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IMTpoBeneHo MUKpoToMorpadueckoe U3yuyeHre BHyTPEHHETO CTPOEHUSI CYJIb(UIHBIX MUHEPAJIOB U3 PY/I-
HBIX Pa3HOBUAHOCTEN MOPOI IBYX MPOMBIIIUIEHHBIX MECTOPOXIECHUM ApKTUUecKoii 30HbI PD — BKparmn-
neHHoi pyasl [TunbrysippuHckoro Cu—Ni-mectopoxneHus [TedeHrr u pyaqHbIX raGOpOHOPUTOB MIaTUHO-
HocHoro ®denopoBo-ITanckoro komiuiekca (Konbckuii mosryoctpon). [TokazaHo, 4TO BCe M3yYeHHbIE 00-
pasubl cyabhUI0B UMEIOT OAHOPOIHYIO CTPYKTYpPY 0e3 SIBHBIX NeheKTOB WIM CUJIUKATHBIX BKIIFOYEHUM
pa3Mepom Ooiee 1 MkM. OTCYTCTBHE B Cy/Ib(MHIaX CUIMKATHBIX MUKPOBKJIIOUEHUI pa3MepoM 00jiee OMHO-
O MUKpOHA ITO3BOJISIET MPEIoaraTh MU3oMopdHyIo ¢hopMy HaXOXIESHUs PEIKO3eMETbHBIX 3JIEMEHTOB
(P39) B cynbhumax u B HEKOTOPOM CTEIIEH! YCTPaHsIeT IMCKYCCUOHHYIO IIPO0IeMy BIAUSHUS MUKPOBKIIIO-
yeHuit Ha pe3yabTaThl Sm—Nd-1M30TOIMHO-Te0XPOHOJIOTMYECKUX UCCenoBaHu cynbbunoB. [Ipucyrcraue
CUJIMKATHBIX MUKPOBKJIIOUeHUi 60see menkoro (10—500 HM) pa3sMmepa ¢ BBICOKOM HoJieil BepOSITHOCTU
He CIToCOOHO KOHTPOJIMPOBaTh 0611111 61omkeT P33 B cynbhunHoM MmuHepase. BoiBom 006 OTCYyTCTBUM 3HA-
YUMOTO BIUSTHUSI MUKPOBKIJIIOUEHU I Ha MoJlydaeMble BO3pACThI MOATBEPXKIaeTCs pedyabrataMu Sm—Nd-
JIaTUPOBAHUS C MCIOJIb30BaHUEM CYJIbLMUIOB U3 TEX e MUHepaJIbHBIX HaBecoK: Sm—Nd-Bo3pacThl pyn
IMuneryspeuHckoro Cu—Ni-MecTopoxneHust coctaBuin 1965 + 87 MutH jiet; pyaHbiX rabopoHopuToB De-
nopoBo-ITaHckoro komruiekca — 2482 & 61 MJIH JIET, YTO HAXOAUTCS B XOPOILEM COOTBETCTBUU C JATUPOB-
KaMU, OJyYeHHBIMU PaHee C UCIOJb30BaHMEeM UHBIX U30TOIMHLIX cucteM (U—Pb, Re—O0s).

