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COOpHHEK OXBaTEIBaeT IIHPORMIL KPyT mpolieM TreoXHMmMH,
TeHesmca, NOHCKOB H PasBefiKH IErMATHTOB H OTPasKaeT COBpe-
MEHHLI{ YpPOBEeHb 3HAHWIT 10 3THM IpobiaeMam.

CraTbu mepsoil vacTH cOOPHHKA TOCBAMICHH BOIPOCAM
TeOXHMHEM MYCKOBHTOBHIX, PEKOMETAJIBHEIX W KAMCDHHX IIer-
MaTHTOB. B HOX paceMaTpHBANTCA HOBEJeHHe IIHPOKOTO Kpyra
9JIEMEHTOB B Hponeccax (OpMAPOBAHUA IEeIMATHTOB Pa3NAIHEIX
THIOB, pAacUpefeleHne pefKHX BJIEMEHTOB B MHHEpajax Ier-'
MaTHTOB H 3aBHCHMOCTh TeOXHMHYECKUX OcOGeHHOCTeil Hmerma-
THTOB pPaBHEIX THIOB OT YCJAOBHIL MeTaMOppH3Ma BMeINAIOINeit
TONIE ® TpaunToo0pasoBamms. Pajx crareil mocpsalueH mpoQie-
MaM TeHe3Nca MerMATHTOBRIX TeJ M IIOJeit. -

B c¢rareax RTOPOil GacTm cOOPHEKA OCBEMICHE DPABNUUHEE
OpoGiemMsl IIOHCKOB H ONEHKH MYCKOBHTOBEX, PEXKOMETAIBHEIX
H KaMepHHX IerMATUTOB.
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FEOXMMHA NMETMATHUTOB

B. M. Wimaxun

HEKOTOPBLIE KOPEHHBLIE BOMPOCH FTEOXMMMM
FPAHUTHBIX MEFMATHUTOB

WceneqoBanme TPAHATHRIX TETMATHTOB pAas3JMYHON IPOMBIILICHHOH cme-
nuanusanmm  (peKOMeTalbHEX, MYCKOBHTOBHIX, MHAPOJOBHIX W [p.) MLIO
B mocJjeHIe JIBa AeCATHIeTHs ¢ HCI0Jb30BAHHEM DasiNYHBIX METOIOB, B TOM
umene u reoxuMmuecknx. Ilaxomren Goapmoii MarepHas 1o pPACIpeAEIeHHIO
mopom006pasyouEx B MaJhX * ajIeMEHTOB B MEHEepaJaX NerMaTHTOB H B mer-
MATHTOBEIX Telax B IeioM. VsyueHo moBefenme GoJBIION TPYNOE 2JIeMeHTOB
B XOfl¢ 9BONIONUH HPOMEccOB (OPMHPOBAHMA IEIMATHTOB M WX OHJOTEHHEIX
opeonos [9, 15, 17, 18, 22, 31, 37, 38, 40, 44, 47, 50, 571. Uccaenopanns mo-
Kasauad, 9T0 Pe[KOMETANbHEE erMaTHTH, ¢ KOTOPHIME CBA3aHBL IIPOMEIILICH-
sHHe pyas Li, Cs, Ta, Nb, Be, Sn, xapaxrepusyoTcs BHCOKUMA COIMepiRaHIA-
MHA 3THX 3JIEMEHTOB B noponooﬁpaaymumt MHHEDAIAX IerMaTUTOBBIX FKHIL:
NOJeBEIX mmaTax u caojax. MycKOBHTOBbe merMaTHTH, CYHTABINHECA paHee
JIHIIeHHEIME KAKOH-IHG0 TeOXHMHYECKOH cruenuuKm, OKA3alHCh KOHIEHTpA-
ropamu Ba, Bxogamero Ha mosannd K B KpucraninuecKue PeIIeTKA KaJNeBoro
moIeBoro mmaTta u caiof. Fpome faphsa B aTHX TerMaTATaX HaKAIIXBAIOTCS
10 CpaBHEHHI € KJIapPKOBLHIMH KoJaHdecTBaMu aByxsaneHtHEE Sr m Pb, ranske
uzoMopdHse ¢ KaumeM, B TO BpeMA KaK COMlep:KaHMA PEJKHX IeJOYHEIX die-
MEHTOB B HHX De3KO IOHHKEHHI.

Ilo reoxmMEYECKAM NpPHASHAKAM WUeTKO BHACIAOTCA IIPOMEKYTOUHEE IO
NPOMBIIUICHHOM IEHHOCTH PelKOMeTalbHO-MYCKOBATOBEE merMatutel [471,
HashBaeMEle B JHTEpAType Tak;ke OepILIoBo-MycKoBuTOBRIME [32] m caiomo-
HOCHO-pefikoMeTaisHEIME [12]. B HekoTopsix ciayuasx merMaTHToOBEE TeJa
BTOT0 THNA ABIAITCH KOMINIEKCHHIMH HMCTOYHHKAME KaK IWCTOBOTO MYCKO-
BHUTA, TAK ¥ HEKOTOPHX pEeAKUX 2iaeMeHTOB (vactTh mermaTuTos Mumum, Bpasm-
aum). OpHako B GOJBIIHHCTBE IErMATHTOBBIX IOSCOB PEIKOMETANLHO-MYCKO-
BHTOBLIE JRUIEl IPEJICTABIAIT MeBBIINGA IPOMHINICHHEI HHETEPEC, TeM cobeT-
BEHHO MYCKOBHTOBHIE HWJIH COGCTBEHHO pPEJKOMETANbHEIE MEerMATHTOBLIE Temaa.

ITermaTuts pexroseMensHoit Gopmanun [10, 32] monpaspensamoTesa Mo PiamLy
NPHSHAKOB Ha [(BAa THIIA: YypaH-peAKO3eMeldbHEIT ¥ mmobumit-urrpuessiit [31],
npHYeM Te0XHMHAYeCKIe 0COOCHHOCTH JBYX OTHX THIOB IPOSBIAIOTCH HE TONH-
KO0 B Habope B COCTaBe aKIeCCOPHEIX MEHEDAJOB, HO U B conepmaﬂnﬁx MaJbIX
BIEMEHTOB B HOpPOM000pasylomux MHHepaJax.

Mayuenme MHapolOBEIX HerMaTHTOB HOKA3al0, 4TO OHH BeChMa pasHO-
00pasHE 10 CPeHEM coflep/RanmaM GoabmmmHcTBA diemenToB [22, 40]. Hpome
IerMaTUTOB KAMEPHOIO THIA, BO3HUKAONMX B MPOHECcCe (BHI3PEBaHHA) Mar-
MaTHIeCKOTO 0CTATKAa B Ipefelax MAaTeDHHCKHX TPAHATOB, 3[AECH MHOTO JKHAI
¢ BropauHeMu HojgoctAME. OHE 06pasyioTes B mpolmecce pacTBOPeHHs M mepe-
KPHCTAIH3aNAN IDAHATOB H HerMATHTOB PAsHOTO COCTABA, COXPAHss MHOIHE
reoXHMAYECKUe OCOGEHHOCTH B3aMelaeMBIX MOpOA.

o TEpMI[}I (MaJInle DJCMEHTE» BRIKYIAET NOHATHSI «pemme IIIEMEHTRD) «dIeMenThn -
npaMecH», a TaKKe («I0poaoofpasyomlne JIeMeHTH», BXOMANINE B MaJEX KOMIHIecTBAX
B cocras MumHepatos [25, 35, 48].



Orpommeiii CpaBHATEIBHE MaTepHAJX HOAYTYeH II0 COCTABY ONHOMMEHHBIX
MHHEDATOB M PA3AMIHEIX TeHepanlii MEHEDAJIOB B Ipefedax OJHOTO HerMaTh-
ToBOTO Texa. Tumomopdmasie, B TOM UmCIe FHMOXAMUYECKHE, OCOGEHHOCTH MH-
HepaJoB MHEPOKO HCHOIL3YIOTCA H A NpPaKTAYeCKHX Iedeil, I ia Cymue-
HEH 0 IPOMCXO:KACHIN 1 9BOJIIONUE IerMATHTOB.

