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BelyecTBeHHbIN COCTaB 1 CBOWCTBA MOPOA 1 Py

CTPYKTYPHDIE JEQEKTbI U MUHEPAJNIbHDIE
BKJIHOYEHNA B ANIMA3AX U3 KWUMBEPJIUTOBBIX
TPYBOK HAKbIHCKOIO U AJIAKUT-
MAPXUHCKOrO NOJIEN MO LAHHBIM
KP- U NK-CNEKTPOCKOMUMK

Memodom uHppakpacHol cnekmpockonuu ucc/1ie008aHbl AsIMA3bl U3 KUM-
6ep1umossbix mpybok HakeiHcko2o u Anakum-MapxuHckoeo nonel Akymckou
anmasoHocHoU Npo8uUHYUU. [ToKA3aHo, Ymo No MUNOMOPGHLIM Xapakmepuc-
mukam (codepxarue u cmeneHsb dzpeeayuu dzoma) 3mu aimdasel CyuecmeeH-
HO pasnuyaromcs. YCmaHos81eHa 3asucuMocme Mex0y COOepXaHuem Cmpyk-
mypHoU npumecu azoma e aamasax u3 kKumbepnumos Anakum-MapxXuHcKo20
NnoJig U anMAasoHOCHOCMbIO MecmopoxoeHul. Memooom KoM6UHAYUOHHO20
paccesHus onpeoesiéH (hazoebili Cocmas MUHepaslbHbIX 8K/toYeHUl 6e3 paspy-
WweHus anmasos, Ymo N0380J/1UJI0 BbISBUMb COOMHOWeEHUe 3K/102UMmosbix U
nepudomumossix accoyuayuli 0714 Kaxooul u3 Kumbepaumosbix mpy6oK.

Kntouesble c/1084a: anmasbl, 8K0HeHUS, Kumbepaum, PamaHosckas cnek-
mpockonus, IK-cnekmpockonus.

MpoAyKTMBHOCTb afiMa3HbIX MeCTOPOXKAEHNI onpefenseTca co-
fep)aHueMm 1 KayecTBOM anmasoB B nopoge [1]. Ytobbl nsbexaTb
TPYAOEMKOro onpoboBaHUA NPU NOKCKax KUMOEPSITOB 1 OLIEHKE UX
BO3MOXHOW afIMa3oHOCHOCTM MO MUHEPaNbHOMY COCTaBy, obpalla-
0T BHMMaHMe Ha M1HepPasbl-CMYTHUNKK, COAepXKaHne KOTOPbIX Ha He-
CKOJIbKO MOPAZKOB Bbile, YeM anmMa3oB. BHegpeHue, HaunHaaA ¢ 70-x
rofoB, UHCTPYMEHTasIbHbIX (CMeKTpanbHbIX) METOAOB UCCIe0BaHMA
1 coszfiaHne HabopoB GaHKOB JaHHbIX MO MUHEPaNbHOMY COCTaBy
KMM6epnmnToB KapAnHanbHO pacluMPUIM Halln 3HaHWA O NETPONOo-
rMmn BepxHe MaHTn. Oco6eHHO UHTEPECHDbI BKIOUYEHNA B aiMasax,
TaK KaK KaXkAbll KpUCTaNN anmMasa C BKIIYEHUAMN OPYrMX MUHepa-
NoB NpefcTaBnsaeT cobon cBOeOOPa3HbIN YHUKANbHbIA KOHTENHEP,
CofepalLmin «3aKOHCEPBMPOBAHHbIM» MaTepuran cpelbl ceoero ¢op-
MVUPOBAHUA U B TeYEHNEe ANINTENIbHOrO BPEeMeH) COXPaHALWNIA ero B
Hen3meHEHHOM BuAe. B pesynbrate aHanmsa 3TUX AaHHbIX U SKCNepu-
MEHTabHbIX NCCNIeOBAHMI CTafio OYEBUIHO, UTO KUMOEPAUT — ry-
6UHHaA nopopa, cny»allaa TPAHCNOPTEPOM MAHTMINHOIO BeLecTBa
K noBepxHocTu [17, 26]. Takum 06pa3om, UCTUHHBIMU CYTHUKaMW an-
Masa csiefiyeT cumTaTb MUHEpanbl, KpUCTannsyrowmecs COBMeCTHO
C afiIMa3oM 1nu ABnALWMeCAa MaTepPUHCKON cpefoli ero obpa3osa-
HWA 1N COOTBETCTBYIOLLME MO COCTaBY BKIIOYEHNAM B HEM. [lpyrue rny-
6UHHbIE MUHEpPaibl, HE MMeloLL e C afiIMa3oM FreHeTMYeCKoN CBA3K, —
MO>XHO Ha3BaTb JIMLUb XapaKTepHbIMU MUHepanamm KuMbepnmnTos.

B uenAx yctaHoBneHMA cpefbl KPUCTaNIM3aunm NPUPOAHbLIX as-
Ma30B U COCTaBa UCXOAHbIX MaTEPUHCKMX Nopo NUTochepHON MaH-
T AKYTCKOW afIMa3OHOCHOW NPOBUHLNMN HaMM C MOMOLLbIO METOL0B
nHodpakpacHoi cnektpockonuu (MK) n KombrHaLMOHHOro pacceaHus
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Puc. 1. ®0TO BK/THOYEHIN B AIMA3AX U3 KUMBEPITUTOB AJTAKUT-MAPXUHCKOTO MOJIS:

BKJIOUEHMA ONMBKHaA 1 cynbduraa (a), omdaunta (6), xpomuTa (8), nupona (2)

(KP) n3yueHbl anmasbl 1 BKIIOYEHMA B HUX U3 HaKbiH-
cKoro 1 Anakmt-MapX1MHCKOro NPOMbILLINIEHHbIX anima-
30HOCHbIX Nosen.

