJKHX DIeMeH-
TOB B INTarHOKJIa3aX OTPaskal0T MeTAJIOTeHHIeCKHe O0COOHHOCTH IPAaHHTOMJO0B TeX
nnn uBbX perunonos Coserckoro Comosa. OfEako XapakTep aTOil CBAZH pasiideH.
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TaGamma 52

Cpenaue coJeP:KAHNA PEJKNX M PYAHBIX HICMEHTOB B IIArHOK/I23¢ TPaHNTON]IO0B, 2/m

Kazaxcran (Cepmrx, 1966)

Maccns w Mo Sn Be Rb
Pygonocuse
B 55 oo s ¢ 4 o 0 ol 6.0(4) | 1,7(3) 38(2) il 2520 (6)
Bocrownmit Koympag . . . . . - 20(3) | 05(7) 1.8(8) 9.9 (8) 59,0 (8)
BORTEHROIE | iots so s iy sivipn i o e 1,7 (2) — 12,2 5) 242,0 (3)
Hyy -k D03k e s 5l G 2,0(3) 0,9 (8) 3,3 (8) — 108,0 (6)
o TS I N R 50(5) | 0.8(6) 7.6 (5) 13,7 (6) 234.0 (5)
Hypa-Taifl . . . « « o « o « . 1.1 (4) 1.2 (4) 9,0 (4) 71,0 (4)
L L L . 35520 [09530) | 3377 | 147642 | 1504 (32)
BespyaHnHeEe
AWDTAT . 5 o 5 o = o 5 = o & = = — 0,6 (1) 1,5 (1) 16,0 (1) 23,0 (1)
Mamangapabac . . . . . . . . . 2,0 (11) | 0,7 (10) 1,6 (10) 11,6 (9) 43,0 (9)
MATTAC = o 2 v v w0 o & = = o = 2,0(9) 0,7 (9) 0,5(9) 14,0 (9) 42,0 (9)
Bapagaeit Marrac . . . . . . - 2,0(3) 0,6 (3) 1,7 (3) 8,0(3) 45,0 (3)
e | 2023 Joss@s | 1183 | 1220022 | 41,9622
Taasanii Boerox (Fosopos 1 ap., 1970)
R w Mo Sn Be Nb Ta
Pygomocume
n 69,0 46,0 40,0 32,0 32,0 32,0
x 3,6 6,1 9,5 18,1 46,5 5.5
o2 14,3 86,0 33,62 56,88 188,0 3,89
BeapyaHne
n 66,0 75,0 55,0 186,0 39,0 48,0
T 23 2.7 3.6 7.8 27,0 26
o2 3,3 3,0 4,96 16,30 45,8 1,53
w Mo Sn Be Rb
Cpepmee cojep:xanne IO
AHTPYSUBHEIM  TPAHNTON-
man’ CECP L e o 2.2 1,4 4,0 11,8 107,0

Jl1s maarmoKaasoB W3 PAHUTOMJOB, ¢ KOTOPHIME CBA3AHBI Boab(paM-MonubeH0-
B¢ pyaonpossiaenus (Bocroumoe 3adaiikanbe, Cepeprniii Hapkas, llenrpanbusiil
Hasaxcram), XapakTepHE IIOHHKeHHBIE (1,0—2,1 e/m) cpepmme COAEprKAHMS ITAX

DIEMEHTOB 110 CPABHEHHIO ¢O cpefEnM. B To ;e BpeMs B GepuiIoOHO
Kasaxcrama, B oaosomocEsix rpamuromiax Cesepo-Bocroxa CCC

CHEIX TPAHATAX
P u [laxbmero

Bocroka miarmoKaIask XapaKTepH3yIOTCS NOBHINEHHEIMHE COZepiRaHIAMU Be (15—

19 2/m) unm Sn (7—12 2/m).

8 Bamaz 1448
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OcoGeHHOCTH TIATHOKIA30B MOTYT GHTH MCIONB30BAHEL IPH peleHun HeKo-
TOPLIX TeTpoJorHIecKux Bonpocos. Hanpumep, ofparnas 30HaIbHOCTSH 5TOT0 MuUHE-
pajia MOKET CIY/KHTh yKasaHHeM HA acCHMMUJIANMI0O MarMoii ocHOBHHIX mopoxa. Eciu
B TpaHuTax mpeodiajaloT MIarHOKIA3E, CABOIHAKOBAHHLIE 110 ATLONTOBOMY 3a-
KOHY, TO CTATHCTUYECKHE MCCIIeIOBAHNS CBH/IETENBCTBYIOT O TOM, 9TO B MeTaMoppn-
9ECKHX N0PO/IaX C/IBOMHMKOBAHHEE ILTATHOKIA3E BCTPEUAIOTCS OTHOCHTEIBHO PEIKO,
ecan jke JBOIIHHKOBAHHE MMEeT MeCTO, TO 9Yame OBBAET IPOCTHIM, YeM TIOJHCHH-
TeTHYCCKUM, IpHYeM NpeolJajaloliMi 3aKOHAMH [(BONHUKOBAHUA SBISIOTCH He
TOJABKO aJib0UTOBEL, HO H meperannoBHi (Gorai, 1951).

Onpeneennsie orimunst HaGNIONAIOTCA T B CONEP/KAHME PEIKHX OJIEMEHTOB
B IIarHOK/Ia3aX 13 TPAHUTOMJIOB pasnu4HOro remesmea (rabxa. 53). Iro pesyasrar
YHACTE[0BAHHOCTH TITarHOKJIa30M Ie0XHMHYCCKHX OCOGEHHOCTeH Cpesl MuHepaso-
obpasoBanus.

Ta6anma 53

Cpexnne cojiepskaHuA PeKHX W PYAHBIX HICMEHTOB B IIArHoKIaZe TPaHUTONTOB
pa3iIn4HOro remesmca, z/m

I'paHNTOMIB
OneMeHT
MHTD Y31 BHBIE ABTOXTOHHEE rab6posoit popManumn

Cs 15,0 (2) 7,0 (1) ===
Ga 43,6 (13) 21,0 (3) ps
Be 11,8 (199) 2,4 (25) 2.5(21)
Pb 40,6 (81) 11,0 (1) 3.4 (5)
Sr 4900 (15) 170,0 (1) S
w 22 (122) 1,95 (21) 2,4 (17)
Mo 1,4 (143) 1,4 (32) 1.7 (22)
B 20,1 (123) 8,2 (25) 18,2 (20)
Sn 4,0 (73) 4,0 (4) 9,0(1)
F 748,3 (36) 557,0 (11) 2288.,5 (7)
Li 24,7 (36) 24,8 (9) 2,7 (4)
Rb 107,0 (68) 152,0 (4) 2,5 (4)
Nb 7,9 (4) 4,9 (4) ==
Ta 0,5 (4) 0,37 (4) —

ITo cpaBreHmIo ¢ MIATHOKIA30M M3 MHTPY3HBHEIX TPAHUTOHLOB ILIATHOKIAZ W3
rpaHuTonioB rab0poBoii popManuu BeeAeTCH (0lee HU3KUM COJTePIKAHUEM 005
IIITHCTBA PE/KUX M PYAHBIX DJIEMEHTOB, 4T0 0COOCHHO CHJIBHO Bhpaseno y Pb, Li,
Rb u Be. llpu arom nabamofaercs sHaunTeIbHAS AHAIOTHA ¢ 0COOEHHOCTAMI COCTABA
niarmokaazoB raéopo. Huskue comepmanusn Li (2,8 2/m) xapakrepmsr s miarmo-
kiaaza us rab0po (cm. tabn. 39). Ipyrme asropn (Sen m ap., 1959) mpusogar eme
Gonee muskywo Bemmwummy — 2,7 2/m. Ilnarmoknas us rpaHETOB rabbposoii dopma-
muu Takzke cofep:xut Mano Li (em. Tabx. 53).

[To cpaBHenmIo ¢ NIATHOKIA30M W3 TPAHATOB TLTATHOKIA3 W3 Tal0pO COXEPIKAT
B 10 pas menvme Be — 1,2 2/m. Huskue copepanns Gepmmaus (2,5 2/m) xapaKTe-
pU3YIOT W IJIATHOKJIAB U3 IpaHuToB rabGposoit Gopmanmu. Ilociepuuii comep:umt
Taxke Menbine B u Ph. Boaee mmarue cogepsranns nocnexmero (5—10 2/m) xapax-
TEPHEL [V NIarnoKJIas3a M3 MeCTPHIX 110 cocTaBy rpaHETouAoB Amwapun (Msammm-
Kmit u xp., 1966), dopmuposanme KoTOPHX CBA3aHO ¢ OCHOBHOII MaTMOii.

Yuamreas Goxee BEICOKOe cofepanme St u Gonee Hmskoe Ba B miarmokiase
us rablpo, 10 CpaBHeHHIO C IJIATHOKIA30M M3 TPAHATOB, MOYKHO IOJATATH, UTO
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TaKWe ke MPH3HAKH OYAYT XapaKTepHH W JUIA NJIarHOKTasa IPAHUTON/IOB rabopo-
poit ¢opmamuu. Ilmarmoknassl aHOPTO3WTOB, HAIpUMep, COJEP:KAT B CpejHeM
(14 ompenenenuil) sHaunTenpHo Goxpme Sr — 608 2/m — W 3HATHTENBHO MEHBINE
Rb — 2,76 2/m (Gill u gp., 1970), 9em mrarmornas HHTPY3HBHHIX T'PAHNTON/IOB.

Yacmoma
120
7
m 1 )
100 + 2
@l s Mo
st s+ =41
Be
a8 =139 ot | e
ot Jot L LA
59 L 7{1" I A
ant g
4% g A
o g 04 69 124 184
Je g4 159 24
a0
371 585 799
o e 157 37 585 739
[ s A 40 Zﬂ 60‘
705 J85 765 45 1505 2 n-lf
195 575 955 1335 '
- 7 7 075 432 74
oL ' 291 578
17 20 Rb
A 77 B ; -1
1 00 29 55 13 - o
SlASR 7 i 18 40 62 684
R i B 70 1232 2394
“r e i 651 1813 2475
at b [ ¢
2t VA 2t ned?
w} % mt
7
¢ 90 390 HE 190 HAD U 90 3452 72504 108635
25 S 45 1265 18426 34478 S0530 126562

Pme. 4. ['merorpaMMel  pacIpejlesieHuil COfepKaHmil PeKUX JIEMEHTOB B
IJIArMOKIA3e T'PAHATOH/I0B

BecpMa BECOKHe cofepskaHums F B mIarmoxiase rpaEuTouioB rabGpooil dop-
Maln¥ YKAasHBaloT HA GOIBIIYI0 POJb MEJ0YHO-METACOMATHIECKHX IPOIECCoB, yda-
CTBYIONIX B (JOPMHPOBAHHE IIOPOJ TO0GHOTO IeHesHCa.

IlocToanmro Golee HESKHUE COJEPIKAHUSA IOYTH BCEX PEIKHX DIIEMEHTOB Xapak-
TepPHH [T IUIATHOKIA30B ABTOXTOHHEIX IpaHuTon0B. OCOGEHHO IOHMKEHH B HHX
copepsxanus Pb, B, Cs, Be, Sr, KoinuecTBO KOTOPHIX B 1,5—6 pas MeHBIIe, 9eM
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B IJIATHOKJIA3aX U3 MHTPY3UBHBIX I'panuToB (cM. Tabm. 53). Cogepsmamms W, Mo,
Li n npyrux cymecTsenno e 0TIHIAITCA OT CPEHETO, B TO BPeMs KaK COJepKaHMe
PYORjLs1 OBEIEHO, ITO W MOJKeT CIYKUTH OJHAM H3 IPH3HAKOB TPAHHTOMOB I10-
IoOHOro remesmca.

Bonee nuskne cogep:wanus Sr, Ti w Mn u Gosiee BhcOKHe cofepskanusa Ba or-
JAMYA0T MIArHOKIA3EL U3 AOReMODHIICKHX TPAHHTOB OT IJIATHOKJIA30B M3 TPeTHY-
HLX rpaBoguopuToB Homopamo (raGu. 54).

TabGawnia 54

Cpenane copepikanisa BTOPOCTENENNBIX DIEMEHTOB B ILIATHOKIa3ax rpanurTougos Koaopajo,
2/m (Bpeit, 1952)

ITopoas Sr Ba Ti Mn

HoremGpuiicrume

IPpaprrer Boympep HpHes (5) - o « oo o0 v 3050 5 620 303 47 134

Ipasurw Opepnemy Maymrmm (2) . . . . . . . . . 423 534 47 32
Tpermaume

FHanoiHoDEIEE (&) -w o 7% @ 8 B o o o L 1128 98 136 103

Pacemarpunas tuarpaMmil 4acTor pacipefenenus cofepskammii pejAKux i pyi-
HEIX DJIEMEHTOB B IIJIATMOK/Ia3e I'PAHUTOHJIOB, MOKHO 3aMeTHTH (pHC. 4), 9TO OJiHH
u3 HUX, Takue Kak Be, B, Mo, W, F, o0xagaior pesko BEpaskeHHOIT MOI0KUTEIBROI
ACHMMeTpHeil U BKCIEeccOM, CBH/ICTeIbCTBYIOMUMY 00 YCTONIHBOCTH HU3KIX cogepKa-
HUIL OTHX DJIEMEHTOB IPH HeBHAYHTETBHOM KOJCOAHNH B MX CONEPIKAHMSAX. Lpyras
TpyHOIa bJIeMeHTOB, TAKMX Kak Sn, Li, Ga, Rb, Pb, xaparrepusyercs orcyrcrBmem
Pe3KO BEIDAIKCHHON aCHMMETPUM B paclpefeleHuyu CoJepARAHTH, UX (OAbIIe auc-
mepemed M, Kak cie/cTBHe, 6osiee BHICOKAME COIePKAHNAMA. ¥ THTHBAs CJA0KHOCTD
130MOPPHOTO BXOM/ICHILA 0I0BA It JIUTHs1, OOETHO 3aMEImAIONUX THTAH I MarHmii,
pyOMIMs HMIH cBUHIA, OOHYHO 3aMENAIONIHX Kaluil, Gojee BEICOKHE comepsKanus
BOBMOGKHO 00BACHAIOTCSA HAJMYKCM MUKDOBKIIOYCHITH ¢TI0 TN PY/IHBIX MIHEPAJIOB .



I'masa VI
KAJIMEBBIE IIOJEBBIE HIITATbHI

CopiepssaHne KaJlieBoro I0JIeBOT0 MIaTa B TPAHATONAX N3MEHACTCA B IMMPOKHIX
npeienax. OH MPaKTHYECKH OTCYTCTBYeT B IIOPOJAX THIA [HOPUTOB — KBApPUEBEIX
smopuToB, cocrasiager 20—30 o6. % B mambomee pacmpoCTPaHeHHBIX OHOTUTOBEIX
rpaHATax, 4 B aIACKATAX €ro cojlep:KaHue MOJKeT JOCTHTaTh 35—45% obmero 00®b-
eMa IOopOJIHL.

Kasuessie, BepHee KaJXHATPOBHIE IOJAeBle IINATEH IPAHUTOHOB, 00BIYHO CO-
CTOAT U3 JABYX haaz: 07Ol ¢ mpeobirajaloNEM ColepRAHMeM KaJlns H [(Pyroi ¢ npe-
061aaloMuM colep/KanueM HATPUA. OTO HAXOMUT OTPAKEHHe B HX TEKCTYPHBIX
0CODEHHOCTAX — 00pazoBaHNU KPHITO- M MAKPOIEPTUTOB.

B rpaHumTOMIaX KalueBe IIOJeBHE MIATH IIPeJCTaBJCHH HPEHMYIECTBEHHO
MEKDOKIHHOM TJIH MHKPOKIHH-MHKDPOIEPTUTOM, a TAKKe OPTOKIA3oM. B kucanix
sddysuBax pacnpocTpanen camniun. HecMoTps Ha HX B 00IIeM HepeMeHHEII cocTas,
OONBIIMHCTBO KATHHATPOBHEIX IIOJEBHIX IIIATOB TPAHUTOHIOB fBIAITCA CYILe-
CTBeHHO KajuepsiMu, orBeuas 1mo coctaBy Or;,—Org,. CocraB m cTpYKTypa Kajme-
BBIX T0JIeBHIX IIIATOB [OIYCKAIT BO3MOKHOCTH pAJA H30MOPPHEIX 3aMeleHMi,
B Tom uucae K < Ba, Rb, Cs, T1, Pb, U; Al <~ Ga; Na < Benr. m.

Poab KaameBoro mMOJEBOTO IIIaTa B 00meM reoxmMudeckoM GalaHCe IDAHUTOH-
0B HEOJMHAKOBA JJA PasiMYHEIX HIeMEHTOB. Tak, Ha ero J0JI0 IPUXOIUTCA (ot
obmero cofep:karus B rpanntonse) Ga 55—59% (Mapuenko, Mepbaros, 1966) Th
70% (IMoxsxos, Kor, 1965), Be 20—30% (Ierposa, ITerpos, 1965), Mo 10—
50% (Koanos u ap., 1965), Sn 4—11% (Ilerposa, Jlereiino, 1965), Rb 60—90%,
Li 10—25% (Bopommos, Jium, 1966), Ti 30% (Bagaxos, Padumosud, 1966).

Jlaa Toro uToGHl MOJYYHATH HPEICTABICHHE O CPEHEM COjepP/KaHUN HeROTOPEIX
PYAHHX W PEJKUX HIEMEHTOB B KaJMeBHIX MOJEBHIX INNAaTaX IPaHATOMI0B, KOTOPEHIE
MOTJIH GBI CAY/KATH B KaTeCTBE OCHOBHL JIJIsl JalbHEIluX cpaBHeHnil, GhLI0 HCIOMb-
soamo 2811 KoamdecTBeHHHIX ompejeieHnii, raaBHEM obpasom W, Mo, Pb, Be,
Rb, Li, Sn, smaunresnnHas gacTh KoTopsix (2055) sammeTBOBaHa M3 JIMTEpATYpEL.

OcobennocTn COep:RaHuA PeJKUX M PYIHBIX 31€MEHTOB
B KalIHNEeBBIX MOJEBBIX IINAaTax rpaHNTONIOB

JlanHsie O CPeJHHUX COMEP;KAHHAX DPEJKHX H PYAHLIX DJIGMEHTORB, CIYy/Hamiue
OCHOBOI I/ TIOCAeYIOIUX cOmocTaBlenil, mpusejersl B radia. 5. Paccmorpenue
9THX JAHHBIX I103BOJfET BHABUTH HEKOTOpHe (aKTOph, OKasmBawomue Hauboiee
CHJILHOE BIHAHIE HA COMlePIKAHEE PeJKUX I PY/IHEIX DJIEMEHTOB B KaJHeBOM II0JIeBOM
muare TPaHATOH/OB.

b a p mit. Cpeanee comep:ranue 5093 2/m, koddduuumentT KOHIEHTpPAIITN 6.4
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Tadauma 55

Cpegnne coxepmanus pegrnx u PYAHBIX DIaeMeHTOR
B KaTHEBOM II0JeBOM ImnarTe rpaHNmTONOB, 2/m

T -
SnemeHT Tparoanopure Tpannte GnoTHTOBHE I;ggﬂe'rg ;‘:ﬂﬁé&;&:{%&_ r&?ﬂ;ﬁ%e;}ggf‘
BEIE

Ba — 5093,0 (109) s 2093,0 (109)

Tl 12,0 (1) 1,8 (3) e 4,4 (4)
Rb 280.,5 (18) 406,3 (188) 973,9 (77) 552,7 (283)
Pb 39,2 (17) 43,8 (174) 51,5 (98) 46,1 (289)
Sr 260,0 (1) 610,0 (127) = 6073 (128)
A\ 2,5 (6) 2,0 (38) 2,5(54) 2,3 (98)
Mo 2,0 (9) 2,0 (45) 1,2 (89) 1,5 (143)
Ga 12,0 (1) 29,9 (10) = 28,3 (11)
Cs e 5,2 (141) 250,0 (1) 6,9 (142)
Sn 1,2(2) 8,8 (22) 23(72) 3.8 (96)

u = 4,25 (2) = 4,25 (2)
B i 10,2 (8) 3,0 (1) 9,4 (9)
Be 2,2 (15) 1,8 (96) 4,4 (100) 3.1 (211)
Li 10,2 (6) 20,4 (11) 26,5 (3) 18,2 (20)
Zn — 25,5 (2) — 25,5 (2)
Nb 4,9 (7) 5,3 (5) 8,9 (5) 6,2 (17)
Cu — 5,7 (4) = 5,7 (4)
Au — 0,001 (3) 0,0023 (1) 0,0014 (4)
Ta 0,34 (7) 0,78 (7) 1,5 (4) 0,8 (18)
Th - 44 (4) - 4.4 (4)

Bonee mmaxme cpename copep:rannAa Ba XapakTepHB! A RaTMEBHX MOTeBLIX
unatos u3 rparuTonfos IO:kmoii Kamungopumn (5 ompepeaenmit) — 2500 2/m (Sen
" 1p., 1959) u rpammronuos Apcrpamnu (70 ompenenennii) — 2124 2/m (Rhodes,
1968).

Ronuuectso Gapusn B kammesom mosesom mmare TPaHHTOUJIOB HEMOCTOSAHHO,
lazke B Npejiesax ofHoro permona. Tak, 8 Bocrosnom 3abajikanne B OHUX T'PAHAT-
HBIX MAacCHBAX KalHeBHe MOJIeBhie WIIATH cofepskaT 1250 ¢/m Gapua (Ilammypa,
1965), B npyrux (93 onpezfeneHns) — 5575 2/m (AmTunum Ip-, 1969). B Cymerax
(Hoasmckmii, 1965) cpegmee COflep;KaHne GapuA B KaJWeBHX IIOJEBHX IIIATAX W3
PA3IITTHEIX MAcCCHBOB Bapbupyer or 2990 2/m (13 onpenenennii) xo 1721 2/m (33 onpe-
nenenuii). B oprokiase na rparuron Benrpuu cogepsxanue Gapus cmirpao normkeno
u cocrasiser 644 z/m (Nagy, 1969).

Cpenrme conepsranns Ba B kammeBLxX moeBEx mmaTax u3 JoKeMOPHHCKAX Tpa-
HETOB Homopamo nonmskensr B 4 pasa u cocrapuawT (11 ompemenenmit) 1161 2/m
(Bpeit, 1952), aro Boamoskmo oTpazkaer Gonee HuSKMe comepskamus Ba B mecuamo-
CAAHNEBEIX NMOPOAAX 10 CPABHOHMIO ¢ TPAHHTOMIAME (Bumorpanos, 1962).

O6s19H0 OTMewaeTCH 1,5—4-kpatnoe ymembpmenme cofiep:xannsa Ba B kammeBom
IIOJIEBOM NINaTe MO3HAX IeHepanmii (Aptaunn, Kysomun, 1969; Iomamckmit, 1965),
TO MOKET CIY/KHTH eOXHMHIECKOit Mepoil oTimams nopduposrx u mopdupobia-
CTHYHEIX BHIJIeJICHAIH.

B rpammrax Apcrpammn me yeranosmeno CYMECTBeHHOI PasHUIE B COMTePrRAHIN
Gapus B OpTOKIa3e M MHKpOKIHHe. Orcyrersyer raksxe cBash Messy COle PrRARTeM
Oapus u rIaBHBIMI dIeMEHTaMI KaJlHeBOro HOJIEBOTO MITIaTa, B TO BPpeMs Kak MeKIy
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cOflep/KAHUAME Gapus B KaIHeBOM NOJEBOM IINATe I BMEIAKIICM ero TpaHuTe Ccy-
MEeCTBYeT CHIbHAA TOTORATeNbHAA KOPPeIAnuA (Rhodes, 1968).

ITo cpaBHEHHIO ¢ TPAHUTAMH COJEPHKAHIE Ba B KaJmeBOM MOJIEBOM Innare lier-
MaruToB yMmenbimaercs (rabm. 56). MUKpOKIHH 13 C/IOJ0HOCHbX nermaturoB Hape-
aun copepsxut Ba 80—2100 2/m npu OTPULATEABLHON ROPPeIALIH ero COfiepIRaHNIT
¢ py6ummem (Mamaes, 1969).

Ta6amma 56

Cpenaue cofepRaHAA PEAKHX M PYAHBIX DIEMEHTOB B KaIHEBOM moJeBoM IImaTe
H3MEHEHHHIX IPAHUTONI0E W JKHABHBIX OPOX, 2/m

I'paHUTH
DaeMCHT AnUTE IlerMaTHTH H‘:{?{{’E:IBHE
MHTPY3UBHEIE N3MCHeHHbIE

Ba 5093,0 (109) s = 410,0 (7) ==
Rb 552,7 (283) 711,2(8) 6220 (28) 5485,7 (182) —
Pb 46,1 (289) 46,1 (16) 75,0 (12) 52,4 (8) 36,3 (3)
Sr 607,3 (128) — — 103,0 (8) —
W 2,3 (98) 2,5 (12) 2,5(9) 2,5 (6) 2,5(2)
Mo 1,5 (143) 2,4 (19) 2,4(7) 2,8(8) 2,2 (3)
Ga 283 (11) 11,0 (5) — 14,9 (8) =
Cs 6,9 (142) 17,5 (4) 25,8 (26) 431,5 (179) —
Sn 3,8 (96) 10,0 (1) 5,0 (1) 3.6 (4) =
U 4,25 (2) 150,0 (1) — — —_
B 9,4 (9) 4,0 (3) 26,0 (1) 11,0 (1) —
Be 3.4 (211) 2,3 (24) 3,1(15) 4,6 (52) 1,6 (6)
Li 18,2 (20) 44,3 (7) 4,0 (1) 197,3 (167) i
Nb 6,2 (17) 25,0 (1) = 424 (2) =
Au 0,0014 (4) 0,0013 (1) — 0,0029 (1) =
Ta 0,8 (18) 51 (1) L3 0,33 (1) =

T axxuit. Cpefaee comepsranme 4,4 2/m, K0oGPUIHEHT KOHIEHTPAIHL 2,9.

Anamcon (Adamson, 1942) ykassiBal Ha HaJuYiue B MIKDOKJIMHE M OPTOR:Ia3e
caenos T1. Bonee xomkperHas mudpa NPHBOAUTCA JJIA T'PAHOANOPUTOR Hypamnn-
cKOro XpelTa, B OpTOKIa3e KOTOPHX cofepskanrme T1 cocrasiser 1,4 ¢/m (Baganos,
Pabunosuu, 1966).

Anamornunsie mudps (1,7—2,4 2/m) npHBOJATCA M ]IS KajHeBOro I0JeBOro
mmata u3 rpasnToB CycamsIpckoro 6aToxmTa, B TO BPeMA Kak B TOM ke MHHepaIe
u3 rpaBogHOpHTOB cojep:kanme T1 yBeamamBaeTcs J10 12 2/m (Taycon, 1961).

Boaee Buicokne conepsxanns T1 (28—30 2/m) xapakTepusyloT aMa3OHHTEL TIer-
MATHTOBOTO M THApoTepMaxsHoro remesmca (HHupos, Crumos, 1965). B. B. Vipanos
(1959) npusoput Goxee BHCOKHE HHPPHL COMEPIRAHUSA Tl B amagommrax (50—80
u mo 300 2/m).

BraunTenbHOe, 2—3-KparHoe, oforameHue TaJIHeM, HOCTHTAIOMmee 61 2/m,
Ha0II0/[aeTesa Tak/Ke B MIKPOKIMHAX IO3JIHUX TeHepanmii u3 nerMaTuTon (CaremHes,
1961; Comomon, 1962).

P y 6 n g uii. Cpepnee cofepsxanne 552,7 2/m, koaddumment KormenTpannn 2,8.

K noaywenmmniM mmdpam OJM3KO cpejiHee COJlepsraHue (70 ompepenenmii) Rb
B KAJIHEBHX TOJIeBHIX IUNATaX W3 TPAaHUTOMI0B ABcrpanunm — 497 2/m (Rhodes,
1968). B kaqmeBoM TOJeBOM IINaTe U3 TPapuToB CycaMLPCKOro OaToamTa cojepiKa-
mme Rb cocrasaser 250—400 2/m (Taycon, 1961); us Tomamutos 3amajHoil IMot-
aanmmn — 60—600 2/m (Howmonsae, Mumruemn, 1952); m3 rpaEuTOH0B 10:xm0it
Kamupopauu (5 onpegenenuit) — 530 2/m (Sen u 1p., 1959).
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Ha6aonaerca suonme onpegenennoe, B CcpejiHeM 3-KparHoe, oforamenue pyoi-
JWEM RJIMEBHIX MOJIEBEIX MIIATOB JeHKOKPATOBEIX TPAHUTOMIOB 110 CPaBHEHHIO C I'pa-
HojmopuramMu (cM. TaGx. 55). Ilocaenmme, kax UpaBuiio, cojep:kar MeHbme Rb),
HTO IOTBEpIaeT BEBOJ O CYIECTBOBAHIE CUJIBLHOI KOPPEeIAMHONHO CBAZH MERIY
copepsannamMu Rb B kammesom monesom muare u o BRJIIOYAIOMEM ero TpaHmTe.
B o e Bpems conepimanme Rb me sapucur or cremenm YIOPSTOIeHHOCTH HIT OT ¢O-
fep:xannsa K u Na B KaameBoM moseBoM mmmare (Rhodes, 1968).

AHAIOTHIHES COOTHOMOHHUA YCTAHOBICHE 1 B rparuToniax Yakuapckux rop
(Yslexncran), re B KaameBOM OXeBOM mmaTe m3 KBApPIEBBIX JIMOPHTOB CpejHee
cofepskanne Rb cocrasmuser (2 onpesenenus) 415 e/m, a us amsckuro — 708 e/m.

Raamesrie moseBste mmater aBToXTOHHBIX I HATPYSHBHEIX I'DAHATOB CYIIe-
CTBEHHO HE OTJIMIAIOTCA IO cofiepskannio or Rb. B 1o ke Bpems kammesnie momepme
IIIIATHl M3MEHeHHEIX TPaHUTOB cofiepsxatr Rb B cpemmem 711 2/m (cM. Tabm. 56).
Muxkpoxmunst 13 rpannros ITpuazosss, msMeHeHHEIX HO3/THIMU TPOIECCaMM, Cojie]-
war Rb mo 700—900 2/m (Kym, Mumenxo, 1963).

B Sanagnom 3afaiikanne Taxsxe YCTaHOBJIEHO, YTO MUKPORJIMHEL PDA3HHIX CTAMIL
MIHEPAIN3ANUN XapPAKTPU3YIOTCA DABIHYHEIM COJIEPIKaHHEM PeJIKIX I[eJTOYHEIX
mMeramios (OmToes, Baroma, 1969). Habmomaercs onpenexaennoe (B 1,5—2 pasza)
oboramenue pyGumeM mosERX TeHepanuii MUKpoKInHoB 13 nermatutos (Coxomon,
1962).

B npepenax Cymano-ITepsranckoit 30ms HanGoee BEICOKHE cofiep:kanusg Rb —
3460—3950 2/m — ycramosmensr B MUKDOKIHHE U3 IO3J[HHX aMa3oHHUTOBHIX TIpO-
RILIKOB, & B MACO-KPaCHOM MUKPOKIMHE N3 MUKPOKIMHATA — 10 3830 2/m. Mugkpo-
KJIMHB (AMa30HATH) M3 KBAaPIEBHX KEJT comepxar Rb memnme (2260—2920 2/m),
UeM aHAIOTMYHEIE UHO3/[HHE MHUKPOKJIMHH M3 MOJEBOIMINATOBHX METAaCOMATHIOCKHX
nopojt (3mmuenko, 1967).

Tennenmus maxomnenns Rb B mosgame pramur KPHCTAIIH3AIMA XOPOMIO Mpo-
CICHHUBACTCSA HA COCTaBe MHKDOKIMHOB M3 KUIBLHKEIX IOPOJ, CBABAHHKX ¢ TPaHUTOH-
mamu. B oToM Munepane us mermaTuToB cpefnee conpep:xanue Rb (5485,7 2/m) B 10 pas
IPEBLIIIAET XapakTepHOe IJIA KaJneBoro 0JIeBoro IMHaTa ns rpanuToB (cM. Tabia. 5H6).

Kpowme roro, ormesaerca 1,5-kparnoe oforamenne pyGumeM KalueBoro mojre-
BOT'0 InNaTa U3 OCHOBHOI MAacchl TPaHUTONIOB (AHTHIHH, Ryssmumn, 1969), a Taxsme
1,5—2-gparnoe oforamenne pyOujmeM KajlHeBHIX IONEBHIX NINATOB M3 MHKAJIEHEIX
JacTeil TPAHUTHHX HHTPYSHBOB II0 CPABHEHHIO C rayonsesMu (Bopormos, Jlnm,
1966).

Rannessie momessie mmats: 13 menowmsix mopoj cofep:;xar Rb Mensime, gem e sie-
MUHEPAJIbL U3 IPAHUTOMAOB (Taba. 57), XoTs B He(eIMHOBHX CHOHETAX CriaHEIp-
CKOTO MaccuBa cpefnee coxepskamme Rb (7 ompegenenmii) cocrasmser 540 gfm (Tu-
XOHEHKOBA M 7p., 1971), 1. e. 6uausko BEIYHCICHHOMY IJIsl I'PaHEATONA0B. B medemn-
Hax, COCYMECTBYIMIX ¢ KalHeBHM IOJEBEIM IITATOM, comep:xanme Rb mmxe n
cocrasiser 120—200 z/m.

HauGonee nuskme comepsmanms Rb YCTAaHOBIEHE! B KaJIMEeBOM IIOJEBOM IOIATE
u3 rHeiicoB (cM. Tabu. 57).

Cemuen Cpegmee coffepsranue 46 2/m, woodpdumment KOHIIeHTpamuu 2,3.

Ampanormamoe cojiep:anue Ph ycraHoBIeRo B KalmeBHX ITOTEBEIX MOaTax ua
rpaanTos Cperenckoro Maccmsa (Bocroumoe dalalikamnbe), COflep/KamUX B CpegHeM
(75 ompepenenmii) 40,2 2/m Pb (Anrumum m 7p., 1969) u mopsumennoe (70 ompepeare-
Huii) — 66 2/m — u3 rpammros Ascrpammm (Rhodes, 1968). B To sxe Bpems kaime-
BELI IIOJIeBOIl muar uz rpamutos Cyner (IToastrexmit, 1965) copepmur 7,7 2/m Pb,
T- €. SHaUuTeNRHO MenbiIe cpefnero. Habmiofaeres neykimornoe yemmuenme comep-
magua Pb B kannesnx momesrix mmarax IpU Depexofie oT TPaHOUOPHTOB K JEHKO-
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TaG6auma 57

Cpepuie cojepKaHnsi PEJKAX M PYJHBIX 3JEMEHTOB B KalleBOM MOJAEBOM IumaTe
HHTPY3HBHBIX, d(PPyanBHEIX 1 MeTaMOPdUUECKAX WOPOX, 2/m
SneMeHT 1 m]':ggg 1]: » Erm e 3!?[?2‘13;03 B CreHnTH Treltcst Cnanms
Rb 552,7 (283) 250,0 (2) 382,1 (12) 295,0 (2) ==
Pb 46,1 (289) 41,0 (4) 46,0 (5) — -
\d 2,3 (98) 1,7 (2) — == —
Mo 1,5 (143) 0.7 (4) — — —
Ga 28,3 (11) = 21,3 (15) 20,0 (1) 23,0 (6)
Cs 6,9 (142) 22,6 (7) 16,1 (11) — —
Sn 3,8 (96) 11,0(1) 1,4 (8) i =
B 9,4 (9) 7,0(1) — - -
Be 31 (211) 2,6 (2) 1,7 (8) - —
Li 18,2 (20) 65,0 (2) 7,1 (11) — —
Nb 6,2 (17) 8,4(3) 2 ==
Cu 57 (4 10,7 (4) = — .
F 218,0 (10) 275,0 (4) - — —
Ta 0,8 (18) 0,76 (3) - = —
Th 44 (4) b 4,2 (2) — —

KPATOBEIM TpaHMTAM H AJXACKHTAM (cM. Tabua. 55). YBeIHInBaeTcs 9T0 Cojlep:Ranue u
B MHKpOKJuHE m3 nermarurtos (rabm. 56). Mumorma copmepskamme Pb ysenmdamBaercs
BechbMa 3HAUNTEILHO B aMa3OHMTe W3 MerMaTHTOB W MoskeT focturaTh (6 ompemese-
muii) 280 2/m. B To e Bpems B rpanntax Bocrounoro 3abaiikanbs Kanuessie moJe-
BEE IIIATH OCHOBHOII Macchl comepsxaT Pb B 1,5 pasa membmre, uem mopdupoBbie
peienenns sroro mMuuepana (Amtmmmm, Hysemun, 1969).

BecbMa HHTepeceH BHIBOJ, CAeJaHHbIl HA OCHOBAHHH CTATHCTHIECKOI opa-
GoTKE GOJBIIOro MaTepHalia, 0 He3aBUCHMOCTH cofep:xanns Pb B KaiueBoM mo1eBoM
mmate Kak OT CTEIeHH YIOPAN0YeHHOCTH HTOT0 MHHEpajsa, Tak M OT 0co0eHHOCTeil
cocrapa rpamura (Rhodes, 1968).

B mukpormmEax pypgomocunix rparnTos Cesepuoro Ilpmbamxampesa (Cepsix,
Usanos, 1969) cpenmee comepmanme Pb (47 onpenenenmii) cocrasaser 60 2/m, qro
SHAYNTEIHHO BHIINE CpeHeTo cofepmanusi (29 ompeaeseHnii) TOro sKke DIEMEHTA B MU-
KpokJauHax OeapyjiusiXx rpammtoB — 46,3 2/m. OnmHoBpeMeHHO yCTaHABIHBAETCS
Gonpmas jucrepcns cofepsanuii Pb B MEKpokImHAX pymoHocHHX rpamntoB. M3
HDOJTYYeHHBIX JAHHLEIX BHAHO, 9T0 cofiep:xanme Pb B rasmeBoM mojieBoM mImarte BbI-
[eP/KANO0 U CHIBHO MOHEYRAETCA TOJHKO B 3TOM MUHEpAJIe U3 ABTOXTOHHBEIX I'DAHATOB
7 TpaHuToB raéépoBoil GopmManuu. ITH TaHHE MOATBEPRAAIOTCA CBEIGHHAMMA O TOM,
9T0 KaJHeBble IOJeBHe IMATH U3 TpaEnToB Tad0poBoii gopmammm ¥ pasna Takke
XapaKTepH3yIOTCs Pe3ko MoHmzkeHHsM cofepsxanueM Pb (Depmrarep m mp., 1969).

Cpemu pasmmarmx permonos Coserckoro Cowosa mambomee oforamenst Pb xa-
JmMeBHe TOJeBHE NIMATH W3 TpaEnTomoB ¥ pana u Hasaxcrama (em. Tabm. 58).

KasmeBsii mMOJIeBOI MmaT BMecTe ¢ ILIATHOK/IAZOM COJEp:UT B cebe GoabIIyio
(mo 80%) wacrs Pb rpammromgos (Taycom, 1961). IlogoGuaa ckmommocts Pb ma-
KAILTHBATHCA B KAJMEBHX IIOJEBHX mmatax, GamszocTh uoHHEX pagmycos K m Pb
MO3BOJISIOT CIUTATH BO3MOKHEIM, HECMOTPSA HA PA3INYHEIE HX BaJEHTHOCTH, IeTepo-
pasgentHsit mzomopdusm KSi—PbAL B To ke BpeMsa paziudne B BeJIHIHHE DIEKTPO-
orpunarexsrocts K m Pb (coorsercrsenno 0,8 u 1,6), mX mOTeHNHANOB WHOHH3A-
OuH, CKIOHHOCTH Pb K KoBaJeHTHOI CBA3H, XaJbKOQUIBHLIIL XapakTep HOHA Pb
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Cpemme COJIePiKaAHIA PeqENX 1 PYJAHBIX J)JI€MEHTOB B KaJAHNeBOM

Paiion w Mo Sn Pb I:f
Cesepo-Bocrox 2,5 (4) 2.5 (&) - 26,8 (6) —
Haxpnnit Boetok 2.5 (4) 2,5 (4) 17,3 (19) 40,5 (4) —
3abaiikanne . 1,5 (9) 1,5 (19) 2,6 (11) 45,4 (113) 16 (2)
Bocerouunit Caan — - - 35,6 (34) 11,4 (8)
Tophuiit AaTait - — — e 60 (2)
TyBa: v — — —_ — —
Ypax . 25 (21) 2:51(22) - 48,4 (44) 10 (4)
Hasraa 1,0 (6) 1,6 (7) - 46 (1) 15(2)
Kasaxcrau 0 2,5 (51) 1,1 (83) 2,5 (68) 53,7 (82) -
Cpeanee 10 HHTPY3HUB-

neM rpanutonjiam CCCP 2,3 B 3.8 46,1 18,2

u okcuuabHEEIT mona K mosBoisier mpefmoxararh, 9T0 B KAaJHEBHIX MOJEBHIX IiNa-
Tax HTH HIEMEHTH MOTYT 00pasoBHIBATH U [BOMHLIE COJN.

Crpornuit Cpeunmee copep:wanue 607,3 2/m, roadduunenr KouumeHrpa-
nun 2.

CHIBHO IOHH;KEHO 10 CPABHEHHIO ¢ NPUBEJEHHBIM 3HAYEHUEM CpeJHee COgep-
skaEme Sr B KanmeBoM moieBoM mmare uz rpamnToB Cyzmer (49 onpepenenmii) —
155 e/m (Ilomsmexuii, 1965); Apcrpammu (70 oupenemenmii) — 209 2/m (Rhodes,
1968). B 1o ke BpeMs B KaTMeBHX IMOJIEBHX MIaTax u3 rpanuToB BocTounoro 3adaii-
Kanps cofep:xapme St mozker jgocrurats 1350 e/m (Ilammypa, 1965), a mo mpyrum
MaccuBaM cocTaBasaTh B cpejtaeM (106 ompepenenuit) 700 e/m (Amrunmu u jp., 1969).

Hak u cuemosalio o0KujarTh, YYUTHBasg TeoxXuMmmueckylo Oamsocts Ca m Sr,
MaKCUMAaJbHEe KOJMUYecTBa HTOTO dJeMeHTa XapaKTepHBI /I KaJIHeBHIX IOJeBHIX
MOAaTOB W3 TPAHHTOWIOB, 4 MUHAMAJbHBIE — M3 DerMaTuToB (cM. tabia. 55, 56).

Ilo cpaBHeRMIO cO CpeTHEM TIOHHKEHO COJEP;KAHHE ST B MHKPOKJINHAX W3 CJII0-
noHocHBEIX TermataTos HKapemmm, rxe omo cocrasiuser 80—190 g/m, npu mHamuamm
OTPHUIATeIBHOH KOPPeIANin ¢ cofepxanneM B Muuepane pyommmua (Mamaes, 1969).

