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Vickoriaembie KOCTM MUOII€H-TOJIONeHOBBIX BepoaioaoB Espasun (Poccus):
MMHEPAJIOro-reoXMMuyeckye CBOMCTBa U 3KOJIOTrNYeCKre peKOHCTPYKIUU
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C ncnonb3oBaHMEM LUIMPOKOTrO KOMMIEKCA MUHEPANOr0-re0XMMUYECKMX U M30TOMHO-Te0OXMMUYECKUX METOAO0B MCCNeA0BaHa
YHMKanbHas cepusi Npob KOCTHbIX OCTAaTKOB MCKOMaeMbIX BepbatoaoBs, 0TOOpaHHbIX U3 MECTOHAXOXAEHUI Ha TeppuTopumn EBpasum ot
CeBepo-3anasHoro MpuyepHoMopbs [0 3anafHoro 3abaikanbs U MOHronum, LaTMPOBAHHbIX B XPOHONOMMYECKOM iMana3oHe OT NO34HEro
MuovueHa (6 MaH n.) ao XIV Beka H. 3. [lonyyeHHble pe3ynbTaTthl YKa3biBaOT HA MMHEPANOro-reOXMMmUYecKne CBOMCTBA MCKOMAEMbIX KOCTEN
Kak Ha BecbMa 3((HEKTUBHbIVM CNOCOD IKONOrO-KNMMATUYECKMX PEKOHCTPYKLMIA U pacilundpoBKM UCTOPUM IBOHOLUM MIEKOMUTAOLLMX.

KnioueBble cnoBa: uckonaemoie 66p6ﬂl00bl, EBPG.?U}?, MUHepano20-2eoxumuyeckue cgolicmea Kocmel, 3K0/02U4eCKUe peKoHCMpPyKUuUU.

Fossil bones of the Miocene-Holocene camels of Eurasia (Russia):
mineralogical and geochemical properties and ecological reconstructions

V. L. Silaev!, V. V. Titov23, A. S. Tesakov4, V. N. Filippovl, E. V. Vasilievs, 1. V. Smoleval,
D. V. Kiseleva‘, A. F. Khazov!, B. A. Makeevl,T. G. Okuneva®, N. G. Soloshenko®
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Using a wide complex of mineralogical-geochemical and isotope-geochemical methods we studied, a unique series of sam-
ples of fossil camels’ bone remains taken from Eurasian localities from the northwestern Black Sea region to western Transbaikalia
and Mongolia, dated in the chronological range from the Late Miocene (6 Ma) until the 14th century AD. The obtained results indi-
cated the mineralogical and geochemical properties of fossil bones as very effective way of ecological and climatic reconstructions
and interpretation of the evolutionary history of mammals.

Keywords: fossil camels, Eurasia, mineralogical and geochemical properties of bones, ecological reconstructions.

Iocssujaemcst MexcdynapooHnomy 20dy eep6ntodosvix (2024)

BBepneHue

CoBpeMeHHbIe BepOIIIOfibI SIBJISIIOTCS OOUTATEISIMU
KpaliHe apuAHbIX YUIOBUIA. Biiaromapsi STomy Ipu najieo-
PEKOHCTPYKIMSIX HAIM4yie KAKOr0-I1b0 TaKCOHA MO30JIe-
HOTMX B MCKOTaeMbIx (payHax EBpas3nuu HeKOTOpbIe mccie-
JIOBaTeIy UCIIOAb3YIOT B KaueCTBe TIoKa3aTesisl KpaliHe 3a-
CYLIUTMBBIX JaH/adToB. Bepotobl TakKe SBISIOTCS BaX-
HBIMM MHIMKATOpaMM maneoreorpa@uyeckux coObITHUI
Ha TeppuTopuy EBpasuy — MeXKOHTMHEHTATbHBIX (ay-

HUCTMYECKMX 0OMEHOB, apuau3auyu JaHamadTos B cpex-
HeM U I03JHeM IUIelicToleHe.

[TpoHnKHOBeHMe TpezcTaBuTeneii ceM. Camelidae Ha
TeppuTopuio EBpasuy mpoun3onuio B N034HEM MUOLeHe
(meccuumii/monTt; MN 13) okono 6—5.5 MJTH J1. H., KOTAA
B pe3y/ibTaTe MepBOT0 3aMeTHOTO MOXOJ0AaHUs B TIpe/l-
IBepuM IieiicTolieHa MPOMU30III0 NaJeHne YPOBHS
Muposoro okeaHa. Ilociie TpOHUKHOBEeHMUSI Uyepes
BepeHruiickuit MOCT BepOJIIObl, OTHECEHHbBIE K POIY

Lns uutupoBanua: Cunaes B. W., Tutos B. B., Tecakos A. C., ®ununnos B. H., Bacunees E. B., CMonesa W. B., lWaHuHa C. H., Kucenesa M. B., Xazos A. @.,
Makees b.A., ConoweHko H.T., OkyHeBa T.[. Mickonaemble KOCTM MUOLIEH-TONOLLEHOBbIX Bepbntoaos EBpasum (Poccus): MMHEpanoro-reoxuMmuyeckme CBOMCTBa
1 3KONOrNYeckne pekoHCTpyKLmMK // BectHuk reornayk. 2023.9(345). C. 3—32.DO0I: 10.19110/geov.2023.9.1
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Paracamelus, iMpoKo pacipoCTPaHMINCh 110 BCeit Teppu-
topun Ctaporo CBeTa: MX KOCTHbIE OCTATKM B COCTaBe TUII-
MapMOHOBBIX (payH M3BecTHbI 0T CpemHeit Asuu no Vcrmanum
(AnekceeBa, 1974; AybekepoBa, 1974; Made, Morales, 1999;
Martini, Geraads, 2018; Titov, Logvinenko, 2006; Titov,
2008a; Liu et al., 2023). Ha maHHbBIII MOMEHT OITMCAHO IBa
TaKCOHA MO3JTHEMIOILIEHOBBIX BepOIoioB: P. aguirrei
Morales, 1984 u P. giui Liu, Hou, Zhang, 2023.

B minonieHe Bep6itoasl pona Paracamelus akTUBHO
aIAMTMPOBAINCH K 0COGEHHOCTSIM CYIIeCTBOBaHMS Ha pa3-
JIMYHBIX TeppuTopusix EBpasun u AGpuku, 1aB HauajaIo
LeyoMy psiny BuIoB. B uactHoctu, B CeBepHOM U FOskHOM
IMpuuepHOMOpbe, [IprasoBbe O6bLT 00bIYHBIM P. alexejevi
Havesson, 1950 (XaBecoH, 1954; CBuctyH, 1971). I3BeCcTHbI
takke P. praebactrianus Orlov, 1927, P. longipes (Aubekerova,
1974), obHapyskeHHbIe B pa3HbIX yacTsax CpemHeit A3um,
u P. sp. B CeBepHoii Appuxke (Orlov, 1929, 1930; XaBecoH,
1954; AnekceeBa, 1974; Likius et al., 2003). Ha Teppuro-
pyn Uuaum u3 dopmaryy [TMHXOP BEPXHErO CUBAIMKA
onmcal «Camelus» sivalensis Falconer & Cautley, 1836, ko-
TOPBIiT, CKOpEee BCEro, TOXKE SIBJISIeTCS ITPe/ICTaBUTEeIeM PO-
na Paracamelus.

B Hauvase nueticmoyena (renasuii, MNQ 17—18) Ha
Tepputopuu [IpruepHOMOpPbS GbIIM AOCTATOYHO OOBIY-
HbIMU P. alutensis Stefanescu, 1895, sBasiBIINeCs M3MeJib-
yaBIIMMMU ITOTOMKaMu P. alexejevi. I3 paHHero IIeiCTO-
ueHa TamKuKucTaHa onucad P. trofimovi Sharapov, 1986.
IIpu 3TOM LOCTATOYHO WIMPOKO B Ipenenax EBpa3un Ha
TIPOTSDKEHMM PAHHETO TUIelCTOlleHa OT TeppuTopuu Kurtas
10 CeBepHoro ITpruepHOMOPbS 6bIT PacIpoCTpaHéH P. gi-
gas Schlosser, 1903.

Hauano cpenHero rieiicToueHa Ha TeppUTOPUNA
CeBepHoii EBpa3uu xapakTepr30BajioCh 3HAUUTEIbHbIMU
NaHamadTHRIMU U PACTUTETbHBIMY IIEPeCTPOiiKaMu. B 3T0
BpeMsI IMPOKOe pPacIipoOCTpaHeHNe MOMy4YaloT CTeHbIe
MIPOCTPAHCTBA, MPUIIEIIVE Ha CMEHY CaBaHHOITOIOOHbIX
JIecOCTeImHbIX JlaHAmadToB. [IpeamonaraeTcs, 4To B 3TO
BpeMs 3[1eCh IOBCEMECTHO BbIMUPAIOT MPeCTaBUTENN
p. Paracamelus, v TOTbKO B KOHIIE CpeIHETO IieiicTole-
Ha B Asuu u BocTouHoii EBporie CTaHOBSITCS OOBIUHBIMU
BepOioaet pona Camelus. CaMbIM M3BECTHBIM ITpeACTa-
BUTeeM 3Toro pona B EBpasumu sBnsetcs C. knoblochi
Nehring, 1901, apean pacripocTpaHeHUsI KOTOPOTO IMPO-
ctupascs ot CeBepo-Bocrounoro Kutast u 3a6aitkanbs 10
Asosckoro mopst (Titov, 2008;; Liu et al., 2023), a Bpems
CyII[eCTBOBAaHMSI OXBAThIBAJIO ITEPUO, OT KOHIIA CpegHETO
II0 Hayvasia ro3gHero rieiicrouena (MIS 9-5).

B nepmop nocienHero oneneHeHus Bepoiog Kaobmoxa
B CeBepHOIi EBpa3uu cMeHM/ICS Ha ABYrop6boro BepoIIio-
na C. ferus Przewalski, 1878 (= C. bactrianus L., 1758).
3amnazHas TpaHuIla pacipoCTPaHEHUs AUKUX ABYTOPObIX
BepOiionoB C. ferus B MO3IHEM IIJIEICTOLIEHE, 10 MMEI0-
IMMCS Ha JaHHbII MOMEHT JaHHBIM, pacliojiaraaach
B IToBo/mkbe (TutoB, lonoBauées, 2020). B 6oee 3amaHbie
PpaiioHbI Ha TeppUTOPUIO BocTOuHO EBpOITBI BEpO/TIOAbI
ot yske B omoManrHeHHoM Buge C. bactrianus c xapa-
BaHamu u3 CpenHeit Asun HaumHas ¢ V—III BB. 10 H.3.
(Turos, 2009; Titov, 2011). He ucK/I04eHO, YTO IIPOKMBA-
HM€e COBPeMEeHHbIX BepOIION0B B 00/1aCTSIX C apUIHBIM
KJIMMAaTOM SIBJISIETCS PE3Y/IbTaTOM UX BhITECHEHUS U3 60-
Jiee KoM(GOPTHBIX 10 KIMMATY ¥ KOPMOBO#1 6a3e ob6macTeii
6051ee MHOTOUMCIEHHBIMM ¥ KOHKYPEHTOCITOCOOHBIMU BU -
Iamu KombITHBIX (Titov, 2008). CunTtaeTcst, UTO MCKoOIIae-
Mble eBpa3uiickyie BepOoIbl 0OMTaIN He CTOJBKO B yC-
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JIOBMSIX 3aCYIUIMBBIX JJAHAIIA(TOB — IMOTYITYCThIHD U ITy-
CTBIHb, CKOJIBKO B YCIOBUSIX CaBaHH, CTEIIeii 1 jiecocTeneii
(Titov, Logvinenko, 2006).

HeckobKo MHAaUe MpoXoauia SBOTIOLMSI MO30JIEHO-
rux B [lepenueit A3un u Adppuke. Yke B KOHIIe TTAOLIE-
Ha — HayvaJle TuieiictorieHa B Adpuike, Cyas 1o BceMy, Io-
SIBJISTIOTCS TIpeAcTaBuTeny popa Camelus, 6a3aabHbIM BM-
oM kotoporo sBisietcs C. grattardi Geraads, 2014 (Geraads,
2014; Geraads et al., 2021). ITocsie MPOHUMKHOBEHMS B A3UIO
ITOTOMKM 3TOTO BM[Ia, BEPOSITHO, ¥ JaJIy HA4ajIo0 JUHUMA,
Beyleli K IOSIBJIEHNIO IBYropObiX BepoonoB C. ferus/
bactrianus (Rowan et al., 2019; Geraads et al., 2021). B koH-
1Ie paHHEro ¥ Havajle CPeIHero IIeiicTOIeHa Ha Teppu-
topun CeBepHoit Adbpuku obuTtan C. thomasi Pomel, 1893,
KOTODBI, CKOpee BCEro, TOKe He SIBJISIeTCS TIPSIMbIM TIpef-
KoM opgHoropb6oro Bepomtona C. dromedarius L., 1758.
Ha nipoTspkeHuu mteiictoiieHa B AQpuKaHo-ApaBuiickoM
pervoHe Iyia akKTYMBHAs 9BOJIIOLMSI MO30JIeHOruX. B yact-
HOCTM, B OTJIOXKEHUSIX TuieficTorieHa Cupuy 06HapyKeHbI
OCTATKM [0 MSITY Pa3HbIX MPeCTaBUTeNel BepOII0a0B
(Martini et al., 2015). EcTb MHEHME, UTO SBOIIOI/IOHHbIE
BETBU OTHOTOPOBIX U IBYTOp6BIX Bepoimomos p. Camelus,
KOTOPBIE TOXKWIN 10 HAIMX IHEN, Pa3OIIMCh B 9BOJIIO-
LIMOHHOM TUIaHE B IPOMEXKYTKe MeXTy 1 1 2 MJIH JIeT Ha-
3ap (Geraads et al., 2020).

HecMoTpst Ha aKTMBHOE MCII0/Ib30BaHMe METoIa pe-
KOHCTPYKIMU YCTIOBUIA CYIIIECTBOBAHMS IPEBHUX KMBOT-
HBIX 10 COIEP>KAHUIO CTAOGUIbHBIX M30TOIMOB B MX KOCTSIX
" 3y6ax, IJis1 BepOiionoB EBpasuy 3Toro He 6bUIO caesna-
HO 10 cuX mop. EcTb uiib cepust paboT, B KOTOPBIX B TOI
WJIM VHOV CTeTIeHM PacCMaTPUBAIOTCSI BOITPOCHI PEKOH-
CTPYKIMY IVEThI CEBePOaMePUKAHCKUX U I0KHOAMEePU -
KaHckux Camelidae c mcIionb30BaHMeM MU30TOITHO-T€OX M-
muueckux maHHbiXx (MacFadden and Cerling, 1996;
MacFadden and Shockey, 1997; Connin et al., 1998; Feranec
and MacFadden, 2000; Feranec, 2003; Kohn et al., 2005;
Ruez, 2005; Feranec and MacFadden, 2006; Hoppe and
Koch, 2006; Vetter, 2007; Higgins and MacFadden, 2009;
Nunez et al., 2010; Domingo et al., 2012; Kohn and McKay,
2012; Pérez-Crespo et al., 2012; Kita et al., 2014; Trayler
et al., 2015). B yacTHOCTM, 6bUIO ITOKA3aHO, YTO JIJIsI HAM-
60Jj1ee pacIpOCTPaHEHHBIX TPEX POLOB IIECTOLIEHOBBIX
aMepMKaHCKUX Bep6mogoBbix Camelops, Hemiauchenia u
Palaeolama 6b1710 XapaKTepHO MUTaHNe oberamMmu mepe-
BbEB U KyCTapHUKOB (browser) uayu cMeliaHHOE MUTaHue
(mixed feeders) (Yann et al., 2016). imetoTcst Takke pe-
3yJIbTAThI M30TOITHBIX MCCIEI0BAHMIA, TTOTYUYeHHbBIE TT0
IMaJii 3y0OB COBPEMEHHbBIX OTHOTOPOBIX BEPOJIIOIOB U
HEKOTOPBIX IIMOIIeICTOIIeHOBbIX BepOiogoB Camelus
Adpuxku (Harris et al., 2010).

OcHOBHag Mpo6/eMa COBPeMeHHOI I1a1eOHTOIOI UM
MCKOIIaeMbIX BEPOII00B EBpasui COCTOUT B MpaKTUUe-
CKY TIOJTHOM OTCYTCTBUM MCCI€NOBAHMIT X KOCTHBIX OCTAT-
KOB MMHEpaJOTr0-re0XMMUUeCKMMM METOIaMu, Y3Ke XO-
POIIIO 3apeKOMEHI0BABIIMMY Ce0ST B TIPUIJIOKEHUY K pas-
HOO0Opa3sHoii (hayHe MJIEKOIIUTAIOIINX, CYIIIeCTBOBABIIEN
B BeCbMa IIMPOKOM XPOHOJIOTMYECKOM Jyaria3oHe (Cuiaes
u np., 2016; Silaev et al., 2017; Cunaes u gp., 2019, 2021,
2022, 2923). O6beKTaMy HAIIMX VCCIETOBAHMIA TIOCTY KM -
JIV1 KOCTHBIe (hparMeHThI BepO/Ii010B, OTOOpaHHbIe B 13 Me-
CTOHAXOkIeHMsIx oT CeBepo-3amnasHoro [IpuuepHOMOpPbST
o 3amagHoro 3abaiikanabs 1 MOHTOIUYM U B XPOHOJIOTH -
YyeCcKOM Jyarna3oHe OT M03JHero MmoleHa (6 MJIH J1.) 10
XIV Beka H. 3. (puc. 1).
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Puc. 1. MecTa HaXOOK KOCTHBIX OCTATKOB BEPO/TIOOB, MICIIONb-
30BaHHbBIX B JAHHOM MCCIeOBAaHUN:

1 — CunsaBckas, 2 — Onmecckue kaTakoM6bI, 3 — Octpas Corka,

4 — Canrad [anaii-Hyp, 5 — JIuBeHII0BKa, 6 — Mopckas, 7 —

Becéno-Bo3sHecenka, 8 — Kypykcait, 9 — TaBpuaa, 10 — [Topymbpeii,

11 — Ymkoit, 12 — HuskHee [ToBomskbe, YepHbiit Sp, 13 — BonHa-1,
14 — Tanauc, 15 — Aszak

Fig. 1. Localities of camels’ bone remains used in this study:

1 — Sinyavskaya, 2 — Odessa catacombs, 3 — Ostraya Sopka, 4 —

Sangan Dalai-Nur, 5 — Liventsovka, 6 — Morskaya, 7 — Veselo-

Voznesenka, 8 — Kuruksay, 9 — Taurida, 10 — Porumbrey, 11 —

Chikoy, 12 — Lower Volga, Cherniy Yar, 13 — Volna-1, 14 — Tanais,
15 — Azak

ToOmOXpOHOIOTMYECKU 3TY KOJIJIEKIMIO MOXHO MO/ -
pas3fennTb Ha IBe cepuu: 1) TOMOJIOTMYECKYI0 — BOCTOU-
HOEBPOIIelicKy0 (MecToHaxoxmeHust 1, 2, 5,6, 7,9, 10, 12,
13—15), cpenHeasnaTcKo-3anagHOCMOUPCKYIO (3, 8) 1 MOH-
rOJI0-BOCTOUHOCUOUPCKYIO (4, 11); 2) XpOHOMOTUYECKYIO —
MMOLIEH-TITMOLIEHOBYIO (MecTOHaxoxkaeHus 1, 10, 13), medt-
CTOLIEHOBYIO (2,4, 5,7—9, 11, 12) u rononieHoBYy10 (3—5, 6).
Takum 06pa3oMm, ucciemyemMast KOJIeKIIVS MICKOTIaeMbIX KO-
CcTeit 0XBaThIBAET OOJBIIYIO YACTh €BPa3UiiCKOTO IIPOCTPaH-
CTBa U IIpaKTUUYeCKy BCe BpeMsl CyIlleCTBOBaHMS Ha HeM
BepOJTIOIOB, BKITIOUAST TPV TOM HECKOJIBKO MEPVOIOB 3Ha-
YUTETbHBIX TPaHCHOPMALINIT 9KOCUCTEM U SKUBOTHBIX CO-
o6iecTB EBpasuu — B KOHIIe MUolieHa (6—5.5 MJTH J1. H.),
B KOHIIe paHHero eictoreHa (0.7—0.8 MJIH /1. H.) ¥ 11031~
Hero 1eiicroueHa (71—11 Teic. 1. H.).

O6beKTbl U MeToAbl UccenoBaHUM

HemnocpencTBeHHBIMY 06bEKTaMY MUCC/IEA0BAHMIA TT0-
cTy>kuav pparmeHTs (21 9K3.) TPyGUATHIX KOCTEN KOHEY-
HOCTe, HVSKHMX YesTiocTeit, pebep (Tabin. 1), Bapbupyio-
IIYX [0 OKpacke OT 6YpbIX U 6ypoBaThIX (6osiee IpeBHIE)
JI0 CBET/IO-CephIX 1 HecliBeTHBIX (puc. 2—4). Pazmeps! dpar-
MEHTOB, [Tpe/ICTaBAeHHbIe )i aHAIN3a, UMeTN HEeCKOb-
KO pasHble pa3Mephbl, BO3pacTalie B HalpaBJIeHU! OT
HauboJjiee IpeBHUX K Haubojiee MOJIOAbIM KOCTSIM (MM):

Ta6nauia 1. PeecTp McciefOBaHHBIX KOCTEl MCKOMAeMbIX €BPasuiiCKUX BepO/II0g0B

Table 1. Register of studied bones of fossil Eurasian camels

06p. TakcoH Yacrp ckenera Bospact MecToHaxoxIeHne
Sample Taxon Sceleton part Age Location
MO30HNUI MUOLIEH (TIOHT)
Bp6-1 Paracamelus MeTaroaus (5.5 muTH J1.) PocToBckas 0671., cT. CUHSIBCKasT
cf. aguirrei metapodium Late Miocene (Pontian) Rostov region, st. Sinyavskaya
(5.5 Ma)
Bp6-2 Paracamelus ananra II TUTMOTIEH (3.5 MJTH JIET) Octpas Corika, p. UpThIiin
praebactrianus phalanx II Pliocene (3.5 Ma) Ostraya Sopka, Irtysh riv.
p muadus Onecckye KaTaKOMOBI
Bp6-3 aracame{us GonbLIe6epLOBOit KocTy | TIAOHEH (3.5 MuH J1eT) KapCTOBbIe BOPOHKMU
P alexejevi trebepr, k Pliocene (3.5 Ma) (kap DOHKM)
tibial diaphysis Odessa catacombs (sinkholes)
MeTarnogust TIMOTIEH (3.5 MJTH JIeT) 3ananHas Mounronus, Canrad_Jlanaii-Hyp
Bp6-4 | Paracamelus sp. metapodium Pliocene (3.5 Ma) Western Mongolia, Sangan_Dalai-Nur
31 Paracamelus cf.| miepemHsist MeTanoaust TIMOLEeH (3.5 MJIH JIeT) Octpas Corika, p. UpThii
: praebactianus | anterior metapodium Pliocene (3.5 Ma) Ostraya Sopka, Irtysh riv.
6 ajeoryieiicToleH (reyia3mii) PocToBckas 0671., HekMHOBCKMit
Paracamelus oML Gepriosas (2.5—2.2 MmutH 5eT) p-H, c. Becéno-BosneceHka
Tur-1 . KOCTb ] . i . N .
alutensis tibia Paleopleistocene (Gelasian) | Rostov region, Neklinovsky district, village
(2.5—2.2 Ma) of Veselo-Voznesenka
PocToBckas 061., HeKImHOBCKMiA
T Paracamelus HIVKHSIST YeJTIOCTh p-H, cT. Mopckas
UT-2 . . » .
alutensis lower jaw Rostov region,
Neklinovsky district, st. Morskaya
PocToBckas 0671., MSICHMKOBCKMIT
Twr-3 Paracamelus HIDKHSIST YeJTIOCTh N p-H,/luBeHnoska
alutensis lower jaw Rostov region, Myasnikovsky district,
Liventsovka
PocTtoBckast 0611., MSICHMKOBCKMIA
Bp6-6 Paracamelus | mepemHsis MeTanoaus N p-H, JIUBeHIIOBKa
cf. gigas anterior metapodium Rostov region, Myasnikovsky district,
Liventsovka
PocroBckast 06:1., MSICHMKOBCKMIA
Bp6-7 Paracamelus HVKHSIST YeJTIOCTh N p-H, JIMBeHIIOBKa
alutensis lower jaw Rostov region, Myasnikovsky district,
Liventsovka
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Oxonuanme Ta6anubl 1 / End of Table 1

06p

. TakcoH Yacrs ckenera Bospacr MecToHaxoXIeHne
Sample Taxon Sceleton part Age Location
Bp6-5 Paracamelus 3aJIHSIST MEeTaIoAMs N Tamxukucran, Kypykcarii
trofimovi posterior metapodium Tajikistan, Kuruksay
paHHMI TUIeJiCTOLIeH
Tasp-1 Paragamelus 3a/IHsIs MeTarous (Kaéllaggmlmsc II:AHVII{HHP)VC) KprM, nemepa TaBpupa
gigas posterior metapodium Early Pleistocene (Calabrian Crimea, Tavrida cave
stage) (1.8—1.5 Ma)
Tanp-2 Paracamelus | mepemHsis MeTanogus N Kpebim, nemepa TaBpuzma
gigas anterior metapodium Crimea, Tavrida cave
KOHel] cpeJlHero — Hayvaso
. MO3/THETO IIJIeiicToIeHa
B Camelus Anadus evesoi (120—80 ThIC. /1. H.) Himskuaee IToBOJKbe
p6-8 k . KOCTU . N .
noblochi humeral diaphvsis end of Middle — beginning Lower Volga region
phy of Late Pleistocene (120—80
thousand years ago)
Bp6-9 Camelus repeaHsist MeTaroaust N 3abaiikaibe, p. Ynkoi
knoblochi front metapodium Transbaikalia, Chikoy riv.
Monpasust, YAMUIIIINIACKMIA p-OH, TIOC.
Bp6-10 Paracamelus MeTarnonust TUTVOLEH (3.5 MJIH J1. H) IMopymbpeit
alexejevi metapodium Pliocene (3.5 Ma) Moldova, Cimislia district, village of
Porumbray
TMO3OHUI TVIeCTOLIeH
34 Camelus cf. pebpo (42 ThIC. 1. H.) ActpaxaHckas 0071., YepHblit Sp
’ ferus rib Late Pleistocene (42 Astrakhan region, Black Yar
thousand years ago)
C PocTtoBckast 06:1., HeKIMHOBCKMIL p-H,
amelus Gosbliie6epiioBast KOCTb rosotieH (V BeK H. 3.)
Tur-4 bactrianus tibial bone Holocene (VA.D.) Tananc
T Rostov region, Neklinovsky district, Tanais
rosnoueH (I1I Bek 1o TamaHckuit 11-oB, KpacHomapckuii Kpaii,
Tur-5 Camelus TjieyeBast KOCTh H.3.— Il BeK H. 3.) Bonna-1
bactrianus brachial bone Holocene (IIT B. C. — IIT A. Taman Peninsula, Krasnodar region,
D.) Volna-1
Tur-6 Camelus HIVDKHSISI YeJTIOCTD rosorieH (XIV Bek H. 9.) PocToBckast 0071., I. A30B, A3aK
bactrianus lower jaw Holocene (XIV A.D.) Rostov region, Azov, Azak
T Camelus PocroBckas 00i1., I. A30B, A3aK
ut-7 bactri rieyeBasi KOCTh »
actrianus

Rostov region, Azov, Azak

Puc. 2. O6pasiipl KOCTei MCKOTIaeMbIX Bep0OiogoB cepuy BPB: mo3mHemumoieHoBbIX (BPB-1); mmoriieHoBbix (BPB-2, 3, 4); mieit-
CTOLIEHOBBIX Teasuitckux (BPB-5, 6, 7); meiicToeHOBbIX unbaHmiickux (BPB-8, 9, 10)

Fig. 2. Bone samples of fossil camels of the VRB series: Late Miocene (VRB-1); Pliocene (VRB-2, 3, 4); Pleistocene, Gelasian (VRB-
5,6, 7); Pleistocene, Chibanian (VRB-8, 9, 10)
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Puc. 3. O6pasiibl KOCTelt BepO/II0I0B MIeiiCTOIeH-Kanabpuitickoro Bo3pacrta 13 mneiepsl TaBpuaa

Fig. 3. Pleistocene-Calabrian camel bone specimens age from Taurida cave

Puc. 4. O6pasiipl KocTel ucKoImaeMbIX Bep6mionoB cepun TUT: mneiictoneH-renasuiickux (TUT-1, 2, 3) ¥ TOI0IeHOBBIX
(TUT-4, 5, 6)

Fig. 4. Samples of bones of fossil camels of the TIT series: Pleistocene-Gelasian (TIT-1, 2, 3) and Holocene (TIT-4, 5, 6)
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MMOLIEH-TIMOLIEHOBBIE = (24 £ 110) x (15 £ 4) x (8 £ 2);
TaJIeoTIeiCTOI€eHOBBIE (TeIa3UiiCKIMIA Y KamabpuiicKuit
Beka) = (36 = 20) x (22 = 10) x (11 * 5); HeomIeICTOIEHO-
Bble (UMOaHMIICKIIT ¥ TTO3qHEIIeiiCTOLIeHOBbIN Beka) = (50
£7)x (17 £3) x (9 = 2). Kak BUAHO U3 IpUBEIEHHbIX JaH-
HBIX, pa3Mepbl KOCTHBIX OCTaTKOB B HallpaB/IeHUU YO PEB-
HeHMSI COKpPalLaloTCs B 2—3 pa3a, COMPOBOXKIASICh YBeM-
yeHueM Bapuauuii B 1.5—2 pasa.