[danabliHO-ANaKMUTCKNIA afIMa30HOCHbI PafioH pac-
nonokeH B 6acceliHe BepPXHNX TeueHNn pek Mapxa u
AnakuT, B CTPYKTYPHOM MJiaHe — Ha loro-3anagHom
CKnoHe AHabapcKOWM aHTeKNM3bl, Ha KOTOPbIN Haso-
XWNJTO0Cb CeBEPO-BOCTOUHOE KPbINio TYHIyCcCKOW no3g-
Henaneo3onCKon CMHEKM3bl. 34eCh WNPOKO Pa3BUTbI
KapboHaTHble NOPOAbl PaHHEro Nasneo3os, TepPPUreH-
Hble OTNIOXEHUA NO3HEro Naneo301, CJIOKHO NHTPY-
OVpoOBaHHble Teflamu Tpannos (AnakuT-MapxuHckoe
KumbepnuToBoe norse), U 06HapyeHbl ~120 Kumbep-
nutoBbix Ten [10]. MpoMbiluAeHHbIe POCChINK aiMa3oB
[LOBOJNIbHO PefKM, pocchbiny 6nmMXHero cHoca npeg-
CTaBJsieHbl pyubsamu Muponosbin 1 MenkonnbmeHu-
TOBbIN. B Lienom eanHNYHbIe HaXOA4KN anmMa3oB B 6ac-
celiHax pek AnakumT-MapxMHCKOro KumbepnntToBoro
NosiA He NO3BOJAIT C AONIMKHOWN CTEMEHbIO BEPOATHO-
CTW COOTHOCUTb UX C KUMOEPNUTOBbIMM Tenamu paii-
OHa.

CpeiHEMaPXMHCKNIA anMa30oHOCHbIN paroH (Ha-
KbIHCKOE KMMOepnnToBoe Mnone) oxBaTbiBaeT NpaBo-
b6epexbe cpefHero TeyeHus p. Mapxa, 6acceliH pek
XaHHA, HakbIH 1 BepxoBbe p. TIOKAH, B CTPYKTYPHOM
nnaHe HaXOQUTCA Ha XKHOM CKNoHe AHabapCKoM aH-
TEKN3bl, HA KOTOPbIN HATIOXKNIICA CeBepO-3anagHbli
60pT Bunionckonm cMHeknu3bl. Tepputopma xapaKkTte-
pu3yeTca 6onee WNPOKO NPOABIEHHON POCCHIMHOM
aJIMa30HOCHOCTbIO MO cpaBHeHuo ¢ [lanabiHo-Ana-
KUTCKUM pavioHOM. [leTanbHO U3yyeHa afiMa3oHOC-
HOCTb COBPEMEHHbIX OT/IOXKEHMI Ha 6bonee yem 300-
KMNOMETPOBOM y4yacTke p. Mapxa Hu»Ke ycTbA p. XaH-
HA [10].

[na HTeHcndUKaumm NoncKoBbIX paboT Heobxo-
AVIMbI, HapAZy ¢ MopdOoorMyeckmmm, JONOAHUTENb-

Hble KpuTepuu, No3BosiAloLwWwne JOCTOBEPHO pasrpa-
HMUMBaTb Opeosbl poccbineil. Hanbonee 3HauMMbIMy,
C TOYKW 3peHUnsA reHeTuyeckon nHbopmaumm, MoryT
ObITb BK/IOUEHUS B aJIMa3ax, XapakTepusyowme cpe-
4y 1 ycnoBusa obpazoBaHUA NOCTEQHNX.

BusyanbHas naeHTUdrKaLma MUHepPanbHbIX BKIO-
YeHU B afiMase C UCMoNb30BaHEM OBUHOKYNSPHOIO
MUKPOCKONa He Bcerga AaéT npaBusibHbIN pe3ynbTaTt
13-3a UX OMTUYECKNX OCOBEHHOCTEN 1 CYOBbEKTUBHO-
ro nogxoga nccnegosarens. VK- n KP-cnektpockonusa
MO3BONAIOT UCKITIUNTb HEJOCTATKM 3TOro MeToAa.

Ona n3yyeHna otbrpanncb anmasbl U3 reonoru-
YyecKkux Konnekumini KUM6epnmToBbiX TPYOOK Anakut-
MapxumHckoro (30 net Anxany, Boctok, O3épHas, Yy-
KyKkckasn, Aixan, 3aps, l06uneliHan, KpacHonpecHeH-
ckas, Komcomonbckas, PaguosonHoBas, MonogocTts,
Co6onesa, OgnHuoBa, CbiTbIKaHCKaA) 1 HakbIHCKOTO
(HropbuHckan, boTyobuHckasn) KumbepnmnToBbix No-
nen. OTMeTUM, UTO BCe UCCIIeAOBaHNA BrepBble Npo-
BOAWNINCb HEJECTPYKTUBHbIMU MeToZaMu, C COXpaHe-
HMEeM LeNIoCTHOCTM anmasoB (puc. 1).

CbéMKa CreKkTpoB KOMOMHALMOHHOIO paccesHns
BKJIIOUYEHNN BbinonHAnacb Ha KP mukpockone InVia
(Renishaw) npu KomHaTHOW TemnepaType. VIcTouHrK
BO30YyAeHna — TBEpAoTeNbHbIN nasep KP Mnkpocko-
na, A=532 (785) HM, moLwHoCcTb 100 MBT. Micnonb3o-
Bajlacb OTpakaTesbHasA ronorpaduueckaa gudpak-
LMoHHaA pewwéTtka 1800 (1200) nuH/MM, U3mepaAeMbli
CneKTpasbHbIV AMana3oH npu Bo3byxaatolem nusny-
YyeHumn 532 HM coctaBnan 100-1800 cm™. O6beKTUB
50x (Leica). [MpnémHmKom n3nyyeHua cayxuna lNenb-
Tbe-oxnaxgaemasa CCD-matpuua 1024x256, pasmep
nukcena 26 MKM. 3asBNieHHbIe MPON3BOANTENIEM CrEK-
TpanbHOe pa3pelueHune He Huxe 0,5 cm™ B BUAMMOM
Avana3soHe (Npu NCNob30BaHNN COOTBETCTBYOLLMX
KOMOUHaL M NCTOYHNKOB CBETa, OOBEKTUBOB U pe-
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WETOK), BOCNPOU3BOAMMOCTb He Huxe 0,1 cm™. Ka-
nmépoBaHne Nprbopa OCyLecTBAANOCh C MOMOLLbLO
MOHOKPUCTa/NINYeCKOro KpeMHMEBOro ctaHaapTa. B
HEKOTOpPbIX CNeKTpax NPUcyTcTBytoT y3Kume (0,05 Hm)
napasutHble NuKkn, obycnoBneHHble cpabaTtbiBaHeM
matpuyHoro CCD-nprémHurKa npu cyyariHOM BO3-
OEeNCTBMM KOCMUYECKUX Nyyen. BkroueHna B anma-
3ax MAeHTUGULMPOBANMCL C MOMOLLbIO BUGANOTEKM
PamaHoBckmx cnektpoB RENISHAW n nporpammHo-
ro obecneyenus CrystalSleuth.