Hmxe GymyT paccMoTpeHE! JHIMb HEKOTOpPHE BONPOCH TeOXWMHHE I'PAHHT-
HEIX HETMATHTOB, KOTODLIE HIDEACTABIMAIOTCH ABTOPY OCOGEHHO BRUKHBIME HIIH
HEJ0CTAaTOYHO pa3paloTaHHbIMH. i

TEOXMMMYECKAS CMELIMANIM3ALLMA NMETMATUTOB
W EE NMPHUYUHBI

K comanenmo, onpemenenme TepMUHA (TOXAMAYECKAS CIENHATH3AIU
OTCYTCTBYeT H B ofobmaiomiax paborax, rje OH MHOTOKDATHO HCHOJIb3YETCA
[1, 31, 37, 41, 471, n B crathsx, rae ¢urypupyer B massannn [12, 40]. U xota "
B OONBMIHCTBE CAYYAEB UCCJIEMOBATENH IIOHAMAIOT IO Ie0XHMHYECKON CIe-
IHaJIu3anuei OfHO | TO ke ABJIeHHe, TPAHANE 9TOTO TePMHHA Y Pa3HEIX aBTO-
POB He WIeHTHIHEL

B orimume oT TepMHHOB «METATIOreHMYECRAA CIENHATU3AMUAY, IPUMEHA-
eMOT0 00BI9IHO K PYXOHOCHBIM M3BED:KEHHBIM T0PHEIM I0POJAM, I ¢IIPOMEINLICH-
Hag CIeNUANIH3ANAA IerMaTHTOBY, KOTOPHIM XapaKTepH3yOT HalIMddme MecTo-
POKAGHAE 9IeMEHTOB WM MHHEPAN0B XOTa OBl B 94CTH HErMATHTOBBIX FREAJ
molIa (mosca), MOHATAE (re0XHMHTecKAs CHeNMIaam3ands IerMAaTHTOB)» 03Ha-
UAET 3AKOHOMEDHO NOGWUEHHYID KOHYEHMPAYWo Mer WAl UHLE IAeMEHIN0e
8 NEZMATNUMOGHE MeALL UAL UL YLACMEAL, KOPPeslpYOWYI0ca ¢ MUHeDALbHLM
COCMAgOM U NPOMBULALHHO YeHHocmulo nezmamumog. [Ipn oToM momaTHIO (IET-
MaTHT», KaK M B Apyrux csoumx paborax [18, 47), ms mpamaem merporpagm-
JeCKMIT CMEICI: 9TO IOPOJA, 4 He I'e0I0THYeCKOe Telo.

Jas pearoMeralpHLIX METMATATOB FEOXAMATCCKAS CHEMAAIH3ANAA B IPIH-
OAOe AHAJOTHYHA IPOMBIILICHHOM CHEMHATH3ANAN, COOTBETCTBYA HOHATHIO
«reoxmvugeckmit Tam M. B. Hyssmemro [31]. Mosxso Haspath JIHTHEBYIO,
(TOP-THTHEBYI0, IATHH-TE3HEBYI0 W JIATHI-TARTAI-IE3NeBYI0 I'eOXIMIYECKIEe
cHennaan3anna BanGodee PACOPOCTPAHEHHEX IIPOMBINLIEHHEIX PeIKOMETAIb-
HEX merMatuToB. [[na coGCTBEHNO MYCKOBHTOBHIX NEIMATHTOB xapaKTepHa
GapmeBas reoXHMEUECKAA CHENHANH3AMAA, AIA PEIAKOMETAThHO-MYCKOBHTO-
BEIX — QepuwiimeBas WM HUOOMEBAH, U MEAPOJIOBEIX — 0OpHAam HMIH ¢Top-
mas. IlpaBna, npuraras B paGore [31] 20-gpaTHas mo cpaBHEHHID ¢ KIapKOM
CTeHmeHb KOHIEHTPAUAN HIeMeHTa KAR MOHAMAIBHAS A TeOXHMHYECKOH TH-
OH3AIMIME PeAKOMeTATbHEX IMErMAaTATOB OKA3LIBAGTCH CIMIIKOM OONBINON 1A
merMaTaToB npyrmx Qopmanmii. Taw, cpemnme rommeETparEmm Ba B cmxiomo-
HOCHEIX TeTMATHTOBHIX TeJAX JHANIs B 3—7 pas mpeBHMIAIOT KIADKOBEE; HO
OHHA OYeHb YCTOWYABHL M XapPAKTePHBl JIsi MYCKOBHTOBEIX HErMaTHTOB BCex
permonoB Mupa [47, 48, 57]. Comepskanusn F me moctmraot 20-kpaTnoit creme-
HP KOHIOEHTpPANHAN HA B MAAPONOBEIX, HE B PeJKOMETAJIBHEIX IerMaTaTax, I0-
aroMy ®u B [31] maa aToro smeMeHTa cHesamo HMCKIIOYEHHE.

leoxuMuaeckas cmemuaau3amus HerMaTHTOB, KAK 9TO CIeIyeT M3 IpHBe-
JIeHHOTO BEIIIE ONPeJEIeHHd, XapPaKTePH3yeTcs CpPefHHMH CONep RaHmAMI
BJIEME@HTOB B jRUIAX WM COCTABIAIONAX WX IMOPOHax (30HAX, yIacTKaX merma-
TATOBHIX Tej). [Ipm oroM BaskHEI comep:RaHmsa He TOJIBKO PYANKIX, HO H JPYyrax
DIIEMEHTOB, BCTPEUAMMXCA OCTOAHAO B IOBHIIeHHHX KOHMeHTpammax. Ha-
DpHEMep, BO BCeX pegxoMeTaJbHEX merMarmrax ato Li m Rb, a B GoapmusEcTBe
sREI — T1akyme ®m Cs.

ITo mocmemHero BpeMeHH IOYTH He ORUJIO TAHHBEIX O COXEP/KAHUAX GOIb-
MIAHCTBA MAJHIX DIEMEHTOB B MYCKOBHTOREIX, MHAPOIOBHX M PelK0O3eMeIhHEIX
merMarutax. C nx moammenmem [12, 18, 22, 24, 31, 39, 47 = gp.] craxo scmo,
YTO ¥ B TeX CAYYAsX, KOr[a HerMAaTATH He HMeI0T IPOMBIIIeHHOH pyaHOd cIe-
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nuanmsanun (pefKo3eMenbHas (OpPMamuA) HWAP COJlED;KAT HeMeTaIIHYecKoe
CHpbe (CHIOOHOCHEe B XPYCTATeHOCHEE IIerMaTATH), HX reoXAMEYECKas ciie-
OHaJH3anusa BHpajKeHa NOCTATOYHO ONpe/ieldeHHO.

IlakoBH mpUUYWHE! PABINYHON Te0XHMUYECKOH CHeNUAIHSANAN I'DAHHTHEIX
nerMaTuToB? A priori MoskHO HasBaTh mO KpaiiHei Mepe maThH mpmumm: 1) Tep-
MojuHaMAdecKas 00CTAHOBKA B mepHOJ oOpasoBalus IOpOX, 2) CHenUAaTH3a-
IOHs TPAHUTOB, ¢ KOTOPHMHA MeHeTHYECKH CBSASAHE HEIMATUTLL, J) CTelleHb Aug-
depernmanun (PpaKIHOEEPOBAHMA) MaTMaTHYECKOI'0 OCTATKA, 4) CTENEeHH W3-
MEHEHHS IeTMATATOB HAJO0KEeHHEME IIpoIeccaMH, D) COCTAB BMEINAIOIIUX
HerMaTHTH LOPOJ. -

Onue B3 rTaBHEEX TepMOJEHAMHYECKHEX (AKTOPOB — JaBieHHe, IOCKOIb-
Ky TeMIlepaTypHEe HHTePBaJbl (OPMEDPOBAHMS I'PAHATHEIX IeIMATHTOB BEChM:
6mmsrm. VIMeRHO AaBleHHe OIpeflelisier BaKOHOMepHHE IeoXHMHYeCKHe pas-
JMYAA TerMaTHTOB, 00Pas0BABIIEXCA B YCIOBHAX pasHoil rayfmEHOCTE (op-
mmposanmsa [10, 45].

HamGonee yetko cBABb Me;kIy AaBieHueM mpH 00pasoBaHME I Te0XUMHYe-
CKOll cIenmaimsanyeil DeTMaTHTOB BHpajkeHa A (OPManEOHHOTO pAJA Myc-
KOBOTOBEIE IIEerMATHTH — DPeRKOMEeTaJbHO-MYCKOBHTOBLE IIerMAaTHTE — pefi-
KOMETaJIbHEE TeTMAaTHTH. B HEKOTOPHX IerMaTHTOBHX H0sCAX UIEHH DTOTO
psAna salmerainT coeMecTHO. I'eonormyeckue paHnEe B 0COOEHHO CTEIIEHB METa-
Mopu3aMa BMemMAoMMX NErMaTHTH IOPOJK CBHAETEILCTBYIOT O PABIMYHOM TIy-
6unHocTn mx (opmuponanuwa. (MHoll xapakrep BMelT pasImuBA B mpefesax
IIerMaTHTOBHIX II0Jeif, T7ie merMaTHTH pPasHOro cocTaBa o0pas3ylTCsa Ha HpH-
MepHO OfEHAKOBOH rIyOHHe, HO B YCIOBHMAX TpajideHTa TeMmeparyph.) Myec-
KOBHTOBEIE IErMaTHTH — Haubbiee TayOHEEEE, T. €. 00pasoBaBIIHeCH IpH
MaKCHMaJbHHX /IaBIeHHAX, PeJlKOMeTAaIbHEE (OPMHPYIOTCA B YCIOBHAX MH-
HUMAJBEEIX (IJIfl 9TOT0 PAJA) AaBJEHHI, a peKOMETadbHO-MYyCKOBHTOBEE 3a-
HEMAIOT IPOMEKYTOYHOe IOJO;KeHHe.