B xopme mcciemoBaHmit KOCTel MCKOITaeMbIX BepOJIIO-
TIOB IPUMEHSIICST IMPOKUIT KOMIUIEKC COBpeMeHHbBIX aHa-
JINTUYECKUX MeTomOB: TepMmudeckuit aHanus (DTG-60A/60
AH, Shimadzu); orpenenenue cogep>kaHust Copr METOLOM
KYJIOHOMETPUUECKOTO TUTPOBAHMS; peHTTeHOGIII0Opec-
uenTHbI aHam3 (XRD-1800 Shimadzu); onTuyeckast Mmu-
Kkpockomust (komruiekec OLYMPUS BX51); peHTreHOBCKast
mudpaxromeTpus (XRD-6000); aHaauUTHUIECKast pacTpo-
Basi aneKTpoHHass MuKpockormst (JSM-6400 Jeol; Tescan
Vega); omnpe[enieHie HAHOMTOPUCTOCTY 10 KMHETHKe a]l-
cop6unn/mecopbuymu asora (Nova 1200e, Quantachrome
Instruments); Macc-ClIeKTpOMeTPUS C UHAYKTUBHO CBSI-
3anHOoI 1a3moit (NexION 300S Perkin Elmer); nadpa-
KpacHas criekrpockormst (PT-2 NHppasom); razoxpoma-
Torpacduueckoe orpeeaeHe aMyUHOKICIOTHOTO COCTa-
Ba B opranmyeckux BemecrBax (GC-17A); pamaHOBCKas
criekrpockonus (Renishaw InVia, nasepsr 514 1 785 HMm);
Macc-CIeKTpoMeTprUUeCcKuit aHaau3 M30TOMMHOTO COCTaBa
crponnys (MK-VCIT-MC Neptune Plus), a Takke yriepo-
Ila, KUCJIOpOoia B 61oamnaTuTe u yIaepoaa, a30ta B KOCT-
Hom koyutareHe (Delta V Advantage ¢ aHanmuTnyeckum
komruiekcom, Thermo Fisher Scientific).

UCII-MC-aHanu3bl Ha MMKPO3JIEMEHTHI U OIpejiesie-
HMe M30TOITHOI'O COCTaBa CTPOHLVS BbINONHeHbI B LIKIIT
«[eoanamutuk» HCcTUTYTA reonorum u reoxumvum YpO PAH
B paMKax rocromketHoi TeMbl N2 123011800012-9. CrieKTpsl
KP (pamaHoBcKue) 6b11 1TonydeHbl B CaHKT-TTeTepOyprckom
TOPHOM YHUBepcUTeTe. Bce ocTanbHble aHaTUTUYECKME Pa-
60T5I ocymecTsieHbl B LIKIT «[eonayka» IHCTUTYTa reoso-
rumn OULL Komu HIT YpO PAH.

MuKpoOCTpoeHUe U YNIbTPaNnopUCTOCTb KOCTEN

HccnemoBaHHbIe 06PAsIbl KOCTEH TOJIOIIEHOBOTO BO3-
pacra XapaKTepu3YIOTCS XOPOIIeli COXPaHHOCThIO KaK KOM-
MaKTHOJA, TaK ¥ ry6uaToii uacTei KOCTHOM TKaHM (puc. 5).
[TepBas xapaKTepu3yeTcs IVIOTHBIM IJIACTMHYATHIM CTPO-
€HMeM C XOPOIIO COXPaHMBIIENCSI TOHKOM raBepcoBO CU-
cTeMoli ¢ muaMeTpoM octeoHa B 150—200 mkm. I'y6uaTast
TKaHb MIMeeT TUITMYHOE STYeMCTOe CTPOeHNe C XOPOIIO CO-
XPaHMBIIMMMUCS TpabeKynamu. Buoamatut He 06HAPYKM-
BaeT ONTUUYECKUX MpeobpasoBaHuii. B 6ojiee JpeBHUX —
TUTMOIEH- TIIE/ICTOIIEHOBBIX — KOCTSIX TUIOTHAS U ry6uaTast
KOCTHbIE TKAHY SIBHO IeTpaiipOBaHbl C 06pa3soBaHNEM Ka-
BEPH U TPEIIVH, YaCcTO 3aII0JIHEHHbIX HOBOOOPa30BaHHbI-
MM MUHepaaaMu, 0COOEHHO OKCUTUAPOKCUIAMMU sKeje3a
(puc. 6). BuoanaTuT B TaKMX KOCTSIX MTOJIBEPsKeH KoJ1oda-
HU3ALMMA C TIOTepeit MPO3pavyHOCTY U ITPUOOpeTEeHeM Ha
TaKMX yuyacTKax 6ypoBaToii OKpacKu.

BaskHOI1 MMKPOCTPYKTYPHOM XapaKTepUCTUKO KO-
CTell Kak OpPraHOMMHEPAJIbHOTO KOMIIO3UTA SIBJISIETCS UX
YJIBTPANOPUCTOCTh B HAHOMETPOBOM [Mala3oHe.

Puc. 5. MUKPOCKOIIMYECKOE CTPOEHIE KOCTE TOOIeHOBBIX BepO/of0B. OMTIUKO-MUKPOCKOTIMUYECKIIE M306PaskeHMS B PEKI-
Max MPOXOSINEro cBeTa (a, ¢, €) ¥ CKpelleHHbIx Hukonedi (b, d, f)

Fig. 5. Microscopic structure of the bones of Holocene camels. Optical-microscopic images in the modes of transmitted light
(a, ¢, e) and crossed nicols (b, d, f)
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Puic. 6. MMKpOCKOTIMUECKOe CTPOeHMe KOCTell TUIMOLIeH-TIIe/ICTOI€HOBBIX BepOimooB. OITUKO-MUKPOCKOITMYeCKe 1306pa-
SKEeHUSI B pEsKMMax ITPOXOASIIEro CBeTa (3, C, e, 8) U CKpeleHHbIX HuKoneii (b, d, f, h). CTpenkamu mokaszaHbl BbIETIEHNUST OKCU-
TUIPOKCUIOB JKenles3a

Fig. 6. Microscopic structure of bones of Pliocene-Pleistocene camels. Optical-microscopic images in the modes of transmitted
light (a, ¢, e, g) and crossed nicols (b, d, f, h). The arrows indicate the release of iron oxyhydroxides

[TpoBeneHHbIe UCCIeAO0BAHMS TOKA3aIM, UTO UCC/Ie0BaH- U C apXeO0JIOTMYECKUX CTOSTHOK O3epHOBCKOI 1 YiIGymak

Hble BEePOTIOKbY KOCTY TI0 COCTOSTHMIO HAHOTTOPUCTOCTHU
6JTVKe BCETO COTIACYIOTCSI C KOCTSIMM TUIEIICTOIEHOBO
MaMOHTOBO (hayHbI (puc. 7). CpaBHEHME JAHHBIX BHYTPU
KOJUIEKIIMY BepOII0KbIX KOCTel Pa3HOTO BO3pacTa IoKa-
3bIBAET, UTO KOCTHU IIIMOIe€H-TI/IeiCTOLLEHOBOTO BO3pacTa
CYICTEMHO OTJIMYAIOTCS OT TOIOI[€HOBBIX KOCTE KaK 6071b-
IIVIM COBOKYITHBIM 00beMOM HaHOTIOP, TaK ¥ IMPOTIOPIIN-
OHAJIbHO 60BIIMM UX yCI0BHBIM unciioM (IgN,). 9To me-
MOHCTPUPYeT Pe3y/IbTaThl HAHOCTPYKTYPHOI Jerpagaunm
KOCTHBIX OCTaTKOB BepOJIIOIOB B XO/Ie UX (pocCumm3aIiun.
OnHaKo Py 3TOM B CpaBHEHMM C 6JIM3KOBO3PACTHBIMU
U KOCTSIMM MyIeKOMUTarIuX ¢ OMcKOro [TpumpThIIIbs

KOCTY BepOJII0[I0B, BKITIOUasi Hanbosee ApeBHIME, 0GHAPY-
SKMBAIOT TOPa3/i0 MEHbIIYIO CTETIEHb BTOPMYHBIX M3MEHe-
HUIA.

XuUMMHUYECKUIA U HOPMATUBHO-MUHEPAJIbHbIN
CoCTaB KOCTei, MUKPOMUHEpasibHble NPUMECH

B xumMuyeckoM cocTaBe McciegoBaHHBIX KOCTel
(Tabi. 2) comepykaHue HearaTUTOBBIX MpUMeceii Koneber-
Cs1 B IOBOJTBHO Y3KUX Tpeesiax — oT 3.5 mo 8.23 mac. %,
BO3pacTasi 110 Mepe yApeBHeHUs KocTeil. B ijenom 3o 3Ha-
yeHye B 1.2—3 pa3a yCTynaeT CoAep>KaHUI0 HearnaTuTo-
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Puc. 7. HaHOMTOPUCTOCTh MCKOIIA€MbIX KOCTe eBpasuiickux Bepoionos (BIIIT — rinolieH-T1ecToIeHOBbIX, BI' — roymomeHo-

BbIX) Ha (hOHEe aHAJOTMYHBIX JaHHbIX, TOTYUYEHHBIX HAMM IJIs1 MaMOHTOBOI (ayHbI ¢ [Teuopckoro Ipuypabs (1) 1 OMcKoro

TTpuupTHIIIbs (2) I8 TIEMCTOLIEHOBBIX JIOIAEl CO CTOSTHKYM 3ao3epbe B [Tepmckoit 061acTut (3) U M1eiiCTOIeHOBBIX MJI€KOITH-

TAIOIINX CO CTOSTHKM YiOynak B Bocrounom Kasaxcrane (4). 3aIMBKOI TOKa3aH TeHePaTbHbIN TPEHT, U3MEHEHUST HAHOTIOPU -
CTOCTM MICKOTIa€MBbIX KOCTEJi B X0/Ie UX (POCCHIM3aIun

Fig. 7. Nanoporosity of fossil bones of Eurasian camels (VPP — Pliocene-Pleistocene, VG — Holocene) against the background

of similar data obtained by us for the mammoth fauna from the Pechora Cis-Urals (1) and the Omsk Irtysh region (2), for Pleistocene

horses from the Zaozerye site in the Perm Region (3) and Pleistocene mammals from the Ushbulak site in East Kazakhstan (4).
Shading shows the general trend of changes in the nanoporosity of fossil bones during their fossilization
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BBIX IIpUMeceli B KOCTSIX MCKOTaeMbIX MIeKOIUTAIOMINX
¢ tepputopuii [Teuopckoro Ipuypanbs, [lepMckoii 0671a-
ctu (cTosiHKa 3ao3epbe), CeBepo-BocTouHoro KazaxcraHa
(crostHka Ymibysnak). [Tpu aTom aToMHbIii Mmonynb Ca/P
B BepOITIOKbUX KOCTSIX Ha 3—10 % BbIlIIE, YeM B COIIOCTA-
BMMBIX 10 BO3PACTy KOCTSIX UCCIeA0BaHHBIX HAMM paHee
TUIeIICTOLIEHOBBIX JKMBOTHBIX. BbIsIBJIEeHHAsI 0COGEHHOCTh
TOBOPUT 06 aHOMAaJIbHO BBICOKOI CTeTleHM KalbIUTH3a-
[ BepOITIOKbUX KOCTE, BO3pacTarolieil B HarpaBaeHun
OT TOJIOLIEHOBBIX KOCTe K TT03JHEMMOIIeHOBBIM (pUC. 8).
ITo sTOMY TTOKA3aTENTI0 BEPOITIOSKbM KOCTH YCTYIIAIOT TOJb-
KO MCKOTIaeMbIM KOCTSIM, ITpeTepreBIINM IenepHyio dhoc-
cumm3auuio. B mocnegHux snauenne monymst Ca/P,, no-
cruraet 2.35 (CunmaeB u gp., 2020).

.
| Il nn i
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Puic. 8. Bapuanyy 3HaueHMiT KapOOHATATIATUTOBOTO MOZYJISI

B KOCTSIX MICKOTIa€MbIX BePOJTIONIOB: MTO3AHEMIUOIIEHOBbIX (M);

roneHoBbIX (I1J]); TericToLieHOBBIX, resiasuiickuii Bex (I111);

TUIEICTOLIEHOBBIX, Kasmabpuiickuit Bek (CII); romouieHoBbIX (I).

I, II, III — o6acTy MCKOMAaeMBbIX KOCTE: COOTBETCTBEHHO

HeKaJIbIIUTU3UPOBAHHbIE, CJIAOOKAIBIIUTU3UPOBAHHBIE U
CUJIBHO KaJIbLIUTU3VPOBAHHbIE

Fig. 8. Variations in the values of the carbonate-apatite mod-
ulus in the bones of fossil camels: Late Miocene (M); Pliocene
(PL); Pleistocene, Gelasian Age (PP); Pleistocene, Calabrian
Age (SP); Holocene (G). I, II, IIT — fossil areas bones: respec-
tively non-calcified, weakly calcified and highly calcified

CoCTaB HearmaTUTOBBIX IPUMeCeii B BePOITIOXKbIX KO-
CTAX OTpeJIeNISICS PeHTTeHO(a30BbIM M PEHTTeHOCIIEK-
TpaJIbHBIM MMKPO30HI0OBbIM MeTojaMu. B pesynbrarte
TTPOBeIeHHOTO aHAN3a BO BCEX MCCTeIOBAHHbIX 06pas3-
HaX BbISIBJIEHBI IIpeKae BCero MmHepasibl, NIJIIOBUUPO-
BaHHbIE€ M3 BMEIIAOIINX KOCTU TPYHTOB: KBap1i, anpouT
Na[Al; _; 0;Si30g]; opTokias Ko 971 05[Alg 991 SizOg]; 1mp-
KOH Zr 9g1.02[S104]; umbMeHNT (Feg 961 04Mng_03)Ti; -
1.0403; TMIPOCITIONBI ¥ XIOPUTHI COCTAaBa COOTBETCTBEHHO

(Ko.44—0.97C80—0.03)0.43—0.97(Al1 391 56F€0.18—0.55M&0—
0.18Ti0—0.06)1.98—2.01[A1Si3010](OH)1 351 4711 (M84.1—sFey_
0.09)5A10.91—1.01[AlSi3019](OH)79_g 1. Kpome aT11x mpyme-
ceit B BePOITIOKBUX KOCTSIX BBISBIICH PSJL STIMTeHeTHhye-
CKMX TI0 OTHOIIEHMIO K 610aMaTUTy MUHEpajioB, 06pa3o-
BaBIIMXCS ayTUTEHHO B Xofle hoccumm3anyy. TUmraHbre
SHEPrOAMCIIePCHOHHbIE CTIEKTPBI TAKUX MIUHEPasIoB TIPH-
BeJleHbl Ha pyC. 9. B cOCTaB MMUTeHeTUUeCKMX MUHepa-
J10B BXOZAT: KanbuuUT Ca[COz]; MOMMKOMITOHEHTHBIN PO-
moxposut cocraBa (Mng s4—0.94Ca0,03—0.27F€0—0.33B20—0.04)
[CO5]; 6aput (Bag 791510 —0.14Ca9_0.36)[SO4l; Gapuro-aH-
ruapuT (Bag 41—0.54Ca0.32-0.52570.08—0.14)1—-1.01[SO4]; TI11-
put (Feg 95 1C0g_0,02CUg—0,03)S7; T€TUT (Feg g9 1 Mng_
0.31Cr0—0.03Alo_0.0s)O(OH); ManranuT (Mng 6, ¢ 91Feg g3
0.35Nig_0.05B20—_0.03)O(OH). B oTHOIIEHMN NTMpUTA Clleny-
eT m06aBUTh, UTO OH TIpeJCTaBjeH, KaK MpPaBUIO,

dpambouganbHEIMM GOopMaMM CYOMUKPOHHBIX pa3Me-
POB, UTO MIPSIMO YKa3bIBaeT Ha aKTUBHOE yuacTue 6akre-
puii B hoccunmsanym KOCTein.

[MosmryyeHHbIe JAaHHBIE 110 (Ha30BOMY COCTABY ITpUMe-
ceil B XCCIeN0BaHHbIX KOCTSX AAI0T BO3MOXKHOCTD pac-
CYUTATb HOPMATUBHBI MUHEPAJIbHbIN COCTAB IOCIE] -
HuX. [TosryuyeHHbIe pe3yabTaThl (Tabs. 3) IOKa3bIBAIOT,
YTO B XPOHOJIOTMUYECKOI MOC/IefOBATEIbHOCTU OT T0JIO-
LIeHOBBIX BEPOTIOOB K MTO34HEMIUOIEHOBBIM J0JIsT 6110-
amnaTuTa CoOKpauiaeTcsl B cpefjHeM ITouTH Ha 8 Mo. %, HO
Ha 8.6 MoJ1. % Bo3pacTaeT cofepskaHue KapboHaToB. TakuM
06pa3oM, BbISIBJISIETCST GAKT MPSIMOJi CBSI3Y CTETIEHU TN -
reHeTMYeCcKoi KapOoHaTU3aLMM KOCTE MCKOIaeMbIX
BepOITI0OB UMEHHO C MX Ie0IOTMYeCKUM BO3PACTOM.
CrerneHb 5NUTreHETUYECKOTO OKCUTUAPOKCUTHOTO OXKe-
Jie3HeHMsI KOCTeil ToXe MMeeT OBITYI0 TeHeHITUIO yBe-
JUYUBATHCS C BO3PACTOM KOCTEN, HO IIPYU 9TOM aHOMaJIb-
HO TIPOSIBJISIETCSI B reJIa3uiiCKMUX M KanabpuiicKux rieii-
CTOILIEHOBBIX 00pasiax. [locyeqHee CBSI3aHO, BO3SMOKHO,
€ 0CO6E@HHOCTSIMY COCTaBa COOTBETCTBYIOLINX KOCTEHOC-
HBIX TPYHTOB.

Ocoboe 3HaUeHMe UMeeT aHaaU3 HOPMaTUBHO-MMU-
HepaJIbHOTO COCTaBa WIIIOBUMPOBAHHOJ B KOCTU T€pPU-
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Puc. 9. Tunmmunble D]I-CHIEKTPHI 6MoanaTUTa U ayTUTeHHbBIX

MUHepayoB-TIpMMeceii B UCCIeJOBaHHbIX KOCTSIX MCKOTIae-

MBbIX BepO/IIoIoB: a, b — 6uoanatut (Tut-4, Bp6-5), c — 6aput

(Bp6-7, Tut-2), d — pomoxposurt (Bp6-3), e — nupurt (Tut-6),
f — rétut (Bp6-6)

Fig. 9. Typical ED spectra of bioapatite and authigenic min-

erals-impurities in the studied bones of fossil camels: a,b —

bioapatite (Tit-4, Vrb-5), ¢ — barite (Vrb-7, Tit-2), d — rhodo-
chrosite (Vrb-3), e — pyrite (Tit-6), f — goethite (Vrb-6)
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Ta6smna 3. HopmaTUBHO-MIUHEPAIbHBIN COCTaB KOCTEN, MOJI. %

Table 3. Normative-mineral composition of bones, mol. %

N2 06p. Amarur | Kap6onats | KBapir + mosieBble mimathbl |Tuapoctiona| XI0pUTbI rétur
Sample No. Apatite | Carbonates Quarts + Feldspar Hydromica | Chlorites Goethite
Bp6-1 79.72 16.0 1.1 1.76 1.42
e Miocone 79.72 16.0 1.1 1.76 1.42
ate Miocene
Bp6-2 77.66 11.6 5.8 1.24 3.33 0.37
Bp6-3 88.49 10.91 0.2 0 0 0.4
Bp6-4 84.8 12.65 0 0.28 2.09 0.18
IUINOLIeH 83.65+5.5 [ 11.72+0.88 2%3.29 0.51+0.65 | 1.81+1.68 | 0.32+0.12
Pliocene 7 8) (165) (127) (93) (37)
Bp6-5 87.84 9.29 0 0.47 2.3 0.1
Bp6-6 78.69 9.07 1.6 0.48 2.21 7.95
Bp6-7 82.22 7.68 0.9 0.27 2.14 6.79
Tur-1 85.45 7.06 0 0 2.69 4.8
Tur-2 81.32 9.69 1.09 0.41 3.06 4.43
Tur-3 84.79 9.53 2.5 0.39 0 2.79
Tasp-1 88.62 6.2 0.77 0.83 2.83 0.75
TaBp-2 90.76 6.65 0 0.17 1.98 0.44
Platsooen (rexiasuit) | ¢ o6+ 406 | 8.15+ 1.41 0.86 % 0.89 0.38+0.24 | 2.15+0.94 | 3.51+2.98
eistocene (Gelasian)
Bp6-8 83.94 8.46 0 0.4 2.18 5.02
Bp6-9 83.84 15.48 0.22 0 0 0.68
Bp6-10 83.05 8.91 0.67 0.17 1.75 5.45
wieiicroneH (kamaépuit)| 83.61+ |10.95%3.93 0.3+0.34 0.19+0.2 | 1.31*1.15 | 3.72+2.64
Pleistocene (Calabrian) | 0.49 (1) 936) (113) (105) (88) (71)
Turt-4 87.58 8.75 0.54 0.72 2.19 0.22
Tut-5 88.75 6.27 0.67 1.37 2.69 0.25
Tur-6 92.09 2.43 1.47 1.45 2.41 0.15
Tut-7 83.24 12.06 0 1.6 2.91 0.19
TO/IOLeH 8791+ 7.38 £4.06 0.67 £0.61 1.28+0.39 | 2.55+0.32 | 0.2%0.04
Holocene 3.66 (4) (55) 1) ) (12) (20)

TeHHOJ IpuMecH. AHa/IM3 TT0Ka3aJ, 4YTo IO JIMTOIOTO- M-
HepaJbHOMY COCTaBYy TEpPUTEeHHas IPUMeCh B BepOIIio-
SKbUX KOCTSIX BapbUPYeTCs OT CyIeceli K CyIJIMHKaM U OT
CIIOVCTO-XJIOPUT-KBAPIEBBIX 1O KBAPIL-CIIOOUCTO-
XJIOPUTOBBIX U XJIOPUTOBBIX (puc. 10). [Tpu 3TOM Hanbo-
Jiee IIMHUCTAsT M HAaMMeHee KBaplicosepskaliasi mpumech
COTEPSKUTCS B KOCTSIX TTO3HEMMOIIEHOBBIX BEPOITIONOB,

Puc. 10. TpeyronbHMK HOPMaTVMBHO-MMUHEPATbHOIO COCTaBa WIIIIOBY -
MPOBAHHOIT B KOCTY MCKOTIA€MbIX BEPOJTIOIOB TePPUTEHHO TPUMECH.

a 6osiee recyaHas 1 KBapieBast — B KOCTSIX ITMOIIEHOBBIX
BepOTIoioB. B 60j1ee MOJIOABIX KOCTSIX U/UTIOBUMPOBAHHAST
MIPUMECH U3MEHSIETCSI OT CTIOAMCTO-KBAPII-XJI0OPUTOBO
y IUIECTOLIEHOBBIX BePOIIOI0B 40 KBaPIl-JIIOMCTO-
XJIOPUTOBOI y TOIOLIEHOBBIX. B 11€10M 10 COCTaBy Teppu-
TeHHOJ IPUMeCH UCCIeI0BaHHbIe KOCTHM BEPOIIIOIOB OUeHb
CBOEOOPA3HbI, OTVINYASICh OT PAHEe M3YUEHHbIX UCKOIIae-

KBAPL, + MOJIEBbIE WNATbI

Bepb6ironsi: M — nmosgHemMuolieHoBbie; [TJI — mmotieHoBbie; [T — 1uteii- 1
CTOLIEHOBBIe, rea3uiickuit Bek; 1K — rreiicToneHOBbIe, KamabpuitcKmii e [
Bek; T — MJ1elicToIeHOBbIe, KanabpuiicKuii Bek, reiepa TaBpuaa; I' — romo-
teHoBble. 303 — cOoCTaB WUIIOBMMPOBAHHON MPUMECH B KOCTSIX JIOLIAAeit Cospemenusie 2N 3 nn
Ha cTosTHKe 3ao3epbe. UepHble KBAAPaThl — CPEAHMIT COCTAB TUTOTUIIOB.
O6macTy cocTaBa Ha TPEYroIbHUKE: 1—3 — MecKu COOTBETCTBEHHO KBap- :-2::::::;.«" nK
LIeBbI€, XJIOPUT-CITIOAUCTO-KBaPLIEBbIE U CITIOANCTO-XJIOPUT-KBApLIEBLIE; 4, Pycckoi nnute! 4 5 ° CYNECHU
5 — cymecy COOTBETCTBEHHO XJIOPUT-KBaPII-CTIOAVICTBIE U CTIOIMCTO-KBapIl- 303 \ nr
XJIOPUTOBBIE; 6—9 — CYIIMHKM U IJIMHBI COOTBETCTBEHHO CJTIOAVICTBIE, KBapII- 8
XJIOPUT-CITIOAVICTBIE, KBAPII-CITIOAMCTO-X/IOPUTOBBIE U XJIOPUTOBbIE 7 r o FT P —
Fig. 10. Triangle of normative-mineral composition of terrigenous ° T
admixture illuviated in the bones of fossil camels.
cnionA M XNOPUTDI

Camels: M — Late Miocene; PL — Pliocene; PG — Pleistocene, Gelasian
age; PC — Pleistocene, Calabrian age; T — Pleistocene, Calabrian age,

Taurida cave; G — Holocene. ZOS is the composition of the illuviated admixture in the bones of horses at the Zaozerye site. Black

squares are average composition of lithotypes. Areas of composition on the triangle: 1—3 — quartz, chlorite-mica-quartz, and mica-

ceous-chlorite-quartz sands, respectively; 4, 5 — chlorite-quartz-micaceous and micaceous-quartz-chlorite sandy loams, respec-
tively; 6—9 — loams and clays, respectively, micaceous, quartz-chlorite-micaceous, quartz-micaceous-chlorite and chlorite
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b,

MBIX KOCTeJ MJIeKOIIUTAIOIVX, HallpMMeD I1JIeiiCTOLeHO-
BBIX JIOIIA/IEl CO CTOSTHKM 3a03€pHOI1, ropaszio 6osee riu-
HUCTBIM (CTIOOUCTO-XJIOPUTOBBIM) COCTAaBOM C PE3KUM
npeobalaHueM XJIOPUTOB HaJ, crtofamy. OUeBUIHO, UTO
3TO CBSI3aHO C 3aXOPOHEHVEeM BePOITIOLOB B YCIIOBUSIX IOXK-
HBIX — 60JIee TeIUTbIX Y BJIaXKHBIX — JIaHAIIa(TOB.

MuUKposanemMeHTbl U reOXMMHYecKkue
Kputepuu doccunmsaumum

B cocraBe mcciiemyeMbIX KOCTHBIX OCTATKOB OOHApY-
skeH 51 MykpoanemeHT (Tabi. 4), B Tom unciie 11 snemeH-
TOB-3CCEHIIMANOB, 18 Gu3nomornyeck akTUBHBIX dJ1e-

MEHTOB 1 22 3JIeMeHTa-aHTUOMOHTA. DJIeMeHThI IIePBOJi
TPYIIIBI B KOCTSIX HAWIEAYIOTCSI OT XMBOTO OpraHn3ma,
KOHIIEHTPUPYSICh B KOCTHOM KoJijiareHe. Bropas rpymnmna
00beIMHSIET 3JIEMEHTbI, KOTOPbIE MOTYT GBITH 1O TTPOMC-
XOXKIEHUIO KaK YHAC/IeJOBAHHBIMM OT OPraHM3Ma, TaK
1 06yCI0BIEHHBIMY (hoccunm3aneit. TpeThst IpyIina BKITI0-
YaeT TOJIbKO 3/IeMEHTbI, KOTOPbIE TI0 IIPOUCXOKAEHUIO SIB-
JISIIOTCS HALleJIo CIe/ICTBMEM 3arpsi3sHeHMS KOCTell B cpe-
Jle 3aXOPOHEeHMSI.