Karouesbvie cro6a: peHTTEHOBCKAsl KOMIbIOTEpHasi MUKpoToMorpadust, cylbbuibl, MUHEpaTbHbIe BKITIOUE-
Hus1, P39, Sm—Nd-Bo3pacT, reoXpOHOJIOTUSI, pyIOoreHe3
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C HakoIUIEeHMEM HOBBIX 3HAHUI O TOBEACHUU U
GpakIIMOHUPOBAHUN XUMUYECKUX DJIEMEHTOB B IMPU-
POIHBIX TIpoLIeccaxX, COBEPIICHCTBOBAHNEM aHATUTH-
YECKOIM TEXHUKH U METOIUK U30TOITHO-TEOXPOHOIOTH -
YEeCKMX WCCJICIOBaHUIA, TTOCTYIMpyeMble paHee BO3-
MOXHOCTU W OTpPaHUUYEHUs] HEKOTOPBIX aKTyaJlbHBIX
M30TOMHBIX CUCTEM MOJBEPraloTCs MepecMOTpy B CTO-
pPOHY pacIIHMpeHus obJacTeil MX MCIoIb30oBaHUs. B
YacTHOCTH, 00JIacTh MpuMeHeHnsT Sm—Nd-cucTeMbl
3a MOCJIETHUE MeCITUIIETHS BITIUIA AJIEKO 3a TIpee-
JIBI KJIACCUYECKOTO NAaTUPOBAHUS APEBHUX OCHOBHBIX
MOPpOJ, M claralolivx UX MUHepaaoB. B Hacrosiee
BpeMsI aKTUBHO BellyTCsl pabOThI MO UCTOIb30BaHUIO
caMapHuii-HeOTUMOBOM CUCTEMBbI PYTHBIX MTHEPAJIOB
(cynbhuaoB) Ojsi DaTUPOBAHMUS 30JOTOPYOHBIX U
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Cu—Ni—PGE-MecTopoxneHuii, a moayyaemble pe-
3yJILTATHI ITPEAIIONIarafoT JOCTATOYHO ONITUMUCTUYHYIO
IIepCIIEKTUBY 3TOro MeToza [2, 4, 6, 7, 14, 16, 17]. MHo-
rve UCCIIeOBaHUsI, CBSI3aHHBIC C M3YYEeHUEM DBOJIIO-
O PYyOHO-MarMaTMUeCKUX CHUCTEM, KaK ITPaBUIIO,
He 00XomsaTcs 0€3 M30TOITHO-TEOXPOHOJOTUYECKUX
MeTonoB. IlonydeHHBIE pe3yabTaThl BHOCST OOJIb-
IO BKJIaA B MO3HAHWE PYHOTeHEPHPYIOIINX IPO-
LIECCOB M UICTOYHUKOB PYIHBIX KOMIIOHEHTOB U O3~
BOJISIIOT BIUIOTHYIO IOJOMTHU K IIOCTPOCHUIO TeHETH -
YEeCKMX MOJIeJIeii MECTOPOXKAECHUIA.

OnHako, HECMOTPSI Ha YCMEIIHOE UCTIOb30BaHUE
Sm—Nd-metona npu 1aTUPOBAHUU PYAHBIX MUHEPa-
JIOB, HEKOTOPbIE BOMPOCHI OCTAIOTCS AVMCKYCCUOH-
HbiMU. HanpuMep, onHOM 13 IJIaBHBIX ITpobJieM Mpu
Sm—Nd-gaTupoBaHuU CyIbMOUIHBIX MUHEPAIOB SIB-
JsieTcst obocHoBaHMe (opMbl HaxoxaeHuss P3D B
cyabduaHoM MuHepaie. B pazHoe BpemMs pa3HbIMU
MCCIIeIOBATENISIMU TTpeyIaraJIuCh HECKOJIBKO TUIIO-
Te3 HaXOXICHUS peIKOo3eMeIbHEIX 25ieMeHTOB (P33D)
B cyfbduaax: usoMopdHoe 3aMellieHre INIaBHbIX Ka-
TUOHOB B peteTke [3, 15], cuarMkaTHble MUKPOBKIIIO-

216



PEHTTEHOBCKAA KOMITBIOTEPHASA MUKPOTOMOTI' PA®U A

YeHUs ¢ oIIpeneaeHHbIM coctaBoMm P33 [11, 13], Ha-
xoxaeHue P39 B medekrax KpuUCTAUIMYSCKON pe-
1IeTKM MuHepana [8], copbiust gerkux P39 Ha ero
MOBEPXHOCTH [3] m pImonIHbIe BKITIOYSHUS ¢ Hacle-
noBaHueM coctaBa P39 u3 pynoHecylero pacrijiaBa
[7, 20]. B COBOKYMHOCTM aHajlM3 COBPEMEHHBIX
MpencTaBJeHUid MO3BOJISIET Tpearoararb, YTo Cu-
JIMKaTHbIE€ BKJIIOUEHUS SIBJISIIOTCS JIMIIb YacTbio 00-
mero 6anaHca P3D B cyabhuAHBIX MMHepasax, a
peIKO3eMeNbHbIN cocTaB cysibduaa, Mo-BUIMMOMY,
OTpaxaeT cocTaB pyaooOpasymwiiero diwouna [17].
HccnenoBanus rmo usydyeHuto pasneiaeHust P39 mex-
Iy CyTb(MUIHBIMYA MUHEPaJaMy U MAaTEPUHCKUM pac-
IUIABOM WJIA CWIMKATHBIMU KUAKOCTSIMU MOIATBEP-
KIaroT 9Ty runotesy [12, 17, 19]. Haubouee nuckyc-
CUOHHBIM SIBJISIETCSl BOIPOC BJIMSIHUSI CUJIMKATHBIX
BKJIIOUEHU I BHYTPU CYJIb(MOUAHBIX MUHEPAJIOB Ha pe-
3yabTaT uXx Sm—Nd-gaTUpoOBaHUs — €CIU UCCIeaye-
MBIl cyabhUa CONEPKUT OOJbIIOE KOJIUYECTBO
BKJIIOYEHUI, TO MOJy4YeHHass U30TOIMHO-T€OXPOHO-
Jiornyeckasi ”HopMalusi MOXeT ObITh MCKaXKeHa, a
YCTaHOBJIEHHBIM BO3pacT He OyleT COOTBETCTBOBATh
Bo3pacTy camoro cyiabpuaa. CorjmacHO METOIMKE
MpoOOIOAroToBKHU [4, 17], 4TOOBI MUHUMU3UPOBATh
BJIMSIHUE CUJIMKATHBIX BKJIIOUEHUWI Tepen NmpoBese-
HUEM MAacC-CIIeKTPOMETPUUECKOTO aHalu3a, Bpyd-
HYIO 0], OMHOKYJISIPHBIM MUKPOCKOITIOM MPOBOIUT-
cs  TwaTre/lbHas JOOYMCTKA MOHOMUHEpPaIbHOMN
dpakuuu (odueit maccoit 150—200 mr), B utore co-
crosiasi u3 cyib¢hunoB 6e€3 BUAUMBIX BKIIOUEHUIA.
OnHako, BBUIY HENPO3PAYHOCTU aHAIU3UPYEMbIX
CyAb(UAHBIX MUHEPAJIOB, OINTUYECKUE METOIbl He
MO3BOJISIIOT KOHTPOJIMPOBATh OTCYTCTBUE BKIIIOUE-
HU1 BO BHYyTpEHHEM 00beMe MUHepaJia.