MycroBnTOBEe TErMaTHTH BCeX DPErHOHOB XapaKTepHBYITCHA TOBHINEH-
HBHIMA NPOTUB KIAapKOBHX cofepskanmsivu Ba, Sr m Pb. Cremess kommenTpa-
THH HTHX 2JIeMeHTOB I0 CPeHAM nudpaM AJas TANAIYHEX nerMatuToB MaMckoro
paiioEa coctasaser: Ba — 3,4; Sr — 1,4; Pb — 2.8. B orfensHBX merMaTm-
TOBHIX TEJNaX 9Ta BeJWYHHA HOCTHraeT COOTEeTCTBEHHO 7; 3 m 4,5. Munepaaom-
KOHIEHTPATOPOM BCEX TpeX 2JeMeHTOB ABIAETCA KaJMeRhil TOJeBO# Iimar,
B KOTOPOM 5TH IBYXBaJeHTHEe sneMeHTH saMemalor K. B srumax, He comep-
JRAIAX RalmpmnaTa (THADPOTEPMANbHBIe RIJNB KBAPI-MYCKOBHT-ITATHOKIAB0-
BOTO COCTAaBa, HEPBHYHO MeTaMOPQUUECKNE KBapI-GHOTHT-1JIATHOKJIAB0BEE
Tella ¢ HAJOKEHHOH MYCKOBHTH3ammeil), cpennue Konmenrpanmu Ba, Sr m Pb
MOTYT OHITH [lajie HEKe KIAaPKOBHX, HO NPOMBILICHHE MYCKOBHT BCEI[a CO-
JepsKUT NOBBmeHEHHEe Koiamdecta Ba. Kommemrpanmu Li, Rb, Cs, Be, Sn
B MYCKOBHTOBEIX IETMaTHTaX OGHYHO HH;Ke KIaPKOBHIX MJs TPAHATOB M BO
MHOrO pas HEHKe KJIAPKOBEIX COJePRaHMM [ MEeIrMaTATOB. B peiKoMeTaNsh-
HHX IerMaturax Habalomaiorces, HaoGopoT, BHCOKME CpefHHe KOHIeHTpampEu
Li, Rb, Cs, T1, Nb, Ta, Sn, Be, a raxsxe Na u F, B To BpeMa Kak cojep:kaHAs
Ca, Ba, Sr, Pb specy nonmmenn. PepxoMeTalbH0-MyCKOBATOREE NETMATHATE
IMENT TPOMEKYTOUHYI0 TeOXHMHYECKYI0 XapaKTepHCTHKY.

HamnGonee werko pocr cofepsxaHmit ofHEX 3JeMEHTOB W TajleBHe NPYIHEX
OPOCJHE;KMBAI0TCA UPH CpaBHEeHWM IIeIMATHTOB PasHOI crnenuaju3anyuf B Ofi-
HOM IOfCe, IPH Iepexofe 0T YYacTKOR OJHOTO YPOBHA IiyOUEHHOCTH (maBie-
ApEa) QOPMHpOBAHMA K YYaCTKaM Jpyroro, Kak asro mMeer mecto B CeBepo-
BajikaapckoM mermatnToBoM nosce [47] maum B Buxapexom nmosce Mapnm [57].

Coenmpammaanusa MaTepHHCKEX TPAHATOB KaK INPUYANA TEOXHEMHUYECKOI
COenAalu3anyy TerMaTHTOB YeTKO IPOABJAETCA IUINb JJif NerMATHATOB pPef-
KoMeTauabHoil popmannu. OHa J0OCTATOYHO XOPOMO W3yYeHAa BO MHOTHX PErHO-
vax. VM3 BaxkEEX paGoT HOCHeJHHX JeT CTOMT OTMETHThL HcchefoBaEmsa [34]
u [15] mo opEoMy W3 mermartmTOBRIX moscoB Bocrounoit Cufmpm, Xapaxrepu-
sylomeMycsa pasHooOpasmeM IeOXHMHUYeCKHX THIOB PeIHOMETaJbHEIX HerMa-
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THTOB. ¥ 6e/juTe]bHO IOKAa3aHa 3/IeCh CBA3h IErMATHTOB ¢ MACCHBAMH BTODOI
¢dask IPAaHEUTHOTO HETPY3HBHOTO KoMmIekca, oboramemmniME Li, Rb, Cs, Be
u Sn B cpasmenumd ¢ kiapkamm [8, 5Y9] m rpammramm mepBoil (asu
aroro ke KeMmmIekca. Hpome Toro, Bo BTOpoil (hase rpaHUTOB IO CPABHEHUIO
¢ uepsoii maramnusaorcs B, U, Th, Pb, Tl r Ta.

ITo xracendmramun W. B. Anercaugposa [1], Bumenrusmero riaoGansase,
PerHOHANBHEE M JOKaJbHEE (AKTOPH pacupesieleHHs pPeJKIX M PYAHEX ie-
MEHTOB B TpPAHATOU[AX, B IpeflelaX IEerMATHTOBHIX IOACOB INPOABIACTCH
AeiicTBHe permoHagnbHOro (arropa. EcrectBeHHO, 4To cmempadd3aniA Tpamm-
TOH0B BO BeeX CAYYAsiX ABJIAETCS HEOOXOMAMEIM, HO HeJOCTATOYHO OJaro-
npUATHEM aKTOpPOM IS KOHIeHTpupoBaHnmsa siaementos [4]. Hysxus ocoGrie
(wroxaneHEEEe» no [1]) yemaoBna KOHIEHTPALNA JeTYIAX KOMIOHCHTOB B PeIKUX
MerajllI0B, KOTOPHE HPHBOMAT K IPOABIEHHI0 TeOXHMHUECKON (B TOM YHCIIe
PYAHOI) CHeOEAMH3ANUE pPeIKOMETANbHEX IpaHATOB M merMaTmroB. OxHo
H3 JORANLHHX YCIOBHI — (paKIIOEMpoBaHEe MArMATHYECKOTO OCTATKA.
B. B. I'oppuenxo [12] mpmpaer eMy peiuaioimee 3HadeHme, H0 IOJYepKHBAeT,
9T0 COOTHONIEHEE HMAHAIMOHHOTO M KPHCTAIH3ANUOHHOr0 PakropoB (Qpax-
IUOHHPOBAHH peryaapyercda ray0HHON (QopMEpoBaHAM (BHEIIHEM J(ABJIEHH-
em). Cregyer orMerHTs, UTO MeXaHH3M (PpPAKIHOHHPOBAHUA U HOBEJCHHE DJIC-
MEHTOB OPH KPHCTAIMBAIEE PACIIaBOB Xopommo maygenm [27, 28, 35, 43, 53,
55 m fp.]. OgEaro pesyIbTaThH HTHX HCCIETOBAHHI MOTYT OHThH HCIOIE30BAHEL
JUNb B OTHOMEHHN HerMaTuToB MarMaTHIeCKOro TeHe3nca M KaCaAloTCA MpenMy-
mIeCTBEHIO0 Pe/iKoMeTalbHEX merMaraToB. MexanuaM QopMEpoBaHUIA merMaTH-
TOB MeTaMOpHUCCKEM ITyTeM MM Ha MMOCIeMATMATHICCKOM IJTANEe, a TAKKe
moBefleHHe DJIGMEHTOB B ATHX IIPOIECCAX H3YTeHH 3HAUATEALHO ciabee.

Taxoe e saMedamye MOKHO CHeIATH 10 IIOBONY BIMAHAA Ha CIEIEAIN-
3aIHf0 M3MEHEHNA MerMATHTOB HATOKEHHEME mpomeccaMu. MAIHeDaTOrAYecKi
ot mporecci uszydensr B. J[. HugmraoeM 1 ero yseHmKaM@, HO IeOXHMHYC-
CKHe BaK0HOMepHOCTH TOJIBK0 Hamedennr [29]. Mexuy TeM mpomeccs H3MeHe-
HHEA HerMaTHTOB HAa IOCIeMarMaTHYecKOM SHTame HMET peIIaiollee 3HAYeHIe
s POPMEPOBAHHES MeCTOPO;K/EHMII MYyCKOBATA, TOPHOTO XPYCTAXA H JAparo-
nerspx Kamueit [40, 47]. Be3 u3ydeHus 5THX mpomeccoB HEBO3MOKHO MOHATEH
3aKOHOMepHOCTH 00pasoBAHHUA IEPBHYHHEX OpEOJMOB IEIMATHATOBHIX TelX —
H CIIOMO0HOCHEX, B penkoMeranpHuix: [17, 50]. I mocrombpky TepMHUH ¢reoxu-
MHAYECKAS CHenUalnsamis HerMaTHTORY IPUMeHIeTCA He TONLKO K TeJdaM B Ie-
J0M, HO M K MX 9acTaAM (30HaM, B TOM 9HC/e 30HAM H3MeHeHH:A), MO/KHO yYTBePHK-
laTh, YTO TAKAH CHENUAJIHBANAA MOKeT W BOSHAKATH, M H3MEHATHCH, I HCUe-
3aTh TPH Uporeccax H3MEHEHUsT IerMaTHTOB.