CymMapHas KOHLIeHTpalusi MMKPO3JIeMeHTOB B UC-
CJIeIOBAaHHBIX BEPOITIOXKBIX KOCTSIX M3MEHSIETCS B TMarna-
30He ot 1500 mo 5000 r/T, Bo3pacTasi B 2—3 pa3sa 1o mepe
ux yapeBHeHMs. Harpumep, B MpoaHaaM3MPOBAHHBIX KO-

Taﬁnnua 4. Co,uep>{<aHI/1e MMKPO3JIEMEHTOB B MCCIIEJOBAHHBIX KOCTAX BEPGHIO,U,OB, r/T

Table 4. The content of microelements in the studied camel bones, ppm

DyIeMeHTbI [TneiicToreHoBsle / Pleistocene Tonouenossie / Holocene
Elements Tut-2 Tur-3 Bp6-6 Tut-4 Tut-5 Tur-6 Tur-7
Be 2.1 0.6 1.2 0.007 0.01 0.015 0.004
Zn 25 22 25 50 50 60 50
As 68 12.8 18.3 4.4 4.7 3.8 3.3
Se 2.2 0.54 1.01 0.41 0.37 0.38 0.33
RDb 0.028 0.005 0.05 0.04 0.08 0.12 0.023
Mo 4.5 0.6 3.7 1.5 4.3 2 3.7
Ag 0.0048 0.0025 0.0119 0.016 0.0036 0.0053 0.019
Cd 0.24 0.09 0.024 0.0002 0.0002 0.0002 0.0002
Pb 1.6 1.4 5 0.35 0.9 0.6 0.2
Bi 0.0005 0.00059 0.0032 0.0025 0.0049 0.0022 0.0005
Th 0.016 0.024 0.06 0.01 0.021 0.026 0.006
dcceHLManbI (9
CHIIAML (9) | 103,689 | 38.062 54.736 56.736 60.39 66.949 57.583
Li 1.2 1.7 1.5 10 8 6 5
Ti 700 800 800 700 700 800 700
A% 60 12 23 15 7 23 7
Cr 80 6 9 1.7 0.9 1.9 1.7
Mn 500 1000 1600 110 60 21 14
Co 2.5 9 8 1.3 1.2 1.2 1
Ni 34 38 40 32 31 33 29
Cu 7 1.9 3 2.3 1 3.9 2.9
Ga 2.2 2.1 2.4 1.8 1.8 2 1.6
Sr 1200 1000 1200 500 700 600 600
Y 190 21 70 0.19 0.3 0.3 0.13
Zr 22.1 2.2 7 0.21 0.19 0.3 0.15
Sn 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Sb 1 0.66 0.71 0.04 0.04 0.11 0.012
Cs 0.0003 0.0003 0.0009 0.0003 0.,0061 0.008 0.0003
Ba 260 1700 350 90 130 200 90
Hf 0.18 0.031 0.09 0.003 0.004 0.007 0.00356
U 100 130 80 0.34 5 0.44 0.21
®OU3MoreHHo-
akTuBHbIE (DA) 3160.183 4724.594 4194.704 1464.886 1646.437 1693.168 1454.709
Physiogenic-active
B 1.3 5 23 7 23 0.09 9
Sc 5 0.5 2.1 0.25 0.25 0.31 0.21
Ge 0.18 0.035 0.078 0.004 0.004 0.004 0.004
Nb 0.05 0.0001 0.039 0.0001 0.0001 0.0001 0.0001
Te 0.7 0.28 0.4 0.064 0.039 0.028 0.017
La 27 5 13 0.08 0.17 0.19 0.04
Ce 2.1 2.1 6 0.12 0.51 0.35 0.058
Pr 5.1 1 2.6 0.019 0.038 0.042 0.009
Nd 26 4.6 12 0.069 0.16 0.19 0.045
Sm 6 1 2.8 0.017 0.035 0.036 0.008
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Oxonuanme Ta6amusl 4 / End of Table 4

J1eMeHTbI ITneiicroiieHoBble / Pleistocene TonoieHosbie / Holocene
Elements Tut-2 Tut-3 Bp6-6 Tut-4 Tur-5 Tur-6 Tur-7
Eu 2 1.1 0.9 0.041 0.07 0.09 0.044
Gd 11 1.5 4 0.018 0.048 0.046 0.013
Tb 2 0.23 0.7 0.0026 0.006 0.005 0.0016
Dy 16 1.6 6 0.019 0.038 0.034 0.012
Ho 4 0.4 1.4 0.004 0.008 0.006 0.0031
Er 14 1.3 4 0.01 0.025 0.02 0.009
Tm 2.1 0.17 0.6 0.0015 0.0027 0.0025 0.0008
Yb 14 1 3.7 0.01 0.018 0.016 0.006
Lu 2.3 0.18 0.6 0.0018 0.004 0.0024 0.001
Cymma Ln
%Iotal In 133.6 21.18 52.9 0.41 1.13 1.03 0.25
Ta 0.06 0.007 0.021 0.001 0.001 0.001 0.001
W 0.15 0.023 0.13 0.001 0.001 0.001 0.001
Tl 0.017 0.008 0.06 0.0002 0.0002 0.0002 0.0002
AutnbuonTtsl (AB
WOMOHTE (AB) | 141,057 27.033 84.128 7.733 24.428 1.464 9.483
CyMMa MMUKpO3Jie-
MEHTOB 3404.929 4789.689 4333.568 1529.355 1731.255 1761.581 1521.775
Microelement sum
2 /AB 0.74 141 0.65 7.34 2.27 45.73 6.07
Zn /Cu 3.57 11.58 8.33 21.74 50.0 15.38 17.24

CTSIX TUIE/ICTOIIEHOBBIX ¥ TOJIOLIEHOBBIX BEPOIIIOOB CyM-
MapHOEe CcofiepyKaHue MUKPO3JIEMEHTOB KOJeGIeTcs B rpe-
Ienax cooTBeTcTBeHHO 1520—1770 1 3400—4800 r/T.
B cpaBHUTEIbHOM OTHOLIEHNY BEPOITIOKbU KOCTHU 10 CYyM-
MapHOMY COZIep>KaHMI0 MMKPO3IeMeHTOB MOTYT ObITh CO-
TOCTaB/IEHbI TOJIBKO C KOCTSIMU MJIEKOTIUTAIOUIUX CO CTO-
sTHKM Yibysak. Bce npyrue n3ydeHHbIe HAMU KOCTHbIE
OCTaTKM, HATIpUMeP IIeMiCTOLLeHOBbBIX JIOIIA/Ieil CO CTO-

CyMmma
MMUKpPO3NIeMeHTOB, %

3

303-U-81

nponomlmrem.uocn *060""“33““"

Puc. 11. CymmapHas KOHIeHTpanus MUKPO3JIEMEHTOB

B KOCTSIX MCKOIIA€MbIX BEPOITIOAOB IIMOLIEH-TIIeICTOIIeHO-

Boro (B-1) u rosiouieHoBOTO (B-2) BO3pacTa B COMOCTaBIeHUNA

C KOCTSIMM TIeJICTOLI@eHOBBIX JIOIIAaZAei CO CTOSTHKM 3a03epbe

(303) 1 1eiiCcTOL,eHOBBIX MJIEKOTIMTAIOIIMX CO CTOSTHKU
Vin6ynak (YIIIB)

Fig. 11. The total concentration of trace elements in the bones

of fossil camels of the Pliocene-Pleistocene (B-1) and Holocene

(B-2) age in comparison with the bones of Pleistocene horses

from the Zaozerye site (ZOZ) and Pleistocene mammals from
the Ushbulak site (USHB)
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STHKYM 3203epHOI, XapaKTePU30BaINCh MHOTOKPATHO 60JTh-
MM oboraieHneM MUKPOIeMEeHTaMI.

PaHee 6bLJ10 ITOKA3aHO, UTO MPOIOPLIMS MEXKIY dJ1e-
MeHTaMM 3CCeHIIMaIaMM ¥ aHTUOMOHTaMM XOPOIIIO OTpa-
’KaeT CcTereHb (poccumm3alny 3aX0pOHEHHbBIX KOCTE.
B paccmaTprBaeMoM CiTyuyae OTHOILI€HMe TPYIIIOBbIX KOH-
uenTtpauuit 3C/Ab nsmensercs ot 15.35 + 20.36 (MHOrO-
KpaTHOe IIpeo6iiaaHue 3JIeMeHTOB-3CCeHIIMAIOB) B IO-
JIOLIEHOBBIX KOCTIX 10 0.93 * 0.41 (1mpeobamaHue dje-
MEHTOB-aHTUOMOHTOB) B KOCTSIX IJIEMICTOLIEHOBBIX BEP-
6JTI00B. DTy 3aKOHOMEPHOCTb OTPa’KaeT ¥ OTHOLIEHWE
coIepsKaHMi1 9CCeHIIMATbHOTO LIVHKA ¥ (PMU3MOTeHHO-aK-
TUBHO Mey, KOTOpOe B XpPOHOJIOTMYECKOI TTOoc/eloBa-
TeJIbHOCTU M3MeHsieTcs oT 26.09 £ 11.16 mo 7.83 + 4.93.

IIOTIOIHUTEIbHBIM KPUTEPUEM CTeIleH (GOCCUIm3a-
LMY 1 OTHOCUTETBHOTO BO3PacTa MCKOIIaeMbIX KOCTel MO-
JKeT CTY>KUTh CyMMapHasi KOHLLeHTpalus JaHTaHOUIOB,
HaKaIIMBAKIMXCS B KOCTSIX MMEHHO B Pe3yyibTaTe UX
B3aMMOZENCTBMS C BMEeUalIMy rpyHTaMu. B paccma-
TPpUBaeMOM C/iydae 3Ta KOHILIeHTpalusl B XpOHOJIOTMue-
CKOJ1 TT0C/Ieq0BaTeIbHOCTY BO3pacTaeT IIpaKTUyecky Ha
nBa nopsigka — oT 0.71 # 0.44 B rojioljeHOBBIX KOCTSX 0
69.23 + 57.96 1/T B IJIEJICTOLI€HOBBIX.

KocTHbIM 6uoanaTuT

KocTu MiexonuTaommx MpeacTasisioT co60it opra-
HOMMHepaTbHbIV KOMIIO3UT, COCTOSIILINIA U3 OpraHuye-
CKOJi MaTpUIibl ¥ TPOU3BOIMMOTO €10 MMHEepaabHOrO Be-
niectBa — 6uoariatuTa. Mi3BecTHO, 4TO B X0me (occmim-
3aluy Iorpe6eHHbIX KOCTei 6110anaTuT II0ABepraeTcs
M3MeHEeHMSIM, BhIPaXKaIOIMMCSI TIPesK/ie BCero B yBenye-
HUU CTETNEHM KPUCTAIZIMYHOCTU, KOTOPAst 06bIYHO KOppe-
JIMPYeTCs € Te0IOTMYeCKVM BO3PacTOM KOCTeA.

Ha peHTreHoBCcKMX nudpakTorpaMmmMmax 6moarnaTmura
MCCITeOBAaHHBIX KOCTHBIX 00pa31oB (puc. 12, 13) Habio-
JAI0TCSI OCHOBHBIE OTPayKeHMSI, XapaKTepHbIe 1Jis Kap6o-
HaTanatuta B-tumna (A): 3.41—3.46; 2.78—2.82 (121);
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2.69(300)
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2.69 (300)
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2.70(300)

2.63(202)
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Puc. 12. TunmyHbie peHTTeHOBCKME OM(DPpaKTOrpaMMbl 6M0ATIATUTA B KOCTSX TOJIOIIEHOBBIX BepOIofoB. MuHepasbl: AIT — 6mo-

armatuT, KJIT — kanbuyt. O6pasifel cieBa Hampaso: Tut-5 (11

I Bek 10 H. 3. — IIl H. 3.), TuT-4 (V Bek H. 3.), Tut-7 (XIV Bek H. 3.)

Fig. 12. Typical X-ray diffraction patterns of bioapatite in the bones of Holocene camels. Minerals: AP — bioapatite, CL — cal-
cite. Samples from left to right: Tit-5 (III century BC — III AD), Tit-4 (V century AD), Tit-7 (XIV century AD)

An
2.79 (121)

AN An
2.80 (121) 2.82 (121)

AR
2.72 (300)

AR
2.73 (300)

An
3.45

Kn
3.09

Puc. 13. TunmuHble peHTTeHOBCKYE TMdpaKTOrpaMMbl 610aTaTUTa B KOCTSIX IUTMOIeH-TUIEHCTOIIeHOBBIX BepO/II0q0B. O6pasIisl
c1eBa HampaBo: Bp6-3 (morien), Tut-2 (rieiicToleH, reasuii), TaBp-1 (TuieiicTorieH, Kaiabpuit)

Fig. 13. Typical x-ray diffraction patterns of bioapatite in bones Pliocene-Pleistocene camels. Samples from left to right: Vrb-3
(Pliocene), Tit-2 (Pleistocene, Gelasian), Tavr-1 (Pleistocene, Calabrian)

2.69—2.75 (300); 2.62—2.63 (202); 1.928—1.944; 1.843;
1.812; 1,780. Kpome anaTuTOBbIX MMKOB HA PEHTI€HO-
rpaMMax PerucTpupyeTcsi Cepusi OTpakeHui, OTBevaro-
myX KaabIuty: 3.05—3.09; 2.45—2.48; 2.24—2.27; 2.06—
2.08; 1.87. Bce nmuku 61oarnaTuTa JeMOHCTPUPYIOT 3HAUM-
TenbHOe ymupeHue (FWHM), a Hanbosiee MHTEHCUBHBIIA
u3 HUX — (121) — noBepraeTcs paclielieHUIO C [10sBJIe-
HMEM JIBYX JOTIOTHUTEIbHbIX TMKOB Majloil MHTEHCUBHO-
ctu — (300) u (202). imeHHO 3T 9HeKThl Mbl UCITOJIb-
3yeM J1J1s OLleHKM CTelleH! KPUCTA/UIMYHOCTM MUHepaa.
Ijist ronmorieHoBbIX KocTeirt FWHM cocrasisier 0.51 = 0.06.
C yIpeBHEHMEM KOCTeli 3Ta BeIMUYMHa MTOCIeI0BATEIbHO
cokpaiaetcs 10 0.42 * 0.08 B 11eicToLeH-KaIa0puiiCKIX,
0.35 = 0.06 — B mejicToneH-renasuiickux, 0.29 = 0.04 —
B TUIMOILI€HOBBIX U MMO3JHEMUOIeHOBBIX. Takum ob6paszom,
BBISIBJISIETCS] YCTOMUMBAs TeHAEHIMS K 3HAUUTEeIbHOMY
COKpallleHUI0 IMPUHBI PEHTTeHOBCKOTO MIMKa BCIe/ICTBIE

BO3PACTaHMsI CTEITeHY KPUCTAUIMIHOCTY KOCTHOTO 6110-
anatura. CTereHb paclieruieHuss PEHTT€HOBCKOTO M1Ka
(121) MbI OlleHMBaeM I10 OTHOIIEHWIO MHTEHCUBHOCTE
orpaxkeHnii Lz0)/1121. st 6moanaTura B kanabpuiicko-
TOJIOLIEHOBBIX KOCTSIX BEJIMUYMHA 3TOTO OTHOIIEHUS OLle-
HuBaetcs B 0.15 = 0.09, B remasuiickux Koctsax — 0.32 £
0.1, B ruimonieHoBBIX — 0.27 £ 0.08, B M03HEMIOIIEHOBBIX
He onyckaeTcs Huke 0.4. I3 ipuBeleHHbIX TaHHbBIX Clle-
JIyeT, 4YTO B HAIJIaBJIeHUM OT Haubosee MOIOJbIX KOCTET
K HauboJjIiee APeBHUM CTelleHb pacileruieHus nmka (121)
IOCIeI0BAaTeIbHO BO3PACTaET, OTpaXkasi, Kak U B ciaydae
¢ FWHM, cuiibHY10 XPOHOJIOIMYECKYI0 TeHLeHIIUIO YBen-
YeHUS CTeNeHM KPUCTALTMUHOCTH.

B MK-crekTpax, MOTyuYeHHbIX OT BEPOITIOKbIX KOCTei’
(puc. 14, 15) OTYET/INBO PETUCTPUPYIOTCS OCHOBHBIE T10-
JIOCBI V- U v4-TIOIONIeHMs Ha POy-Tpyminax, a Takke I10-
JIOCBI vy—v,-TIOTIONIeHMs Ha rpymnax COz, n3omopdHO
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Mornomexnne V3POy4
1041
V4PO, V3CO3
566 1420 H,0
{605 :/453 3418
V303 1635
872

—= Bonuosbie uncna,cm-1

Puc. 14. Cnexktpsl MK-110I/I01II€HMS B OTHOCUTEIBHO CMIBHO KapOOHM3MPOBAaHHOM O10aTiaTUTe roj0leHOBbIX BepOIioIoB
(06p. Tut-4, 5, 6)

Fig. 14. IR absorption spectra in relatively highly carbonized bioapatite from Holocene camels (samples Tit-4, 5, 6)

NMornowenne V3PO4
\ 1041
V4 PO4
566
‘604
V3CO3

H20
3427

—>» BonHoBble Yyncna, cm”

1

Puc. 15. Ciekpsi MK-110I/I011[€HNST B OTHOCHMTEIBHO CTa00KapOOHM3MPOBaHHOM 6110anaTHTe IUIMOLIeH-TI/Ie/iCTOIIEHOBBIX BEP-
6mi07moB (00p. Bp6-4; Tut-1, 2)

Fig. 15. IR absorption spectra in relatively weakly carbonized bioapatite from Pliocene-Pleistocene camels (sample Vrb-4; Tit-1, 2)

3aMelnamiux docdaTHbie aHNOHBI. [IpM3HAKOB MOTIO-
meHus Ha rpynmnax CO5, samemaromux OH-rpynms! (Ba-
JIEHTHbIE aHMOHBI), He 06HapykeHO. TakM 06pa3oM, pe-
3ynbTaThl IK-CIeKTPOCKOMUM TOKE CBUAETEbCTBYIOT
0 TOM, UTO 6MOAMaTUT B KOCTHBIX OCTATKAX BEPOJIIONOB
HaIleJIo TIpeICTaB/eH TUIPOKCIIKapOboHATAIaTUTOM
B-Tuma.

B kauecTBe KpuUTepusi CTPYKTYPHOI KapboHM3aAIUK
6roamnaTuTa Mbl MCIIOTb30BA/IM OTHOIIIEHVE MHTEHCUBHO-
cTeit momiomeHus B monocax npu 1420 cm—1 [vz(CO3)]
u ipy 1041 cm~1 m [v5(PO,4]. 3HaUeHMS STOTO KPUTEPUSI
IIJIS1 OTHOCUTEJIBHO J1a60Kap6OHM3MPOBAHHOIO Oyoana-
TUTA B KOCTSIX TTMOLIEH-TIeIICTOIIEHOBBIX BEPOITIONOB CO-
crasysier 0.31 £ 0.06, a 111 OTHOCUTENIBHO CUJTBHO Kap6o-
HM3MPOBAHHOTO 6MOAMAaTUTA B KOCTSIX TOIOI€HOBBIX BEp-
6monoB — 0.35 £ 0.05. VI3 nmpuBeneHHbIX JaHHBIX CIedy-
€T, UTO B HAIIPaBJIEHMM OT MOJIOABIX KOCTei K Gosee
IPEBHMM CTEITeHb CTPYKTYPHOJ KapOboHMU3auyy 6uoarna-
TUTA COKPALAETCsl, UTO COrNIaCyeTCs C BbILIEOTMEYEHHON
TeHJeHLMeN K POCTY 3HaUeHUI PEHTIT€HOBCKOIO MHIEeK-
Ca ero KpUCTaTIMYHOCTH.

PaHee Mof06HBIN pe3ynbTaT ObUI TIOMYYEH M0 KOCTSIM
MJIEKOTIMTAIOIIMX Ha CTOsTHKe Yiboynak (CuiaeB u ap.,
2022). CnegyeT OTMeTUTB, UyTO ntosiydeHHble UKC-maHHbIe

16

IUIST BepOJTIOIOB XOPOIIIO KOPPEIMPYIOTCS C aHATOTUIHbI-
MU TaHHBIMMU JIJIST MICKOTIA€MbBIX KOCTE, 3aXOPOHEHHBIX
B OTKPBITBIX TPYHTaX. [IJIs1 KOCTe, peTepreBumx doc-
CUIU3ALMIO B IeLepHbIX yeaoBusx, UIKC-kpuTtepnii kap-
GoHM3aINMY OyoaraTUTa JOCTUraeT OOIbIINX 3SHAUCHUIT —
0.55 + 0.22 (Cunaes u ap., 2020).

XUMMUYeCKuii cCocTaB 6MoanaTuTa B MCCIeAyeMbIX
KOCTSIX MMeeT CPaBHUTEIbHO IIPOCTOI COCTaB, XapaKTe-
pPU3YSICh CTPYKTYPHOM NpuMechio St 1 Mn B KaTUOHHO
noppenietke u Si, S, C — B aHMOHHOIL. [Tpy 9TOM HA6IIO-
JAIOTCS HEKOTOPbIE XPOHOJIOTMUYECKIMEe Bapualyu. B yacr-
HOCTY, O¥0amnaTUT B TOJIOII€HOBbIX U MJIE/CTOIIeH-Kala-
OPUICKMX KOCTSX HE COMEPsKUT MpuMeceii B KaTMOHHO
MojipeleTke, MEHbIIe COMEPKUT IpUMeceit KpeMHUS
M cepbl B aHMOHHOI TIoJipelieTKe, CTaTUCTUIECKHA SIBJISI-
ercst Hanboiee KAapOOHM3UPOBAHHBIM. ATTATUT B TeJia-
3UICKO-MMOILIEHOBBIX KOCTSIX 60Jiee IIpUMeCHbIii B 00e-
UX TIOJIpeNIeTKaxX ¥ HeCKOJIbKO MeHee KapOOHM3UPOBaH-
HbIii. TakuM 06pa3oMm, B 6uoanaTuTe BepoO/IIosKbIX KO-
CTeil IBHO peayin3yeTcsl XpOHOJOTUYEeCKasT TeHIEeHIINST
YCJIOKHEHMSI COCTaBa, COBITAAA0INAs C TEHIEHIIMeN co-
KpallleHUy cTerneHu KapOboHM3aIMM, Kak 3TO O6bIII0 TT0-
Ka3aHo BbIIIe Ha MTPMMepPe PeHTIeHOCTPYKTYpHbIX 1 UK-
CTIEKTPOCKOTIMYECKUX CBOVICTB.
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Ta6mmua 5. XuMuueckuii coctas (Mac. %) u sMmmpudeckie GopMysibl 6¥0anaTUTa B KOCTSIX MCKOMAeMbIX BepOITIOf0B

Table 5. Chemical composition (wt %) and empirical formulas of bioapatite in the bones of fossil camels