B Hacrosiieii paboTe OCHOBHOI 11€JIbl0 MTPOBeE-
JIIEHHBIX MCCIIeIOBAHUI SIBISIETCSI U3yYeHUE BHYT-
PEHHEro CTpoeHMUsI CyIb(GUIHBIX MUHEPAJIOB C TIOMO-
IIbI0O PEHTTEHOBCKOM KOMITbIOTEPHOU MUKPOTOMO-
rpacdoumn  (KT-uccinemoBaHusi) misi  oIpenesieHus
BO3MOXHbBIX BKJIFOUEHUT BHYTpU cyabduaa. s uc-
cJieJOBaHM ObLIM BbIOpaHbI HECKOJBKO 3€PEH CYyJib-
GbuaHBIX MUHEpaJIOB padMepoM okoiao 100 MkMm u3
MOHOMUHEpaIbHbIX HABECOK, OTOOpaHHBIX U3
BKparuieHHOU pyabl [TUabrysipBuHCKOTO MECTOPOXK-
neHus IleyeHru U U3 pyaHbIX rabopoHopuToB Hik-
HEro paccjlOeHHOro TOPU30HTa IJIATUHOHOCHOTO
®denopoBo-Ilanckoro komrekca. CynbdUmHEBIE
MUHEpaJIbl U3BJIEKAJINUCh U3 TeX Xe HAaBECOK, KOTO-
pble UCIIOJb30BaUCh IJIsi onpeneiaeHus: Sm—Nd-
BO3pacTa MOpoa U Pyl 3TUX MECTOPOXKICHUIA.

METO/1bl UCCJTENOBAHUN

KT-uccredosarnus. st mpoBeneHus Tomorpadu-
YECKOTO U3YYEHHS MCIIOIb30BaIaCh MUKPO- U HAHO-
¢doKycHasl uccienoBarejibcKasi pEeHTI€HOBCKasl CU-
creMa I KOMITbIoTepHOii Tomorpadguu “General
Electric” Vtome[X S 240 (Tepmanust). Meronuka u

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

217

XapaKTepPUCTUKH PEHTTEHOBCKOI CUCTEMEI OoJIee Jie-
TaJIbHO IIpUBeJAeHBI B padoTax [9, 10].

Cbemka oOpa3loB MPOM3BOAMIACH C TTOMOIIbIO
HaHOhOKyCHOI TpyOKu npu HanpsikeHuu 90 kB, cu-
J1e Toka 100 MA. YcIIoBUSI CheMKH TS KaXKI0ro oopas3-
11a MOJACTPaNBAIMCh ONIEPATOPOM OTAEIbHO B 3aBUCH-
MOCTM OT TUIOTHOCTHBIX XapaKTEPUCTUK MUHEPAJIOB,
ciararolux obpasen. B pesynabTare ucciaenoBaHUs
MoIy4JaeTcs 00beMHOEe (TpexMepHOoe) N300paxXKeHue,
KaXXJIOMY BOKCEJII0 KOTOPOTO MPpHUCBanBaeTCsl 3HaUe-
HUE PEHTTeHOBCKOI TIUIOTHOCTU, HU3MepsieMoe B
YCJIOBHBIX €AWMHUIIAX IIKaJbl JUHEWHOTO ociabdie-
HUS U3TyYEHUS 10 OTHOLLIEHUIO K BO3AYyXY (1S TaH-
HOI McCclienoBaTesIbCKO CUCTEMbI OHA MU3MEHSIETCS
oT 0 1o 65535 equnuir). BusyanbHbIM 0TOOpakKeHU-
€M SBJISIETCS 11IKaja OTTEHKOB CEPOTO 1IBETA.