CocTaB BMEmAOMEX HOPOJK OKABLIBAET ABHOE BANAHEE HA FEOXHMHIECKYIO
CHIeIIAJIH3ATMI0 TeTMATATOR — M 9Yepes3 COCTaB MATePHHCKHX IDAHATOB, M He-
nocpefcTBeHHO. «[lerMaTHTH JIMHEH CKpeIIEHAA» B HACTOANIEe BpPEMsA IO-
HEMAlOTCA He TaK IMHpPOKO, Kak aro gexarx A. E. MepcMar (kax maBecTHO, OH
BRJIOYAJ B 9TY I'pPynmy jake (JIOTOIMTOHOCHEE KAJIbIUTOBLE KUIbl CIrioman-
Ki, HampuMep). THTaEAT-IHPOKCEHNTOBEE IerMaTATOBEE TeXad, MerMATHTOBELIS
JKEIEL ¢ KOPAUEPHTOM, NUCTOHOM, CHIJIMMAHHTOM ONMCAHLI BO MHOTHX PerHO-
nax. Ho riapnsrii marepec MpencTaBIger 3aEMCTBOBAHHE M3 BMEINAIOMIUX HO-
pon penkux srementos. Ilo mammaeM B. A. Jleomosoit [23], B mermararax Ce-
sepuoit Rapeaun Zr, Hf, U u Th oxkasuBaorcsa IpuBHeCeHHEMI U3 OKPYIKAI0-
mEx mopog. Jljst perKux 3eMelxsb mMogo0Hke JaHHEe MOJYIeH HAMA 00 CI0/0-
HOCHBLIM I pefKo3eMeabHEIM mermaturaM Bocroumoit CuGupm [44, 47]. WnTte-
pecHas KapTHHA COOTHOIMEHHA COMeP:RAHUN HIeMeHTOB-IpUMeceil BO BMEINaio-
mx nopogax u mermarurax moaydesa E. JI. Beasarumoit m gp. [5]. Haxoren,
J1. Crioapr [58] cumraer Bo3MO)RHEIM o6GpasoBaHme MarMsl, oGorameHHon Li,
NpPH YACTHIHOM HH3KOTEMIIEPATYPHOM INIABIGHAX META0CATKOB, COMEP/RAMIAX
OTOT DIEMEHT.

B xavecrse MexaHH3Ma (YCBOSHHA» HIErMATHTOBRIMHE TeIaMH BIIEMEHTOB
oxpy:xafomux mopox I0. A. Jloaros m ero Koiterm paccMaTpHBapoT agmaba-
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THIECKYI0 MOOMIA3anuio KoMonoEeHToB mopor [3, 14]. Bagamo, mos xaMepHEX
merMaTHTOB B TPAHATAX TAKOH MeXaHM3M Mojker OHTh raaBHEM. Ho mas mpy-
THX TAIOB TEeTMaTHTOB BayRELL ACCAMIIATAA HOPOZ NeTMaTHTOBLEM PaCIIaBOM
H IepepacipefielieHne HIeMeHTOB HA IOCIeMarMaTHIeCKOM drame, Korma ¢op-
MHADYeTCHA IVIaBHAS 9ACTH MePBHYHKIX 0PeooB (M paccesHds, M HOIJIOMEHN).
ITo Bpemen:m (opMHPOBAHHS TIeOXHMHYeCKad CICIHANH3ANUA TAKOLO pPOXA
OAm3KA R yiKe YIOMUHABMSHCHA CHENEANN3ANNAA 32 CYeT HANOREHHOr0 HWaMe-
HEHWA MerMaTHTOBLIX Te.

Hpome HemocpeAcrBeHHOro o0MeHA dieMeHTAMHE MeHAY IEerMAaTHTOBHIME
JREJAMI B BMEIMAoI{AME IIOPOAaMA MOCIGNHAe MOIYT OKa3HBATH I OMOCPE/0-
BAHHOE BIMANNE HA KOHUEHTPALWIO HEKOTOPHX 3AeMeNToB B merMarmrax. Ha-
mpuMep, IpPH OTCYTCTBHE B oKpY:Kawomel mopoxe (ampmboiuTH) MHHEPAIOB-
KOHIOEHTPATOPOB HIeJ0deii OHE MOTYT HAKAIUIMBATHCA B IETMAaTHTOBOM TeJe,
B TO BpeMa KaK B APYroi cpene (MHCTeHOBHIE IMOPOJLL, IOABOPTAOIIACCT MYC-
KOBUTH3AMIH, HJIH CIAHIE ¢ BEICOKUM COfEpHanueM CII01) HPOMCXOMHAT BEHOC
Rb 7 Cs B 9K30KOHTAKTH 0 IOHMKeHAe AX COJleP:KAHNI BHYTPH KT — BILIOTE
10 OTCYTCTBH CHCMAAMMBANEA IeTMATHTOB IO HSTHM DIIeMEHTAM.

Haxme jke IpHYAHE HIX YCIOBHA TEOXHMHYECKOI CHeMAAIH3ANAN merma-
THTOB ABIAIOTCA INIABHEIME, ompefergommvu? C Hameil TOIKHE 3peHHdA, IIaB-
HOR DpPUIANOHE Pasaddudii merMaTHTOBHX (opMamiit ABIgeTCA pasHoe JasteHue
BO BpeMsA HATAIBHOIO 00pA30BAHAA MErMATHTOBHIX Tex. JIMeHHO maBIeHHE
co3jlaeT yCTOMYABEIe IPHHIANAAILALe pasanaasa, yeragosrennse A. 1. I'na-
aoyprom u I'. T'. Pogmonossm [10]. Ocranpusie hakTopst neiicTByioT yike B upe-
mellax (opmanuii, yCHIHABAg, OCHADIAM UIK OCHOKHAM TeOXHMHYRCKYIO CIe-
nuanmsanmo. lpoasienne ke aBIeHAA Kak TIABHOrO (GAKTOpA CHEMUATIH3A-
A BO3MOMHO JIHOp IPDH BRIIOJHEHHAW YCJIOBHMA 3AKDBLMOCMU CHCTEeMBI, B pe-
ayJabTaTe KOTOPOIl NABIeHHEe BO BpeMS KPHCTAIIA3AIAA ITeIMATHTOB M BMe-
NAKIUX T0POJ (4 0HO CO3JAeTCA INIABHKIM 00pas3oM JeTyYaMHE KOMIOHEH raMu)
B HECKOJIBKO Pa3 HPOBEINIAET BO3MOKHOE II0 IeOJOTHICCKAM JAHHEIM JIHTO-
crarugeckoe masrenme [19, 25, 47]. Ycerosme sakpHTOCTH CHCTEMEI OTHOCHTCS
He K OTIeIHHOMY IerMaTHTOBOMY TeILy, a K PerfoHaIbHON COBORYIHOCTH UX
(mome mim mosc), MOCKOJBKY IIapareHesHChl MUHEPANOB M TIa30BO-KHNKEE
BR/ANYEHHA, 0 KOTOPHM YCTAHABIMBAETCA BHICOKOE AaBjieHHe, XapaKIepHHI
U JUIA TMerMATHTOB, H IS OKPY/KAIOMHUX MOPOJ. 3aKPHTOCTh 3aBHCHT OT TEK-
TOHHYECKHX (AKTOPOB, ONpeAelAlONHUX H30IANHI CHCTEMB 0T yIaCTKOB II0-
HIKEHHBIX /ABICHH, HO JOOYCRAONAX CBA3hL ¢ NIYOHHHHME pa3ioMaMm —
30HAMHA NOBHEIIICHHEIX [[aBICHUM,