B rpamurompax Kamudoprniickoro OGarommra cofiepykanme ST B KaJHEBOM

MOJIeBOM ImmaTe u3 rpaHogumopurta (4 oupenenenns) — 180 e/m BHme TakoBoro us
rpapnToB — 130 2/m (Sen um mp., 1959). Comepsxamme Sr ymenbmaercs B 1,5 pasa
B KaJHeBHX TOJEBHX IMaTaX M3 TPAHATOB IMO3IHUX (a3 MHOIO(A3HLIX UHTPY3HBOB
(Ocradmitayx, 1964,). Kpome Toro, cogepskanue Sr B 1,5—2 pasa Golblie B Kaiue-
BOM mIare M3 MOpHHPOBHEX BKPANNIEHHUKOB, YeM B TOM Ke MHHepale U3 OCHOBHOM
Macesl (Arrunma u 1p., 1969), uro Bce BMecTe B3ATOe yKasbhBaeT HA Ipeobaagaloniyio
TeHJICHIINI0 HTOTO HIEMEeHTa PACCeMBATHCA B MIHEpalaX PAaHHUX CTAMil KPHCTAJId-
3ATUI.
Cratucrmaeckoii 06paloTkoil MHOTOUHCIEHHEIX NAaHHHX OBUIO YCTAHOBJIEHO,
9TO B KaameBOM moJesoM mnare Habmomaercs ciaabas cBA3B MeyJy COjepiHa-
mmem Sr mw Ca m Gomee cuibHAas — Me;Ay St m Ba. Hpome Toro, 6o morasaHso,
9T0 cOfiep;KaHmMe ST He 3aBHCHT OT CTeNeHH YIOPAJ0YeHHOCTH KalHeBOTO IIOJEBOTO
mnata, HO TeCHO CBS3aHO ¢ 0COGEHHOCTAME cocTaBa BMemaomux rpasmToB (Rho-
des, 1968).

B moremOpmiickux rpamurax Komopapo (Bpeii, 1952) conepskanue Sr B Kalue-
BHIX IOJEBHIX MOATAX 3HAYUTEIHLHO NPEBBIIIAET IPHUBOJMMOE CpeflHee 3HaueHHe U
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mOJEeBOM INHAaTe IPAHHTOMAO0B paszamunbix permonos CCCP, z/m

Tabanmma 58

Rb Cs Be Ga B Sr Ba

80 (1) = 3,1 (8) —_ —_— —_ o

— = 0,9 (5) 5 12 (5) = =

347.4 (155) 5,1:(139) 2,0 (55) — 13 (1) 699 (106) 5209 (106)

398 (44) —_ = — — - —

- - 4,5 (2) — 4,5(2) —_ -

— - 2,6 (3) 18 (1) —_ =i e

698 (21) 250 (1) A (30) — — 130 (20) —

605 (2) 8,5 (2) 2.3 (6) — — — —
1095,6 (61) —_ 4,7(91) 41,6 (5) — 485 (2) 1225 (2)
552, 6,9 3.1 283 9.4 607,3 5135,0

mocturaeT B OTHedbHEX cayuaax 1222 z/m. ITocaeguee, BoaMoKHO, orpaskaer Goree
BEHICOKOE COJlepsKaHme ST B mecuano-cJIAHIERHX T0poAax, yeM B rpannrounsiax (Bumo-
rpagos, 1962).

B meramopduueckux mopomgax HadIXaeTcs MOCTEIEHHOE yBeIHYEHHE COIep-
JKAHNA ST B KAJIHeBHX I0JIEBHX IMIAaTaX M0 Mepe YBEeIAHIeHNUs cTelleH: MeTaMopduama
mopoa (Virgo, 1968).

Boasdpam Cpeguee comepkanme 2,3 2/m, KodpPHIIEHT KOHIEHTpa-
oun 1,5.

Comepsanme W BecbMa caa00 H3MeHsIeTCS B KAIHeBHX IO0JEBHX IIIarax
M3 TPAHHTOWAOB PA3JIHIHOrO HETPOTPaPmnIecKOr0 cOCTAaBA M H3 KHIBHHIX IIOPOJ
nx composokmaomax (cMm. 1adm. 53, 56). Ilo cpaBHeHHI0 ¢ KaIMeBHIMH II0J€BEIMH
[IDaTaM¥u H3 HePYJOHOCHEX TPAaHUTONA0B BepXHEYAUWHCKOr0 KOMILIeKCA, COflep:ka-
mux 1,0 ¢/m W (Hsamosa, Byrysosa. 1968), HabmaogaeTca ypeamdeHme ero comep-
skagusa o 1,2 2/m B KaJaMeBOM IOJEBOM IINaTe W3 PYAOHOCHHX rpammromgon Hy-
ryanbeiickoro Kommiexca (Msamosa, 1969).

B I[Ipumopse kammessie moaessie moars Cuneropexoro u Tarubuackoro mMaccH-
BOB, Pa3IHTIALX II0 MacmradaM AcCONMHUPYINedl ¢ HOMH MUHeDAIH3aIidd, cojep-
sxat W coorsercrsenno 3,3 u 0,7 2/m (JIesamos, 'peanmesna, 1970). B To0 e Bpema
Ka/IMeBHI IoJeBoil mmar m3 rpaHuToB UyKOTKH, ¢ KOTOPHIMA CBSA3aHO BOJb{pam-
MOJHOIEH-0J0BAHAOE PYLONPOsBICHNEe, HE OTANYAeTCA HOBHINEHHBIM COJiepiia-
anem W. Jlas pasHslXx MaccuBoB 0OHO cocrasiser (3 ompemenenunsa) 0,9 mrm 1,2 2/m
(MAsamos m mp., 1970).

Cpenm KomMarMarmaHeX rpamuros m ammaputoe CesepHoro Hamkasa copep:xa-
aue W Goxblme B RaJMEBOM II0JEBOM IIOATe IHIAPATOB U COCTABJIAET COOTBET-
creeano 1,0 n 1,2 2/m.

Moau6men. Cpergmee comepswanme 1,5 2/m, rospduiimeHT KOHIEHTpA-
num 1,5.

Comepskanme Mo B KaJmeBHIX HOJEBHIX IINAaTaX TPAHUTOMIOB H3MEHAETCA He-
3HATHTEABHO W TOJBKO B KAJMEBHX IOJEBHX IINATAX INErMATHTOB IIOBHIIIAETCH
no 2,8 2/m (cM. tabn. 55, 56). B pymomocmsix rpammrax Bocrounoro 3abaiikanba,
Cesepuoro Haskasa, Hasaxcrama copep:xadma Mo B KaJHeBHX IOJEBHX MIOATax
gmwxe cpepmero m cocrasiasior 0,6—1,3 2/m. [lomwxennsie comepmamma Mo —
0,6 2/m — OoTMeYEHHI M B KANHWEBOM IIOJEBOM INIATe W3 PYJ0OHOCHHX I'DAHHTOB
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Sanamuoro 3abaiikansa (llerposa, 1966). Kaauessie monense mmatsl HEPYIOHOCHBIX
rpaHuTon0B BepxHeynuHCKOr0 KoMmiIexca (0,7 2/m; NBanosa, Byryasosa, 1968)
I PYAOHOCHEX rpanmrompoB HyryabGeiickoro rommiexca (0,64—0,9 2/m; Vsa-
HoBa, 1969) conepsxar mpakTHueckum aHalxormuHEe Koamuectsa Mo. Cpenuee comep-
smanne Mo B KauMeBHX IONEBEIX IINaTaX NATE030HCKHX TI'paHuTOB BocTOUHOIo
Sabaiikanbsa (9 onpenenennii) — 0,94 2/m (Kosnos, Pomynknua, 1965). llocaennne
panusie (Usamos m ap., 1970) csuperenncryior o Gosee HE3KOM copep:kanuu Mo
B KaJIMeBOM NOJIeBOM MuarTe U3 rpaHuToB UyKOTKU, ¢ KOTOPHME CBA3aHO Boab(pan-
MonuG/eH-010BsHHOE Opyfienenne. OHO COCTABIACT A JBYX MacCHBOB (3 ompe-
pexenus) coorsercteenno 0,5 u 0,5 z/m. W Toabko  IlpumMopbe B KaameBoM moeBom
muare u3 rpaEuToB CuHeropckoro m TaruGHHCKOro MaccHBOB, CONPOBOKIAEMEIX
pasimuHOil mo Macmrabam BoabfpaM-MoamOIeHOBOIl MEHepaImM3amueir, cofiepsia-
mue Mo samerno pasmmiano: 1,8 2/m (9 onpenenenmit) ais mepsoro Maccusa m 0,2 2/m
(12 onpepenennii) — sust sroporo (Jlesamos u ap., 1970).

Raamessie mosessie mnarTsl KOMarMaTHYHEIX TPAHATOB 1 nunaputos CesepHoro
Kaprasa cogepskar amamormumsie xoamuectsa Mo (4 onpejenenusn) — 0,7 z/m.
B 10 sxe Bpems B KanmeBoM moaesom mmarte u3 Jlaaugarckoro HHTPY3HBA, ¢ KOTODPHM
cBAsaHa MonuOJeHOBas MHHepaausanms, cofepsxanme Mo cocrapiser (20 ompe-
nenenmii) 8 2/m (ddennmes, Ieiimapos, 1959). Croapr mosmmenHoe coflepsRanme
MOeT OHITH CIefCTBHEM WA HaAW4YHs MHKDOBKIIOUEHWI MOJNOMeHNTA, WIH TOY-
HOCTH IIpHMBHHBHIeﬁCH METOAWKM aHaJu3a.

Becema mpumedarenbro, uto KanameBhe IONEBHE IMIATH U3 [PAHETOB rabopo-
Boil opmanmu comepsrar B cpenHeM B 2 pasa Membme Mo — 0,7 2/m, 4eM Te ke
MHHEDPAJL W3 HHETPYSHBHBIX T'DAHUTOUIOB.

I'a xx mit. Cpegmee conepskanme 28,3 2/m, rooddunment Konnerrpanan 1,4.

ITH NUQPH 3HAYMTEILHO NPEBEINAIOT CBENEHUA O CPeIHEM cojep:kanun Ga
B KalMeBOM NOJEBOM mnare uaseps;reHHHX mopof mo JI. Taycomy (1961) — 13 2/m
u no Beany (Bell, 1955) — 14 2/m. B oprokiase us cmemmros copmepsxamme Ga
HecKoIbKO Bhme — 14—17 2/m (Bopucenox, Taycon, 1959), geM B kanmesom mome-
BOM IINATe W3 TPAHNTOB W IPAHOAMOPHUTOR, Te OHO paBHo 12 2/m.

B mumkpoxamme w3 rpammros Crmerom (Cumesus) comepmanme Ga cocrapiser
18—21 2/m. B MmRporIMH-mepTHTAX W3 NETMATHTOB pAHHEl TErMATHTOBOI askr
TOTO ;K€ paiiona comepskanne Ga womebGaercs or 24 o 30 2/m, B HH3KOTeMIIepaTyp-
HOM TIOJIEBOM ILNATe U3 IO3JHEH merMarutoroii reodassi — 34—51 2/m, B TUApo-
TePMaJIbHOM TmoJesoM mmate — 13—19 z/m.

B mukporianne us rpamnra Kpxomome oGmapy:xeno 17—20 2/m Ga; » MUK O-
KIMH-TIEPTUTE M3 merMarutonoii reodazsr — 29—46 2/m; B KaameBoM moJeBoM
ImuaTte IMHEBMATONMT-THAPOTEpMANbHONl reodasst — 15—17 2/m. Tarum oGpazom,
MaKCHMAJTbHEE KOHNeHTpanun (Ga XapakTepH3YIOT KalWeBble TOJEBHe INIIATEH
IOHEBMATONAT-TIETMATATOBOM  reoassl, MHHUMalbHEE — IHApoTepMasbHoii  (Wa-
lenczak, 1959).

Cpepnee conepsxanme Ga B oprokaase us MeraMopduueckux nopoa Anpana —
23 e/m (Mapaxymes, [Toaun, 1961), T. e. HECKOIBKO HUsKe, UeM B KAJHEBOM IIOJE-
BOM HidaTe WHTPYSHBHEIX IPAHUTOMIOB.

Il e 3 mwii. Cpepuee copepswanme 6,9 2/m, wospduument rounenrpannn 1,4.

Ieanii ApnseTcAa meTporeHHEM aHaAOrOM Kanmsa. OJHAKO 3HAUATENbHBIE 0TI
quA B MOHHOM pajHyce M aTOMHOM Bece 3aTpVAHAIOT BXo;kaerme (S B 3HAUUTEID-
HBIX KOJHYECTBAX B PEMIETKY KaJMEBBIX IOJEBHIX IMINATOR M CHOCOOCTBYIOT HAKOIIE-
HHIO BTOTO 3JIEMEHTA B MPOAYKTAX OCTaTOYHOH kpucramnmusanuu (I'mas6ypr, Cras-
pos, 1969). Ioatomy yseamuenue conepsanms CS OTMEUAGTCS B KAJTHEBEX 1OJEBHIX
mnarax W3 JeHKOKPATOBEIX T'PAHWTOR W HErMATHTOB (cM. Tadx. 55, 56).
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OcoberHo BoicokHe cojlepsaianns (s XapaKTepHBL JJIA KaJHMeBblX IOJEBHX Mna-
ros mermarmronoro remesmca 90,3—179,0 o/m ([lramanermHOB, 1967). B Bocrou-
oM 3abaiikanpe, HAIPHMED, KaJueBhle IOJEBHE IMNATH W3 IPAHUTOB CpereHCKOTO
maccmpa cogepmar Cs (75 ompepenenmit) 2,5 2/m, W3 TerMaTOMJHEIX IIIHPOB —
104 2/m, a aMa30HUT W3 METMATHTOBOIL JKIIE TOTO e MaCCHBA (6 ompenerenmiit) —
400 2/m. Hakomrenue Cs ycTaHABINBAETCA W B KAIHEBOM HOJIEBOM MIate OCHOBHOM
MAacCHl, TIIe €r0 COfep/kanue B 2—>5 a3 BHIIE, YeM B HOPYHPOBHX BRpALNEHHHKAX
(Amrumum, Kyssmun, 1969).

Cpepm rpammroupos Cymano-llep:canckoil 30HH Gomee BHICOKHE COJlepska-
amsg Cs — 28—46 2/m — ycraHOBIeHH B MO3[HHX MHUKDOKJIMHAX U aMa3oHHTax
(3unuenro, 1967).

Kaiunepsit ImOJNEBOHl mNaT H3MEHEHHEX TIPaHHTOUIOB CONEPSKUT Cs mournm
B 3 pasa Goapme — 17,5 2/m, 4eM 13 HeMBMEHEHHBIX (em. Taba. 56); ToT sKe MUHEPAT
13 aBTOXTOHHHIX TPAHUTOB, OOBMHO HECYIIWX SHAYHTENLHBIE CJE[Bl MeTacoMaTmte-
CKOTO TPeo0pPa3OBAHMS, TAKKe XAPAKTEPHBYETCHA NOBHIIIEHHBIM COJEPIRAHHEM Cs,
koTopoe cocrapisier B cpenuem 16,4 2/m.

Kanmenpe MOIeBHle INATH JIHIAPHTOB cofiepskar B 3 pasa Ooablle LesH:d,
weM TOT ke MHHEpAJ] W3 WHTPYBUBHEIX TPAHHTOHJOB (CM. rabx. 57). B Samagmom
Taub-Tlage kamdmeBsil moJdeBoil mumaT U3 KHCTHX 5PPYSHBOB TaKie CONEPHUT
gonpme Cs — 12 2/m (Orpomenko, 1967), yem BRYHCIEHHOE CpelHee.

[lo cpaBHeRmiO ¢ TPAHMTOMJAMHI KAJHEBHE IOJNEBEe MTATH LIEJ0UHKIX NOPO
XapakrepusyioTcs Gonee BHCcOKEM cofepanuem Cs. B menounmx mopopax Cesep-
noii Kuprmsmu, mampumep, copiepskanme Cs B OPTOKIA3e COCTABIACT 12—28 2/m
(3mo6un u fap., 1962). AmasorudHEe CONEPIRAHNS (8 cpemmem 15,2 2/m) npusonATcA
A KAJMEBHIX TOJEBHX NITATOB M3 HOPMAIBHAIX I IMEJOUHEIX CHEHUTOR (3uHYeHKO,
1967). B MuWKpOKIMHE M3 CHEHHT-NETMATHTOB CO/EP:KAHME Cs moctmraer 20 2/m,
a B MEKpOKJINHE W3 HeelHHOBHIX CHEHHT-HETMATHTOB — &0 2/m (Craspos, llopt-
mos, 1965).

O xono. Cpegmee coxepsxamme 3,8 2/m, kooddmument ronuenrpanum 1,3.

Cpein TPAaHATONIOB PASIHYHOTO COCTABA MUHUMAJILHbIe CONEPIRAHTA Sn xapak-
TepHH JIIfi KAJWeBOro TOJIeBOro mmaTa M3 TPaHOAMOPHTOR (cm. Taba. 55). IloBm-
MeHHBE CONePKaHmA Sn OTMEYeHH B KalWeBOM IIOJeBOM INOaTe M3 usMe-
HEHHHX TPAHUTOB, BOBMOKHO, B3a CHUeT MMIPErHANMA KAaCCHTEPHTOM (cm.
taba. 96).

Oprokias m3 Tpamnra BypumOepr copep:kuT Sn 3HAUNTENDHO MEHDBINE Cpe-
nero — 0,3 2/m (Ottemann, 1940). Hmxe cpepnero cofeprranme Sn B KaJIHEBEIX
moeBHx mparax m3 rpaEmros [laasHero Bocroka, riie 0HO COCTABIAET (37 onpepe-
aenwmit) 2 2/m. OcofeHHO BHICOKNX BHAYEHHMI AOCTHIAET COMIePiRAHNE Sn B MEKPOKJIH-
HAaX W3 MeJOTHEX T'PAHATOR, I7ie OHO PaBHO 44,5 2/m. B oTHX rpaHuTONAAX MEKPO-
KIWHB, HAPALY ¢ APYTWMHE TOPOf006pasyoIuMu MHEHEDATaMi, CcHOCOOHEL TIOI-
HOCTHI0 PACCEMBAThL OIORO, COAEpsKaiieecs B TPAHNTE (Kosazenko u ap., 1968).

HabmonaeTcss HEKOTOPOE YBeIHUeHHe COfepkaHusa Sn B KaJUeBOM HOJEBOM
TaTe W8 OJOBOHOCHEIX I'DAHETOB. B HEoI0BOHOCHHX rpaHuTax BepxmeyjauHckoro
KOMILTeKca, HAIPHMep, cOfep:KaHme Sn B KaJHeBOM MOJIeBOM IIIaTte COCTABISET
0,6 ¢/m (samora, Byrysona, 1968), a B TOM ke MWHEpaie H3 OJOBOMOCHHIX Tpa-
mnTop KyKyabGeiickoro KOMIIEKca 3HAUHTENbHO Goibme — 1,2—10,0 2/m (Nza-
nosa, 1969).

CHIBHO TOBHIIEHO cofiepskanue Sn B KaJHeBOM II0JIeBOM MIaTe W3 0J0BOHOC-
HHX rpaEnTos Mao-YaHCKOro KOMIUIEKCA, I/le OHO COCTABIACT B CPELHEM (11 ompe-
nenenmit) 27,2 2/m (Py6 m ap., 1964). Cxonmsie conepsranus Sn B KaJMeBOM IHojie-
pom mmare (10 20 2/m) ycTaHOBJIEHHl B OJOBOHOCHHIX IPAHMTAX MACCHBA Hapaoba
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(Kasaxcram). B 10 ;e Bpems B KaimeBOM mojieBoM mmate us HEOJOBOHOCHBIX Ipa-
HATOB AKdYaray oioso He o0Hapy:eno (I'amees, 1964).

B HeoxosonocHsIX rpanurax 3anazmoro 3afaiikadbsa Ha M0TI0 KAIHEBOLO mMOJ6-
Boro mmnara npmxopurca 4—11% ob6mero copepsxamus Sn B mopoge (Ilerposra,
Jereiino, 1965), a B omosorocarx rparmrax Jansrero Bocroka — 1-—49. IIpu aTom
YCTAHABIHBACTCS, ITO B OJNOBOHOCHKIX TDAHMTAX COAEP/KAHHE SN yBEeIMYHBAETCSH
¢ 2 10 4 2/m B KaJ@meBBIX IOJEBHIX MITATAX DO3[HAX 3TANOB KPHCTAJJIM3AINH,
IO CPABHEHMIO ¢ TEMH e PAHHMX dTamoB Kpucramimsanun (Hemammosckumii, Hap-
HoB, 1968). .

B xaamesom monesom mmate m3 wiesouHBIX HOpOJ cofiep/kaHme Sn HusKe cpefi-
Hero (cM. Tadx. 57). Ilpm aroM ycraHmaBamBaercs, 4TO KAaJIHeBHE II0JEBHe IIMATEL
H3 INeI0YHBIX CHEHHTOB cofepskar Sn Gosnbme (2 ompememenus) — 1,2 2fm, dem
TOT jKe MuHepax u3 HeenamHoBHX cmeHHTOB — 0,85 2/m. Ha ero momo B OepBOM
cnyuae npuxopurca 26—27%, a Bo Bropom — 8% oGmero Sn mopogst (Kosaaenko
2 K Piy-1970).

Y pamu Cpegmee comepicamme 4,25 2/m, Koapunuent kouuentpammm 1,2.

Menpmne comepsxanus U ormevanmes B oproxiasze ms rpaauroB lO:;xno-Kamnu-
Qopuuiickoro Garommra — 1,3 2/m (Jlapces, Deiip, 1956) m Ypana — 0,5 2/m
{Kpstos, Arpamenox, 1959). Huskme comepsranus U (1—4 2/m) 6mnm onpepenens:
I B MURPORIHHAX H3 HOAONbCKHX I'PAHMTOB YKDAMHH JoKeMOpmiickoro BospacTa
(Bapramnguii u gp., 1969). Iosrmmennse comepskanms U (8 2/m) ycramosiaens
B MUEpPOKIHHe OHOTHTOBHX rpanmros ['opHoro Anras u eme Gonee BHCOKHE —
(10 2/m) — B MEKpoORIHHE W3 ABYCHIOAAHBIX TPAHUTOB (Taycon, 1956).

Hemnocroanmoe conep:kanme U B KaqmeBhiX HOJEBHX MIIATAX BO MHOIOM 00Bsic-
HACTCA yCIOBHAMHE, KOTOPBIE OIPEAENAIOT IIPeodIafaivulyio GOPMy HAXO0u:IeHM
PEIKOrO 3JEeMEeHTAa — MHHEDAJIbHYI0O WIH wu3oMoppryn. Hemocrosmmsii Gazamc
PalHOARTHBHBIX DJIEMEHTOB B IPAHHTAX HOATBEp:xgaerT 910. B rpammrax I'opmoro
Adtas, HampmMmep, ¢ aKIECCOpPHLIME muHepaiamn cessano 40—50% U mopomst
(Taycom, 1961). B rpammrax Hasaxcrama ocHoBHasi macca ypaHa cocpefgorodeHa
B arueccopaslx Munepaxax (67%) m tombro membmas (33%) — B mopogooGpasy-
omux (Bapanos, [y Jle-Tams, 1961). B rpamuromzax Tupons 95% pamgmoaxTus-
HOCTH HOPOEL 00y CIOBICHO AKIECCOPHEIMA MIHepasamu (Spears, 1961). B mpyrux
CIy9asix ¢ mopooo0pasyomuMi MURePATaME CBA3AHO B rpaHATax 1'opHoil [Hopuu
mo 90% ypana mopomst (Ocmmor m xp., 1964), B rpamurax Apmennn — 66% (Me-
aurcersan, 1961), Taup-lllaga — 60% (JIeonoma, Taycom, 1958).

b o p. Cpexree comepsxanme 9,4 2/m, roopdunmenr koumerrparmmn 0,6.

B oprokmase ms marpysmemmix mopox Taup-llans cpejiHee cofiepiianme B
3Ha4ureabHo Beime (20 ompegemenmii) m cocraaser 18,4 2/m (Orpomenko n ap.,
1966). Hecroxpko Beume cpenmero (4 ompepenesunsn) — 15 e/m (Py6 u gp., 1964) —
cofiepikanue B B KaaHMeBHIX IOJEBHIX IMIATAX M3 OJOBOHOCHBIX rpagaTouos Jlamxn-
Hero Bocroka.

B oprornase us kucasix apdysusos cpeniHee copepsranmne B (6 ompepenenmii) —
7 2/m (Orpowenko, 1967) HeckoabKo HIe, 9eM B MHTDPYBMBHBIX TIpaHHTOMAX.
Conepsxanue B 3HAYMTENIbHO MEHBII® B KAJMEBOM IOJEBOM IINATE ABTOXTOHHELX
TpAHUTOB HAM TPAHUTOMIOB rab0poBoil GopMaANWN W 3HAYMTENBHO YBEIHTHBAETCH
‘B MUKPOKJIHHEe M3 merMaTmToB (cM. tabm. 57).

beprnanmii. Cpemnee conepimanue 3,1 2/m, kospdumment rkoHnenrpanum 0,6,

Caabas roHuenTpanusa Be B KaJueBBIX MOJEBEIX IIIATAX IOATBEP/KAACTCA JlaH-
HBIMH 00 rpauraM Bocrouroro 3abaiikamnbs, rie koapdunuent rwomnenrpanuu Be
B KaIHEBEIX MOJEBHIX mmarax oObYHO He HoJgEuUMaercs Beme 1,0 (Taycou u ap.,
1969).
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Ilo cpaBHEHHI0 ¢ HPHBEJCHHBIM CPEJHHM HOHmAKEHO B 2 pasa copepsxanme Be
B KaJAHWeBOM TIOJIeBOM Inmarte ma rpanmToB Boeroumoit Cubmpu, rie oHO cocTaBIseT
(96 ompenenenmii) — 1,5 ¢/m (Ilerpos, 1969).

Copiepsxanue Be HOJBEP;KeHO M3BECTHHIM Koje0aHMAM: OHO 3HAYHMTENHHO HMOHU-
sKAeTCs B KAJMEBHX TOJEBHIX INNATAX M3 KBAPHEBHX JKHJI U CHIBHO YBEIWYHBACTCH
B TOM jKe MHUHepaje W3 JelKOKpPATOBHX IPAHHTOB M TETMaTUTOB, I/ie OHO COCTaB-
aser B cpegmeM 4,4—4,6 2¢/m, a B oreasHsix caydaax 14 e/m (cm. raba. 56, 57).
Hab6mwogaeTca ABYX-TpexkKpatHoe oboramenue OepmIiImeM KallMeBHX TOJEBEIX
[MTIATOB MO3JAHUX TeHePaNuii, a TAK/Ke U3 TPAHATOB MO3JHUX (as MHOTOPABHHIX WH-
TPYSHBOB, CBHJIETEALCTBYIONEE O TEHJEHIHMH OTOTO dJIeMeHTa HAKAIIHBATHCA
B IO3JHHUX NpoaykTax. B cesepo-Bocrounoii Tyse xanmepse mojessie MIaTh U3 Ipa-
HuToB rayomEHON danuu cofepskar Be 3,1 ¢/m, a n3 anmkanbHoit — 4,7 2/m (Ilomo-
nmros u ap., 1967).

Hoaa Gepmuins, OPEXONAMAACA HA KaJHeBHll IOJEBOil MIAT, 3ABHCHT OT CO-
crasa rpamuTomjia. B rpaHommopmrax Ha j0ai0 9Toro Mmmepaaa mpuxoautces 4,0%,
B ampubomo-6moruroBEX rpanntax — 17,4%, B OMOTHTOBHIX TpaHmTaX — 11,7%:3
B neiikoxparossix rpamurax — 5,3% (Ilerpos, 1969).

IIpH BHBETPHBAHUE MUKPOKJINHA, CONPOBOKAAIOIIEMCS 3aMeIEHNeM ero arpe-
TATOM raJIyasnTa i KAOJMHATA, CYIECTBEHHOTO BRHOCA Oepmians He Habamonaercs.

KanueBsle moJensle MIaThl 3 MeJl0YHBX 1 HeeIMHOBHX CHEHHTOB TI0 CpaBHe-
HWI0 ¢ TeMH ke M3 TpaHmToR coflepsiar Be mempme — 0,8—1,2 2/m (Ilomonnror
u 1p., 1967). Cxopuse comepsxanua Be (6 onpenenenmii) — 3,4 2/m — npusonaTcs
M I KaJMeBHX IOJEeBHX INNAToB H3 HedeamHOBHX cueHmTOB CHHHBIPCKOTO Mac-
cmBa. B accommmpyonux ¢ HuMu HedelnmHax cofepskanme Be sHauuTeNbHO BHINE
(2 ompepexenuss) — 12,5 2/m (Tuxomenxosa m ap., 1971).

Tamtaaa Cpeaaee conepsxanme 0,8 2/m, xooddunuent romnenrpanum 0,2.

B wmmuorodassom Bmry-[[munmackom rpanmtHOM Maccuee (IIpmGaiikanve) co-
mep:xanme Ta B Mukpoxamme ysenmampaerca ¢ 0,41 mo 1,64 2/m mpu mepexone
ot I x 111 daze (Kocamc, Masypos, 1970) u cocrasiuser B cpepnem 0,7 2/m, uro Huzke
BHUMCIEHHOI0 CPeIHero.

B mexounnx rpanutax Bocrounoro ITamupa (mammsie B. C. IlaBmenko) cpern-
Hee cojlep;kanme Ta B KaJAueBkIX N0JeBHX muaTax (9 onpejenenuii) 0,8 2¢/m. B ranne-
BHIX TOJIEBHIX IIIATAX W3 U3MeHeHHEIX TPAHHTOB cofiepskaHme Ta 3aMeTHO yBeInym-
paercs (5.1 2/m), oweBmjmo, 3a cYeT MUKPOBKIWUeHHWI TanTtaxo-amobaros. Cme-
nuansEsie uccaefgosanusa (bapeykosa, 1970) mokasanm, 9TO B HOJEBHX INTATAX
m3 aapOmTmsmpopanusx nopos Ta m Nb HaxopsTcs B BEAe cyOMAKPOCKONHYECKHX
BRJIOUEHIIT TAHTAJI0-HH0OATOR.

B komarmarmugsiX rpasutax m ammapurax Cesepmoro Kaskasa comepranue Ta
GobIme B KAJHEBOM TIOJEBOM INIATe W3 JHIApPHUTOB M COCTaBiafer (4 ompefenenms)
cooreercteerro 0,29 n 0,76 z/m.

JI u T uit. Cpemnee copmepsxanme 18,2 2/m, koadpdunmenT KOHIEHTPATHE 0,4.

Huskoe 3Hagenme KodPPuIuenta KOHIEHTPALMH CBHIETEIBCTBYeT 006 OrpaHHE-
QeHHOM BXO;KAEHHH Li B KajmeBHe MOJEBHE IITNATH, 9TO MOKeT CHOCOOCTBOBATH
B TPAHATONAAX OUPEJEJeHHOT0 COcTaBa 00GPA3OBAHIIO OTHM BJIEMEHTOM COOCTBEH-
HHX MUHEpPAIOB.

[1o cpaBHeHHMI0 ¢ BHYMCJCHHLIM CPEIHEM coflep:Ranue Li nonmieno B kaimesom
nosesoM mmare w3 rpaEmromuos Cycamsipckoro — 1—2 2/m (Taycom, 1961) =
Kaxndopaniickoro — 10 2/m (Sen u mp., 1959) Garonmros.

Copepmanme Li B KaxmeBoM TOJIEBOM INNATe 3ABHCHT OT cOCTaBA I'DAHUTOM/IA
B MaKCHMAJbHO B OEJHHIX OHOTHTOM JefiKOKpaToBHX rpaHHMTax (cM. Taba. 59).
OcofeHHO0 YBeIHIMBAETCA cOfepsianme Li B KannepoM IM0JIeBOM IIIaTe 03 N3MeHeHHRIX
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PPaHHTOB M M3 HermMaruroB (cM. Taba. 56). B HaMeHEHHEIX MWKpPOKIHHOBHIX
rpanurax Ilpmasosbs comepsxamme Li Tamske mopsimaercs xo 20—30 e/m (Rym,
Mumenro, 1963). Yseamumsaerca copepsxanme Li B KammeBOM mOTEBOM mmaTe it
HpH nepexojie oT rIyOHHHOE K aNMKaXbHON (anuu rpaEATOMTOB ByryisMmEcKoro
xommrerca (Bocrownstii Casm), 9T0 CBHAETENBCTBYET 0 CIIOCOBHOCTH 3TOTO JIEeMeHTA
OEPEHOCHTHCA M KOHOEHTPHUPOBATHCA JNETYIHMHE B BEPXHHX JaCTAX MATMATHUECKIX
ramep (Bopommos, Moposos, 1966).

Ecrs fammsie o ToM, 9TO pejKme mesoum, B TOM YHCTe W JMTHI, HAGTIONA0TCH
B CAHH/HHE H OPTOKIAa3e ropasio peke, 4eM B MHEKpOKJImHe. OTMeuanach Tarike
CBABH JUTHA ¢ HATPHIACO/IE P/KRAITAME PA3HOCTAMHE MOJIEBHX MITATOB, BHPAHKAIOMAICH
B GOJIBIIeM COMeP/KAHMM JUTHA B MUKPOKIHH-IOPTHTAX 110 CPaBHEHHUIO ¢ MHKPOKJI -
Hamu (3maueHko, 1967).

Comepsranme Li B KaaneBoM m0eBOM MIIATE W3 METOTHBIX mopox, (cM. taba. 57)
SHATHTEALHO HIDKE, 9eM U3 rpaHuTONfo0B. B ranmenmx monessix mnartax ws medenn-
HOBHIX cHeHNTOB CHHHBIPCKOTO Maccmsa cojepskamme Li ymempmaercs (2 ompepe-
JeHss) 10 4,5 2/m. B cocymecrsyommux mepennnax xommuectso Li VBEeJIWYUBACTCSH
mo (10 ompepemenwmit) 11,5 /m (Tuxonenxosa u p., 1971).

H 1 o 6 u ii. Cpennee comep:xanme 6,2 2/m, wosddumment koHnentpamun 0,3.

B wmmoropasmom Bury-Ixummackom maccuse (ITpubairkanse) conepsrarme Nb
yBexuduBaercsa ¢ 3,5 e/m B mukporamue | ¢assr mo 14 2/m ua rpaauaros 11 dasm
(Kocanc, Masypos, 1970) u cocrasuser B cpegHeM 8.2 2/m, 4T0 OJUBK0O BHUMCIEH-
HOMY CpeJHEMY.

B mexounrx rparmrax Bocroumoro IMammpa (mammse B. C. IMasnenro) cpex-
Hee cofep:ranume Nb B KaaHeBBIX HOJEBHIX IMHATAX COCTARISET (9 ompepnenenmit)
11 2/m, 7. e. WecKoNBKO BHIIE, TeM HmpPHBEIEHHOE cpenmee. B kanmeBmx mosenmx
MmOoaTax W3 W3MEHeHHHIX TPAHUTOB cofiep:kaHmme Nb 3amerHo ysexmumsaercs m co-
crapiadgeT 25 2/m, OYEBWIHO, 3a CUET MHKPOBRIIUEHNII TAHTAI0-HH0OATOR.

B romarmarmumeix rparurax n aunapurax Cesepmoro Kankasa cofiep:kanme Nb
foublle B MUKDOK/INHE W3 JUDAPATOB M COCTABIALT B cpegHeM (4 ompejenennsa)
coorseTcTBeHHO 4,9 u 8,4 2/m.

3 0ao01o. Cpegree comepramme 0,0014 2/m, Koadhument Konmertpanun 0,3.

B uurporiamme us rpammrommos Ypana cpexuee cogepskanme Au 0,0014 2/m
(Bymusiros, 1969,). B mesHaunre sHo cepuIUTE3NPOBAREOM T aIbOUTHBUPOBAHHOM
OpTOKTase W3 rpamnToB Ysbexmcrama omo cocrasasger 0,0032 2/m (XawmpaGaes,
1969).

Ecre pamnee o oM, uro cpemmee (27 OIpefieJIeHHIT) coflep:kaHme Au B cMecH
moressix mnaros cocrapiager (,0040 e/m (Illep6aros, Ilepemxorun, 1964).

Il m 1 k. Cpexuee copep:xamme 25,5 2/m, woopdunment womnentpammu 0,4.

CeejieHnmsa o cofiep/kaHEN Zn B KAIMHEBOM IIOJEBOM IIHATE KpaiiHe CKYAHBI U
orpuiBouHEl. B Bapucckux rpanurongax Cemeproro Tamns-Ilang, ¢ KOTODHIME TIapa-
FPEHeTHYECKH CBA3AHEI IMOJUMETANINICCKHE PYAOOPOABICHIN, KAIMEBHE IIOJEREE
muarst cofep:rar Zn 19 z/m (laspmama u fp., 1966), 1. e. MeHbIIe BHIHRCIEHHOTO
cpeauero. B oprowmase ms rpammros Bemrpmm conepikanme Zn Brime cpejiHero m
cocrasasger 32 2/m (Nagy, 1969).

@ 1o p. Cpennee comepsanme 218,0 2/m, woodduument xonmemrpammm 0,3.

Habmonaerca wmssectHoe oramame B comepskammm F B KanmeBoM mOIeBOM
IOaTe 3 IPAHATOHOB PABIMIHHIX paiionos. Tak, aHOPTOKNA3 W3 JIBLLKYDPTHH-
croro rparuraoro maccusa (Cesepmmrii Haskas) comepsur B cpemmem Menbme F
(6 ompememenmit) — 52,5 2/m, YeM MUKpPORIMH-IIEPTHTH U3 rPaHHTOB MaccuBOR HEI-
seinpaii u Haprapammmer (Kasaxcram), comepkamme F coorsercrsenmo 180 m
200 2/m.
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HauGodee 3HaumreabHo oTamIme B cojepsrannd F MERAYy KarueBHMH moJie-
BHIMI LITIATAMY focIexeMOpHilCKHX WHTPYSHBHHX I AOKeMOPHICKHX aBTOXTOHHBIX
rpanuros. Ilocaegnue cogepsrar F B 4 pasa Ooubimie, 4T0 CBHJLTEIHCTBYET O 60xb-
oil POMH WEI0YHO-PTOPHCTOTO METACOMATO3A B GopMEPOBAHNE OKOHYATEIHHOTO
o6anKa BTHX TOPOT,.

T o p mii. Cpegmee cofiepiianue 4,4 2/m, wosdUOIMEHT KOHIEHTPALIH .2

Conmepsxaame Th B MUKPOKJANHAX NoKeMOPHWIICKEX TPAaHHTOB YHKpamas HeIo-
crogaE0 — 3—39 2/m (Baprammkumit # APp., 1969). Pamee mpHBOAMIHCH CBElEHHSA
o ToM, uTo cojiepsanne Th B RaJIHeBHIX MOJEBHIX HINATAX 13 JEATOMAPCKHX TPAHUTOB
Vipauasl cocrasasger 5,8 z/m (Mpanrnmms, 1960).

Bricokune copepsanna Th (7,3 2/m) Oburm onpeieeHsl B KAJIMHATPOBOM TOJIE-
BoM ImmaTe W3 HedeIMHOBHX cHeHHTOR JIOBO3EpCROro MaccHBa (ITonsxos, Hor,
1965).

Penxmue 3e i u CpejeHui 0 HX COACP/RAHIM B KaJeBOM TOJIeBOM IIIaTe
ogeHL Majo. KajHeBEHl IOJEBOH INMAT W3 TPAHATOB Kamugpoprmu (Towell u ap.,
1965) comepmur 13,3 2/m TR0, koa(UIIeHT KOHIEHTPAINEA B 9TOM CAy1ae 0,04,
1. e. KOIMIECTBO KAJIMEBOTO TOJEBOTO IIaTa B IPAHHTOM]E HE Gyner cyIecTBeHHO
CKAZBIBATLCS HA PACCEAHHH PEIKUX 3eMesb u IX CIOCOGHOCTH 006PazoBHBATL COO-
cTBeHHEEe MuHepams. B MEOTO(a3HEIX MACCHBAX COREP/HAHMC TR yBenmampaercs
¢ 79 2/m B TOJEBBIX INIATAX M3 I'PAHUTOB I ¢ase go 153 2/m B mOJNEBHX MIMaTax
us rpagmros IV dass (Aaexcues, 1963).

Huxe b Cotepxanme Ni B KaIHeBOoM IOJEBOM IIlaTe HaMU HE ompesies-
soch. To nammaem B. W. Ceprix (1964), cpenmee couepiranne Ni B moJeBHX MIaTax
rPAHATORAOE cocTaBiseT (32 ompenenenust) 9 2/m.

HHJIHHE[TOI]HHC MpU3HARH KAJAHeBOro moJjieBoro mmnarta I'PAaHATOHIOB

HecMoTps Ha MHTEHCHBHOE M3YUeHHe IeOXHMAM IPAHUTONIOB, XapaKTep 3aBH
CUMOCTH MKy COJep/KaHWeM B KalWeBOM IOJeBOM mmaTe pasiudHEIX PYAHBIX W
PEeKUX DIeMeHTOB M neTporpaduIecKuM COCTABOM TPAHATOM/A, €T0 reHesHcoM AN
PYOHOCHOCTHIO OCTARTCS BO MHOTOM HE BEIACHEHHEIM. B 3HauWTeIbLHOI Mepe 3To
CBA3AHO ¢ TeM, YTO RaJWeBHe MOJeBHe LIHaThl TOJbKO HeABHO HaTa Il appexTuBHO
BRIIEJIATH W3 TPAHATOMIOB B MHCTOM BHJE (Mugkrar-OpAbHCRAA, 1967; 3Senenko,
1969). CpepeHus 0 COflePKAHMM PYAHBIX H PEIRIX 57eMEHTOB B KAJIHMeBHIX IOJIEBBRIX
QIIATAX TPAHATOWOB JOCTATOYHO CKY/HBI, TAK KAK BO MHOIHX paborax nuppsl co-
nep:xauuit Mo, Sc, B, Sr, Be, Au orHOCATCA K HOJEBHIM MTATAM poobme (3uiaon
u ap., 1963; MeabHUYEHKO, Moraposckmit, 1968, _5; Moraposckmii, MeabHAIEHKO
u Ap., 1967; Jlexus, Ky6smkunaa, 1967; AnommuH, ITorambes, 1965), Ges paspede-
U WX HA KaJWeBhe IOJEeBHe IINATH W IIaTHORIA3H.

Ilanasie Taba. 59 CBUAETEIBCTBYIOT O TOM, 4TO B mpaubospmeil cremennm (K =2
i 60.biIe) B KaJIMEBOM IOJEBOM IIHare IPaHuTOM0B rormerTpupyiorea Tl, Rb,
Pb, Sr u ocobenno Ba. [{nsa 9THX 2/1eMEHTOB KaAMeBblil MOJEROU IIaT MOMET pac-
cMaTpHBATLCS Kak Hambojee UYTKMI MHIHRATOP.

Hab:mo/aoTcs HBBECTHBe OTIMINS B COMAEP:KAHUA Pe/IKUX 3IEMEHTOB B Kajme-
BOM IIOJEBOM IIIATe B 3aBHCHMOCTH OT COCTaBa TPAHHTON/A (em. Taba. 55).