g ToMorpaduyecKux WCCAEOOBAaHUI ITOPOL,
paspelleHne CbeMKU I BCEX 00pa3lioB COCTABUIO
770—900 ©HM. 3HayeHHUs IIOTPELIHOCTHM MeToaa
OMpPEIEISIIOTCS BEIMUMHOM pa3pellieHusl: MyCTOThI
MEHBIIIMX pa3MePOB He oNpeaessaiorcs. Takxke K He-
3HAYUTEIbHBIM OIIMOKAaM B pacyeTre oObEeMOB
MOXET ITPUBOAUTH HAJTMIME BOKCEJIOB C ITEPEXOTHbBI-
MU PEHTIeHOIUIOTHOCTHBIMU XapaKTEepUCTUKAMU
IIpY Mepexoe OT Bo3ayxa K CKeJIETy nopobl. B qaH-
HOM MCCJIEIOBAHUU K MYCTOTaM CTPOrO OTHECEHBI
JIMIIIb BOKCEJbI, UMEIOIINE PEHTIEHOIUIOTHOCTHBIE
3Ha4YeHMsI, HanboJee 0JM3KMe K 3Ha4eHUSIM BO3IyXa.

Sm—Nd-memod. 3mepeHusI U30TOITHOTO COCTaBa
HeoauMa U KOHLeHTpauuit Sm u Nd 1mpoBoIuIMCh B
Hentpe KomnektuBHoro Ilonb3oBanuss I'M KHII
PAH (r. Attatutbl) Ha 7-KaHaJbHOM TBepaodasHOM
Macc-crekrpomerpe “Finnigan-MAT” 262 B craTu-
YECKOM JIBYXJICHTOYHOM PEXXUME C UCITOJIb30BaHUEM
pPEHUEBBIX ¥ TAHTAJIOBBIX JIeHT. I30TOITHBIE OTHOIIIE-
HUs OBIIM HOPMaJIM30BAaHBI II0 OTHOIICHUIO
HONd/14Nd = 0.7219. OmmbKM ornpeneseHnus OTHO-
meHud YSm/'"“*Nd cocrasunu 0.3%, M30TOIHOTO
cocrtaBa Nd B unnuBunyajabHoM aHanuse — 0.003%, u
10 0.01% nns MUHEpaaoB C HU3KMMHK KOHIIEHTpALIH-
AMHM Heommma U camMapusi (cynb¢uabl). X0JIOCTOE
BHyTpHiaadbopaTopHoe 3arpsssHeHue mo Nd — 0.3 Hr,
mo Sm — 0.06 Hr. ToYHOCTh ONpeaeIeHUsT KOHIICH-
Tpauuii HeoguMma u camapus £0.5%. boiee neraib-
HOE OIMMCaHWe METOMNMK XMMUIECKOM ITPOOOITOAro-
TOBKU U MacCC-CHEKTPOMETPUYECKOTrO aHalu3a Mpu-
BeleHo B pabore [17].

PE3VJIBTATBI U AUCKYCCUA

B 1mpemenax xomiuiekca Ileyenrm (Bo3pact
1.98 mapn et [5, 18]) O6bL1a McciienoBaHa BKparjieH-
Has pyaa [MunsrysipeuHckoro Cu—Ni-MecTopoxie-
HUSI, KOTOPOE PaCIIOIOXKEHO B LIEHTPAJIbHON 4acTU
BocrouHoro pymHoro ysna IleyeHrcko-AsiapedeH-
CKOTO pyaHoro paiioHa [4, 5]. LleHTpajibHOE pygHOE
TeJa0, OTKyda ObLIa oToOpaHa mpoba BKpaIJIEHHOM
pyAbl, SBisIETCS HanboJee KPyNHbIM Ha MECTOPOX-
ToM 508
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218 CEPOB wu nap.
"Nd/"*Nd 143N d/44Nd
0.5119 0.5124
. Opx
IMwierysapsu, [ledenra ®enopoBo-TlaHckuil KOMIUTEKC
BKpaIyleHHas pyaa rabopoOHOPUT
1965 + 87 MuH et 2482 + 61 mH et
eNd(7)=2.9+0.9 0.5119 eNd(7) =-1.3£0.6
0.5115F CKBO=18 Pn CKBO =23
0.5114 |
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147G m /144N d 1475 m /144N d