CeepxaBienme YCTAHOBICGHO M B PEIKOMETAILHEX, I B PEeIKOMETAIHHO-
MYCKOBHTORKIX, H B MYCKOBHTOBEIX, M B KaMepHLIX MHApOJOBHX IerMaTATAX.
Ha HOBOM ypoBHe moarBep:paerca moxoyxenme A, E. @epcmana [42] o Tom,
YT0 merMaTHTHE. GOPMEPYIOTCA B YCIOBHAX 3aMKHYTOH CHCTEMBI, uTO HMEHHO
B 9TOM — cHmequdmKa merMaTuToBoro mpomecca, OHAKO TAKOI «BAMKHYTOCTHY
¢ MpoTHUBOpEYIAT HH B3HHMOI[GI'&CTBHG oerMaTHTOB ¢ BMeAOIMHMHA ]IOpOJIB.MPI
(«mumng cupemenwsy (@DepeMaHa), HHU WUTeNCHBHOe upeolpasoBiHHmE mmer-
MATHTOB Ha moc/jaeMarMaTageckoM atame. M To, m npyroe mmeer mecto B obCTa-
HOBKE, CO3/aM0Iell BO3MO;KHOCTh COXPAHEHHS BBHICOKOTO JABIeHHA JeTydHx
KoMuoHeHTOB. Bes cBepxJaBiaeHHA HeT merMaTHToB. TOJBKO IMOCIe CHIKeHMA
TeMOoepaTypel (KoTopas W sBIdercs gaxrTopoM, ofeCHeuuBAIEM [ABICHEE
aJeryunx!) jaBleHNe CTAHOBATCA COOTBETCTBYIONMM JATOCTATHYCCKOMY, H B Ca-
MBIX TIO3IHHX TeHepanuAX MHHEDPAJOB Ias3oBO-KAJKNAE BKIOUENHT OTBEIAIOT
TaKOMYy mapiaeHnio. Meercs MHO;KOCTBO FEOMOTHIECKIX M 3KCIEPAMEeHTANBHEIX
JAHHEIX B MOJIB3Y 3aKDPHETOCTH merMarmrobnix cmerem [3, 11, 14, 19, 26, 54,
56, 58, 60]. MmerHOo 5T0 0GCTOATEILCTBO MO3BOJAET CUNTATH JaBJeHHE TIaB-
HOHi MPHYAIOH reoXHAMAYECKON CHeMHANIH3ANHE TPAHHTHEX IerMATHATOB.



BBOHIQHMSI COCTABA NErMATHMTOB BO BPEMEHHK*
M FTEOXMMHYECKME MHOUKATOPDI

Ilocae .OTEpHTHA KPYOHeHINNX IoJeil JATHEHOCHEX ImerMaraToB B Adra-
HHECTaHe, AMEIOMAX Bo3pacT mopanka 20 MaH. JeT, BpAA IH MO;KHO BCEphes
TOBOPHTH O NpEeHMYIIECTBeHHO A0KeMOPHHCKOM BO3pacTe peKOMeTalbHEIX
IerMATHTOB: CpefH HUX ecTh KPYIHLIE MeCTOPO;KIeHHSA M JoKeMOpHiicKoro,
H Ialeo030iCKOro, H Mez030#CKO-KaiiHo30ickoro Bospacra. Cpenm cixofoHOC-
HEIX IeTMaTHTOB MBI HMMeeM XO0pommpe o0OBEKTHL I B apxee, I B IpPOTEpO3oe,
H B HIGKHEM I BepXHeM @Naleosoe. AHAIOTHYHAS CHTYAIUs—B PeIKO3EMEeNIh-
HEIX M MHApOJIOBEIX merMardrax. Ilpm sroM Kaxme-ImGo reoXHMMHYeCKHe 0CO-
OEHHOCTH IErMATHTOB OHHAKOBOI (OpMAaNMOHHOM HNPHHAMIEKHOCTH, HO 00-
pasoBaBIIIXCS B pasHoe reojorAveckoe BpeMs, orcyrersyior [2, 18, 31, 37,
47, 51]. B macrosmee BpeMsa MO;KHO CIHTATH, 9TO BO3PACT HEFMATHTOB KaK Ta-
KOBOIl He BIHsAeT HA X TeOXAMAYECKYI0 XapaKTepUCTHKY.

Yro ;xe KacaeTcs DBOIOIHUE COCTABA CAMHX IECMATHTOB, TO OHA CBA3aHA
¢ TOCTeNeHHHEM NIOHIJKeHNEM TeMIepaTypH B CHCTeMe M COOTBETCTBYIOIHM
CHIDKeHHEM JaBIeHIA JeTyINnX KOMIOHEHTOB, C IIePexX0oM 0T MarMaTHIeCKHX
IIPOMECcCOB K IOCIEMAaTMATHYECKUM ¥ C BAKOHOMEDHEIM HW3MeHeHHeM KHCIOT-
HOCTH — IMexodnocTn sTux nponeccoB. Har morasax [[. C. Kopmmuexmiz [20],
9TO0 H3MeHeHHEe MMeeT MeCTO BO BCeX HHIOTeHHEIX CHCTeMaX, 0HO 00ycJa0BIeHO
caMoii IPHPONOIl OXIAKTAINEToCs paciiaBa B PacTBOpa.

EctectBenno sxenmaHme mceaeoBaTeNeil NOJMYYUTh YHEBEPCAIBHYIO CXEMY
9BOJIIONHE IEIOIHOCTH [IA MErMATHTOB Ji060i (GopManumoHHON IpPHHATIEHK-
HOCTH HJIX 00DBACHATH Pasimyisa NerMaTHTOB, OTHOCAIMAXCHA K pasHEM (opMa-
OUAM, PasHHINEH B KOJIMYECTBE IUKIOB CMEHE IEJIOYHEX PACTBOPOB KHCIBIMH
[13]. Ho Bpsx i npaBHIbHO FOBOPHTH B CBASH € HTHM O MHOTOKDATHOM II0-
CTYIJIHHH BemeCTBA B IEeCMATHTOBYI0 KaMepy W OTKPHITOM COCTOSHHH CHCTe-
MBI, Kak oro memaer V. B. JlaBumerxo. B omyGamropaHHOI HelaBHO pabore
M. . Marpocosa [27] yGenurensHo moKasaHo OTCYTCTBHE PeSKO CMEHAIOMUX
APYr Apyra cTajimii B pejKOMeTANBHEIX MerMaTHTAX M CONPSKeHHOe (B Pesyib-
TaTe IepepacupesieleHNs BelecTBA B 3aKPHITOM CHCTEMe) PasBHTHE MeTacoMa-
THYECKEX KOMIUIeKcoB. PasyMeercs, 0CHOBHE® crajiul mporecca (anc'raamn—
3aIUsA, BHICOKOTEMIEDATYPHHI MeTacoMaTos, CpejHeTeMIepaTypHBIH Mera-
COMaT0B) BHIENSIOTCH, HO CAMOCTOATENHBHEIX c'rannﬁ MEKDOKIMHUBATIAN, allb-
OHTHBanuM, TPeiiseHUBANNH B 9TOM BapHaHTe Her. TaKas TPAKTOBKA COOTBETCT-
BYyeT 9KcmepHMeHTaIbHHM mamHEM [11, 56, 58] 0 peakmmax Mesxny KpHCTAI-
IE9ecKEME (asaMy M 0CTATOTHOI SRHAJKOCTHIO.

I'maBEBI BEEBOJ, KOTOPEHIT MO;KHO C[ellaTh Ha OCHOBe H3YYeHHA MOCIEN0-
BaTeIHHOCTH NPOIECCOB MHHEePaloofpazoBaHHA B HeTMaTHTax,— 30KOHOMED-
HUl XapaKkTep HSMeHeHHs COCTABA OTAEILHEX MEHEPAJOB H HX IapareHesucoB
BO BpeMeHH. Bo Bcex permoHax MPpa B merMaTuTax J00T0 IeolOTMIecKOro
BO3pacTa HBOJOIEA IpoIecca NPHHNUNNAIFEO OJHHAKOBA JUIA KamKI0ro Qop-
MaIHOHHOT0 THIA NerMaTnToB. Takas BaKOHOMEPHOCTD Heo(bACHEMA € IO3H-
IHA OTKPHITOM CHCTEME, KOTAA AOTYCKATCS cayuaiinoe coderaHWe CTafmit
mpomecca.

CpasHenue ocobennoCTeli COCTAaBA OTHEABHEIX reHepanuit MAEepanos. [7,
16, 37, 46, 47] nosBoiser BHABUTH THOIOXEMHUecKHe pieMenTH (mo [16]), co-

'nepmamm H OTHOMEHHS KOTOPHX YeTKO ONpeelsiT IpUHAANe;KHOCTH Ier-
MaTHTOB K TOI MJIM MHOH IerMaTHTOBOil opMammy M OTHOCHTEJBLHLIH BO3pacT
MUHEDAJIOB B JIaHHOM IerMaTHTOBOM Tesie. Hax msBecTHO, cofiepRaHusa 0oJb-
IDNHCTBA MAaJHX JIeMEHTOB B MHUHEpalaX [OCTATOYHO pPesKo M 3aK0HOMEpHO
HM3MEHSIOTCA OT TeHepAIuH K TeHepanHd B CBSBH C HBOJIONUEll TeMImepaTypH,
YPOBHSA KHCJIOTHOCTH — INEJOYHOCTH ¥ XapaKTepa NpoleccoB KPHCTALIN3aNMHA,

* Ilom BpeMeHeM B JTAHHOM CJIydae TOHEMaercs Bpems (opMmpoBanns I MBMEHEHWA
UETMATHTOBEX TeJ, & He TEOJOTHYCCKOe BpeMs.