o p(;eﬁl?\io. CaO | sr0 | MnO | P,0: | SO | Si0, | a1 |cap,, oDy
Bpo6-1
1 61.23 H. 0. H.O 38.77 H.O H. 0. H. 0. 2.0 Calo[P4.99C1.01024](OH)0.99
2 58.49 | 1.52 » 38.86 » 1.13 » 1.91 (Cag.96510.04)[P5.17510.18C0.65024](OH){ 17
3 59.74 | n.0 » 39.99 » H.0. | 0.27 | 1.89 Cayo[P5.95C0.72024]Cly 97(OH)g.99
4 60.13 » » 39.87 » » H.o0. | 191 Cayg[P5.73C0.77024](OH)1 93
5 60.03 » » 39.97 » » » 2.07 Cayg[P4.53C1.17024](OH) g3
6 58.5 » » 41.5 » » » 1.79 Cayg[Ps5.59C0.41024](OH){ 59
7 57.37 » » 41.29 » 1.08 | 0.26 | 1.76 Cayo[Ps5 43Co.14810 18024]Cly 07(0OH){ 1
8 61.33 » » 38.67 » H.O H.0. | 2.01 Cayg[P4.97C1.03024](OH)g 97
9 60.08 | 1.7 » 38.22 » » » 1.99 Ca10[Ps5.02C0.980241(OH)1 oy
10 59.66 | H.O. » 40.34 » » » 1.87 Cayp[Ps33C0.67024](OH)1 33
11 5747 | 1.97 » 40.56 » » » 1.8 (Cag g7510.12)[P5.46C0.54024](OH) 1 46
12 58.63 H.O. 1.18 38.82 » 1.37 » 1.92 (C39.84Mn0.16)[P5.22C0.78024](OH)0.99
13 60.54 » 0.62 | 37.55 » 1.29 » 2.04 (Cag.94Mng g)[P4.84C1.16024](OH)1 g9
14 57.74 1.85 38.89 » 1.52 » 1.88 (CaIOMno.OO)[P5.32C0.68024](0H)1.32
‘;’;ﬁ;‘g‘ 59.35 | 0.5+ | 0.13% | 39.52 | | 046 | 0.04 | 1.92 | (Caggy_10Mng_g.165%0—0.18)10 [Pas3s.68
Late Miocene +1.32 | 0.83 | 0.34 | #1.16 #0.64 | 0.1 | 0.1 | Sig_0.18Co.14—1.17 O24] Clg_0.07(0H)0.83—1.61
Bp6-2
15 62.0 | H.O HoO. | 380 | HO. | HoO. | HoO. | 2.07 Cayo[P4.g3C1.17024](OH) g3
16 59.92 » » 40.08 » » » 1.89 Cayg[Ps5.28C0.72024](OH){ 25
17 61.81 » » 36.62 | 1.57 » » 2.14 Cao[P4.6750.18C1.150241(OH)1 o3
18 60.04 » » 37.73 | 2.23 » » 2.02 Cag[P4.9650.26C0.78024](OH)1 o3
19 59.0 » » 39.37 | 1.63 » » 1.9 Ca19[P5.2650.19C0.55024](OH)1 ¢4
20 58.42 » » 39.98 | 1.6 » » 2.27 Cayo[P4.450.19C0.41024](OH)1 75
21 59.06 » » 39.13 | 1.81 » » 1.91 Cayg[Ps5.2350.21C0.560241(OH)1 45
22 55.74 » » 40.36 | 2.05 » » 1.78 Cayo[Ps.6150.25C0.140241(OH) 11
23 57.86 » » 40.09 | 2.05 » » 1.83 Cayg[Ps5.4650.18C0.29024](OH); 96
24 60.45 » » 38.38 | 1.17 » » 2.03 Ca10[P4.9350.13C0.940241(OH){ 19
25 58.73 » » 38.81 | 2.46 » » 1.92 Ca10[Ps5.2150.29C0.50241(OH){ 79
26 60.06 » » 38.42 | 1.52 » » 1.98 Cayg[Ps.0550.18C0.770241(OH)1 41
27 57.26 » » 39.47 2.78 » 0.49 1.84 Ca10[P5.4480.34C0'22024]CIO.19(OH)1'41
28 57.72 » » 40.37 | 1.91 » H.o. | 1.81 Cayg[Ps5.5250.23C0.25024](OH); o5
29 60.06 » » 38.27 | 1.67 » » 1.99 Cayo[Ps5.0350.19C0.780241(OH)1 41
30 60.3 » » 37.53 | 2.17 » » 2.04 Ca10[P4.9150.58C0.51024](OH), 7
31 60.44 » » 37.67 | 1.89 » » 2.03 Ca[P4.9250.22C0.86024](OH); 3¢
32 60.47 » » 37.11 | 2.42 » » 2.07 Cay0[P4.8450.28C0.88024](OH){ 4
33 60.08 » » 37.87 | 2.05 » » 2.01 Ca10[P4.9750.24C0.790241(OH)1 04
34 60.38 » » 3741 | 2.21 » » 2.04 Cayg[P4.8950.25C0.86024](OH); 39
35 60.26 » » 38.05 1.59 » » 2.01 Calo[P4.9880.18C0.84024](OH)1.34
36 60.89 » » 37.34 | 1.77 » » 2.07 Ca10[P4.8450.2C0.96024](OH){ 94
37 59.58 » » 37.96 | 2.46 » » 1.99 Cay0[Ps5.0250.29C0.690241(OH)1 ¢
38 60.13 » » 37.08 | 2.79 » » 2.06 Ca10[P4.8650.32C0.82024](OH); 5
39 61.11 » » 37.1 | 1.79 » » 2.11 Cai9[P4.7450.2C1.01024](OH)1 19
40 61.27 » » 36.37 | 2.36 » » 2.14 Cayg[P4.6350.27C1.05024](OH); 99
BPB-3
41 59.88 | n.0 H.O. | 3749 | 2.63 | H.O H.0. | 2.02 Cag[P4.9450.31C0.75024](OH); 5¢
42 59.12 » » 36.12 44 » 0.36 2.08 Ca]O[P4.8280.52C0.66024]ClO.l(OH)1.76
43 59.12 » » 37.69 | 3.19 » H.o. | 1.99 Cayg[Ps5.0350.38C0.99024](OH); 79
44 58.79 » » 38.87 | 2.34 » » 1.92 Cay9[Ps5.2250.28C0.50241(OH)1 79
45 57.73 » » 39.93 2.34 » » 1.83 Ca]O[P5.4680.28C0.26024](OH)Z.OZ
46 573 » » 42.14 | H.0. » 0.56 | 1.72 Ca;[P5.8Cp.2024]Clo.16(OH){ 44
47 60.16 » » 37.7 2.14 » H.O. 2.02 Calo[P4.94SO'25C0.81024](OH)0.44
48 58.04 » » 39.23 | 2.73 » » 1.88 Cayo[Ps5.3350.33C0.34024](OH){ 99
49 57.94 » » 38.87 | 3.19 » » 1.89 Cayg[Ps5.9950.38C0.33024](OH) 7
50 58.68 » » 37.04 | 4.28 » » 2.01 Cao[P4.9850.51Cp.51024](OH),
51 56.58 » » 39.53 | 2.92 | 0.97 » 1.82 Cayg[Ps.5150.16C0.36024](OH)1 g5
52 58.84 » » 39.33 | 1.83 | H.0. » 1.92 Cayg[Ps5.9750.36C0.37024](OH){ 99
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0
Saﬁp‘{g‘f\io. CaO | SrO | MnO | P,Os | SO | Si0, | €1 |cCaP,, bophy
53 58.23 » » 38.96 | 2.81 » » 1.89 Cao[P5.9850.34C0.3380241(OH)1 g6
54 58.65 » » 3756 | 3.4 » 0.39 | 1.98 Ca10[P5.0550.41C0.54024]Cly 11(OH){ 76
55 56.66 » » 40.22 | 3.12 » H.0. | 1.79 Cay9[Ps5.650.39C0.010241(OH), 35
56 56.63 » » 40.96 | 2.12 » 0.29 | 1.75 Ca0[P5.7S0.26C0.04024]Cly 0s(OH)4 14
57 57.57 » » 40.02 | 241 » H.0. | 1.82 Ca0[P46850.27C1.05024](OH)1 9
58 54.76 24 » 3568 6.68 » 054 195 Ca10[P5'1480.85C0_01024]C10.16(OH)1'22
59 5744 | H.0 » 39.52 | 3.04 » H.O 1.84 Ca;o[P5.4350.37C.20241(OH)4 17
Bp6-4
60 61.07 H.O H.O 37.21 1.72 H.O H.O 2.08 Calo[P4.81SO.ZC0.99024](0H)1.21
61 58.99 » » 39.02 | 1.99 » » 1.92 Caig[Ps5.9250.24C0.54024](OH); 7
62 60.33 » » 37.36 | 2.31 » » 2.05 Cayg[P4.8850.27C0.85024](OH){ 49
63 61.12 » » 37.12 | 1.76 » » 1.95 Cayo[Ps5.1350.22C0.65024](OH)1 57
64 60.13 » » 38.17 | 1.7 » » 2.0 Cayg[Ps5.0150.2C0.79024](OH){ 41
65 60.71 » » 37.82 | 1.47 » » 2.04 Ca10[P4.9150.17C0.92024](OH)1 95
66 61.26 » » 37.33 | 1.41 » » 2.08 Ca0[P45150.16C1.03024](OH)1 13
67 58.73 » » 38.94 | 2.33 » » 1.91 Cayg[Ps5.9350.28C0.49024](OH); 79
68 57.36 | 2.26 » 379 | 248 » » 1.92 (Cag.79S10.21)10[P5.150.3C0.6024](OH){ 7
69 59.71 | 1.76 » 36.57 | 1.96 » » 2.07 (Cag 84519.16)10[P4.7650.37C0.2024](OH) 1 99
70 5841 | 1.41 » 38.06 | 2.12 » » 1.95 (Cag g7510.13)10IP5.0750.25C0.68024](OH){ 57
mwmouneH | 59.16 | 0.14 0 38.37 | 2.23 | 0.02 | 0.05 | 1.97 (Cag 79_105T9—021)10P4.4—5850—0.85
Pliocene *1.57 | £0.52 +1.32 | £1.02 | £0.13 | ¥0.14 | +0.11 C0'1_1'17024] C10_0.19 (OH)0.44—2.17
Bp6-5
71 5992 | 1.62 | H.0. | 37.39 | 1.07 | H.0. | H.0. | 2.03 | (CaggeSro.14)10/P4.8550.12C1.03024](OH)1 o9
72 59.04 1.71 » 37.74 1.51 » » 1.98 (C39.858r0.15)10[P4.9680.18C0.86024] (OH)1.32
73 59.65 | H.0 » 40.35 » » 1.87 Cag[Ps5.34C0.66024](OH)1 34
74 60.71 » » 39.29 » » 1.96 Cayg[Ps5.1Cp.9024]/(OH){ ¢
75 60.44 » » 37.71 | 1.45 » 0.4 2.03 Ca10[P4.9250.17C0.91024]Clg 11(OH){ o5
76 61.32 » » 38.68 » » H.0. | 2.01 Ca;o[P4.98C1.02094](OH)g 08
77 60.89 » » 3735 1.38 » 0.38 1.99 Ca]O[PS.OlSO.]6C0.83024]C10.1(0H)1.23
78 57.87 » » 40.72 » » H.O. 1.96 Cay0[Ps5.0950.17C0.74024](OH)1 43
79 57.48 » » 40.54 | 1.51 » 0.47 1.8 Ca;o[P5.5650.18C0.260241Clo.13(0H){ 79
80 58.62 » » 40.12 | 1.26 » H.0. | 1.85 Cay9[Ps5 450.15C0.450241(OH); 7
81 61.84 » » 37.71 » » 0.45 | 2.08 Cayp[P481C1.19024]Clg 12(OH)g 69
82 58.79 » » 37.78 1.84 1.59 H.O. 1.97 Ca10[P5'07Si0'2580.22C0'46024](OH)1'51
83 58.88 » » 37.75 | 2.9 H.0. | 0.47 | 1.98 Ca10[P5.0650.34C0.6024]Cly 13(OH) 1 61
84 57.89 » » 38.11 | 191 | 1.53 | 0.56 | 1.93 Cay[Ps 19510 2550.23C0.33024]1Clg 15 (OH); 5
85 60.18 » » 38.61 1.21 H. 0. H. 0. 1.98 Calo[Ps.OésO'14C0.8024]C10'13(0H)1.34
86 58.97 | 1.53 » 37.39 | 2.11 » » 2.0 |(Cap.99Sr0,01)10P4.9350.02C1.05024] Clp.13(0OH) .97
87 59.74 | H.0 » 38.55 | 1.71 » » 1.96 Ca[Ps5.09S0.2C0.71024]1Cly 13(0OH)1 45
Bp6-6
88 61.78 | H.0 H.O 373 | 092 | H.0. | H.O. | 2.1 Cai0[P4.7650.1C1.14024](OH) 96
89 60.55 » » 38.12 | 1.33 » » 2.01 Ca10[P4.9650.15C0.890241(OH)1 96
90 60.84 » » 38.15 | 1.01 » » 2.02 Cay0[P4.9550.12C0.93024](OH){ 19
91 59.9 | 1.69 » 37.14 | 1.27 » » 2.04 (Cag g551(.15)[P4.8250.15C1.03024](OH)1 15
92 59.99 | H.0 » 38.82 | 1.19 » » 1.96 Ca10[Ps.150.14C0.760241(OH)1 35
93 61.25 » » 38.75 | H.0. » » 2.0 Ca;o[P4.99C1 01094](OH)g 99
94 60.31 » » 3859 | 1.1 » » 1.98 Cayg[Ps.0550.13C0.820241(OH)1 31
95 61.34 » » 37.56 | 1.1 » » 2.07 Cao[P4.8350.13C1.040241(OH)1 g9
Bp6-7
96 59.11 H.O H.O 37.49 1.57 1.36 0.47 2.0 Calo[PssiO'zst.19C0'59024]C10.13(OH)1'25
97 59.06 » » 38.36 | 2.58 | H.0. | H.0. | 1.95 Ca;o[P5.1250.31C0.57024](OH){ 74
98 59.41 » » 37.56 | 3.33 » » 2.01 Cay0[P4.99S0.39C0.620241(OH){ 77
99 59.12 » » 38.75 | 2.13 » » 1.93 Cao[P5.17S0.25C0.58024](OH){ ¢7
Tur-1
100 63.52 | H.0. | H.0. | 3648 | H.0. | H.0. | H.0. | 2.21 Cayg[P4.53C1 47024](OH)g 55
101 60.52 » » 38.15 | 1.33 » » 2.01 Ca10[P4.9750.15C0.88024](OH) 196
102 60.72 » 14 |36.69 | 1.19 » » 2.14 | (Cag.9gMng 2)10[P4.6750.13C1.2024] (OH)g o3
103 59.69 1.52 H.O. 37.68 1.11 » » 2.03 (C39.993r0701)10[P4.9180.13C0.96024] (OH)]17
104 61.15| H.0 » 37.66 | 1.19 » » 2.06 Cay0[P4.8650.01C1.13024](OH)g g5
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0
Saﬁp‘{g‘f\io. CaO | SrO | MnO | P,Os | SO | Si0, | €1 |cCaP,, bophy
105 61.0 » » 37.67 1.33 » » 1.93 CalO[PS.1750.14C0.69024](0H)1.45
106 61.0 » » 39.0 H. O. » » 198 Calo[P5.04C0.96024](OH)1.04
Tur-2
107 60.83 H.O H.O 36.87 2.3 H.O H.O 2.09 Calo[P4_7880.26C0496024](0H)1_3
108 62.07 » » 3592 2.01 » » 2.19 Calo[P4.5680.23C1.23024](OH)1.1
109 61.17 » » 3699 1.84 » » 21 CalO[P4.77SO.21C1.02024](OH)1.19
Twur-3
110 61.35 H.O H.O 36.82 1.83 H.O H.O 2.11 Calo[P4.73SO.21C1.06024](0H)1.15
111 59.28 » » 39.46 1.26 » » 1.9 Calo[P5_2580.15C046024](OH)1.55
112 60.5 » » 37.7 1.8 » » 2.02 Calo[P4.94SO_21C0.85024](OH)].36
113 58.92 1.37 » 38.82 0.89 » » 185 (Caglggsrol12)10[1)5.3580.1(:0.55024] (OH)ISS
114 62.07 | moo. | » | 369 | 1.03| » > | 2.13 CayolP4 6950 12C1 19024](OH)g o3
TaBpupa / Tavrida
115 58.39 H.O H.O 40.96 H.O. H. 0. 0.65 1.81 Calo[P5.53C0.47024]C10_18(OH)1435
116 57.33 » » 41.28 0.9 » 0.49 1.76 Calo[Ps_égsO.11C0_21024]C10_14(OH)1'76
117 57.47 » » 4057 1.35 » 061 18 CalO[P5.57SO.16C0.27024]C10.17(OH)1.72
118 56.83 » » 4164 1.1 » 0.43 1.73 CalO[P5.7SSO.14C0.08024]C10.12(OH)1.94
119 5743 | » » | 4065|138 | » | 054 | 1.79 Cayo[Ps 550,17C0.25024]Clo. 15(OH); 77
120 56.61 » » 41.67 1.34 » 0.38 1.72 Calo[Ps_SISO.17C0_02024]C10_11(0H)2_04
121 58.46 » » 41.08 H. 0. » 0.46 1.72 CalO[P5.43CO.57024]C10.13(OH)1.3
122 57.67 » » 4077 0.92 » 064 179 CalO[PS.SSSO.l1C0.31024]C10.18(OH)1.62
123 594 | » » 3863|147 | » | 05 | 1.95 Cayo[Ps,15S0.17Co 7024]Clo 51(OH); 16
124 57.26 | » » | 405 | 1.63 | » | 061 | 1.79 Cayo[Ps 5750.2C0 23024]Cly 17(OH), ¢
125 57.99 » » 40.61 1.0 » 0.4 1.81 Calo[PS.szso_12C0.36024]C10.26(0H)1_5
126 58.75 » » 40.73 H.O. » 0.52 1.83 Calo[P5.47C0'53024]C10_15(OH)1.32
127 58.01 » » 4007 1.43 » 049 183 Calo[PSA_SsO']7C0.38024]C10.13(0H)1.9
128 55.56 1.76 » 40.93 1.33 » 0.42 1.72 (Cag.ggsr().17)10[P5.7SO.16C0.14024]C10.18 (OH)162
129 5756 | H.0. | » |40.67| 141 | » | 036 | 1.79 Cayo[Ps 570.17C0 26024]Clo 1(OH); g,
130 59.62 » » 38.83 1.55 » H. O. 1.95 Calo[Ps_14C0.86024](OH)1.14
IUIEVICTOIIeH
(remaswmit) | 59.55| 0.19 | 0.02 |38.75 | 1.22 | 0.07 | 0.18 | 1.95 (Cag g6 10T0—0.14)101P4.55—5.8110—0.25
Pleistocene | £1.61 | #0.52 | #0.18 | +1.51 | +0.74 | +0.33 | #0.24 | #0.12 | Sy_0.39 Co.02—1470241Clo_0.51(0H)g.55. 2.04
(Gelasian)
Bp6-8
131 5791 | H.0 H.0. |42.09 | H.0. | H.O. | HoO. | 1.74 Ca;o[P5.73C0.27094](OH); 71
132 57.12 » » 41.41 1.47 » » 1.75 Calo[stst.lgCO.1024](0H)2.08
133 57.39 » » 40.23 2.38 » » 1.81 Calo[P5.53SO_29CO.18024](OH)2.01
134 57.08 » » 41.75 1.17 » » 1.73 Calo[P5'77SO'14C0.09024](OH)2'05
Bp6-9
135 59.69 | H.0 H.0. | 40.31 | H.0 H.O0. | H.0 1.88 Cayg[P533C0 47024](OH); 33
136 57.46 » » 42.54 » » » 1.71 Calo[Ps_84C0_16024](OH)1.84
137 59.75 » » 39.26 0.99 » » 1.93 Calo[Ps_1880.12C0_7024](0H)1_42
138 57.15 » » 4118 1.67 » » 176 Calo[P5'6880.2C0.12024](OH)OA_
139 60.33 » » 39.67 H.O » » 1.93 Calo[P5.19C0.81024](0H)1.19
140 60.26 » » 3857 » » » 1.99 Ca10[P5.058i0.18C0.77024](0H)1.05
141 56.43 » » 3771 » 586 » 19 Ca10[P5.27Si0.36CO.37024](OH)1.27
142 57.13 » » 41.43 1.4-4 » » 1.75 Calo[Ps_']ZsO.lgCO_1024](OH)1_08
143 59.36 » » 38.04 H.O 2.6 » 1.98 Calo[PS.OssiOA_lC0.54024](OH)1.05
Bp6-10
144 5751 | H.0. | HoO. |40.85 ] 1.64 | H.0. | H.0. | 1.78 Cao[Ps 650.2C0.2024](OH),
145 58.67 » » 3984 1.49 » » 187 Ca10[P5~3680.18C0‘46024](0H)1~72
146 59.36 » » 39.37 1.27 » » 1.91 Calo[P5.23SO_15CO.62024](OH)1.53
147 60.77 » » 37.83 14 » » 2.04 Calo[P4.9180'16C0.93024](OH)].18
148 59.01 » » 3924 1.75 » » 191 Calo[P5.24SO.4C0.36024](OH)2.04
149 5758 | » » | 4062| 1.8 | » » 1.8 Cayo[Ps 56S0.22C0.22024](OH),
150 59.12 » » 3933 1.55 » » 187 Ca10[P5.34SO.19C0.47024](OH)1.72
151 60.91 » » 37.67 1.42 » » 2.05 CalO[P4.8880.16C0496024](OH)l.Z
IVIACTOLIeH
(KaJIaﬁle'fI) 58.57 0 0 39.95 1.02 0.4 0 1.86 ca10[P4488_5_84si0_044180_0_4(:0409_0_93 024]
Pleistocene | 1.39 +1.48 | £0.79 | £1.37 +0.1 H)o 4208
(Calabrian)
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0
s p‘fglf\i& CaO | SrO | MnO | P,Os | SO | Si0, | €l |CaP,, bophy
Tur-4
152 62.26 | H.0. | HO. | 36.6 | 1.14 | HoO. | H.O. | 2.15 Ca;o[P4.6450.13C1.230241(OH) 9
153 58.71 » » 39.97 | 1.32 » » 1.86 Ca;o[Ps53750.15C0.480241(OH)1 ¢7
154 59.86 » » 38.75 | 1.39 » » 1.96 Cayo[Ps5.11S0.19C0.7024](OH)1 49
155 56.78 » » 41.08 | 2.14 » » 1.75 Cayg[Ps5.7150.26C0.03024] (OH); 53
156 59.45 » » 38.51 | 2.04 » » 1.96 Ca0[P5.11S0.24C0.650241(OH){ 59
157 58.68 » » 14018 | 1.14 » » 1.85 Cay[Ps5.4S0.14C0.46024] (OH){ 45
158 60.88 » » 37.21 | 1.91 » » 2.08 Ca;o[P4.850.22C0.98024](OH){ 94
Tut-5
159 58.59 | n.0. | H.0. |40.24 | 1.17 | H.O. | H.O. | 1.84 Ca;0[P5.4250.14C0.44024](OH) 7
160 57.19 » » 41.57 | 1.24 » » 1.74 Cao[P5.7350.15C0.12024](OH)4 3
161 63.46 » » 35.25 | 1.29 » » 2.28 Cay[P4.3850.14C1.48024](OH)g 46
Tur-6
162 582 | H.0. | HO. | 39.38| 242 | HoO. | HoO. | 1.88 Cayg[Ps5.3350.28C0.39024](OH); g9
163 60.14 » » 37.76 | 2.1 » » 2.02 Cag[P4.9550.23C0.820241(OH)1 41
164 58.02 » » 40.57 | 1.31 » » 1.81 Cag[P5.5250.17C0.31024]1(OH){ g¢
166 56.22 » » 41.1 | 2.68 » » 1.73 Cayg[P5.77S0.23024](OH); 93
167 59.35 » » 39.55| 1.1 » » 1.9 Ca;o[P5.2650.13C0.610241(OH)1 59
168 56.82 » » | 41.42 | 1.76 » » 1.74 Cayo[Ps.7550.22C0.03024](OH); 19
169 64.95 » » 35.05 | H.0. » » 2.35 Cayp[P5.04C0.960241(OH)g 25
170 56.43 » » 42.23 | 1.34 » » 1.69 Cayg[Ps5.9S0.1024](OH), ¢
171 60.83 » » 36.3 | 2.87 » » 2.12 Ca10[P4.71S0.33C0.96024](OH){ 37
155 58.89 » » 39.0 | 2.11 » » 1.91 Cay[Ps5.9250.25C0.53024(OH){ 79
Tur-7
156 56.62 | H.0. | HoO. |40.22| 3.16 | Ho. | H.O. | 1.78 Cayg[Ps.650.1650.39C0.01024](OH); 3¢
romoneH | 59.16 0 39.14 | 1.7 0 1.92 Cajo[P438—5.950—0.33C0—1.48024]
Holocene | £2.34 #2.09 | £0.73 *0.18 )0.25—2.38

Ipumeuarue: H. 0. —He OGHAPYKEHO.
Note: H. 0. — not detected.

OpraHMYecKuin MaTpuKc

[IpucyTcTBME OPraHMYeCKOTO BellleCcTBa B UCKOIae-
MBIX KOCTSIX JIETKO BBISIBJISIETCSI TEPMUYECKMM METOIOM
(CmmpHOB 1 11p., 2009; Votyakov et al., 2010). Ha momyueH-
HbIX HAMM KPUBBIX HarpeBaHus B auamnasoHe 20—600 °C
3aperucTpMpoBaHbl BCe TPU XapaKTepPHBIX JIJIs1 KOCTeil Tep-
MUYecKux 3G heKTa, HO BeCbMa PasaMUHO MPOSBUBIINXCS
Y KOCTel pa3HOro Bo3pacTa. B ciydae KocTelt Mol eH-11a-
JIEOTIIEMICTOIIEHOBBIX BEPOIIIONOB HA KPUBBIX HATPEBAHMSI

112 310 @
|

112 300
|

1

PEerucTpUPYIOTCS IBA MaJIOMHTEHCUBHBIX TEPMUUECKUX (-
dekra (puc. 16): 1) sHHOTEPMUYECKUI C IKCTPEMYMOM TTPU
105—115 °C, 06ycI0B/I€HHBIII HU3KOTEMITEPATYPHOI fTe-
rumpatTaimeri (abcopbrupoBaHHast BOJA) KOCTH; 2) 9K30Tep-
MUYeCKuii ¢ skcTpemyMom ripu 300—329 °C, oTpaskaroumit
BBITOpaHle OpPraHMUeCcKOoTO BelllecTBa C IoTepeit Beca
1—2.5 %. KpoMme TOr0, 4acTo HabII0IaI0TCS JOITOTHUTE -
HbIe SHI0TepMMYeckye miku B o6macti 700—800 °C, 06y-
CJIOBJIEHHBIE TEPMOJIMCCOIMAIMEl KapOOHATOB.

2:150 @

Puc. 16. Tunuunbie fanHbie [ITA KOCTel TUIMOLIEHOBBIX (a, b) 1 M1eicTOoeHOBbIX (C) BepOmofoB: 1, 2 — KpuBbie COOTBETCTBEHHO
HarpeBaHus U rorepy Beca. Ludpbl Ha KPUBBIX HATPEBaHMUST — TEMITEPATYPbI IKCTpeMyMoB B °C. [IpoaHaM3MpoBaHHbIe 06PA3IbI:
a — Tur-2,b — Turt-3, c — Tut-1

Fig. 16. Typical DTA data on the bones of Pliocene (a, b) and Pleistocene (c) camels: 1, 2 — heating and weight loss curves, respec-
tively. The numbers on the heating curves are the extreme temperatures in °C. Analyzed samples: a — Tit-2, b — Tit-3, ¢ — Tit-1
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b,

B cirygyae kocTeii Bep6/II0I0B TOJIOIEHOBOTO BO3pac-
Ta Ha KPUBBIX HAarpeBaHUsI IPUCYTCTBYIOT TPU TepMuye-
ckux addekra (puc. 17): 1) sHZOTEPMMUUECKII UK C IKC-
tpemymoMm 1ipu 100—112 °C, 06yC/IOBIEHHBI HU3KOTEM-
nepaTypHOIt Aeruapartanyeit; 2) mpeobiagaronmii o uH-
TEHCUBHOCTU 3K30TepPMMUYECKUIi MUK B1 ¢ akcTpeMyMom
nipu 320—340 °C; 3) BOTIOTHUTENbHBIN 9K30TEPMUUECKUIL
K B2 ¢ skcrpemymom mpu 340—380 °C. O6a ak3o0Tep-
Muueckux 3¢ddeKTa oTpakaloT BbITOpaHye OpraHnyecKo-
ro BelllecTBa C notepei ot 7 1o 17 % MCXOmHOM MacChl
U peructpupyemsiM Boigenenem H,0, NO, CO,.

CornacHo NOTy4YeHHbIM JAaHHBIM, TEpPMUYECKIME CBOM -
CTBa KOCTEI CTPOTO KOPPENUPYIOTCS C F€0IOTrMUEeCKUM
BO3PacTOM VMCKOTIaeMbIX BepOII0I0B. TepMuueckyie 3¢-
(bekThI BEITOpaHMST KOCTHOTO OPraHMYECKOTO BellecTBa
XOPOILIO peanu3yIoTcsl TOIbKO B pe3y/ibTaTax aHann3sa ro-
JIOIIEHOBBIX KOCTelt. B ciryuae 6osee IpeBHUX KOCTEN 3TU
3GbdeKThI MPOSIBISIOTCS HE3HAUUTENbHO. OUeBUIHO, UTO
BBISIBJIEHHAs pasHuiia pesynbraTtoB I TA o6ycioBieHa
pe3KuM COKpallleHMeM COofep>kaHus KoJIJlareHa ¢ yapeB-
HeHMeM KocTeii. [locneqHee NOATBEPKAAETCS HEIOCPE -
CTBEHHBIM ompezeneHnem cogepxkanus Cq,,. B kocTsix

Haunbosee MOJIObIX — TOJIOIEHOBbIX — BEPOIOA0B CO-
nepxanue C,p, oneHnBaercs B (9.78 £ 1.46) mac. %, B Ko-
CTSIX KaJabpuiickux BepOIIofoB OHO CHIDKaeTcs B 1.5—
2 pasa — 1o (5.67 £ 3.01) mac. %, a B KOCTSIX MUOLIeH-Te-
Jas3uiicKMX BepOTIOOB MajaeT eile B 2.5 pasa — o (2.24 +
1.6) mac. %.

BrifeneHye KOCTHOTO KoJjlareHa M3 MCClieyeMbIX
KOCTeli 0CyLeCTBSITIOCh METOLOM XMMUYECKO JeMyHe-
panmusauyn. Hanbosnee BbICOKMIT TTOKa3aTes b BbIX0OA KOCT-
HOT'O OpraHmyeckoro Beiectsa — (13.98 = 5.92) mac. % —
TI0Ka3aJIy KOCTY TOJIOIIEHOBBIX BepOITioioB. B cryyae xo-
CTel TIe/ICTOIIeHOBBIX BEPOIIONIOB STOT BbIXO, COKpalia-
eTcs MouTH B 2 pa3a — 1o (7.2 * 3.23) mac. %, a B ciryyae
MMOIIeH-TUIMOII€HOBBIX YMEHbIIIAEeTCs elle B 2.5 pa3a —
o (2.79 £ 3.25) mac. %. ITosrydeHHbI KOCTHBIN KOJIIareH
HIMPOKO BapbUpyeTcs IO OKpacke OT 6yporo 1 TeMHO-6y-
poro B ciIyuae TUIMOLleH-TIIeICTOIEHOBBIX KOCTeli 10 Oy-
POBATO-3KEJITOTO U SKeJITOTO B TOJIOI[@HOBBIX (pUc. 18). 3TO
00YCJIOBIEHO OKMCJIEHVEM U CTPYKTYPHOIL Aerpajanyein
OpraHM4ecKoro BelecTBa B Xofe hoccummsanyy 3axopo-
HEHHbBIX KOCTe, CTelleHb KOTOPBIX, pa3yMeeTcsl, BO3pac-
TaeT C reoJ0TUYeCKUM BO3PaCcTOM KOCTeN.

336 339

338 331 258
362
378
102 101
110 1 1 1
2 2 2 106

Puc. 17. TurmmuHbie faHHble [ITA KocTel royolleHOBBIX BEPOIONOB: 1, 2 — KpMBbIe COOTBETCTBEHHO HArpeBaHMsI U [TOTePU Beca.
LIndpsl Ha KPMBBIX HATPeBaHUSI — TeMITepaTypbl aKcTpeMyMoB B °C. [IpoaHanm3upoBaHHbIe 06paslibl, ClieBa HaNpaBo: Tut-4,
Tut-5, Tut-6, Tut-7

Fig. 17. Typical DTA data for the bones of Holocene camels: 1, 2 — heating and weight loss curves, respectively. The numbers on
the heating curves are the extreme temperatures in °C. Analyzed samples, from left to right: Tit-4, Tit-5, Tit-6, Tit-7

1
2

Puc. 18. BHemHui1 Buj KoiareHa, BbIIeJIEHHOTO 13 KOCTel paHHeIIeiiCTOeHOBbIX (renasuitckux) (Tut-1, 2, 3) 1 ronoueHo-
BbIX (Tut-4, 5, 6, 7) Bepbmogos. CTpeskaMu IT0Ka3aHbl MMKPOBKIIIOUEHNMST MUHEPaTbHBIX YaCTHUII,

Fig. 18. Appearance of collagen isolated from bones of Early Pleistocene (Gelasian) (Tit-1, 2, 3) and Holocene (Tit-4, 5, 6, 7) cam-
els. Arrows show microinclusions of mineral particles
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CopepskaHue yriaepoja 1 a3oTa B OpraHM4eckoi ya-
CTY KoOJUIareHa KojebieTcs B IIpeiesiax COOTBETCTBEHHO
26—32 1 10.2—11.66 mac. %, CH/>KasiCh B HAaIIpaBJIeHUU OT
rOJIOLIEHOBBIX KOCTE K I1a/Ie0IIeliCTOIeHOBbIM. ATOMHOE
otHomeHre C/N nsmeHsieTcs B pamkax 3.1—3.43. AHann3
comepskaHysI HEOpraHUYECKMX MpUMeceii ykasaa Ha 060-
raiieHye MMM OpraHMYeckoro MaTpuKca B HammpaBjieHUN
OT MOJIOZIbIX KOCTei K ipeBHMM B 15—20 pa3s (Tab. 6). [Tpu
9TOM [IJ11 HEKOTOPbIX KOMIIOHEHTOB YCTaHOBJIEHBI aHO-
MaJIbHO BbICOKME pacxoxaeHusi. Tak, mpu repexofie OT OT-
HOCUTEbHO MOJIOZIBIX KOCTeV K IpeBHUM comepskanne CaO
u CO, Bo3pacraer B 35—40 pa3, a conepskanue Fe,0z 1 Bo-
Bce mofckakuBaet 6osiee ueM B 300 pa3. OueBUIHO, UTO
TaKye CKauKy KOHIIEHTpaI 06yCIOBIEHbI OTMEUEHHO

BbIIIIe STIMTeHEeTUUeCKOI KapOoHaTHu3alyen 1 oxkenesHe-
HIeM, CTelleHb KOTOPBIX CMJIbHO BO3PACTaeT 110 Mepe Y peB-
HeHust KocTeit. OcoOblii MHTepeC BbI3bIBAIOT Bapualyiy CO-
Jlep>KaHusI B KoJulareHe cepbl, KOTOPasi M3HAYa/IbHO SIBJISI-
eTCs BaYKHBIM KOMITOHEHTOM aMUHOKUCIOT (AHUIIEHKO,
lanuHa, 2008). B HalieM ciryyae BaoBO€e COAEPsKaHMe ce-
PbI B OpraHMYECKOM MaTpPUKCe KOCTel Py Iepexoie OT
MOJIO[IBIX KOCT€eJi K PeBHMUM He CHMKAeTCsl, KaK MOSKHO
6bUIO OKMIATH, @ BO3pACTaeT B IBa pasa.
AMMHOKMCIOTHBI COCTaB KOCTHOTO KoJulareHa yza-
JI0Ch TIPOAHAIM3UPOBATh B KOCTSIX MO3/IHEIIeliCTOI[eHO-
BOT'O U rOJIOLIEHOBOTO Bo3pacTa. B pesynbTraTe mpoBe/ieH-
HOTO aHajI13a B COCTaBe OPraHNYECKMX BEHIECTB 0GHAPY-
SKEHbI 15 aMMHORUCTIOT (Tabi. 7), MpeacTaBisionmx obe

Tabsmia 6. XyMuuecKkuii COCTaB MpuMeceii B KoJJIareHe MCKOITaeMbIX BepOIiI0B, Mac. %

Table 6. Chemical composition of admixtures in fossil camel collagen, wt. %

06bexTb / Objects Si0, | Al,O; | Fe,0; | CaO | P,Os CO; SO cl ng‘xa
Berll’fé‘;(’ﬁgl TUIMOLIEH - 1.56% | 0.69% | 25.77+ | 19.29% | 3.57% | 11.6+ | 0.84+ 63.33 +
. OLIEHOBLIE 1.4 0.6 15.9 12.25 1.28 8.74 0.55 H.0 14.74
Pliocene-Pleistocene camels
Bep6itiofbI TOJIO1IEHOBbIE 0.13+ 0.08 £ 0.08 £ 047+ 0.04 0.33+ 0.43 % 2.08 = 3.63%
Holocene camels 0.25 0.21 0.23 1.06 0.14 0.78 0.24 1 1.88

Ta6amma 7. AMMHOKMCIOTHBIN COCTaB KOCTHOTO KOJIJIareHa BepOIIioIoB I03aHernIeiicTolieHoBoro (BPB-9)
1 TOJIOIIEHOBOTO (OCTajbHbIe B ITOCIeN0BATEIbHOCTM OMOJIOKEeHMST) BO3pacTa, MI/T (%)

Table 7. Amino acid composition of bone collagen of camels of Late Pleistocene (BPB-9)

and of Holocene (rest in the rejuvenation sequence) ages, mg/g (%)

. . O6pasiipl / Samples
AMMHOKMCIOTBI / Amino acids BPE-O TIT-S TUT-A TIT-6 TIT-7
Tuys (D) / Glycine (GI) 193.8(23.9) | 155.26 (22.07) |200.733 (23.25)| 145.13 (19.81) | 204.89 (22.4)
D-AsanuH (Ar) / D-Alanine (Al) 1.883(0.23) | 1.209(0.17) 1.36 (0.16) 1.128 (0.15) | 1.022(0.11)
L-Ananuu (An) / L-Alanin (Al) 83.18 (10.26) | 60.266 (8.57) | 88.829 (10.29) | 69.079 (9.43) | 88.587 (9.68)
Bamuu (B) / Valin (V) 27.38(3.38) | 22.448 (3.19) | 17.7(2.05) | 20.016 (2.73) | 25.931 (2.83)
Jleitumn (JT) / Leucine (L) 32.18 (3.97) | 29.588(4.21) | 32.162(3.73) | 29.939 (4.09) | 34.626 (3.79)
Vsoneiiuys (W) / Isoleucine (IL) 12.553 (1.55) | 10.658 (1.52) | 6.693(0.77) | 9.66(1.32) | 11.724(1.28)
Anugamuueckue (A) / Aliphatic (A) |350,976 (43.29)|279.429 (39.73)| 347.477 (40.25) | 274.952 (37.53) | 366.78 (40.09)
®ennnananuH / Pheninalanine 22.89 (2.82) 20.924 (2.97) | 21.024 (2.44) | 19.284 (2.63) 22.64 (2.47)
Tuposus (Tu) / Tyrosine (Ti) 31.621 (3.9) | 30.421 (4.32) | 28.339(3.28) | 31.631(4.32) | 39.521 (4.32)
Apomamuueckue (AP) / Aromatic (AR) | 54.511(6.72) | 51.345(7.29) | 49.363 (5.72) | 50.915(6.95) | 62.161 (6.79)
Jinsus (J13) / Lysine (Lz) 22.297 (2.75) | 20.758(2.95) | 27.95(3.24) | 27.615(3.77) | 43.351 (4.74)
OcnosHoste (0) / Basic (B) 22.297 (2.75) | 20.758 (2.95) 27.95 (3.24) 27.615 (3.77) | 43.351 (4.74)
D-I'myramuuoBas kuciota (ITK
e e A)( ) 0 1.132(0.16) | 1.654(0.19) | 0.869 (0.12) 0
L-Tnyramuuosas kuciora (I'K)
IY:FGlutamine acid (GA)( 64.842 (8.0) 57.854 (8.22) | 72.073(8.35) | 59.449 (8.11) | 77.965 (8.49)
D-AcniaparnHosast kuciora (AK)
D-Aspartic acid (AA) 2.416 (0.3) 1.45 (0.21) 2.148 (0.25) 1.545 (0.21) 1.501 (0.16)
L- AcnaparmuHoBasi kuciora (AK
L—pAspartic acid (AA) (AK) 35.072 (4.33) | 34.277 (4.87) | 36.017 (4.17) | 34.195 (4.67) | 42.874 (4.69)
Kucnvie (K) / Acidic (A) 102.33 (12.63) | 94.713 (13.46) | 111.892 (12.96)| 96.058 (13.11) | 122.34 (13.34)
Ceput (C) / Serin (C) 42.915(5.29) | 34.355(4.88) | 39.596 (4.59) | 33.198 (4.53) | 39.598 (4.33)
Tpeonus (Tp) / Threonine (Tr) 30.442 (3.75) | 30.607 (4.35) | 43.361 (5.02) | 45.134 (6.16) | 38.822 (4.24)
Tudpokcunshsie / Hydroxyl 73.357 (9.04) | 64.962(9.23) | 82.957 (9.61) | 78.332(10.69) | 78.42 (8.57)
IpomuH (IIp) / Proline (Pr) 120.709 (14.89) | 107.458 (15.28) | 140.708 (16.3) |111.673 (15.24)|145.802 (15.94)
T'unpoxcunponuu (U
Hy%roxypfohne &Prf) 77.231 (9.52) | 61.506 (8.74) | 83.613(9.69) | 85.046 (11.61) | 79.411 (8.68)
Hmuno (M) / Imino (I) 197.94 (24.41) |168.964 (24.02)|224.321 (25.99)|196.719 (26.85)|225.213 (24.62)
Metnonns (M) / Methionine (M) 9.454 (1.16) 23.293 (3.32) | 19.273(2.22) 8.03 (1.1) 16.414 (1.85)
Cepycodepxcauwiue (CC
Su’;%’"_w’,’t tm.,‘g.ng 253)) 9.454 (1.16) | 23.293(3.32) | 19.273(2.23) | 8.03(1.1) | 16.414 (1.85)
HUTOI'0 / TOTAL 810.865 703.464 863.23 731.616 914.679
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cepuu (He3aMEeHMMBIX ¥ 3aMEeHMUMBbIX) ¥ IIeCTb TPYII —
amdaTmueckux (A), ocHoBHBIX (O), kucibix (K), Tuapok-
cunbHbIxX (I'), umuuo (1), cepycomepskamux (CC).
OGHapysKeHMe cepycofepiKamero MeTMOHMHA SIBJISIETCS
0COGEHHO ITOKa3aTeTbHBIM, [TOCKOIbKY TaKVe aMUHOKMUC-
JIOTBI CYUTAIOTCSI HEYCTOMYMBBIMM TIPU HOCCHIM3AUN
(IlarmnHa, T'omy6es, 2010).