Kajmesbie MOJeBble MTNATH JAEKOKPATOBHIX I'DAHUTOB M AIACKATOR xXapakre-
PHBYIOTCH CAMBIMH BHICOKMMH COJ[@P/RaHIAMM Li, Rb, Cs, Nb, Ta, Tar Kar mpak-
THYECKH JIMIIeHH OHOTHTA — MUHEpaja, B KOTOPOM paccemBaeTcs GoapIIas IacTthb
>THX DIeMEHTOB. B HEX ke yCTAHOBIEHBI CaMble BHICOKME Cpe/[HUe comepsanua Be
# Pb u campre muskue Mo. Ounoso, Gop, raJLImil, CTPOHIMl B HamboIbIeM Kojuie-
CTBe IPHCYTCTBYIOT B KAIMEBOM HOJEBOM IINaTe 13 OHOTUTOBHIX TPAHUTOB, B TO BPeMs
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Tadamoga 59

Koagpdunmentsr konnentpanun (K) pegxux n PYJAHBIX 31€MEHTOB
B KaJHEeBOM HOJEBOM lnmaTte TPAaHUTON OB

Cpennee comep:xaHue, 2/m Cpenuce comepmanue, 2/m
daeMent B KaJueBOM K dieMeHT B KalueBoM K
3 ThaRMTO 10J1eBOM B TpaHiTe MOTeBOM
(KaapK) miare . (rmapk) T ATe
Ba 830,0 5093,0 6,1 Be 5,0 3,1 0.6
Tl 1,5 44 2.9 Li 40,0 18,2 0.4
Rb 200,0 5527 28 Zn 60,0 25,5 0.4
Pb 20,0 46,1 2,3 Nb 20,0 6,2 0.3
Sr 300,0 607,3 20 Au 0,0045 0,0014 0.3
W 1,5 2,3 1,5 I 800.0 218,0 0.3
Mo 1,0 1,5 1.5 Ta 3.5 038 0.2
Ga 200 28,3 1.4 Th 18,0 44 0.2
Cs 5,0 6,9 1,4 Mn 600,0 135,0 0,2
Sn 3,0 3.8 1,3 X 34,0 4,7 0,1
U 3.5 4,25 1.2 TH 350,0 13,3 0,04
B 15,0 9.4 06

Kak 9T0T MUHEepan u3 60raThx GHOTHTOM M pOroBoii 0OManKoil TPaHOHOPHTOR 00e]l-
HeH BCEMH TePeYHCICHHBIMI DJIeMEeHTAMM.

BHO.TIHB ompe/ieJieHHbIe OTJWYUA BEIABJISIOTCS Lpn CpaBHEHHUH CO,T.[GPH\'BHHH
PEAKHX M PY[HEIX JIEMEHTOR B KaAHEBOM II0JIeBOM INNaTe U3 PAHUTOMIOB Pa3iii-
HEIX permoHoB Coserckoro Cowsa (cm. taGa. 58). Tak, kKaaueBbie TOJeBHE MmMIaTH
u3 rpannronnos Jlansrero Bocroka BheasioTcs caMbiM BHICOKIM CPeJHUM Cojiep-
sraHueM Sn, B u cammiM Huskum — Be.

CpapHmBag coCTaB KaJiWeBHIX IIOJNEBHX WINATOB W3 rpanuTounor Bocrownoro
3alaiikanpa m HasaXcrama, s KOTOPHX HMeeTcs HAMOOJNbIIEE KONWISCTRO ana-
JTA30B, MO}KHO 3aMETHUTh, YTO mepBLie coflep:xar mersme W, Pb, Rb, Be u 6oxbme Sr,
Ba u, orgacru, Sn m Mo. 91u otimans B psje cayuaen [ocTaTouno HLOCTOBEPHO OTpa-
RAI0T METANIOreHIYeCKHe 0COOEHHOCTH I'PAHHTONOB HTHX PErHOHOB.

PaccmarpuBas BOSMOKHBIE WHIMKATODHBIE CBOHCTBA KAJMeBHIX IONEBHIX Iima-
TOB, HEOOXOJAMMO OCTAHOBHTHCS HA CAEYIONINX NPH3HAKAX, KOTOPHIE MOTYT OHITE
HamboIee apryMeHTHpOBAHE.

Bananue nponeccor nuddepennmanum oruerinno cxassBaeTes Ha COle Pa AT
B RaJIHEBHX HOJEBHX MIaTaX pasimdHbLIX PEKUX U PYJAHHX saeMenton. CpaBHeHme
COCTABOB KAaNHEBHIX MOJIEBHIX IINATOE U3 I'PAHATOMIOB PasIuuHEX das MHOrO0as-
HBIX MHTPY3HWBOB mOKaswBaer (tabm. 60), uro mpm muorjga HadmOMAIOmMEMCH MOHO-
TOHHOM pacopefieJieHNu B HEX coflepskaHust Sn, W, Mo u Cs umeer mecTo m ofora-
MEeHne MMA KAJIWeBBIX MOJIeBBIX IINATOB M3 I'PAHUTOMAOB To3NHEX das. [locaennee
Tarzke xapaxrepuo u ana Pb, Ga, Rb m ocobenno Be, Li, Nb u Ta. B 1o e spems
B, Ba, Sr B Gonbmen KoumgecTBe BCTPEUAIOTCH B KAJHEBHIX TOJEBEX MTATAX M3 rpa-
HUTOB paHEEX ¢as.

B smaumrensmoii Mepe aHamormuHas KapTHHA HAOHIONAETCH W OpH CpPaBHEHUH
COCTaBOB KalMeBBIX WOJEBHIX MNATOB M3 I'DAHUTOB M CBABAHHBIX ¢ HAMH JRUJILHBX
nopof (eM. tabu. 56). Comepsxanme W m Sn npakTHUeCKE He MCIBITHEBAET M3MEeHeHHs,
u TOXBKO /s Mo oTMewaeTcs HEKOTOpOe ero HAKOINIEHHE B KATMeBEIX IOJERLIX
mnaTax W3 HerMaTHTOB M KBapI-IOJEBOINNATOBEIX JKWI. B moCHeiHmX Tak/ke me-
penko wkommeHtTpHpyiorcs Pb u Be.
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TatGauma 60

Cofepskamis PefknX W PYHBIX IEMEHTOB B RAINCBOM MoJeBoM mmnare
rPAaHNTON0B MAOTO(A3HBIX HHTPYIHBOE, 2/m

daza .
Paiton DIICMEHT T ABTOD uilisC{Tgll;l:;gaTypﬁbm
I 1 11 . 111
Bocrounoe 3abaiikaane Sn 1,2 1.1 = Ilerposa, Jlereiiao, 1965;
Be 0,92 1,6 3.3 Taycoun u np- 1969
Topubii Aarait Li 4 6 18 HKocanc m jp., 1965
Rb 500 500 820
Cs 10 10 12
B 9 9 i
Be 25 25 2.0
Cenepubiil Haszaxcral Ga 36 44 — Ocraduitayk, 19641, 19622
Ba 1350 1000 —
Sr 570 400 =
[earpaabnwii Kasaxeran W 2,0 2.5 25 Jaxosuy, 1967
Mo 0.6 0.6 0.6
Ph 24 42 39
Be 1.5 5,0 7.0
{0ro-3anagnoe IlpnGaii- Mo 0,15 0,2 0,3 Kocanc, Masypos, 1970
KaJbe W 0.5 1,0 20
Sn 1.8 15 1,5
NI 3.5 7.0 14,0
Ta 0,41 — 1,64

Boxee 0TY4eTANBO BBPAsKEHO 00OralleHEe KAJHeBhiX IOJEBBIX IINIATOR W3 amin-
ros u mermatmros Ph, Rb, Be, Li u Cs. Conepsranue aTHX DJIEeMEHTOB B KaJlHeBOM
HOJIeBOM IIHATEe M3 MerMaTHTOB A0CTUraeT sHaunTesn pHOI BeamuuHs: 0 1835 2/m Rb
u no 400 2/m Cs. B To ke Bpems cojep:raHiue Ga, Ba u Sr Bcerja seime B Goree
PAHO KPHCTAJIHB0BABIIEMCs KaJMeBOM HOIEBOM mmaTe MaTepHHCKHX TPAHUTOUIOB
(rada. 61). B oTHOIEHHAN BTHX DJIEMEHTOR HAOJI0[aeTcs AHAIOTHSA ¢ KaJHeBhIM IOJe-
BBIM IIIIATOM W3 TPAHATOB DAHHHUX MHTPY3UBHBIX daa.

[loofHOe HAKOILIEHWE PEIKUX JJIEMEHTOR B RajHNEBOM MOJeBOM IIaTe MOKHO
paccMaTpHBATE HE TOIBKO KAK ¢BOEOOpasHEIl TOKA3ATeN b CTeTeHH muddepennna-
nuu. OHO MHATEPECHO M B TOM OTHOINGHHH, HTO cofepsKaHmsA PeIKEX DIEMEHTOB
B KAJNMEBHX MOJERBHX IIIATAX M3 NErMATHTOB WMHOTAA CTOIL 3HAYATEBHE, YTO
OHI MOTYT pACCMATPHBATLCHA KAK IOTEHIMATHHOE cpIpbe Ha COOTBETCTE YOI
DIAEMEHT.

Wz tabx. 56 BEAHO, YTO COfEp/KAHME PeJIKHX DJIEMEHTOB B KajaMeBOM IOJIEBOM
[ImaTe W3 AIUIMTOBEIX yKHJ OOHYHO BBINIe, YeM B MATepPUHCKOM I'DAHUTE. B Bocrou-
wom Babalikambe Tak ke MMEITCH NpPUMEpH, KOrja B KaTHEeBOM I0JIeBOM IITIAaTe
13 AmJUTOBBIX KW, CBA3AHHBIX C ME3030MCKIMHA T paHUTAMU, cojiepriaHune Rb
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Ta6auma 61

Coftepikauns PeIkNX HIEMEHTOR B KAJXMEBOM IOTCBOM INNATE TPaHNTONOB
I CBASAHHBIX ¢ HUMI IIBHBIX HOPOT, 2/m

Ypan
ITopona w Mo Pb Be
Munnroro-KomeBeKNil Maccus
PPIHBEEL &% 5 ¢ w2l o 5 304 o 4 2.5 0,6 40 0,7
AUNATH, o i 5 % 4 8 6 £ & & 5 5 & oo 25 0,6 — 5
Hermarwrer . . . . . . . ... .... — 6 - 0,5
Ksapmepas swuma . . . . . . . . .. . 2.5 0,6 15 0,7
HAmadur-Kaparajicxuit Mmaccns
Ppammrer . . . . . . . . . ... ... 25 0,6 30 1
ATIMTH . . . . . . . o0 2.5 0,6 28 2
Hermatmrer . . . . . . . . . . . . .. 2.5 0,6 49 3
Heapmesast sgmma . . . . . . . . . . . = 0,8 — 0,5
Kouxapckuit maccusn
DDBHEIRE ¢ o« » 2 ¢ 5 5 5 8 # ¥ 9. 2% 2.5 0,6 60 1
Amnwter .. Lo L L L 2,5 0,6 14, 3.5
Mermarwrsr . . . . . . . . . . . . .. 2,5 0,6 60 |
Keapumesas sxmma . . . . . . . . . . . — — 14 3
Bocerounoe 3adaiikanne (Autniunn u ap. 1969)
Iopona Rb Cs Sr Ba ’ Pb Be
Bepxueronroraficknii maccus
LOARPTEC(A8) - o 4 v wip o o ais 410 1.7 515 3255,5 55,7 ‘ 2
ATAHTR (2 . 5w 5 5 @ i w6 6 i 540 16 — e = -
Huueroarorajickuii macjcus
LPadmsd (13%: oo 'y o % 0 Tt j 644 58 474,6 | 2546 l 66,3 ‘ 1,3
ATREPEE ) & voe v 57w o 925 51 100 410 106 43
Cperencruit Mmaccus
Ipamntsr (75) . . . . . . . ... 267,7 2.5 782 7293 53,5 =
Amamre (7) . . .. L. ... .. 540 17 105 480 66 ==
Elermarmsr 16) " & vl e 1835 400 75 150 280 =
Hapa-Yauubnckuit Mmaccus
PHEMITRE (B4 1 v b oty 295 7,5 — - — l s
ATRIFATEE (5)0 o oimics sl it it 435 12 = = 5 %
KHypenrmucknii maccus
Lpamarsi (6) w oo i s % a0 o - s 303,3 4,0 — ‘ — — ‘ T
AT B v e o 2 85 %, s 365 5 = = T ¥
AMYJAKRIKAHNCKUII MaccHB

Dpaduter (7). .5 .50 = ‘ 477 122 ‘ — l — ‘ = l =
e o2 ) R SRS 785 44 = = = &
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B 1,5, Cs B 2—3, Pb B 2,5 pasa sbime, 4eM B KaJHEBHIX IINATAX MATePHHCKHX Ipa-
HHTOB, B TO BpeM#a Kak cofepskanue Ba um Sr B 2—3 pasa mmxe (AHTHOHE H JIp.,
1969).

OnHAKO 3HAYATENbHOE YBEJIMUEHHE CONEP/KAHMSA PEJKHX bIeMeHTOB Hal/lo-
[aeTcA TOABKO B MHUKPORAMHAX w3 mermatmtos (radma. 62). Ilpm arom ocobenno
06OrameHs MU MUKDPOKJIHMHBL W3 PeJKOMETAJBHBIX M MHKPOKJINHOBEIX IerMaTHTOB,
B KOTOPHIX cofiepanme pybmaus moxer pocrurarb 8890 m 10 100 2/m.

Tadoaxnma 62

Cpeanne copepsanns Li, Rb n (s B RaameBoM ImOJEBOM maTe
rpaHnTOB W TErMATHTOB, 2/m

ITopoja Li Rb Cs Be

Coserexnii Coros (Coaonos u Ap., 1968)

Cuao0HOCHEe TerMaTuTh, MAKpoxkanma (11) . . . 2 270 34 =
PefxomMeTalbHEe TIeIMATHTH, MHKpORANH I rene-

DETER (31 5 2 5§ 5 84 e e im ht i 6 W e o T4 3190 250 =
To ke, mukpoxmnu II remepammm (3) . . . . . . 200 8400 2530 =
T'pavmrser, aMagomur (8) = + -5 L v 0 oo N e 280 1 500 30 -
PegroMeraJ pHEIe TerMaTursl, amasonur (1) . . . o3 10 100 110 —

Banapamii ¥aberueran (Jxamanernunos, 1967)

BHOTHTOBRIO TpaawtE ' . o) Vel e wow WA — 290 23 s
Heapo-mosesommnaroBse MerMaTaTH . . . . . . . — 1050 55 —
CI0/KHOBAMEIIEHHEI® TMEeTMATHTH . + . « « « + — 3000 179 —

Cesepo-Baiikaascknii mermaTnrossii mosc (Manyiinosa u ap.. 1966)

Cmofonocnee merMatatsr (16) . . . . . . . . . 15,0 398 24 1,74
Kepammueckne mermartuTa (12) . . . . . . . . . 11,7 568 4,6 0,76
PenkoMeTambHEE merMaTuTH (8) . . . . . . . . 2,2 1516 36 14,0
CPE TR (BO)cns 5 65 g ot 180 i 8 ShEe 11,0 704 8,9 4,1

Boetounbiii Casn (Invmanckni, Yuaxnm, 1962)

MuKpoKJINHOBEE TETMATATEL . . . . « - . . . - | 360(82) | 8890 (94) |§653(93) | —

B noxemOpmiickux nermaturax Cesepo-danmama CCCP ranmessle mojeBbie MIIATH
copep:katr B cpeiHem (26 ompepemenmit) pyOmmusa 12 859 2/m (Iopamenxo, Hamen-
nes, 1967). Comep;xanme Ie3WA 3HAYUTEIBHO YBEAWYMBAETCS B KAJHEBHIX HOJEBHIX
MmaTax M3 CJA0KHO 3aMellleHHHX merMatmTos — 179 2/m, MHKDOKJHMHOBHIX @erma-
tutoB — (653 2/m ®m ocobeHHO B MOBHAX MUKDOKIHHAX pPeJKOMETAJbHBIX NerMarTu-
toB — o 2530 e/m (cm. Taba. 62).

Buicorum comepsrasmem Rb — 4823 —30 030 2/m — xaparTepHsyoTcsa MUKpO-
KauHE ®3 merMaTuTos Bapyrpecka (Adamson, 1942), a B. 1. Bepnanckmii 1913 r.
NPeUIOKMI HasblBaTh PyOHIMeBEIM MUKDOKJIMHOM aMasomur ¢ Mabmenckux rop,
coepsamuit pyomamst mo 20 930—28 392 e/m.

Onpeaenennsie oramuusa B cofepmanun Li, Rb m Cs mabmopatorcs (Coxonos
u ap., 1968) » MUKpoKIMHE W3 CAOAOHOCHHIX ¥ PeIKOMETAJLHBIX TMerMaTHTOB (CM.
rada. 62). MEKPOKJIMHE IOCJIeHAX 3HAYUTEIbHO 00OTameHbl PeJlKUMH INeJ09aMi,
7 970 0cOGEHHO XapaKTepHO, HX TO3JIHAe TeHePAIMH COepKaT BHAUNTeAbHO 0.1 bIe
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9THX DJIEMEHTOB, 4TO OTPAsKAET MX BCE YBEAMUHBAIONLYIOCH KOHIEHTPAIHIO, BIJIOTH
o oGpasoBaHus coOCTBeHHEIX MUHEPAIOB,
3 mpuBeeHHEX TaHHEIX BHUJIHO, 9TO COflep/KaHHe pPeIKNX aJeMeHTOB B Kajlue-
BBIX HOJEBHIX INIATaX U3 MerMaTHTOB BO MHOTOM OIIPENeJsieTcs THIOM TOCAeTHHUX.
ITo cpasmenmo ¢ OerMaTUTaMi, Ka/JqHeBhle TOJIeBble IIHATH THPOTePMATBHOTO
renesmca nauboxee oboramens Tl (taGx. 63), xors B mosTHUX MAKPORJIMHAX HmerMa-
TUTOB aJXb0HT-MHKPOKIHHOBOTO THIA cogep:xanne T1 mosmker OwTh eme BEIIE —
no 61 2/m.
Tatanumuma 63
Cpeguue cogepsanus Rb, Tl u Pb B amazomnrax pasanyHoro remesuca, 2/m
(#Hupos, Crumos, 1965)

MuHepan Rb 1 Pb
HermarurtoBuit amasounr . . . . . . ., . 2200 (19) 28 (27) 590 (44)
I'naporepmanbusii amasonur . . . . . . . 2800 (9) 30(9) 150 (16)

Bausnwe muddepennmanum orpamaercs u B Pa3INYAOM COMEP/KAHUH peIRUX
AIEMEHTOR B KAJIMEBHIX MOJIEBEIX IIMATAX 3 OCHOBHOI MacCHl M MOPYUPOBKIX BKpAI-
neHHnKos. Ilepprie 06baHO 3HawnTeNBHO 0Goramens: Be u Rb u obenHens St u Ba,
B TO BPEMA Kak KAUHEBHE IOJeBHIe IMNATH M3 BKPAIIEHHHKOB HePEIKO CONEpIKAT
Goabue Pb u Mo. B mermarurax Gomee 103/{HAe TeHepalui MUKPOKJINHA 10 CpaBHe-
HHIO ¢ (oJiee PaHHEMHE Tak:Ke coliep:xar MeHbire St m Ba u Goabme Rb (Tada. 64, 65).

IIpumedatensno, uto Ha cocraBe KAaNMEBOrO IONEBOTO IMNATA CKABKBAIOTCS
7€ M3MEHEHHs B COCTABE MArMBI, KOTOPEIE BEI3RIBAIOTCS IIPOILECCAME TasoBoil audde-
peHumanud. B 9acTHOCTH, OHH BHIpaKAITCA TEM, 4TO KAaJMeBHIl MOJEROH mImaT
3 AUMRANBHEIX YacTedl MACCHBOB IO CPABHEHMIO C TEM ’ke MEHEPAIOM U3 IJyOHH-
HeIX gacreil oboramen Li, Rb, Be (raou. 66). Oti mabuofeHus MpeICTABIMAIOT 0CO-
OeHHEII WHTepeC, TaK KaK MO3BOJAAIT CY[AUTh O CTENeHN HAKOILICHIS pPeKUX 1
PYAHBIX DJEMEHTOB MM B OTHAEABHBIX y9aCTKAX MHTPYBHBOB WIH B IPOJYKTAX O3/
HUX 9TallOB KPHCTAJJIMBAIMH, T. €. 0 PYAOTeHePHpPYIOIIeil CIIoCOGHOCTH MAarMEL.

OGoramenst utnem 10 65 2/m KandHeBHe MOJEBHIE MIMATE KTCTEIX addysupos,
TAKIKE HEPe[KO CO/lep;RalIX HTOT dJIeMeHT B GOoJbIIeM KOJIHYECTBEe, geM MaTepHH-
CKHe TPAHHTOMMLl (cM. Tabu. 57).

Raumessie momeBre mmaTel m3 rpaHETOMIOB, MAMEHEHHHX TAKHMI TI0CTMATMA-
THUECKUMIT POLECCAMH, KaK albOMTH3AHA WIN IPeii3eHNsanus, COMePKAT MEeHbIIe
Be, B, Ga, B 10 Bpemsa kar cofepsannsg Mo, Sn, Rb u ocoGenno U, Cs u Li yse-
anuuBawTesa (eMm. raba. 56).

Ecte m gpyrae namnse, ykasmpaomue ga 10, 4To B npouecce H3MEHEHUA Kalie-
BRIX IOJEBHX MOATOR HAXOJNAMUECS B HUX pPelKUe M DyJHEE SJEMEHTH MOTYT
nepexoiutb B pacrsop. Tax, ma mpmmepe rpammror [opmoro Axnras Gweiro moka-
8aH0, UTO CPABHHUTEJILHO JETKas HOABIKHOCTb YPAHA B MOPO00ODAsYIOIAX MIHe-
panax u 0COGBHHO B KalNMEBEIX I0JIEBHIX NITATAX TOBOPHT 0 BO3BMOMKHOCTH 0GOTa-
IMEHUA YPAaHOM PYAOHOCHEIX PACTBOPOB 3a CUET BHIICIAYHBAHWA €0 M3 MHHEPAIOR
(Ocumos w np., 1964). B rpammromnax Bocrownoro Casma OpH albOATH3AIHK
13 RaJMHEBRIX MOMEBRIX mmaros BeiHocATeA Li m Rb, mpuwuem Li Beimemsaumsaercs
bonee marencusHo (lamanes, 1968).

Mmerores yrasaums, 9To KaameBse HOJEBHe TIHATH, BOBHHKAWIAE B Ipolecce
MeracomMatoza, menee Goratst Pb, wem Te ke MuHepain MarMaTmueckoii KpHCTal-
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Taonuna 64

Cpesune cofep:Kanusa PeKAX HIEMEHTOR B KAAMEBOM NOJCBOM LINATe
pasImuHbBIX reHepanuii, 2/m

Musepai ‘ Rb

Cs Be Tl Pb Ba Sr
I'paante Bocrounoro 3adaiikaaba (Antunmm u jp., [969)
CpeTeHCKNil Maccusp
Bxpammensuk® (70) . . . . . .. .. . \ 260 2 | l - ‘ Al ‘ 6600 | 800
Ocnosuas macea (5) . . . . . . . 375 10 — — 29 | 1700 | 530
BepxneroarotTaiickuii maccus
Brpamaenmmrda (15) . . . . . 4 . 4 . .. 400 Crx.| 09 - 59 1 3000 | 550
Ocropras Macea (B . . « v v s & v v v & 460 10 2:9 = 39 | 1200 | 340
HumuaeroarorTalickui Mmaccus
Brpamaensmgn (10) . . . . . . .. ... 600 3 1,0 — | 73 1 2950 | 530
OcHopHas Maceca (3) . . . . . . . . 790 15 4,5 — 44 1200 | 290
Kapa-YUauanncknii maccus
BrpannerEmRE (12) 4 L .t o o0 a e i { 282 } 5 - - 1 — \ — ‘ -
OcHoBHAA Maced (12) v o o o v v e = 308 10 — —_ = — =
KypeHTrHuckKuii maccus
BrpammeHmERE (B) . . . . . . . . . o . . 301 ‘ 4 l — l — — l — I
Ocuopnast Macea (1) . . . . . + . « « .+ - 5 3 = e = =
AMYJIHHKAHCKNII MacclB
BrpanmeHEARA (8) + v o0 b 4 S g owiew ‘ 435 l 8 — I ; — | — l -
OcHOBHAR -MBCCE (B) =5 « o b wrse o s 524 17 c = — | = —
I'panuter Cyger (Iloasneruii, 1965)
BRDBIGICHEERE ¢ « » & 10085h 4 b & wal i 950 - — — 8 3040 | 230
O CHOBHAE MACCH R« 45 6 SQb 7o o 1t Ja BAd[8) i 920 — — - 8. [ 2220} 2205
Iermarntel Boerounoro Casua (Caennes, 1961)
Papnuit MAKPOKIHHE . . . « . . « « « « - l 1680 80 - l 5 l - \ — |
To3MaMA MHKPORIAMH . . . « + + « + « o -« 6000 | 220 — 17 — el
IHermaturhl Mameroro paiiona (IlImakun, 1970)
Mukpokaun I remepamum . . . . . . - . - 320 | 1 — — | 60 | 7200 | 550
Fe g T h ety B 0 607 | 4 - | 40 | 4600 | 720
» IIT » ko et B ER S0 S 365 1 — 80 420 95
» Iv » R SO e a8 300 2 — == | 140 330 85

Hermatuth Cepepo-3amaga CCCP (Fopmenko, 1970)

Kaianepsii noaesoit muar [ remepaumm . . 670 | 190 | — | I = AL e
To me, Il remepammm . . . . . . 2RI B0 Y0 | | = we B



Tadamma 65

Cogepskanns Be, Rb m Mo B pasiuyHbIX reHepamusAx KaaleBOro MOIEBOCO IINATA
rpauntTongor Kasaxcrana, 2/m
(Cepuix, 1966)

Be Rb Mo
Maccns E_:- E E E Ev E
| a =] 8o = .
32 | g8 | 83 | 28 | 22 | g8
SE | Eg | E5 | 82 | g5 | BB
M=z o= Mm@ o= =28 ") o=
6,1 9,0 750 | 822 0,9 0,7
Axrvaray 54 12,0 5 737 | 3,0 08
2.5 6,4 — — — —
Hoxtenkonn 3.2 4411 — — — —
Hyy o oo« s — — 1183 | 2184 | — —
Mamanrapatac - — 500 | 1046 | 0,3 1,0
646 | 800 | 06 0,5
828 | 1137 | 06 0,7
Tabauma 66
Copepskanua Li, Rb u Be B kannmesom mogesoMm mmare
H3 PHICOMETPRYCCKM Pa3AHYHBIX VYACTKOB IPAHHTHOTO MACCHBA, 2/m
(Bopounos, JIun, 1966; IlomoanTtos u ap., 1967)
Panusa
Paiton rnyGuHHan anmKalb Haf
Li | Rb | Be Li | Rb | Be
Bocrownmit Cage . . . . . . ... ........| cxz]| 260 -- 2 1f 305 —
Ca. | 296 = 6 265 -
5 110 — 13 255 -
Cesepo-Bocrounas Tynra — — 341 — — 4,7

amsanyu. 9ro odbscHAeTes BeHOCOM P, KOTOPBIL B YCHOBUSX BBICOKOH IMemou-
HOCTH  pacTBOPOB, HPOM3BOJAANIMX METACOMATHYOCKOE HBMEHEHHE IOpOJB, MOr
oGpasospiBath KoMmiexcusie anuons tuma |Pb (OH),|*~ wim [Pb (OH),|~ (Mpanmmo-
Kuii 1 ap., 1966). 910 momrsep:kaaeTcsa TeM, 4TO B METACOMATHYECKHX KAJMIINATAX
Hal1e030ickux rpannronos Bocrounoro 3abaiikanss comepskamme Pb mommxaercs
or 25—35 2/m (kamumnarsl HamGosee PACIPOCTPAHEHHEIX mOpPOJl TJIaBHOH (assr)
no 16 2/m. Taxmm sxe oGpasom, no gammsim H. Cperencroit (1963), s THIPOTE PMaib-
HEIX MHEPOKIHHAX H3 merMaturos Bocrowmoro Hasaxcrama comepskanme Pb mapmaer
mo 1,9 2/m.

Ha Cesepmom HaBrase kanmepbie IOIEBEe MUATH U3 INEHTPANbHEIX JacTei
MaccuBa OMOTHTOBHIX T'DAaHHTOB cofep#ar Be 3—4 2/m, a comepmamue TepPTATOBLIE
BPOCTKU $0Jee M3MCHCHHEIC KAJUEBHEe TOTEBHe MITATH M3 IPHKPOBIEBHX wacTeil
Maccupa — TogibKO 1,5 2/m.

Ecan nemavenennrii MAKpORINH KOKeMOpPHIACKUX TpaHUTOB Tapakckoro mac-
cusa (Emuceiickmit kpmx) comepsxur B cpexmem (13 ompememenmii) Rb 380 o/m m
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Pb 300 2/m, To B anbOMTHAAPOBAHHOM MUKPOKJIWHE CONEP/KAHUA HTHX BIEMEHTOB
PE3KO yMEeHBIIAIOTCH H COCTABIAIT coorTsercTBeHHO 60 m 180 e/m (Hupos, ¥Ypy-
copa, 1962).

B mukpoxamre u3 mermaruros Haabumckoro xpebTa comep:xanme T1 mocTmraer
36 2/m, a B Goxee MOBJHUX MHKPOKIMHAX, 00PAa3OBABIIMXCA 3a CYET IEPEKPHUCTAI-
amsanud 6olee pAaHHNX TeHEePAI(|il ATOr0 MUHepaIa, 3HAYATENbHO MEHbIIe — 14 2/m
(Cperencxas, 1963).

Bee 2T0 MOKET CJY/KATh M3BECTHHM YKAa3aHWEM HA BO3MO;KHOCTH aKTHBHOTO
VvaacTus HaAXOOAMUXCA B KATHEBHIX IMOJIEBEIX IMOATaX PYAHBIX H PeAKHAX 3JEMEHTOB
B TeX HPOIEeccax, KOTOpHE CHocoOCTBYIOT TepepacHpe/iesienuio PefkuX d7TeMeHTOB
U HepegKo HPUBOAAT K PYA000pPazoBaHMIO.

OpHako mpu ¢1a6o IpOSBICHHOM II03/IHEMArMaTAHIeCKOM U3MEHEHNN I PAHUTOH/IA
BEIHOC DPY/IHHX W PefIKHX 9JeMEHTOB M3 KaIMeBOT0 IOJEBOr0 MINATA BEIPaykeH Jo-
posbHO caabo (rabxa. 67). Eerb cefieHmst 0 TOM, 49TO NOCTMATMATHYECKAs Ieperpm-
CTAJLIMBAIINA KAJMEBHX IOJEBHX MMIATOB MAJI0 BIHsET HA COf@PHaHme B HUX St
(Hall, 1967).

TaGammoa 67

Cojlepskanusl PeJIKAX 1 PYAHBIX DICMEHTOB B KaJAHECBOM mmare
rpannTos Bocrounoro 3abaiikaana, z/m

w Mo ’ Pb H Be

ITopona
Caxamaifickuit Mmaccus
T'PAHNTH GHOTHTOBEIE . « « - « « « = « o =« = o =+ - 25 2,5 37 2
['paHETH aIbOUTHBHPOBAHHBIC . . « « « « « - = 2,5 2,5 33 2
NyapAypPTHHCKNI MacCHuB
[panuTbl GHOTHTOBHE . i . 2,5 2,5 491 1
I'panutsl TpeiiseHn3upoBalHbe A 25 48 2

Kanmessie mojeBsle IIATH TPAHUTOHIOB B3AKIOYAIOT B cefe SHa4UTENbHYIO
gactb W, Mo, Pb, Rb u Tl rpanuTon/ioB, n03T0My €CTeCTBEHHO HPEJNOIOMKATE, 9TO
B rpaHETAX PA3IEYHOLl PYNOHOCHOCTH WX COJIEPKAHME B KAIMEBHX IOJEBHIX MIIa-
rax Oyjer HeOJWHAKOBO.

ViMeroTcs cBefeHWs, yKasHBawIlie HA TO, YTO KaJHeBhie IOJieBhie MIaThl
IPAHUTOMIOR, ¢ KOTOPHIMH CBABAHE CBHHIOBO-IUHKOBHE PYNONPOABIEHNS:, XapaK-
TepUBYIOTCH TOBHIIEHHEM cofiepskanmeM Pb. Tak, xanmenhie IojeBhie mIaTh
13 MOHIIOHUTOB ¥ TPAHOAMOPHTOB PYMOHOCHHIX paiiOHOB (Slawson, Nackowsky,
1959) copepmar Pb Goasme (29—61 2/m), yem w3 TPAaHNTONIOB CTEPHILHBIX B OTHO-
meHuH cBUHNOBOTO opyaeHenmsa (14—15 2/m).

Kanmensie moJeBke mmaTs u3 Bapuceknx rpanmrousos Ceseproro Tamp-Illans,
KOTOpPHIE CUMTAIOTCS «METAJUIOTeHIYecKH CHelualn3npOBaHHEIMY Ha CBHHEI, CO/ep-
sxar csmEna 61—93 2/m (Taspmimm m xp., 1966), 1. e. B 1,5—2 pasa Gonpme cpeji-
mero sEagenms (cM. Tabm. 59).

Veranosneno (KHaramata m gp., 1967), 4ro B KaJMeBHX NOJEBBIX ITarax
n3 rpamnrousos JlmEAPW (CBHHIOBO-IHHKOBAs nposuHnEs) cojepxanme Ph oxa-
3210Ch ZHAYMTE]DHO BEIIIE, YeM W3 TPAHHTOMNOB Bajrammy (MefHAS DPOBUHIM).
B rpammrompgax Bocrounoro Babaiikanbs J0JH CBEHIA, NPUXOMAMNAscA Ha TOJje-
BHle IMIATH, YMEHBIIAETCs NPH Hepexofie OT TPAHAMTOM[OB IOIUMETAITHIECKUX
30H K TpPaHUTOMAAM MomOeHOBO W OJOBOHOCHEIX 30H (Patuuopmu, Bacrora,
1959). HKanmespie MmoNeBHE IUNATH M3 PYAOHOCHHX TPaHATOR CesepHOTO
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Hpubanxames (Cepeix, Usanos, 1969) o cpaBEeHMI0 ¢ HePYIOHOCHEIME T'paHATAME
XapaKTepH3YIOTCA He TOXBKO G0abmmM cofiep:kannem Pb, Ho u Goabureil gucmepcueit
ero cofgep:kanmii S? (tabun. 68).
Tabaumma 68
CraTuernyeckne onenkn cofepxannii Pb B kaamesoM moaesoM mmarte

rpanuronjos Ceseproro IlpnGaaxambsi
(Cepnix, HBanos, 1969)

Macenn n x, 2/m S
Pynounocuse
Axugaray . i, of it e 9 66 365
Bocroanmit Koyupag . 8 47 81
O mHEI LA 4 32 69
Hapao6a . 5 83 762
3ammaHslii 7 74 300
Kyy . . 9 57 408
CeBepHBIT 5 55 332
Bespyagame
BIPTAT i i o e S 5Pt o9 ot B gt e onis s B 4 75 142
Hamankapabac . B B h b BB S Gle B A Epg a2 T g 10 36 417
Jananitit MARTAC & o %« i o & 5 6 & 5 % & & & £ % % & 3 45 242
Maprbip 3 51 349
Maxrac 0 44 334

Ecnn cpasrurs copepkanne Pb u Rb B kanmenom moseBom mmnare ms rpaHmros
CHHODOTEHHBIX (COOTBEeTCTBEHHO 33,6 u 422 2/m) | mocToporeHHHX (COOTBETCTBEHHO
38,6 m 455,8 2/m) HHTPYBHBOB, TO OKAZBIBAETCH, UTO IOCJEHIE HECKOILKO 000ra-
mens sTEME anmemeHTamMu (Hosnoe m np., 1965,).

JdTa 0coGeHHOCTH COCTABA KAJTHEBHIX HOJEBHX MINATOB MMEET HEMOCPeICTBeHHOE
OTHONIEHHE K NPH3HAKAM DPYNOHOCHOCTH TDAHHTOB, TAK KAaK OOJBIIMHCTBO pPeKO-
METAJNbHBIX MeCTOPO;KIeHH CBA3AHO HMMEHHO ¢ HHTPY3HSMH HOCTOPOTEHHBIX Tpe-
U(UHHEIX IDAHATOB, KOTOPHE, KPOME TOr0, XapaKkTePH3YIOTCH HOBHIMIEHHBIM COMEp-
saumeM ¢ropa W pasTHYHEIX MHHEDAIOB PYAHBIX H pefKuX diaeMeHToB (JIsxommu,
1968). _

PaccmarpuBas oco0eHHOCTH COCTABA KAJIMEBHIX MOJEBHIX IIOATOB B 3aBUCUMOCTH
OT PYHAOHOCHOCTH BRIIYAIOIIAX MX TPAHHTOMIOB, OTMEYAEM CYIHECTBOBAHHE caabo
BHPaKEHHOM TeHIEHIWH K HX O00OraleHWI0 PYSHHIMH W DPEIKAMH HIeMeHTaMH
B py/JdoHOoCcHHX rpanmrousnax. [Ipusemexusie B tabum. 69 MaHHEE DOKA3LIBAIOT, YTO
B 0JI0BOHOCHHX rpanmrommax (Hapao0a) raimeBme IOJIEBHIE MINATHE BHIAEIAIOTCS
BBICOKHM coflepsKaHumeM Sn, B MoamdaeHoHocHHX (HoxreHrouns) — Mo m T. 1.
Jpyroii xapakTepHOil 0CO0OEHHOCTHI0 KAJMEBHIX IOJEBHX IIHATOB PYAOHOCHEX T'pa-
HUTOB, BHTeKaolmeil us gamunx tabia. 69, ssiaserca (oliee BHICOKOE COMEp:RaHme
B Hux Rb, mourm B 1,5 pasa npessimanmee cofep;KaEue JTOTO dIeMeHTA B Ka-
AHeBOM HOJEeBOM INNAaTe M3 HepPyAOHOCHBIX IpaHUTOB. llociaemHee MO;KeT OHTH CBA-
3aHO € MeTAcOMATHYECKHMH TporeccaMd, OOBMHO WHTOHCHBHO IIPOABIEHHBIMA
B DYIOHOCHEIX TPAaHHTAX, TAK KAK METACOMATHYECKHWH KaJIMEBHIl IONEBOi Irmar
coeprur Gombme Rb, wem marmarwmueckmii,

[Toprmernoe comep:kagne Sn 1 W XapakTepUsyeT U KAJIHEBEE HOJEBHE MIOATH
u3 pyHoHOCHHX rpaHnToB Bocrounoro 3abaiikanba. W ecan B 3aBucAMOCTH OT pyIo0-
HOCHOCTH I'pDaHATa cofep:kamme W B KaJMeBHIX IOJEBHIX MIATaxX KOJeOIeTcs B HMH-
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Tabnnma 69

CpeHie cOMepKanisA PeKNX U PYJAHBIX HIEMEHTOB B KAIMEBBIX TOJEBbIX MNATAX
rPAHNTON/I0B PABAHYHON PYXOHOCHOCTIH, 2/m
Hazaxcran (Ceprx, 1966)

Maccus w ‘ Mo Be Sn Rb
PynoHocHBC
ATAATHY = o & 6w B R & 5 & & 51(5) 1,0 (9) - 2,6 (6) 998 (7)
Bocrounniii Koynpam . . . . . . 2 (8) 0,5 (7) 2,2 (8) 0,9 (8) 692 (8)
JIMAHEE 5o o b ey sibe 2 (A) 3,0 (4) He onp. 0,8 (4) -l
RORTOREAEE: o & 5 s & W & & — 3,6 (5) 5,1 (10) — 899 (5)
Byw oom o le s e s 5 8 5w 2(2) 0,5(12) 4,0 (12) 1,3 (9) 1335 (7)
Kapaoba, = ¢ o ww o w6 &5 % 4(5) 1,2 (5) — 9,4 (16) 2084 (5)
Hypa~Talge .+ « « « &' & o w — 1,4 (5) 4,6 (5) 4,1(5) 1734 (4)
CDOIMHE S « 2 s o G yags: o B oy 3,04 (24) | 1,31 (47) 5,72 (55) 3,04 (38) | 1214,39 (36)
Bespyanaue
AVDTEY =& o & 5 o e i @ W & oW — 0,6 (4) 6,0 (4) 1,2 (4) 1110 (1)
Hamanrapabac . . . . . . v ov . 2 (11) 0,6 (13) 1,2 (10) 1,4 (8) 940 (9)
TIERTEC, o ot ror s Wb vevg o 2(10) 0,5 (10) 2,5 (10) 0,8 (11) 966 (9)
Banmapumii Maarac . . . . . . . 2(3) 0.5.(3) 8(3) 0,9 (3) 808 (6)
MaMurp, : ' a6 o o & som & o & — 1,1 (3) 4,1 (3) 1,8 (3) —
(- - RSO S 2 (24) 0,6 (33) 2,52 (30) 1,13 (29) 924,48 (25)
Bocrounoe 3adaiikaawe (panosa, Byryaosa, 1968)
Maccun w | Mo ‘ Sn
PyjpounocHu e
ORTHBA. o 50 50 e 5 5 5 50 8 & 0 B 5 00 50 50 ol &0 B 8 oi0 0 30 W0 l 1.5 l 0,60 | 0,7
TRPVITYN & & s G @ S E RGP R A B S S 55 & & 8 & 53 09 0,68 1,4
bespynune

AJERYSEORTE TPARWIERL 1)1 0 Lp bw coiiet s W Ll o 0w b i l 1.4 0,68 l <06
KOV (3 e mble s e toe AL B, et A et s el RS 09 0,70 )

repsaxe 0,9—1,5 e¢/m, Sn < 0,6—1,4 2/m, 1o paa Mo, copmep;xanme KOTOpOro
cocrasisger 0,6—0,7 2/m, nogodHoe pasimdYHe DpPAKTHUYECKH He yCTaHABIMBAETCAH.

[Tonyuennse HaHHBIE MOKA3HKBAKNT, 9T0 cofep:anna W u Mo B kanmeBoM moJe-
BOM IIIaTe BechbMa MOHOTOHHBI W HE3aBUCHMO OT CTe€OeHU DPYJAO0HOCHOCTH TpaHHUTa
cocrapiawT B cpeguem 3,0—1,5 2/m. Hampumep, comep:ianme 5THX BIIEMEHTOB
B OJBFRYPTHHCKOM TpaHHTe, ¢ KOTOPHM HPOCTPAHCTBEHHO CBA3aHO Boldbdpam-
MOIHOAEHOBOE MECTOPOKJIEHHE, COCTABJIAET B cpefHeM (O oupejeseHuii) coorner-
creenno 1,2 m 0,7 2/m. Tonbko B OMHOM caydae B KaJaWeBCM NOJIEBOM INNaTe M3 Ier-
maruros lllmmoso-HomeBckoro mMaccmea Ha ¥ pajie, ¢ KOTODPHIM CBA3AHO BOJb(pam-
MosmbieHOBOE PYAOUpoOsABIeHue, cofepsxanne Mo mopmcumock 1o 6 2/m. To we
MOKHO CKa3aTh H O COEP;KaHMN Sn B KAIWEBHX IOJEBHX MOAaTaX M3 0JOBOHOCHBIX
rpaarTos Bocrounoro 3abaiikanbs, Tie OHO B 3 pasa IpeBHIIAET CpeJHEee, WHOI/A
mocturas 10 z/m.