Puc. 1. Munepanbabie Sm—Nd-130XpOHHI 1151 BKpalUIEeHHBIX pyd MecTopoxxaeHus [Tunbrysipsu (I1edeHra) u rabopoHOPUTOB
pacciioeHHoro Menoposo-IlaHckoro komruiekca. KpacHbIM 0603HaYeHBI CybbuIHble MUHepasbl. WR — 1moposia B 11eJioM,
Po — muppotun, Pn — nentmanaut, Ccp — xanpkonuput, Sulf — cMech cy1bhUIOB.

IeHuu. B mpenenax majeonpoTepo30icKOro miaTu-
HoHOcHOTO PemopoBo-IlaHckoro KoMruiekca (BO3-
pact 2.53—2.45 mapn net [2, 14]) Ob11m IpoaHaIN3U -
poBaHBl pynHble TabOpoHOpPUTH W3 HwukHero
paccioeHHOTo TOPU30HTa, K KOTOPOMY NpUYypOUYeHa
Pt—Pd-MuHepanuzauusi, onHa U3 HauboJjee 3HAUYU-
MBIX B IpOMBIIUIeHHOM 11aHe [14]. Bojiee moopo6-
Hasg uHdoOpMalUsl O Te0JOrMYECKOM CTPOEHUM yIO-
MSIHYTBIX MECTOPOXIEHUI MPUBOAUTCS B paboTax
([1, 2,4, 5, 14, 17, 18] 1 CCBUIKA B HUX).

s BKparuieHHOUW pynbl  [IuabrysipBUHCKOTO
Cu—Ni-MecTopOoXaeHUS Sm—Nd-MuHepanbHas
M30XpPOHA MO MOPOoJe B LIEJIOM, XaJIbKOITUPUTY, MTUP-
POTUHY, MEHTJIAHIUTY U CMECOBOI (hpakimu Cysb-
(humoB cooTBeTCTBYET Bo3pacTy 1965 £+ 87 muH Jet
(puc. 1, Tabn. 1), KOTOPBIA COIIACyeTCs C paHee Mo-
aydyeHHbIMU U—Pb-(1985 = 10 muH net) u Re—Os-
(1970 £ 45 mutH JeT) Bo3pacTaMu JJIs 9TUX MOPOLA
[5, 18]. bimm3kuii Bo3pacT MOATBEPKIAET B JaHHOM
cllydyae CUHXPOHHOCTb IPOLIECCOB TOPONIO- U PYIO-
obpa3zoBaHUsl.

M3 pynHbIX TaG0poHOpUTOB HU>XKHETro paccioeH-
Horo Topu3oHTa PemopoBo-IlaHcKoro KoMrIuiekca
Hapsay C TOopoaooOpasylonuMu MUPOKCEHAMU U
TUlaruokjazaMu ObUIM MTPOaHAIM3UPOBAHbI YKUCThIE
MOHOMPAaKIIMU MUPPOTUHA, IEHTJIAHIUTA U CMECO-
Bast (ppakumst cynbpuaoB. MuHepaibHass Sm—Nd-
M30XpOHa JJid rabOPOHOPUTOB COOTBETCTBYET BO3-
pacty 2482 % 61 mutH j1eT (puc. 1, Tabi. 1), KOTOpEHIii B
mpeaesax olMOOK CoraacyeTcsl ¢ paHee YCTaHOBJIEH-
HbiM U—Pb-Bo3pactom 2476 = 9 muH net [1].
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B 1ieiom usMmepsieMbie pU Macc-CIeKTPOMETpH -
YEeCKOM aHaJIu3e KOHLIEHTpallu1 HeoIuMa 1 caMapusi
B cyab(duIax He NpeBbIIAIOT gojeit ppm [4, 6, 17],
YTO MOATBEPKAAETCS HAILTMMU U3MEpPEeHUSIMU (Tao. 1),
MO3TOMY BIWSIHUE BO3MOXHBIX BKJTIOUEHUI BO BHYT-
peHHEeM 00beMe CyTbMUIHBIX MUHEPAJIOB Ha OajlaHC
P3D cTaHOBUTCS KPpUTUYHBIM.