BaMemeHns ¥ IepeKpHCTalIH3alun. 9T0, ¢ OXHOM CTOPOHEL, JaeT BO3MOK-
HOCTH CyJuTh 00 9BOJIONUE NErMaTHTOBOTO NPOIECca BO BpeMeHH, a C
Jpyroii — 3acTaBiIAET CPaPHWBATL NETMATHTH PAsHHEX (OpManmii TOJBKO IO
OJIHOBPEMEHHO (OPMEPYIOIIEMCA TeHEPAUHAM MAHEPAJIOB.

Hecmorpsa ma 3maunTepHOE pasHo00pasme NerMaTHTOR I HAJTHIHE B KajK-
JIOM IeTMaTHTOBOM Tejle HECKONBKHX TeHEepanHil IOYTH KayKIoTO MUHepala,
Bcer[la MOKHO HAWTH COHOCTABAMEIE PasHOBUAHOCTH MHHEDAJ0B H HX Cpacra-
mmii. Hanboxee yBepenmHo cpefm moponoo0pasyiomux MAHepPAJOB JHATHOCTH-
pyioTcs KAaJXWeBHi I0JeBOll mmaT, NIaruokIas M OHOTAT SHIOKOHTAKTOBBIX
0TopoueK (HAa9TaJNbHEE IeHePAUHHN MHHEPAJIOB — UPH OTCYTCTBEE SIBHEIX IpPK- ¢
3HAKOB MeTaCOMATHYeCKOT0 M3MeHeHHA 9HIOKOHTAKTOB), IpadHIecKHre cpacra-
HEA KaJHueBOro IOJeBOTO INIara ¢ KBapleM (TOJBKO TaK HaskBaeMas HCTHH-
Hag rpagukal), KBAPU-MYCKORATORK 3aMEMA0INT KOMIJIEKC N0 KAAUIMIATy,
JeHCTOBEI OHOTHT. _

B raGanne npusemeln copepswanua Ba m Rb B xanmmmmare rpadudecKEx
CPacTaHER B B MYCHOBMTE KBApl-MyCKOBWTOBOrOo woMmmierca. lludpmr sroit
TaGIUIE He NpeTeHAyI0T Ha BHAaYeHHe KJIAPKOBHIX, IOCKOJLKY B RajKI0i mer-
MaTHTOBOM (hopManum juIst Hee OEUIE B3ATE JaHHHE TOABKO IO THOAYHHM IIEr-
MATHTOBHIM TejJaM ¢ XOPOIN0 BHPAKEHHON TeoXMMIYECKOH (M NpOMKIIICHHO1)
cnenuanmsanmeii. Ywmeno mayweHEEX ofpasios pasHoe: or 7—10 B pengrose-
MenpHEIX mermMatuTax Ao 50—70 B pegkoMeraJpHEX H MYCKOBHTOBHIX (KpoMe
CHIA [48]).

Kax sammo ms raGmumer, pas6poc mudp or permona kK perHony B npejiefiax
OJHOil TPYIIE NeTMATHTOB 0YeHH HEBEJIHK. DT0 IO3BOJAET MCIOTH30BATH CO-
pep:rannd Ba, Rb u gpyrux tunoxEMAYeCKHEX nIeMEHTOR B MAHepAIax Kak Ha-~
Je;KHEe HMHIAKATOPEL TEOXHMUYECKO# (M NpOMEIIICHHOH) CHemualu3anin
nermaTuToB. OTCyTCTBHE CYNECTBeHHKX BO3PACTHHIX M PeIMOHAJBHEIX PasiiH-
9HiT JlaeT BOBMO;KHOCTE B JIIOOHBIX paiiOHAX HPUMEHATH TeOXHMHIeCKHe HHIA-
KATOPH [0 MEHeDAIaM AIA PasipPakoBKH HErMATHTOR HA BTANE MEIKOMACINTa0-
HEIX TIOMCKOBHIX paGor. Pasymeercs, aGcolioTHOro COBIAJEHWS pe3yIbTATOB
aHannsa ¢ DPHBEJCHHHMA B Tafiume BeamdnmHaMy Mo;ker H He Ghrh. Ho mo-
CHONLRY MeHAY Hanboliee MATEPLCHEME B IPOMBNLISHHOM OTHONIEHHN HerMa-
TATAMH COJlep:Kalysa pPasiImvaloTcs Ha NOPANOK # (olece, JOIYyCTHMO pacxom—
Jienne mudp paske B 2—3 pasa.

Cpepmme cojepsnanus Ba m Rb (zee. %) m ux ornomennn » PAHENX FeHCPANHAX KAXMHa-
TA W MYCKOBATA W3 THIHYHEIX NErMATATOB € PasiHuHoii cnenmanusammeii

Hamawmar MycrosnT
P
Crenuanygzanus NerMaTAToR ermoR B ' P IBa/Rh -#, ' e l Ba/RE
MycroBuTOBLIE Bocer. Cubaps 0,7 0,03 123 0,3 0,03 | 10
Banarniickruit mar 0,3 0,03 |10 0,2 0,064] 5
Wapns 0,7 0,05 |14 0,2 0,04 5
CIIA 0,8 0,03 |27 g3 005 10 75
PepromeransHo-Mycko- | Boer. Cnbups 0,06 | 0,09 | 0,67 |0,004]0,2 | 0,02
BATOBEI® Nanna 0,06 | 0,08 | 0, 75 0,03010,2 | O, 15
CIITA 0,012 | 0,10 0 12 10,005] 0,2 | O, 1025
Pepromeransnnie Boer. Cabnps 0,001 0,8 | 0,012 0,002 10,8 | 0,002
Baarmiicknit muT 0,003 | 0,6 0 005 0,001 10,5 | 0,002
Viaus 0,002 | 0,3 0,006 0,003 | 0,4 | 0,008
CIITA 0,003| 0,2 | 0O, 015 0,001 | 0,56 | 0,002
MmapoaoBhie Boer. Cubups 0,002 1 0,3 0,007| 0,002 | 0,25 | 0,008
YKpamHaCKUM IMUT 0,001 ] 0,1 0,010 02
Peprosemensusie  (riry- | ITprorsxonbe 0,42 | 0,04 { 3,0 (0,03 (0,04 0,75
OnnmEe) Cmopsanka 0,7 0,03 |25
Pemosemenibanie  (rm- | IlpRoasxonse 0,008 | 0,2 | 0,04 |0,002]0,05| 0,04
1a0uccaTbHEe) ' | Copammka 0,08 | 04 08




OcoGenHO peswko maMeHserca Benmgmua orHomeHmsa Ba/Rb. Ilpemino:xen-
moe K. Xeitepom m JI:x. Amamcom [55] misa msBep:xeHHEX TODHEIX UOPOJ Kak
Gollee WYBCTBUTEIhHO®, YoM KaAMi-pyOHIHeBOe HHIXKATOPHO® OTHOIIGHHE,
OHO 0Ka3al0Ch 0coGeHHO HHTEPECHHM IpH H3ydeHHmH merMaraToB. Mu yxe
OPHBOAAIN APIYMEHTH B II0JIL3Y IpUMeHeHAs GapHi-py0AneBoro OTHOIIEHMS
A OUEHKH CIeNHATH3ANMA M INyOnEHOCTH ofpasoBaHus mermaruroB [49].
Hax supeo B3 TaGuuisl, BeJA9AHA 3TOr0 OTHONIGHMA AUCKPAMAHADYET merMa-
THATHEL TPeX HepPBHX Ipymn ¢ pasHEAneit o0mgno B 1,5—2 mopanka (1). Ilermarm-
THL OCTaJBHEX TPYNOO ¢1a00 OTIMIATOTCA OT MEeCMATHTOB I@PBHIX TPeX IPYI;
OPAYAHEL TAKOTO IONO;KEHHA ME y:Ke obcy:maanm. B pame ciydaeB omeHKa
HerMaTATOR MOKET HPOBONATHLCA ¥ II0 Kalmi-pybmguesomy orHomenmno [30],
HO B NMpHMeHeHAR K MHHEPAJIAM KATHA 5TAa BeIWIHHA BN JH HMEET CMEICI,
TAK KaK CONeP;KaHme Kalua B HAX (0Jee HIHX MEHEE IIOCTOSHHO.

IMennocrs Gapmid-pyGHEAEEBOT0 OTHONIGHHA COCTOHMT B TOM, 9TO €ro BelH-
gnHa B OONBIIHHCTBE CiaydaeB (YHKIMOHAIHLHO CBA3AaHA ¢ BEJIMYAHON JaBie-
HEA IPH KpHCTaIAn3anal MaHepaka. QOCHOBHBAACH Ha KPACTANMOXAMAYECKAX
3aROHOMEpHOCTAX [52], MH mpefmoIoKANE, 9TO YBeIHNUCHHS NABICHHA HOIIK-
HO crocofcTBOBATH BXOKAeHHD Ba Ha mosmmum K B Kpmerammmdeckoil pemrer-
ke [45]. Jlerambpuoe maywenme Gapmit- m pyOMAmitcomep:KAlAX KAIHIIIATOB
IIOKA3a/I0 BO3MO;RHOCTS YMEHBIIOHHA MAPAMETPOB KPHCTRIIHTOCKON POMETHH
npu saMemernd Kaxusa GapmeM [2]. Bxosgenme Rb ma mosumun K gaer o6par-
HET 5PPeKT, B CBASH ¢ 9eM OTHONIEHHEe 3THX JBYX BJIeMeHTOB 0C00GeHHO IOKa-
BaTeIBLHO.