KanmeBse moeBEe MIIATH B3 pyAoHOCHEX rparutoB [laxsuero Bocroka xapax-
TePUBYIOTCA IO CPABHEHHI0 ¢ 0e3pPY/AHKIME He TOJBKO DOJBUINM COJlep:KAHMEM, HO U
Gonpmeii ucmepcnei cofepsranmii pyaHsIX saemenTos (tada. 70). Ilocaennsas mosker
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Tadauma 70

CraTneTHYeCKIle OMEHKH COACPKAHMI PeJKAX M PYJHBIX DICMEHTOB
B RaJHeBOM NOJeBOM IaTe pyAoHocHBIX (1) m Gespynnsix (2) rpanntonios Jaasnero BoeTora

(T'osopoB u np., 1970)

Snement n x, 2/m a?

1 l 50,0 | 5.0 | 42,63
Be :

2 90,0 2,2 319

1 51,0 r 3.0 | 10,4
W

9 62,0 15 12

1 36,0 2,8 6,8
Mo

2 ' 47.0 1.0 04

1 | 35,0 | 5.0 | 470
Sn

2 111,0 2.1 1,56

1 33,0 | 42,0 i 433
Nb

2 40,0 11,2 19,8

1 430 I 43 [ 15,9
Ta

2 40,0 1.8 0,70

00BACHATHCA KAaK PABIUYHON H3MEHEHHOCTHI0 KAJTHEBOTO TOJEBOrO INIATA, TAK H
HAIAYAEM MHUKPOBKIOYEHHW pYAHEX MUHepaJZoB. BiImaHme NDOCIEHHX CKa3H-
BaeTCA Ha CHABHO HOBEIMeHHOM cofep:xaHum W (mo -40—160 g/m), Ta (mo 20 2/m)
B KaJIHeBOM IOJEBOM INIOATé M3 BOJIbQPAMOHOCHBIX W TaHTAJIOHOCHHIX I'DAHUTOB
Bocrogmoro 3abaiikanea (['pedennuror, 1968). M xors momoOmEe comep:kanus
00BACHAIOTCSA, BEPOATHO, HAMWINEM MUKDPOBKIOYEHHH COOCTBEHHHIX MUHEPAIOB
3THX BIIEMEHTOB, OHH OTPAKAI0T IOBEIMIEHHYI0 PYIOTEHEPUPYIOMYI CIHOCOOHOCTE
TPAHATHON MAarMEL.

Becbma mnrepecHsl nabmioneHns, TOKA3KHBAMMIKE, 9T0 B PYLOHOCHKX TPAHUTAX
KaJHeBple IIOJMeBHE IINATH OCHOBHOII MaccH BHAYHTEIBHO OOOTAMIEHBl PeIKIMI
3jeMeHTaMI II0 CPABHEHHIO ¢ 00jiee PAHHUMH NOPPUPOBEIME BBICICHHAME (CM.
raba. 64, 63). ;

B mopdmpoBrIx BEEeIeHHAX OPTOKIA3A W3 BapuccKux rpasuroupor CesepHoro
Tanp-Ilama copep:xannme Pb Goxpme, 9eM B KaJmeBHX MOJEBHX IMOATAX A3 OCHOB-
HOIl MacCHl, YTO CBUAETENAbCTBYET 00 00e[HEHHN CBUHI[OM TO3MHUX MOPIWA Marwa-
raueckoro pacmiasa (Caspmnme u fip., 1966). B 1o ske Bpems B rparurongax Hmxme-
TOATOTAHCKOTO MaccuBa cpegHee cofep:ranue Pb B ranmesoM mozesom mnare ua
rpanuToB (13 ompepmenenmii) 66 2/m, a w3 ammmror (7 ompemenemmit) — 106 2/m
(ATHOUH 1 1p., 1969), aro cBEAeTEILCTBYET O HAKOIIEHNH CBHUHIA B MATMe JKUIb-

HeIX JuddepeHnEaTos HTAX TPAHUTOB.
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TaxuM olGpasoM, HamboIee XapaKTepHHE OTIHIMA KajHeBOr0 MOJEBOIO mHnara
PY/IOHOCHEIX TPAHHTOB 3AKJIIOYAIOTCS B MOBHIIEHHOM COAGPIKAHMN B HEM Pb m Rb,
a TAK/Ke COOTBETCTBYIONIMX dIeMeHTOB pymompossienmii Sn, W, Ta u r. m.

Huskme cofep:Kanms PYJHHX U PEKAX DJIEMEHTOB B KAJIHEBOM HOJEBOM IIIaTe
PACCMATPUBAIOTCS KAk OTPHIATENbHBII IPHIHAK. Tarx, Bepx-Ucerckmii maccus
cumraeTcs OecHepCHeKTHBHBIM B OTHONIGHHH OOHADY:KEHHS B CBfASH ¢ HUM PYJAO-
upossnennit Li, Rb, Cs n Be (Craspor um mp., 1969). Kanumessil monesoil mmat
M3 BTHX TPAHMTOB I Jiajke HMErMAaTHTOB XapaKTepuayercs KpailHe HEBKMMM COJep-
JRAHUAMH 9THX ajemeHToB (Tadm. 71).

Tagamna 71
Cpepuue copepmanua Li, Rb, Cs n Be B Mukporanme Bepx-Mcerckoro Maccusa, z/m
(CraBpos ¥ 1p-, 1969)

IIopona Li Rb Cs Be
[lermaTOMAHBIE BHICACHUA B TpamuTax (2) . . - « « « « « -« . -« 2,5 ] 290 1,5 1,0
TTerMATHTOBEIS: SREEIEL  » = » o o s 4 & & & & s s & &' & % # & = & 25 | 270 1.5 0,5
Cpejree O MATPY3HBHHIM Tpamuroujasm (cm. taba. 55) . . . - . 18,2 | 552,7| 6.9 3.1

Oupefie/leHAbe OTIIMYUs BHIABICHB M NPH CPABHEHHH COCTABOB MUKPORIHHOB
I3 PYAOHOCHHIX W HEPY/[OHOCHBIX IerMaTuToB. MURpOKIMHL u3 Ge3py[HBIX Ierma-
turos Bocrouroro Casua comepsxar Rb B cpepmem 1440 —3660 2/m, a MEKpPORIHEE
U3 PeIKOMETAJBHEIX HErMATHTOB — 10 160 2/m (Yuaxus, Iumanckmii, 1968).
Ha 0CHOBAHWE ATHX HWCCIEJOBAHMIl CIEJTAH BEIBOJ, UTO CPEJH CASHCKUX IErMaTHTOB
NepCIeKTHBHHIME B OTHONEHHH pPeJKOMETATbHOH MHHEDATU3ANUM FBIAIOTCA T€
IerMATHTH, MEKPOKIMHH KoTopx cogepssar Rb > 7000 2/m, Cs > 500 2/m u
obazarensro Li B woamzectse 100—300 2/m, a ormomenue Rb/Cs nmeer Bemwanny
mopanka 15 (Yuarum m ap., 1962).

B KkajgmeBsoM TOIEBOM INIATE U3 PYAOHOCHEIX DEeJIKOMETANTBHHIX TEerMaTHTOBR
Cesepo-3anaga CCCP raxixe HaOmiojaercs SHAUHTEIbHOE yBEIYeHHe COJepka-
mist Li u ocobenno Rb m Cs, kommuecrso koropux B 17, 19 m 37 pas mpesmmaer
coflep/KaHme DTUX DJIeMEHTOB B KAaJMeBOM IOJIeBOM NINATe W3 HePY/[OHOCHLIX merma-
raror (tabm. 72).

[Ipn MCHONB30BAHMM KATHMEBOTO TOJNEBOTO INNATA B pEIIeHHH Bompoca o
remesmce TPAHUTOWIOB CieyeT WMeTb B BHIY ciefylomee o0ctosTexberso. Pan

Tabaunoa 72

Craruernueckue ouenkn compep:annii Li, Rb u Cs B KaanesoM IOJEBOM IImaTe
nermatnTos Cesepo-3anaga CCCP pasmuumoil pygoHOCHOCTH, 2/m

(Topauenxo, 1970)

Li Rb Cs
THO NerMaTuTa
b g DDYEBHGHP[H
| ™| =z AP T2 ol B x+2 “
[ToJieBOMIATOBHIL,  Oe3-

pymERE . . . .. .. 9| Bx£3 10 | 13 800 =15 60 8 5010 30
MycrOBHT-II0JIE BOINIIATO-

i, Be—Ta .y 5| 8+50 | 110 | 7| 270050 | 140| 7 54+17 20
Cunogymenosriit, Be—Ta | 24 150 = 20 90 | 25 | 6700=x40 210] 23 190 =+ 20 90
CroiyMeH-JeI10. 11 T0-

Bhiit, Ta—Be . . . . | 14 |260+30 | 120 | 17 | 15200+ 300 | 1230 | 17 1880+ 300 | 1260
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Ha0N0/IeAnil CBUIETEIBCTBYET O TOM, YTO B KAJAMEBOM IOJIEBOM INHATE H3MEHEeHHHIX
rpaHuTonyion cofepsxanue Pb u Li samerno ymensmaercs. B ormomennn csnana sro
OBLIO MOAPOOHO PACCMOTPEHO HA TPHMEpEe M3BEPIKEHHBIX nopos AlzRapuu, KOTophe
XapaKkTepusyloTCA TeCHOIl HpOCTpaHCTBeHHOIl accommanueil rad6po ¢ pasamgmpivMu
PPaAaHUTOWIAMH W INHPOKHM PpAa3BUTHEM IepPeXofHHKX IOPOI: CHEHUTOB, CHEHNT-
AMOPHUTOB, IHOPUTOB, MOHIOHHTOB, raGOpo-THOPHTOB, IPAHOCHEHHTOB, TPAHUTOR.
B ux obpasoparuu mapsay ¢ mpoueccaMm MarMaTHIeCKO KpPHCTAIIM3AIMIL, cyme-
CTBeHHYIH) POJIb HTPAJIN aBTOMETACOMATHYECKUE MpPOIECCH.

Pacemarpusas 0coGeHHOCTH cocTaBa MUHEPATOB MOMOGHBIX TOPON, cJaegyer
OTMETHTE, UTO B OTIHIHE OT IAJIMHIeHHHIX TPAHHTOMIOB, B KOTOPHIX COJEp:KaHHe
CBUHIIA BO3pacTaeT B KHCIAHX AuddepeHnnarax, B KUCIBX TOPOXAX, BOBHHKIINX
NpU MeTacOMATHIECKOM TpeoOpasoBaHmM (0ee OCHOBHBIX, HAOTIONAETCHA TEH/eH-
IUA K MX pasy0o:KABaHMI0 CBUHIOM. J[@iicTBHTENBHO, Cpe/iee COMeP:KAHNE CBUHIA
B METACOMATHYECKOM KaJIMeBOM IIOJEBOM INIaTe M3 CHEHUT-AHOPUTOB — 9.3 2/m,
a B NIEPBHYTHOM KaIHEBOM MOJeBOM mnate u3 cmenmTa — 16 2/m (MBanankwuii m np.,
1966).

Omnpenenennsie oTiuuns HaOMOJAIOTCA B COCTABE KAMMEBHIX MOTEBBIX INIATOR
U3 I'PAHUTOMAOB Ypama, POPMHPOBAHWE KOTOPHX CBABAHO ¢ OCHOBHOM MAarMoii.
K mopofmeiv remermaeckuM rpynnmaMm OTHOCAT ILIYTOHMYECKHE (DanHHETeHHBIE) W
ByJaKaHndeckue (0asaabTomHEe) TPAHHTOWAHN. B IOCHeJHHX Kalmesble HOTEREe
mnartel obexmenst Rb w Pb (raba. 73).

TaGanuma 73
Cpepuue copepskanus Rb, Pb n Sr B kaanesom moaesoM mmnare rPaHHTOMIOB
Ypanxa pazamuboro resesmnca, 2/m
(QepmrTatep u ap., 1969)

THIl TPaHATOHIA Rb ' Pb ' Sr
Tpanurer mayronngeckoii rpynosr (14) . . . . . . . 905,0 422 67,1
Ppaunter syakanngeckoii rpynusr (3) . . . . . . . . 206,7 23 230.0

Haunsie ta6n. 74 cBUAETEABCTBYIOT TAK/Ke O TOM, 9TO B COOTBETCTBHH € TEOXI-
MUYECKUMH 0COOCHHOCTAME OCHOBHON MAarMbl KaJWeBhle IO0JeBble MNATH I PAHUTON-
noB raG0poBoil opMAaNMHM XapaKTEPU3YIOTCSH MHHUMATBHBIM COJEDIKAHHEM 001 b-
muHCTBA pefikux diaemeHtoB — Mo u Sn, B m T1, Pb u Rb. I'osops o reoxmmumue-
CKUX NPU3HAKAX ABTOXTOHHBIX I'DAHATOB, CIE/[yeT OTMETHTH HOHEKEHHOE COJep:ka-
HHE B KAJIHEBOM HOJEBOM Inare GOJBIMHCTBA PeIKHX dIeMeHToB (tabn. 74). Kpome
TOTO, CJIeAyeT OCTAHOBATHCA HA CAEAYIONMX 0COOEHHOCTAX COCTaBa ATOTO MHHEpPAa.

Ilo cpapHenmI0 ¢ KaXUEBHIM MOJEBHIM IINATOM W3 WHTPY3HBHBIX TPAHHTOMIOR,
TOT K€ MHHEPAJ M3 aBTOXTOHHEIX TPAHUTOB OTJIMUAETCA GOJee BHICOKMMH COJep;ka-
HusamMa F u Ga. OcobeHHOCTH cOflep/RaHMs IOCTETHETO TIIPUMEYaTeJIbHEL B TOM OTHO-
IIEHHM, YTO BOSMOYRHO OTpaz;kaioT Golee BBHICOKOE colepsxanme Ga B IECYAHO-CAH-
LEBBIX IOpPOaX 10 CPABHEHWI0 ¢ WHTPY3MBHEIME TpaHmTomgamu (Bmmorpajos,
1962).

Ilpnaumas Bo BHEMaHHe ymeHbmenme cofep:kanms U u Pb B mosganx meraco-
MATHYECKUX KaJWEBHX MOJEBHIX NINATAX W CPABHHBASA TENEph CPeHME CONep:ka-
Husa U u Ph B kaqueBrx moseBsx mnarax m3 JoKeMOPHICKIX ABTOXTOHHBIX I TI0CIe-
KeMOpHICKIX WATPY3MBHEIX TPAHATOMAOB (cM. Tabix. 74), MOYKHO BAMETHTE, YTO nep-
BEIE COflepsaT aTUX ajaeMeHToB B 1,5—2 pasa menbime.
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Ta6aunoa

CpejiHHe COJEP:KAHNS PEJKHX H PYAHBIX DIEMEHTOB B KAJHEROM
M0J€BOM mMIaTe TPAHNTONIOB PasiuvYHOTO TeHesmca, efm -

I'paHNTONIBL
ueveRt UHTPY3UBHEE | aBTOXTOHHBIC | radopoBoif fopManumn

Tl 44 (4) — -

Rb 552,7 (283) 544,6 (55) - 207,0 (3)
Pb 46,1 (289) 24,8 (26) 14,5 (24)
Sr 607,3 (128) — 230,0 (3)
W 2,3 (98) 2,3 (16) 2,0 (8)
Mo 1,5 (143) 1,5(27) 0,7 (16)
Ga 28,3 (11) 66,5 (4) =

Cs 6,9 (142) 16,4 (5) —_—

U 4,25 (2) 2,6 (2) —

B 9,4 (9) 2,4 (10) 1,7 (3)
Be 3,1 (211) 2,0(9) 2,2(8)
Li 18,2 (20) 10,2 (14) i
N 6.2 (17) 0,7 (1) —

Cu 5,7 (4) 10,2 (12) 8.8 (5)

F 218,0 (10) 910,0 (11) 82,2 (9)
Ta 0.8 (18) 0,28 (1)

Vaureisas cBeJEHAS O TOM, 4TO TOBHIIeHHBE cofepaamua Rb xapaktepnn
IS KAJHeBHX IOJEBBIX IIATOR U3 30H Ka/MITIATH3AINK ([Tamnypa, 1965), moskEO
TPEJIIOI0;KATh, UTO, ECJH Te Ke IPOIeCcChl ArPaiy G0JbIIYI0 POIXb U B GopMUpOBa-
HUH JOKeMOPHIICKEX TPAHUTOHOB, TO LIS COJEP/KAMMXCA B HUX KATHEBBX MONEBHIX
IIIATOB TAaKAke OYAyT XapaKTepHbl BeICOKHe coflepscanus Rb.

JeiicTBuTe1bHO, MHKPOK/JIMHBL H3 qyAHOBO-0EPAMIEBCKUX TPAHUTOB Y KPAUHBI
comepsrar Rb B cpegmem 700 2/m (UpaurTumme, 1960), 1. e. npnl/IU3ATeIbHO
8 1,5 paza Goapiue, 4eM TOT #Ke MUHEPaJ U3 NHTPY3HBHAEIX I PAHATOM/IOB (M. Tabir. 55).

Ipupenennsie 0COOEHHOCTH KAJAMEBOTO MOJIEBOTO INIATA noreMOpHMilcKuX Tpa-
HITOB TO3BOJSIOT CYATATH, UTO METACOMATHYECKHE IIPONEcCH Mrpain Goabmiyio
posb B GOpPMHPOBAHMM OKOHUATEJAbHONO 00IMKA HTHX I'PAHHTOMIOB.

JlokemOpuiickue Tpaputel Tapakcroro Maccusa (Enuceiickmil KpsizR) HMEIOT
CHOKHHI, BO3MOMKHO, MeTacoMartnieckuii reqesme. OO0 9TOM MOKET CBHJIETENBCTBO-
paTh Hu3Koe comep:xamme Li (okomo 1 2/m) B mmrpoxamse Taparckoil MHTpYSHH,
SHAYMTEILHO MEHBIIEe, YeM COleP/RaHe DTOTO 3JIeMeHTa B KAJTHeBOM IMOJEBOM LIIaTe
MHTPY3UBHEIX TPAHUTOMIOB (cM. Tabi. 53), a TaKke CXOJHEIE COeprRAHII Rb u Pb
p nopdupofiacTax MUKPOKIMHA M3 TPAHATOR U KBAPIHTO-NECUAHUKOB, NEPERPHIBA-
oIUX TpaHuTH. Bce BMecTe B3fT0e CBHIETENHCTBYET O HEOOBMHOM TeHesuce ITHX
IPAHNUTOR.

AHaTOormYHas KapruHa Habmojaerca u B rpammrompax Bepx-Mcerckoro mac-
cusa (Ypan), KOTopble, KAK CUNTAIOT, CPOPMEPOBATMCH B Pe3yAbTaTe I'PAHNTHIALIH
0CAJI0YHO-METAMOPYHUECKIX TOIL I XapaKTePU3YITCHA He TOJNLKO MEHBIIHM COAEp-
/KAHIEM PeJIKMX DJeMeHTOB 10 CPABHEHWI ¢ MHTPY3HBHBIMU IPaHUTOMIAMH, HO U
MEHBITHM HX COAEP:KAHHmeM B MHKPOKIHHAX (cM. Tabir. 71).

Jlpyroii XapakTepHOil YepTOil KAJUEBHIX IOJEBEIX IITATOB ARTOXTOHHBIX Tpa-
HHTOB SBIAETCH WX OETHOCTH JATHEM W GOTaTCTBO CTPOHIMEM. B rajmeswX mo.e-
BHIX NMIOATAX U3 YMAHCKHX TPAHATOB Y KPAMHSL, J0KeMOPHICKAX IDAHUTOB 0;KHO
qactn Hopeermm comepskadme Li BechMa HESHAYMTENbHO W TOABKO B RANHEBRIX
HOMeBHIX IImATaX W3 OYKOBHX THeiico jocruraer 6—8 2/m. Becbma HuBKHE
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Colep:Kagu st Li XapaKkTepHBl M JJA KaJHUeBBIX IOOJICBBIX IIIIATOB M3 HOerMaTuToB,
CBABAHHEHX ¢ oTEMH rpanmramu (Taylor, Heier, 1958). Husxue comepsranns Li
YCTAHOBJGHE W B KalMeBOM MOJEBOM INNATe M3 ABTOXTOHHHX TPAHNTOB AJJaH-
ckoro mura (tada. 75).

Hannessie mosreBsie moaTe us TOKeMOPHIICKAX rpanuTon Hoxopano ornmgaorea
BEICOKHM cofiep:xanmeM St — 818—1222 z/m (Bpeit, 1952), wto Gomee wom B 2 pasa
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Puc. 5. T'merorpammer pacnpejiesiediii COTEPKAHMIT PEKIX  DIEMEHTOB B
MOJIEBOM MIIAaTe TPaHATON]OB

TaGanma 75
Cpepane cogepskanma Li, Rb m (s » kaanesom momesoM mmare
TPpasuToNA0B Aafanckoro mura, 2/m (Ceor u ap., 1969)

THO rpasUTONIA l Li

ABTOXTOHEHS (47) « v« v & v 5 % % v o v v u o 1,2 1714 0,9
VIHIDYEUEERE (U] o s 2o w o & 5 o0 o0, 208 58 3,0 166,5 1.1
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HOpPeBOCXOJIHAT cOfeP;Kanue ST B KaIHeBOM IOJeBOM IIHATe HHTPYSUBHBIX I PAHATOHI0E
(cM. Tabx. 74). boxee BEICOKWE cofep/KAaHHA ST XapakTePHHL [AJAA KAJIHEBHX TOJe-
BHIX MIIATOB M3 MEIrMAaTHTOB, CBABAHHBIX ¢ 9TUMH TDAHHTAME.

Raumessie mosieBbie IMDaTH U3 METACOMATHYECKUX MOPOUPOGIACTUYECKAX Tpa-
HERUrou/ioB AHafapckoro mura cofiep:<ar B cpejHeM (4 ompenemenns) 5429 2/m Ba,
a W3 MHTPY3WBHHIX JIMOPHT-CHEHHUTOB 3HAUHMTENbHO Ooubime — 9345 2/m (Jlomartum,
1969). B poxemOpuiickux rpamnrax Homopajo cpemmee comepswanne Ba B kajnessx
noxesux muoarax (11 ompepenenwuit) 1143 2/m (Bpeit, 1952), nourn B 5 pas menbme,
4eM B KaJHeBOM IIOJIeBOM IImare HHTPYBWBHHEX IpaHuToB. Mo:KHO HojaraTth, 4To
aTO MO;KeT OHITH OTpasKkeHmeM 6oJlee BEICOKOTO COJIepsRanns St u Gosee Au3Koro — Ba
B TIeCYaHO-CIaHIEBHIX IOPONAX II0 CPABHEHHK ¢ KWCJIRIMI W3BEPIKEHHBLIMHE.

I'meTorpaMmer 9acToT pacupefieleHus COJEP/KAHUIL PEKIX HJIEMEHTOB B Kalme-
BRHIX IIOJIEBHIX IMIATaX [OKA3HBAOT HX PABIMYHENL xapakrep (pume. 5). Has Goan-
muecTBa W8 HEX — Pb, Be, Rb, Li, Sn — xapaxrepHa pesro BHpaskeHHafg I0J0-
JKETENbHAA ACHUMMETPHA M JKCIECCHBHOCTL, CBUAETENLCTBYIOINEE 00 yCTONYHBOCTH
HH3KHUX COJEP/KAHHMIl 9THX DJIEeMEHTOB B KAJMEBHIX TIONEBHX mmaTtax. HamGoxee
OTIHYHO pacmpefenenne cofep:kaEmit Mo mw W. 9ro cBoeoGpasme sariwuaercs
B OTPHIATEJABHOIl ACHMMETDHH W HAIHIHH JBYX MakcumymoB. Ilocremnmee momer
CBHJIETEIBCTBOBATD 0 TOM, 9TO HAPAAY ¢ HHBKHUMH COJEP;KAHUSAME DTHX DJIEMEHTOB,
OPHCYIIEMHE KaJHeBOMY HOJeBOMY IIIATY, 9aCTO BCTPEYATCS H BHICOKHE, O0BsIC-
HsAeMEle, OYeBMAHO, WMIPerHanueil, CBA3aHHOl ¢ Oojee TO3THUMH IHPOIECCAMI.

10 3awas 1448 145



Tiaama. VII
KBAPI]

Kpapy — THHOMOPQHBIL MHUHepald TIPAHUTOM[OB, T. €. MOPOJ, HEePeCIIeH-
anx Si0,. Ero cperee cosepskanme B HamboJdee pacopoCTPAHEHHOM THIE IDAHM-
TOMI0B — OMOTMTOBOM I'DAHUTE — COCTABIAET 25—30 06. %, B OHOpHTAX OH HWcUe-
3aeT MOMHOCTHIO, a B AJACKUTAX caaraer A0 35—45% obmero obbema IHOPOJIH.

[To BpeMeHH BBIIEJIEHHUS KBapIL — mamnbomee moagHmii MuHepax. Mmeworcs,
OJlHAKO, TPEMepH, YOeAUTeJbHO NOKASBBAKIIEE CYIECTEOBAHME M fojiee paHHUX
ero remepanmii. OfHAKO BO BCeX ciaydasx Oonbiiasg YacThb KBApIHA HPUXOAUTCH
HA TO3JHII0 ero reHepanuio.

OcoGeHROCTH KBapIa Kak HOpofoodpasylomero MuHepaida H3yIeHbl I0BOJILHO
¢7aB0 W MOITOMY MAJ0 HCIOIb3YIOTCA IPH PACWIEHEHHH IDAHUTOMOB HA OTAE/b-
Hplé TPYIIE WIK OPH MX TeOXMMHIECKOH XapaKTepPHCTHKE. B ro e Bpemsa 3HaHHe
2THX OcoBeHHOCTeH Mo3BOJIsTeT 0ojee MOJHO BOCCO3JATH KAPTUHY CTAHOBIEHUA Ipa-
HUTHEIX MACCHBOB, BHABHTH OCOGEHHOCTH LPOIEcca KPHCTANIM3ANNM TPanuTHOIL
MATMEL, 0ojiee YBEPEHHO CY[AHTb O ee py/oTeHepHpyomeil cnoco0HOCTH W T. [
MosKHO TPUBECTH CieyloIue MaHHbE, [0MOJHAWILTE meTporpadUuecKyio Xapak-
TePHCTHKY KBapIa.

BMecTo 0OBMEOTO ceporo B TPAHHTAX MHOIJA MPHCYTCTBYET roayboil mmum vep-
peii ®xBapi. B mocaemHeM ciydae TPAHATH HOJYYHAN CHENHANLHOE HazBaHHe
9ePHOKBAPIEBHX WIH MapHOH-TPAHUTOB. YceranosaeHo, 4T0 s IIaTHOPMEHHBIX
pamaKWBH XapaKTepHA UepHAs OKPAcKa KBapiua, a [if reoCHHRIMHAJILHBIX — ce-
pas. llepsas cssazaHa ¢ OOIBIIEM KOTHIECTBOM mpuMeceil, BTOpas — O 3HAYH-
renpHOil gedopmammeii kpapna (MamabroB, 1966).

Kax ® Apyrme MUHepPajsl, KBapil KHCIBIX HOPOJ COAEPAAT pasuooOpasHbe
BRIIIOUEHHAS — MUHepPaJIbHEE H Ta30oBO-KUNKHE. B nopopax, ocTeBaROmuEX OBICTPO,
HampmMep B KHcaBX dPysuBax, B HOPPHPOBOM KBAPIE OOBIYHBI BRIIOYEHUS 3aCTHIB-
mero marmatmueckoro pacmiasa (Haymos, 1969).

CraTiermgeckoe m3yueHEHe GOPMEL I pasMepa BhljleJeHHI KBapla ILO3BOJAET
BBIIEJTHTH TPAHNTHL, B KOTOPHX IPeo0rajaioT OKPYyT/ikie 3epHa KBapua, o0HAPYKHE-
BAOIHE IPH3HAKN METACOMATHYECKOIO pPOCTa ([Tanos, 1967). Mayuenne OTAeIbHO
BEIIJICHHBIX 3ePeH KBapra M03BOJIAET 00HAPY/KATH HX cBoeoOpasme, KOTOPOe MOFKeT
GEITH MCHOMH30BAHO OPHE Koppeasunu rparuros. Tak, B rpaHATax PasimIHEIX das
rommiexca Jxoc-Bykypy (Hurepms) mBapi OpHCYTCTBYeT WM B BHJE KPYIHAIX
TIpO3pavHBIX 3epeH, MW OaeHO-CephIX GUmHpAMUAIbHEIX KPHCTAIIOB, WM He-
GOJNBIINX CePHIX HO3[peBaThix seper m T. A. (Mac Leod, Jones, 1955).

[InoTHOCTH KBapla AYTHTEHHOTO HPOMCXO;JIEHMA W KBAapHa H3 IPAHATOR
neopmnaxona (Kam, Mypasees, 1966). Otaudasa oHa u B KBapie U3 T DaHATOB, rHeil-
COB, TPeii3eH0B I KBaPIEBLIX JKIT, XOTA HHTEPBAT xoneGanmii ee (2,629—2,644 2/cm?)
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pechMa HesHaumredeH (Jlermmror m mp., 1967). IlpomemenHoe mamm ompejenenme
mwroTHocTH KBapra (ommbra mamepenms —0,003) ms rpanmTOM0B MHOTO(AsHOrO
maccuBa Hyy (Llemrpanpmbii Haszaxcram) noxasaio HOCTENIEHHOE YMEHBIIEHIE
ee or rpamuroB | ¢asm k rpammram II dasm — 2,72—2.63 2/em®.

Ha nmpnmepe rpammrompor Cesepo-Bocrounoro 3abaiikamres OpIIO goKasaHo,
910, MCHOAL3YA nuddepeHIUATBHLIT TepPMUYECKWl aHATH3 M ompelellss TeMmiepa-
TypHL ¢ = [ mpeBpameHmii B KBapie, MO;KHO OTIMYATH IPAHUTOHIEL OJIEKMUHCKOTO,
HePYYTAHCKOTO, aMaHAHCKOTO M aMy/[KukaHckoro wkommiekcos (llamos m ap.,
1967).

WcecnemoBanme TepMOTIOMUHECIEHIINE KBApIa N3 TDAHUTOMIOB Y paja MOKa-
3aJI0, WTO WOPOAo00pasylomuil KBapl] CBETHTCH SHAYHTEJBHO HWHTEHCHBHEE, YeM
JRUIbHEE. VHTeHCHBHOCTE TEPMOCBEYEHUA ;KMIBHOTO KBAPIA M3 TPAHUTOR T'DAHUT-
HOIl m OasanpromaHoil Qopmarnmii opgmuarxosa (Marcemror, Bymnsakos, 1966).
B to jxe Bpems B BO3pacTHOM pPANY I'PAHUTOMIOB, TEHETHYECKH CESABAHHBIX MERIY
coboii, or Gosee IPeBHUX K MOJOIHIM, TEPMOCBEYEHHE KBAapIa BaKOHOMEPHO YMEHB-
maercs (Bynuiaxos, Maxcenor, 1967). Iloapmnuch creileHns MO COJRPHRAHNIO TH ke~
aoro mzoroma O B rexmermuecku pasamuEEX Keapuax. Cpepsee suauenme 0%
B KBapiax W3 TPAHHTOWAOB, HETMATHTOB U IIyGOKOMETaMOpPPHUECKUX HOPOJ THIA
KPUCTAIIHIECKIX CJIAHIEB COOTBETCTBEHHO yBermumBaercs (Mumoncrumii, [lon-
nosa, 1968). Cymecrsyer mpejcrapjieHHe, 4T0 Yy IPHPONHBIX KBapuer Hambojee
YYBCTBHTENbLHHIM K U3MEHEHWI0 ycJaoBWil saBiserca mapamerp (o, B TO BpeMsA Kak
napamerp A, BapeHpyeT cpaBHATEAbHO Majgo. OCHOBHBIM (PAKTOPOM, BJIMSAIOIIHM
Ha W3MeHeHWe NapaMeTpoB IPHPOJHOTO KBapIa, ABIAETCA TEMIEPATypa KpPHCTAJ-
JAUBAMAN.

Ocobenro Goapmoll MATEpPeC, YIATHBAA IO3[HEe BpPeMs BHEJEHUs KBapIla,
BHIBEIBAIOT 0COG@HHOCTH COJleP;KAHMIT B HEM PA3TMYHBIX PeIKUX U PYIHEIX SII€MEHTOB.

Pepxne m pyaHble dIeMeHTHI B KBapie rpaHHTOHIOB

O6e9HO OTMETAlOTCS HE3HAUHTEILHBIE BAPHAIMN COCTABA KBAPIA B 3aBHCHMO-
¢t or ycaoBumii ero obpasosarua (Bymnpakosm, 1968). Opmako npuBoauMEBIE HUKe
JlaHHBEIE CBHIETEJIBLCTBYIOT 00 OmuO0IHOCTH MOZOOHOrO IPeJCTABIEHWS.

Hns BeiABIeHMA oco0EHHOCTEI BEMIECTBEHHOTO COCTABA KBApHA OBLIO MCIIONb-
sopaHo 1757 KonnmuecTBeHHHIX OmpefieJleHHI COJep;RAHMII B HEM pPeJIKUX H PYIAHBIX
9JIEeMEeRTOB, U3 KOTOPHIX D88 ompejleleHnil 3aNMCTBOBAHBI U3 JIHTEPATY PHI.

ITpucyrerBue B KBapie pasHoOOPABHBIX HIEMEHTOB MOKET OBITH 00A3aHO KAk
H30MOPDHEIM 3aMEINEeHHAM, TaK M MUHEPATBHEIM WIH Ta30BO-yKUAKUM BRIOYEHUAM.
Onmaxo OyAydr MHHEDAJIOM NO3JHUM [0 BPEMEHHU BHIJEJEHHA CBOeoOpasme ero
coctaBa, 6e3yciaoBHO, 00BACHSETCH IeOXHMHYECKUMH 0COOEHHOCTAMY Cpejibl MHUHE-
pasoo0paz0BaHMA BAKIOYATEIbHEX JTANOE KPHCTANIH3ANHN TPAHUTHON MarMEl.

Bxopenwe B pemerky Kpapuna JAPYLHX 3JIeMEHTOB MOKET OCYHIECTBISATHCS
mno cxeme Sitt «— Al¥+ 4+ R+; 2Sit+ «— 2A1%* + R%*, rne Rt — HOHH mexod-
HEX Mmetasrop, a R®* — momm meyxsamentHmx Ca, Mg, Fe. ¥Vcramosneno, uto
MOHEL OfHO- W JBYXBAaJEHTHHX METAJIOB PACIOIaraloTcs B IOJBX KaHAlaX Kap-
Kaca, BHTAHYTHX Bjloab (0001) m mpucyTeTBue WX oTpaskaeTcs Ha mapaMeTpe @,
KBapIa.

Nmeroninecs naHHbie MOKABHIBAKT, UTO HA O KBapla OPHXOAUTCA BEChbMa
He3HAYNTENBHAS YacTh 00mero coflep;KaHusA pPeKHX U PYIHBIX BIEMEHTOR B I'DaHH-
roupe: Zn 3% (Taycon, 1956), Be 3—5% (Ilerposa, Ilerpos, 1965), Sn 1,5—6%
(Ilerpoma, Jlereiimo, 1965), Mo 0,5% (Hoamos, Pomynkura, 1965), Ga 1,5—4%
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(Mumenxko u ap., 1966), Sc 0—10% (Measuauuenxo, Moraposcxmit, 1968;), Sr 2—7%
(Moraporcxnii, Meapumaenko, 1967) u r. m.

Ilasaa xapaxrepucTury ocobeHHOCTell cojlepraHuil PY/HHIX M PEIRUX dJIeMeH-
tos B KBapue (raba. 76, Tabm. 77) m cpaBHEHBag MX ¢ JINTEPATypPHHIMH [AHHBIMH,
HeoOXOMUMO OTMETHTL CleViolnee.

Tacawma 76

CpeHIe cogepAaHuA PeJIKHX M PYAHBIX DIEMEHTOB B KBapie IPAHHTORNNO0B, 2/m

daemMenT T'paHOHOPHTH TI'paHuTH GHOTUTOBbLIE ,EE;,‘,‘(‘,“E"’{. ﬁl‘ﬁf}fﬁ,‘;ﬁﬁe Péj,i‘;[ éflgné%{,’;gggf’ o
Bi 0,7(2) 0,7 (16) 0,7 (4) 0,7 (22)
Cs 25,7 (3) 32,7 (11) 30,0 (3) 31,0 (17)
Sn 2,6 (8) 16,6 (73) 3,9 (58) 10,5 (139)
Mo 1,4 (9) 3,6 (88) 1,2 (72 2,5 (169)
w 4,2 (4) 2,9 (69) 2,3 (99) 2,7 (132
Au = = — 0,0062 (17)
Ge 1.5(2) 1,5 (16) 1,2(4) L4 (22)
Sc — 2,0(3) - 2,0 (3)

B 4,0 (5) 6,3 (27) 11,5 (2) 6,3 (34)
Pb 6,0 (9) 7,9 (43) 6,1 (8 7,4 (60)
U 0,8 (4) 1,5(8) 0,95 (3) 1,2 (15)
Sr 100,0 (2) 100,0 (6) o 100,0 (8)
Cu 4,6 (7) 6,6 (48) 9,2 (6) 6,6 (61)
Th 8,0 (2) 5,2 (2) 3,8 (2) 5,7 (6)
Li 11,0 (4) 13,6 (33) 11,3 (3) 13,2 (40)
Zn 14,0 (3) 16,8 (27) 70,0 (2) 19,9 (32)
Nb 49 (8) 4,9 (4) 4,9 (2) 4,9 (14)
Rb 16,2 (4) 37.5 (13) 40,0 (2) 33,3 (19)
Ga 9,0 2,0(3) = 2,8 (4)
Be 0,5 (12) 0.9 (80) 0,68 (111) 0,76 (203)
Ta 0,33 (8) 0,36 (4) 0,41 (2) 0,35 (14)
Tl 0,06 (1) 0,07 (13) 0,09 (3) 0,07 (17)
In e 0,01 (1) = 0,01 (1)

Bucwyyr Cpensee comeprwamme 0,7 2/m, wosddunment xornentpanum 70.

Conepsrarne Bi B KBapue IpaHETOH[OB BechMa MOHOTOHHO W TOJBKO B KBapIe
popuros OPeKOro 3aypanbs WHOIAA MOBHIIACTCH [0 24 2/m, UTO 04eBHAHO, 00BAC-
HAETCA HAIMINeM BRJINUYEHHWI BHCMYTHHA, BCTpeYalomierocs B TPAHUTAX 2JTOTO
paiioHa.

Ormeuaercs: yseanmuenne copepsanusa Bi B cpexmem o 0,9 2/m — B usmeHes-
HBIX TPAHHTOMAAX ¥ IpaHATOMAAX radOposoii Gopmanmu.

Il esmnit. Cpenmee copepsranme 31 2/m, kodsdpduumeHT KOHIEHTPANUH 6.2.

Takass BeICOKas creneHb KoHmenrpanum (s, yuuTeHBag OOIbBINOIl pasmep ero
HOHA, MO-BHAUMOMY, CBI3aHA ¢ KOHIEHTpAlHell HTOTO 3JIEMEHTA B Ta30BO-KIJIKHX
BRJIIYEHHAX, CTOIb OOHYHHX B KBapme rpanutonnos. llonmxennsie coepxanus Cs
XapaKTePH3yi0T KBApHB JHOPUTOB U 0cOOeHHO Jmmapuros (cM. Tad. 76, “T2R

O a1 0B o. Cpenmee comepmanue 10,5 2/m, KospduuueAT KOHIEHTpPALNH 3k,

Ilo cpaBHeHMO ¢ ITHMHI JAHHEIMIL CPefjHEe coTep/KaHme Sn B KBapie 0J0BOHOC-
meix rpanmromios Jlamsmero Bocroka (22 ompenerenms), paszoe 0,9 e/m (Hepam-
wopexmit, Hapmos, 1968), smayurenbHO HDOHMAHEHO. B HEOIOBOHOCHBIX I'paHHTaX
Boctounoro 3abaiikanba cofepskaHde SN aHATOIHIHO H COCTABIAET 0,9 ¢/m (Jle-
reiino, 1967). B mpapme us mepyAoHocHBIX rparnTos Homrymepo-MamakamCKOro
rommexca, Cepepo-Baiikanbckoe Haropbe, cojep;kamme Sn paBHO 0,74, 4%
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Tabanuma I
Cpemaue cojepiKaniiaA PeRAX M PYTHLIX HIEMEHTOB B KBapie
N3MEeHEeHHBIX TPAHUTOUNOB W KHIBHBIX HOPON, 2/m

DIeMeHT 33;?3::113 R ,,ﬁei{‘;‘;ﬁm ATJIUTE IlerMaTuTH Kpapmessle HMAIL
Bi = 0,9 (9) o= 0,7 (1) —
Cs 5,5 (2) 30.0 (4) — o -
Sn 13,6 (6) 10,3 (20) 16,05 (10) 13,8 (15) 45 (15)
Mo 3,1(7) 2,3 (20) 0,5 (13) 0,9 (14) 1,9 (15)
w 28(2) 2,5 (13) 1,7 (13) 1,8 (12) 2,1 (16)
Ge o 1,2 (8) = 0,4 (1) =
B 8,0(3) 8,4 (10) — 2,0 (6) 1,0 (2)
Pb 32,5 (6) 12,6 (14) 6,9 (7) 7.8(9) 3,6 (8)
U i 9,0 (1) e = =
Cu 6,7 (4) 10,3 (14) 8,7(7) 4,0 (8) 4,6 (8)
Li 27,2 (4) 10,04 (11) —_ 6,1 (8) =
Zn 12,0 (5) 16,2 (14) 17,1 (7) 23,8 (8) 15,0 (9)
Nb 12,1 (4) — 49 (1) 49 (1) 49 (1)
Rb 27,5 (4) 40,0 (4) — - £
Be 6,0 (3) 1,0 (17) 0,7 (8) 0.77 (10) 0,8 (8)
Ta 1,06 (4) — 049 (1) 0,29 (1) 0,49 (1)
Tl i 008 (3) — - —_

{Kamupuu, Jereiigo, 1967), 1. e. Tojke 3HAYMTENIbHO NOHIKEHO IO CPABHEHHIO
co cpepauM. ITo cpaBHeHm0 ¢ HUMU cofiep:kanne Sn B KBaple M3 PYJOHOCHEIX Ipa-
urTor Hykryabbeiickoro kommierca Bocroumoro 3abdaiikamba HHOTAA [NOCTHIAET
1o 66 o/m (Upamosa, 1969), a B rpamurax [laapmero Bocroka — 500 2/m, . e.
3HAUTTEJBHO MOBHIIIEHO, BEPOSATHEN BCEro, 3a c4eT MHKPOBKJIIYEHNH KacCHTePHTA.

Cpesin pasHOBOBPACTHHIX HIGKHE-, CPeJiHe- H BePXHEIAJIe030HCKIX TPaHUTOUI0B
Mamoro Xwuarasa (Bposuyx, Mmpomiok, 1969) comep:kanme Sn yseiqmdmBaercs
B KBaplie us Hamboxee GOraTHIX 0JOBOM BepPXHEIAJe030iHCKHMX I'PABUTOMAOB, COCTAB-
Jisisi COOTBeTCTBeHHO 4 2/m (7 ompemenenmii), 4 2/m (3 ompenmenenus) u 8,7 2/m
(2 ompeneaenus).