[TomyyeHHbBIE JaHHBIE TTOKA3aJIM, UTO B COCTaBe 60Jb-
HMIMHCTBA BbISIBIEHHBIX aMUHOKMUCIOT IPUCYTCTBYET TOJb-
Ko L-dopma. VickitoueHue MpeICcTaB/sIIOT alaHMH, [TyTa-
MMHOBAsI 1 acraparnHoBas KucioTel. Kak u3BecTHO, 1o-
siBieHre D-opm B aMMHOKMCIOTaxX 06yC/IOBIIEHO parie-
Mu3alye — caMmoINpon3BOIbHBIM HeepMeHTATUBHBIM
rpeBpaleHnemM nepBuuHoii L-popmsr B D-dopmy, koTo-
poe Ipu XKMU3HU MPOUCXOAUT OYeHb MeJIeHHO, HO YCKO-
psieTcs 1ocie CMepTH SKUBOTHOTO ¥ MOYKET CITY’KUTD BaXK-
HBIM KpUTEpMEM KaK OM0IOTMUeCcKOT0 BO3PacTa, Tak 1 CTe-
neHu Goccuam3anyum UCKOMaeMoro 6M00PraHNYecKoro
BeIlleCTBa B re0jIorMyecKux 06bekTax (AHUIIEHKO, [llaHuHa,
2009; Aanmienko, lllannxa, 2010; KorenbHukosa, 2014;
KatkoBa, IllanuHa, 2019). B ciydae ucciemyeMbIx BepoITo-
OB BeJIMuMHa BeCcoBOoii nponopuuu D/L B yIIOMSHYTBIX
BbIIlIe aMMHOKMUCIOTaX, CIy>Kalasi KpUuTepuem CTereHu
pauiemu3anym, koneobercs B mpenenax 0—0.07, koppenu-
PYSICh C BO3PAaCcTOM KOCTel TOJbKO B aclaparnHOBOii KUC-
JIoTe. B 1iesioM nosryyeHHbIe 3HaUeHMsI, BO-T1ePBbIX, COOT-
BETCTBYIOT OTHOCUTETLHO MOJIOJIBIM OVIOJIOTMYECKH KU -
BOTHBIM, & BO-BTOPBIX, CBUIETEIbCTBYIOT O CPaBHUTEb-
HO XOpoIliel COXpaHHOCTH ux ocTaTtkoB (Yoyce, 2006).

OG1ee comepskaHe aMUHOKUCIOT KOJIe6IeTcs B mpe-
nenax 700—915 mr/T, He KOPPEIUPYSICh C T€OIOTNYECKUM
BO3pacTom KocTeii. [ToyueHHbIe BBICOKME COAePIKaHMS
aMMHOKUCJIOT, a TakKe JOMUHUPOBaHMe Cpeiy UHIUBU-
IyaJIbHbIX aMUHOKUCIOT TIUIMHA, allaHMHA, ITPOJIMHA
Y TUIPOKCUMIPOIVHA TOATBEPXKAIOT KOJIAar€HOBBIN COCTaB
IeMMHEePaIN30BaHHbBIX KOCTHBIX OCTaTKOB U €T0 XOPOIIYIO
COXPaHHOCTb. [Iponopuys Mexxay He3aMeHMMbIMU U 3a-
MEHVMBIMMU KUCIIOTaMM KOJIEOJIeTCS B Y3KUX TTpefenax OT
0.17 mo 0.26, He 06GHapPYKMBasT KOPPEJISIMHA C FeoIoThYe-
CKMM BO3pacToM BepOiooB. 1o pacmipegeneHI0 TPy
M OT/IeTbHBIX aMMHOKMCIIOT VICCTIeJOBAaHHbIE 00Pa3Ibl TaK-

ke TOBOJIbHO OHOO6pa3HbI (B HAIpaB/IeHUY reoiornye-
CKOT'0 OMOJIOXKeHSI KOCTHBIX OCTaTKOB).

BPB-9: rnunuH (A) > nponus (U) > ananuH (A) > ru-
npoxcunponanH (M) > rmyrammuHosas kucnota (K) > cepun
(T) > acnaparunoBas kuciota (K) > nevitys (JI) > TMpo3uH
(AP) > tpeonuH (T') > BanuH (A) > penmnananu (AP) > -
3uH (O) > nsoneiuuH (A) > metnonuH (CC). H3/3 = 0.24.

TUT-5: ryims (A) > iponuH (M) > anaHuH (A) = ru-
npokcuriposnnH (M) > mryramuHaoBast kuciiora (K) > acriapa-
runoBas kuciaorta (K) > cepus (I') > TpeonnH (I') > TMpo3uH
(AP) > neiuyn (A > metmonuH (CC) > BanuH (A) > dhennia-
nanuH (AP) > nusuH (O) > nsoneriuuH (A). H3/3 = 0.26.

THUT-4: rmuuyH (A) > nponud (M) > ananuH (A) = ru-
IpoxkcunponuH (M) > myramuHoBas kucnora (K) > tpeo-
HuH (I') > cepuH (I') > acnaparyHoBas kuciora (K) > neii-
uyH (A > TuposuH (AP) > musuH (O) > dhenwtanannH (AP)
> metnonuH (CC) > BanuH (A) > usoneiuyd (A). H3/3 = 0.24.

THUT-6: rinuyH (A) > nponuH (M) > rtuapoKCUTTPOIH
(W) > ananuH (A) > mmyrammuHoBas kucnora (K) > TpeoHuH
(T') > acnaparnnosas kuciora (K) > cepus (I') > TMpo3uH
(AP) > neiitiuu (A > mm3uu (O) > BanuH (A) > dheHmmanma-
HUH (AP) > uzoneiiuyH (A) > metnonuH (CC). > H3/3 = 0.28.

THUT-7: tnuuyH (A) > nponuH (M) > anauuH (A) > ru-
npokcurniponus (N) > rnyramuuoBast kucnota (K) > nmsmu
(O) > cepuH (T') > Tuposun (AP) > tpeonuH (I') > neiiuH
(A > BanuH (A) > acriaparuHoBas kuciora (K) > BayiuH (A)
> penmnananui (AP) > metvonnH (CC) > uzoneiuH (A).
H3/3 =0.17.

V3 mpuBeleHHBIX N10C/IeI0BAaTeNbHOCTEN CIelyeT, YTO
B KOCTHOM KOJIJIareHe MO3JHeIIeliCTOLeH-TOI0I€HOBBIX
BepOITIOIOB peann3yeTcs YHMBEPCATbHBIN s CHUKEHMST
coepskaHMs IPYIIl aMUHOKUCIOT B HallpaBlIeHUM: aln-
(dartnueckue > UMUHO > KUCIIbIe > TUAPOKCUIIbHBIE > apo-
MaTuJecKye > OCHOBHBIE > cepycoepkaliue.

KapTuHbl HEKOTOPOVE XPOHOJIOTMYECKON IeTpafan
KOJIJTaTeHa B BEPOITIOKbMX KOCTSIX HATJISITHO BBISIBJISTIOTCST
npu COM-uccienoBaHusX. B ciryyae rosoieHOBbIX KOCTel
B KOJIIaTeHe XOPOIIO COXPaHsIeTCs TepBUYHAS INIOTHOCTD
M BOJIOKHUCTOCTD 6€3 SIBHbIX MIPU3HAKOB AeCTPYKIUN
(puc. 19). B 6oee gpeBHUX KOCTSIX ITepPBUYHAS] BOJTOKHM-
CTOCTb B KOJIJIaT€He MPAKTUUECKU OTCYTCTBYET, Oymyun 3a-

Puc. 19. COM-n306paskeHns MMKPOCTPOEHMS KOJJIaTeHa, BbIIEJIEHHOTO 13 KOCTEe TOJIOLIeHOBBIX BepOogoB (Tut-4-7).
COM-1306paskeHNs B PEXKMME BTOPUUHBIX 3JIEKTPOHOB

Fig. 19. SEM images of the microstructure of collagen isolated from the bones of Holocene camels (Tit-4-7). SEM images in sec-
ondary electron mode
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Puc. 20. COM-u306paskeHNsI MUKPOCTPOEHMS KoJUIareHa,

BBIIEJIEHHOT'O U3 KOCTeV paHHEIJIeICTOLeHOBBIX (Te/la3uii-

CKUX) BepOTIONOB, ¢ hparMeHTH3alMeli TepBUIHBIX BOJIOKOH

(a, b) ¥ cyOMUKPOHHBIMM TNIOOYJISIPHBIMU (hOpMamMy GaKTepy-

aJbHOTO TIpoucxoxkmeHus (Tut-3). COM-u3zobpaskeHust
B PeKMMe BTOPUYHBIX 3IeKTPOHOB

Fig. 20. SEM images of the microstructure of collagen isolated

from the bones of Early Pleistocene (Gelasian) camels, with

fragmentation of primary fibers (a, b) and submicron globu-

lar forms of bacterial origin (Tit-3). SEM images in secondary
electron mode

MellleHHO Pa30pueHTUPOBaHHBIMY hparMeHTaMu BOJO-
KOH, MHOT[Ia 0 TMTOPOUTKOBMUIHOCTY U YaCTO B KOMOMHA-
LM C MUKPOTTIOOY/ISIPHBIMM G6aKTepuambHbIMK hopMamu
(puc. 20). ITocnegHee BoOOIIEe XapaKTePHO IJIsI MUHTEHCYB-
HO (OCCHIM3MPOBAHHBIX MCKOIIaeMbIX KocTeil (Maiiaib,
®wnnmos, 2018). [IOHATHO, YTO UMEHHO GaKTepuaibHast
MAPUTHU3ALMS Y OOBSICHSIET OTMEUEHHOE BBIIIIE IBYKpaT-
HOe yBeJIueHNe COIeP>KaHMsI cepbl B KoJulareHe JpeBHUX
KOCTeIA.

BrIsiBIIsIIONIAsICST XpOHOMOTMYECKasl Jerpajausi KOCT-
HOTO KOJuIareHa XOpoIIo IeMOHCTPUPYeTCs M3MeHeHeM
CIIEKTPOB KOMOMHAIIMOHHOTO paccestHusI. B criekTpax Koj-
JlareHa rojiolleHOBBIX KOCTell perncTpupyeTcst CUIbHast
JIIOMUHECLIEHIIMS C BeCbMa HE3HAUUTEIbHBIM POSIBIEHU -
€M paMaHOBCKUX JIMHUI (puUC. 21, a). DTO CBUAETETbCTBY-
eT 0 XOpOollleil COXPaHHOCTY OPraHMUYeCcKOro BelecTBa.
B ciiyyae gpeBHUX KocTeli B criekTpax KP noMuHMPYIOT pa-
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MaHoBcKMe MM G 1 D, ykasbiBatolye Ha IPUCYTCTBIE
CWJIBHO TTpe06pa30BaHHOrO (YIJIEPOAM3MPOBAHHOTO) OP-
raHMYeCcKOoTo BelecTBa, B COUeTaHU CO MHOYXeCTBOM JI-
HUI OT MUHEepaJIbHbIX TpuMeceii (puc. 21, b).

ManeoskosorMyeckmne U3oTornHble
UHOUKATOPbI

Ocy11ecTBASIINCh U3MePeHMsT U30TOTHOTO COCTaBa
yIJiepona 1 KMucjoposa B 6uoarnatuTe, yriaepoga 1 a3ora
B BBIJIEJIEHHOM M3 KOCTel1 Ko/ljlareHe. AHa/Iu3 KoJljlareHa
MIPOU3BOAMJICSI B PesKMMe HeIlpPepPbhIBHOTO MMOTOKA T'eJINs
(CF-IRMS) Ha aHaIMTHUYECKOM KOMILJIEKCE, BKITIOUAIOIEM
B ce0s 3yeMeHTHbI aHanu3aTop Flash EA 1112, coenu-
HeHHBbII yepe3 ra3oBbiii KommyTtaTop Conflo IV ¢ macc-
criekrpomeTpoM Delta V Advantage. B riporiecce paboTsbi
ObUIM MCTIONIb30BAaHbI MEXKIYHAPOIHbIE cTaHIapThl V-PDB,
USGS-40 (L-Glutamic acid) u 1a6opaTopHbIii cTaHIaPT
Acetanilide (C3HoNO). Kpome Tor0, OIpenesnsicst M30TOII-
HBII COCTaB CTPOHLMS, MPUCYTCTBYIOLIETO KaK MPUMeECh
B Gmoamarure.

B xome aHamM3a ObUTM TOMYUEHbI ITOJTHbIE M30TOIHBIE
JaHHbIE TT0 BCEM MCCIeIOBaHHBIM 0OpasiiaM 6MoaraTu-
Ta (Tabsm. 8). B yacTu KojtareHa M30TOMHbIE JaHHbIE 10
a30Ty OB TTOTyUYeHbBI TOJIBKO [IJIs1 BepPOITIOI0B MOJIOXKE
rejasys. 3To 06yCJIOBJIEHO TE€M, UTO M3MEHEHHbII KOJLjIa-
reH B KOCTSX 60j1ee IpeBHMX BepO/II0I0B COAEPKUT Helo-
CTaTOYHOE KOJIMYECTBO a30Ta.

CornacHo Oy4YeHHbIM JaHHBIM, UCC/IeNOBAHHbIE Ha-
MM KOCTY MICKOTIa€MbIX BEPOITIONOB Ha (hoHe APYTUX mieit-
CTOLIeH-TOIOLIEHOBBIX MJIEKOTIUTAIOIINX, OOUTABLINX Ha
Tepputopun EBpornel 1 ceBepe EBpa3un, xapakTepusyoT-
CS1 aHOMaJIbHBIMM M30TOITHBIMM CBOMCTBAMM Kak 10 610-
anmaTtuTty (puc. 22), Tak ¥ KOCTHOMY KoJijiareHy (puc. 23).
9TO BhIpakAaeTCs B TOM, UTO 6MOATIATUT B KOCTHBIX OCTAT-
Kax BepOJII0/IOB IEMOHCTPUPYET COUETaHVE OTHOCUTENTb-
HO M30TOIHO-TSDKeNOoro yraepona (—11...—4 %o) 1 n30ToII-
HO-TsKenoro kuciopoaa (20—26 %o). [1o KoniareHy Bep-
6JTI0bI OTVINYAIOTCSI aHOMAJTbHO-TSIKeNbIM a30ToM (7—
14 %o) n 6oJiblIIeli YaCThl0 U30TOITHO-YTSDKEIeHHbIM
yrieponoM (—22...—14 %o). Takue 0co6eHHOCTI MOTYT yKa-
3bIBaTh Ha 0OMTaHKe BepOIIo0B, B OTIMUME IPYTUX I1Iei-
CTOIEH-TOJIOIIEHOBBIX JKMBOTHBIX, B TOpa3ao 6oJee Te-
TJTBIX KITMMATUUECKUX YCITOBUSIX.

Ijist no3dHemuoyeHo8bIx BepoonoB Paracamelus cf.
aguirrei (PocToBCcKast 0671aCTh) MO M3OTOIMHBIM JaHHBIM

NHTEHCHBHOCTD,
OTH. efi.
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Puc. 21. CrieKTpbl KOMOMHAIVMIOHHOTO PAaCcCesTHUSI, TOTydYeHHbIe OT KOCTHOTO KOJIJIareHa: a — TOJIOLIeHOBBIX BePOIIOAoB (00D.
Tut-4-7); b — mIMoLeH-IIeiiCTOLIeHOBBIX BepO/iomoB (00p. Tut-1-3)

Fig. 21. Raman spectra obtained from bone collagen: (a) Holocene camels (sample Tit-4—7); b — Pliocene-Pleistocene camels
(sample Tit-1-3)

24




Vestucb of Geosccences, September, 2023, No. 9

3

TaGJmua 8. I30TOIMHBIN COCTAaB BelleCcTBa KOCTHBIX OCTATKOB MCKOITaeMbIX Bep6HIO,E[OB

Table 8. Isotopic composition of the substance of bone remains of fossil camels

Ne i/ N2 06p. Bbuoanatut / Bioapatite, %o Kommaren / Collagen, %o
No. Sample No. 613Cppp 5180spmow 613Cppp 815Nir
1 Bp6-1 -5.01 25.85 -32.24 H. 0.
no3gHuii MuolleH / Late Miocene -5.01 25.85 -32.24 H. 0.
2 Bp6-2 -7.21 18.14 -28.24 H.0
3 Bp6-3 -6.99 23.94 .0.
4 Bp6-4 -6.75 23.64 -27.93
Tlmouen / Pliocene ~6.19+1.09 | 23.48%3.16 | 30.16%2.4 o
5 Bp6-5 -7.79 23.15 -27.62 H.0
6 Bp6-6 -10.45 22.72 -27.09 H.0
7 Bp6-7 -10.94 24.56 -26.8 H.0
8 Tur-1 -8.75 22.6 -30.71 H.0
9 Tur-2 -9.76 21.94 -2741 H.O0
10 Twut-3 -9.46 21.73 -26.47 H.O
IJTIEIACTOIeH (Te/Ta3UIICKIIL BEK
CrotteH (re oelasion) ) 949115 | 22.78+1.01 | -27.68* 1.54 H.0
11 Bp6-8 -10.18 22.97 -18.68 8.24
12 Bp6-9 -9.18 24.54 -20.03 6.53
13 Bp6-10 -9.61 24.99 -24.48 H. 0.
14 3.4 -9.5 24.4 -13.75 12.52
15 TuToB H. 0. -18.75 12.42
TJIeMiCTOIeH (KayabpuiiCKIiA, TMOAHMIACKMIA
Vi TIO3HMIT BEKa) -9.62+0.42 24.22+0.87 | -19.14+7.94 7.94+5.15
Pleistocene (Calabrian, Chibanian and Late ages)
16 Tur-4 -8.79 23.4 -18.69 8.09
17 Tur-5 -7.74 24.65 -17.61 9.5
18 Tur-6 -8.35 19.54 -17.49 11.34
19 Tur-3 -7.54 24.76 -15.46 10.74
Tonmouen / Holocene -8.11+0.57 23.09+244 | -17.31+1.35 9.92+1.44

Ipumeuarue. CTaTUCTUUECKIE OIIEHKI: CpeHee + cTaHAapTHOe OTKIOHeHe. H. 0. — He orpefeneHo
Note. Statistical estimates: mean * standard deviation. H. 0. — not determined

Puic. 22. I30TOMHBIN COCTaB yIepoa M KMGIOPoaa B 61oarnaTure
MCKOITa€MbIX KOCTHBIX OCTATKOB ¥ B KAPOOHATAX STAJIOHHBIX I'e0JI0-
TMYeCKUX 0OBEKTOB:

1 — rutejicTolLieHOBbIE JIOMIAAM CO CTOSIHKM 3ao3epbe ([IepMcKast 06/1acThb);
2,3 — TO 5kKe COOTBETCTBEHHO 13 SIKyTuu u 3anagHoit Yykotku; 4, 5 —
MaMOHTOBasl (payHa COOTBETCTBEHHO C TeppUTOPUil [ledopcKoro
Ipuypanbs u 3anagHoii Cubupu; 6 — MaMOHTOBAsI ¢ayHa ¢ 3aragHoi
EBporbl; 7 — 1uielicTouieHOBBIe gowmanu, Hugepnauasr; 8, 9 — moaun

310X Me3oauTa 1 Heonuta; 10, 11 — cOOTBETCTBEHHO I'MTaHTOIIMTEK U
opanryTaH, IOxubIit Kutaii; 12 — kap6oHaTHbIE OTIOKEHUS B COBpe-
MEHHbIX PeUHbIX ocaaKax, [lepmckuit Kpaii; 13 — MopcKue KapOoHa-
Ttonutbl; M, III, IIT, TIK, TIKT, T — Bep6ionbl CeBepHOit EBpasuu c reo-
JIOTMYeCKMM BO3PaCTOM COOTBETCTBEHHO MO3JHEMMOLIEHOBBIM, TN -
OII€HOBBIM, IIJIEJICTOI€H-TeIa3UIICKUM, TIeCTOLeH-KaJa0pUitcKuMm,
TIeficToIeH-KamabpuiicKo-unbaHMiiICKMM, ToIo1ieHOBbIM. CIIIA — maH-
HbI€ TI0 ceBepoaMepUKaHCKMM ILIeliCTOIeHOBBIM BepOiTiogam

Fig. 22. Isotopic composition of carbon and oxygen in bioapatite of
fossil bone remains and in carbonates of reference geological objects:

1 — Pleistocene horses from the Zaozerye site (Perm Region); 2, 3 —
the same, respectively, from Yakutia and Western Chukotka; 4, 5 —
mammoth fauna, respectively, from the territories of the Pechora Urals and Western Siberia; 6 — manont fauna from Western Europe;
7 — Pleistocene horses, the Netherlands; 8, 9 — people of the Mesolithic and Neolithic eras; 10, 11 — Gigantopithecus and orangutan,
respectively, South China; 12 — carbonate deposits in modern river sediments, Perm Territory; 13 — marine carbonatoliths; M, PL,
PG, PK, PKT, G — camels of northern Eurasia with a geological age of the Late Miocene, Pliocene, Pleistocene-Gelasian, Pleistocene-
Calabrian, Pleistocene-Calabrian-Chibanian, Holocene, respectively. United States — data on North American Pleistocene camels
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Puic. 23. I30TONHBIN COCTaB yIyiepoAa U a3oTa B KoJLIa-
reHe MICKOIIaeMbIX KOCTHBIX OCTAaTKOB:

1 — mielicTOLleHOBBIE JIOMIAAM CO CTOSIHKM 3ao3epbe
(TTepmckast 0671aCTh); 2 — MaMOHTOBas ayHa C TeppPUTO-
pun ITeuopckoro ITpuypanbs; 3—12 — meicToiieHoBbie
JIoUIafy C TEPPUTOPUI COOTBETCTBeHHO [epMaHniy, 3anafHoiA
EBpomnbl, ®paniiun, benbrum, YkpanuHsl, IKyTun, 3anagHoit
YykoTku, Ansicki; 13 — MaMOHTOBast payHa C TePPUTOPUA
3amagHoit Cubupu; 14 — joiaay MeTHOTO BeKa, PyMbIHNS ;
15 — cpemHeBeKOBbIE JIOIIAIN C €BPOTIeiicKoIi yacTu Poccuiu;
16, 17 — coBpeMeHHbIe JIOIIa/iVi C TEPPUTOPUM COOTBET-
ctBeHHO ITonbiu v Pymbraun. TIKT, ITH, I' — Bep6miogbl
EBpasuu ¢ reosornyeckuM BO3pacTOM COOTBETCTBEHHO Iieli-
CTOLIeH (Kajmabpuit-umbaHmit), MO3JHMI TIIeJCTOLIeH, TOJI0-
ueH. JlanmmadTs! npuBeaeHsl 1o I. Bompeny (Bocherences,
2003; Bocherences et al., 2003). C5, CAM, C, — Tunsl GoTo-
CHMHTe3a B pamMKax uyukia KanbBuHna—beHcoHa—baccama
(Bassham et al., 1950) B mociie1oBaTeIbHOCTM OT pacTeHMIt
JlecocTeITHbIX 06cTaHOBOK (C3) K pacTeHMsIM CTereli 1 caBaHH
(CAM) 1 nanee K pacTeHMSM ITyCTbIHD (Cy)
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Fig. 23. Isotopic composition of carbon and nitrogen in the collagen of fossil bone remains:

1 — Pleistocene horses from the Zaozerye site (Perm region); 2 — mammoth fauna from the territory of the Pechora Cis-Urals; (3—12)
Pleistocene horses from the territories of Germany, Western Europe, France, Belgium, Ukraine, Yakutia, Western Chukotka, and Alaska,
respectively; 13 — mammoth fauna from the territory of Western Siberia; 14 — copper age horses, Romania; 15 — medieval horses
from the European part of Russia; 16, 17 — modern horses from the territory of Poland and Romania, respectively. PKT, PN, G —
camels of Eurasia with geological age, respectively, Pleistocene (Calabrian-Chibanian), Late Pleistocene, Holocene. Landscapes are
given according to G. Bocheren (Bocherences, 2003; Bocherences et al., 2003). C3, CAM, C, — types of photosynthesis within the
Calvin—Benson—Bassam cycle (Bassham et al., 1950) in sequence from plants of forest-steppe environments (C5) to plants of steppes
and savannahs (CAM) and further to desert plants (Cy)

PEKOHCTPYUPYeTCs JKapKuii Cyxoii KIMMaT B yCIOBUSIX Ca-
BaHHO-ITyCTHIHHBIX 06CTAHOBOK. [11U0Y€eHO8ble BEPOITIOMIBI
Paracamelus alexejevi u P. praebactrianus (Opmecca, 3aragHas
Cubuppb, 3anagHast MOHro/us) 0OMTalM B YCJIOBUSIX TIe-
pexopa OT KkapKoro OTHOCUTEIbHO CYyXOro KJauMmara K Te-
MJIOMY ¥ OTHOCUTEJIbHO BJI&XKHOMY KJIMMATy CaBaHH.
Bepb6mionpl P. alutensis v P. trofimovi Hauasa ruieiictorie-
Ha (eena3uii; MIS 103-63) (PocToBcKast 06y1acTh,
TamKMKUCTaH) CYIeCTBOBAIN B YCJIOBUSIX yMePeHHO-Kap-
KOTO ¥ YMepeHHO-BJIaKHOTO K/IMMaTa B CABaHHO-CTel-
HOJi JaHAIagTHOM 06cTaHOBKe. B paHHEM IUIeiicToLieHe
(kanabpuii; MIS 62-20) ycI0BUS IIPOKMBaHMSI BepOIIOI0B
P. gigas n3 KpbimMa oTBeYaau KIMMATUIECKOMY OIITUMY-
MYy [IJISI CaBaHH-CTelreli. PaAaHHeHeOo1eliCToLeHOBbIe Bep-
omonbl Camelus knoblochi Bospactom 120—80 ThIC. JIeT
(TIoBOKBE, 3abaiiKanbe) OOUTAIN B YCIOBUSIX TETIJIOTO
BJIQYKHOTO KJIMMaTa MpeaiefHUKOBDS B LIMPOKOM Juara-
30He JaHabTHBIX 06CTAHOBOK OT CaBaHH 0 JIecocTe-
Teit 1, BO3MOXKHO, JiecoB. Bepomomsl Camelus cf. ferus nmosn-
Hero 1ieiicToneHa (AcrpaxaHckas 06/1acTb) TPOKUBAIIN
BO BpeMs JIEHMHTPaACKOro (CpeaHeBaAaiCcCKoro) Mera-
uaTepcTaguana (40—45 Toic. 1., MIS-3), korma HaCTyu-
JIO TIOTeIIeHe ¥ pa3BWINCh JIeCOTYHIPOBbIe iaHauad-
Thl. Kak pas 1151 3Toro MHTepCTaguaabHOrO mepmuona oT-
MeyaloT CMSTYeHMe KIMMaTa U yBeauueHye Iiomaim aec-
Horo nokposa (Tamak, AHToHOBa, 2015). I'onoyeHoswie
(MIS-1) Bepbmogbl Camelus bactrianus 13 apxeoyiorude-
CKMX maMsITHMKOB KpacHozmapckoro kpasi 1 POCTOBCKO
061aCcTV 0GUTAIN B YCIOBUSIX MIMPOKUX KIMMAaTUUECKUX
Bapualuii OT MPOXJIaLHOTO MTPeNONTUMYMa K PUMCKOMY
ONTUMYMY U Jajiee K IOXOM0JaHNI0 B paHHEM CpefHeBe-
koBbe (IV—VII Beka) 1 K cCpefHEBEKOBOMY ONTUMYMY (X—
XIII Beka). O4ueBUAHO, YTO MOTYyYEHHbIE IKCIIEPUMEHTAb-
Hble JaHHbIe U CJleJlaHHbIe BBIBO/bI IIOATBEPXKIAIOT paHee
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BbICKa3aHHbIe TIPeTIONO0KEHMSI O IIMPOKOM pacipocTpa-
HEHMM JpeBHUX BepOIIOIOB B IMarla30He OT ITYCThIHHbIX
1o JiecocTenHbIxX JaHamadrTos (Tutos, 2004; Titov,
Logvinenko, 2006; Titov, 2008).