MK-cnekTpockonuyeckune ncciefoBaHmsa NpoBo-
amnncb Ha MK-Qypbe cnekTpomeTpe VERTEX 70 (Bru-
ker) B komnnekce ¢ VK mnkpockonom Hyperion 2000.
OnanasoH namepeHuin 400-5500 cm™. BbinosniHeHa
CbEMKa MHTerpasnbHblX (CO Bcero o6bEma KpucTasnsa)
cnekTpoB. HopmurpoBaHMe CNeKTPOB OCYLLeCTBA-
NOCb MO NOrJOLEeHNo B AByX$OHOHHOI obnacTu [16,
33]. Mo cnekTpam onpegenAanicb KoHUeHTpauum A-,
B1- n B2-nedektoB anmazos. KoadduumeHTtbl nor-
NIoLWeHmA Ha yacToTax 1973 n 2500 cm™ (cooTBeTCT-
BEHHO Oy975=12,5 CM™ 1 05500=4,9 cM™) ObINK BbIOPaAHBI
B KauecTBe NnapaMeTpoB BHYTPeHHero ctaHaapTa. [do-
NMONIHUTENbHO MCMONb30BaNINCL MaTepuranbl 13 6asbl
JaHHbIx HATT AK «AJTIPOCA» (MAO) no UK-cnekTpo-
CKOMMWY anMasoB.

MuHepanbHble BKNOYEHNA B anmasax. B anma-
3ax AKyTMM yalle NPUCYTCTBYIOT BK/IIOYEHNA ONUBU-
HOB, rpaHaToB U rpadmToB. MUHEpanbHblie BKOYE-
HUA B anmMaszax KUmM6epnutoBbix TPyO6oK AnakuT-
Mapx1MHCKOro 1 HakbIHCKOrO KMMOepNMTOBbIX Nonen
npefcTaBfieHbl B OCHOBHOM rpaduTOM, ONIMBUHOM,
XPOMUTOM, MUPOMOM, FPpaHaTOM, XPOMANOMNCUAOM,
oMmdaunTom, pyTunom, cynbGpuaom, KO3CUTOM 1 ca-
MUM anMa3oM. XapakTepHble CnekTpbl ngeHTuduun-
POBaHHbIX BKJIIOUEHUI PA3INYHbBIX MUHEPANOB Npu-
BeJeHbl Ha puc. 2.

BkntoueHus epachuma B anmaszax BeCbmMa MHOTO-
o6pasHbl [17]. [JlocTaTOYHO ANCKYCCMOHEH BONPOC 06
nx npoucxoxkaeHum. OgHM nccnegoBaTeny yBepeHol
B aNMUreHeTUYeckom npupoge rpadputa [24]. lokasa-
TeNbCTBOM C/y>KaT ero BKIIOYEHWA, pa3BUTble Mo Tpe-
LWMHAM UV NpefCcTaBlieHHbIe B BUAE PO3ETOK, OKPY-
Xatowmx gpyrve, B 60nblUMHCTBE ClyyaeB cynbdug-
Hble, BKNIlOYEHUA (B 3TOM ciyyae rpaduT sBnseTca
nokasatenem Bbicoknx >1000°C TemnepaTyp Ha 3ak-
NIOYNTENbHONM CTaauy 3BoNoLMmM anmasa [12]). Opyrue
aBTopbI [5, 20] cumTaloT BKAOYEHUA rpaduTa, pacnpo-
CTPaHEHHbIe B LieHTPasbHbIX YacTAX afiMasa, umelo-
Lie 3aKOHOMEPHYI0 OPUEHTUPOBKY 1 XOPOLLIO pas3-
NYMMbIe TPaHW, NpoToreHeTnYecKMMn. Takxe rpa-
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$WT B aiMazax BCTpevaeTca B coCcTaBe NonndasHbIx
MUVKPOBKJTIOUEHUN, OTHOCUMbIX K CUHF€HETUYECKUM
[34]. Takne anmasbl 4aCTO YEPHOTO LiBETA.

Os1uBUH — OANH N3 CaMbIX PACNPOCTPAHEHHbIX CU-
NMKaATHbIX BKJTIOYEHW B anma3sax. Kak npaswuno, onu-
BVHbI 13 NNTOCHEPHbIX aIMa30B XapaKTepusyTca
MOHWXEHHbIM coaepkaHneMm GasnMToBOro MmHana
W, KaK CNefCcTBue, NOBbILEHHOWN MarHe3nanbHOCTbHO.
B paboTe [29] oTMeuaeTca, YTo 451A NOAABNAOWEro
60NbLUIMHCTBA M3YUYEHHbIX ONIMBMHOB MarHesuasb-
HocTb 100-Mg/(Mg+Fe) onpepneneHa mexgy 91 n 94%.
NccnepoBaHmA ONMBMHOB U3 KCEHOMUTOB U KUMbep-
NUTOB MNO3BONWAM BbIAENUTb ABa TUMa: ONNBUHDI | re-
Hepauun (MaKpoKpUCTansbl) 1 onMBUHBI Il reHepaymm
(<0,5 mm).