ITo pnagasm M. @. I'puropsesa, E. W. lomomanosoit (1964), B Bocrounom
Sadaiikaibe 0JI0BO He 0OHAPY/KEHO B KBaple THOPHIHEIX TPAHATOHI0B, aMa30HUTO-
BHIX T'PAHUTOB M IEIMATHTOB, & B KBapIlle MyCKOBHTOBHIX I'DAaHATOB M I'PEii3eHOB OHO
BCTpPEUARTCA vale, YeM B KBapie OMOTUTOBEIX M JBYCHIO[AHBIX T'DAHHUTOB.

Habmoaeres 3aMeTHoe oforamenne oxoBoM (B cpegueM go 14—16 e/m) xsapia
13 ATUIMTOB M IETMATHTOB, a TaK:;Ke JUmapuroB (cM. Tadm. 76).

B kBapie M3 IErMATHTOR IEJI0YHHEIX TPAHUTOMIOB COAEP;KAHMe Sn MeHble
u cocrapasier 1,1—4,7 2/m (KRosaxeaxo u ap., 1968). Ilo cpaBEeHmio ¢ KBapuem
UHTPYSUBHLIX TPAHHTOHLOB COJEp/KaHUme Sn B KBaple aBTOXTOHHREIX T'DAaHATON/IOB
n rpaHaTomos rab0posoit dopmanuu B 2—3 pasa HIEKe.

Monuomen Cperaee comep:xanme 2,0 2/m, KodpPHUIMEHT KOHIEGHTpA-
nuu 2,5.

Kpapi nmazeosoiickux rpanutoungos Bocrousoro 3abailkanbsa cogep:RuT MOJHO-
IeHa 3HAUMTEJABHO Menbumie cpegaero — 0,3 2/m (Koamos, Pomynruma, 1965),
a B KBapme W3 PYNOHOCHEIX Me3030HCKNX rpamurongos Bocroumoro 3abaiikambs
comepsxanme Mo mosmimeno u gocturaer 6—8 2/m (3mmos w gp., 1963). B xeapme
U3 PYTOHOCHHIX JIeHKOKparToBuX rpanuromfos TuipHbiaysa cofgep:xasme Mo moctm-
racr 5 2/m (Crymemurosa m ap., 1957), a B kpapie u3 GHOTHTOBOTO TPAHATA TOTO KE
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MecTopo;ieHus comepranue Mo mecramu mocrmraer 56 u 900 2/m, mecommesnHO.
3a CUeT MHKPOBKIIOYEHUI MOJHNOIeHHTA.

B rpamurompax Jlanmmarckoro METpys3mBa, ¢ KOTOPHIM CBABAHA MOJHOIEHOBAsK
MEHepanusanud, cpefHee copep:ranne Mo B xkBapue (8 ompeneaenuit) 3 2/m (Jden-
nues, Leiitapos, 1959), . e. 6ausko k cpennemy. B 10 j1e Bpems B kBapue us pyjio-
HOCHHIX TpaHofmopuTos Merpuuckoro mryrona copep:xanme Mo cocrapaser 2 2/m
(MemmrcersH, 1964), 1. e. mwne cpemmero.

Heckonpro mopwimeno copepskanme Mo B KBapue aumapmroB (cM. Tabu. il
Copnepacanme Mo nopsimeno B kBapue us rpanmarougos Tanb-Illaus, rae ono cocrap-
asger 15 2/m (Orpomenxo, llokmpmkanos, 1969).

llo cpaBEeHENMI0O ¢ KBapmeM HHTPY3WBHBIX TDAHATOMIOB coflepskanme Mo 3Ha-
YATEeJTHHO IMOHUKEHO B 9TOM MHHEPAJIe N3 aBTOXTOHHEX IPAHUTOUAOB U I PAHUTOIIOR
ra66posoii popmamum. ;

Boawb¢pam Cpennee copepsxanne 2,7, xospdunument koumentpamnn 1,8.

B kBapme ms pymonocunx rpanutor Bocrounoro 3abaiikanbs cofep:raame W
sapsupyer or 1 o 2,1 2/m (MBamosa, Byrysosa, 1968), ocrasasch mmke mpuse-
AIeHHOTO cpejiHero sHawenns. B To se Bpems B kBapme ms rpammromuor oproro
Anras comepranne W romebiercs or 10 g0 50 2/m u B OTAEABHEIX CIyUYasX L0CTH-
raer 200 e/m (Mmxamesa m sp., 1968), HecOMHEHHO, 3a CYeT MHKPOBKIIOYEHIIL
BOILppaMuTa.

B kBapue rpaEmromjos IIBIKYPTHHCKOTO TpaHWTa, C KOTOPHM CBSBEBAIOT
BoabQpaM-MONTHOIEHOBEE MECTOPOKIEHUA, coliep:xagme W UHOTIA JOCTHTAeT
4 z/m. Eme Bome omo » xpapue ma rpanopmopuros Tanb-Illans — 10 2/m (Orpo-
menko, Morkupmranos, 1969).

3omxoro. Cpenmee comepskanme 00,0062 2z/m, rospdunment KOHI[EHTpa-
uun 1,4.

Copmepsxanna Au B KBapie, cyJa I0 JIATEPATYPHEIM JaHHEIM, XapaKTepH3yIOTCs
Oompmoii gucnepcueii. Hampamep, » kBapue us rpanuros 'oproro Anras comep:xa-
ame Au ronebrerca or 0,0002 no 0,0042 2/m u B cpexnem cocrasmser 0,0013 2/m
(Amommun, Iloramwes, 1966). Ilo nammsm (IllepGakos, Ilepeskormm, 1964), cpenuee
cofiep;kanme 30ia0Ta B KBapmne (9 ompenenenwmii) cocrasaser 0,011 2/m.

WaTepecHst 0TaAMYAA B cOlepRAHIE AU B KBAaPIE U3 IPAHATORIOB Pa3IUTHOI Py-
posocHOCTH. Tak, KBapH U3 30JI0TOHOCHKIX HHTPY3HBOB CTENHAKOBCKOT0 THNA (CeBep-
meiil Kasaxcran) comep:xur Au B cpefaem (o 3 onpepenenus) 6oasme — 0,005 2/m,
4geM KBapIl U3 IPaHOIMOPHTOB HepyroHocHOTO Kommiexca — 00,0011 2/m (3nepena,
laspmnenko, 1971).

B 10 o6pasmax cMecn KBapua ¢ DOJEBEIM IIIATOM U3 KBaPI-JHOPUTOBOTO IITOKA
Mepucsunan (mrar Monrana) copepskanme Au mHaxomurca B mpepmedax 0,006—
0,176 2/m n B cpegnem cocrasaser 0,065 2/m. Cauraior, 4T0 3070T0 HE MODIO PUKCH-
POBATHCA B KPUCTAJIMBYIONUXCA MHHEPATaX, 4 KOHIEHTPHPOBAAOCH B OCTATOYHHIX
$aromziax Marver MepucBmiia w, HAKOHEI, OTIATANOCH B KBAPIEBHX /RUIAX B Kpae-
BhIX uwacTaXx mrToka (Mantei, Brownlow, 1967).

B xBapue somoronocHmX sxua comep:xanme Au gocruraer 30—40 e/m (Machai-
ras, 1970). Boaee nuskme comepsranmsi Au mpusogsres M. K. Jlasnerossm (1970)
AJA KBapla ®W3 HUHTPYSHBHHIX mnopop Yarkamneroil somst (36 onpenenenmii) —
0,0017 2/m m w3 mETpysmBHHX mopox B nemom (55 ompenenenmii) — 0,00102 2/m.

B mumepanax 3010T0 mpHCYTCTBYeT, BEPOATHO, B BUJE HEHTPAIbHHIX ATOMOR.
Conepsanme Au B MuHepaje OmpeJelisieTcsi ero CTPYKTYpOil ¥ KOHIEHTpatmeii Au
B MarmMe BO BpeMd KpPUCTA/JIH3ANUN MHHEpala.

I'epmanmmnii. Cpegmee conepmanne 1,4 2/m, koaddumuent KoHneHTpa-
nnu 1.

150



Ceejenns 0 cofep:carmn Ge B KBapue IPAaHUTOMIOB KpaiiHe ckyaHs. B ksapue
us rpagmros Axvaray ero comepurcsa 0,9 e/m (Ilep6a um mp., 1966). B xeapne
U3 XPYCTATEHOCHHX THIPOTEPMAIBHHIX RIJI H MHAPOJIOBBIX HETMATHTOB COAEpIKa-
e (re B cpemHeM cocTapiser 2,8 ¢/m M [OCTHTaeT B OTAENbHEIX CIAyIasax 8 z/m.
Copepssanme Ge CHIbHO IOHIYKEHO B KBapie I'PaHATOMA0B rabbpoBoil dopmanmu.

Nayuenme repMaHUeBHX IEHTPOB OKPACKH IPHPOJHEIX KPHCTAIIOB KBapra
1OKA3a70, YT0 00PA30BAHHE OIpele]eHHLX THIOB IEHTPOB OKPACKM CBA3AHO ¢ XH-
MIZMOM MEHepanoobpasyomeil cpefsl. B menounsix pacTBopax GopMupyoTCA rep-
Manuessle HeHTpH co mexodnsiMu (Na®, Li*) momamMu-koMmeHCATOpPaMH; B KHCJIBIX
¢peax BOZHHKAIOT IHEHTPHL ¢ BOJOPOJHEIM HMOHOM-KOMIEHCATOPOM M, HAaKOHeI,
B KICJBIX PACTBOPAX, COJlEP/KAITHX IIeJOYHBIE WOHBI, 00pasylrcs repMaHueBble
BojlopomHo-menounse neaTpe (Bammmkmii u ap., 1969).

Ckaupuit. Cpegree comepmanme 2 2/m, kosddunuent Konmerrpanuu 0,7.

Comep:xanme Sc B KBapue 13 OMOTHTOBHIX W AamIHTOBHX Tpanuros lO:kHOro
I'mccapa cocrasiser 2 2/m, B TO BpeMA KAK B KBAPUEBHIX IMOPATAX U IPAHOAMOPH-
tax on He obHapy:xen (Menpuuuenko, Moraposcrmii, 1968,). JdTo ceuereabCTBYeT
0 TOM, 49TO B TPAHHTOMAAX, OOTATHIX MATHe3MAJbHO-’KEJIEe3UCTHIMH MUHEepaJaMu,
GoJibIIas 9acTh SC PaccemBaeTCs B MX KPHCTA/IHIECKHX peIleTKax B PAHHME ATAIE
KPHCTAIIMBAME I KO BpeMeHH O00pA30BAHMA KBAPIA OCTATOTHEIA pacmias ObuI
BHAYATENBHO O0ETHEH JTHM DIEMEHTOM.

Huxexs Cpeguee cofepskanme 4 e/m, xoappunuedr KOHIEHTPALAN 0.5:

Huskoe sHagenme cofepskanuil Ni CBUIETEIBCTBYET O TOM, 4TO DTOT 3JIEMEHT
BXOTUT B KPHCTAJIMUECKUE DEIIETKH ;KeJe30-MarHHEBRIX MHUHEPAIoB paHHEd cra-
IUH KPUCTATIN3AINH.

B o p. Cpeamee comepsxanne 6,3 2/m, xoopdunment xommenrpanun 0,4.

Hab6mogaerca 2—3-kparHoe oforameHne GopoM KBapua JTeiKOKpPATOBHX Ipa-
HATOW/IOB 110 CPABHEHHWIO ¢ KRaplieM OHOTHTOBEIX I'PAHUTOB H TPAHOIHOPHTOB (CM.
Tabn. 76), rae aTOT DIEMEHT MMel GOIbIIe BOZMOSKHOCTH PACCEHBATHCS B KPHCTAN-
nmyeckoil pemerke 0ojiee OCHOBHOTO IIATHMOKIIA3A.

Heckoxbko Gollee BHICOKHE 110 CPABHEHWIO ¢ TIOJYYGHHEIMH CpeJHUE COMepsia-
uus B xapakrepHH UL Keapna us naseosoiicknx rpasnrounnos Tarp-llans (14 onpe-
nenennit) — 8 2/m (Orpomenko 1 gp., 1966). B 10 ;xe Bpems B KBapie U3 rpaHATOR-
moB Takoii Goraroit Gopom mpopmmnuu, kar Cesepo-Bocrok, comep:xanme B 5 2/m
(Hexpacos, 1966), T. e. Membme cpeqmero. 3maunrensao Mensme B (1 e/m) comep-
JKAT W KBapI W3 Tpamogmopuros Bocrowmoro Casma (Craspos, Xurpos, 1960).

BOpOHOCHOCTh TPAHUTOMIOR XOPOIIO OTPAKAeTCA B IOBEIIEHHOM CO/lepiKa-
anu B B keapme. Tak, B KBapme m3 pyAoHOCHHX rpamuTos Bocrownoro Casmna
copepsxagne B pocruraer 16 2/m (JIsixun, KyOsmxuna, 1967), a B ksapue ua pyno-
HOCHHIX JIeBOHCKEX wmATpysmBos Hpacmospceroro kpas aame 30 2/m (Hysbmum,
1964), 1. e. B 3—5 pas BHIOe CpeJHEro.

Cornacao mecaefoanmam (Manbros, Homos, 1970), cpenmee copepsmanue B
B KBaple HeMOCTOAHHO M B BHAYNTETLHOH Mepe OUpeJeNsiercs ero TreHe3WcoM.
Omo cocraBaser (B 2/m) B KBapie H3 KBapl-moiaeBommatossx xmn — 10, m3 ksap-
HesHx K ¢ TypMaimaom — 20, n3 nermarurossX xmn — 10, m3 rpeitsenos — 100.

B ksapie 60p, BEPOATHO, COAEP/KUTCA B rasoBo-KIKuX Briovenusax. Hoxeba-
HUsI B €ro cofAep:KaHimH MO/KHO HCIOOJNb30BAThH KaK KOPPEIANHOHHEIL HPU3HAK.

CBumen Cpeguee comepskanme 7,4 2/m, wosddunuent KoHmeHTpAUH 0,4.

Hecromxpro Menbmmme cofep:;kanmsa Pb xapaxkTepHE 1A KBapna 13 HePYA0HOC-
Hex rpagmroB Cycameipekoro Oarommra — 2—4 2/m (Taycom, 1961) m us rpa-
uuros Bemrpmm — 2.5 ¢/m (Nagy, 1969). B ro ;xe Bpems B KBapne u3 IpaHUTO-
wios Tsaup-1llagsa, ¢ KOTOPHIMH TPOCTPAHCTBEHHO CBA3AHBI MOJHMETATTAIECKUe
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Cpepnne cojepikannsa pPeAKHX W PYAHBIX SJEMEHTOB

Paiion w Mo Sn Pb Zn Li
Ceeepo-Boerox . . . . . . . .. 2(3) 1,7 (3) 7.4 (6) | 6,7(4) 17 (3) 20 (2
HJansmmis Bocrox . . . . . . . . 2,5(5) 0,6 (5) 13,7 (16) | 8,8(5) 25 (4) =
Bocrognoe 3abaiikaibe . . . . . 1,8(7) 1,7(25) | 3,3(8) | 6,0(6) 20 (1) 16 (3)
Bocrowmmi Caan . . . . . . . . — - 2541} —- —. 3,2 (4)
Popeic Anwait o200 . L e 2,0 (5) — — - — 5.34(3)
VAT mianmrse® e e ot o T e 28(24) | 97(27) | 12(31) | 51(28) (153 (15) | 44 (10)
HABAXETAM: = 5.8 & + o & 7 5l ors 1,9(84) | 1,1(94) | 1,75(56) | 4 (6) - 15,1:(%)
Cepepnmiit KaBkaz . . . . . . . . 2,8 (5) 71(17) | 5,5(11) | 6.,6(8} 18 (5) |19,5(10)
TANRARHCTEE % . . « . « = + « + — — — 3,5 (4) 8,3 (3) —
CpepgHee N0 HHTPY3UBHEIM TIpa-

maTougam CCCP. . . . . . . . 27 2.5 10,5 7.4 19,9 13.2

PyAOUpOABIeHUdA, cofep:kanme Pb mpubiamskaercd K cpeflHeMYy M JOCTHTaer O 2/m
(Faspurme u ap., 1966).

B ksapue omxoBorOocHBIX rpaunToR Bocrounoro Sabaiikanbsa Pb me obmapysxemn,
a B kpapue rpaguroumos Ilanbpmero Bocroka ero comepskanme cocraBiseT B cpej-
mem 8,8 2/m (rabn. 78). Comepskanme Pb smaumrenbmo yBenrmamBaercs B KBapie
W3MEHEHHBIX IpaHHTOMIOB U ocofeHHO Jumapuror (cM. rabm. 78).

Y pan. Cpemmee comepsxanme 1,2 2/m, wospdurument wxommentpaumm (),3.

Copepswanus U (0,7—1,5 2/m), Gnuskme k cpefiHeMmy, OrMe4ajlNch B TPaHHTOU-
max ¥Ypaxa (Kpsuros, Arpamenor, 1959). To ke MoskHO ckasats o mopomax [len-
rpaasuHoro Tsaus-lllams: weapn us rpamomgmopmros copepssur U 1,4—1,5 e/m,
u3 JefiKOKpaToBEX rpaHmros — 1 2/m, a m3 Omormroseix rpammTor — 0,35 2/m
(JTeomosa, Taycon, 1958). Cxonnoe copepsranne (0,84 2/m) ycraHOBIEHO U B KBapIe
u3 rpagmroB Hskuoro Hasaxcrana. Ha goaio keapma mpu srom npuxopmres ~10%
ypara nopopst (Jleorosa, Penne, 1964).

T'opasmo Goapmue sHAYEHNWs XapaKTepPHH AJMA KBapla M3 OMOTHTOBEX T'DAHUTOB
Topuoro Anrast, comepsxamero U 7 2/m u M3 [BYCHIOJAHBIX I'PAHUTOB — 710 9 2/m
(Taycon, 1956). Tlonnenn copepsxauus U B kpapue us rpanocmesunros — 0,9 2/m
H u3 Jeilkoxpartossix rpaduros Hmprusmu — 1 2/m (Jleomosa, Ilormdmona,
1961). Copmepsxkanme U B rpapne Gmormropmix rpanmror Homeeit (Jlapcem, @eiip,
1956) mmme — 2,3 2/m, yem B KBapme m3 porosoo0MankoBoro rpauura — 9,0 2/m
x0T B Kpapue u3 toHanuroB 'pma Baanm omo cmmmaercsa po 1,3 e/m.

Suauntenpno HEAe cofepmanue U B KBapie W3 OCHOBHEIX HOPOR; B KBapue
w3 radbbpo Hysmemxoro Anaray oso cocrasiasger 0,01 z/m (Ocmmor, jRypasies,
1970), B wBapue m3 ra6opo l'opmoit lopum — 0.01—0,058 2/m, a u3 cBAB3aHHBIX
¢ mumu rpasoguopuros — 0,1 2/m (Hypasxes, Ocunos, 1965); B KBapie n3 goaepu-
monnounra — 0,11 2/m (Ocunos, fHypasaes, 1965).

Crpormmnmii. Cpegmee comepswanme 100 2/m, wosddunuent KoHIEHTpa-
nun 0,3.

B wpapue ms rpapmromioB TasKEKHcTaHA cojlepskaHme ST AOBOJIBHO BHIJIEp-
swano u cocrasager 100 z/m (Moraposcknii, Meanuuuenro, 1967).

Me nb. Cpenmee couepskanme 6,6 2/m, rosdpdunuenr roruentpanmm 0,3.

Copmepsxanue Cu yBeawdampaercs B KBaplie W3 JeiKOKPATOBHX TPAHHTOB (CM.
Tabx. 76), 9410, OYEBUJHO, CBSABAHO ¢ MEHBIINM KOJIHYECTBOM B DTHX I'DAHUTOMAX
FKENe30-MAPTaHIEBEX MHUHEPAXOB, B KOTOPHX o00BYHO paccenBaercs Ooabmasn
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Tadauma 78
B KBapime rpaHuTon 0B pasanunbix perunonos CCCP, z/m

Rb Cs Be B Cu Bi Ge ™
40 (1) 35(2) 0,6 (4) 5(2) 6,3 (4) 0,7 (1) 1,5(1) —
— — 0,9 (4) 5(1) 4.8 (5) — o —
25 (2) s 9,5 (29) 8(2) 5(2) 0,7 (2) 1,6 (2) 0,12 (1)
7.5 (2) o= — 6(3) — = == =
8(1) = 1,2(6) | 5,3 (6) 7(1) — — =
40 (7) 258(7) | 0,7(21) | 7,8(12) 5,7 (27) 2,6 (12) 1,4 (11) 0062 (9)
40 (5) 30 (4) 0,66 (132)| 4,5 (4) 8,9 (8) 0,7 (6) 1,5 (6) 0,08 (6)
40 (1) 37,5 (4) 0,198 8)1) 7,4 () 7,7 (15) 0,7(2) 1,5(2) 0,07 (1)
33,3 31,0 0,76 6.3 6,6 0,7 1,4 0,07

gactb Cu. OcofeHHO Beamko cojepskanme Cu B KBapHe m3 rpaHuronsioB rabdposoii
dopmanuu, e 0HO B 4 pasa OOJNbIIe CPelHero.

B ksapme ms rpanoguopuros Merpu-OpayGaickoro miIyroHa, ¢ KOTOPHIME
CBA3AHO MeqHO-MoamOgenosoe opyjenerue, copepskanme Cu cocrasiaser 10 2/m
(Meankcersig, 1964), 1. e. BBIIe cpeHero cojep/RaHuA JIUIA KBAPIA U3 TPAHOIHOPH-
TOB, paBHOro 4,6 2/m (cm. Tadm. 76).

Topunii Cpegnee comep:xanme 9,7 2/m, ro3PUmMeHT KOHIEHTpA-
nun 0,3.

1To mamruM JI. JI. Jleomosoit (1962), 8 kBapue us rpanuros Tanp-Illamsa conep-
;zanme Th cocraBasier B cpegaeM H—6 ¢/m, a B kBapue #3 rpanntos l0;xH0r0 Hasax-
crana — 4 2/m. Ha gomo xsapua mpmxopmres mpu atoM ~6% Th mopomst (Jleo-
HoBa, Pemme, 1964). B 10 ke BpeMs B KBaple U3 N0KeMOPHIICKHX ;KUTOMHPCKIX
rpamuTos YEpauus cofep:kanme Th cmieno mommxeno m cocrasaser 0,05 z/m
(Msagrmous, 1960).

J uruii. Cpeguee copmepskanue 13.2 2/m, woaddunuent xounenrpanum 0,3.

B kBapue M3 HEKOTOPHX OWOTHTOBHX U JBYCHIOJMHEX rpanmron ['opmoro’
Anras (Kocaxc, Cyxopykos, 1965) u Cesepo-Bocroka (Hexrpacos, 1966) Li ne oGua-
pvsen. B kpapme ma rpanuros [Ipuazoses cofepskanme Li MOBBIIEHO U cocTaBiseT
30—40 e/m (Kyn, Mmmenro, 1963).

CormacHo meraidbHEM mecaegosanmam (Mambros, Romos, 1970) cpepnune comep-
manma Li B KBaple 3HAYUTENIBHO MEHAIOTCA B 3aBHCHMOCTHL OT ero TeHe3lca o
cocTaBaAIoOT (B 2/m) B EKBapre W3 kpapuessix mopdumpuror 0,9, m3 mocmaypuiickux
rpaauros 0,3, us HmwrHEDporeposoiickux rpamutos (0,5, U3 rPaHHTUSHPOBAHHBIX
rabOpougos 3,3, m3 rpeiizenor poabdpamosoro Mmecroposkmenus 20, m3 rpaHuTOB
panakupu 9, s mermMarmron 35, u3 sosoroHocHO mogockr 20.

B kpapue ms repumuckux rpanurompos Hmkmeit Cmresumm copepsanme Li
roaedaercs or 2,7 o 8—15 2/m. Ilpu arom mHadawogaeTcda oboramenne JTUTHEM KBapiia
HEerMATHTOB, B KOTOPOM COJep:KaHHe 2TOTO diieMenTta goctHraer 16 —35 2/m. Keapus
H3 JIOTePUUHCKAX MeTaMopdmueckux mopoj (PHIIATOB, CHIAHBIX CJIaHIEB I
OpPOAYKTOB WX JlambHeHmeil IPAHNTH3AIMN — OYKOBRIX TIHEHCOB, MUTMaTHTOR,
PPaHUTO-THECOB W HA3KOTEMIEPATYPHBIX, IPeIIOI0/KATEIHHO METAacOMATHIECKUX
IPaHUTON/IOB) XAPAKTEPUAYIOTCH BechbMa HUSKHM cofepskanmeMm Li — 0,2—1,2 2/m.
B 1o e BpeMsa B 30HAX KOHTAKTOBOTO MeTaMOp(M3Ma, BEIBBAHHOTO IePIHHCKHME
METpY3UAMHE, coflep;canne Li B knapue nmoswmaercsa 1o 4,3—9,8 2/m (Smulikowski,
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Walenczak, 1966). Ilourn B 2 pasa Beime cpepnero copep:xanme Li B kBapme us am-
mapuros (cm. tabm. 77).

[lTonydenssie faHHBIE CBUAETENBCTBYIOT 0 KpailHe HH3KOM cofep:kaHum Li
B KBaple m3 rpaHuTomior radbposoit dopmanum (1,8 ¢/m) m B KBapIe U3 ABTOXTOH-
HBIX rpaHmTompoB (3,2 2/m).

I[ m v . Cpemnee comepsxanme 19,9 2/m, rospduiment rommentpammm 0.3.

Copiepsrafame 7Zn B KBapile OTYETIHMBO 3aBUCHT OT HetTporpadmueckoro cocrasa
rpaamronaa. OHO MakcuMmanbHO (cM. Taba. 76) B Kpapme W3 JeHKOKPATOBBIX T'PaHU-
TOMIOB — IOPOJ, TPAKTHYECKU JUIIEHHEIX OMOTHTA — TJIABHOTO HOCHTENSA W KOH-
MeHTPaTopa HHKA B TPAHHTONAAX.

Cogepsranme Zn B KBapue m3 «Oeapyaanx» rpaantTousos Cycamsipcroro Garto-
amra HERe cpegHero u cocrasiaser 7—11 e/m (Taycon, Hpasuenko, 1956). B 1o e
BPeMA B KBapme Bapucckux rparurouos Taub-Illams, ¢ KOTOPHME IPOCTPAHCTEEHHO
ACCOIUIUPYIOT MOJUMETANIIHIECKIEe PYAONPOABIEHA, coflepanne Zn nourn B 2 pasa
oonpme m pocturaer 18 g/m (Taspumima u xap., 1966), xora m ocraeTcs HECKOIBKO
HWKE CPeIHEero.

Copepsxagme Zn B KBapue m3 rpaHmToB Benrpmm OJIH3KO cpegHEMY M COCTaB-
aser 15 e/m (Nagy, 1969).

H m o 6 mit. Cpeaee comepsxanne 4,9 ¢/m, rosdpdunuent vormenrparun 0,25.

Comepsxanue Nb B Kpaplle W3 IPAHHTOHIOB PASIHTHOTO COCTABA MPAKTHYECKH
He maMeHsiercs (eM. Taba. 76), 3aT0 3HAYHTETBHO YBENIMINBAETCA B KBAPIe W3 JIUIA-
puros (cm. taba. 77). Bonee nmsrme comepskanma Nb (1,0 ¢/m) mepenxo ormevaorcs
B KBAapIe W3 IEerMATHTOB HOPMAJIBHBIX, HM3BECTKOBO-IIEJOYHBIX, rpaHutor ([op-
muenko, Hamennes, 1967). Ilo mammsim B. C. IlaBrenko, B KBapie W3 MmEJI0YHEX
rpaautos Bocroumoro Ilamupa cpepgree comepswanme Nb cocraBusier (3 onmpene-
nenus) 58,3 e/m, BecbMa BepOATHO, B3a (YT MHKPOBKIIUYEHHIl TAHTAI-HUO-
6aroe.

Turamun Cpegpee cogepsranme 350 2/m, woodppumment wommentparumm 0,2.

B wBapme mz rpamuronnos Ceseproro Taus-Illamsa cogep:xanue Ti cocrasmaser
300—400 2/m (JleomoBa, HaaccoBa, 1964), na moxembpmiicknx rpamutomn;io Hoio-
pajo sHaumTenbHO Huzke (3 oupenenenus) — 153 e/m (Bpeit, 1952).

b a p mii. Cpexgmee comepsxamme 185 2/m, rosdpdnument roHmenTpamuum (2.

Copepsxanne Ba B wBapue rpammromgos ymenbmaercsa ¢ 200 mo 170 e/m upu
nepexome OT I'PAHUTOB paHHHX K rpamnTaM mosgamX ¢as (Ocradmitayk, 1964,).
SHAYHTeJNBHO BHIIE cofep:kanme Ba B kBapme m3 fokKeMOpmiicKHX rpaHuToB Homo-
pamo (4 ompenexnenus) — 365 2/m (Bpeii, 1952), a B kBapue uz rpaauros Benrpuu
ono cocraraset Toasko 40 2/m ( Nagy, 1969).

P v 6 u g u it. Cpepnee copepsxanue 33,3 2/m, Roapdunuent konnentpammm 0.17.

CaMuIMU HU3KHME cofepssaamsaMu Rb BeIensiloTcs KBaplbsl W3 TPAHUTONIOB
Tl'opuoro Aaras, Bocroumoro Casima w Bocrounoro 3alaiikanesa (em. Talm. T78).
B wBapue poremOpmiickux rpanmtoB llpmazoed copmep:kanme Rb smaunrtensho
poaimie — 110—120 2/m (Kyn, Mumenko, 1963).

I'a o nmii. Cpegree conepssanme 2,8, rosduiment konnenTpanun 0,14.

Bosee BECOKNE cOMePsKAHUSA YCTAHOBIEHH B KBapIe U3 IOPPHPOBUIHEIX I'pa-
mnroB Hasaxcrama (Ocradumiiayk, 1964,) n B kBapme m3 rpaHuToB CycaMBIPCKOTO
taromura (Bopucenox, Taycon, 1959), conepsramux o 5 2/m Ga.

Bonee unskue copepsranns Ga (1 2/m) xapakTepusyIoT KBapll U3 I'OPHHIX I0ODOJ
Anonnn (Hucukasa, 1958). Menbme cpennero oHO W B KBapile IPaHHTONIOB I0OT0-
Bocrounoii TyBer — 2 2/m, a B kBapue rparaurounos Huprusun, Hapkasza (Bopuce-
nok, 1959), Ilpmasoses (Mapuenxo u jp., 1966) Ga ne oGHapy:ken. B To ke Bpems
B M3MEHEHHBIX alh0OHTH3UPOBAHHEIX H TPEi3eHU3HPOBAHHBIX PA3HOCTAX TPAHATONH-
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0B conepskanne Ga B KBapue yseandnsaerca o 10 2/m u Ha ero {0110 npuXoIUTCs
5—99% ofmero comepmanmsi 9Toro siementa B mopoge (Mmmenko, IllepSa-
ros, 1966).

Bepunamnii. Cpegnee cogepmanne 0,76 2/m, Kospdunuent KoHIeHTpannu
0,14.

Irum nudpam GamsKu cpejrue cofepskanms Be B kBapie na rpanutTonos [lars-
gero Bocroka — 0,7 2/m (Hepamrosckuii, 1969). B xsapme rpamnromnos Boc-
tounoii Cubupm cpennee cojepskanue Be (D2 ompejenenus) HECKONBKO HIKe —
0,43 e/m (Ilerpor, 1969).

TloBBieHHEe cofepxanns Be oTMeuanTcs B KBapie U3 KaIOHHCKHX I'DAHUTOB
Topuoro Aaras (23 onpenenenus) 3,6 o/m (Jlykun, llesmos, 1967) n B kBapme na
Mezozoifickux rparutoB Bocrounoro 3afaitkanna — 3—4 2/m (3mmos m ap., 1963).
MMeoTes TakyKe TAHHLIC, CBUJIETEIBCTBYIOMME O TOM, 9T0 B Me3030HCKIX I paHHTOM-
nax Bocrounoro 3afaiikanea conepkanne Be B kpapue xonebaercs or 0,2 01,8 2/m
u cocrapasier B cpenuem 0,6 2/m (Taycon u ap., 1969).

Cy/s 10 JTUTepaTypHBIM JIaHHBIM, B KBaple U3 TPaHUTOMIOB Y paia cojep:xa-
nue Be amawmrenpmo nonmskeno — 0.2 2/m (Iloxposcknii, Kaiiroponuesa, 1963),
a B kBapie ua rparutonos Cesepuoro Bocroka (Herpacos, 1966) n Tajrurncrana
(Measamuenko, Moraposekuii, 1968) aror piaement He 0GHApPYIKeH.

OOpam@aer BHEMAaHWE 3HAUYMTENLHOE YBeIWYeHHe cofep:kaHus Be B KBapie
W3 M3MEHeHHHIX, 0cO0EHHO Tpeil3eHMaNpOBAHHBIX, TPAHHTOB. 3jech €ro cpejHee
coflepsRaHNe yBeJuuusaercs noutu B 2 pasa u cocrasasger 1,0 2/m (em. Ttaba. 77),
a B OTJeNBHBIX ciaydanx mogammaercs o 150 2/m. [Ipucyrcrsume Gepuiia B 107100 HbIX
TPAHATOH/IAX MO3BOJSACT O0BACHATH TAKHe BHICOKNE COJEP/KAHNA HATMINCM MUKPO-
BRJIIOUCHII COOCTBEHHBIX GEpPHIIHeBBIX MUHEDAOB.

B kBapie n3 meTMaTHTOB MEJOYHBIX TPAHUTOHIOB COJIeprRaHKe Be 0,6—0,7 2¢/m,
B OTJeIBHHIX ciaydaax 1,8 e/m, a B KBapue H3 IMEJI0YHBIX I'DAHHTOB 4,8—5,0 2fm
(Komazenko u jp., 1968). 910 MomeT cBHeTEALCTBOBATL O 3HAYMTENBHOM pacces-
aun Be B cTajmio KpHeTAIIM3aMK IEJ0YHBIX IPAHITOB H 00 OTCYTCTBUM €0 HAKOI-
JneHus B Mo HuX Judepennnarax.

Jlons Be, mpuxojsmasicsa Ha KBapll, 3aBUCHT OT COCTaBa I'DAHUTOMJIA; B I'PAaHO-
[mopHTaX Ha ero oo npuxoaures 3,6% obmero copep:kanns Be B mopose, B ampu-
Gou-Omorurosnix rpamuTax — 3,9%, B GHOTHTOBHIX Tpamurax — 4,2, B JeiKOKpa-
ToBeix Tpammtax — 5,3 (ITerpor, 1969).

Cpemu pasnmunnx peruonos Coperckoro Cowsa wuamfonee oGoramen Be
(8 cpemmem 9,5 e/m) wmapu us rpanutomaos Bocrouwnoro 3abaiikamps  (CM.
tabia. 78).

T aurtaax Cpernee comepmanne 0,35 2/m, woapdunuent xomuentpaunu 0,1.

Habmoaerea mpeimodTuTe lbHoe Hakonmenne Ta B KBapie JeiKOKpaTOBHIX
rparuTon/ios (eM. Tabu. 76), a B KBapue W3 JHIAPUTOB €ro cpejiHee COJlep:KaHue
noxauMaercs o 1,06 2/m (cm. tabu. 77). Bonee Brcokne KonuenTpanun Ta Xapak-
TepHBL /IJIA KBapla M3 NerMaTnToB H3BeCTKOBO-TIEJIOYHBIX TPAHUTOB, B KOTOPOM CO-
nepmanne Ta pasmo 3,3 2/m (Topanenko, Hamennen, 1967). Kpapn ms mesnodHsx
rparutoB Bocroumoro Ilamnpa, no gaunev B. C. Hasxenko, cogepsxut Ta (3 ompe-
nexenua) 8,9 2/m.

Taaaxwuit. Cpexmee conepwanne 0,07 2/m, koaddunment xommentpanmu 0,05.

Tanamii ne ofmapysmwen B kBapue Guornrosux rpamnto Tamp-lllansa (Taycon,
Byaaes, 1957), a B xBapue us rpasuTonjoB Hypamunckoro tuma ero cojepskanue
cocrasiser 0,1 2/m (Baganos, Pabunosny, 1966).

Ilo mamum gamnsiM, Tl B KBapme rpaHUTOB BCTpedaeTcsi JOBOIBHO MOCTOAHHO
g wommuecrse 0,04—0,06 2/m. Ilocrosuro mopsimenusm copepsxammem T1 (0,08—
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0,12 2/m) oGnamaer kBapy m3 rpamnrtommos Kasaxcrana, Bocroumoro BaGaiikains
(cm. Taba. 78).
W mxwmii. Cpepuee copepsanme 0,01 2/m, woaddumment roumerTpamun (,04.
Huaknii koaddumuent xoHmeRTpamun waANA B KBapie CBHIETEILCTBYET 0 TOM,
9T0 HOJIBIIAs FACTh €T0 PACCeMBACTCA B paHEe BHLICIMBIINXCSH MHHOPAIAX, 0Co0eHHO
B GuoTHTe, ¢ KOTOpEM cBazano 60—80% Bcero unmus rpaauronga (Meanos, 1963).
@1 op. Copepswanme F B xBapue ms rpauntos Benrpum membme 300 2/m
(Nagy, 1969).

I/IHJIEKaTOPHbIe IPH3HAKH KBapia rpaHnuTonu 0B

CpaBrenne KodQPUIHEHTOB KOHICHTPAIMIT PAaBIHYHBIX DIEMEHTOR, BCTpeya-
IOmMuXcs B KBapIe, HOKaswiBaeT (Taba. 79), 910 0HU TOBOJILHO YeTKO MEJATCH Ha JBe
I'PYLIEL.

Tabauma 79

Hoaopdunuenter konmenTpammn (K) peprnx n pyanbx
HIEMEHTOB B KBaple rpaHnTOHI0B

CpeniHee comepikanue, 2/ m Cpefree cofepkanue, 2/m
dnemenT B TpaHnTe K dneMeHT B TpaHnTe K
(K1apk) B RBapHe (KIapk) B KBapue
Bi 0,01 0,7 70,0 Cu 20,0 6,6 0,3
Cs 50 31,0 6,2 Th 18,0 5,7 0,3
Sn 3.0 10,5 30 Li 40,0 13,2 0,3
Mo 1,0 2,5 23 Zn 60,0 19.9 0,3
W 1,0 20 1,8 Nb 20,0 4,9 0,25
Au 0,0045 0,0062 1,4 Ti 2300,0 350,0 0,2
Ge 1,4 1,4 1,0 Ba 830,0 185,0 0,2
Sc 3,0 2,0 0,7 Rb 200,0 333 0,17
Ni 8,0 4,0 0,5 Ga 20,0 2,8 0,14
B 15,0 6,3 0,4 Be 5,5 0,76 0,14
Pb 20,0 74 0,4 Ta 3.5 0,35 0,1
U 3.5 1,2 0,3 Tl 1,5 0,07 0,05
Sr 300,0 100,0 0,3 In 0,26 0,01 0,04

OpHa U3 HEX, XapakTepuaylomanaca KodQPuInenTom KoueaTpammm > 1, BRo-
YaeT dJIeMeHTHI, o0Jalalone TeHIeHINell HAKAIIHBATLCH B HANOOIee KHCIHIX -
pepennmarax (Cs, Mo, W, Bi), amGo oGpasyiomue xoiaromusymme $TopKoMI-
JeKCHl (Sn) wiIu XHMHYECKH HHepTHbIe (Au) ¥ HECKIOHHHIE K PACCEAHNI0 B MEHEpa-
JaX paHHell KpHCTaJLIN3aljum.

Hpyrue, obxagatomme Kosduumentom koumeHTpamumn << 1, BRI0UalT aie-
MEHTHI, T@0XUMHYEeCKOe CPOJICTBO KoTophix ¢ MarnueM (Li), sxemesom (Se, Zn, Cu),
ranpuem (B, U, Sr), xammem (Rb, T1) mun amommmamnem (Ga) ofycaoBimeaer ux
HaKOIIeHne B MUHepaiax (ojlee paHHHX 110 BpeMeHH Bhijjeaenus. VX nuskue cojep-
JKAHUS B KBaphe CBUJETENLCTBYIOT O TOM, YTO KO BpeMeH:u 00paszoBaHUA HTOI0 MH-
Hepala, 3aBepumianmero 00BYHO KPUCTAINIM3AIHI0 TPAHNTHON MAaTMBI, CYHIECTBCH-
HOI0 000ramienns STHMH DJIEMEHTaMH CPEeJibl, 113 KOTOPOil KPUCTAIIN30BAICHA KBaPII,
He Ipoucxoiuino. [lns HaKOIIEHHS ATHX SIEMEHTOB B MO3JHUX NPOAYKTAX, T. €.
IJI HPOABIEHUA PY/OreHepupylomell croco0HOCTH T'PAHNTHON MarMel Heol X 0/{iMEl
CIeNUabHEIe YCIOBHA: o0MINe DJIeMeHTOB-KOMILIEKC00OpasoBaTeneil, MOHMKEHEEE
comep:ranmsa MuHepanos Ca m Fe u 1. m. llpmmepom momker cay:kuTh HE3KaA Belu-
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quHa KoapuumenTa KoHmeHTpanun Be B KBapme U3 HEPYIOHOCHBIX T'PaHITON 0B
Jl:xuIMHCKOTO MHTPYBHBHOr0 Komimnekca, paHad 0,15—0,35 (Ilerposa, Ilerpos,
1965).

HBapmer u3 rpanutonsioB pasianubbix permonos Coserckoro Cowosa copep:xart
HEeOMMHAKOBOE KOJHYIECTBO PeIKHX DICMEHTOB.

W3z rabx. 78 BugHO, 4TO comep:KaHMA PeJIKUX I PYJAHBIX DIEMEHTOB B KBaplie
MOIePKABAIOT METaIIOTeHNIeCKHe OCOOEHHOCTH OT/eJBHBIX PETHOHOB J[OCTATOYHO
HOJHO, XOTA H He Beerjaa ofnosHaqvHo. Tak, Aad KBapIa ms rpaauTon[o CeBepHOro
HaBkaza, ¢ KOTODEIME AacCONMHPYIT BOIbPPAM-MOINTIEHOBOE PYHAONPOABICHME,
XapaKTepHO TOBHIMIEHHOE, 110 CPABHEHWIO CO CPEJIHIM, COJepsRaHie JTHX 2JIeMEeHTOB.
To ke MOKHO cKaszaTh M 0 KBaple 00BOHOCHEX rpamutos /lansrero Bocroka, xors
MOBHIIEHHBIE COAeP/KANTA SN XapakTePHLL M IS KBapila TPAHATOH/I0B ¥ paia, B KO-
TOPHIX PYAONPOABIEHHA HTOr0 HIEMEHTA IPAKTHYECKH OTCYICTBYIOT. B rpanurax
Bocrounoro 3abaiikanes copaep:kanusa W, Mo, Sn B KBapie HuKe cpeJHero, XoTs
¢ HUMH ACCOMHHPYIOT PYLONPOABICHUS HTUX DHJIEMEHTOB. JTO MOKET OHTHL CBA3AHO
HIH ¢ HeJ0CTATOYHEIM KOJTMYECTBOM ONpe/eIeHIil PYIHEIX HT6MEHTOB B KBapIe ma
TPAHUTOUAOB DTOTO PErMOHA, WIN ¢ PA3IHTIHON IPeCcTaBHTeIbHOCTHI0 AHAIM3HPO-
BABIIETOCS MaTepuala.