Ot paHHAX reHepamUii KAIHeBHX MHHEPANOB K IO3JHAM B HerMATHTAX
mo6oil cIemEATH3aNAE IPOHCXOMAT COKpameHHe cofep:kaHmii Ba m poer co-
mep;xanmiz Rb. OGuramo 510 CBABHBAIT ¢ MOHMGKREHTEM TEMIEPATYPH B COKpa-
HIeHEeM CMeCHMOCTH TBepAHX pacTBopoB (Ba), ¢ yBenmueHmeM IeloYHOCTH
K KOHIOY IpPOMecca, BRIBHBAIMAM DPOCT OTHOCHTEJIBHOI0 KOJHIECTBA CHIBHEIX
mesrogeit (Rb). Ho He mcrI0I6H0, 9T0 DOCAS0BATEIHH0S COKPAIEHAS BOIHTH-
- B Ba/Rb Moxer GeTh 06yCIOBIEHO M 3aKOHOMEPHEIM CHH;KeHHEM [aBIeHHA
B CcHCTeMe MOHepaxoo(pas3oBaHUsA OO Mepe IOHMKEeHHA TeMIepaTypel. JTOT
BOIPOC BaCIY;RUBAET AOIOIHATEILHOT0 A3YUeHHA ¢ IOCTAHOBKOM DKCIePHMeH-
Ta OpH PA3HEX [ABIEHHAX, MOCKOIBKY B IPHPOJHEX CHCTEMax BOSMOKHO
OTHOBPEMeHHOe JeiCTBHEe HECKOILKHX (PAKTOPOB.

He ocraBapimBasch Ha MOBEJEHAR BO BPEMEHU MHOTHX 9JeMeHTOB IpaHMT-
HBIX IOrMATATOB, mpuBefieM nurtaty u3 paborsr A. M. T'muaGypra [9]: «Ilo cy-
HIECTBY, TEOXMMHYECKAA DBOMIONHEA IerMATATOBOr0 MPONEcca ABIASTCA 6CTeCT-
BEeHHBIM NPOMOJIKEHIEeM SBONONAA TPAHETHHX HHTPY3HBHEIX KOMIIEKCOB).
ITo Mepe HaKoOIJIeHHSA HOBHIX MATePHAIOB II0 'eOXHMHAHN IMEI0YHHX H peaKo3e-
MeJabHEIX aieMeHToB, Ba m Sr, Nb m Ta, Zr m Hf sror Tesnc moxydaer HOBEHE
U HOBHIe IOATBePskeHAs. TaM, rfe NPOCTPAHCTBEHHAA H TeHeTHYeCKasd CBA3HL
IerMaTATOB ¢ TPAaHATAMA YCTAHABIMBAETCS € BHICOKOH CTEIEHBIO TOCTOBEp-
HOCTH (peljKoMeralbHEe, DPeIKOMETATHHO-MYCKOBHTOBLIE, YACTh MYCKOBHTO-
BEIX M PEeNKO3eMeIbHHX IErMATHTOB), TeOXHEMHYECKAsd (YHACIeJOBAHHOCTEH)
nmposBaseTcA BeckMa deTKo. OHa TOKe ABIAETCA HOKABATEIHCTBOM 3AKPHTOCTHE
CHCTEMEI, B KOTOPOi mIPOUCXONAT (POPMAPOBAHNE IPAHATOB, MeTMATHTOB I BMe-
MAaomux ux mopox. Eme pas moggepkEeM, 9T0 TaKag 3aKPHTOCTH He HCKIIIO-
Yaer AKTHBHOTO B3aMMOMEHCTBAA NEIrMATATOB ¢ OKDYKAWIIAME NODPOKaMH,
HHTEHCHBHHIX IpeoOpa30oBaHMil NeTMATATOR ABTOMETACOMATHYECKAMA H HAJ0-
JKeHHEIMA MeTACOMATHICCKAMHA IIPONECCAMHM.

O NMPOCTPAHCTBEHHbIX HEOJAHOPOQHOCTAX
B COCTABE NETMATHUTOB

HM3BecTHH 3aKOHOMEPHOCTH pacOpefeleHHs 9JIeMECHTOB PAsHMX YpPOBHEIl:
B KPYOHHX KpACTajIax G0 B moldeBsx mmatos [29, 47], B merMaTHTOBHIX
TeJIax, 4TO OTBeYaeT X0POII0 M3yueHHoi somaxbHocTH mermarmroB [9, 16, 22,



38, 42 m ap.], B cepusAX NerMaTATOBHIX TeJd M HerMarAToBHX moxeit [12, 18,
28, 31, 331, B mermararosux moacax {15, 26, 34, 54). Hamneiii us yposHeit
oIpenengercs CBOMMH (PAKTODAMH, a YCTAHOBICHHEE BaKOHOMEDHOCTH Dac-
NpPefieIeHAA DIEMEHTOB HMCHONB3YIOTCA B TEOPETHYSCKUX WM NPHKIATHEIX
TeOXHMHYECKUX HCCIe[0BAHHAX DA3HOrO HaIpaBIeHAA,

Jlis merMarsEToB B CBASH ¢ THIAHTCKAMEA Pa3MepaMd KPHCTALIOB CIATAI0-
MAX AX MAHepalxos (oxplmoe 3HAYeHHe HMeeT MpefCTABHTENILHOCTE OIMpPOOOBa-~
THA MeToRoM 0T0opa HepHAUWTENLHOR JaCTH KPHCTANIA WIH KPYyHHOKPHCTAN-
IHYeCKOil 30HHE HeTMATHTOBOro Teja. Benb peayiabrarhl onpoGoBaHAA HCIONL-
3YVIOTCH IS OUOHKHE IPOMEILICHHON CUCHEATH3ANAN H MPOXYKTHBHOCTH IIer-
mataros [6, 30, 38, 49]. CuenqmalbHEIMH HCCIeN0BAHHAME OHLIO IOKa34aHO,
4TO A OONBIMAHCTBA HIEMEHTOB, B TOM YHCIE [IIA HIeMeHTOB-HHIAKATOPOB,
XapaKTepPHO OTHOCHTEILHO pAaBHOMEpDHOE pacmpefedeHuHe B oGbeMe KpHCTal-
J0B W 30H. Jlmcmepcua KOHMEHTPAOHWil, KaK IpaBHI0, HIKE, 96M AHECIEDPCIA
AHAJIATHIECKO OMAOKA M0 JaHHOMY diIeMeHTy. JIorHOpMAaIbHOE 3Ke pacupese-
aeHAme Maiblx adeMeHToB [43] Moxer GHTH 06yCHOBIeHO KPHECTALTOXHAMATE-
CKUMH 3aKOHOMEDHOCTSME H30MOP(M3MA ITHX HIEMEHTOB C IVIABHEIME BDJe-
meHTaMu [53]. IloaroMy ckemrHmueckoe OTHOIIGHHE K pPe3yJAbTaTaM H3ydeHHT
IMerMaTMTOBLIX IIpol He mMeer ocHOBaHHit. H merMardraM Mo;KHO HIpPAMEHATDH
TOT K€ ApCeHAJ Ie0XMMUYECKHAX METO0B IOWCKOB M OIEHKU, 9TO I K JIOOBIM
APYrEM pyRHLIM TexaM. PazyMeercd, 9TO He OTHOCMTCA K BHIAM CHIPHA, A
KOTODHIX [epBOOYepEeIHOe 3HAYCHEe HMEeT KawdecTBO KpPHCTAMIOB (CJIIOJH,
IbE30KBA DI, AparomeHHsle KaMan), [[IA HAX HYKHH MONOIHATEILHEIE HCCIe-
IOBAHUA, a TeOXHMHYECKAMA MeTOfaMU O0HApY:;KABAIOTCA TOIHKO IerMaTHTO-
Bhle TeJa KaK TaKOBHIE.

S0HAIHHOCTH MEIMATATOBLIX IIOJCH M KPYOHBIX CepHil HerMATHTOBBIX KU
OMpeJieTIAeTCH, KAR Y/Ke 0TMEYal0Ch, TeMueparypasM (harropom. QopMmpysncs
B OpAMEpPHO OJAHAKOBHX YCIOBHAX IAYOHHHOCTH (IABAedNd) X U3 eXHHOTO
MATMATHYECKOTO 0dYara, IerMATHTOBHE Tejda B PAasHHL TOYKAX IPOCTPAHCTBA
HNErMaTETOBOTO IIOJA KPACTAILIH3YIOTCA B DABHKIX TEMIePATY PHEIX HHTEPBAIAX.
dro Momer Ounite W Jojee Wid Memee OJHOBpeMeHHAd KpPUCTANNH3ANES FREX
OpH HAJHYAK TpamiedTa TeMIepaTypsl (BOKDYr MaTepmHCKOT0 HHTPY3HBA
HWIA B COOTBeTCTRRM ¢ Meramopdumueckoit soHansHocreio [26]), m kpmeramnn-
3amusd HeCKOJBKAX IIOPHUil pacimiaBa, PasTHYAINEXCA B CBA3H C €ro0 dBOJIO-
nEeir mo mepe oxuasmmenma (27, 28, 311..