[paHamel B BUAe CUHreHeTUYeCKNX BKOYEHUI B
anMasax UM NHEUKaTOPHbIX MUHEPanoB Kumbepnu-
TOB TaK»e OTHOCATCA K Hanbonee MHOrOYMCNEHHbIM
CpeAn MMHepanoB-CNyTHUKOB anmasa. bonbwnHcT-
BO MCCNIeJOBaHM, NOCBALEHHbIX FpaHaTaM, Kaca-
eTcA ABYX B3aMMOCBSA3aHHbIX Mpobnem — reHesuncy
rpaHaTta v afMasoobpaszoBaHuio [27]. B nocnegHee
BPeMA NOBbICUSICA NHTEPEC K IKCMEePUMEHTANIbBHOMY
MOAENMPOBAHNIO NpoLecca NPUPOAHOro aiMa3oob-
pa3oBaHuA, B TOM Yunciie B CMCTeMax C yyacTuem rpa-
HaTa [7]. Hanpumep, yganocb yCcTaHOBUTb XapaKkTep-
Hble NnapareHe3ncbl BKOYEHWI FPaHaTOB C NCMOMb-
3oBaHMem KP-cnekTtpockonuu [15]. Tak, anma3sbl 13
TpybKkn Komcomonbckaa-MarHuTHas ¢ BKJIOYEHUAMN
rPaHaTOB 3KJIOMMTOBOrO MapareHesnca XxapakTepusy-
0TCA BbICOKUM OOLUMM COAepKaHnem CTPYKTYpPHOM
nprMecK a3oTa 1 CpefiHel ero arperayyven, Torga Kak
anMasbl C BKJIOYEHUAMN rPaHaTOB BEPINTOBOrO, AY-
HUT-rapubypruToBOro 1 NepuosIMTOBOro napareHe-
31ICOB OT/IMYAKOTCA HU3KOM KOHUEHTpaLuuen a3ota u
LUIMPOKOW Bapuauuen cTeneHn arpermpoBaHHOCTM
a30Ta, YTo 0ObIYHO CBONCTBEHHO ajsimMa3aM nepuao-
TUTOBOTO reHesuca [15].

Koscum B anmase nmeet paf yHUKaNbHbIX XapakK-
TePUCTUK. BbiCOKasa CKMMaeMOoCTb 1 HU3KOoe Temnslo-
BOE paclUMpeHne KodcmTa obecneymBatoT npenmyLle-
CTBO, COCTOsALlEE B COXPAHEHUW OABMEHNA C Manown
3aBUCMMOCTbIO OT TemMnepaTypbl, 3 KOMMO3ULNOHHAsA
MPOCTOTa KO3CUTa NO3BONAET U36eXKaTb XMMUYECKNX
BapuaLuuin COCTaBa, Kak B ONMUBKMHeE, rpaHaTte, dnona-
HbIX BKIOUeHMAX [2].

(da3oBblI1 cOcTaB TBEPAbIX BK/IIOYEHWI B a/iMa3ax.
B knmbepnnToBbIx Tenax HakbiHCcKoro n Anaknt-Map-
XVHCKOTO KMMOepnnToBOro nosen onpeneneHbl ChH-
reHeTUYecKne BKIIUYEHUA NepPUAOTUTOBON (ONINBUH,
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XPOMWUT, MaJIMHOBbIA MUPOM, SHCTATUT, XPOMANON-
CUA) W 3KJIOTMTOBOW (OpaHXXeBblli rpaHaT, ombauuT,
Ko3cmT) accoumaunin. Cpein SnUreHeTUYeCKnX BKI-
YeHU B aIMazax Hanmbosee pacnpoCcTpaHéH rpapuT.
PacnpocTpaHéHHOCTb TBEPAbIX BKIOUYEHUIN N X ac-
couMaunn oLeHeHa rnaBHbIM 06pa3om BM3YyasibHO U
B GOMbLUMHCTBE ClyyaeB noaTBepxaeHa PamaHoB-
CKOW CreKTpocKonuen. YCTaHOBMIEHO, YTO YMCIIO aN-
Ma30B C TBEpAbIMM BKAOUEHNAMM cocTaBnaeT >50%
oT obuwero o6bvéma Kpuctannos. OCHOBHaA MX Mac-
Ca - 3TO aNuUreHeTUYecKue BKoYeHuA rpaduTa. Hu-
e npuBefeHbl COfepXaHUA BKITIOYEHUI B aliMa3ax
pa3nnyHbIxX TPYOOK 6e3 yuéTa KpMCTanoB C BKIYe-
HUAMK rpadputa u cynbdunaos. HecMoTpA Ha TO UTO
onpepenéHHaa KoHUeHTpauua H1Kena [9] unu n3oTo-
nos Re-Os [30] B cynbduaHbIX BKIOYEHNAX ABNAET-
CA XapaKTepHbIM NPU3HAKOM asiIMa3oB Pa3fNUYHOro
NPOVCXOXKAEHUA, HA JaHHbIN MOMeHT meTog, KP-cnek-
TPOCKOMNUUN He MOXET OAHO3HAYHO YKa3blBaTb Ha K-
NIOTUTOBLIN UM NEPUAOTUTOBDBIN TUM NapareHesunca.

Ha ponto CMHreHeTuyecKknx BKIIKOYEHUI NPUXO-
auTCs He 6onee 3% (puc. 3). OTMeUeHO, UYTo Hanbonb-
LIAA YacToTa BCTPEYaeMOCTM BKIIIOYEHUI CBONCTBEH-
Ha anmasam Anaknt-MapXuHCKOro KumbepnutoBoro
nons, B YaCTHOCTK obpasLiam 13 Tpybok YykyKkckas u
O3épHasn (>2%), OTHOCUTENbHO BblcOKas (>1%) — 06-
pa3suam us Tpybok t0buneinHas (1,21%), MonogocTb
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(1,43%), KpacHonpecHeHckasa (1,51%), Komcomonb-
ckas (1,95%), 3aps (1,64%), BocTtok (1,36%), 6onee HK3-
Kaa — anMaszam 13 Kumbepnuto HakblHCKOro noss
(<0,5%), UTO LOCTAaTOYHO XOPOLUO CornacyeTca C pe-
3ynbTatamu pabotbl [10].

Cpean crHreHeTUYeCKnx BKIIOYEHU Hanbonee
pacnpocTpaHeHbl OIBUH 1 XPOMLUMMHENNA, NPUYEM
nepBbIi HECKONBbKO Npeobnagaet (puc. 4, 5). Vi3yueH-
Hble KUMOEPSINTOBbIE TPYOKN MOXKHO pa3fennTb Ha
[iBa TMMa B 3aBNCMMOCTM OT COAEPKaHNA BKITIOUEHNI
ONMBUHOB B anmasax: >0,8% (30 net Anxany, 3aps,
KpacHonpecHeHckasn, O3épHasn, Yykykckas, Boctok,
Komcomonbckana, Monogoctb) n <0,8% (Anxan, Pa-
anoBonHoBas, CbiTbikaHCKas, boTyobuHckas, l06u-
nenHas, Hiop6burHckas). Hanbonbluaa yactoTa BCTpe-
YaemMoCTV BKJIIOUYEHUIA ONMBUHA BbisiB/IeHa B TpybOKe
Yykykckas (1,46%), HaumeHbLwas — B Tpybkax CbITbl-
KaHckas (0,16%), HiopbuHckas (0,13%) n botyoburHckan
(0,04%). bonblue BCEro BKAYEHNN XPOMUTA B afiMa-
3ax B Tpybkax Komcomonbckasn (0,63%) n Pagnoson-
HoBas (0,48%), B ocTanbHbIxX — <0,3%, NpenMyLLecTBeH-
Ho <0,1%.