Hpome Toro, mo cpasrenuio co cpeguuMm HauOogee oboramentt W KBapibi
n3 rpagaTongos I'oproro Aaras; Li — Cesepo-Bocroka CCCP; Sn, Pb, Zn — Jlaas-
mero Boctora; Be, B, Tl — 3a6aiikansa; Bi — ¥pama; Cu — HKasaxcrana;
Cs — Ceseproro Hasrasa u T. 1.

PacemaTpuBaa ocoleHHOCTH cpeiHUX COJeP/RaHHH PYAHBIX H pPeIKHX dJIeMeH-
TOB B KBaple rpaHuTongoB (cM. tadi. 76), caegyer oTMeTHTE, 9T0 Golee BEICOKHE, 1O
CPAaBHEHMIO CO CPEIHNM [IIA HHTPYBUBHEIX TPAHUTON/I0B, COJIe PIRAHUS PYIHBIX 1 Pejl-
Kux siementos — Mo, Sn, Pb, Li, Cs, Be, U — ycranosiens B ksapue uz ouoru-
ToBBX TpanuToB; Zn, Cu, Rb, T1 — meitkokpaToBuiX, B TO BpeMsa Kak KBapIsl TPamo-
JHOPHUTOB BHICIAIOTCH TOJIBKO HECKOJIBKO ITOBHINIEHHEIM cojlepskaanem W, Ga u Th.
[IpmauHEL 5TOr0 MOI'YT 3aKII0YATHCA HE TOABKO B PA3IHIHOM KOJMUECTBE MpOoaHalH-
BUPOBAHHBIX 00pasmoB MIM B PasiHIHOH BO3MOKHOCTH K KPHCTAIIOXHMUICCKOMY
paccessHNI0 IEPEeYNCIeHHLIX BJIEMEHTOB, HO W B CBOEOOPAZHEIX YCIOBHAX KHCJIOT-
HOCTH—IIeI0YHOCTH, COMPOBOKAAIIIX KPHCTANIN3AMHAI0 OMOTHTOBEX TPAHUTOB I
00yc/IOBINBAIOIUX, B YacTHOCTH, KOHLIEHTPANUI0 B HAX OONBIINHCTBA MHHEDPAIOB
PYAHBX u peakux sneventoB (Jlaxommu, 1967).

O6menpusHano, 9T nponeccs AudepeRnuanun ABIAITCH OIHHM U3 BeIYIHX
darTopoB, cHOCOOCTBYIOMUX KOHIEHTPALMA PEIKNX U PYIHEIX DIEMEHTOB B Ol pe-
JejleHHEIe MOMEHTHL sKU3HI MHTPY3HH M, TAKHM 00pazoM, CTUMYJIMPYIOIAX TpoABIie-
HUe PYy/oTeHepHpyomeil cnoco0HOCTH TpaHuTHON Marmui. VaTepecHH jJaHHBIE, MO-
KasBIBAIOMMe OTINYNE B COMEPIKAHNI PeJIKUX HIEMEHTOB B KBaplle I3 TPAHOTOB pas-
JMYHBIX HHTPY3UBHHX (Pas, M3 IPAHUTOB U U3 CONPOBOKIANINX X KEJIBHEIX TOPOJI
HIH B KBaplle, OTOOPAHHOM U3 I'MICOMETPHYECKN PA3THTHHIX YYACTKOB T'PAHNTHOTO
MaccuBa.

B upomecce pugdepenquannn rpaHETHOTO paciiiaBa HaOI0IAETCA YBEeAMUCHIe
coepsKanus PeJKIX DJIEMEeHTOB B I03HUX JuddepeHnuarax, 4o B U3BECTHOM Mepe
CBA3AHO C BO3PACTAHMEM KOJMIECTBA JETYUMX, PACTBOPHMOCTH KOTODHIX YBEJIMYI-
BaeTcs B 0oee MO3/{HIX 1 HIEI0YHEX HOPIIAX MarMul. Ilogo0noe yBeamdenie coep-
FRAHHA PEKUX DJIEMEHTOB He BCOT[a OTPaykaeTcs Ha HX COMep/KAHHH B KBaple 13
IPaHUTONIOB TO3JHAX MHTPYSHBHBIX (as, 4T0 CBUJETEIBCTBYET 00 OrpaHHUEHHOII
BO3MOKHOCTH HCIIOJIB30BAHUM €10 KaK MHHEpala-HHIHKATOpa mpomeccon auddepen-

nuamun. HaunGosee 3HaunTeIbHE HAKOIUIEHHS B KBaplle M3 IPAaHUTOUIOB MO3IHHX
das Li, Nb u Ta (rata. 80).
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Ta6auma 80

Comep:kanns pefRaX N PYAHBIX DIEMEHTOB B KBAPHE TPAHHTOHIOB
NOCAENOBATEABHBIX (a3 MHOropasHbIX HHTPYIUBOR, 2/m

PRITOR daza Be Li RDb w Mo i Sn JurepaTypHEIH HCTOYHHK
Bocrounoe 3abaii- I 0.75 = — — 0,75 | Ilerposa, Jlereiizo, 1965;
KaJhe 11 0,50 = — o — 0,50 Ilerposa, Ilerpos, 1965
111 0,65 - - - 0,70
10ro-3anagnoe 1 - - — — — 1,0 | Kocaie, Masypos, 1970
[Mpudaiikaabe I1 ~ — — —~ 03 1,0
111 — — — 0,1 1,0 1,0
Fopubiit Adraii J 1,0 5,0 - - — — Rocane, Cyxopyros. 1965
Il 1,0 3,0 T — = —
10 | 200 . 80| ‘80| .— — L]
Kasaxeran I 0.8 15,0 | 400 2,0 4,0 3,0
| 1,6 200 | 40,0 3,0 3,0 40
11 1.0 10,0 | 40,0 | 4,0 3,0 2,0

B cBsizu ¢ namenenuenm B npouecce anddepennmaniu nerporpaduueckoro cocrasa
PAHUTON/IA POJIb KBaplla KaK MUHepaJa-HOCHTEIA pPeIKHX HIeMeHTOB VBeImdn-
Baercsa. B KBapme m3 HeoNOBOHOCHBIX T'paHHTON/10B MHOTo(asHoro [[sKUAMHCKOrO
KOMILTeKCA MPOLeHT 0J10Ba, NPUXOAIMIiCSA Ha 10110 KBapia, yBeanunpaercs ¢ (0,2 —
1,3% B rpamnrax | dassr go 1,7—2,6% B rpanurax 11 dasst u g0 6% B rpaguTax
LI ¢assr. [Jlns Be B KBapme ma Tex e IPaHUTOMAOB HAONIONAETCH AHANOTHIHASN
KapTuHa: KBapil us rpanutousios I gpassr cogepxur Hh—5,7% obmero koangecrsa Be
B nopoge, Il dassr — 0,6—2,5%, a 8 rpamnrax 111 dasw g0 4,8—5,4% (Ilerpora,
Ilerpor, 1965).

IMonyuenune peayabraTs (cM. Taba. 77) CBUJETEIBCTBYIOT O TOM, 4TO 10 CpPas-
HEHMIO CO CPETHUM COJIeP;aHNeM PeJKNX W PYAHEIX DJIEMEHTOB B KBAPIe WHTDPY3HB-
HBIX T'DaHUTOMOB TIOBBEINEHHBIE cofepkanusa Sn, Pb, Zn xapakrepusyior kpapis
u3 nmermatutTos, Sn, Pb u Cu — us ammuros. B KBapre U3 KBAPHOEBHX KU 10
CPAaBHEHMNIO ¢ APYTUMH KUIBHEIMH MOPOJIAMI IOBHIIEHE cojepaanus W, Mo u Be.

AHanus ocoGeHHOCTell cocTaRa KBapua ;KUIBHEX IOPOJ, CBABAHHKX C TPAHH-
TaMH, HOKABLIBAET TAKKE, YTO B PYJOHOCHHX I'DAHUTAX HamdoJee gacTo 06Oramien
PYIHBIME 9/€MEHTAMM KBapI[ W3 KBapHeBelX ;Kmi (trabm. 81), a B 00bMHEBIX rpanm-
Tax — KBapn u3 merMatuton (rabia. 82). Ilocmenmee orpaskaer HaromTeHme paAma
aanementos — W, Mo, Sn, Be — B merMaruroByio widm ruapoTepMambHYI0 CTAJIMIO.
Benumdnaa s10ro HaROMIEHHA MOKET PacCMATPHBATBCH, HAPAAY C COJEP/KAHUEM
COGCTBEHHO DY/IHEIX MHUHEDAIOB, KAK I0KA3aTeTh CTENEHH NPOABIEHHs PYIOreHe-
pupyiomeil ¢cnocoSHOCTH TPAHATHON MAarMEL.

Ecau oforamenme kpapma pejkmME dieMeHTAMH W3 TPAHUTOR NHOBTHHX (a3
BHEJIDEHUA M M3 SKWIBHBIX TOPOJ (HKCHpYeTcsi HHOIJA [OCTATOYHO OTIETIHBO,
TO YCTOMYMBO BHIPA/KEHHOH TEHEHINH PYIHBX H PEJAKUX DJIEMEHTOB KOHIEHT]PH-
POBATLCA B KBAPIE N3 I'MIICOMETPHIECKH HanbojIee BEICOKOPACIIONOMKEHHBIX YIACTKOB
TPAaHUTHOTO MaccHBa 00nvHO He Habaomaercs (tada. 83). B rpammrax Bocrogmoro
CasHa WHOrIA MOKHO KOHCTATHPOBATH HEKOTOpoe oOoramenme Li kpapma mus
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TaG6anma 81

Comep:kanusa PeKHX ¥ PYAHBIX DJIeMEHTOB B KBapue rpaHuTONIOR

W CBAZAHHBIX ¢ HHMH SKHIBHBLIX mopon KHasaxerama, 2/m

Iopoma w Mo Be ITopona W Mo Be
Pynonocnsie Beapynubie
MaccunuB ArkgarTay RKaprkapalHHCKHIHi Maccus
TpanuTsl . 0,7 0.4 — || Tpanure . . 0,7 0,4 0,4
ATIHTE 0,7 0.4 — || AmauTsr 4 2 2w O 0,4 0,7
IlermaTHTH . . DR | 0.7 1.0 e Ksapnesasa smuia . . 0,7 0.4 0,3
HBapuesas sxmiaa . . 1,0 0.5 —
Maccus HamMmaukapabac
Maccus Maiditac panntsl . . 07 | 04 | 01
ATIuTE ; 0,7 0,4 08
Ilermatnter . . . : 0,7 0,4 0,1
Tpanursr . . 0,7 0.4 0.4
ATUIHTH 0,7 0.6 0,5 MaccuB BerTay-arTa
IlermaTdTH . . . . . . 0,7 0.4 1,3 (| T'pasnts . . 0,7 06 | Ca.
KBapneBad sKnia . . . 1,511 51 1,0 || TermaTuTHr . . . . . 0,7 34 | Ga.
KBapuesad sgmaa . . 0,7 04 | 14

Taoanma 82

CopmepsKannsa peIKNX W PYAHBIX JIEMEHTOB B KBapUe TPAHUTOHOE

7 CBABAHHBIX ¢ HUMN KILIBHBIX mopox Ypamxa, 2/m

ITopona ‘ W Mo Sn Pb Zn Cu Be
IMMunoBo-HoHeBCKHIl Maccus
I'panutsr . . 2.5 0,6 7 4 15 7 0,5
IlermatuTsr . . . . . . 2,5 0,6 13 8 15 4 —
Ksapuesad sxuma . . . 2,5 0,6 3 i 5 15 6 =
JHmadbumr-Kaparafickuii Mmaccus
T'panursr . 25 0.6 11 4 15 4 —
AnanTs 2,5 0.6 10 8 - — —
IlerMatursr . . Y T 2.5 0,6 16 30 30 0 1
KBapuepas uua . . . . 2.5 0.6 5] 7 15 4 —
KHoukapcruili Mmaccus

POaBITEE G de totiat soaside i sseimlsle s bl 3145 & 25 0,6 1.5 4 15 4 0,5
AILTHUTH S SN SN N 2.5 06 | 20 5 15 4 0,5
ITerMaTuTH . . . : 2.5 2 10 4 40 4 =
HBapmesas ;xuaa . . 2,5 0,6 2 20 15 15 -
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Tabauma 83

Copepsranns pekuX W PYAHBIX DIEMEHTOB B KBapue TIHIICOMETPHYECKH
PA3IHYHBIX YYACTKOB I'DAHUTHBIX MacCHBOB, 2/m

Boerounnnii Caan (Boponuos, Jlum, 1966)

Danusa
JIeMeHT =
alnKalbHAaA I TJIYOMHHAaA
e ca.
Li — 10,0
19,0 0,0
Ca. 10,0
Rb -— 5,0
5,0 10,0
Cesepuniii Kapras (JapIsyprunckuii Macemn)

N w Mo sn Pb Zn Cu Li cs | Be
2300 4,0 900,0 1,5 3.0 15,0 14,0 20,0 40,0 | 0,5
2000 2.8 0.6 2,0 7,0 15,0 4,0 20,0 40,0 | 34
1150 2.5 26,0 1,5 4,0 15,0 4,0 10,0 400 05
750 2,5 4,0 5,0 7,0 15,0 10,0 20,0 300 | 07
350 2,5 28,0 5,0 6,0 150 4.0 20,0 40,0 1.0

AlUKaJIbHBIX 9gacTeil I'PAHUTHBIX MaccUBOB, B 10 Bpems Kak mias Rb xapaxrepua
cKopee odpaTHas TeHIEHIHHA.

B rpauurax Cepepuoro Haskasa cojep:kaniue pyIHBIX H PeIKUX DHIEMEHTOB
B KBapIle I3 BePTUKAIBHOI0 pasdpesa IPAHUTHOTO MAacCHBA TAK/KE BECHMA MOHOTOHHO,
4 OT/ie/IbHEIe BEICOKHE COfep/aHus 00BACHAITCHA, CKOPEe BCETO, HAJIHIHEM MHUKPO-
BRIOYEHHIT PY/{HBIX MMHEPAIOB COOTBETCTBYIOIMUX BIEMEHTOB. JTO MOMKeT CJIY/KUTh
H3BECTHHIM yKazaHueM Ha caalo IpoABIeHHEE IPONECCh HMaHAIHORHOI Huddepen-
Ualuyd B M3YYEHHOM MACCHBE, UTO YCTAHABIMBAGTCA I [0 MOHOTOHHOMY paclipe-
JeJIeHHI0 DYIHHX W PeJKUX HJeMeHTOB B BePTHKAILHOM paspese dTOTO MAaCCHBa
(JIaxosmu, 1962,).

Becbma mHTEpecHBI Te OTAHMYMA, KOTOPHE YCTAHABIUBAIOTCA IPH CPABHEHHH
ocoleHHoCTell cOlepRAHUsA PEIKUX HIEMEHTOB B KBAPIE M3 TPAHUTOMIOB M KOMAT-
MATHYHBIX ¢ HEMI aunaputos. [lociaennue orassipaorcss 060TAmEHHEIMI 0 bITHH-
CTBOM PE/(KUX U PYAHBIX DJIEMEHTOB, 0c0GeHHO 0JI0BOM, UTO CBUACTEILCTBYET O O0Jb-
moil posam rasonoii aupdepenimamun B nponecce GOPMUPOBAHUA DTUX CYOHHTPY-
SUBHBIX Tet. ToabKro MMEK B G0IBIIEM KOJIHMYECTBE CONEP/KUTCA B KBapIe TPaHATON-
nos (Tabma. 84).

Crnabo mamemsercs cojiepskaHme PY/AHBIX HIEMEHTOB W B KBapie pasimuHBX
reseparnuii. Tak, B oxosoHocHex rpammrax J[lanbaero Bocrora comep:manme Sn
B KBapile pPasiuYHBIX TeHepanumili He maMeHserca u cocrasisger 1 e/m (Hemamkos-
ckmii, Hapnon, 1968). B rpamogmopmrax Kapa-Yaumnckoro maccupa (Bocroumoe
Jabaiikanbe) HaGioaercs BechbMa HE3HAUMTENbHOC yBeJHUYEHNE COJep;Kkanms Be
¢ 0,15 mo 0,20 2/m npm mepexoge or keapua | remepanmm x kBapiy Il renepammm
{(Taycom u mp., 1969).
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Tatauma 84

Cpejnne COAEPHANIA PEJIRIX 1 PYJIHBIX DJIEMCHTOB B KBapie rpamuTouion
I KOMATMATHUHBIX € HUMH JHIAPHTOR Ceseproro Haskasza, z/m

|
DIeMenT T'pannThbl JIunapuTsl ‘ DIHeMeHT T'panuTbl JInnapuThl
|
W 1.51(2) 2,8(2) Rb 10,0 (4) 27,5 (4)
Mo 0.8 (61) 3.1.(7) Cs e 5,5 (2)
Sn 1,3 (61) 13,6 (6) Be 0,7 6,0(3)
Pb 8,0 (61) 32,5 (6) B 4,9 8,0(3)
Zn 25.1 (61) 12,0 (5) Nb 49 12,1 (4)
Cu 5,0(3) 6,7 (4) Ta 0.3(3) 1,06 (4)
Li 20,2 (4) 27,2 (4)

PaccmarpuBas OCOOEHHOCTH COCTaBa KBapla I3 HaMeHeHHBIX — IpeilseHnsu-
POBAHHBIX W QIpOMTHAMPOBAHHHX — IPAHMTOR, HETPY[AHO 3aMETUTDh, HT0 o
CpABHEHHIO ¢ KBapueM u3 HeM3MEHeHHEIX rPAHNTOB, NEPBHe XapakTepHsyITCH
Goee BEICOKMMH COleP/RAHUAMM MHOTHX 2JIeMEHTOB: Pb, Cu, Bi, Rb, Be, B, U,
ronuuectso W, Mo, Sn, Gs ocraercs DPaRTHIECKU fea MBMEHEHHHA, B TO BpeM#A
rax conepskamme Zn, Ge, Li ymeHbIIaercs (em. rtada. 77). ITO CBHETENBCTBYET
o HOBHINGHHOIl KOHIEHTPAIME B PACTBOPAX, MPOU3BOIMEIIIY H3MEeHeHUe TPaHNUTa,
HOHOB 2I€MEHTOB HepBOil IPYNIEL.

B amrepaType BCTPedANTCA YKa3AHIA O TOM, UTO cojlep;KaHme BOIb(pama
(Wisanosa, 1969) m Gopa (Kocasc, Cyxopyxos, 1965) B kBapiue u3 OMOTHTOBHIX 1
ABYCIONAHEX TPAHUTOB AHATOTHIHO I CYIMECTBEHHO HE W3MEeHAeTCSH. Nrmerorest,
OMHARO, W IPOTHBOIOTOKHBIE gabmogenns. Cymecrnyer derkasg B3aHMOCHA3L
cogep:xanmit O B MeraMophmUeCKHX MOPOAAX M B KBaplax ns srux mopop ([lon-
oBa, MIIOBCKMIL, 1967). 910 CBHETEILCTBYT O TOM, UTO B nponecce MeTamMopduama
gpapll He OCTAeTCH HeM3MEeHIOMIMCs MUHEPAIOM, & HePeRpICTAIIN30BEBALTCH
TaR Jke, Kar BCA TOPOJA. OmpejielleH B MHTEPEC MPEJACTARIAIOT HaOIIOIeHNS,
HOKA3BBAONIHEE, ITO KBAPILL U3 I'PAHATONA0B J0TO-BOCTOYHOr0 ATas, KAK OpaBuiIo,
comepskar BOAb(paM, HHOIA B 3HAUHTENbHBIX KojMgecTsax. B RBaple rpeiiseHm-
ANPOBAHHEIX I'PAHUTOB posb(paM BeTpedaeTes 3HAUUTETBHO PErRE. 910 TO3BOIAET
cqmTaTh, UTO MCTOTHHKOM BOJB(PAMOBOTO OPYACHEHIHA MOT'YT OBITH CAMH TPAHUTO-
et (Muxamesa, Corankos, 1968).

Taknm 00pasoM, HESKHME COAEP/KAHMA PY/HBIX I peRHX HIEMEHTOB B KBapIe
113 M3MeHeHHHX TPAHUTOMIOB MOTYT CBHIETEILCTBOBATD WIK 0 CTePUIBHOCTH pac-
TROPOB, MPOMBBOJAMEX WMBMEHEHUE rpaEmTa, WIN 00 YYACTHH HAXOJMBIMIXCH
§ Rpapre 3JIeMeHTOB B obmeM mpomecce pyA000pa3OBAHIA.

Memoabaoparme ocobeHHOCTel cocTapa KBapna Kak MHIMKATOpA pyAoreme-
pupYIOIeii ¢HocoOHOCTH TPAHMTA OCHORBIBAEGTCH HA BEPOATHOM HAXOKJACHHN B HEM
ATOMOB PABIWUHBEIX METAJJIOB, 9TO, BO3MORHO, VUNTHIBASA TBEPAO YCTAHOBJIEHHYIO
¢VIIECTBeHHO KOBAJNEHTHYIO HPHPOLY CBA3NM B KPeMHEKHCIOPOAHBIX TeTpasipax
xpapina. Jame B TOM ciylae, KOIa UX IpECYTCTBHE 00YCIOBIEHO MUKPOBRIIOHE-
HISIME COOCTBEHHO PYAHBIX MHUHEPAJIOB, reoXTMITUecKas 0c00eHHOCTh CPeJIbl MHHe-
pamoobpasoBaHus HaXOHT oTpaskeHMe B TOBBIIEHHOM COACPIRAHIIE PYAHOLO
ajeMedTa B KBaple. ‘

MyetoTea [AHHGE, TTO KBAPIB PasHOro reHesmca MMEIOT HeoJMHAKOBBIE DPa3-
MepHI »IeMEHTAPHOI AUeiiKH, 4TO CBA3AHO © PABIMIHBIM COJIeP;RAHAEM B HAX MUKPO-
npumeceii. Ha KOIMISCTBO MOCIEAHMX GoNpIIoe BINSHIE OKABHBAIT TeMIepaTypa
00pa3oBaHMs KBapma, CKOPOCTH €ro pocra W XHWMHBM  CPeJst (Byapaxor, 1968).
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AHalIM3 DONYYEHHHIX JAHHBIX CBHJET@IBCTBYET O TOM, 4UTO 418 KBapua
13 TPaHUTOB, C KOTOPHIMI NPOCTPAHCTBEHHO CBS3AHO 0J0BO-0EPHIINEBOE M BOIh-
(ppamM-MonuGeHOBOR OpYIEHEHME, XapaKTepHH NOBHIIEHHEE cofiep;kanua Sn, Be,
W, Mo, mmoraa 8 2—8 pas npessimaromue cpenaee (tabx. 85). Ilocaeanee, ogeBuamo,
00yCIOBIEHO HATMINEM MIKPOBKIIOTeHHI COGCTBEHHEIX MHHEPAJIOB ITHX 3AEMEHTOB.
[Mopo6rme moBsuennse cogep:xamna W, Mo, Sn m Be oramuarnor u KBApUBl pPyI0-
HOCHHIX TpaHHTOMAOB [JlaabHero Bocroka u  HKasaxcrama or HePYI0HOCHEIX
(rabn. 86).

Tadbanmma 85
Cpepnue comepskannsa peiKNX 3IeMEHTOB B KBapHe pPyloHOCHBIX TPAHNTOMJAOR, 2/m

PaiioH, THII opyIeHeHIIA w Mo Sn Be Cu
Cesepo-Bocrok, Sn (3) . . . . . . . . .. 2,0 0,6 12,2 05 7,0
Bocroynoe 3abaiikaane, Sn—W 4 B R 21.5 2,0 10,4 07 2,4
Habras, W—Mo (8} . . . . . . . . 0. .. 2,8 18,5 3,5 1,2 5,2
Kasaxcran, W—Mo—DBe (6) . . . . . . . 32 3.0 45 1.1 6.3
Cpelinee DO MHTPYSUBHEIM TpaHUTONIAM

GEIEE" (oo 2 vnim w0 ondi o fos T e s s &7 2.9 10,5 0,76 6,6

Tabamma 86

Cpenuite cogepxannsa W, Mo, Sn, Be B kBapne IPaHNTONTOB
Cesepuoro Ilpnbanxambpsa u IMenTpaarnoro Kasaxecrana, e/m
(Ceprrx, 1966)

Maccus w Mo Sn Be
Pynounocumne
KORMEHBOIE ~ 5w e e %0 258 o - 4,1 (5) - -
ITOTBN « o o 255 oo L T e 5(5) 1,7.(9) 9,8(8) —
Bocrounmii Koympapy . . . . . . . . . 2(8) 0,5 (8) 09 (8) 0,3 (8)
ey s o) . e 2 (4) 1.2 (4) 0.7 (4) 0.8 (4)
BV ReR el Woes Nk el ol 2(2) 1,3(7) 1,5 (6) 0,7 (21)
Kapaoga . . . . . ... ... . ... 4 (5) 0,8 (4) 2,6 (3) —
Hypa-Tangm . . . . .. ... ., ... Ca. 0,6 (5) 0.6 (4) 0,3(5)
CPemEBE wir & s 3 0 8 tas e 1 3,04 (24) 1,43 (42) 1,8(33) 0,77 (80)
Bespyauue
AMPTAY & 3 o 0 & e v s o o
sHamankapaGac . . . . . . . .. ... 2(11) 0.5(7) 0,5(7) 0,3 (7)
o e o R LN S i it 0.7 (3) 0,8(3) 0.3 (3)
RIEANEHG poariors o BT R e D i 2(10) 0,8(3) 0,5 (4) 0,3 (4)
Sanagueri Mlanrac . . . . . . . . . . 2(3) Ca. Ci. Cui.
B 1 0 P R VA 2 (24) 0,61 (13) 0,6 (14) 0,3 (14)

Oramans B coflepsramum peIKIX 2IeMEHTOB B KBapIie U3 PyAOHOCHHX W HePYAOHOCHBIX
rpanuror [laasnero Bocroka He oammEakoBsl mis PasauvHbIX baeMenToB. HauGomee
SHATHMBL B KBaple PYAOHOCHHX IDAHHTOUIOB IOBHIIICHHEE cofep:ranmsa Sn, Nb,
Ta, B 1o Bpemsa kak comepskanms Be 1 W HPAKTAYECKH OAWHAKOBEL, & CONEP:HAHMA
Mo maske HeCKOJBKO HHKe 10 CPABHEHMIO ¢ KBapneM HepyAOHOCHHX T DaHHUTOH/IOB.
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B 10 e BpeMa HepPaBHOMEDHOCTH DACIPEIEIEHHs CONEP/KAHNA ITUX IIEMEHTOB
BCeria BhIEe B KBApIe PYMOHOCHHIX IpaHETOMA0B (cM. Tadmx. 87).

AHaams JNTEPATYPHRIX JAHHBIX Tar:Ke yOe:kgaer B TOM, YTO HOBBHIIICHHEIE
CcoNlepIKAHMA PYAHKX H PEJKUX DIEMEHTOB B MOPOR00TPA3YIONEeM KBapIe ABIAKNTCA
0BOJIBHO YCTOMYMBEIM MPH3HAKOM DPYAOHOCHHX IpaHHUTOB (TadI. 87). Tax, mo gas-
arv O. J[. Crasposa (1961), mabmofatores onpesesienake oTImunsA cofepanuii Li
B KBaple TPAHUTOB M CBABAHHBIX C HUMH JINTHEHOCHBIX IETMATATOB OT KBApPIER
TPAHATOB W MerMATHTOB, ¢ KOTOPHIMM MOfo0HAasA MUHEPAIH3ANHA He CBABAHA. B mo-
clegHeM caydae cojep:kaEme Li B Kpapue H3 NErMATHTOB B 9 pas MeHbBHIe.

Tab6auna 87

CTATHCTHYECKNE ONEHKN coNep:Kanuil pejiKIX 5IeMeHTOB B KBapile
pyronocubix (1) u Gespyanwix (2) rpanntongor danenero Bocroka
(Tosopor m ap. 1970)

DJeMeHT n 5, 2/m o? DIeMeHT n ;, 2/m o2
1 25 12 ‘ 04 1 2% ' 85 12,3
w Nb T
2 | 51 ’ 11 | 04 2 49 | 7.0 8,2
1 25 09 | 01 | 2% ‘ 15 1.8
s 2 | 45 [ 12 0.4 i 2 ‘ 48 ‘ 1,0 ‘ 0,72
‘ 1 ‘ 30 | 2.4 | 2,12 | \ 35 \ 0,8 ‘ 0,03
- 2 \ 31 | 07 ‘ 0.0% b 2 | 20 \ 0,6 ‘ 0,02

Ha ocHOBAHHM 5TOr0 MPEAJIOKEH METO] KBapLEMeTpuH, IHOJ KOTOPHM MHOJ-
pasyMeBaeTcA KOJNYECTBOHHOE M3YYEHHe DeJIKHX 3JIEMeHTOB B KBaple M3 MHTDPY3H-
BOB H €BSI3AHHBIX ¢ HAMH ;K@I. C IMOMOIIBI0 BTOFO MeTo/la yCTAHOBIEHO, 4TO COMep-
;nagme Li 1 B B KBapuax rpaHuTOB M NerMATHTOB HAXOANTCA B IPAMOI 3aBHCHMOCTH
0T PYOHOCHOCTH Marmarmieckoro odara (Craspos, 1961).

B ksapuax us pyposocuux (Cu, Mo) rpamopmopuroe Merpmuckoro mryrona
B. M. Meauxcersimom (1964) ycramosneno Meau 10 2/m u Mmoambpena 2 2/m, 4to
[pEeBHIIAeT CpejiHee COAeP;KAHEE HTHX DIEMEHTOB B KBAPIe HEPY/OHOCHBIX I'DaHu-
TOMI0B AHAIOTNYHOrO cocrasa (cM. Tabm. 76).

Cmmeroperuit 1 TarubuackEi Maccmspl B lIpuMopbe COOPOBOKIAIOTCA BOJb-
dpam-MoanbIeHOBOIl MIHepalU3aIiueil, IpmIeM HaubojIee MHTEHCHBHO OHA IPOAB-
seHa B cBssu ¢ CuHeropekuM MaccuBoM. COOTBETCTBEHHO M KBAPI W3 IPAHONUOPATOR
CcIaraiommx 3T Maccussl cogepiut Goxbmre W i Mo B CureropekoM Maccuse (5 ompe-
pexenmit): 2,0 m 3,2 2/m, wem B Tarmbumckom (2 ompeneaenns) 1,7 m 1,0 2/m
(Jlepamos, I'peammena, 1970).

Jlis KBapHa pYAOHOCHEIX PPAHHTOMJOB BECbMA XaPAKTEPHO TaKiKe HAJIH1He
He TOJHKO MOBHIIIEHHEX, HO MECTAMHU ¥ yPAraHHBIX KOJIHYECTB PYAHBIX dIEMEHTOB,
BO MHOFOM OO0YVCIOBIHBAIIIMX OOJBIIYI0 HEOMHOPOAHOCTH B pacmpe[elieHHHm nX
conepxanmii. Tak, B Kpapme 3 0I0BOHOCHKIX rpanuros [Ipmmopes u Bocrogmoro
Babaiikamba cofep:aanme Sn HHOTAA COCTABIAET COOTBETCTBEHHO 120—320 2/m;
B KBApIe M3 MOTHOIEHOHOCHHIX rpannTor llenrpaabnoro Hasaxcrama u CepepHOro
Raskasa cogep:xanne Mo gocruraer 100—900 2/m. W xots B 9THX cIyTaAx HaIHIHe
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Tatamua 88

Copepsannsa peKNX 11 PY/JHBIX 3IeMEHTOB B KBapie rpaHnToB
pasanyHoii PYIOHOCHOCTH, 2/m

Pajion Maccus, T OPYICHEHHA w Mo Sn Nb Cu ﬂ[{;gg:;:gﬁ:\.[bm
Bocrounoe | Anenyesckie  rpannts, | 14 z 02 2.0 - e Wsanosa, Ly-
Jabaiikanne de3pyanke Ty30Ba, 1968

Rouuayii, Gespyanbie 1,4 0,2 2,0 —_ =
Onanga, Sn—W 2.1 < 02 4.6 — —
Hypyaryii, Sn—W 1.3 0,35 5,0 - -
Bepxne-Vuuncknit romi-| 1,4 0,2 2.0 — —
Jeke, Geapyanble
Kyryasoeiicrmii roMmo- | 1.7 0,27 4,8 = e
Jeke, Sn—W
Bocrounprii | Jismyramypernii ROMIT-| — — — 40 JIerxun, Ry-
Caan aexc, Cu—Mo OprmknnHa, 1967
BepxmemenoBoit  womil-| — - — 20 20
nerc, Nb

B KBAapIe MHKPOBKIIOYEHUIl cOOCTBEHHHIX MHHEPAJOR PYAHEIX 3JIeMEHTOB HECOo-
MHEHHO, IPHUBEIEHHBLII MaTePHAJ CBHAETEABCTBYET, 410 00Mmee cofiepsRaHne PyIHBIX
T peJKHX JEeMEeHTOB B KBapIle O0TpasKaeT METANIOTeHHIeCKHEe 0COOeHHOCTH KpPHCTal-
Iu3ylomelica TPaHATHOI MAarmel, Tak Kak QuEcupyer He mpeodiafaiwiiee H3oMopQ-
HOe paccesiHde B paHHHUe CTajNi, a UX HAKOIJIeHNEe K MO3JHHM 3TamaM KPHCTaJTH-
3anud BINIOTH [0 00pasopadus WMU COOCTBEHHBIX MITHEPAIOB.

Eme [pumon (Dennen, 1964) yceramosmm, 9TO KBapl pasiidHbIX T'PAHHTOB
XapaKkTepuayeTcs Pas’aNYHEIM COOTHOIEHHEM PeIKHX HIEeMEeHTOB, 4TO J1aeT BO3MOK-
HOCTh KOPPEeTHPOBATE TEHeTHYECKN POJICTBEHHKIE MOPOAsl. TaK, B peayiabrare mayde-

TaGauima 89

CpejHuie cofgep:raHlisi PeJKHX W PYAHBIX DIE€MEHTOB B KBapIe
TPAHNTONIOB PA3IMYHOrO reHesnea, 2/m

I'pasnTONIHI
DneMenT
NHTPY3UBHBIC ABTOXTOHHBIE rabopoBoil dopmarin

Bi 0,7 (22) = 0,9 (5)
Sn 10,5 (139) 3,5 (23) 2,4 (11)
Mo 2.5 (169) 0.47 (34) 0,6(17)
W 2 (7(132) 1,8 (19) 2,5(9)
Ge 1,4 (22) s 9.4 (3)
B 6,3 (34) — 04 (5)
Ph 7.4 (60) 8.0 (18) 8.7 (12)
Cu 6.6 (61) 12,4 (32) 231 (17)
Th 5,7 (B) 0,05 (1) A

Li 13,2 (40) 3.2 (5) 1,8 (3)
Zn 19.9 (32) 15,5 (14) 156 (8)
Ga 2.8 (4) 11,0 (3) =

Be 0,76 (203) 0,91 (15) 0,5 (9)
Ta 0,35 (14) 0,30 (6) =




nms KBapua ms rpammros Pop Buu (Kanngoprus) u ocaj0uHBIX HOPOA ¢opmanuu
Ioppu 61O YCTAHOBJIEHO, YTO MMEHHO BTI IDAHUTHL GRAU HCTOUHHKOM (opMEPO-
panmus ocanounsx mopop (Dennen, 1967). BecbmMa MHTEpEeCHH Te OTAWYMs, KOTOPHE
HaGiioaloTesl B KBaple TPAHHTONJIOB PasimyHOTO IEHesHca (rabm. 89).

 Yacmoma 50 ¢ 7
140+ 7
/A
E‘ ot v Pb
wt b 067
Mo a st Vi
7 =4t % Z
70 . st b 2 ¥
7 Z
0+ 1 wh A
ok
wrp 0 =90 0 75 59 M3 #7240
k- sk /ST 5 S V4 A
Z 60
arp 40+ 7
Z JUr —
at b L
7 - 9 b b
0r ‘-: otk Z n=124
- : v VA
Jepdf I I G - [ %
0 007 9807 G960 59401 7950¢ 8900 | P Z
9901 29707 43500 9301 891,01 I
al m 0 §7 553 098 1645 2191 | VA
280 826 1372 19,8 %
s+ b [
sor 091 M oM 315 4%
7 Sn sk a6l 163 285 367
| - n=104 0 ;7
60+ ¥ 60 ¥ L % Zn
‘// 7 u b g
sot b sot 7-82
0r v
apt at 1.
v B =~ 7 I
at b - 0 g5 43 85 1639
7 210 620 1030
“arp a0y 2} A Li
0 r ek mk / Eeife
'
. s 905 W 0 1) 7%
0 Q5 725 M43 65 2885 010 38 626 934 1042 G 43 129 355 381 /m
355 W85 1805 2525 64 412 78 1088 56 132 318 444

Puc. 6. ImerorpaMmul  pacupejieieHiii coflepKannil  PelKIX 3JIeMeHTOB
B KBapIe TI'DAHNTONIOB

Bronme OTUETIHMBO YCTAHABJIHMBAETCs, UTO KBApL MHTPY3HBHBIX TPAHUTOMIOB
XapaKTePH3yeTCs CAMBIMH BBICOKEMN COJEP/RAHIAMM Mo, Sn, Pb, Zn, Ge, Li,
KBapI[ W3 IpaHuHTONNI0B TabipoBoil Gopmanun — CaMEIMH BEICOKEMHU COJIep;RAaHUAME
Cu, Bi, B m caMBiMu HHBKHMH — Sn, Li, Be, Ge, kBapi aBTOXTOHHEIX I'DaHNUTOB
oTIMUAeTCS HECKONBKO TOBHIIEHHRMM cofepskanmeM Be, Ga ¥ 3HAUATeNbHO MOHH-
sweHamMM — Li, Th, Sn m Mo. B xsapme mu3 ciaHues cpejiHee ‘comepranme Li
(0,7 2/m) B 18 pas HHKE TAKOBOTO, XapakTePU3yIONero KBapl HHTPYSHBHBEIX
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FPaHATONA0B. B cBA3M ¢ oTuM mHTepecHN peayanrarsr 150 KOJMYECTBEHHEIX CHEKTPO-
METPHYECKHX oupefenenumii Li B ksapie METaMOPOUICCKEX J[OTe PUUHCK X mopoj
Hwxnmeit Cmresun, woropsie XapaKTepu3yioTCA BEChbMA HUBKHME COJePrRAHAAMM
Li —0,2—1,2 2/m (Smulikowski, Walenczak, 1966). dra 3aKOHOMEPHOCTb IIPO-
ABIACTCA HE TOJNBKO B TAKHX 00pa30BAHHAX, KAK QHIIHTH | CHIO/IAHEIE CJIAHIIH,
HO I BO BCeX HPOAYKTAX HX JajabHEHImel rpaHHTHSAMEN: OYKOBHIX THeiicax, Mur-
MAaTHTaX, TPAHUTO-THEICAX U HEBKOTEMIepATYpHHX, TIPefNOIOKATeABHO METACO-
MATIMECKUX, rpaHuromtax. Heapm rpamnrommor repmumckoro BO3pacTa COMepP:RIT
3HATHTETHHO 0osee BEHICOKME Kommuecrsa Li, Koropeie koxebmoresi or 2,7—6,3
1o 8—15 2/m. [pu stom HaOII0IaeTcs SBcTReHHOR oboramenue Li KBapIa mo3QHHX
IpAaHUTHBEIX NuPepeHnHaToR H 0cobeHHO DETMATATOB, TAe cofep:kamme Li mocTm-
raer 16—35 2/m. B 30max KoHTAKTOBOTO MeTaMopduaMa, BHIBBAHHOTO I'epPIHHCKIMI
MHTPYSHAME, KBAapL APEBHUX CIIOAAHEIX CIAHIEB H THEHCOB TAK:Ke HEeCKOIbEO
maceumaeres Li — 1o 4,3—9,8 2/m.

ITH IPHEMEPH MO3BOIAIT PacCMATPHBATH OCOGEHHOCTH COMNED/RAHME POLKHX
HIEMEHTOB B KBAPIE KAK A0TOIHMTENbHHIT IPU3HAK, MO3BOIAONMI GoTee YBepeHHO
CYAUTb O CBOeOODA3HH TeHe3Mca TI'PAHHTOMIOB.

I'merorpammer wacror pacmpegerenmus CONEP;RAHMIL PEJIKAX DIEMEHTOB B KBapIle
CBHIETeJIBCTBYIOT 00 UX pasiamIHOM xapaxrepe (puc. 6).

Haa Gonbmumctea w3 Humx XapaKTepHa DPe3K0 BEIPA/KEHHAA HOMORATEeIbHA
ACHMMETPHA W IKCUECCHBHOCTH, CBHETEILCTBYIOIAA 06 VCTOHYHBOCTH HH3KIX
cofepxanmii. B To ke Bpemst gmcmepcms COZeP;KAHMI PABIMYHA: OHA MAHHMATLHA
aas Mo u W n maubonee smawnresnsaa y Sn, Be, Cu. Kpusas wacror pacupegenenus
copep:ranmit Li otnmuaercs manmumenm ABYX MakcuMymoB. OIHH 13 HUX, XapakTte-
PU3YIOIHIL BHICOKHE COALPHKAHMA, BOZMOKHO 00YCIOBICH MK G0 66 mo3JiHel mMuper-
HAalMeH JTUTHIICOMIE PRATIIX PacTBOPOB, UIH HATUYMEM MUKPOBKIIOYEHWH, GOTATHIX
AUTHEM CJIIOJ.



JAR/IIOYEHUE

Tmarenbnoe mayuenme m mociefylomas TIeHETHUECKAs HMHTEPUPETALMS TeK-
CTYPHO-CTPYKTYPHEX, HETPOXHMHYECKHX WIN MEHEPAJOTHYECKHX OCOO0eHHOCTEH
H3BEPIKEHHBIX TOPHHIX HOPOJ MOBBOJSET, ¢ M3BECTHOI OJNeil BepOATHOCTH, pecTas-
pHpPOBAThH OT/ENbHEE (ParMeHTH B CHOKHOM I HEPeIKO IPOTHBOPEYUBOH HCTOPHH
UX BOSHUKHOBEHHsA M mociefyiomero gopmmpoBauma. He memee Tpymmo Boccra-
HOBUTh M CIO;KHEE IYTH MHTDanud HeOAWHAKOBHE JUIA PAsiIHIHEX pPeKUX bile-
MEHTOB H OOBIYHO NPHBOAANIME K WX PACCEAHMIO, Peike K KOHIEHTPAIHM, Pesyilb-
TaThl KOTOPOil MBI UKCHpYeM B IOABICHHH COGCTEEHHHIX MHHEPAJOB STHX dJe-
MeHTOB. Boapmyio m 00beKTHBHYI0 IOMONb IPH PENIEHHH 3THX BOIPOCOB MOKET
OKa3aTh AHANM3 YACTHBIX M CPEHAX COfePIKAHUI DPEJKAX M PYIHHX 31eMEHTOB
B TOPOA000pa3yOIINX MWHEpaJIax.