C uenblo MccaeaoBaHUs BHYTPEHHETO CTPOCHUS
CyAb(UIHBIX MUHEPAJIOB METOJOM PEHTTEHOBCKOIt
KOMITBIOTEPHOM ToMOTpaduu GBLIO MIPOBEAEHO U3Y-
yeHue 5 o6pa3noB cyab(PUIOB: 3epHa XaJILKOIIMPHUTA
(Ne 1, 2; TTunbrysspBUHCKOE MECTOPOXKIECHUE), ITUP-
potmHa Ne 3, 4 m meATIIaHanTa Ne 5 13 rabopoHOpH-
ToB PenopoBo-IlaHckoro komruiekca (Tadur. 2).

st Kaxknoro odpa3siia IoJIydeHbl peHTTeHOTOMO -
rpacpuyeckme cpes3bl obOpaslia B TpeX IJTOCKOCTSIX
IIPOCTPAHCTBA U TPeXMepHasi BU3yam3auus (puc 2).
O0pa3ubl UMEIOT OTHOPOIHYIO CTPYKTYPY 0€3 SIBHBIX
JepeKTOB WM PEHTTEHOIUIOTHBIX BKItoUeHu. B 06-
pasuax Ne 1, 3 1 5 orMedaroTcsl OTAeIbHBIE HEOOJIb-
1€ TPELINHBI B IIepUMEepUITHON YaCTH.

Paspenrenue cbeMKuU 1S Bcex 00Opa3lioB COCTa-
Bujo 770—900 um (0.77—0.90 mxm). DTO naeT OCHO-
BaHME YBEPEHHO IIpearnoJjiaraTb OTCYTCTBUE CUJIM-
KaTHBIX BKJIIOYEHMI KpynHee 1 MuxkpoHa. 3Has
00BeM MCCIeIOBAaHHBIX 00pa3oB CYIb(PUIHBIX M-
HepasoB (Tabj. 2), HETPYAHO MOCYUTATh, YTO BEPO-
STHBIC CWJIMKATHBIC BKIIIOYEHMS CYOMUKPOHHOTO
pa3mepa MOTJIM OBl 3aHUMAaTh OTHOCUTENBHBIN 00beM
He 60see 0.00025% xkaxmoe, 4TO MPU HAJIMYUU JaKe
JIECSITKOB TaKMX BKIIIOUEHUI IIPEHEOPEKMMO Majio U
HE MOXET 3HAYMMO BIIMSITh HA CYMMapHBIN OIOIKET
TOoM 508
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Ta6mmma 1. PesynbraTtel Sm—Nd-M30TOIMHBIX HMCCIeIOBaHUM TTopon M MuHepanoB [TwibryspBuHckoro u ®enopoBo-

ITaHCcKOro KOMILJIEKCOB

KoHueHTpalms, MKT/T M30TOIMHBIE OTHOIIEHUS
T, MIH JIET ena(?)
Sm Nd 147§ m /144Nd 43N d/44Nd
BkpanieHHas pyaa, [TuaerysipBuHCKoe MeCTOpOXKIeH e
WR 0.259 1.700 0.0922 0.511824 + 14 2160 +2.9
Ccp 0.040 0.222 0.1086 0.511993 + 47
Pn 0.042 0.238 0.1065 0.511966 + 91
Po 0.183 2.181 0.0503 0.511396 £ 27
Sulf 0.088 0.717 0.0744 0.511406 = 20
[a66ponopur, @enopoBo-ITaHCKMIT KOMILIEKC
WR 1.044 4.99 0.1263 0.511441 £ 10 2967 —1.0
Po 0.029 0.153 0.1144 0.511217 £ 21
Pn 0.008 0.042 0.1160 0.511259 £ 23
P1-2 0.378 2.339 0.0977 0.510957 = 19
PI-1 0.325 2.302 0.0853 0.510738 + 17
Opx 4.75 16.44 0.1747 0.512203 = 7
Cpx 2.54 9.35 0.1641 0.512033+9
Sulf 0.022 0.120 0.1106 0.511143 £ 20