AHanu3 TBEpPAbIX BKOUYEHUI B afiMa3ax No3Bo-
NN onpeaennTb AOM0 KPUCTANIOB C BKIOYEHUAMMN
YNbTPAOCHOBHOW 1 3KNOrMTOBON accoumaumi. lNpe-
0651ajaloT anmasbl C BKIIOYEHMAMYN YNBTPAOCHOBHOM
accoumauymm (P-tun), Ha gonto sknorutoson (E-tun)

1,5
Yactota BcTpedaemocTn, %

2

Puc. 3. YACTOTA BCTPEYAEMOCTU CUHTEHETUYECKNX BKITIOYEHUI B AIMA3AX 113 KUMBEPTUTOBBIX TPYBOK HAKbIHCKOIO
W AJTAKUT-MAPXUHCKOTO NOJTEN (B ckobKax — npeaCTaBUTENbHOCTb BbIGOPKH):

1 - HiopbuHckan (26 572); 2 - botyobuHckas (16 483); 3 — KO6unenHas (9971); 4 - Yykykckas (137); 5 - CoiTbikaHcKas (3809);
6 — CoboneBa (393); 7 — PagnoBonHoBas (825); 8 — O3épHasn (807); 9 — MonogocTb (1744); 10 — KpacHonpecHeHcKasn (2999);
11 — Komcomonbckas (8310); 12 — 3apa (2497); 13 — BocTok (804); 14 — Ainxan (2961); 15 — 30 net Anxany (122)
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1‘2% Puc. 4. YACTOTA BCTPEYAEMOCTW CUHTEHETH-

] YECKUX BKIOYEHUI B AIMA3AX U3 BbICOKO-
] W CPELHENPOLYKTUBHBIX KUMBEPJIUTOBBIX
0.8 W7 E2 W3 "4 W5 N6 m7 W8 TPYBOK HAKbIHCKOrO 1 AJTAKUT-MAPXWUHCKOIO
] MONEN (B cko6Kax — YMCIO M3yueHHbIX ANIMa30B):

047 1 - Aixan (2961); 2— 3aps (2497); 3 - Komcomonb-
1 ckana (8310); 4 - KpacHonpecHeHcKkana (2999);
] 5 - CbiTblkaHcKas (3809); 6 — lO6unenHas (9971);
0- - N - N .:- = = E—':'—'-—m-'- 7 — boTyobuHckan (16 483); 8 — HiopbuHckan
é % g; % g. % % S ‘E" (26 572)
5 & ¢ & § & g <2 ¢
s B © 3
£S5 5
% Puc. 5. YACTOTA BCTPEYAEMOCTW CUHTEHETW-
1,6 1 -
] YECKWUX BKJTIOYEHWI B AJIMA3AX W3 HU3KO-
1,25 BT E2E3 W4 W5 W6 W7 MPOAYKTUBHbIX KWMBEPJIUTOBbIX TPYBOK
] ANAKUT-MAPXWHCKOTO NMONA (B ckobkax — umnc-
08 110 U3y4eHHbIX 21Ma30B):
0,45 1 - 30 net Anxany (122); 2 - BocTok (804); 3 -
] MonopgocTb (1744); 4 — O3épHas (807); 5 — Pa-
] I . 1 AnoBonHoBas (825); 6 - Cobonesa (393); 7 - Yy-
5 e 5 & 5 5 & @ g Kkwea(3)
s § S § £ & 8 & &
o x X t = s +
- © 3
R 5
1
2
3
4
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6
7
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12
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15
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B P-tun M E-Tun

Puc. 6. ON1A KPUCTAIIOB AJIMA30B C BKNIOYEHUAMM YNIbTPAOCHOBHON (P-Tun) ¥ SKNOTUTOBOM (E-un) ACCOLIMALINI B
AJIMA3AX U3 KUMBEPTIUTOBBIX TPYBOK HAKbIHCKOTO A AAKUT-MAPXUHCKOIO NONER:

Ha3BaHVsA KUMBEPNTOBbLIX TPYBOK 1 MPEACTaBUTENIbHOCTb BbIBOPKY CM. pUC. 3

81



npuxoauntcs <50% (puc. 6). Ha poHe npeobnagaHna
afiMa3oB NepUOTUTOBOrO reHe3rca MOXHO BblAeNnTb
TPYO6KM C OTHOCUTENIbHO MOBbILEHHOWN AoJel anma-
30B C BK/IOYEHUAMN 3KNOrmToBom accoupmauun: O3ép-
Has (41%), Yykykckas (25%), botyobuHckas (20%), Pa-
anosornHoBas (14%) (cm. puc. 6), UTo, BEPOATHO, CBU-
LeTenbCTBYeT O CBOeOobpasunn cpefbl, TepMoanHaMu-
YyecKkuX 1 reoXMMNYECKUX yCnoBuii 06pa3oBaHms.