Cpepame copepskaHuMsA pPeIKHX U PYAHEIX 3J€MEHTOB B HOPOJ000pasyOImx
MHHEepajlax TPaHUTOHAOB MOMKHO PacCMATPHBATL KAK CBOEOODABHHII «KIapKy WIH
9TAlOH JUIA HOCJAEAYIONEro CpaBHeHHA ¢ OJMHAKOBEIMH MUHEDPaJaMH T'DaHHTOMIOB
pPasiMYHEIX PETHOHOB, TeHEe3NCA HIH PYIOHOCHOCTH.

O xavecrBe MONyYeHHBIX JAHHHIX MOMKHO CY[HTH XOTfA OB IO TOMY, 9TO K BHI-
IUCJEHHEM HAMHU CPE/IHHM COflep;RaHuMAM, B gactHocTH Rb B ranmeBom momesom
mnare (533 e/m), Gmmsko comepsranme Rb B crampmaprmoil mpoGe kaaumeBoro moxe-
soro mmara (530 2/m), mcmoabayemoii B KauecTse BHYTPHIaG0pPAaTOPHOTO cTaHIapTa
npu onpenesennn Rb. (Compston a. o., 1969).

M3 nonyuenHBIX JaHHEIX clleyeT, 9TO BeJMUYMHH CPEJHEX CONeP/KAHMI peKnx
M PYMHBIX DJIEMEHTOB B PasiMYHBIX MOPO/006pasyloMux MHUHEpaJax He OJMHAKOBH
1 3aBHCAT HE TOJNBKO OT MCXOZHOTO CONEP;KAHUA 3THX BIIEMEHTOB B MarMe, HO H 0T
cocTaBa M CTPYKRTYpPH MuHepamnos. Tak, Gnmakme KajpIUi0 ypaH W CTPOHIME KOH-
IeHTPUPYIOTCS NPEHMYINEeCTBEHHO B IUIATMOKJIase, a OJM3KHe KajJWi0 CBUHEN H
Oapuwii — B KaJmeBOM HoJeBOM munare. B Omormre, Ijle kKanaumii mmeer HamboTbImee
KOOPJAMHAIHOHHOE UMCJI0, paBHoe 12, Kpynnsie moHH PYOHINA W HesHs HAKAIIIH-
BalOTCH B 0OONBIIEll CTemeHW, YeM B KajHeBOM IIOJEBOM INHATE.

Cpenaue coflep/kanmsa peKAX DIEMEHTOB PA3INYHH W B ONHOWMEHHHIX IIOPOKO-
00pasyloImux MUEePaIax i BO MHOTOM 3aBHCAT OT BPEMEHH UX BHICJEHUS W OT X CO-
Aep/Ranuii B rpanuroufie. Bausane neproro gaxropa BEpazkaercs, HAIpEMeD, B HOIb-
IeM cofiep;KaHum Sr B miarmoknase um Pb B xanmeBoM nosesoM mmarte pamRmX
resepanuii (I0pduUpoBHe BKPAIJIEHHWKN), B TO BpeMsi Kak B NO3[Heil TeHepanum
9THX MHUHepanop (ocHOBHAasm Macca) comep:kanme St m Pb ymemwmaercs, a koanm-
gectso Rb, Cs, Be, U — yBeamumsaetcs. :

Bricokme conepkanmms B MmHepamax paHHeil CTaJNH KPHCTAIJIMB3AIEH CKOpee
BCETO CBM/IETEJILCTBYIOT O IpeobaajaioneM pacceAHHE PYAHBIX ¥ PeIKHX DICMEHTOB
I 00 OTCYTCTBMHM TeHJEHIHH K WX HAKOIVIEHWIO B OCTATOYHHIX pacmiaBax. B To ke
BpeMsi NOBHINEHHBIe COMEP;KAHHs DPYJAHHIX W DPEeJKUX BIEMEHTOB B MHHEpPaIax
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MO3IHUX CTa/{Hil KPHCTA/LINSAHU CBUIETEIBCTBYIOT O X HAKOILIGHIH I YKA3HB AI0T,
TAaKAM 00pasoM, Ha MOBHIIEHHYI0 PYJOTEHePHPYIOULYI0 CIOCOGHOCTH TpPAHUTHOLL
MarMel.

Bimsume nerporpadmaeckoro cocrapa CKaseBaeTCA B TOM, 4TO ¢ yBEIHYEHMEM
COflep/KaHNA B IPAHUTE KAKOro-1u00 MHHEpAIa COJAEp/KAHUE B HEM pPeKOro aie-
MeHTa yMedbimaerca. Tak, ¢ yBeamueHHeM KOXHYecTBA OHOTHTA B HEM 3aMETHO
yMmeHbImaerca cojep:axannme Rb, Li, Zn, F (pue. 7).

HoauwgecTso Mmmepama crassiBaeTcsi TaKyke HE TONBKO HA COMEP:KAHHE B HEM
TOr0 WJIH HHOTO dIEeMeHTa, HO U Ha ero damamce W, OYeBHIHO, (OPMe HAXORICHIA.
Tax, mo pauusm B. . Cepsix (1964), B mio-
pHUTAX HA JI0JMI0 I[BETHEIX TOPOZ000pasy-
0IIAX MUHEPaToB mpuxogures 72% Bcero
HUKeJId MOPOJEI, & B IPAHATAX W ANSACKUTAX
TOABKO 3—D%; B AMODHTAX Ha 00 I1OJe-
BHX mmnaroB mpuxopmres 20% unurens mo-

Rb‘g/'m Li, g/m

Jag

‘Jﬁag S 10 : POnE, a B amsckmrax — Gomee 809%.
‘ 15 20063 8 5 19 75 20 069, ook - ;

E i s OCKOJIBKY TeOXHMHUECKAs MCTOPHSA
ingfm - e HHUREJIsS B TPAHHTOMIAX TECHO CBA3aHA ¢
L o ABYXBaJeHTHEIM JKeJIe30M M MarHmeMm, TO
. sl HalH9ue HUKeJsi B MOJEBHX INmaTax, Be-
égg il ol . POATHO, 00ABAHO MUKPOBKIOYCHHAM CVIIb-
T e Il R e ¢unos pynHEX siaeMeHTOB. Ilocaemmee cBi-
F;}’mf fg 1 2006% 0 5 10 15 20 063 METeNBCTBYET 0 GOJBIIOM BAHAHAR HA PYI0-
15k e buomum reHePUPYIIVIO CII0cOOHOCTh MATMEI 0CO0eH-
(4 HOcTell ee IeTPOXHMHYECKOTO COCTABA.

12 pee Comocrarisis  cpejHHe  CcOmep:KAHUA
ke POIKAX DIEMEHTOB B pPAa3MHYHKX IOPO0-
il B i 00pasyionux MHUHEpaIax, HeTpyIHo yoe-
06Fe vue, purbest (rada. 90), wro mambomee maomopdhuo
B9Fe "% e eMKIM MHHEPaIoM SABJIAeTCHS OHOTHT, KOJM-
U.Zd' 4 'w T ] 4eCTBO M BPEMH BHIJIEJIEHUA KOTOPOro OVIer

OKAa3eIBaTh, TAKHM 00pA30M, BHAYHTEILHOE
BIMAHAE Ha JaTbHelmyw cyasdy MHOrmx
PEeKRUX W PYJAHBIX SIEMEHTOB, 0COOEHHO Ha
BO3BMO;KHOCTE 00pasoBaHUA MMU IOCTMATMa-
THIECKUX KOHIEHTPAIMIi.

Benuuamarr koadduimentor KoHmEHTpA-
HUH TAKKE CBHAETENLCTBYIOT O TOM, 9TO
MHHEPAJIbHBIL COCTAB I'PAHATOHIA MOKET OKashBaTh pellalilee BIMAHNE HA BO3-
MOKHOCTH K HAROIUIGHWIO DPeJKHX I DPYZHHX DJIEeMEHTOB B HPONYKTAX IO3JHe- I
TOCTMATMaTHICCKUX JTANOB CTAHOBJICHHA TIPAHUTHHRIX HATPY3MBOB (Tadm. 91).

Haxomienmo ckaummsa, HAOPEMED, NPEIATCTEYET BEICOKO® COeD/KAHEe B Tpa-
HHUTOH(E POrOBOil OOMAaHKM H B MeHbINell Mepe Omormra. XapakTep pacnpejeneHms
PYAHBIX BIIEMEHTOB MEAY COCYMECTBYIOIMIUME OHOTHTOM H POrOBOil 00MaHKOIL
TaK/Ke CBHJETENLCTBYET O TOM, UTO HAJIWIMe MOCHAeHEHR Oy/AeT IIPemATCTBOBATDH
HAKOMICHUIO W NOCAEAYIOMEl KOHIEHTPANN B IO3MHAX MPOAYKTAX KPHUCTAJLIH3A-
A XpoMa, BaHauWA, Meau (puc. 8). IHAYHTENHHOE KOJMYECTBO IIATHOKIA3A
OPUBONHT K pacceanmo (oxpmeil gacrH ypana um Gepwuinga, a KaJIHeBOro moJIeBOTo
mnara — Oapus. Oxuaxo HamGojlee CHIBHOE BAMAHUE HA PYTOHOCHOCTH PA3JMIHBIX
JIepUBATOBR TDAHUTA OKA3KIBAET cOfep:kaHue OMOTHTA, KOHHEHTPHPYIOMEro B cede
OONBIOYI0 TACTh PEAKHX M PYIHHX diaeMeHToB (¢M. Taba. 90 m 91). Iloaromy He

Guamum

Puc. 7. Xapaxkrep = 3aBHCHMOCTH MewE/y
comep/KaHiHeM B OHOTHTE POKIX djeMeH-
TOB I KOJIMIeCTBOM OHOTIHTa B TpaHiTON/Ie.
Ipannrel Bocrounoro 3abaitkanes (Hos-
J0B, Boxosukosa n mp., 1965)
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Tatmmma 90
CpepHue COgep;kaHuA PeJKNX H PYJIHBIX DIEMEHTOB B IOPO00Gpa3yHmux
MHHEpPaJax rpaHnuToOuioB, 2/m

Anement Opg;lgf;:;g Buornt ITnarmoknas nof,‘gfg,‘ﬂ‘;‘r?“ Heapn MYCKOBHUT
Sc 1324 61,2 — 2,0 —
B 26,0 11,7 20,1 9,4 6,3 s
F 5670,0 155676 748,3 218,0 — 10760,0
Rb 19,0 1054,2 107,0 552,7 333 2898,6
Li 27.2 916,4 24,7 18,2 13,2 26772
n 353,6 480,7 - 25,5 19,9 —
Nb 22,4 143.6 7.9 6,2 4,9 160.8
Cs 5,0 107.1 15,0 6,9 31,0 5181
Sn 24 76,5 4,0 3.8 10,5 339.2
Ga 19,2 61,0 43,6 283 28 2105
Ta 31 153 1:1 0,8 0.3 31.8
W 1,4 1.2 2.2 2.3 25 30.4
Mo 3.4 6.0 1,4 1.5 2,5 80,8
Tl 0,6 a1 4,6 4.4 0,07 5.1
U 5.1 14,2 20.5 4,2 1,2 -
Be B3 4, 11.8 3,1 0,76 ATA
Ba 67,8 1664,5 215,0 5093.0 185,0 —
Pb 157 13,0 40,6 46,1 7.4 4,3
Au 0,0032 0,0018 0,0012 0,0014 0.0062 0.0086

Tadbaumma 91
HKoapumueHTs KOHIEHTPAN NN PeJKHX M PYJAHBIX IeMEHTOB
B MOPOJ000pasyoNnx MUHEPaJax IPaHHTOHIOB
Porosan HKanuesniit

DaeMeHT ofMaHKa Buotut IInarunoknas nonegoll mmaT HKpapm MYyCKOBUT
Se 4.0 20,0 = i 0,7 1,0
B 1.7 1,0 1,0 0,6 0,4 —
Sn 7,0 25,0 1,0 1,0 35 113,0
Li 0,7 23,0 0,6 0,4 0,3 67,0
Cs 1,0 21,0 3,0 1,4 6,0 103,0
F | 19,0 1,0 0,3 — 13,0
Zn 6,0 8.0 o 0,4 0,3 0,2
Nb 1,0 7.0 04 0,4 02 8,0
Mo 3.4 6,0 1,4 1.5 2.0 81,0
Rb 01 5,0 0,5 3,0 0,2 14,5
w 1,0 5.0 1,5 %5 1,8 20,0
Ta 1,0 4,0 0,1 0,2 0,1 9,0
Ga 1,0 3,0 2,0 1,0 0,1 10,0
Tl 0,5 3.4 3.4 3.0 0,05 3,0
U 1.5 3.0 6,0 1,0 0,3 5,0
Be 15 1,0 2,0 0,6 0,1 8,6
Ba 0,1 2,0 0,2 6,0 0,2 e
Pb 0,8 0,6 2,0 25 0,4 02
Au 0,7 0,4 0,3 0.3 1,4 2,0

cIy9aiiHO, 9TO peJKOMeTraljbHOe OpyJeHeHHe HamboJiee 9acTO ACCONHMHPYeT HPo-
CTPAHCTBEHHO M, 0YeBH/IHO, FeHeTHUECKH NMEHHO ¢ JeHKOKPATOBEIMHA I'DAaHHTOHIAMH.

Hoamuectso mmarmokiasa Oyfer OKABHBATH ONpejlelleHHOE BIMAHUE HA BO3-
MOKHOCTH HOABIEHUSA cOOCTBEHHRIX MUHEDAJIOB GepWIIHMA W ypaHA, & KaJHeBOTO
TmOJEeBOr'0 MMmara — Ha BOSMOJKHOCTH HOABIEHUSA COOCTBeHHHIX MHWHEPATOB OapudA
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Pnc. 8. Pacupesgenenne pyaHbIX dileMeH-
TOB MeAJIY COCYUIECTBYIOMMMI OUOTHTOM
H poroBoii o0MaHKoil

a — COHepPHaHNe CHAHOHMA B COCYIIECTBYIOIMX
porosoil oOmanke m OGmormTe. T'papuTel Kaan-
Gopaun (Tilling u ap., 1969);

6 — paclpejiefienNe MeIH MEHIY COCYHECTBY-
OmMEMH OHOTHTOM M poroBoif ofManKoli, I'pann-
Tonasl Kapamasapa M 3anagHoro YsOexucrasa
(o MmartepuajtaM A. 1]?].71};;1614“03“'1, Bapamosa,

H
¢ — pacnpepeieane V,0; MeKIY COCYIIECTBY-
0MAMI OHOTATOM H pogr.;)%noﬂ oOmanHkK0il (Kretz,
1959);
e — pacopegenenne CrpO; MEKIY COCYIIECTBY-
onMmMiE GHOTHTOM M pogon;)ﬁ obmankoit (Kretz,
1959
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u cemuna. OueBuaHO, He caydaiino HamboJIee 9acTo VpPaHUHAT QHECHpyeTcs MMeHHO
B OeHBIX ILIATHOKIA30M TPaHHTOMIAX KAJAMeBOTO THIA, & TaJeHHT — B Oe[HBIX
KaJMeBRIM IMOJEBHIM NimaToM TpaHofmopurax. llociennmee B cBOXO ouepeib WIIIO-
cTpupyeT GONBINOe BIWSHUE KPHCTANIOXMMHYECKOTO pPacceAHHs Ha BOZMOKHOCTDH
00pa3oBaHHA PEIKHM 2JEeMEeHTOM coOCTBEHHOIO MHHEpaja, T. €. Ha peajusaruio
pyaoresepupyomeil cruocofHOCTH IPAHHTHON MAaTMHI.

B me1oM MOKHO YCTAHOBUTH, 4TO MAKCHMAJBHBIE COAEpP:RAHUA PYIHHIX dJIe-
menTon, takux Kak W, Mo, Sn, Zn, xapakTepHBl [JA IBETHHIX MHHEPAIOB, B TO
BpeMs KaK B JEMKOKPATOBEIX COl@P:KANNA DTHX DIEMEHTOB 3HAYMTEIHHO MOHU/KEHH
u Gogee MOHOTOHHBI, XOTA N0 CPAaBHEHHIO ¢ MOJNEBHRIMH mmatamm Habmoaercs
HECKOJIBbKO GOJIBIIAA UX KOHIEHTPAIHSA Nb, g/m

B KBapIe.
a0 b
Cpepm moponoobpasyomux MuHe-
pajioB TPAaHUTOMIOB ocoboe MecTo 3a- | .
HAMaeT MYCKOBHUT, BHAEJAIONAICA He- .
OOBITHO =~ BBICOKHMHW  COAEP/KAHEAMU 777 | i ¢

GOJNBITHHCTBA PEJIRUX W PYJHEIX dJe-

merToB. bBynyum mosgHam mo BpemeHum 75
BBHIJICJIEHUA, MYCROBHUT B OCOGGHHOCTHX . =
cocraa  orpaykaer  oGorameHHocTh [ .
NO3/{HEe- M MOCTMAIMATHYCCKUX PACTBO- . | )
POB PEJKEME ¥ PYIHBIMH 5IIeMEHTaMu
o cpasHeHuo ¢ Marmoit. B To jxe Bpems gyl
MUHEpaJbl MarMaTHdecKoro TeHesuca,
B 4acTHOCTH OMOTHT, 0Oorade HUKeJgeMm, 50|
BAHATIHEM, TUTAHOM — HJIEMEHTAMMN
PAHHUX CTajMil KPHCTALIUBANME Tpa- ¢ R Ta,8/m
s e = Prec. 9. 3asucumocth Memay copepsranmem Nb

“‘)CFO‘T“’HV MOJHOEH, BOABOPAM T3 b Guomure. I'panuts Cesepo-Bocroxa CCCP
H TQJJIHA He KOHIEHTPUPYIOTCS B 3HA- (mo marepuanam A. J[. Yepsmnckoii, HMI'P3)
YATENbHON CTENeHH B KAKOM-JIUO0 W3
mopoaeodpasyiomuEx MHHEPANoOB, WX HAKOIVIEHHE B HPOAYKTAX IIO3[HeHmero
W3MEHEeHUA TI'PAHWTOMIOB, OYEBHAHO, B BHAYUTENHHOI Mepe NpPOMCXOMHMT 34 cder
OpHUBHOCA.

Cparprenme kK0>PUIMEHTOR KOHIECHTPAIMA HHOOHWS W TaHTaja B OHOTHTE MOKa-
3EIBAET, YTO HHOOWIl KOHIIEHTPUPYETCA B HeM B 00jbIieil cTeNeHHW, YeM TAHTAT, T. €.
Tporece KPUCTANIM3ALIE STOI0 MUHEPAJZa SBJIAETCA ONHUM W3 (AKTOPOB pasfiese-
HEA HAEOOMA W taHTama. JTO XOpOWmIO BUAHO Ha NPWBOAMMOM rpadure (pmc. 9),
W3 KOTOPOIO CJIeAYyeT, 4TO LOBBIIMIEHHWE COJep:KaHWA HHOOUA B OHOTHTE HEe BCerja
COLPOBOKAETCS OTHOBPEMEHHBIM YBEJIHYEHHMEM COJAEP/KaHUsA TaHTala.

CocraB mopopoodpasyolnX MHHEPAIOB TOHKO OTPA;KaeT UBMEHEHHs B COIep-
JHAHHHU PEJIKUX DJEMEHTOB B Marme, KOTOPHE BO3HUKAIOT HOJ| BIMAHMEM IPOLECCOR
aupdepennmagun. JT0 OTpAKAETCSA HE TOJHLKO HA PABIHYUH B CONEP/KAHHH pPeIKIX
HIEMEHTOR B OJHOUMEHHLIX MHHEpPajJaX TPAHUTOB M CBABAHHHIX ¢ HUMH AHHIBHBIX
mopoj, HO M HA cOCTaRe MUHEPAJNOB U3 MHTPY3WBHHIX M 2P y3UBHHX 00pazoBaHmil.

ITponeccr rasoroii guddepennyanmu COnPOBOKAAITCA MEPEHOCOM H OTI0MKE-
HAECM PpEeJKNX ¥ PYAHBIX DIEMEHTOR OOKIMHO B ANHKAIBHBIX YACTAX T'PAHATHEIX
MaccuBoB. Boabimyio poib B aToM mpomnecce urpaiot 6op m drop. Ilo momyaenERIM
masHEM (cM. TaGa. 90, 91) MOKHO HpPEANONOKHTH, UTO TOBHINEHHOE COMNEpH:aHue
Gmorura B HOPORAX DPAHHHUX HHTPYSUBHHMX (as OymeT OPHBOTUTL K UIBATHIO H3
paciiiaBa B3HAUMTeIbHBIX KommuecTs ¢ropa. llocaegumee Oymer cmocobeTBoBaThH
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KPHCTA1TOXHMUIECKOMY PACCEAHMIO PeJIKMX DIEMEHTOB, KOTOPhle MOIH GH yiep-
ARATBCA B paciyiaBe B BH/IE PasiHYHLIX PTOPHCTHIX COEJUHEHMIl, TPOCTEX WIH KOM-
e KCHEBIX.

ABamms gausnx tabamy 90, 91 CBU/IETEIIBCTBYET TAK:K€ O TOM, UTO Haubojee
YBEPEHHO HMCIOJb30BATh KaK MHAMKATOPH TEOXHEMHYCCKHUX 0COOSHHOCTEIR TPaHUTHOI
MarMbl MOKHO TOJBKO Te IOpofoo0paayonine MHHEPAIbl I'PAHHTOHIOB, KOTOpEE
XaparTepuayloTcA Haubolee BEICOKHM 3HaueHmeM Kodpduuuenta KOHIEHTpamun.
[locenree momoraer maGe;xaTh IperR/IeBPeMEHHBIX BHBOJIOB, TaK KaK IOBHIIIEHHOEe
N0 CpaBHEHWI0 ¢ TPAHHTOM COJEP;KAHME PYAHOrO HIH PeJKOr0 DIeMEeHTAa B MUHe-
paJIe He ecTh CBUAETeNBCTEO er0 NPUHANIERHOCTH K 0c0DOI «CHeNnaTusmpOBAHHO)
Marme, a ABISAETCA CAeNCTBUEM KPHCTAIIOXHMHYECKHUX OCOBEHHOCTEH caMOro MimHe-
pasa. CyIHT O TeOXHMHYECKAX O0COBEHHOCTAX cpensl  MuHepasnoobpasopanma
CAefyer CpaBHABAs COCTaBbl OJ(HOMMEHHEIX MWHEpPAaJoB.

SHAUeHHe CPeIHUX COAePHKAHMII PeIKUX 1 PYJHEIX BJEMEHTOB B IOPOJ00Gpa-
8YIOIUX MUHEpPANAX BAKIIOYAETCA TAK/KE B TOM, YTO HX BEJWYHHA MOKET PaccMa-
TPUBATLCA KAk mpefes NepRUTHOMATMATHYECKUX COJeP:RaHuili COOTBETCTBYIOLHX
3JeMEeHTOB B TpaHurax. Bosee pricokme cojep:xamus (1 ux Gosee smaumTeIbHAS
JHCHePCHsA) JIOKHK YKa3HBaTh HA H3MEHEHHOCTD ITpaHuTa U ero WMMIOPEr"aimuio
COOTBETCTBYIONIUME DPEJKAME U pPYAHEIMHE HJIeMEHTAMI.

B rpammronnax, mampmmep, cyns mo cofiepsranuaM Mo B MoHOMmHEpaJBHEBIX
Ppaxnmax, sepxumi npene coflepsranmii Mo ne MoKeT mpesmmath 2 2fm game 1as
MEJIAHOKPATOBEIX PasHOCTEH W IIPEICTABIACT, OYEBMAHO, BEPXHUIl TIPele] IePBHIHO-
MarMartmieckmx copep:xanuii (Hosmos, Pomynkuna, 1965).

Pacemorperne rpagumeros sapmcmmoctn (pme. 10, M)mexny copepmarmem Be
B TIOpOJie W B CJIAralomuX ee MUHEpPAJaX Ha LpPHMepe TPaHATOMHOB BocTounoro
3abaiiraaes m Hasaxcrama mOKasmBaeT BechMma CXOMHBEI MX XapakTep W B TO ke
BPEMSL IO3BOJIACT YCTAHOBATH, 9TO /15l MUHEPAIOB PAHHEH cTafuy KPHCTAILINBAIIH,
TAKHX KaK pOrosas o0MaHKa WIH INIATMOKIA3, HAGIIOJAETCHA OpsMas 3aBHCAMOCTH,
CBHIETeTLCTBYIOMAS O TOM, YTO 9TH MHHEPAJIsl MOTYT PaccMaTPHBATHCH KaR HAJeik-
HbIC MHIUKATOPH TeOXUMUTECKUX 0cOOCHHOCTEIl rpaHUTHOI MarMsl. [l MHUHEPAIOB,
BEIJIETAIOMAXCA B 6oTee M03/[HAE CTajANN KPHCTA/IA3aIlHI (GuoTuT, KamTHEBHLI TMOTE-
BOil mpar W KBapm), Momo0OHAs BaBHCHMOCTD BRIPAJKEHA TODPAa3f0o Xy:Ke WM JlasKe
COBCEM HE HPOABIAETCsA (KBApIY), YTO CBAACTEALCTBYET O BXO/ICHHHE 3HATHTEN bHOIi
9acTH PeJIRIX BIEMEHTOE B COCTAB AKUECCOPHHIX MHHEPAIOB WIM Jazke 006 06paso-
BaHHH UMH COOGCTBEHHHIX MHHEDAJIOB.

Pacupenenenne cogepmanmit peisux u PYAHBIX 3JIEMEHTOB B TOPOH00Gpasyio-
[IAX MUHEPAJIAX IPARUTOM/0B HAUGO e XOPOIIO COMIACYeTCs ¢ I0TapHPMITIeCK HOP-
ManbHEIM 3aK0HOM. [locmennmii paccmarpuBaercs rax XapaKTepHHIII IPH3HAK BIIeMeH-
TOB, IPUCYTCTBYIOINX B KPMCTALIHYECKOll PeIeTKe B BHjle H3OMOPOHEIX IpHAMeECeii.

A5 Toro 9ToGH NPOBEPUTH OCTOBEPHOCTH BHIHCIEHHHIX CPeIHUX COJiePRaHMIT
PEKUX 3MEMEHTOE B NMOPO/000PABYIONMAX MHHEpPATax, T. €. BEABATH UX IPHHA/-
ACHHOCTh K OJHOH WIH HECKOJIBKMM COBOKYHOHOCTAM, OBLIA TPOBEIeHA LPOBEpKa
PHCTOTpaMM HA HX OJHOBEPIIMHHOCTh ¢ HOMOIIBIO MeToma I oJbjiHHA.

Ilonyuennsie pesymbraTst CBHJIETEIBCTBYIOT O TOM, 9TO HOCKOJhKY BHIYHCJICH-
HOE 3Ha9YeHHe ! He mpeBHIIaeT ! KpmrmIeckoro mpm 95%-HoM ypoBHE 3HAYHMOCTH,
B IO/IaBASAIOMEM GOIBIINHCTRE CJIVIACE MOBBIMICHHEE cogep:rannsa Mo, Zn, F, Sn wim
APYTAX 3IEMEHTOB IPHHAJIEKAT EJUHOU COBOKYIHOCTH.

B Gonee peaxmx cnyuasx mabmopaorcs DOCTATOYHO YETKO REIPa;KeHHBIE J(Ba
MarCHIMyMa, CBHETeNBbCTBYIONEe O CYNeC TBOBAHMH /BYX He3aBMCHMEX TIpYyIIL.
IT0 MOer OHTH CHENCTBHEM HAJIMIHS ABYX TeHepanmid MHBEepasoB, Kasjad H3
KOTOPHIX XapakTepusyeTcs eif NPHCYIEM CO/AEpK AHHEM peKHX 3JeMeHTOB. JTo
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TAKIKe MOKeT OBITH Peay.JbTaTOM MMIPETHAIMA B MUHEPAI DeJKHX 2JeMeHTOB W3
PacTBOPOB, TPOUBBOAMBIIMX IOCTMArMaTHYECKOe H3MEHEHMe TPaHMTA.

Tloo6HEIM TPEMEPOM MOT'YT CJIVIKATH JBOMHEE MaKCHMyMBl Ha THCTOTPaMMax
comep:xanmit Rb m Pb B mnarmoxaazax (cM. pme. 4), Mo m W B KaJmeBsX noJeBHx
mnatax (cm. pmc. 5), Li B kBapme (cm. pume. 6).
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AHaJm3 THCTOTPAMM COJlep/KaHmil PeJKHX DIEMEeHTOB B IOPO000PaBYIMHX
MEHEpajaxX H3MeHeHHHX IpaEmTOB (pmc. 12) mokaswiBaer Hajuime NOBHINICHHEIX,
BILTOTH JI0 YDATaHHHIX, COJiej»KaHUil peJKHX dJIEMEHTOB B HX MHHepalax, sHATH-
TeIbHO BHXOAAMMX 3a Tpefeisl OOHYHON [WCIEPCHH ¥, OUEBHHO, ABIAOMUXCH
PeByIBTATOM HAJWYAA MAKPOBKJIIOWeHHii COOCTBEHHHIX MWHEPAZOB  pelKHX
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JJIIeMEHTOB. H3H6OHGB YacToO OHH| HaGJIIOJIaIOTCH B Mmiepa.nax HN3MEHEHHBIX I‘paHH-
TONJOB M, HO-BHIUMOMY, OTP&KAIOT HAYAI0 MOOHIHM3AINH pPYIHOTO BemecTsa
B Hpouecce HN3MEeHeHn s TpaHI/ITEl.
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Puc. 11. SaBucuMocTh Medy cofep:ianiem Be B Mamepanax u B rpanATax Rasax-
craia (Comep:Kanma Aausl B 2/m)

Becbma wHTEpECHH 3aBHCHMOCTH, HAOIIONAIOIMUECH MEKLY COMePHRAHAIMA
PasJHYHEIX HIEMEHTOB B HOPOoA000pa3yoIax MUHEepasax rpamurongon. Onm Moryr
OBITH MPAMBIME B 00PATHRIME W B PAJIe CIYYAER IO3BOJSAIOT MO COJAEP/RAHMIO OIHOTO
AEMCHTA CY/UTh 0 BOBMOJKHOM cojiepykanuu Tpyroro. Hanpumep, B KaJneBsX 0oJie-
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BHX WOATAX W3 TPAHHTOB ABCTPaJHH He YCTAHABIHBAGTCHA 3aBHCHMOCTD MERLY
coepsianmem K m Rb B mmmepare, 3ar0 OHa JOCTATOUHO HETKO BHIPAMKEHA JUIA
Sr m Ba (pumc. 13).

B GuoTuTe CymecTBYeT HpPAMas 3aBHCHMOCTH MEHY CO/EP/KAHHAMH Ni = Cr,
Zn u Fe,0, m Gimskas K 0OpaTHOH 3aBHCHMOCTH MEK[y COMEPHRAHMAME B 9TOM
yugepane V i Zn, Ni u Fe, O, (puc. 14). Ycranosiena npaMas 3aBHCHMOCTD MEKAY
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copepsxammem B omornre Lim F, Li u Sn, F m Ta. B keapre orMedasnach OpaMas
sapmemMocTh Mexpy comepsanmem Al m Li (Konno, 1969).

CoOpaHHBIil MaTepuasz IOATBEP;KAAET HAIHIHE IIOHTH NpAMORl 3aBHCHMOCTH
MKy COJlep/KaHHAMA B Omormte Sn M F n ycramasiupaer OnH3KYI0 K oOpaTHOiL
casb Memay comepammavu Sn u Ti (pue. 15).

Pamee 0Obi1a yCTAHOBJEHA TEH[EHIHUA K CYIIECTBOBAHMIO 00paTHOI 3aBHCHMOCTH
MEKY cofiep;KaHWeM B OmOTHTE THTAHA M COJEPRAHMEM auobms m TanTana (Jlaxo-
suu, 1970).

Cofiep;kaHme dieMeHTa B MEHEpPaje 3AaBHCHT TAKKe OT MPHCYTCTBHA NPyToro,
KOHKYPHPYIOIEro MEHepajia, B KPHCTAIINYECKOil peleTke KoToporo TaKHKE MOJKET
pacceMBaThCA TO HIM HHOE KOJINYECTBO [AHHOTO DJIEMEHTA.
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Tak, ecam B GmoruToBOM rpadgaTe Ilpumopes 6morur comepsxar Ta 27,7 2/m
u Nb 388,9 2/m, to B Guornmre 6HOTHT-POroBOOGMAHKOBLIX I'PAHATOR COJlepPsKaHHA
9THX JIEMeHTOE yMmeHbmaioTes mo 13,8 m 271,0 2/m coorsercTBeHHO (ITomeBcrux
m 1p., 1970). B rpasurax fAnonnu OmoTmT, acconUAPYOMIIA ¢ POrosoii o0MaHKoif,

Sr,<10% 3,
K, Zy s 5
I/
00k . 0 y .
£ . ® Puec. 13. Xapagrep 3a-
B gk BHCHMOCTH MEHIY CO-
N . JlepiKaHNeM B KajHe-
L 6 . BOM TIOTeBOM mmare K
i - L. 1 BRb (a),Sr u Ba (6).
! L I'panurei  Aserpaamn
- 2 i:'- = (Rhodes, 1969)
‘ '.:{-:- * o
L 1 et IELCLE) L Il 1 L 1 Il L i
100 00 Regm 0 2 4 6 & W 12 Bas0
a 6

copepsumr 200—370 e/m Zn, a Guormr, He acCONUAPYOWAA ¢ ApyruMu Maduge-
CHEMI MUHEpalaMu, 3HauHTeabHO Goxnbme — 860 z/m (Kato, 1970).

B GmoruT-porosooGManKRoBEIX I'PaHONMOPHTAX, I/le porosas oOMaHKa cojep-
mar Li 26 2/m, ronugectso Li B Guotnre cocrasaser 250 2/m, a B GHOTUTOBHIX Tpa-
HHTAX TOTO ;Ke MACCHBA — 3HAYM-

/,

5;;’”? TeIbHO Goabime, B cpepuem 620 2/m

k) . bt (Lagache, 1970).
a2 ai it OHOTHT-POr0B00OMAaHKOBEIX
SNy NET rpanuTax GOHOTHT colepsKHT Sc,
; g g At 10—13 2/m, a B amTUTOBHEHEIX
5;75 Ay f;’ IrpaHATAX, JHNIEHHHX EeMKO# B OT-
o ,i;‘j?"‘ A HOIEHHH CKAHHUA POTOBOiT 06MaHKH,
PV .", r B 6—7 pas Goapme — 36—38 2fm
0 W& 120 B 0 Nigm 8 2226 3 Fey0,.7, (Menpauuenko, Morapogsckuii,
M;ﬂ 60 180 1 189 220 ’ Zza X 28 1968;). B rpammrax Kamupoprmm
il Ha0II0/laeTcsa aHATOrHIHAS KapTHHA:
600 oforamenne craHIEEM POTOBOH 06-
;;gg MaHKH HEe COHPOBOKAETCA Iapas-
007 1 *hoe JeJIBbHBIM YBeTHIeHHEM COJleP/KaHAs
e 9TOTO BJIeMeHTa B Omorure (CM. pHC.

8). To ke MokHO cKasaTh m B
; OTHOWIEHHN XPOMa ¥ MAapraHina, B TO
7 40 800 1200 ZIn,2/m B I 26 d) Fry,,y BPEMA Kak cOJep;KaHUA BaHaJWsA
200 600 1000 1400 20 2 28 PacCIpeenaTcss IPOoIo pIHOHAIBHO

Puc. 14. Xaparrep sasucummoctn mexny comepia- MEAIY ITHMH JBYMA MHHEDaIaMu.
HIAME DYJHEIX 3JleMeHTOB B Guorure (Haak, 1969) B rpammrax I’ HCCAPCKOTO0 mITy-
roHa (Menpnmuenko, Moraposckwmii,

1969) B nopopax mepeeix das MuHepaxzaMu-rounerTparopaMa Cu m V gsasorces
Omorur 1 poropas odmanmka (200—280 2/m Cu m 180 —330 2/fm V), a B GHOTATOBEIX
1 AIVIHTOBM/HEIX IpanuTax — Gmorut (250—280 2/m Cu u 160—280 2/m V). Ucues-
HOBEHIE pPOrosoii 0OMaHKH HPHBEIO K yBEIHIeHUI0 copep:xanma B dmorare Cu m'V.
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Bee sTo mnaocrpupyer 0oabmMyo podb KPHCTAIIOXHUMHUYECKOTO paccesHusdg, mpe-
OATCTBYIOINEr0 HAKOIJIGHMI0O pEJIKEX BJEMeHTOB K NOSJHMM B3TalaM KPHCTAI-
AH3ALHAL.

Ilo paHEHM SJIEKTPOHHOTO MHKPO30HIMpPOBAHEMA HaOII0fjaeTcs KOTE@PeHTHOE
pacumpesienenme F Mesxgy OHOTHTOM M MyCKOBATOM; KOppeNANHA cojepsanmii F
7 Cl B caronax orcyreryer (Evans, 1969). 1o cumerenncTByeT 0 60IbIIOM BIAAHEA
nerporpadHuecKOro cocraBa MOPOAB He TOJALKO Ha COflepkaHue PeJKUX M PYIHHIX
9JIEMEHTOB B MUHEepaje, HO H Ha BOBMO)KHOCTH 00pasoBaHms MMH COOCTBEHHBIX
MIHepaJoB, T. €. Ha PYAOTeHePHPYMYyl cmocolHOCTh TpaHuTHON Marmsl. Oue-
BHHO, HE CIYIAHHO, 9TO UMEHHO B JIEHKOKPATOBHX I'PDAHATONAAX OOHTHO MOBHIMIEHO

Sn, aim Sn, e/m

44 - . 0
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Puec. 15. Xapakrep B3aBHCAMOCTH MeEEMY’ COleP:KAHUAMA DPa3IHIHBIX
anementon B 6norure. I'pammroninl Cesepo-Bocroka CCCP (mo maTepmanam
B. C. UsanoBa n np., 1970)

@ — B3aBUCUMOCTL MEKIY COflepiaHmeM B OMOTHTE 0JIOBA M THTaHa; 6 — 3aBHCHMOCTH
MEKIY cofiepanuem B GHOTHTE OJOBa M QTOpA

cojiep;KaHfe MHOTHX aKIeCCOPHKX MAHEPAI0B PYAHBX U PeJIKUX 2JI€MEHTOB I UMEHHO
¢ HEMH Ham0ojee 9acTO ACCONMHPYIOTCA PYAONPOABIEHUS WIH MECTOPOMKICHIA
BTUX DHIEMEHTOB.

OcoleHHOCTH COfleP;KAHEA PEIKHX M PYIHHX BJIEeMEHTOB B IOP0A000pasyomux
MHUHEpallaX T'PAaHUTOMIOB MOIYT OTpaskaTh cBoeoOpasme mx reHesmca. llocaemmee
BOBMO;KHO Omarofaps TOMY, 970 IOpPOA000pasyiomue MUHEPAJh HACJAEAYIOT TOHKHE
OTJIYUA B COCTABe MCXOAHHEIX MOPoj (0camoaHO-MeTaMOpdWIECKHX WIHM OCHOBHEX)
WA TeX PAcTBOPOB, KOTOpHE NPHBOIHIH K METacoMaTHYeCKOoll TpaHcHopMamum
HMCXO[(HBIX TOPOJ B HOpPOAL TPAHUTHOTO 00IHKA. .

Ceopase nammase tadn. 92 mospossior y6eauTsCcs B TOM, 9T0 MHHEPAIE HHATPY-
BUBHBIX TPAHETOMAOB 00Ja/jal0T HOBHIMEHHEIM - COJAepPKAHHeM OO0JBIINHCTBA PEIKAX
H pPYIHBIX 3JEMEHTOB, II0 CPABHEHWIO ¢ OJHOMMEHHLIMY MHHEpPajaMH IDAaHUTOHIOB
MHOTO TeHe3sHca. XAapakTepHO, 4T0 NOBHINEHHOe (MM NOHUKEHHOE) Cojiepikanme
aJIeMeHTa mpociezupaercs OOBYHO IO BCEM MEHEDAJIAM, OTPaKafi e0XHMUYECKHe
0¢00eHHOCTH TPAHUTOMIA TOTO WIN MHOTO reHesuca. Tak, DOBHINEHHEE COMEPKAHAL
Be u Sn, U u Mo xapakTepusyiT He TOIbKO GHOTATE, HO W NIATHOKIA3K, KAJIHEBHEe
MOJIeBHE IMUATH W KBAPIH WHTPYSHBHBIX T'PAHHTOMIOB.
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Tadoaumma 92

Cpenune comep:RaHmA pegkuHX W PYIHBIX 3JIEMEHTOB B MOPOT006pa3yONHX
MHHEPAJax rpaHuTON 0B Pa3nNIHOro Teme3mea, z/m

T
rpa]g;r Li Rb Cs Be | Nb | Ta U Sn| W | Mo | Pb Zn Cu F B
ToMaa *
Luorur
1 916,4 | 1054,2|107,1] 4,9 |143.6] 15,3 | 14,2]|76,5| 7,2 | 6,0 | — | 480,7 | 45,0 |15567,6] —
2 933,5| 1480,7| 32,3| 1,8 |191,7(212| 39|250| 56 | 3,3 | — | 420,4|31,8| 6183,3] —
2 446 1574 — | — | —| — | —| —| — | —| — | 23820 — — —~
IInarmokmas
1 2471 1070 | — [148] —| — | —| — | 22|14 |4068] — — | 748,020,1
2 248 | 1520 | — | 24| — | — | —| — | 20|15 |110] — — | 609,0| 82
3 2.7 25| — | 25| —| — | —| — 24| 47| 34| — — |2288,5| 18,2
Hanuneswii noxeBoit mmar
1 18.2 | 5527 9134 | — | — 143 —|23]15]461] — - — 9,4
2 10,2 | 5446 16420 — | — | 26| — | 25| 1,5]|248| — — [ 1068,8 | 2,4
3 — 20700 — 22| —| —| —| — 120107145 — — 822 1,7
HBapn
1 13,2 — — |07 —] —| —]10,5] 27| 25|74 ] 200 66 — -
2 32 — — (09 — | —| —| 35| 25]|05(95| 162|153 — —
3 1,8 — — 105 — | —| —| 24| 250, 87| 156 | 231 — -

* I'paHUTONAB: 1 —WHTPYSMBHEIE; 2 —AaBTOXTOHHEE] 3 —rad6poBoit dopmarmu,

. Mumepansr ma rpaEnronfgoB raddponoil GopMamuE B COOTBETCTBHE ¢ TeOXHMI-
YEeCKHMH 0COOEHHOCTAMH OCHOBHEIX IIOPOX COJEPKAT MeHbIIe peJKHX M PYIHBIX
9JIEMEHTOB, YeM OJHOMMEHHEIC MHHEPAIH HHTPY3HBHHX TIPDAHHTOHAOB. Jlus Hmx
BeChbMa XapaKTepHO CHILHO HOHW/KEHHOe cofiep:kanme Be B OmorHre m maarmoxiase,
Pb u B 8 naruoknase n xaameBoM mOJIeBOM INIATE W HOBHIIIEHHOE cofepskanme Cu
B kBapme (cMm. radm. 92).