B cBS131 ¢ pEKOHCTPYKIMSIMY YCIOBUI OOUTAHUS €B-
pasuiickux BepOIIIOf0B 6OJBIION MHTEPEC ITPENCTABIISIOT
aHaJIOTMYHbIE JaHHBIE TT0 TJIeICTOII€EHOBBIM BepO/IIoIaM,
MPOXMBABIIMM Ha Tepputopum coBpemeHHbix CIIA. Cyns
1o 130ToNHbIM JaHHbIM (Yann et al., 2016), ceBepoame-
puKaHcKue Bepoonbl Camelops, Hemiauchenia v Palaeolama
TIPOSKMBAIM B ropa3fo 6osee sKapKuX CaBaHHO-ITYCThIH-
HbIX 06cTaHOBKax (1ose CIIA Ha puc. 23), 4TO BIIOJIHE CO-
BIaJaeT ¢ OOIMMY JIaHAIAadTHO-KIMMaTUIECKMMU pe-
KOHCTPYKUMSIMU IJIS1 TOM TEPPUTOPUN.

M30TOMHBIN COCTaB CTPOHLMS — Ba>KHEMIINIT UHIN -
KaTop MUTPALMOHHOM aKTUBHOCTU XXMBOTHbBIX (CiaeB
u ap., 2021). CyTb B TOM, YTO KOCTU KUBOTHBIX, TIPOXKMBA-
IOIIMX Ha MPeATOPHbIX TEPPUTOPUSIX, COLleP>KaT M3HAYAIIb-
HO 6OJIbIlle CTPOHIMS C M30TOMHBIM cocTaBoM (87Sr/36Sr)
BOJIM3YM MMOKa3aTeieil MOPCKOi BOIbI M MOPCKUX Kap6o-
HaToB — 0.706—0.709. KoCTM >XMBOTHBIX, TPOKMBAIOIINX
B YCJIOBUSIX KOHTMHEHTAIbHbIX HU3MEHHOCTEN, OT/IMYa-
10TCs1 6oJiee HU3KMM COZiePsKaHeM CTPOHIIVSI U eT0 M30-
TOTTHBIM COCTaBOM, COTMKAIOLIVIMCS C aHAJIOTMYHBIMU 10-
KasaTesiMU MoA3eMHbBIX U peuHbix Bog, — 0.707—0.712
(®ponosa, bypukosa, 1997; F0gosuy, 2007; AnekceeBa u
Ip., 2014; Kucenesa u ap., 2022). [IpoBeneHHbIe MCCIEI0-
BaHMSI ToKaszamm (Tabi. 9), YTo McCIeJOBaHHbIE 06PA3IIbI
10 COAEeP>KaHUIO U M30TOIMTHOMY COCTaBY CTPOHLIMSI MOTYT
OBITD MO Pa3IeseHbl Ha IBE IPYIIbI (pUC. 24).

B nepeyto rpymily BXOOSIT KOCTY IJIMOLIEHOBBIX BeP-
6momoB 13 Omecckux KaTakoM6, rora 3amagHoi Cubupu,
Mouronuu u ronoieHoBbiX 13 KpacHozmapckoro kpasi. [1iis
3TUX KOCTell XapaKTepHbl OTHOCUTEIbHO HU3KMe cofep-
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Ta6muna 9. ConepykaHye ¥ M30TOIHBI COCTAB CTPOHIMS B MCCIeN0BaHHBIX 00pa3ijax MCKOIaeMbIX BepOIIOg0B
Ha Tepputopumn CeBepHoii EBpasnuu

Table 9. Content and isotopic composition of strontium in the studied samples of fossil camels in the territory

of Northern Eurasia

¢ | N2 obp. leonormueckuit Bo3pacT MecTOo HaxOXKOeHUs Sr, r/T
1131/(? SaI{Ir:) ple Geological age b Locatigilu Sr, g/t S7St/%68r
1 BPB-1 |mo3mauit muolieH / Late Miocene| PocToBckast o6iacTs / Rostov region 400 0.708628
2 » » » 1200 0.708786
3 » » » 300 0.708448
4 | TUT-3 moneH / Pliocene » 1500 0.709423
5 | BPB-3 » Opecca / Odessa 1400 0.709711
6 | BPb-2 » 3amnagHast Cubups / Western Siberia 1400 0.710291
7 | BPb-4 » 3anaguas Monromnus / Western Mongolia 1200 0.709444
8 | TUT-1 Hnenlgfggf(ié;??égﬁglfﬁg BEK) PocToBckast o6iactb / Rostov region 1600 0.709449
9 | TUT-2 » » 1300 0.709011
10 |BPB-10 » » 1300 0.709428
11 | BPB-5 » Tamkukucras / Tajikistan 2100 0.709329
12 | BPB-7 Hﬂe”ﬁ}gﬁf&&?é‘égﬁ gglny; BeK) PocToBckast o6mactb / Rostov region 1700 0.709519
13 | BPB-9 rojoueH / Holocene 3abaiikanbe / Transbaikalia 900 0.707464
14 |BPB-10 » P®/Mouronus / RE/Mongolia 900 0.709925
15 | BPB-8 » IMoBomkbe / Volga region 700 0.708462
16 | TUT-4 » PocToBcKast o6actb /Rostov region 500 0.709158
17 | TUT-5 » Kpacnomapckmuit kpait / Krasnodar region| 1100 0.7096.46
18 | TUT-6 » PocTroBckast o6mactb / Rostov region 600 0.709136
19 | TUT-7 » PocTtoBckast o6mactb / Rostov region 600 0.709322
Bepo6miompi-abopurensl / Aboriginal camels 93(25;338 0 0%(7)(7)% (zéfli %)
Bep6imtogsi-MmurpanTsl / Migrating camels 11(6474;5)10 0‘70909(3 ;05)'00059
87sr/%sr SKaHMS CTpOHLMS (B cpegHeM Hyoke 1000 r/T), HO OTHOCK-
0.7102- | "ABOPUTEHbBI" 6 TEJIbHO BBICOKME 3HAUEHMSI CTPOHIIMEBOTO M30TOIHOTO
] KoadduimenTa. YacToTa BCTpEUaeMOCTM TaKMX 06pasiioB
0.7100 — cocTasjseT okojo 21 %. MoskHO mpefanoiaraTh, YTo Bep-
] 14° OJTI0IBI C TAKVIMM ITapaMeTpaMi TI0 CTPOHIINIO GBI B OT-
0'7098: o5 HOILIEHMY COOTBETCTBYIOIINX TEPPUTOPUIL )KUBOTHBIMU-
0.7096 017 abopureHamu (aBTOXTOHHBIMM), IPOKMBABIIMMU B yCIJIO-
10" =12 BUSIX CAaBaHH-CTeIleil B Iepuobl 6ojiee M MeHee CTa-
0-70947 a9 7° 47’ :\ 3 OUIBHOTO TeIUIOTO ¥ YMEPEHHO BJIaKHOTO KIMMaTa.
- 11 Bmopyto rpyTITy COCTaBJISIOT PE3KO ITPeobiafarone
- 160 o3 10 4aCTOTe BCTPeYaeMOCTU KOCTU C BO3PACTOM OT ITO3[-
0.7090— ° HEro MMOIIEHa JI0 TOJI0lleHa, OTOGpaHHbIe Ha TEPPUTOPUN
oT KpacHogapckoro kpasi 1 PocToBCKO# 061acT 10
SL0ER= °2 3abaiikaibs 1 3anagHoi MoHToMMu. DT 00pa3Ibl OTIIN -
0.7086 — o1 YyaloTcs 60j1ee BHICOKMM COMiepKaHMeM CTPOHIMS (B Cpefi-
HeM Bbitie 1000 r/T), HO OTHOCUTENbHO HU3KMUM 3HAUEeHM-
9-7084 — 3o *15 €M CTPOHIIMEBOI'0 M30TOIMHOro Ko3dduiuenra. Takue
0.7082 — BepOJIIONIbI MOTJIV ObITh SKUBOTHBIMU-MUTPAHTAMMU, ITPO-
SKMBaBIINMMU, cyAs 110 C-O-N-130TOMHBIM JAaHHBIM, BO
0.7080 — 4% BpeMeHa MIMPOKUX KojebaHuit KI1MaTa 1 IIMPOKOM M-
o "MUrPAHTbI" arasoHe JIaHAIAa@THBIX 00CTAHOBOK — OT MOJYIYCThIHb
0.7078 1T T 1 T 1 T T 110 caBaHH-CTeIell 1 JTecocTerneii.
o 400 800 1200 3600 3300

— S, rit

Puc. 24. CTPOHIIMIT B KOCTSIX MICKOITAeMbIX BepOIIOIOB KaK
KPUTEPMIi pas3INumsl KUBOTHBIX —«a00PUI€HOB» U «MUTPaH-
TOB». PacimdpoBka HOMepOB 06pa3ioB B Tab1. 7

Fig. 24. Strontium in the bones of fossil camels as a criterion
for distinguishing between «aboriginal» and «migrant» ani-
mals. Explanation of sample numbers in table. 7

3aKnr4veHue

VccnemoBaHa YHMKATbHAS CEpUS TTPO6G KOCTHBIX OCTAT-
KOB VMICKOIIaeMbIX BepOIII0I0B, OTOOPAHHbIX 13 MECTOHA-
XoxxpeHuit Ha repputopun EBpasum ot CeBepo-3anagHoro
[TpruepHOMOpBS 0 3aragHoro 3abaikasabs 1 MoOHToIMN,
JaTUPOBAHHBIX B XPOHOJIOTMYECKOM AMarna3oHe OT 03/ -
Hero muolleHa (6 miH j1.) 1o XIV Beka H. 3. B xoze ucce-
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TIOBaHMI IPUMEHSIICS MMUPOKMIA KOMITJIEKC COBPEMEHHBIX
MEeTO/IOB: ONTUYEeCcKasi MUKPOCKOIINSI, TePMUYUECKUIA, XU -
MMUKO-aHAIUTUYECKIIA, PEHTTeHO(II0OPECIIeHTHbII, PEHT-
reHoAVGPaKIVIOHHBINA 1 PETTeHOCTIEKTPATbHBIN MUKPO-
30HIOBBIN aHAIM3bl, MACC-CIIEKTPOMETPUS C UHIYKTUB-
HO CBSI3aHHOI T71a3MOVi; MH(PpPaKpacHasi 1 paMaHOBCKasI
CIIeKTPOCKOINS ; M30TOMHAs Macc-crnekrpomeTpus (C, O,
N, Sr).

CoracHo MoJlyYeHHBIM pe3yabTaTam, 06pasiibl KO-
cTelt BepOII0IOB roI0LeHOBOTO BO3pacTa XapaKTepusy-
I0TCSI XOPOIIIeli COXPaHHOCTbIO KaK KOMITAKTHOIA, TaK U T'y0-
YaToi TUIIOB KOCTHOJ TKaHU. B 6ojee qpeBHUX — IUINO-
LIeH-TIeiICTOIEHOBBIX — KOCTSIX IUIOTHAs U TybuaTast
KOCTHBIE TKaHU SIBHO JIeTpagypoOBaHbl ¢ 06pasoBaHeM
KaBepH U TPEIIMH, YaCTO 3aII0JTHEHHBIX HOBOOOpa30BaH-
HBIMM MMHepanamu, 0C06eHHO KapboHaTaMM 1 OKCUTK-
IpoKCUAaMM Xese3a. BuoanaTuT B TaKMX KOCTSIX TTOJIBEP-
sKeH Ko/utodaHM3aluy ¢ IIoTepeii Mpo3pavyHOCTy U TIPU-
o6GpeTeHMeM Ha TaKMUX ydyacTKaxX 6ypoBaToii OKpaCKM.
o COCTOSTHMIO HAHOTIOPUCTOCTY BEPOITIOKBY KOCTY O/ -
K€ BCEro COIaCyrTCs C KOCTSIMMU IIeiCTOLeHOBO Ma-
MOHTOBOJI ayHbI. [IpM 3TOM KOCTY BepOIIONOB MO3AHE-
MUOLIeH-TIJIe}ICTOI[eHOBOTO BO3pacTa CMCTEMHO OT/IMYa-
IOTCSI OT KOCTel TONOIeHOBbIX BEPOIION0B Kak O0IbIINM
COBOKYITHBIM 00'b€MOM HaHOTIOP, TaK M IIPOMOPIMOHATb-
HO 60ombuIMM UX ycaoBHbIM unciaoM (1gN,). 3To oTpaska-
eT XPOHOJIOTUYECKYIO TeH/IeHIIVI0 HAHOCTPYKTYPHOII fie-
rpajaliyiyi KOCTHBIX OCTaTKOB BEPOIIOIOB B X0e hoccu-
JIN3aLun.

B xMMuyeckom coctaBe UCCIeOBAaHHBIX KOCTEN CO-
JepkaHue HearaTUTOBbIX IIpuMeceii KonebmeTcs: B JOBO/b-
HO y3KUX mpejenax — ot 3.5 no 8.23 mac. %, Bo3pacrasi 1o
Mepe yapeBHeHus KocTeii. B esiom sto B 1.2—3.0 pasa
yCTyTIaeT KOCTSIM MCKOTIaeMbIX MJIEKOTIUTAIOIIMX C TePPU-
Topwmii [Teyopckoro ITpuypasbst, [TepMckoit o6macTy (CTo-
siHKa 3ao3epbe), CeBepo-BocTouHoro KazaxcraHa (CTOSIH-
Ka Yibynak). AToMmHblif Mogyiib Ca/P, XxapaKTepusyIoii
6110a1aTUTOBYI0 KOMITOHEHTY, CBUIETEIbCTBYET 00 aHO-
MaJIbHO BBICOKOJ CTEMeHY KalIbLIUTU3AINN BePOIIOKbIUX
KOCTeif, BO3pacTaloleit OT roJoleHOBBIX 06pa3IoB K 037 -
HEMMOIEHOBBIM. [0 JaHHBIM peHTreHO()A30BOTO U PEHT-
reHOCIIeKTPaIbHOTO MUKPO30HJOBOTO aHAIN30B, B 1CCIIe-
IIOBaHHBIX KOCTSIX MTPUCYTCTBYET TepPUTEeHHAs] MUKPOIIPU-
Mech KBaplia, alb0uTa, OpTOKIIa3a, IIMPKOHA, IIbMEHUTA,
TUAPOCTION U XJI0puTOB. Kpome TOrO, B BEpOTIOKBIX KO-
CTSIX BBISIBJIEH PSIfI, ayTUTE€HHO-3TIUTeHEeTUUEeCKUX MUHe-
paJIoB: KaJIbIMTA, IIOJMKOMIIOHEHTHOTO POJIOXPO3MUTa, 6a-
puTa, 6apUTO-aHTUIPUTA, IUPUTA, TETUTA U MAHTAHUTA.
CrereHb 060rameHus SMUTeHeTUYEeCKYMU MTHEPaIaMu
BO3pacTaeT Mo Mepe yIpeBHeHMST KOCTeli.

B cocTaBe nccienyeMbIX KOCTHBIX OCTATKOB OOHApY-
>keH 51 MUKpoasieMeHT, B TOM yucie 11 3meMeHTOB-3C-
CEeHIMAJIOB, 18 (GM3MOMIOTrMUeCcK) aKTUBHBIX 3JIEMEHTOB
u 22 seMeHTa-aHTUOMOHTA. CyMMapHast KOHIIEHTPaLysT
MMKPO3JIEMEHTOB M3MeHseTcs B quanasoHe ot 1500 mo
5000 r/T, Bo3pacTas B 2—3 pasa 10 Mepe yIpeBHEeHUS KO-
creil. OTHOILIIEHMe IPYIIIIOBbIX KOHIIEHTPALMII MUKpPO3JIe-
MEHTOB-3CCEHIIMAIOB K MUKPO3JIEMEHTaM-aHTUOMOHTAM
CHIKAETCS B cpegHeM OT 15.35 B rO/IOIL[eHOBBIX KOCTSIX
o 0.93 B m1eliCTOLLeHOBBIX. ATy 3aKOHOMEPHOCTb OTpa-
>KaeT M OTHOILIIeHMe CofepsKaHuii 3CCEHLIMAMbHOTO IIMHKA
" GU3MOreHHO-aKTUBHO Mefy, KOTOPOe B TO¥ ske Xpo-
HOJIOTMYEeCKOJ TI0C/IeJ0BaTeIbHOCTY M3MeHSIeTCs B Cpef -
HeM oT 26.09 1o 7.83. TakumM 06pa3oM, yCTaHABIMBAETCS
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CUJIbHASI XPOHOIOTMYeCcKasi TeHAeHUMS 3aMell[eHUs] CUH-
reHeTUYHBbIX MUKPO3JIeMEeHTOB KCEHOTeHHbIMU TI0 Mepe
dboccunmsaum BepomokbMX KocTeii. I[To cyMMapHOMY CO-
Jlep>KaHMI0 MUKPOIJIEMEHTOB MCCIeOBaHHbIE BEPOITIO-
SKbU KOCTY MOTYT OBITb COTIOCTABJIEHBI TOJTBKO C KOCTSIMMU
MJIEKOITATAIONIMX CO CTOSTHKM Yibynak. Bce gpyrie usy-
YeHHbIe HAMY KOCTHBIE OCTaTKM XapaKTepyu30BaICh MHO-
TOKPAaTHO GOJBIINM OboraieHueM MUKpO3IeMeHTaMMU.

CrerneHb ¥ TeHIeHUIMYU MU3MEHEHMS] KPUCTA/VIMIHO-
CTU 6MoanaTuTa B BepOIIOKbUX KOCTSIX OTPeessuICh
PEHTTeHOCTPYKTYPHBIM U MK-CIIeKTpoCKONnMYeCcKuM Me-
Togamu. V3 MomyyeHHbIX JaHHBIX CIeLyeT, YTO B UCCe-
JIOBAaHHOJ KOJUIEKI[MY pean3yeTcs CUAbHAsI TEHOEeHINS
YBEJIMUEHNST CTEITEHM KPUCTA/UTMIHOCTY OMoaraTuTa B Ha-
TpaBJieHU! OT MOJIOABIX KOCTel K IpeBHMUM KaK Ce/ICTBUe
nporpeccupytoieii boccmnmsaimn. B cocraBe 6uoanatu-
Ta BBISIBJIEHbI CTPYKTYpHbIe NTpuMecy St u Mn B KaTUOH-
Hoii 1 Si, S, C B aHMOHHOI o pelieTKax. IIpu aTom 610-
aIraTUT B TOJIOLIEHOBBIX U IJIEICTOLeH-KaIabpuiiCKUX KO-
CTSIX IPAKTUUECKM HE COLEPIKUT IpUMeceil B KATUOHHOM!
MOJpelieTKe Y MUHUMAIbHO COLEPXKUT MPUMECH KpeM-
HMS U Cepbl B aHMOHHOV MTOApeIIeTKe. B reasmiicko-mu-
OIIEHOBBIX KOCTSIX 610armaTUT ropaszio 6osee IpyuMeCHbIi
B 0b6eux nompenietrkax. Takum obpa3oM, B OuoariaTute
BepOTIOKbUX KOCTEI SIBHO PeasM3yeTcsi XpOHOIOTMYecKast
TEeHIEeHIIMS YCJIOKHEHMS cocTaBa Ha (hoHe coKpalieHust
CTereHu KapOoHM3aLN.

Ha xpuBbix HarpeBaHus B nuamna3oHe 20—600 °C 3a-
perucTpUpoOBaHbI BCe TPU XapaKTEPHBIX [JI1S1 KOCTEN Tep-
muueckux s¢dekra, crereHb MPOSIBIeHMS KOTOPHIX 06-
pPaTHO KOPPEIMPYeTCs C TeooTMYeCKUM BO3pacTom 06-
paslioB: y KOCTel roI0lleHOBOT0 BO3pacTa OHM peasnmnsy-
IOTCSI TOPA3/Io Jiyullie, 4yeM y 6osee gpeBHUX. OUueBUAHO,
YTO 3TO OOYC/IOBIEHO PE3KMM COKpAIlleHMEM COMTePSKaAHMS
KOJIJIareHa o Mepe yapeBHeHus kKocteit. [To nanapivm COM-
MCCIeOBAaHMIi BBIAEIEHHOTO M3 KOCTel Ko/ulareHa, ero
MUKPOCTPOEHME TOXKE CUJIBHO 3aBUCUT OT BO3pacTa Ko-
cTeii. B Ko/siareHe KOCTeli TOMOI@eHOBOTO BO3pacTa X0po-
110 COXPaHsIeTCsI TepBUYHAS IJIOTHOCTD X BOIOKHUCTOCTD
6e3 SIBHBIX ITPM3HAKOB JEeCTPYKIMN. B 60/iee peBHUX KO-
CTSIX TIepBUYHAsI BOJIOKHMUCTOCTh B KOJIJIareHe 3aMelaeT-
€SI arperaToM pa3opMeHTUPOBAHHBIX (DparMeHTOB BOJIO-
KOH, YaCTO B KOMOVHALIVY C MUKPOIIOOYISIPHbIMY GaK-
TepuaabHbIMU hopmamvu nuputa. CTerneHb gerpagauun
OpPraHMYeCcKOro MaTPUKCA B MCKOTIA€MbIX KOCTSIX XOPOILIO
oTpaxator crieKkrpbl KP. B ciiydae romoueHoOBbIX KOCTe pe-
TUCTPUPYETCS CUIbHASI TIOMUHECLIEHIIVS C BeCbMa He3Ha-
YUTENbHBIM IIPOSIBIEeHMeM PaMaHOBCKUX JIMHUIA. B criek-
Tpax KP, mosyueHHbIX 13 60jiee IPeBHUX KOCTEN, TOMU-
HUPYIOT paMaHOBcKye quHun G u D, yka3piBaw1ue Ha
MIPUCYTCTBYE CUTBHO TPeo6pa3soBaHHOTO (YITIEPOIM3U-
POBAHHOTO) OPTaHUYECKOTO BEIIeCTBa.

CognepskaHue yIyiepofia U a30Ta B OpraHMuyeckoi ya-
CTY KOJUIaTeHa KoyiebyieTcs B Ipefenax COOTBETCTBEHHO
26—32 1 10.2—11.66 mac. %, CHmXasiCh OT TOJIOL[€HOBbIX
KOCTeJi K T1ajieoTielicToIeHOBbIM. ATOMHOE OTHOILIeHNe
C/N usmeHsietTcs B pamkax 3.1—3.83. Comep>kaHyst HeOp-
raHMYeCKUX MPUMeceii B KOCTHOM KoJiTareHe, 0COOGEHHO
KapOOHATHBIX U IUIPOKCUIKENIE3UCTBIX, BO3PACTAET OT MO-
JIOZIBIX KOCTEe K ApeBHUM B 15—300 pas.

B cocTaBe KOCTHOTO KOJITareHa MCKOIIaeMbIX BepOIIio-
JOB 0OHapY>KeHbI 15 aMUHOKUCIOT, TPeICTaBSIoNMX 0be
cepun (He3aMeHMMble U 3aMeHMMble) U 1IeCTb IPYIIT —
anudaTmueckue (A), ocHoBHbIe (O), kuciblie (K), rTuapok-
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b,

cunbhble ('), umuno (1), cepycomepskatiye (CC). O6riee
cozepkaHyie aMMHOKUCIIOT KosiebseTcst B mpefenax 700—
915 Mr/T, He KOpPEeIUpPYSICh C Fe0JIOTMUeCKIM BO3PacTOM
Kocreii. [Iporopuust MeXay He3aMeHVMbIMU U 3aMeHU -
MBIMM KMUCJIOTaMM KojiebeTcst B y3Kux mpegenax ot 0.17
10 0.26, Toke He 0GHAPYKMBAsT KOPPEJISILIMIA C TEOTIOTAYe-
CKMM BO3PacTOM BepOIofoB. B 11e/10M B MCCIeI0BAaHHOI]
KOJIZIeKLIMY MCKOIIaeMbIX KOCTEIi peann3yeTcsl YyHUBep-
CaJIbHBII PsILI, CHYDKeHUS COLePsKaHus TPYIT aMUHOKMUC-
JIOT B HaTpaBjaeHnu: anudaTndeckye > UMUHO > KUCITbIe
> TUJIPOKCUJIbHbBIE > apoMaTUUecKiie > OCHOBHbIE > cepy-
cofepkaiiue.

CornacHO OTyYeHHbIM JaHHBIM, UCC/IeA0BAaHHbIE Ha-
MM MICKOTIaeMble BepO/II0bl Ha (hOHE IPYIUX I CTOIEH-
TOJIOLIEHOBBIX MJIEKOITUTAIOIINX, OOUTABIINX HA TePPU-
topuu EBpornsl 1 ceBepe EBpasim, XxapakTepusyloTcst aHO-
MaJIbHBIMY M30TOITHBIMM CBOJCTBaMM KaK IO GMOMaTH-
Ty, TaK ¥ KOCTHOMY KOJIJIareHy. DTO BbIpaskaeTcsl B TOM,
YTO 6MOaNaTUT B KOCTHBIX OCTATKaX BEPO/IIOIOB 1€MOH-
CTpUPYEeT CoUeTaHNe OTHOCUTEIbHO U30TOMHO-TSIKEI0T0
yraepopa (—11...—4 %o) ¥ U30TOMHO-TSIXKEIOTO KUCIOPO-
na (20—26 %eo). ITo Kosu1areHy BepOITIobl OTIMYAOTCS aHO-
MaJIbHO TSDKEIbIM a30TOM (7—14 %o) 1 GoJIbIIIEeli YaCThIO
M30TOITHO-YTSDKEJIEeHHBIM yriieponoM (—22...—14 %o). Bce
3TV 0COOEHHOCTHM MOTYT YKa3bIBaTh Ha 00MTaHVe BepOITIo-
IIOB, B OT/INUMeE IPYTUX paHee UCCIeI0BaHHbIX HAMMU TI1el-
CTOI€H-TOJIOIEHOBBIX JXMBOTHBIX, B rOpa3io 6osee Te-
IUIBIX U TIPY 9TOM LIMPOKO BapbUPYIOLIMXCS KIUMaTHUye-
CKUX YCITOBUSIX.

PesynbTaThl MCCIef0OBaHMI COAEP)KaHUS U U30TOII-
HOTO COCTaBa CTPOHIMS MTOKa3aau, YTO UCCIeqOBaHHbIe
06pa3sIfpl 110 3TUM IMPMU3HAKaM MOTYT OBITH ITOApasene-
HbI Ha JiBe TPYIbL. B nepayo rpynmy BXOAsST KOCTU Bep-
6/II0[10B IUIMOLIEHOBOTO Bo3pacTa 13 OgeccKux KaTakomo,
c 1ora 3anagHoit Cubmpu, 13 MOHTOINM M TOJIOLIEHOBBIX
n3 KpacHomapckoro kpasi, Aj1s KOTOPbIX XapaKTePHBI OT-
HOCUTEbHO HM3KME COIEeP>KaHUSI CTPOHIMS (B CpefHEM
Hioke 1000 1/T), HO CpaBHUTEIBHO BBICOKME 3HAUEHUS
CTPOHIIMEBOTO U30TOMHOTO0 Ko3dduimeHTa. MoXXHO TIpef-
T0JIaraTh, YTO BepOIIObI C TAKMMM MTapaMeTpami 6bUIn
aBTOXTOHHBIMU KUBOTHBIMU, IPOXKUBABILIMMU B YCIIOBU-
SIX CaBaHH-CTeIlei B Iepuobl 6ojiee Wi MeHee CTabuIb-
HOTO TEeIUIOTO ¥ YMEPEHHO BJIAXKHOTO KIMMaTta. Bmopyio
TPYIIIY COCTABJISIIOT PE3KO MPpeobaaroniye Mo 4acToTe
BCTPEUYAEeMOCTH KOCTHU C BO3PaCTOM OT ITO34HET0 MUOIe-
Ha 10 TojIolieHa, OToOpaHHbIe Ha TeppuTopun oT KpacHo-
JapcKoro Kpast 1 POCTOBCKOI o6acTty A0 3abaiikaibs
v 3anagHoi MoHromy. 3t 06pasiibl OTIMYAIOTCS 6ojee
BBICOKMM COJiepskaHueM CTPOHLMS (B CpelHeM BbIllle
1000 r/T), HO OTHOCUTENBbHO HU3KUM 3HAUYE€HMEM CTPOH-
LIE€BOT0 M30TOMMHOro Ko3¢duiyenTa. COOTBETCTBEHHO,
BePOIIOIBI C TAKMMM ITOKA3aTEISIMU MOTJIV OBITh aJlio-
XTOHHBIMMU JXMBOTHBIMM, OOUTABIIVMMU B YCJIOBUSIX KOJIE-
6aHMii KIMMaTa M MUTPUPOBABIIVMM B IIMPOKOM JIMaria-
30He JIAHATIAQTHBIX 06CTAHOBOK — OT TIOYITYCTBIHD 0 Ca-
BaHH-CTeIleil U 1ecocTere.

Bce ronyyeHHbIe pe3yabTaThl YKa3bIBAIOT HA MUHE-
paoro-reoXMMmUIeCcKe CBOMCTBA MCKOTIAeMBbIX KOCTeN
Kak Ha BechbMa 3(pheKkTMBHBIE CPENCTBA IKOIOTO-KIMMa-
TUYECKNX PEKOHCTPYKIMIA U paciippoBKM UCTOPUN IBO-
JIIOLMY MJIEKOTIUTAIOLIMX.

Paboma evinonHeHa 8 pamkax oQuyuanbHol HayuHol
membt 0333-2022-0044 «DyHdameHmansHole NpooOaembl Mu-
Hepanozuu U MUHepanoo6pa3osamusl, MUHepabl Kax uHou-

Kamopsl nempo- u pyoozeHe3a, MuHepanozusi pyoHolx patio-
Ho8 u mecmopoxdeHuti Tumano-Cesepoypanbckozo pezuo-
Ha u apkmuueckux meppumoputi» u epanma PH® N2 22-27-
00450 (naneonmonozuueckas uacms, B. B. Tumos).