MNpoBeaéHHbIe aBTOPaMK MHCTPYMEHTalbHbIE NC-
CcnefoBaHUA NO AMAFHOCTMKE MUHEPANbHbIX BKIOYe-
HWUI B anmasax ana KumoepnnToBbix TPYO6OK B 60s1b-
LUMHCTBE CllyyYaeB NOATBEPANSIA COOTHOLLUEHUE SKII0-
rMTOBOM 1 NepuaoTUTOBOM accolmaumnii. Takxke nog-
TBEPAMIOCh 3aMeTHOE OTAInYMeE anmMa3oB HaKbIHCKOro
KNMOepnMTOBOro Mons, rae Ha NopAAoK Bbille CO-
LepXaHue KpUCTanioB C BKIIOYEHUAMN OCHOBHOIO
COCTaBa B CpaBHeHUM C TakoBbiMU 13 AnakuTt-Map-
XWHCKOTO Nond, 3a UckoyeHnem Tpy6ok O3épHas,
PagnoBonHoBasa n YykyKckas, rae sKnorutosbix ~41,
14 n 25% cootBeTcTBeHHO [10]. Mo gaHHbIM 2.C.Edu-
moBson n gp. [8], H.H.3nHuyka n gp. [10], gona cunHre-
HETNYECKNX BKJIIOUYEHUI SKJTIOTMTOBOW accouuvaumnun
cocTaBfAeT Ana anmasoB 13 Tpybok boTyobuHckas
20-30%, HiopbuHckas po 20%, Anxan — He BCTpe-
yeHbl, CbiTblKaHcKaAa He 6onee 0,3%, O6unenHan
~0,6%, Komcomonbckasa 5%, uTo B LileIOM yKasblBaeT
Ha CONOCTaBMMOCTb 3TUX AaHHbIX C pe3y/ibTaTaMu Ha-
wen paboTbl C NpuMeHeHnem metoaa KP-cnekTpo-
cKonuu.

BknoyeHnsa B anmasax Tpyoku boTyobrHckas ae-
TaNbHO U3yyeHbl aBTopamu paboTbl [11]. mn ycTa-
HOBJIEHO, YTO COOTHOLUEHME afIMa30B C BKJIOYEHUSA-
MU YNIbTPAOCHOBHOIO M OCHOBHOIO MapareHe3ncos
coctasnaeT ~3:1. DT faHHbIe He NPOTUBOpeYar no-
NYyYeHHbIM HaMW pe3ynbTatam Ana Tpyokn boTyobuH-
CKasd, rage [ona anmas3oB 3KJIOMMTOBOWM accouuvaymm
~20%.

CTpyKTypHble npumecn B anmasax. [lepekTHo-
NPUMECHBI COCTaB U pa3Hoobpasme mopdonornye-
CKMX GOpM aiMa3oB B 6OJIbLIOW CTENEHN onpegene-
Hbl ycroBmAMM o6pa3oBaHmA (TemnepaTtypa, AaBne-
HVe, COCTaB cpeabl Kpuctannusauuu) [4, 13, 14, 21].
CTpyKkTypHasa npumMecb a3oTa B aiMa3ax 4acTo 1C-
Nosib3yeTcA Kak OAUH 13 TUNOMOPGHbIX NMPU3HAKOB
npu NPOrHO3HO-MOVCKOBbIX paboTax [3, 18], Hapsay
¢ mopdonorven, BKIOYEHNAMM U N3OTOMHLIM COCTa-
BOM. BmecTe ¢ Tem, cogeprkaHme a3oTa 1 CTeneHb ero
arperaumy B afiMasax HecyT B cebe reHeTmyecKyio
nHpopmauuio o6 ycnosusix obpasoBaHuUs aniMasa, Bbl-
CTynas reotepMmomeTpom [22, 23, 32].
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O meToamuecKux nogxogax no UccnefoBaHuIo Mno-
rnoLleHna anmasoB B MHdpaKpacHom obnacti n npu-
MEHEHNN MOJIyUYeHHbIX XapaKTepUCTUK B KayecTse
WHCTPYMEHTa Npu MUHEpPanornyeckom panoHnpoBa-
HUW 13BEeCTHO fAaBHo [3, 19]. Tak, no pacnpegeneHuo
CTPYKTYPHOW nNpuMecn a3oTa 1 Bogopopga K. XauaT-
pAH BblgensaeT WecTb TUMOB NONynALMA anmasa. B
OAHOWN TPy6Ke OObIYHO MOXKHO BbIAENUTb FMaBHYHO
nonynAuMIO aiMa3oB, pexe — ABe, OfAHa U3 KOTOPbIX
6yneT HaxoAuTbCA B MOAYMHEHHOM MosioxeHun [19,
25]. [lo MHeHuI0 aBTOPOB, B 3aBUCMMOCTU OT Temne-
paTypbl 1 COOTBETCTBYOLEN el ryOrHbI anmMa3o06-
pa30BaHMA N3MEHAITCA cofepXKaHue 1 cTeneHb ar-
perauuu asorta. [pegnoxeHHaa meToAmMKa NPorHosa
N NONCKA KOPEHHbIX MEeCTOPOXAEHUI aiMa3a, OCHO-
BaHHasA Ha ero TMNoMop®HbIX NpU3HaKax (Tnn nony-
nAaumn, cogepxaHne a3oTa, Bogopoga 1 1.4.) [18], no-
3BonAeT naeHTMoUUMPOBaTb anmasbl U3 poccbinei
N KOPEHHbIX UCTOYHMKOB U CPaBHMUBATb UX MeXxAy
co6o/i. Mpr3HaKoMm eLLé He BbIIBIEHHONO KOPEeHHO-
ro MCTOYHUKA MOXeT ObITb pasnunume B TUNOMOP-
br3me anma3oB M3BECTHOrO KOPEHHOro MCTOYHMKA
C pOCChINHbIM NMposBneHnem. OgHO 13 OrpaHUYeHNin
npegnoxeHHon K. XauyaTpAH MeTogmKkm — OTCyTCTBME
anpob6auunun npeacTaBaeHHbIX Mofenel Ha peasbHbIX
a/IMa3OHOCHbIX POCCINAX.

MNpenbiaywne nccnegosBateny NOCTYUPYIOT YHN-
KanbHOCTb BbIOOPOK afiMa3zoB KOHKPETHOIO MeCTo-
poXaeHuA no Habopy a3oTHbIX U BOAOPOAHbIX Ae-
dekTOoB. bonbLIOe BHUMaHME yaeneHo anmasam Bbl-
COKOMPOAYKTUBHbIX U CpefHenpoayKTUBHbIX TeJl, HO
Masio ocBellyeHbl TUMOMOpPdHblIe 0CO6EHHOCTUN anMa-
30B U3 cnabonpofyKTMBHbIX TPY60K HaKblHCKOro u
Anaknt-MapxmHCKoro nonei.