B m3BecTHOil Mepe CXOJHEIE Pe3yabTATH IOMYYeHB U Ui HedeluHa M3 NIeI09-
HEIX TOPOJ pasinwuuelXx gopmanmonHsx THHOB (Ocokmua m ap., 1970). HambGoaee
Beicokme cofepskanma Li, Rb, Ga ycramosnenst B medeamne ma mopop memxodmo-
rpaEATHON dopmanum, Hanbosee HU3KAe — B HeeHHe M3 MOPOJ IET0IHO-Tab6po-
ugnoii dopmanmu. [locaeamii B TO ke BpeMsi XapaKTePH3YETCH CAMBIM BBEICOKHM
coflep;KaHmeM Sr.

MmHepalsl aBTOXTOHHBIX TPAHUTOMAOB cojep;Kar OoJbIIe Tex 3JIeMeHTOB,
KIapK KOTOPHIX B OCAJ0YHBIX MOPOAAX BHIME, ueM B KHcasix: Ga, St Wiam Tex, Korto-
pHEe HaKamIuMBalOTCA B MeracoMarmueckux obpasopanusix: Rb, Nb, Ta. B smaun-
TEAbHO MEHBIIEM KOJIHIEeCTBe COTEP;RATCA B STHX MHHEPAJIAX, MO CPABHEHHIO ¢ OJHO-
HMEHHEIMH MWHEpaJIaMH WHTPY3WBHBIX TIPAHATOH0B, TAKHe 3JEMEHTHl, KaK, S¢,
U, Th. Be, rrapx KoTOpHX B OCATOYHBIX HOPOJAX HUKE, 4eM B KMCIHIX TOPOJAX.

Hax WHAMKATOPHEI NpPH3HAK TeHE3McA T'PAHATOB MOKET OBITH HCIOIb30BAHO
coflep;KaHue CBMHIA B KaJHEBHIX IOJEBHIX IMOATAX, TAK KAaK OHO YMEHBIIAGTCA He
TOJIBKO B TO3[HHX TeHepanmaAx 3Toro Murepana (Aarunun u ap., 1969), no n B mera-
COMATHYECKAX KAJIWeBHIX MOJEBHX IINATAX, IIe 10 CPABHEHHK ¢ MarMaTHIecKHMH
coflepsRaHNe CBUHIIA yMeHbIIaeTcs BABoe: ¢ 20—35 mo 16 2/m (Kosnos u ap., 1965).
Becpma HezmaumrenrbHO cofiep;RaHMEe CBUHNA W B THAPOTEPMANBHBIX MHUKPOKIHHAX
n3 mermaturos — 1,9 ¢/m (Cperencrasn, 1963). ITosroMy HE3KHe cofiep/RaHEA CBOHIA
B KQJIMEBOM TIIOJIEBOM IINATE ABTOXTOHHEIX T'PAHHUTOB, II0-BHAMMOMY, OTPaKaioT
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GOABIIYI0 POJb METACOMATHIECKHX HPOLECCOB B GopMEpPOBAHHE OKOHYATENBHOT'O
06IMKa PTOrO TUOA TPAHHTOUIOB.

BechbMa XapakTepHH BHAUHTENBHO $0lee HM3KHE CPEJHHE COACPIRAHMA U
(2,7 2/m) u Th (5,5 2/m) B GmoTnrax m U (2,6 2¢/m) u Th (21 2/m) B MUKPOKIHHAX
(Bapramnkmi n ap., 1969) us GepauTeBCKEX M HOAONLCRIX I'pAHUTOB MO CPABHEHUIO
¢ AaHAJOTMYHEIMI MEHEPAJIaMH HHTPY3MBHHIX IPaHUTOHNOB (cm. Tabm. 10, 55).

CpaBHEBasl COJlep/KAHHE DPeIKMX SIEMEHTOB B GmotnTax m3 MOKeMOpHIiCKHX
rpannros Coserckoro Cowsa u Koaopano (cm. rabm. 28; Bpeil, 1952), moxHO
yOennThes, 9TO TOCHE[HHE XapaKTepH3yITCH Gonee mhicoKuM comep:kanmeM Cr,
Ni, V, a raxke Sc ¥ Zn, 94T0 HeCOMHEHHO yKashBaeT Ha ©oJiee OCHOBHOM XapakTep
roro cyGerpaTa, 3a cgeT KOTOPOro o0pasonaiuch noxeMbpuiickue rpasnThl Honopayo.

He MeHee pasuTeJpHE OTIHYAA U B COCTABe MAREPANOB U3 HErMATHTOB PA3JIML-
Horo remesmca. Tak, KaJHeBHe MOJeBHE MIATH U3 MerMATHTOBLIX JKUI, CBASAHHLIX
¢ rpammromiamn Bepx-Hcerckoro maccupa, KOTOPHE HPECTABIIOT HPOJYKT Tpa-
HETH3AIME ocajgodno-Meramopduueckux Toang (CTaBpoB I AP., 1969), comepswar ne-
obpramo Euakme Kogmuectsa Li, Rb, Cs, Be mo cpaBHeHHIO ¢ KailHeBhIM T0JeBEIM
LIIATOM M3 IerMaTHTOB MarMaTHuecKoro remesmca (tada. 93).

Ta6auma 93

Cpepnne copgepanua Li, Rb, Cs m B B KannesoM MOJEBOM lmare
HerMATHTOB, CBABAHHBIX ¢ TPAHATONAMIL, z/m

ITopoia Li Rb Cs Be

Marmartnueckne mermatutst CCCP (170) 197.,3 5485,7 431,5 4,6
Meramopguueckne — mermataTsl  Bepx-

Wcercroro maccusa (3) : wipy 25 270,0 1,5 0,53

vy HaOMIOLeHNHs MOATBeP/KAAITCA JAHHBIMA O TOM, 9TO B OTIHYHe OT Marma-
THuecKuX MeTaMopduuecKwe IPAHUTOWJHbIE IeTMATHTEL XapaKTepuayloTeHd Gouee
muakumu cogepkarusavn Li, Rb, T1, Pb, Zn, Y (Magarowm, 1970).

OcofeHHOCTH COJepKaHnA PeIKIX 2JIeMeHTOB B 10p0o1000PasyomuX MUHEePaIax
B pAie ciryuaes y0e[uTe bHO YKa3hBalOT HA BO3IMOKHOCTH CYIECTBOBARNA reoX M-
JecKHX IIPOBHHIHIL

[lo nanusiv Xoamca u Xapsyaa (Holmes, Harwood, 1932), nmoniajib K BOCTORY
or Ckaxmersix mop u or Homopago jo MoHTams HeoOBYaiino forara CTPOHIHEM U
Gapuem. lloBmmenHsie cofepsKaHus ST OTIHYAIOT MOJEBLIE IIIATHI (1222 2/m) =n
puornrsl (2100 2/m) W3 TPAHMTOMAOB 9TOr0 PETHOHA OT OJHOMMEHHLIX MUHEDATOB
u3 rpamuronjiop Coserckoro Comoza. Cpefin MOCTEHUX TaKzKe CYIMECTBYIOT obaacTi,
panpnmep Dafikaibckas rOpHAsi CTPaHa, I/e PA3BUTHL IPAHMTEL, COJCPIKAIHE GomB-
moe kosgmaectBo St (Amekcamgpos, 1968). [losetie mmaThl 5TOr0 pernoHa Takike
prieasiores nopsmenanM (700—1350 2/m) conepsrauem Sr, mo CcpaBHEHHUI CO
CpeIHAM.

K asmensie mogdessie mnarts w3 rpanmTomgos Ascrpamun (Rhodes, 1968) xapax-
TepuayoTcs B 2—3 pasa Gojiee HHBKUM COJPHRAHIEM Ba u Sr u B 1,5 pasa Gouee
BEICOKMM cofiepsxanmeM Pb, 1m0 CpaBHeHHIO ¢ KaJHeBEIMU IOICBHIMU IITATAMIT 13
rpanntos Coserckoro (oiwosa.

Buornts us rpammromnos Kammpopmuu (Dodge m np., 1969), 1o cpaBHEHUIO
¢ omoruToMm 3 rparnrouos Coserckoro Coiosa, BHIENAIOTCN Goiee BEICOKHM COJep-
scammem V, Cu, Zn u Goslee HMSKMM — DEIKHX DJIEMEHTOB — Sn, Sc, Nb, Ga.
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CpaBHeHHe COfep:RaHUI PEKUX DIEMEHTOB B H0pP0x006pasyoIMuX MHHEpATAX
TPAHUTONAOB PABIMIHEIX PErHOHOB NO3BOJACT HAMETHTH HEKOTOpPEE MPU3HAKH, YKa-
BEIBAIOMIE He TONbKO HA OCOGEHHOCTH MX TeHe3HCA, HO M HAa HX BO3MOKHYIO PYIO-
HocHOCTh. Tak, KammeBsie MOIeBEIe MIATH W3 TpaHATONI0B Kazaxcrana XapakTepu-
aytores cofepsxammeM Rb, B yBa pasa mpeBmimaromem cpemmee (cM. Tabr. a8). llo-
CKOJbKY IOBHIIEHHBI® cofiep:kanus Rb XapakrepuayioT kaaueBsie moJeBHe IIIIATEH
MeTacoMaTHYeCcKOro reHesnca, a Ka/esslii MeTacoMaTos 6IaronpusaTes I TpoABIe-
HHA peJKOMeTaNbHOr0 OPY/eHEHUsd, TO IOBHIIEHHO® colepskamme Rb B rammesom
TOTeBOM NIIIaTe MOKHO PacCMaTpUBaTh Kak G1aroNpUATHHI HPUHAK pPYIOHOCHEIX
rpanuToutos. PaccMarpuBaeMiie B aHHOM IpEMepe IDAHHTOHIH AKYaTayCccKOro
rommierca Hasaxcrama mefiCTBHT/NbHO SIBIAITCA PYIOHOCHBIMH.

B macrosmee BpeMs, KOr[la yBeIHUHBAETCSA KOIMIECTBO IIPIMEPOB, CBUIETEIb-
CTBYIOIAX O TOM, UTO B TPAHUTAX, COIPOBOKAAIONIUXCS OLOBIHHEIM, BOIbHPAMOBHIM,
MOIROCHOBEIM WM 30I0THM OpYJAeHeHWeM, CONEPIKAHHe dTHX HICMEHTOB B rpa-
HATe GIU3KO K KIapPKOBOMY MM JasKe HIKE ero; GOMBITOM HHTepec IpecTaBiiger
BLIACHe HIe BOBMOKHBIX OTJIMIHIl B CO/CPKAHAE PeJKUX DJIEMEHTOB B MOPOT006pa-
3YIOIMUX MHHEPAJaX PYAOHOCHHIX I'DAHHTOB. JTOT HATEPeC BHI3BAH JKEIAHNEM BBLIC-
HHTh, B KaKOH Mepe cBoeo0pasme CONeP/KAHMA DPEJKHUX DIEMEHTOB B MHHEpaIe
MOKeT OBITH MCIONB30BAHO B KAUeCTh: WHAMKATOPA pYIOHOCHOCTH HOPOJBI, Taw
KaK BAJIOBOE coOflep;kaHWe 9JIeMEHTA B IIOpPOJe HEe MOJKET pAacCMATpPHBATBCH KAk
JOCTOBEPHBINI NPUAHAK.

Bompoc sTor o9ens caommmti, TpeGyomuii G0IBIIOr0 KommiecTa Pa3IMIHEIX
CONOCTABIeHHUIl M JIONOJHATENbHHX aHATH30B. O/[HAKO paccMATpUBAas JAOCTATOUHO
Upe/ICTaBUTeIbHEH MaTepHal, M3JO0/KeHHHH B NpPeJL/YIINX TJIABAX, COMOCTABIAM
I aHaIu3upys MHOTOYMCIEHHEIe, MHOTJA Ha TePBEL BITJIAJ HPOTHBOPEYHBEE HAa-
OIII0/IeHIA, MOKHO BHABATH OJHY, JOCTATOUHO BHIOP/KAHHYIO, TeHTeHIH0. OHA 3a-
RJII0YaeTCs B TOM, YTO B PYMAOHOCHHIX IPAHMTOH/AX COHEp:;KaHUe PYIHBIX DIEMEHTOB
B Pa3IHTHBX HOP0/000pasylomux MEHepaTaX HOOMUHAKOBO W B 3HATMTE]BHOI Mepe
OUpefessAeTcs BpPeMeHeM HUX BHIeJeHH:A.

Munepanel pamEUX 5TanoB KpHCTaIIH3alMM, TaKHe Kak pOroBas oOMamKa i
IJArMOKNa3, O0HYHO COAEP/KAT MEHbINE PYIHOrO HIEMEHTA N0 CPABHEHHIO CO €peji-
HHIM CO/[ep/KaHHeM, 4TO OTpa:;kaeT, MO-BHIUMOMY, YCIOBHA, 61aroNpHATCTBYIOIIHE
HAKOIIEHUIO DJIGMEHTa B IIO3/{He- I MOCTMATMAaTHYCCKHE HTAIE CTAHOBIGHUS WHTPY-
suBa. [leiicrBuTenbHo, porosas OGMaHKAa W3 OJOBOHOCHHIX TpPAHHTOB IIpumopes
comepsur Sn 16 —20 ¢/m, ws pymonocmrx rpammtonzos Merpmmckoro miyroma Cu
16 2/m m Mo 29 2/m, aro Bo BCeX carydasx HEKe CPeJHHX comepsmanuit. To e MOMKHO
CKasarh I B OTHOMEHWH IITarHOKJIasa. B rpamnrax, ¢ KOTOPEIME CBA3AHB PYIOIpPO-
ABJIOHUSA PA3IMIHEIX DIEMEHTOB, OH COA@P/KUT X B MEHBIIEM [0 CPABHEHHIO CO Cpej-
HuM Kosmgectse: Sn 0,8 2/m, Pb 15 2/m, W~1 2/m, Mo 0,5 2/m u . 1. B 10 e BpeMsA
IIArHOKIa3 GePIIIIIOHOCHEX i GOPOHOCHHIX I'PaHUTOMIOB 00.1afaeT GoiTee BHICOKIM
TIO CPABHEHHIO CO CPeJHHM COJIep/KaHHeM ATHX DIeMEeHTOB.

Murepas caMBX TOBHHX HTANOB KPHCTAIIU3ALMNE — KBAPI — B PYOHOC HHX
TpaHATAX COIeP/KUT, KAK HPABHI0, GOJbIIE 10 CPABHEHHIO CO CPEIHIM COOTBETCTBYIO-
mux pyansix saemenTos: W, Mo, Sn, Be, Li, Cu. Kpome Toro, gus ksapna pymonoc-
HEIX TPAHATOM]IOB XapAaKTePHO HaJWYMe yParaHHBIX COAePsRaHUil PYAHHX DIeMeH-
ToB, HampuMep Sn z1o 320 ¢/m, Mo 10 900 2/m, HeCOMHeHHO CBABAHHBIX ¢ MITKPOBKIIO-
YeHHAMH COGCTBeHHBIX MEHEPAJOB HTHX DJIEMEHTOB W CBUJIETEIBCTBYIONHX O BO3-
pacraomeil K IOCIeJHAM aTalaM CTAHOBJCHHS pPY/AOreHePUPYIOMeil CIoco0HOCTH
T PDAHUTHOH MAaTMBHL.

Ocofoe MecTo 3aHIMAIOT MEHEPAIHL 1P OME;KYTOUHOI CTATHH KPHCTAITH3AIHN —
OmoTnT m KadMeBHIil MONEBOIl MIAT, — KOTOPHE XapaKkTepHaylOTCH Golee cl0HOI
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¥ HENOCTOAHHOI 3aBHCHUMOCTBI0 MEKIY COMeprKaHMeM B HHX DYAHBIX 3JIEMEHTOB H
pyoHOCHOCTRIO TpamnTa. Tak, B KaJmeBHX IOJEBHX MIaTaXx PYAOHOCHHX u Ges-
PYAHEX TPAHATOHTOB peJKHe DIeMEeHTH PACIpeeNeHHl J0CTaTOYHO MOHOTOHHO U
CYIMECTBeHHBIX OTANYMIl B WX COJIEP/KAHAEN He ycTaHaBiuBaercs. MokHO roBOpHThH
TOJBKO 0 TOBOJIHHO IMOCTOAHAO HAGIIOJAI0IEMCs IOBEIIeHHOM cofiepsxagmn Rb B Ka-
JAUEBOM IOJNEBOM IIIaTe W3 PYAOHOCHHX rpannToB. Ilocrmemsee XxapaxkTepHo I Ka-
JIMeBHEX TIOJIEBHIX IMIIATOB METAcoMaTHMYecKOro TeHes’ca U, 04eBHJHO, IOJTBepHIaer
00BIHO HAOJIOJIAIIYIOCH HW3MEHeHHOCTH PYJOHOCHBIX T'DAaHHUTOHIOB.

Nnaa kapTiEa XapaKkTepHa s cocraBa 6mornTa. BmornTel us rpaHATOB, PyA0-
HocHHX B orHomenun Ta, Nb, Sn, Be, Mo, moBoaBHO 9acTo cofep;KaT IOBHIIIEHHbIE
KOmIecTBa HTHX ajiemenTon: Ta 1o 24—33 2/m, Nb 2450 2/m, Sn 600 2/m, Mo 36 2/m,
Be 8 g/m u T. . 9T0 MOCIYKHUIO JOCTATOYHBIM MOBOXOM A MHPOKOr0 NPU3HAHMS
TOr0, YTO NOBHIICHHBIe COACP/KAHAA PYAHLIX U PeJKAX DJIeMEHTOB B OHOTHTE MOTYT
paccMaTpHBATHCA KAk IPH3HAK, YKA3HBAKONMII HA BePOATHYI0 PYAOHOCHOCTEH Tpa-
muTouna. VMeeTcs oJHAKO HEMallo TMPHMEpOB, Korja OHOTUT M3 PYMOHOCHEIX Tpa-
HHUTOMJIOB CONEPIKAT 1O CPABHEHHIO CO CPEJHMM MEHbINEe COOTBeTCTBYIOIHX dJIEMeH-
1o (mampumep, Cu u Mo B pyfomocmX rpammTax Merpmmckoro mryroma). boxee
TOro GMOTHTH HEPYIOHOCHEIX TPAHATOMIOB HepeIKo 06TaaloT MPeBHIIAIONIM CPe/l-
nee comepxanmeM oxosa (194 e/m, Cesepumii Kaskas), ramrama (36 2/m, I'mccap)
g

ITprvMepoM MOTyYT CyKATH GHOTHTH H MYCKOBHTH HoTaHCYHCKOr0 MaccHBa (Op-
cxoe 3aypaine), KoTopsie cofiep:kaT Goxsme Ta m Nb 1o cpasnenuio co cpeflHEM CO-
JleprKAHIeM DTHX DIEMEHTOB B AHAJOTIIHEX MAHEPANaX W3 TpaEuTono8 (0BETCKOro
Cow3a, TeM caMBIM, Kasaioch Obl, MOATBeP:KIadA GOIBIIYI0 NepCHeKTHBHOCTH ITOTO
maccunBa. O[HAKO CcOfep/RaHME TAHTAJNO-HHOOATOB B HEM BeChMa HE3HAYHTEIBHO
(traba. 94).

Tatauma 94

Cpengnie cojgepskanna Ta u Nb B GuoTHTe M MyCKOBATE M TAHTANO-HHOGATOB
B rpanurax Opckoro 3aypaabsa, 2/m

Buornt MYCKOBUT
TaHTan0~-
Maccus HIOGATH
Ta Nb Ta Nb
Horaneyicknit A 41 (3) 142 (3) 36 (3) 170 (3) 2,9(9)
Cpepnee 110 rpaHATONIAM
GLER: 8 diaeni N REEY 19 (263) 146 (338) 33(72) 133 (69) 12,7 (179)

Tlomo6HbIe HECKOJABKO IPOTHBOPEYHBLE JAHHHE CBHJIETEABCTBYIOT O TOM, H9TO
CBA3H MKy PY/AOHOCHOCTHIO IPAHNUTA M COJlep;RaHueM B GHOTHTe PY/HOT0 HIeMeHTa
HOCHT CJIO/KHEI XapakTep. B psAme caydaes IOBHIINEHHBE COEP/KAHAA HECOMHEHHO
0034 HEl MIKPOBKIKYCHHAM PYIHBIX aKIECCOPHBIX MIHEPAJIOB, CBU/ETeILCTBYIOMAX
0 BO3HUKHOBEHHM BO3MOKHOCTEil K JIOCTH)KEHHIO PYIHBEIM DIGMEHTOM BHICOKOil KOH-
HeHTpanuu u 06pasoBaHWI0 MM COOCTBEHHEIX MIHEPAJIOB.

ChpaBeuBOCTs  TOXOGHOrO  OOBACHOHWA  NPOMJIICTPUPYIOT  rpadukn
(cM. puc. 16), mocTpoeHHsle HA 0CHOBAHEN 27 ONpe/IeJIeHNil 0I0Ba B GHOTHTE M3 00~
ponocuux rparntoB Cesepo-Bocroka CCCP. C ofHO# cTOpOHEI, Ha 9THX rpadukax
He YCTAHABJIMBAIOTCH 3aBHCHMOCTH COJCP/KAHHA 0j10Ba B OHOTHTE OT COJepP:RAHMA
aToro paementa B rpammTe (puc. 16, a), 9To MO3BOJIAET CYUTATH, YTO TACTH OJIOBA Ha-
XOOHTCA B TOpoje B BHAe COOCTBEHHOIO MHHepaja — KacCHTepHTa.
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IIpocroe cymmupopanme wacTHBIX COfiepiaHmili 0JioBa B OHOTHTe DTHX TIpa-
HATOHJI0E fiaer mudpy (27 ompemenenumil) 82,1 2/m, T. e. sHAUMTeXHHO IIPeBEI-
manmyo cpefaee — 76,5 e/m (eM. taba. 10).

Onmako paccMoTpenme wWacTHBIX cofepaEmii TOKashBaeT CYIIECTBOBAHHE IO
MeHbIeil Mepe ABYX IPYLI cOfepsRaHmii: ¢ TOBOJIbHO OTPaHHYeHHBIM HHTEPBAJOM
Komebanuii (28—84), B cpeanem (18 onpegenenuii) 52,2 2/m u Golxee 3HAUMTETHHBIM
unrepsagom (102—240), B cpeamem (9 ompeesienuii) 142 2/m.

OcoGenno Bricorme comepmamma (200— 240 2/m), TO-BHIAUMOMY, 00BACHAIOTCS
HAJUYHEM MUKDOBKIIOUEHHI YacTO BCTPEYAIOMErocs B OTHX IPAHHTOMIAX Kac-

Sn ez/m CHTEpHTa, CHJIBHO HCKABUBIINX  CpejHee

,,[, cofiep;kaHue u30MOppHOTO 0JloBA B  OHO-
THTAX.

f ) Anaams rucrorpammsl (em.puc. 16, 6),

gt T HOCTPOEHHOH HA OCHOBAHHU HTHX JIAHHBIX,

103BOJIAeT D0Jlee NPABMILHO OMEHUTH CMBICT
BBHICOKHX CPEJIHUX CONEP;KaHHI PEIKHX dJIe-

A MEHTOB B LOpPO000pasy0muX MUHEepaIax
S 5 v PY/OHOCHBIX T'DAHUTOB, OOBLIYHO  CUHTa-
5 IOMUXCA XapaKTepHBIM TPU3HAKOM IIOCJIel-
S §f I ‘

HUX.
- Haamame npyx mam tpex Makcmvymos

#1 = " CBHUJICTEIBCTBYET O CYIIECTBOBAHHN HECKOb-

KHX HE3aBHCHMBEIX Tpyunn cojepskanuii. Ha-
B Pl atonyl nbojiee BHICOKNEe M3 HHX — pesyabTar Holee
HO3/IHEIl WMIperHanun  pPyILoHOCHBIMIT pac-

TBOpaMH, TNPHBHOCHBIIUMH ¢ c060il 0J0BO.

7 W 0 I sn,e/m  1loaTomy mosbrmenmsie COJIePRAHMA PY/IHBIX
buomum AJIEMEHTOB B 110PO/[000 pa3yomux MUHepaiax

Yaemoma
Pu ) il
c. 16, Pacuopene;enme
0JI0BA B OJOBOHOCHEIX Fpa-
murongax  Cesepo-Boerora
CCCP

@ — 3aBHCHMOCTb MEHAY comep- /|
HAHMAMI 0JI0BA B OGMOTHTE M rpa-
HHTE; 6 — rHCTOrpaMMa pacupe-
HeNeHns copep:saHuii oJoBa B

0moTHTe U3 HTHX sKEe TPAHNTOB > %
A '

0 2 929 588 752 96 180 g 600 2000 2400 s/m

TPAHUTONJIOB, IO-BH/[UMOMY, HE ABJIAKTCA YHHBEPCATLHBIM INPH3HAKOM, Tak KaK
HE BCEIZa OTpaykaloT M30MOPPHYIO OpMY HAXO0/K/ICHHs UHTEPECYOMEro nieMenTa.

OuesnjiHo, KoImM9ecTBO MOLOGHBIX IPUMEpPOB, ROr/ia OHOTHTH PYZOHOCHHIX I'pa-
HUTOHZOB CO/CP:RAT MEHbINE PYIHOTO JeMEHTA IO CPABHEHHIO CO CPEJIHIM, YBeIH-
THTCA [pH IpUMEeHeHHH (ojee COBEPUHIEHHBIX METOJ0B CeHAPALTH, eCIm yUecThb
HECOMHEHHO® BJINAHMe HA OTMEYaBUIHECH BBICOKUE COJlep:KaHMA MUKDOBKIIO9eHHIL.
Honobnaa «obparmasy saBmcmMOCTH MoOzKeT CHYHRATH CBOEOOPABHOI MILTIOCTpanueit
IIPABUIA IMOIAPHOCTH, KOT/IA IOPOJia WM MHHEPAX 0elHH KaK Pas TeM DIeMeHTOM,
"KOTOPHIl KOHIEHATPHPYETCA B IMOCTMArMaTHUCCKIX IPOJYKTaX,

B cBsizm ¢ arum caenyer ormeruts, uro pesybTaTh aHaJIu30B OHOTHTOB U3 Tpa-
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HUTOW0B Pa3jINIHBIX PAiioOHOB Coserckoro Cowosa ma Fe, Ti, Nb, Li u Sn mosBoO-
JMIM YCTAHOBUTH MHTEPECHYH 3aBHCHMOCTH: YeM Gonplie COOeprRAHNEe KaKOTrO0-HI-
Gy/b 13 DTHX 2JIEMEHTOB B GHOTHTE I YeM Goabine cofiepAanie IMOCIeJHero B Mopoye,
TeM MeHBIIe B T'PAHATE COOTBETCTBYIOMIEr0 ARIECCOPHOTO mupepana (JIaxosmd,
1965). Boamo;kHO, OTMedaeMoe yBeIMueHHe cofep;KaHnA MUHEePaIoB Mo, W, Ta,
Nb. U, Th, TR, Li, Be B rpanaTax mo3gaux $as (o CpaBHEHHIO ¢ TPAHUTAME Pas-
HHIX (as) ofpACHAETCA MX 00CHEHHOCTBIO, BILIOTH 10 HOJHOTO OTCYTCTBHS MUHE-
pasaMu-HOCHTEIAMH HTHX J1eMEeHTOB — GIOTHTOM, IIATHOKIA30M, CHEHOM M HIb-
mennToM. HamGomee [0CTOBEPHBIM NPH3HAKOM 060TAIMEeHHOCTH TpPaHuTa PY/AHBIMI
AIIeMEHTAMM CJe[VeT CUMTaTh IIOBHINIEHHO® COJleprKamme pPYyAHBIX aKmeccopues M
COOTBETCTBYIOIIMX MM PY/HBIX BJIEeMEHTOB B TO3JHHX muneparax-nocurensax. Ilo-
crie[Hee OCOGEHHO BAa/KHO, TAK KAK IIOKA3aTe]eM pY/IOHOCHOCTI IPAHATOHIOB fB-
seTes TAKIKe ¥ CTOIICHb HAROTUIEHHSA PY/IHBIX DJIeMeHTOB B MIHepaIax B0OOIIe 1 B UX
1103 IHMX TeHePalHAX B OCOOGHHOCTH, TaK KaK OHA OTPAKALT TeHIEeHIUI0 PYIHOTO
BOIMecTBA HAKAIIMBATHCA K IO3HUM dTamaM KpHCTALIH3AHH.

Tag. B GHMOTHTE OJOBOHOCHHIX TPAaHUTOB HyxyapOeiickoro KOMIIeKca koo du-
(eHT KOHIEHTparmun Sn pasen 28, a B HEOJNOBOHOCHHIX TpaHUTAX [laxTaMAHCKOT O
KOMILTeKca sHAUMTEIbHO HEke (~2). B KBapme rpaHuTON0B Samagmroro Sabaii-
Kaabsi, ¢ KOTODHMH He CBA3AHO OepiuilimeBoe OpY/IACHEeHHe, Koo(pPuIHeHT KOHIEH-
TPAIME HTOTO DIEMEHTA COCTABIIACT 0,14, a B kBapie u3 GepHITOHOCHHX I'PAHUTOB
KasaxcraEa on Beme u paser 0,25, 9T0 CBHAETENLCTBYET O HAKOIICHUM OepriIAd
K TosMEUM dTamaM (opMupoBaHuA TPAHUTHOrO MaccuBa.

IlpsAMas KOPPeJAMUA MY COJepranueM pyJ[Horo pjeMeHTa B IOpojie H
B MUHEDAJE MOJKET CBHETEIBCTBOBATH O HEHACHINEHHOCTH MHHEpAJIa STHM dIIeMeH-
TOM ¥ 0 BO3MOMKHOCTH €T0 PACCeMBAHHA IPH (0IIee BEICOKHX COJIeP/RAHUAX. Ilosromy
A PY/OHOCHKIX TPAHATOB JOJKHO OBITH fomee XapaKTepHO OTCYTCTBHE IPAMOI
KOpPeJSIMI, 00YCTOBICHHOR CIOCOOHOCTHIO DIEMEHTA 0Gpa3oBHBATE COOCTBEHHBIE
MUHepalsl, a He TOJLKO PACCeMBATHCA B KpHCTAITMIECKUX peneTkax nmopogoobpa-
3VIOMUX MHHEPAIOB.

CBsiab PEIKOMETAJBHOIO OPY/EHEHHA C MEeTacoMaTiiecKIMI nmpomeccaMu Ha-
XOJUT OTPasKeHNne I B 0COOEHHOCTAX COCTABA OPOK006pasyoIUX MUHEPATOB. B uacr-
HOCTH, TAKHM HHWKATOPOM MOKeT CHY/KHTh IOBBIIEHHO® cojiepxanue pyoums,
4acTO HAGIIONAeMOe B KAJHEBHIX HOJEBHX IIHaTax MeTacoMaTHIecKoro reHesnca.

MukKpoKIHHEL 13 Ge3pyAHEX NerMaTHTOB COMeprkaT Rb B cpepuem 1440 2/m,
a M3 pefKOMeTaJbHBIX HerMaTuToB — 10 160 2/m (Yuaxum, 1968).

B Cesepuom Ilpubanxambe Kajmepble IOJEBEIe NITIATHL PYAOHOCHEIX TPAHUTOB
cogepmar Rb B cpenmenm (36 oupemenenmnit) 1214,4 2/m, a B HEPYIOHOCHHX TpaHHTaX
(25 ompeneenmit) — 924,5 2/m (Cepmix, 1966).

C TOBHIICHHEM CTEIeHH MeTacoMarHiecKoro H3MOHeHisl TPAHUTOM0B rabIo-
JlaeTcst He TOJBKO TOsIBJIEHHe HOBEIX CTPYRTYPHBLX THIOB GO, panpmvep Tama 3T
(Kosamp u ap., 1969), HO M yBequieHHe mesxounoctn Omornta (Kapacesa, 1970),
A BMeCTE ¢ TeM 1 yBeamdenue cozepsxanms B Hem Rb, Li, T1 (Ilepemer, 1970).

[LoMIMO HCXOXHOTO COJepsKAHMSA PeJKHX M PYAHBIX DJIEMEHTOB B Marme, 60Nb-
10e BUMAHIe HA WX cojep:kaHme B IOPOA000pasylomux MHHEpalax I pAHATON/ (0B
OKA3HBaeT WX HEMOCTOSHHEI COCTaB.

Brile yIoMAHAIOCH 0 MOJO/KATE I HHOM BIIMAHII [LOBHIIIEHHO OCHOBHOCTH ILIa-
rmoxmasa Ha cojepsxanme B weM W, Mo, B, ST U OTPUIATeIEHOM — Gepuins. B sna-
THTeIBHOI Mepe DTO OTHOCHTCA W K OHOTHTY.

Ha rpajurax 3aBHCHMOCTH COJlep/RAHHS ONOBA B GmoTuTaX OT ero cocTaBa
BHIHO, 9TO TIMHO3EMHCTOCTH OKA3BIBACT MeHbIIE BJIMAHMI HA coflep/KaHue 0J10Ba
B GuormTe, ueMm ero kesxesmcrocth (puc. 17).
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Cpexmme copep:ranms PeK
PPaHATOHZIOB MOI'YT GEITH MCITON
PeOXHMHICKO KiIaccHurammn
HO€ I IpaKTH9IecKoe 3HaYeHME.

Pasylomux MuHepaiax

bBOBAHLL 1A NPHHIUIOHAIBHO HOBOI MHHepaIoro-
TPaHUTOMIIOB, KOTOpasg Mo

KeT UMeTh Gonpimoe nayy-

B ocroBy momo6moii RIacCHYuKaum 105Hm Ghirs TOJIOKEeHEL HE TOJBKO 0CO-

OeHHOCTH COMeP:KAHMA, HO M o0cofe
pAaioB.

MHX MHHEpalIax T'paHUTOHOB CBHJIETEJILCTR
IU¥ B OJIHOM WJIH JIBYX MuHepaaax (cM. Ta6.

Sn,e/m Sn,2/m
40 i Pz .
130
720 B 20 x
g
00 : 170 .
90
87 &
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50 60 5
5 i .
90 0
5/ s .
20 & . & 20 t
n
1 /] 1 1 (1 1 4 L
9000 Ly 8000 10000 g 2000 2500 o0
Menesuemormsy lnunesemucmocms
a ]
Puc. 17. Buanaame cocrasa GmorHra mHa COlep;KaHme B

HeM PYHHEIX 3JIeMEHTOB. panutsr Ceepo-Bocroka CCCP
(mo matepmagam B. C. Wpanora u Ap., 1970)

4 — BIHAHWE Helle3ncTocTu OmotnTa Ha CONEPHaHAe B HeMm 0JI0Ba;
6 — BIMAHMe TIIMHO3EMHCTOCTH OnotnrTa Ha Collep)Kanne B HeMm
0J0Ba

Has  sroro [eaecoobpasno memoxszopary ¢
AATCA BANIHHON (1 S),  oxBaTmBalmeii 84%
JRAHUA, IIpeBHIIa0e 9Ty BeIMYMAY, Hal.i07alo
CBHACTENILCTBYIOT O 3HAYHTE TEHOM oforamennn Mugae
Hoaromy, worpma CollepsKaHMe DjleMenTa B MHHepaje
HUIO TparmTa mexecoobpasmo LIpUMeHeH
HOT0, Haupmmep “CKaHINeBELD, «0epniinenLii

Ilomo6masn Kiraccupukamms
CXONHEIX TPaHUTOMAX, TaK Kak
pozne, a dpopmy ero HAXOIKICHNSA,

PHIX TIpOmecch Kp
PHIATENbHYIO poup,

.

YioT 06 ux npeobaag
91). Hocnename n

y ¢IEBHeBHI» T T. 11,

II0O3BOJIUT YcranoBUTEL TOHKHe pasanmuusa

YTUTLIBACT HE BAIOBO® COAEP/KAHME DICMEHTA B 110
B TaHHOM ciTyd9ae maoMopdHyio, paccesHnyIo,

HPENATCTBY A WX KOHIeHTpammy

HHOCTH COCTaBa H0poxo06pasyomux Mume-

CJelyeT paccMaTpu-
BaThb KaK MHUHeDAJBI-HHIHKA-
TOPEL Ha COOTBETCTBYIOMHE 216~
MEHTHI: POroByio o6MaHKY Ha
Sc, B, Y; 6uorur ma Sn, Li, Cs,
F,Znur. 1.; nnarmoxinas ga U,
Be; kamnessrii HOJeBOMH Immar
Ha Ba, Pb; KBapm Ha Au.
Cpenane COMePIKaHUSA PEJIRUX
1 PYAHBIX 3JIEMEHTOB B IOZ00-
HBIX MHHepaJaX-MHHKAaTOpax
MO’KHO HCIIOJb30BATH KaK pTa-
JIOH DU BHABIEHWH I'e0XHMH-
UeCKHX ocobenHOCTel M3yuen-
HEIX TPaHWTOB.

OnHako mis CYIRIIEHHS 0
TeHe3NCe IPAHATON/A, ero py-
AOHOCHOCTH HJIM TPOMBINIIEH-
HOIl IEeHHOCTH, Kak BO3MOK-
HOr0 WCTOMHHKA pefRHX 3ire-
MEHTOB, HEOOXOUMO 3HATE Ta-
KYI0 BeIMYHHY  CoOfepmaHus,
UPEBLIIEHNe  KOTOpoil Gymer
CBHIETETBCTBOBATE 0 3HAYNTE-
IbHOM oboramenun MHHEepaJa
TeM MM HHBIM HJIeMEHTOM.
ONepPIKaHUSA, KOTOpHIe OIpe;ie-
BO3MOKHBIX 3Hauennii. Conep-

TCA Tonbko B 16% cayqaer u
PaJia TeM MJIH HHBIM DJIeMeHTOM.

LPEBEICUT BeimuuHy (2 + S), K
He CIeNMalibHOr0 MPHIATATE -

(raba. 95).

M
CKOI'0 pacceAHus urpamwT or-
B mo3JiHue IerMaTUTOBBIE MW



Tab6auma 95

Cxema panmoHaJbHOH reoXHMHYECKOl HOMEHRIATYPHI TPaHHTOHJOB,
OCHOBaHHAA Ha cofiep:kaHun (B 2/m) pefRUX M PYAHbIX >AEMEHTOB
B IIABHOM MHIHepaje-HOCHTese

CraTHCcTHYECKHe OMEeHKH COofep:HaHNa
2JIeMeHTa B MHHepaje
HCIT (: 04-
Munepan OIIeMeHT a]—:lfmna?m cpelmee (%2;1:{}5;0 Egzﬁgga;- IIpenenn- | THIT I'DaHHTONIA
cofiepra= COJiepHaHuA TapTHOE HOe CO-
e A TIpH OTKJIO- | TiepiKaHue
HaleHHOCTH HeHue (m_l__ S)
Buotnt Sn 235 61,36 9,35 73,13 134,5 | OaoBsuBELT
Li 288 825,30 101,64 880,08 1705,4 | JImrHessrit
Cs 165 90,60 14,67 96,20 186,6 | IlesueBsrii
F 120 11075,78 2750,88 12703,53 | 23779,3 | ®Topucrait
Nb 329 140,37 13,04 120,72 261,1 HunobGuesmit
Ta 107 14,62 4,51 21,80 36,4 TanTaaoBmlit
7n 115 458,17 46,13 252,42 710,6 | IluukoBHIl
ITnaruokrmaas Be 139 11,74 2.9 4,18 15,9 BepninneBuit
KaununeBnit W 79 214 0,30 1,37 3.6 Boasgpamossrit
noJeBoit Pb 103 39,88 3,99 20,67 60,6 | CBEHIOBHIT
mnar Mo 144 1,91 0,16 1,02 29 Moan6nenoBoiit
Rb 153 550,52 83,79 528 .82 1079,3 | PyGuauessrin

TH/IpOTepMalibHble ATaNbl CTAHOBJICHUS MHTPY3UBOB, CKopee OyAeT XapakTepHa 00-
parHas 3aBUCHMOCTHL Mexily HAJIHIAeM OpPYACeHEHUS B CBASH ¢ JAHHEIM MAacCHBOM
W IOBEILIEHHBIM CO/lep;KaHUeM PYMHOTO DJIEMEHTa B INIABHOM MHHEpaJe-HOCHTele,
HOrI0mAaIeM GoJbITy0 YacTh PEIKOT0 HIIEMEHTa OT ero 00IIero Copep/KaHus B II0-
pone. Ilpexraraemas Kiaccmpukaumus NpusBaHa HPOBEPATH OTO IPEIIOJOKEHIE .

Henonpaoparne momgoGHOI palEOHANLHON HOMEHKIATYDH IO3BONHT PEKOMEH-
Z0BATH UPOMBIIJIEHHOCTH TPAHUTH, MHHEPAJbl KOTOPEIX 3HAYATEIBHO 060TameHsl
pyOugueM nam GepmiaameM, OHOTHTH — JHTHEM, IE3HeM, OJOBOM WJIH TAHTAIOM,
poroBuie 00OMaHKH — CKAHAUEM WJIH HTTPHEM.

JleiicTBUTeIBHO, MB3BECTHEI He3NeBLe OHOTHTH ¢ cofepmanneM Cs mo 29 000 2/m;
pyOunmeBsle MEKpOKIUHEI, cofeprkamme Rb 21—28 000 2/m (Bepmapckwmii, 1913);
uHeBBe OuoTHTH, comeps;kamue In 1000—10 000 e/m u 1. m.

B macroamee BpeMsa BHMMaHHEe T'€0JOrOB TPHBIEKAOT X0JBMKBHCTUTOBEIE
CJIAHIBI, COAepAAMe JNTHIH, a TaKKe acTPOPUIIMTOBLIE MOPO/E], cojep:xamue Cs
(1o 15000 2/m). Ilpm HMBKHX CONEP/KAHMAX IIOJE3HEIX KOMIOHEHTOB B TOPOJe
ofIe X 3aMACH MOT'YT OKA3aThCA JOCTATOYHO 00 BIIHMIH.

ARTyanbHBIM CTAHOBHTCA BCECTOPOHHEe M3YYeHHE MOpPOH000pasyoIux MuHepa-
JIOB M B LIEPBYIO 0Yepe/ib ocobeHHOCTel IX COCTaBA B 3aBUCUMMOCTH OT TeHesuca, gop-
MAIHOHHOT0 MMOJOKeHnA Miad pyronocHoctn mopox (Cumopenko, 1970).

YBaerarenpHoil 3ajadeil MaJpHEHIINX MCCISTOBAHWIL ABISETCS YCTaHOBJIEHHE
3aBUCHMOCTEIl Me1y KOMHYeCTBOM MHHEDAJa-HOCHTeNs B TOPOJE W COJAep/RaHHeM
B HEM DEJIKOTO dJIeMeHTa, ¢ O/HOI CTOPOHHI, H KOJIHYeCTBOM COOGCTBOHHLEIX MEHEPAIIOB
BTOTO DJeMeHTa B TpanuTe, ¢ Apyroit. [lonydenHsie pesyabraTsl mo3B0aAT Hoslee 005
CeKTHBHO CYJAUTH O POJM W pPealbHOCTH B IIPOABJEHUH pyJoreHepupymomeil cmocob-
HOCTH TPAHHTHON MarMsl Te0XHMHYecKOoil cnenmmammsanuu min gakropa Kpucraiiro-
XUMHUIeCKOro (msomMopdHOTo) pacceaHms.
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