P3D cynbdunos, naxe npu yCJIOBUM BBICOKMX CO-
nepxaHuit P39 B Takom BkitoueHuu. C apyroii cTo-
POHBI, HE UCKITIOYAETCS IIPUCYTCTBUE O0JIee METKHUX,
pasmepom 10—500 uMm, BKIIOUeHMT. OOgHAKO BIUS-
HUE TaKUX MUKPOBKIIIOYEHUIA, TO-BUIUMOMY, TOJIK-
HO OBbITH €llle MeHee 3HAYNTEJbHbIM. [{OMOoTHUTEb-
HBIM apTyYMEHTOM MOXKET CIIY:KUTh Pe3yJIbTaT IIpell-
BapuUTEJILHOIO MCCJICIOBAHUS OTIEIbHBIX 3€pEH U3
“rpsi3HOI” (0OTOpaKOBaHHBIE MUHEPAIbl, HEIPUTOI -
Hele 111 Sm—Nd-aHanu3a) MOHOMPAKIUU CYJb-
GUOHBIX MUHEPAJIOB B 0OPAaTHO-OTPa*KEHHBIX 3K~
tpoHax (BSE): ocHOBHBIMM MWHEpajlaMU CHJINKAT-
HBIX BKJIIOYEHUIA B TakKoi (ppakium SBISIIOTCS
MUHEepaJibl MATEPUHCKUX IMOPOA — MUPOKCEHBI (Op-
TO- U KJIMHOIIMPOKCEHHbI), aM(PUOOIbl U KBapl —
MMeIoIIe HeBBICOKME KoHLIeHTpauuu P39 (mo mep-

Ta6mmua 2. 3HaueHUsI 00bEeMOB M3YYEHHBIX 00Pa31I0B

No MuHepai, 06beKT O6beM, MM>

1 | Xanbkonuput, [TuabrysippuHcKoe 0.0004
MEeCTOPOXKICHNE

2 | Xanbkonuput, [IuiabrysippuHckoe 0.0010
MECTOPOXIEeHUE

3 | I[Muppotun, ®egopoBo-Ilanckuit 0.0007
KOMTLIEKC

4 | Mupportun, ®enopoBo-IlaHckuit 0.0013
KOMILIEKC

5 | enTnanaut, ®egopoBo-IlaHckuit 0.0006
KOMTLIEKC
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BbIX ppm [4]). C y4eTOM MUHMMAaJILHOTO pa3Mepa Cr-
JIMKATHBIX BKJIIOUEHU B YMCTOM CyIb(pUAHOI MOHO-
dpakuyyd M TLIATEJIbHOW MNpeaBapUTENbHON [0-
OUYMCTKM TIepea MPOBEeICHUEM N30TONMHOTO aHAIN3a,
BKJIaJl TaKMX BO3MOXHBIX BKIIOUEHUI B cymMmmy P30
SIBJISIETCSI HUYTOXHBIM.

Takum o6pa3om, NpPOBEOCHHBIC WCCICIOBAHUS
IoKa3aju, YTO BCEe M3YyUYEHHBIC OOpaslbl CYIb(MUI-
HBIX MUHEPAJIOB OOJHOPOOHEI 1 HE MMEIOT B CBOEM
BHYTPEHHEM OObEME 3HAUMMBIX BKJIIOUEHUM C pas3-
MepaMu 0ojiee MUKPOHA. DTO CBUIETEIBCTBYET O
TOM, UTO BJIMSIHME NPUMECHBIX BKJIIOYCHUI B HaH-
HBIX 00Opa3liax He CIIOCOOHO 3HAYMMO MCKaXKaTh U30-
TOITHO-T€OXPOHOJIOTUYECKUE JaHHBIE, YTO IIOATBEP-
XmaeTcs pesysbraraMu Sm—Nd-TaTupoBaHUs C UC-
MOJb30BaHUEM CyJbGUIOB M3 TeX K€ HaBeCOK.
ITonyyeHHBIE BO3pacThl XOPOIIIO COIJIACYIOTCS C Aa-
TUPOBKaMM Ha OCHOBE APYTUX M3OTOITHBIX CUCTEM
(U—Pb, Re—0s). OTcyTcTBUE 3aMETHBIX (DIIOMITHBIX
WINM MUHEPAIbHBIX BKIIOYEHUII B U3YyYEHHBIX 3ep-
HaXx, a TaKXKe CXOOMMOCTD Pe3yJIbTaTOB JaTUPOBaHUS,
MO3BOJISIET ¢ OOJIBIIOI JT0JIei YBEpEHHOCTH MIPUHSITh
ruroTessl, 4To P30 n3omMopdHO BXOAST B CTPYKTYPY
MUHepaJia M/ HaxoOsaTcs B Ae(eKTaX KpUCTAIUI-
yeckoit pemretku [3, 8, 15]. IlpucyrcrBue MUKpo-
BKJIIOUEHU 1 60Jiee Meskoro pasmepa (10—500 um) ¢
BBICOKOI1 I0JIeii BEpOSITHOCTH HE CIIOCOOHO KOHTPO-
JIMpoBaTh 00111 OromkeT P39 B cynbpuaHOM MUHE-
pajie. DTOT MOCTYJIaT BBIXOAUT 3a PaMKU JaHHBIX UC-
cJIeoBaHUii, HO OTKPHIBAET II€PCIEKTUBY dajlbHEli-
IIET0 M3Yy4YEHUSI C MCIIOJb30BAaHUEM 3JIEKTPOHHOI
TeXHUKU BBICOKOro paspeiieHusi. CoxpaHeHUE Xe
copbupoBaHHBIX P39 Ha moBepxHOCTHU CyIbhUIOB B
ToM 508
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0.1 MM
| I |