Ona kumbepnutoBbix Ten AnakmT-MapXuHCKoro
nosiA XapakTepHbl ariMasbl C MOHUXeHHbIM (~100 at.
ppm) copepxaHneM CTPYKTYPHOW npumecu asoTa
N;o=Na+Njg, BbicOKa fonsa «6€3a30THbIX» KPUCTanIoB
(<25 at. ppm) (puc. 7 a, 6). Anmasbl Kaxxgon 13 Tpy-
60K MMEIOT JOCTaTOUYHO B6NU3KMe cofepKaHNA a3oTa,
npv 3TOM cnegyeT OTMETUTb HEOOMbLLYIO AOMIO aniMa-
30B C MOBbIWEHHbIM cofepxaHnem (>800 at. ppm) u3
Tpy6oK Yykykckasn, O3épHas, UTo XOpoLlo cornacyet-
cA c bonbluel fonel BKNIOYEHUN 3KNOrMToBOM acco-
umauum, onpefenéHHon ana Hux (cm. puc. 6). Anma-
3bl TPY6OK HiopbuHcKkasa n boTyobuHckas pesko otnu-
YaloTCA NO COAEPMKaHMIO N CTeNeHn arperaumm a3o-
Ta OT TakoBbIX AnaknT-MapxmnHckoro nons (Tabnuua;
CM. puc. 7). InAa HMX XapaKTepHbl CpegHue copep-
»KaHuA npumecy asoTta (400-800 at. ppm) 1 oTHOCK-
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Puc. 7. PACNPEQIENEHUE ANIMA30B W3 KUMBEPTIUTOB HAKbIHCKOrO W ATAKUT-MAPXUHCKOTO MONEM M0 COAEPMAHMIO
CTPYKTYPHOM NMPUMECH (g, 6) U CTEMEHW ATPETALIUM (8, 2) A30TA (B Cko6Kax — YACIO M3YUEHHDIX ANIMA30B):

1 -3apA (1786); 2 — KpacHonpecHeHcKan (1269); 3 — CoiTbikaHCKanA (964); 4 — boTyobuHckas (1436); 5 — HiopbuHckas (2301);
6 — Alixan (802); 7 — Komcomonbckas (453); 8 — KO6uneinHas (1724); 9 - 30 net Ainxany (58); 10 - BocTok (378); 11 — O3épHan
(279); 12 - MonopocTb (430); 13 - PagnoBonHoBas (531); 74 — Cobonesa (270); 15 - Yykykckasn (135); 16 - OguHuoBa (158)

TenbHO HM3Kaa (20-30%) cTeneHb ero arperauymn
B=N;-100%/(Na+Np).

Ha ocHOBaHMM NoAyYeHHbIX CTaTUCTUYECKMX Pac-
npeaeneHnii anMasos Mo obLlemy COAepKaHmIo CTPYK-
TYPHOW NpUMeCH a3oTa 1 CTENEHW ero arperayum (Cm.
puvC. 7), a TakXKe C YY4ETOM YCPeAHEHHbIX JAaHHbIX (CM.
Tabnuuy) BbligeneHbl Tpu rpynnbl: «6e3a3oTHbley (N,
<25 ppm), «manoa3oTHble» (<300 ppm) u «cpefHe-
a30THble» (300-600 ppm). Ans Tpy6oK co cpeaHei
N BbICOKOW afiMa3oHOCHOCTbo (HiopbuHckas, boTty-
o6uHcKas, Anxan, CblTbiKaHCKasa, KomcomonbcKas,
KpacHonpecHeHckas, K0buneliHan, 3aps) gona «6es-
a30THbIX» afIMa3oB B BbIOOpKe cocTaBnsAeT <13%, a anA
HekoTopbIX fake <10%, ana yboroanmMasoHOCHbIX
(30 net Ainxany, Boctok, O3épHas, OguHuoBa, Mosno-

noctb, PagnosonHoBas, CoboneBa, Yykykckas) — >13%
(cm. puc. 7). B BbibopKax U3yyYeHHbIX aiMa3oB B 3aBU-
CMMOCTM OT CTeMNeHn arperaumm a3oTa ycTaHaB/1Ba-
0TCA Tak)Ke TpWU rpynnbl anmasoB (CM. puc. 7 g, 2):
B=25-45, B=55-75, B=85-100%. OTUYéTNnBO BUAHO,
yTo ANA TPYOOK CO CpefHel N BbICOKOW aiMa3sOHOC-
HOCTbIO XapaKTePEH OAVH LWNPOKNIA MaKCUMYM B pac-
npepeneHnn anmasoB Mo CTeneHu arperaumm asoTa
(20-60%), B TO Bpems Kak ana Tpybok ¢ HU3Kon an-
Ma3OHOCHOCTbIO B pacrnpeneneHnn GuKCUpyoTcs Tpu
MOfbI, UTO, MOXET OblTb, 00YCNIOBIEHO MHOXECTBEH-
HOCTbIO FEOXUMUYECKUX 1 PT-yCnoBUin 06pa3oBaHms,
a TakXe MOCTKPUCTaIN3aLNOHHBbIM OTXUIOM asnima-
30B. OTMeTMM Tak»e, UTO CyMMapHasA J0/A ajima3oB
CO CTeneHblo arperauuu asota ~25 n 45% Ana Bbl-
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YCPEZHEHHBIE COEPXAHNA AEOEKTOB B AIMA3AX W3 KMMBEPTIUTOB HAKBIHCKOIO 1 ATIAKUT-MAPXUHCKOTO MOJE/

O6beKTbI Yucno, wr. N:or at. ppm
30 net Anxany 58 281,8
Anxan 802 360,0
Boctok 378 263,2
3aps 1786 384,3
Komcomonbckas 453 387,8
KpacHonpecHeHcKas 1269 303,8
Monopgoctb 430 415,3
O3épHan 279 302,5
PagnoBonHoBas 531 375,8
Cobonesa 270 366,0
CbITbIKaHCKasA 964 318,0
YyKyKckas 135 293,6
lO6bunenHasn 1724 422,5
Hiop6urHcKasn 2301 583,5
BoTyobuHcKas 1436 405,3

B, % B2, cm™ Vg, CM™ H, cm?
329 2,3 1365,7 1,5
374 49 1364 1,3
57,4 4,0 1364,1 2,0
40,6 54 1372,1 1,5
40,9 5,8 1365,2 1,5
42,0 5,0 1364,2 1,2
54,1 74 1367,9 1.7
43,0 4,4 1363,7 1,9
54,0 6,1 1364,9 2,0
53,7 6,4 1364,2 1,9
339 4,2 1363,7 1,5
451 49 1363,3 1,6
40,4 5,2 1365,9 1,2
31,7 5,9 13674 2,4
23,5 3,0 1365,9 1,3

Mpumeuanune. H - koapdruymeHT nornoweHns H-ueHtpa (3107 cm™).