Asmoput 6nazodapsm npod. H. ITnuxma (Hudepaarowt)
3a nosnyueHue nepevix aHHbIX N0 U30MONUU UCKONAEMbIX KO-
cmeli espa3suiickux eep6110008, M. H. c. E. M. TponHukosa
u cm. uHxeHepa-mextonoza C. T. Hegeposa 3a yuacmue 8 uc-
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Oco6eHHocTi ppamMmooOUIATbHBIX IMPUTOB
MuxeeBCKOro megHo-nopduposoro mecropoxxaeHust (K0>kubiit Vpai)

JI. B. JleoHoBa, O. b. A3oBcKkoBa, E. 1. Copoka

WuctutyT reonoruu u reoxumun YpO PAH, EkaTepunbypr
Ivleonova@yandex.ru, oazovskova@yandex.ru, elsoroka@yandex.ru

(MpamboupaanbHble NMPKTBI B accoumaLm ¢ bButymamu 6oinn 06HapyxeHbl B aprunamnsntax Muxeesckoro MeaHo-noppupoBoro
MecTopoxaeHus KxHoro Ypana. Lnpokoe nposiBfieHne HM3KOTEMMNEpaTypHOro METAaCOMaTO3a — apruan3aLmm — SBASeTCs ocobeH-
HOCTbIO MecTopoxaeHus. MNpucyTctene GUTYMOB NpeAnonaraeT HaMumne BeLecTs, HE0BX0AUMbIX AN 06UTaHWUS MUKPOBMANbHBIX CO-
06LLeCTB, BK/IHOYAOLWMX dNeMeHTooTaralwme 6aktepun. Mpu U3ydeHun 06pasLOB U3 apruaan3uTOB MUXEEBCKOrO MECTOPOXKAEHMS
Npv NMOMOLLUM CKaHUPYHOLLEN SNEKTPOHHOM MUKPOCKOMMUM C BbICOKUM pa3peLLeHUEM BbIsSIBJIEHbI COXPAHMBLUMECS BO dpaMbonaax Mu-
Hepanun3oBaHHbIe BUOMNEHKM U CKOMIEHUS BHEKIETOYHBIX GMOMOMMEPOB, B KOTOPbIX HabN0AATCS 3aTpaBKu GOPMUPYHOLLMXCS MNK-
pWTOB. DT 06pa30BaHMSA ABNSHOTCS NMPU3HAKAMKU BAKTEPUANIBHOIO NPOUCXOXKAEHUS HPaMBONAANbHbIX MUPUTOB B aprUaan3uTax
MuxeeBCKOro MecTopoXAeHUs.

KnioueBble cnoBa: Muxeesckoe MeOHO-Nopguposoe MecmopordeHue, apaunu3umsl, ppamboudansHeie NUPUMsl, MUHEPAIU308aH-
Hble 6UONIEHKU.

The peculiarities of the framboidal pyrites
of the Mikheev porphyry copper deposit (Southern Ural)

L. V. Leonova, O. B. Azovskova, E. 1. Soroka
Institute of Geology and Geochemistry UB of the RAS, Yekaterinburg

Framboids of pyrite were found in bituminized argillic metasomatites of the Mikheev porphyry copper deposit (Southern Urals).
A wide occurrence manifestation of low-temperature metasomatism — argillization — is a feature of the rock complex of this depos-
it. According to the results of thermoweight analysis, the values of organic matter in bituminized argillic metasomatites correspond
to kerite. The organic matter support the habitation of microbial communities, including the presence of element-depositing bac-
teria. The use of high-resolution scanning electron microscopy allowed identifing preserved mineralized biofilms and accumula-
tions of extracellular biopolymers, including seeds of forming pyrites. Such morphological features suggest on a bacteria formation
of the framboidal pyrites of the argillizites of the Mikheev deposit.

Keywords: Mikheev porphyry copper deposit, argillizites, framboidal pyrites, mineralized biofilms.

BeepeHue

TepmuH «hpaM60M/I» BOSHUK 13-3a BHEIITHETO CXO/I-
CTBa MYHEPAIbHBIX MUKPOATPETaTOB C SITOJaMM MaJVHBI
(dpamnt. la framboise — manuua) (Pact, 1935) u xapakre-
pusyet ux mopdosnoruio. [1o MMHEPAIIbBHOMY COCTABY 3TU
arperaTtbl MOTYT ObITb ITPEICTABIEHbI CYTbOUIAMM: TTN-
PUTOM, TPOUIUTOM, MapKasUTOM, TeJIb-TIMPUTOM WU OK-
CUIaMM KeJie3a: TPeiTrUTOM, MaTHETUTOM, MaKVHABUTOM.
OO6BIYHO 3TO MapoobpasHbie 060CO6IEHNS [MaMEeTPOM
2—50 MKM C KpUCTa/UIMTaMy (MUKpOKpucTaiamm) 0.25—
2 MKM, HO TaKke MOTYT OpMMUPOBATHCSI CKOTIIEHUS He-
YIOPSIIOYEHHBIX KPUCTA/UIUTOB. Hepeko OHM ITpuUypo-
YeHBI K ITyCTOTaM ITOPO/I, TIOJIOCTSIM MaKpOOMOTHI U Ma-
Kpodoccunii. ®paM60omgaabHbIe MMPUTHI BCTPEUAIOTCS
B IOHHBIX OTJIOKEHMSIX COBPEMEHHBIX 03ep (Suits et al.,
1998; MacieHHnKoBa  1ip., 2015) 1 rpsi3eBbIX BYJIKAHOB.
VcTaHOB/IEHBI OHM TaKKe B IOPO/Iax Mase030iCKOro 1 Me-
303071CKOTO BO3pacTa.

B Hacrostee BpeMst HET eIMHOTO MHEHMSI TI0 TIOBOZY
MPOUCXOXKIEeHNS PPaMOOMIaIbHbIX IMPUTOB (611OreHHOe

uu abuorenHoe). Hampumep, B sKCIIepUMeHTaXx 110 XMMMU-
YeCKOMY CMHTe3y MUPUTOB ObUIM TOTyUYeHbI ToA00HbIe
CTPYKTYpbI 6e3 yuacTust MukpoopranmamoB (Ohfuji, Rickard,
2005), ofiHaKO 9TO ObIIV OTAENIbHBIE OKTAPBI, HO He pam-
6GOMIIbI C TUITVMYHBIMM IIPU3HAKAMMY (000JI0YKY BOKPYT KpU-
CTQ/UTUTOB ¥ YEXJTbI HA IAPOBUIHBIX CKOTUIEHMUSIX).

Boino yctanoBneHo (Kusuinbiurelin, MuHaesa, 1972),
yTo (hpaMbouIaTbHBIM hOpMaM MUPUTA MPEAIIEeCTBYeT
o6pa3oBaHie KoallepBaTHbIX Kamelb I'1paTa 3aKUCH sxe-
7e3a, KOTophkle B Mpoliecce 6akTepuanbHO cyabdaTpe-
OYKIMM 3aMeniaTcs cyabdumamu xene3a. MUKpoomo-
TeHHBIV ICTOYHNK CEPOBOIOPO/IA OTHIOND HE SIBJISIETCS
00s13aTeTbHBIM, HO KOAllepBATHbIV MEXaHM3M UTPAeT OTpe-
JLe/SII0ILYI0 POJIb BO BCEX CIyvasX.

B HacTosiee BpeMsi CTOPOHHUKOB Mofesu (hopMu-
poBaHus GpaMOOUIOB Kak Pe3y/bTaTa KU3HEeIeATeTbHO-
cTu 6akTepuit CTaHOBUTCS BCE 6ombliiie (MacieHHMKOB
u ap., 2016; AaTomkmua u np., 2017; Butler et al., 2000;
Acradwesa u ap., 2005; Yi-Ming Gong et al., 2008). ITo mHe-
HIIO yueHbIX (JleHresep u ap., 2005; CokonoBa u ap., 1964),

[nsa umtupoBaHusa: JleoHoBa J1. B., AsosckoBa O. b., Copoka E. N. OcobeHHocTn dhpambounpanbHbix NTMPUTOB MuxeeBCKOro MeaHo-nopdupoBoro
mectopoxaeHns (FOxHbin Ypan) // BectHuk reonayk. 2023.9(345). C. 33—39.DOI: 10.19110/geov.2023.9.2

For citation: Leonova L. V., Azovskova O. B., Soroka E. I. The peculiarities of the framboidal pyrites of the Mikheev porphyry copper deposit (Southern
Ural). Vestnik of Geosciences, 2023, 9(345), pp. 33—39, doi: 10.19110/geov.2023.9.2
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B hopMupoBaHuy cyabPUAHBIX GPaMOOUIOB YUaCTBYIOT
MIPOKAPMOTHBIE OPTAHM3MBI, M3BJIEKAIOIINe SHEPTUIO TTPU
OKMCJIEHVUY CEPBI U3 CEPOBOAOPOa, THOCYIbdaTa, camo-
POJTHOI4 cepbl. BemecTBo KIeTOK 6akTepuit He hocCumu-
3UPYeTCsl, OAHAKO IPOAYKThI MUKPOOGUATIbHO KU3HEIe-
SITEJIbHOCTHM, TaK/ie KaK BHEKJIETOUHbIE GMOMOIMMEpHI,
OMOTIEHKM, HEKOTOPbIE MEeTabOINThI, CIIOCOGHBI MIHE-
panmM30BaThCs B OCalIKe M COXPaHSIThCS B TIOPOAAX AJIN-
Te/ibHOe BpeMms (3aBap3uH, 1993; Opneanckuii u ap., 2007).
[Tpu usyuyennu ppambomIaIbHbIX MIMPUTOB B 00pa3iiax
13 Pa3HOBO3PACTHBIX OTVIOKEHWIA, B TOM YMC/IE M3MEHEeH-
HBIX TTOPOJI, MOKHO OOHAPYKUTb MPU3HAKM, YKa3bIBAKO-
IIye Ha ITepBOHAYaIbHO MUKPOOMAIbHOE TTPOVCXOXKIEe-
HVe MMPUTOB (HaTIpUMep, HaJIMure MUHePaIi30BaHHbBIX
OMOIUIEHOK ¥ YEXJIOB). DTO IIPECTaBIISIETCST BASKHBIM, T. K.
TI03BOJISIET YTOUHUTH FreHe3MC OTI0KEeHUA.

Ha MuxeeBckoM MegHO-TIOP(MUPOBOM MeCTOpoKIe-
HUM HaM¥ U3ydanuch hbpaMbonianbHbie TMPUTHI, 00pa-
30BaHHbIe B apriwuisuTtax. Komtomopdusie 1 ppambon-
IaabHbIe MUPUTBI SIBJISTIOTCSI TPU3HAKAMY MTPUIOHHOM TH-
IpOTepMaIbHO-0CamouHOoi daruy (MacJieHHUKOB U JIp.,
2016), T03TOMY I1€JIbI0 HAIIMX MCCIIeIOBAHNIA OBITIO BBISIB-
JIeHMe reHesyca MCCcaeayeMbIX 00pa30oBaHMil I BO3MOXK-
HOI1 cBsI3M (popMMpoBaHMsT ppamMmOOMIaTbHOIO MMPUTA
¢ 6akTepuaTbHO XM3HEAeATeTbHOCTHI0. Kpome Toro, Mop-
(dosormyeckiie 0COGEHHOCTH MMPUTA MOTYT CIYSKUTh U TIPY-
3HAKaM¥ PyIOHOCHOCTY OTJIOKeHMIt. McciemoBarenu 30-
JIOTOTO OpYy[leHeHMsI HEKOTOPbIX TEPPUTEHHBIX KOMILIEK-
coB CeBepo-Boctoka Poccuu cunraror, uto mopdosoro-re-
HeTUYeCcKre 0COOeHHOCTY TTUPUTA TTO3BOJISIIOT BBIIETUTD
PYIHBII IMPUT, KOTOPBI OOBIYHO MMEET IUIPOTepMab-
HbIi reHe3uc (Coukas u gp., 2022). Ha 3o1o0TopygHOM Me-
croposkaeHnu KymMTop ocagouHO-AMareHeTMYecKuii mm-
PUT pacCMaTPUBAETCS B KAUECTBE VICTOYHMKA MHOTUX X1~
MUYECKUX 37IeMeHTOB (B uacTHocTH, Cu, Se, Zn, Pb, Ag, Au),
KOTOPbI€ MOOWIIM3YIOTCS B PACTBOP M ITepe0TIaraloTcs Ha
TUIPOTEPMAIbHOI CTaAUM B BUI€ COOCTBEHHBIX MUHEPA-
JioB (IlleBKyHOB 1 1p., 2018). Ha KomyeaHHbIX MEeCTOPOXK-
neHusix FOxxHoro Ypana (FankmnHcKoe, YUaJIHCKOE) BCTpe-
YyaeTcst KOJUIOMOPGhHbIN TIMPUT C POCTOBOI 30HATBHOCTBIO,
oboraiénHblii As, Sb, Cu, Ag, Au (BukenTnes, 2015) Ha of1-
HO 13 CTaAuii TMIPOTepMaIbHOTO Pyg000pa3oBaHusl.
Aprumm3uTtbl MuxeeBCKOTO MeCTOPOXKIEHMS TakKe SIB-
JISTI0TCST pyaoHocHbiMU (Azovskova et al., 2019), ogHako
M3yJaeMble MUPUTHI SIBJISTIOTCS 60jiee TIO3AHUMMU 10 OTHO-
IIEHWIO K apTUJUIM3UTOBO CTaIuy pyLo00pa3oBaHMsI.
VX reoxummdeckyie 0COG€HHOCTHM TTOKa JeTaabHO He U3Y-
yeHbl. Hu3KoTeMIiepaTypHble TUIpOTepMasbHbIe POIiec-
Chbl Ha MMXeeBCKOM MEeCTOPOXKIEHUY ITPEATIONOKUTETBHO
SIBJISTIOTCSI MHOTOCTAIUITHBIMU Y MOTYT OBITh CBSI3aHBI C Pa3-
HBIMU 3TAriaMy TeoJIOTMYeCcKOoro pa3BuTus Ypasia, B TOM
yucie ¢ nosgHeit (Mz-Cz) TeKTOHOMarmaTu4ecKoii akTu-
Bu3auueii (A30BCKOBa u 1p., 2021).

MeTtoabl usyyeHus

V306paskeHNst CKAHUPYIOLIEi 97IeKTPOHHO MUKPO-
ckoriuy (SEM) u aHeprogucriepcioHHblie crieKTpel (EDS)
OBV TTOJTYYEHbI C TTOMOIIbIO CKAHUPYIOIIMX 3JIEKTPOH-
HbIX MUKpocKoroB JEOL JSM-6390LV u TESCAN MIRA
LMS (S6123), ocHamjeHHbIix ciekTpomeTpoM INCA Energy
450 X-MaxEDS u rporpaMMHbIM o0eciieueHremM AZtecOne.
O6pasifbl M3yYannCh B OMMPOBAHHBIX HITMGbAX ¥ aHIIIN-
(ax, HaTblJIEHME YTTIePOITHOE.
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TerutoBbie 3(pGeKThI UCCIIETOBATICH METOIOM M-
(bepeHLMaNbHO-TepMIYecKoro aHanu3sa (I TA) Ha ycTaHOB-
Ke CMHXPOHHOT0O TepMuyecKoro aHaansa STA 449 F5 Jupiter,
NETZSCH. Vsmepenus: TT-[ITA npoBOAUINCH B TUIJISIX
U3 OKcya amomyHys o-Al,Oz B IOTOKe CMHTeTUYEeCKOTO
Bo3ayxa 50 Mui/MUH co cKOpocTbhio HarpeBa 10 °C/MuH
B TeMmnepaTypHoM MHTepBaie 30—1100 °C, a Takke Ha Jie-
puBatorpade Q-1500 D dpupmbl «<MOM». Vi3mepeHust me-
togoM TI-ITA npoBOAMANCH B IIJIATMHOBBIX TUIJISIX B BO3-
IYIIHOM cpefne co ckopocThbio Harpesa 10 °C/MuH B TeM-
nepatypHoM nHTepBane 30—1100 °C. VccnemoBaHus
6611 BbITIoNTHEHbI B LIKIT «TeoanamuTuk» (UIT YpO PAH,
ExaTepuH6ypr).

O6beKTbl uccnenoBaHUM

dpamboumaabHble MUPUTHI ObLIM 0OHAPYKEHBI B ITPO-
1iecce M3yuyeHUs: apru/uin3uToB MuxeeBCKOT0 MeCTOPOXK-
IeHus. DTo MmectopoxaeHue (Mo, Au)-Cu-mmopdupoBbix
DY/ pacIioyiokeHo B BapHeHCcKoM paiioHe YensioMHCKOT
o6nacty, B 250 KM 1okHee Yensa6uHcka (puc. 1), u IBsieT-
CS1 OMHVM 13 HauboJiee 3HaUMTETbHBIX 00bEKTOB TTOphM-
poBoro Tuma Ha Tepputopun Poccun.

B pernoHasbHOM reOTEeKTOHMYECKOM IIJIaHE MeCTO-
pOKAeHNe TPUYPOUEHO K rPaHNIle KPYITHBIX CTPYKTYP —
BocTouHo-YpanbcKoii 1 3aypasbckoii MerasoH. [Topduposoe
OpyJeHEeHMe MMeeT paHHEKaMeHHOYTO/IbHbIN (TypHeli-
ckuif) Bo3pact (Re-Os-matupoBanmue, Tessalina, 2017), oHo
MIPOCTPAHCTBEHHO Y T€EHETUYECKU CBSI3aHO C MaJbIMU UH-
TPYy3MUsIMU MMxeeBcKoro kommekca Dz-C; (I'pabexes,
2014). Ha MecTOpOXaeHMM IMPOKO MPOSIBJIEH HU3KOTEM-
repaTypHbIii MeTacoMaTo3 (apruumm3anys). YCTAaHOBJIEHO
(Azovskova et al., 2019), yTO 3TOT TUII METACOMAaTUTOB
MMeeT MTPOMBIIIIEHHYIO PYJOHOCHOCTb. APTYIITU3UTHI Ua-
CTO MPUYPOUYEHbI K KPYTOTAJA0IIMM 30HaM TeKTOHUYe-
CKUX HapylIeHWii, faikaM U UX 9K30KOHTakTam. B Bepx-
Hell yacTy paspesa OHMU MPeICTaBISIOT c060ii HepaBHO-
MepHbIe IUIONagHbIe 06pa30BaHMsI MOIIHOCTbIO 10 46 M.
[MpegnonaraeTcs ABa WM TPU dTama apruannsauumn
(A3oBcKoBa u ap., 2021). [ocnenHuit U3 HUX, BEPOSITHO,
CBSI3aH C M03/1HeMe303011CKOI TeKTOHOMarMaTu4ecKoi
aKTMBM3allMei permoHa " C o3 HeMeJI0BO MOPCKO
TpaHcrpeccueii (Azovskova et al., 2019; A3oBckoBa 1 1ip.,
2021). AprmyiIM3uUThI y9aCTKaMU CJ1a606UTYMUHU3UPO-
BaHbI (pUc. 2, a). [To pesynpTaTam TepMOBECOBOTO aHAM -
3a (puc. 2, b) 3HaUeHMsT OPTaHMYECKOTO yIJIepoa Imorma-
Jal0T B 06/1aCTh KepUTa, TOUHee c1abo M3MeHEHHBIX Op-
raHMYeCcKux BelecTs (puc. 2, ¢).

[Tpu metaabHOM M3yueHUr GpaMOONIaJIbHOTO MUPH-
Ta U3 aprWIIM3UTOB 6bUIO YCTAHOBIEHO €ro MOpdOoIoru-
yeckoe pasHoobpasue. Ha COM-doto (puc. 3, a) B cKoIuie-
HUM (ppamMOOMIATbHBIX MMPUTOB HAGMIOAAIOTCS MacCHB-
Hble Kybuueckue (GopMbl B TECHOJ acCOLMAIY C MEJTKU-
MM KPUCTAJUIMTAMM, YIIOPSAOUEeHHBIMI B BUe 11apa,
cdepbl ¥ XaOTUYECKM PacIooKeHHbIMU. KpucTaminTsl
MOTYT 3aIOIHSITh YaCTUYHO WIN MTOJIHOCTBIO BHYTPEHHee
IpocTpaHcTBO ¢ppambouma (puc. 3, b). Ilpuuem pasmep
KPUCTAJITUTOB B «KOJIblie» (BUIMMBIN cpe3 cepbl) MHO-
TOKpaTHO KPyIlHee, YeM B IIaPOBUIHOM CKOIUIEHUM.
[TpobeMaTUUHO OOBSICHUTD UMCTO XeMOT€HHOJ MOEJIbIO
obpasoBaHue GpaM6b0OMIOB CTOIb Pa3JINUYHOI MOPGOIIO-
TMM, TIPY TOM YTO PACCTOSTHME MEKAY ITUMU 060C061eHN-
siMM Bcero yininb 10 MKM. Berpeuarorcst 1 Takue opMBbl,
T7ie MeJIKVie KPUCTa/UTUThI PACITONIOKEHDI B IIEHTpe 060C0-
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671eHMsI, a CylecTBeHHO 60siee KpyIHbIe — 110 repudepun
(puc. 3, ¢) unu 6e3 mepapxuu 1o pasmepam (puc. 3, d).
Ho Hambosnbimit MHTEepeC B M3yUYeHHbIX 06pasiiax
MIPEICTABJISIOT HAXOJKV MUHEPATM30BAHHBIX OMOTIEHOK.
Ha COM-¢orto (puc. 3, e) Ha HUX YKa3bIBAIOT CTPETKU. XOTS
9Tu o6pa3oBaHyst oueHb ToHKKE (0.1 MKM), Ha CIIeKTpax
9 C dukcupytorcs curHasbl Si m O, mHorma Al. OgHako
TOMbKO 10 D/IC-crieKTpaM HEBO3MOXKHO YCTaHOBUTD, Ka-
KOJi MMEHHO MMUHepas 3amMecTus 6uoruiéHku. Kpome To-
T0, B IIEHTpe sSTYeeK HaxO/sITCs, BEPOSITHO, 3aTPaBKU Oyy-
VX KPUCTAIUTOB IupuTa (puc. 3, e). [pearnonoxxuTenbHo,
UX POCT MOKET PerJIaMeHTUPOBaThCS GMOIIeHKaMu. B He-
YIIOPSIOUEHHBIX hpaMObOuaax MUPUTHI HAOTIOIAI0TCS
B CKOITJIEHMSIX BHEKJIETOUHBIX OMOIMOIMMEPOB, MUHEpa-
nm3oBaHHbIX Si0O, (puc. 3, f). Ha COM-doto muHepanmso-
BaHHbIe OMOMOMMMEpHI (TTOKa3aHbI CTPEIKAMM) BBITTISIIST
KaK MOoIynpo3payvHble CIYCTKY, BEPOSITHO HETaTUBHO BIU-
SIIOIIMEe HA YeTKOCThb M300paxkeHNSI CaMUX TTUPUTOB.

06cy)|(p.e|-me MONTYYE€HHbIX pe3ysbTaToOB
U BblBOAbI

V3yueHsl ppamMboumaabHbie MUPUTHI MUXeeBCKOTO
MeIHO-TTOP(MUPOBOro MECTOPOKIEHMSI, 06HAPYKEHHbIE
B MeTacoMaTUYeCK! M3MeHEeHHbIX ITOPoAax (apruju3u-
Tax). ApruIM3UThI GOPMUPYIOTCS O], BO3ZEiCTBIEM Ta-

Puc. 1. O630pHast KapTa ¥ reoyiormyeckast cxema MyxeeBCKOTO
Mectopokmenus (1mo: Plotinskaya, 2018) ¢ Toukamyu HaX0 0K
(bpambongampbHOTO MUPUTA.

BynkaHozeHHO-0cadouHsle 06pa308aHust HuxHezo 0egoHa (D ):
1—2 — BepxHSIS ByJIKAHOTeHHas1 Tona: 1 — abupoBbie 6a3asbThl,
JIAaBOKJIACTUTBI, 2 — KPEMHUCTBIE U YITIUCTO-KPEMHMCTBIE CTTaHLIbI,
NecYyaHMKI; 3—6 — HVDKHSIS BYJIKAHOT@HHO-0Ca0YHasl TOMILA:
3 — tydorecuaHnKy, eCUaHKI; 4 — rpy6006IIOMOUHBIE BY/I-
KaHOKJIacTM4ecKue moposl (Tydsl, Tyddursr), 5 — anmesnbda-
3a/IbThI TOPGUPOBBIE, 6 — CYIIMLIUTOBBIE CJIAHIIbI, KBAPLIVTHI.
Hnmpy3usHsie 00pazosanus: 7 — ceprieHTUHUTHI U arloCepIieH-
TUHUTOBBIE TOPOAbI; 8 —10 — rpaHUTONABI MUXEEBCKOTO KOM-
mexca (C;): IVIarnorpaHoaMOpUT-IopdupsI (8), AMOPUT-TIOP-
upsl (9), kBapuessie suoputsl (10); 11 — groputoBsie 1 Jany-
TOBbIe TOP(UPBI YIBSIHOBCKOr0 KoMIuiekca (Dz); 12 — TeKTOHM-
yecKye HapyuieHus; 13 — pyaHas 3oHa ¢ Cu > 0.3 %; 14 — KoH-
TYP IPOMBILIJIEHHBIX aPTYUIM3UTOBBIX DY, («PIXJIbIE CYIbOUI-
HbIe PyJbI») Ha TIOBEPXHOCTH; 15 — KOHTYp Kapbepa Ha UIOIb
2016; 16 — ToukM HAXOIOK GpaMOOMIATBHOTO UpKTa; 17 —
MuxeeBCKOe MECTOPOXKAEHEe Ha 0630pHOIt cxeMe

Fig. 1. Overview map and geological scheme of the Mikheev
deposit (according to Plotinskaya, 2018) with framboidal pyrite
finds.

Lower Devonian volcanogenic-sedimentary formations of the (D1):
1, 2 — upper volcanogenic sequence: 1 — aphyric basalts, lava-
clastites, 2 — siliceous and carbonaceous-siliceous shales, sand-
stones; 3—6 — lower volcanogenic-sedimentary sequence: 3 —
tuff sandstones, sandstones; (4) coarse clastic volcaniclastic rocks
(tuffs, tuffites), (5) porphyritic basaltic andesites, (6) silicite
schists, quartzites. Intrusive formations: 7 — serpentinites and
aposerpentinite rocks; 8—10 — granitoids of the Mikheev com-
plex (C1): plagiogranodiorite porphyry (8), diorite porphyry (9),
quartz diorites (10); 11 — diorite and dacitic porphyries of the
Ulyanovsk complex (D3). 12 — tectonic disturbances; 13 — ore
zone with Cu > 0.3 %; 14 — contour of industrial argillic ores
(«loose sulfide ores») on the surface; 15 — quarry outline as of
July, 2016; 16 — points of finds of framboidal pyrite; 17 — Mikheev
field in the overview scheme

30(QTIOMUIHBIX KUCTBIX PACTBOPOB, PH KOTOPBIX M3MeHSI-
etcst oT 5—6 no 1—2. PactBops! HackIeHb! SO427, HCO-3,
CO3%*, CHy, F-. TemmepaTypHblii MHTEPBaJI 06PA30BaHUS
aprinsuToB — 300—50 °C, vamie 200—50 °C. IIpouecc
xapakrepusyetcst mpuBHocom K, Na, Ca, Mn, Si. B pe3ysb-
TaTe MUCXOOHbIEe TOPObI 3aMEIAI0TCS IMIMHUCTBIMU MU-
HepasamMm (CMEKTUTAMMU, XJTIOPUT-CMEKTUTAMMU, KAOJIH-
HUT-CMEKTUTaMU, MUHepaaaMi MOATPYIIIbI KAOTMHUTA
" Ip.) C HOBOOOPa30BaHHBIMM KBapIieM, TIOJIeBbIM IIITa-
TOM, KapbOHATaMM, XJIOPUTOM, & TAKKE HEOKMCIEeHHbIMU
cynbbugamu (IMPUT U 1p.).

Ha MuxeeBckoM MeCTOpOKIeHMM GpamMmbouaaibHbIe
MMPUTHI HEPEJIKO HEMOCPEACTBEHHO CBSI3aHbI C MUKPO-
MIPOSIBJIEHUSIMM OGUTYMOB (PUC. 2, @), UTO MOKET KOCBEH-
HO CBUJIETETBCTBOBATD 06 UX 6AKTEPUATHHOM MPOUCXOXK-
neHnu. [IpuypoueHHOCTh COOOIIECTB MPOKAPUOT K Hed-
TM oTMedanu Poszanosa u ap. (1982), Hasuna™ (2000).
B n3yueHHbBIX 06pasiax ¢ GpamMmobouIaIbHBIMU TUPUTA-

* Hasuna T. H. Mukpoopraum3Mbl He(TSHbIX MIACTOB
U UCTIONb30BaHMe UX B GMOTEXHOIOTUY MOBbIIEHNST HedTe-
otmaun: aBToped. Jucc. ... IOKT. 61oi. Hayk : 03.00.07 / UH-T
mukpo6uonoruu PAH. Mocksa, 2000. 67 c.

Nazina T. N. Microorganisms of oil reservoirs and their
use in biotechnology for enhanced oil recovery. D. Sc. extend-
ed thesis, Institute of Microbiology RAS, Moscow, 2000, 67 p.