Ne1-xabKOMUpUT No2-xaIbKOMUPUT

X7 [Tunbryapsu YZ X7 [Munbryapsu YZ

.

| I — |
e —

Denopoo-ITaHckuit

X7 KOMITJIEKC Y/

Ne4-nuppotuH
®denopoo-TlaHckuii
KOMIUTEKC
0.1 mm 0.1 MM
1 | — |

Ne5-nupporun
DenopoBo-TTaHckuit
KOMILIEKC

XZ Yz

Puc. 2. OpToroHajibHble pEHTTEHIUIOTHOCTHbIE CPe3bl 00pPa3loB U TPEXMepHasi BU3yalu3alus U3y4yeHHbIX oopasioB. O6pas-
bl Ne 1, 2 — XaIbKOMUPHUT U3 BKPAILUIEHHO pyabl [TMIbrysspBUHCKOIO MECTOPOXIAEHUSI, 00pa3Lbl UppoTrHa Ne 3, 4 1 meHT-
nmanguta Ne 5 u3 rab6poHoputoB denoposBo-IlaHckoro KomIuiekca.

TCYCHHNEC COTCH MUJIJIMOHOB JIET MTPEACTABIIACTCA Ma- (1)I/I,Z[OB JJISL Sm—Nd—}:[aTI/IpOBaHI/IH pyagoreHesa B
JIOBEPOATHDBIM. HpOBCI[CHHBIC ucciaenoBaHust 006oc- IIPOMBINIJIEHHO 3HAQYUMbIX DPYAHBIX KOMIIJICKCAX,
HOBBIBAIOT NECPCICKTUBHOCTb UCITOJIB30BaAHUA CYJIb- IIO3BOJIAA IOJy4YaTb LICHHYIO M30TOITHO-T€OXPOHO-
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JIOTUYECKYIO0 MHMOpMAIIMIO IJIsI JaTbHEHIINX MeTaJl-
JIOTEHUYECKHMX IIOCTPOCHUII U paclIUpeHUs] Mep-
CIIEKTUB pPa3BUTUSI MUHEPaATbHO-ChIPhEBBIX KOM-
MJIEKCOB PETMOHOB.
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X-RAY COMPUTED MICROTOMOGRAPHY OF SULFIDE MINERALS:
MICROINCLUSION STUDIES AND IMPLICATIONS
FOR ORE GENESIS Sm—Nd DATING
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A microtomographic study of the internal structure of sulfide minerals from ore varieties of rocks of two in-
dustrial deposits of the Arctic zone of the Russian Federation — disseminated ore of the Pilgujarvi Cu—Ni de-
posit of Pechenga and ore gabbronorites of the platinum-bearing Fedorovo-Pansky complex (Kola Peninsu-
la) was carried out. It is shown that all studied sulfide samples have a homogeneous structure without obvious
defects or silicate inclusions larger than 1 um. The absence of silicate microinclusions larger than one micron
in sulfides suggests an isomorphic form of REE occurrence in sulfides and, to some extent, eliminates the de-
batable problem of the influence of microinclusions on the results of Sm—Nd isotope-geochronological stud-
ies of sulfides. The presence of smaller (10—500 nm) silicate microinclusions is highly likely to be unable to
control the total REE budget in a sulfide mineral. The conclusion about the absence of a significant effect of
microinclusions on the obtained ages is confirmed by the results of Sm—Nd dating using sulfides from the
same mineral samples: the Sm—Nd ages of the ores of the Pilgujarvi Cu—Ni deposit were 1965 + 87 Ma; ore
gabbronorites of the Fedorovo-Pansky complex — 2482 + 61 Ma, which is in good agreement with the dates
obtained earlier using other isotopic systems (U—Pb, Re—Os).

Keywords: X-ray computed microtomography, sulfides, mineral inclusions, REE, Sm—Nd age, geochronol-
ogy, ore genesis
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