COKO- U CpefHeanIMa3oHOCHbIX TPYOOK MpeBbiWaeT
35% oT BbIOOPKM, AN1A HU3KOAIMAa3OHOCHbIX JaHHbIN
nokasaTtenb <35%.

Cpean HM3KOaNMa3oHOCHbIX TpyboK Hanbonee
6nM3KNe 3HaUEeHWsA, XapaKTepHble AN BblCOKOAMa-
30HOCHbIX TPYOOK, MMET anmMasbl 13 ClieayLmx
KMMOEPNUTOBbIX TeN: Mo Aaone «6e3a30THbIX» KPUc-
Tannos - PaguoBonHoBgas (13,9%), MonopocTb (13,7%);
no CyMMapHOW Jofe afiMa3oB CO CTeMNeHblo arpera-
umm asota 25 n 45% - OpuHuoBa (32,3%), O3épHas
(34,4%). OgHako MONHOrO COOTBETCTBUA YKa3aHHbIX
[BYX NMapameTpoB MPOMbILAEHHOMY COAepPKaHWUIo
Cpeam HM3KoaIMa3oHOCHbIX TPYOOK He BbisiBieHo. He
NCKIIOYeHa BO3MOXXHOCTb MPOBEAEHNA Ha AAHHbIX
Tpy6Kax KpynHoo6bEMHOro onpoboBaHmA AnsA nosny-
YeHUA NpeacTaBUTEIbHOW NapTuX afiMa3oB.

«be3a30THbIMW» MPUHATO CUMTATb aJiIMa3bl C KOH-
ueHTpaymen N <20 ppm [28]. B Hawwunx nccnegoBaHu-
Aax K Tuny lla no pusnyeckon knaccupukaumm anmasa
[13] oTHeceHbI KprcTansbl C KOHLEeHTpauumen <25 ppm.
Ha cerogHAWHWI eHb He cylecTByeT KOPPEKTHOMN
rmnoTesbl obpa3oBaHmA «6e3a3oTHbIX» (Trn lla) anma-
30B. OCTaloTCA OTKPbITLIMU BOMPOCbI O MEXaHN3Me U
YCNOBMAX POCTa TaKUX YHUKaNbHbIX NMPUPOAHbIX KPUC-
Tanno.. B paboTax no BbipallyBaHNIO NCKYCCTBEHHbIX
Kpuctannos Tuna lla yacTo ncnonb3ytoT reTTepbl a3o-
Ta, Hanpumep Ti [31]. CuntaeTcsa, UTO Takmne xMMmmnye-
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CKMe anemeHTbl, Kak Ti, CBA3bIBAIOT a30T B HATPUADI.
M3yuyeHne B3aMMOCBA3N aniMasOHOCHOCTA MECTOPOXK-
OEeHUI C KonnyecTBom B KuMbepnutax TiO, nokasa-
110, YTO MPW YBENMYEeHUN KoHLeHTpauum Ti cogepxa-
HUe anMa3oB B MeCTOPOXAEHUN yMeHbluaeTca [6]. B
pe3ynbraTe BbIMOSIHEHHbIX HAMW ONTUKO-CNEKTPOCKO-
MMYeCcKMX NCCNefoBaHN anMasoB 13 TpyOoK AnakuT-
MapxnHckoro n HakbIHCKOro nonen BbifiBeHa Kop-
penAauua mMexpay copepxaHuem B BblbopKax «6es-
A30THbIX» afIMa30B, NPY YBENNYEHUM [OIN KOTOPbIX
cofleprkaHue anmasoB B Tpybke cHuaeTca. MNpepano-
NOXKNTENIbHO, MOXHO FOBOPUTb HEe TOJIbKO 06 OTpu-
LLaTenbHOW 3aBUCMOCTW KoHLeHTpauuu Ti n anmaso-
HOCHOCTN MeCTOPOXAeHNA, HO 1 06 06paTHO 3aBK-
CUMOCTU coiepaHnsa «6e3a30THbIX» KPUCTaIoB U
NPOAYKTUBHOCTM KUMOepnuToBbix Ten Anakut-Map-
XWHCKOTO MonA.

Takmm obpa3om, B GONbLINMHCTBE HU3KOMPOAYK-
TUBHbIX KMMbepnutoB AnakuT-MapXxuMHCKoro nons
NoBbllleHa [ONA a/IMa3oB C BKIIOYEHUAMM SKIIOMU-
TOBOrO MapareHesnca, «6e3a3oTHbIX» KPUCTANIOB U
MOHUKEHO COfieprKaHVe asiMa3oB CO CTEMeHbIo arpe-
rauum asota ~25 n 45%.

Asmopel sbipaxarom 61a200apHOCMb peyeH3eH-
my 3a yeHHble Kpumu4eckue 3aMe4aHus u KOHCMpYK-
musHble npedsioxeHus, cnocobcmaosasiuue yny4ule-
HUt0 cmameu.
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STRUCTURAL DEFECTS AND MINERAL INCLUSIONS IN DIAMONDS
FROM NAKYN AND ALAKIT-MARKHIN FIELD KIMBERLITE PIPES BASED
ON RAMAN AND IR SPECTROSCOPY DATA

L.D.Bardukhinov'?, Z.V.Spetsius’, A.N.Lipashova'
('Research Geological Enterprise (RGE) JSC ALROSA (PJSC), Mirny; 2Geological Institute
SB RAS, Ulan-Ude)

Diamonds from Nakyn and Alakit-Markhin field kimberlite pipes (Yakutian diamondiferous province) were stu-
died using IR spectroscopy method. It is shown that these diamonds greatly vary in typomorphic features (N content
and degree of aggregation). Relations of nitrogen structural admixture content in diamonds from Alakit-Markhin field
kimberlites and diamond potential of deposits were found. Phase composition of mineral inclusions was deter-
mined using Raman scattering method avoiding diamond destruction which allowed to identify eclogite and peri-
dotite association relationship for every kimberlite pipe.

Keywords: diamonds, inclusions, kimberlite, Raman spectroscopy, IR spectroscopy.
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