O0rnaE0 mecaem0BaATeNIT HMEIOT [EJ0 ¢ 30HAJABHOCTHIO IETMATHTOBEIX IO-
meit, npogpamomeiica B maame. Ocodnif UHTEepec IMpeACTABAALT BO3MOKHOCTE
H3Y9eHUS BePTHKAJBHOI 30HaXbHOCTH — OJarojapsa aJspnmiicKOMy peabedy
WIH MHOrOYHCJICHHHKM ropusoHraM BeIpaborox. B mcciaemoBamaslX HaMu He-
paBHO mermarturax I'mapykyma [33] Bepruranpusii maTepsas ompoGoBaHHA
cocramia 1250 M. B egmmoit KpyTOnamAlONieil ;KUIHHEI CEpHIl BHEIAIOTCS
Kyauco0o0pasHo PacmoT0:KeHHEe 0JIAroKIa3-MiKpoRaIuHosse (AmxraEEe 300 M),
ans0ATA3MPOBAHHEIE MAKPORIAHOBHE (mpoMemyroaase 500 M) m cromymeHo-
sure (Bepxmue 650 M) mermarmrossie Tena. B cocrase MaTEIX 97IeMEHTOB KaMII-
naTos Hambo/ee CYMIECTBEHHLIE Pa3iImada O0HApYIKeHHI ME:KIYy DTHMH TPeM:d
rudaMa nerMataros. Ilo Boccramumio KUIBHOR cepum cogep:ramus Ba cokpa-
n[aloTeA Ha J{Ba IMOpAIKA, Sr — Ha ODOPAA0K, a KoumeaTparnun Rb u Cs, Hao-
Gopor, Bozpacraior B 5—10 pas. B pesyasrate ormomenme Ba/Rb msmenser
CBOI0 BeJMIAHY Ha TpH mopajka (1), Pazymeercs, kpome TeMieparypHoro gax-
TOpa B JAHHOM ciydae Bamiia guppepennumanua pacmaasa (Rb u Cs), Ho raas-
HOH MPAIHHON TAKHX PE3KHAX Pa3/IHIdil COCTABA KAJWMOIIATA B Ipefelax efn-
1O JRUILHON ceprun ObLTa BCe 'Re TeMIeparypa ero xpucrairmsammn. locra-
TOIHO CUJIBLHO Pa3IMgaioTcsd, ecTecTBCHHO0, M CpefHAe COCTABEL IerMAaTHTO-
BHIX Tel.

leoxmvaveckana 30HATBEHOCTE B IpEAeNaX KPYOHHX IIETMATATORHX IOA-
¢OB W3ydIeHa moKAa Hefovrarouno. [Ipwumm sromy meckonnko. IIpesne ncero
PeARE CIVYal, KOrJa HerMaTuToBEe I0sACA, CBA3aHHbe, KK M3BECTHO, ¢ TOK-
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TOHHYECKHAMI CTPYKTYpaMu mepsoro mopsamgka [32], He ocaombens Haioien-
HEIMA TEKTOHHIECKAMH CTPYKTypaMu. TpyaHo yCTaHOBNTH CHHXPOHHOCTD
MAarMATHYCCHUX UPONECCOB MEMJY NerMatHTOBHME NONAMY, pasieieHHEMH
yuacTRaMMm, JUINIEHHEIMI TPAHUTOB W merMarutoB. HarmageBaeT CBOH Orpa-
HEYEHNS HA M3YIeHNe 30TaIBHOCTY W DPABIWYHEI YPOBEHL DPO3HOHHOI0 Cpesa
B PasHHX YacTAX DerMaraToBoro mosgca. Hakomen, mHOIJa HeCONOCTABAMEIMA
OKABHIBAOTCS PEBYALTATH WIYUEHUH TOIEH ONHOIO WOACA, KOTJA OHW WONY-
YeHH PasSHEIMHK KOJIEKTHBAMH WCCJEAOBATENEI. :
Wcexmounrensabiit WHTEPEC UPEACTABISIOT B CBASH C 3TUM TeOXHMUTe-
cime pamrne no Cesepo-Baiikannecromy u npyram mosicam Bocrounoit Cubupn
(15, 34, 471, no Benmomopckomy mermarurosomy noscy B Hapeamu [361, no
Bocrouno-lazaxcrancKoMy ¥ JpyrEM HEMHOTOYHCJEHHEIM XODOINO H3yIeH-
HEIM HeTMaTuToBEM noscaM. OBE HOKasEBAIOT, 9T0 B Ipefenax NOSACOB CyIectT-
ByeT ompemedeHHAd 30HAJLHOCTHE B pacHpefe]eHHH IPOMENNIEHHHX THIIOR
IEeTMATHATOR W KU ¢ TOH WIH MHOE TEOXMMHEYECKOH coenmaansanmeii. 3aK0H0-
MepHEE H3MEeHEeHNsA CcOCTaBa MaJkX SIeMEHTOB OOGHAPYKHBAIOTCSA B COCTABE
OT/IeIBHEIX MUHEPaloB NeTMATHTOB — KaK IOopooo0pasyioniuX, Tak H aKIec-
cOpHHX (rpamar, Gepmi, Kaccmrepur, Koxymbur). Takas 30HAIBHOCTE ABHO
06yci0BIIeHA CTPOSHHEEM I HCTOPHEH PasBUTHA KajKI0T0 IeIMaTHTOBOTO IOACA.
Ona MOMeT DOCHYKATH OCHOBOM JJIs MPOTHO3a MErMaTATOBEIX MECTOPOJKIeHHit
OIpeJieIeHHOr0 THIA, JJIA NIaHOMEPHHEX IOHCKOBO-PasBeJOYHEIX paborT.

- *
®

PaccmorperEHBIe BONPOCH He HCUEPULIBAIOT, pasyMeercs, Bcex mpobaem
reOXUMAN IPAHATHHIX HeTMATHTOR. 34 PAMKAMH CTATHE OCTAJHCH TAKMe BaK-
HEI@ 4CTeKTH, Kak TepMOAHHaMUYeCKHe mapaMeTpH IPOIeccOB IerMATHTO-
obpasoBanms, COOTHOMEHHE aBTOMETACOMATHYECKHX IPOIECCOB M HajOKeH-
' HOT0 MeTacoMaTo3a, XapaKTepUCTHKA IePBHYHHX OPEOJOB pACCesHAMA H HX
CBSBW € IPOIEcCaMm MEHepanoo0pasoBaHms BHYTPH NETMATHTOBHX Tel, MC-
HONB30BANHEe TEOXHMHYECKUX KpPHTEPHEB HA PasIWYHHX CTAHAX Te0J0ro-
passefognnx paGor u T. . [la m 10 BaTPOHYTHM BOIPOCAM H3-32 OIpPaHHEYEH-
HOro o0’beMa CTAThH NPHBEJIEHH JaleKO He BCe pesyJbTaTH.

ITerMaTuTE MPOOIKAIOT NPHKOBHBATH BHUMAHNE HCCJIENOBATENeli M KaK
HUCTOYHTK MHOTHX PEKHX DIEMEHTOB, MYCKOBATA, KBAPIa 1 CaMOIBETOB, B KaK
ceoeoGpasHas MOJens MarMaTmieckoro mpomecca [21]. Hemanyio poas B pe-
MIeHWH BOIPOCOB TeHE3WCA MerMaTUTOB ¥ MX I POMBINLICHHON CHeNuan3arnnm
HUrpanT TeOXHMHYECKHE WCCIeJOBAHUS M TeOXHMHYECKHEe METO[Bl IIOHMCKOB
H pPaspBeJikd ITerMaTHTOB. X 0YeTCd HAJeATHCHA, YTO OHM NPMHECYT HOBHE Basi-
HEe pPe3yJbTaThL
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Huemumym zeozumuu uxm. akademura A. II. Bunozpadosa
CO AH cccp

4. A. Kocanc

FTEOXMMMUYECKME OCOBEHHOCTH
MErMATUTOHOCHLIX TPAHMUTHBIX DOPMALLMH

ITo Te0JOTrnn, MAHEPAJOI I 1 Te0XHMHUAN HerMaTuT0B HaKOILIeH OFPOMHHﬁ

darTHUIecKmii MaTepmai, onyGanKkoBano MuOro pagor. B To ke BpeMsa reoxm-
MpAYeCKue 0cO0EHHOCTH NErMaTHTOHOCHEIX TPAaHHTOB, B YaCTHOCTH B CpaBHH-

14