(in Russian)
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Puc. 2. MuxeeBCcKoe MecTOpOkaeHye, hpamMmbomaanbHble MUPUTDI U3 apTU/UTU3UTOB: @ — COM-bOTO JIMH3BI C GUTYMOM U hpam-

6oupanpbHBIMK MUpPUTaMu; b — TepmorpamMma aHanu3sa 6uryma ¢ hpambonsaaIbHbIMK MUPUTAMU; C — rpaduk, MoKa3bIBao-

MV CTeTleHb MU3MEHEHHOCTY OPraHNYeCcKoro BemecTsa (6utyma). O603HaueHNSI: py — MUPUT, bit — 6utyMm, q — KBapi, chp —

xanbkormput; ©@ @ — apruuM3upoBaHHble MOp(UPOBbIe Naiiky; Yo Y — IUIOLIAHbIe apTMUIM3UThL. LIBETOM 0603HaU€HbI
y4YacTKM OMpo6oBaHmst (CM. puC. 1): CMHUM — YYacTOK 1; KpacHbIM — y4acTOK 2; 3eJIeHbIM — Y4acTOK 3

Fig. 2. Mikheev deposit, framboidal pyrites of the argillic metasomatites: a — SEM photo of a lens with bitumen and framboi-
dal pyrites; b — thermogram of analysis of bitumen with framboidal pyrites; c — graph showing the degree of alteration of
organic matter (bitumen). © @ — argillic alterated dikes ; Y Y& — enclosing argillic metasomatites. The color indicates the
sampling areas (Fig.1): blue — 1 area; red — 2 area; green — 3 area. Designations: py — pyrite, bit — bitumen, q — quartz, chp —

chalcopyrite

MM oOpamniaet Ha ce6sl BHMMAaHMe XOPOIliasi COXPAaHHOCTb TPaBOK) (pUC. 3, €) MOKeT CBUETeIbCTBOBATh, UTO He BCe
MMHEepaI30BaHHbIX KPeMHE3eMOM OMOTIJIEHOK U CTYCT- KPUCTAJUTUTHI UpUTa GOPMUPOBAINCH OIHOBPEMEHHO
KOB C 3aTpaBKaMy IMPUTOB. I3BECTHO, UTO Tpu Hebma- (puc. 3, b — B 1IeHTpe «KoJbIIa»). Kpome TOrO, MO HAIMIUM
TOMPUSATHBIX BHEITHUX YCIOBUSIX MHOTME MUKPOOMATh- TpeICTaBIEHNSIM, BHEKJIETOUHbIE OMOTIONIMEDbI, BEPO-
Hble OpTaHM3MbI (6aKTepuu, IMaHOOAKTePUM, AKTUHO- SITHO, CTY>KWINM IUTaTeNbHON Cpefoil sl MMpUTOTIara-
MULETBI U [IP.) U MUKPOMMUILIETHI BbIIEJSIOT 321U THYIO IOIIMX TTPOKapHMOT. B TakoM ciryuae nckomnaembie hbpamb0o-
CIM3b — BHEKJIETOUYHbBIE OGMOITOJIMIMEpPHbIE BEIleCTBa uUaaabHble MUPUTHI SIBJSIOTCS TIPOAYKTAMM XU3Hees-
(MygnpenioBa-Bucc u ap., 2014), crioco6Hble MUHEpaAIN- TETbHOCTY MUKPOOHBIX TPO(PUUECKY CBSI3aHHBIX COO0-
30BaThCs B TOM yncie auokcumom kpemuus (Toporski et LIEeCTB.
al., 2002; Opneanckuii u np., 2007). MuHepaamM30BaHHbIE TakuM 06pa3oM, B pesy/bTaTe UsyueHus: Gppamoon-
KpeMHe3eMOM CI'YCTKM U TUIEHKM BO hpaMbougax musy- JIOB MMPUTA U3 apTWIM3UTOB MIXeeBCKOTO MeJHO-TI0p-
YEHHbIX 00pa3I[0B MbI PaCCMaTpPMBaeM KaK ITepBOHAYAIIb- (upoBoOro MecTOpOXKIEHMS OBV YCTAHOBJIEHDI TPU3HA-
HO C/TM3UCTbIe 06pa30BaHMsI BHEKIETOYHBIX OMOIONMMe- KV UX MUKPOOUATBHOTO MTPOUCXOXKIEHMS.
pOB. Hccnedosanus 8binoiHeHbl 8 pAMKAX 20CY0apCMBeHHO-

HensBecTHO, KaKyie KOHKPETHO MpeJiCTaBUTeIN M- 20 3adanus UIT YpO PAH, mem N° 123011800014-3
KpOOMOTHI yYacTBOBAIM B hopMyupoBaHuy GpamM6bouaoB u N2 123011800011-2 c ucnonwv3osaruem o6opyoosarust LIKIT
B IJaHHOM ciydae. OJJHAaKO caMO Ha/inuue 6MOIIEHOK «leoananumux» UIT YpO PAH. JloocHauweHue u Komniexc-
U CTYCTKOB CBUIETEILCTBYET O CITOCOGHOCTY BBIZESATh Hoe passumue L[KII «eoananumux» UIT YpO PAH ocyujecm-
BHEKJIETOUHbIE OMOTIOMMMEDPBI ITUMM VICKOTIA€MbIMU MU - eJ1siemcs npu puHarcosoli noddepxcke epanma MuHucmepcmea
KpOOHBIMM OpraHmM3Mamu. Mbl IIpeirnosaraem, 4To OJHO- Hayku u eslcuiezo obpasosarus Poccutickoti @edepayuu,
BpeMeHHOe IIPUCYTCTBME B siueiikax GpaMOOUIOB yKke Coznauierue N° 075-15-2021-680.

chopMMpOBaHHBIX KPUCTATATOB TIMPUTA (BO3SMOKHO, 3a-
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Puc. 3. COM-doTo dhpambonmaabHbIX IMPUTOB Pa3INUHOi MOPHOIOTUNA:

a — CKOIUIeHMeE C KPYITHBIMM KyOMUYECKVMU KPUCTA/UIAaMM B TeCHOI acconanyu ¢ ppambonaamu; b — bpambouganbHbIe TUPUThI

C KPUCTAITTUTAMMU, YACTUYIHO ¥ TTOTHOCTDIO 3aMOTHUBIIVIMYU BHYTPEHHEE MMPOCTPAHCTBO; C — 060CO6TEeHME C METKUMY KPUCTATITN-

TaMM MIMPUTA, PACTIONIOKEHHBIMM B IIEHTPE, a C CYIIeCTBEHHO 6osiee KpYMHbIMY — 110 Tiepudepun; d — dbpambonsl 6e3 nepapxumn

KPUCTA/UTUTOB I10 pa3Mepam; € — MUHEePaIn30BaHHbIe GMOTIIEHKM ¢ KPUCTAUTUTAMM-3aTPaBKaMi B Cpe3e, CTEHKM GMOTIEHOK MoKa-

3aHbI cTpeKkami; f — CKOTUIeHMST BHEKJIETOYHBIX GMOIIONMMEPOB C 3aTPaBKaMy MPUTOB B HEYTIOPSIOUeHHbIX hpamMbonaax. CTpenrkamu
TTOKa3aHbI CTYCTKY MMHEPaIN30BaHHOTO (SiO, + Al) BHeK/IeTOUHOTO G1onomMepa.

O6o3HavyeHMsI: py — IUMPUT, q — KBapll, q + h — KBapu-ruapocioaa, SiO, + Al — ayokenz, KpeMHMS € IPUMeChIO aTIOMUHUS
Fig. 3. SEM-images of framboid pyrites of different morphology:

a — accumulation with large cubic crystals in close association with framboids; b — framboidal pyrites with crystallites partially and

completely filling the inner space; ¢ — segregation with small pyrite crystallites located in the center, and much larger crystallites

along the periphery; d — framboids without a hierarchy of crystallites in size; e — mineralized biofilms with seed crystallites in the

section, biofilm walls are shown by arrows; f — accumulations of extracellular biopolymers with pyrite seeds in disordered framboids.
Arrows show clots of mineralized (SiO, + Al) extracellular biopolymer.

Designations: py — pyrite, q — quartz, q + h — quartz-hydromica, SiO, + Al — silicon dioxide with an admixture of aluminum
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IIpupona chepouaanbHOro 300tTa CpeTHEKbIBBOXKCKOM POCCHIIN
Ha CpengHem Tumane

M. I10. Cokepunl, 10. B. I'myxosl, P. . lllait6ekoBl, b. A. Makees!, C. O. 3opuna2

L MuctutyT reonoruy ®UIL] Komu HIT VpO PAH, ChIKThIBKAp
m_sokerin@mail.ru, glukhov@geo.komisc.ru, shaybekov@geo.komisc.ru, makboris@mail.ru
2 Kasanckwuit (TIpMBOJIKCKMIT) henepaibHblii yHIUBEpCUTET, KasaHb
svzorina@yandex.ru

[MpoBeneHO KOMMIEKCHOE MUHepanorMyeckoe nccnesosaHme 13 06pasLos cheponaanbHOro 3010Ta M3 LWAMXOBbIX KOHLLEHTPATOB
CpenHekbIBBOXCKOM 3010TOHOCHOM pOCChINy, BXOAsLLEN B cOCTaB KbIBBOXCKOrO 3010TOPOCCHINMHOIO NONS, PAaCMONOXEHHOTO B LLEHTPaNbHOM
yact Bonbcko-BoimMckoit rpsaabl CpegHero TuMaHa. YCTaHOBMEHO NPUCYTCTBME B KOHLEHTPATaX KaK NMPUPOLHOro, Tak U TEXHOTEHHOTO
3onoTa. [lprpoaHoe poccobinHoe cheponaanbHoe 30/10TO XapakTepU3yeTcs M3HOLWEHHON NOBEPXHOCTbIO C OKCUAHBIMU NAEHKAMMU
¥ pa3BUTMEM BbICOKOMPOBOHOM KOPPO3MOHHOM KalMbl. TexHoreHHble chepounabl 3010Ta 061aAa0T NOAMIOHANbHO-MO3anMYHOM 6yropyaTo-
AMYaTOM UK MALKON MOBEPXHOCTbIO, HAIMYMEM ANIOMOCUIMKATHbBIX CTEKON W LIMAKOB B BUAE KOPOK MM BKIIKOYEHWUI B MaTpuLe,
NPUCYTCTBMEM HEXapaKTepHbIX A5 CAMOPOAHOIO 30/10Ta MUMHEPa/bHbIX BKAOYEHMI M MPUMeECEN MeTaNN0B NAATUHOBOM rPymnbl, 0/10Ba
n cBMHUA. DopMMpPOBaHKME NPUPOLHbIX CheponaoB 0byCN0BNEHO eCTECTBEHHOM FONTOBKOM B BOAHOM NOTOKE NpU GOPMUPOBaHUK
poccbinu. ObpasoBaHue TexHOreHHbIX CheponaoB CBA3bIBAETCS C BO3AEMCTBMEM Ha 0BOraLLeHHbIA POCCHINHBIMK 30/10TOM U NAATUHOMAAMM
LUIMXOBOM KOHLLEHTPAT BbICOKOTEMMEPATYPHOWM Ma3Mbl, BO3HMKAIOLLEH NpY 31eKTPOCBAPOUHbIX paboTax BO BPEMS PEMOHTA L0308
NPOMbIBOYHbIX NPMOOPOB. Pe3ynbTaThl MCCNEA0BAHMS LOMKHbI NOMOYb M36eXaTb OLWMBOK B TPAKTOBKE reHesunca nofobHoro 3010T1a U,
Kak cneacTeue, B onpeneneHun Npupoabl NePBUYHbIX UCTOYHUKOB POCChINEV.

KnioueBble cnoBa: camopodHoe 3010mo, cpepoudansHoe 300mo, pocchbinb, MeXHO2EHHOE 3010Mo, UpUGOCMUH, #eae3ucmas NaamuHa,
CpedHuli TumaH.

The nature of spheroidal gold of the Middle Kyvvozh placer
in the Middle Timan

M. Yu. Sokerinl, Yu. V. Glukhovl, R. I. Shaibekov!, B. A. Makeevl, S. O. Zorina?

! Institute of Geology FRC Komi SC UB RAS, Syktyvkar
2Kazan federal university, Kazan

A comprehensive mineralogical study of 13 samples of spheroidal gold from schlich concentrates of the Middle Kyvvozh gold
placer, which is part of the Kyvvozh gold placer field located in the central part of the Volsk-Vym ridge of the Middle Timan, was car-
ried out. The presence of both natural and technogenic gold in concentrates was established. Natural placer spheroidal gold is char-
acterized by a worn surface with oxide films and the development of a high-grade corrosion rim. Technogenic gold spheroids have
a polygonal-mosaic tuberculate-pitted or smooth surface, the presence of aluminosilicate glasses and slags in the form of crusts or
inclusions in the matrix, the presence of mineral inclusions and impurities of platinum group metals, tin and lead, which are not
characteristic of native gold. Natural spheroids were formed by natural smoothing in the water flow during the formation of the
placer. The formation of technogenic spheroids is associated with the impact of high-temperature plasma on the concentrate en-
riched in placer gold and platinoids, which occurs during electric welding undertaken during the repair work of the flushing devic-
es. The results of the study should help to avoid errors in the interpretation of the genesis of such gold and, as a result, in determin-
ing the nature of the primary sources of placers.

Keywords: native gold, spheroidal gold, technogenic gold, placer, iridosmine, ferrian platinum, Middle Timan.

BeeneHue

CheponpanbHas ¢GopMa xapaKkTepHa JIJisl HIMPOKOIo
CTIEKTPA MMHEPAJIbHBIX BENECTB, 06Pa30BaHHbIX B CAMbIX
pasHbIX yenoBusax. CaMOpOIHOe 30/I0TO He SIBJISIETCS MC-
KimoyeHneM. ETo cheponabl oncaHbl B MMKPUTAX B BUE
BKJTIOUEHMIT BO BKparieHHMKax onmBuHa (Zhang, 2006),
nupokaacTuieckux noponax (bepgunukos, 2021; Berd-
nikov, 2023), kBapueBbIx xmiax (HoBropomosa, 2003;
TaTapnHoB, 2016), 0cagOYHbBIX KOJIJIEKTOPAX YIJIEBOAOPO-
noB (JTykuH, 2009), pyIOHOCHBIX YepHOCIAHIEBbIX [IOPO-

nax (Mensenes, 2013), 30I0TOHOCHBIX KOPax BbIBETpUBA-
Hust OKmonuk, 2012; Kanmuunn, 2010; Maiioposa, 2010;
SIHyeHkoO, 2019) 1 TeXHOTreHHBIX OTBAJIaX U POCCHIMSX
(JImtBuHIEB, 2005).

COOTBETCTBEHHO, YCIIOBUSI 06pa30BaHust cheponaaib-
HOTO 30J10Ta TaKke BeCcbMa pa3HOOOGPa3HbI — OT JIMKBa-
LUMOHHO nuddepeHIManyy pyTHO-CUIMKATHBIX PacIlia-
BOB IIPU BBICOKMX CKOPOCTSIX oxyaxaeHust (bepaHUKOB,
2021; Berdnikov, 2023) 11 KaBUTaIMIOHHBIX ITPOLIECCOB B M-
IporepManbHbIX (ionmax (HoBropomosa, 2003; JIykuH,

Lns umtnpoBanua: CokepuH M. 10., Tnyxos 0. B., LLIai6ekos P. U., Makees b. A., 3opuHa C. O. Mpupoaa chepounpanbHoro 3onota CpefHeKbIBBOXCKOWM
poccbinu Ha CpeaHeM TumaHe // BectHuk reoHayk. 2023.9(345). C. 40—47.DO0I: 10.19110/geov.2023.9.3

For citation: Sokerin M. Yu., Glukhov Yu.V., Shaibekov R. I., Makeev B. A., Zorina S. O. The nature of spheroidal gold of the Middle Kyvvozh placer in the
Middle Timan. Vestnik of Geosciences, 2023, 9(345), pp. 40—47, doi: 10.19110/geov.2023.9.3
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2013; TatapuHoB, 2005) no 6aKTepuasbHO MHUIMMUPOBAH-
HOTO MMHEpPaJo06pa3oBaHMs B KOPax BbIBETPUBAHMS
(CKmonuk, 2012; Kanunuus, 2010; Hukudgoposa, 2020;
SInuenko, 2019; Southam, 2009) 1 MexaHMYeCKOJ FOJITOB-
Ky Tipu (hopMUpPOBaHUM pocchinu. ECTh TipennonoxkeHme
06 06pa3oBaHuy cHepouIOB 30JI0Ta TI0 MEXAHU3MY PO-
cra cpepokpucramios (Maitoposa, 2010).

Haxonku cdeponoB 3010Ta, PYTUX METAIOB U UX
CTUTABOB B POCCBITISIX HE SIBJISIIOTCSI OOMBILON PEJKOCTHIO.
Eciu rckyccTBeHHOE TTPOUCXOXKIEHME CBUHITOBOI po6H,
SKeJIe3HbIX, MEHBIX, TATYHHBIX IAPUKOB OOBIYHO HE BbI-
3bIBA€T COMHEHMI, 0COOGEHHO Ha 06bEKTAaX, HA KOTOPbIX
IIJ1a pa3BeJiKa ¥ 100blua MeTaljia, TO OObSICHEHME TPU-
pozsl cheponIaTbHOTO 30JI0Ta B CBETE IIPUBEIEHHOTO BbI-
Ille KpaTKOro 0630pa SIB/ISIeTCST HeTPUBMAIbHOI 3aaueii.
OmnbouHasi TPAaKTOBKA reHe31ca TaKoro 30710Ta MOXKeT
TIPUBECTU U K HeIPaBWIbHOMY OIlpeJie/ieHII0 reHe3uca
TepBUYHbBIX UCTOYHMKOB POCCHITEN 1, KaK CIe/ICTBIe, He-
BePHBIM MTPOTHO3HBIM ITOCTPOEHUSIM.

O6BbEKTOM HACTOSIIIIETO UCCIENOBAHYS SIBUTNCH 13 06-
pasioB chepoumansbHOro 30mota (puc. 1), o6HapykeH-
HBIX TIPY MMHEPaJIoTMYeCcKOM aHa/In3e TIKENoi Gpak-
LIVY IMJIMXOBBIX KOHIIEHTPATOB O60IbIIIE06bEMHBIX TIPOO
YaCTUUHO OTpaboTaHHOI CpegHeKbIBBOKCKOI 30J10TO-
HOCHOJi pOCChITIN, BXOZs1elt B cocTaB KbIBBOXKCKOTO 30-
JIOTOPOCCHITTHOTO T0J1s. POCCHITTb HAXOOUTCS B LEHTPaJIb-
HoI1 yacTy Bonbcko-Boeimckoii rpsiabl CpegHero Tumana
(Tnyxos, 2018; Oynap, 1996), nokannsoBaHa B MOMMEH-
HO-PYCJIOBBIX TTPUTIOTUKOBBIX ITceUTax U KPOBJIE T10-
pox BepxHepudeicKoro ¢JIaHIeBOro KOMIIJIEKCa, CI0-
SKEHHOTO MOKbIOCKOIA, TYHBOKCKO ¥ KbIKBOXKCKOI CBU-
Tamu. CBUTHI XapaKTepU3YIOTCSI 6IM3KUM JTUTONOTMYe-
CKMM COCTaBOM — CepPUILUT-KBAPI-XJTOPUTOBLIE,
CepULIUT-XJIOPUT-KBaplieBble YITepoacofepiKaliue anes-
pOC/IaHIIbl, KBaplieBble MeTareCYaHMKM — U OTINYAI0T-
CSI TEKCTYPHO-CTPYKTYPHBIMY OCOOEHHOCTSIMU U KOJIV-
YeCTBEHHBIM COOTHOIIEHVEM JIMTOTUIIOB B Pa3JIMUHBIX
MHTepBajax pa3pesa.

Kpome caMOpoiHOTO 30/710Ta U €r0 CPOCTKOB C TETU-
TOM, KBaplieM U KBapI-TETUT-XJIOPUT-CEePULIUTOBBIMU

arperaTaMi B COCTaBe TSDKENO0I PpaKIMy IMIIMXOBbIX KOH-
LIEHTPATOB MPUCYTCTBOBAIM F€MATUT, IPAHAT, IIMPKOH,
SMU/IOT, Ky/TAPUT, TETUT, OKPYIJIbIe YACTUIIBI IIITAKOTION06-
HOTO CTEKJIa ¥ eJVHUYHbIE 3HAKY MUHEPAJIOB TUIATUHO-
BOJ TPYIIITBI, KACCUTEPUTA, KWHOBAPH, & TAKKe GOJIbIIIOe
KOJIMYECTBO SIBHO TEXHOTEHHOTO MaTepuaia — CBUHIIO-
BOJi Ipo6H, sKeJIe3HBIX MAPUKOB, M3peaKa 06PasyIoIX
cpacTaHus C OKaTaHHBIM CAMOPOIHBIM 30710TOM (puc. 1, f),
MeJIKMX YaCTUIL JIATYHU U JID.

MeToauKa uccnenoBaHum

Cob6paHHbIii MaTepual 00pabaThIBAICS U UCCIEH0-
Basicst Ha 6a3e LIKII «TeoHayka» B IHCTUTYTe reosiornu
uM. akagemuka H. IT. FOmknua ®ULL Komu HLI YpO PAH.
M3yueHne OBePXHOCTH, BHYTPEHHETO CTPOEHUSI U COCTa-
Ba 06pas3I0B IPOBOAMIIOCH TPV MTOMOIIM PACTPOBOTO JEK-
TpoHHOro MuKpockora Tescan VEGA 3 LMN ¢ sHeprogn-
criepcronHoi npucraskoit INCA X-MAX 50 mm?2 (EDS)
Oxford Instruments (pa6ouee Hanpsskerue — 20 kV, cuna
ToKa — 15 HA, fuamMeTp mydka — 2 MKM, HaTIblJIeHME yTJIe-
pomom). OnTuuecKme u306pakeHusT TTOMyUeHbl Ha OIS -
pusanmonHom Mukpockorie Nikon EKLIPSE LV10OND.
CTpyKTypHbIe XapaKTepPUCTUKU 30/10Ta PETUCTPUPOBATNCDH
dboTomeTpudecky peHTreHoAM(PAKTOMETPUUECKUM Me-
Tomom [le6ast — Illeppepa. Mcnonb3oBanack kKamepa PK]I,
¢ nmameTtpoM 57.3 MM, armapat APOC ¢ peHTTeHOBCKOJi
TPY6KOJi € SKeJe3HbIM aHOAOM, TOK — 10 mA, Hampsike-
Hne — 30 kV, puabTpoBaHMe He MPOBOAMIOCH.

Pe3ynbTraTbl UCC/Ie[0BaHUM

VizyueHHbIe 00PA3IIbI 30JI0TA TIPEICTABIEHbI Chepo-
UIATBHBIMM KPYTJIBIMM WJIM CIerKa CIUTIONeHHbIMMY, Ka-
TJIEBUIHBIMMU, TAHTEJIE00PA3HBIMY YacTUIaMU (pUC. 2).
IMonoBMHA 00pas31OB IIpeACTaB/IseT co00J arperaThbl B pas-
JIMYHO CTeITIeHN CPOCIINXCS cheponIoB pa3HOTO pa3Me-
pa. CpemHsIsI BeIMUMHA OTAENbHBIX CeponoB 1 UX arpe-
ratoB cocrasisieT 0.4 Mm (7o 0.7 mm). MMHMMAaJIbHBIN pas-
Mep MeTKUX chepouIoB B arperatax — 15 MKM.

0.5 mm

Puc. 1. Bug cheponos 30mota (a—e) 1 CpOCTKA IUIACTUHYATOTO aTIOBMATBHOTO CAMOPOIHOTO 30JI0TA C SKEIe3HBIM LIAPUKOM
o, 6uHOKyIsIpoM (f)

Fig. 1. View of gold spheroids (a—e) and an intergrowth of lamellar alluvial native gold with an iron ball under a binocular (f)
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0.1 mm

Puc. 2. COM-n3obpaskeHus chepousoB 300Ta epsoro (a) 1 Broporo (b—f) Mmopdonornyeckmx TUIIOB B PesKMIME BTOPUYHBIX
IEKTPOHOB

Fig. 2. SEM-images of gold spheroids of the first (a) and second (b—f) morphological types in the secondary electron mode

[To xapakTepy penbeda MoBepxHOCTH chepouIoB 30-
JIOTa BBIJIEJIeHO 3 TUIIa.

Iepswiti mun (2 o6pasiia) xapaKTepusyeTcs M3HOIIeH-
HOJi 6YyropuaTO-sIMYaTOi TIOBEPXHOCTBIO C TOHKMMI TIIEH-
KaM¥ OKCUTUAPOKCHIOB Fe 1 Mn, BK/IIOUeHMSIMU KBap1ia,
KaoJIMHUTA U TETUTA B KaBepHax (pucC. 3, a).

Penbed 3050Ta 8mopozo muna (8 06pasmoB) MMeeT
B Pa3/IMYHOI CTeleHU BbIpaykeHHYI0 [TOIUTOHATbHO-MO-

3aMYHYI0 OYTPUCTO-STYENCTYIO TEKCTYPY, MOA0OHYI0 KOH-
BeKILMOHHBIM siueiikaM Paness—Benapa (puc. 3, b). HYacTo
MeKIy 6YyropKaMy MPUCYTCTBYIOT MEJIKME SIMKI MUKPO-
MEeTpPOBOTO pasmepa (puc. 3, c).

30J10TO YacTul mpemsezo0 muna (3 obpasiia) obnaga-
eT chepruecKoi U SJUTATICOUAATBHOI TJIaIKOI TTOBEPX-
HOCTBI0, MHOT/IA C MeJIKMMU LiapanyHaMu, CTECAMU U BMSI-
TuHaMu (puc. 4). Bo Bcex o6pasiiax sTOro TUIMa 30JI0TO

Puc. 3. XapakTep oBepxHOCTHU chepouIoB 30/I0Ta:

a — GyropyaTo-siMuaTasi M3HOIIeHHAas TOBEPXHOCTD 30J10Ta MepBOTo MOPGhOTHUIIA, b — MOMUTOHATbHO-MO3aUYUHbIi pebed 3010Ta

BTOPOTO MOPGOTHIIA; C — SIMKIM MEK/TY ITOMUTOHATbHBIMM GYTOPKaMy Ha TIOBEPXHOCTY 30710Ta BTOPOTO MOpdOTHMIIa. PEXKMMbBI CHEMKMU:

a — COM-u3o6paskeHie B peskuMe BTOPUUHBIX 37IEKTPOHOB, b — OMTHMUECKOe n300paskeHie B OTpaskeHHOM cBeTe, ¢ — COM-u3o6paskeHe
B pekuMe 06paTHOPACCESTHHBIX TEKTPOHOB

Fig. 3. Character of the surface of gold spheroids:

a — tuberculate-pitted worn surface of gold of the first morphotype, b — polygonal-mosaic relief of gold of the second morphotype;
¢ — pits between polygonal tubercles on the surface of gold of the second morphotype. Imaging modes: a — SEM image in the second-
ary electron mode, b — optical image in reflected light, c — SEM image in the backscattered electron mode
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Zr-Si-Al-Fe
glass

. Si-Al-Fe

0.2 mm

Puc. 4. Cheponppl 30/10Ta TpeThEro Mopdonorndeckoro Tuma. COM-u3006pakeHUs B pexkuMe 06paTHOPACCeSTHHBIX 3/IeKTPOHOB

Fig. 4. Gold spheroids of the third morphological type. SEM images in the backscattered electron mode

TIOJTHOCTBIO VJTM YaCTUYHO IMTOKPBITO TOHKO (20—50 MKM)
KOPKOJi CTeKJIa UK Iy1aka rpeumyiiectseHHO Si-Al-Fe-
¢ yuactkamm Zr-Si-Al-cocraBa c mpumecbio Na, K u Ti
B pa3HBIX MPOITOPIMsIX (puc. 4, a, ¢; 5, h). Yacts mop B nuia-
KOBBIX KOPOUKAX BBITTOTHEHA 30JI0TOM.

BecbMma mHMOPMaTUBHBIM IS OTIPeeIeHNsI IPUPO-
IbI cheponmOB 30/10Ta OKA3JIOCh M UX BHYTPEHHEE CTPO-
eHMue, U3yueHHoe Ha cpe3ax (puc. 5, ta6n. 1).

Coepoudsl ¢ nepsvimM munom pesivbega VMerT OIHO-
ponHoe cTpoeHue, Au-Ag-cocTaB, COOTBETCTBYIOIMIA ATeK-
TPYyMY B OZHOM 06pasiie ¥ yMepeHHO BbICOKOIIPOGHOMY
30JI0TY B IpyromM. XapakTepHO TaKKe Halauuyye Becbma Bbl-
COKOTIPOGHO# KOPPO3MOHHOI KaiiMbl TOIIMHOI OKOJIO
10 MM (puc. 5, a).

Cepepoudsi 8mopo2zo u mpemoezo munoe peiveda oopr4I-
HO TaKke 06/1a7aI0T OMHOPOAHBIM CTpoeHueM (puc. 5, b).

Ta6nauiia 1. XumMnuueckui cocta cepongoB 3010Ta (Mac. %)

Table 1. Chemical composition of gold spheroids (wt.%)

MopdoTtumn IS\IQ 06{3' aHallimsa pljfc. A Fe | C g Pb | Ru|RR | Pd | O I p Cymma
Morphotype aﬁﬂ) pie Analysis | Fig. u Ag €t n u s r U | Total
’ No. No.

1 10 10-1 | 5a | 56.05 [45.15|H.0.|H.0.| H.O0. | H.0. |H.0.|H.0.|H.0.| H.0. | H.0. | H.0. | 101.20
» » 10-2 » 1100.20| 0.40 » » » » » » » » » » 100.57
» » 10-3 » 54.54 [45.11| » » » » » » » » » » 99.65
» » 10-4 » | 56.27 |45.29| » » » » » » » » » » 101.56
» » 10-5 » | 55.00 |44.13| » » » » » » » » » » 99.13
» » 10-6 » 54.89 (44.88| » » » » » » » » » » 99.77
» » 10-7 » | 54.89 |44.84| » » » » » » » » » » 99.73
2 2 2-1 5b| 9697 | 342 | » » » » » » » » » » 100.39
» » 2-2 » 96.30 | 2.72 » » » » » » » » » » 99.02
» 8 8-1 5c¢| 9546 | 1.84 | » » | 1.89 » » » » » » » 99.19
» » 8-4 » | 96.64 | 1.99 | » » | 2.12 » » » » » » » 100.75
» » 8-2 5d | 7049 | H.O » » [17.9612.45| » » » » » » 100.90
» » 8-3 » | 70.87 » » » |18.43(12.42| » » » » » » 101.72
» 9 9-1 5e | 2.87 » [0.36| » | H.0. | H.O. [430| » » |58.04(32.64| » 98.21
» » 9-2 » 3.85 » 1042 » » » [4.11| » » |54.12(34.55| » 97.05
» » 9-3 » [ 99.21 | 1.77 |H.0.| » » » |H.0.| » » | H.0. | H.O. » 100.98
» » 9-4 » | 86.29 | 1.69 |0.41| » » » » » » | 1.95[10.69| » 101.03
» » 9-5 » | 8.51 | 1.12 (0.24| » » » » » » | 2.05 [10.11] » 100.03
» » 9-6 » | 97.35 | 2.09 |H.0.| » » » » » » | H.O. | H.O » 99.44
» » 9-7 » 99.41 | 2.35 » » » » » » » » » » 101.76
3 12 12-1 5f | 93.07 | 1.54 | » » » » » » » » » 5.24 | 99.85
» » 12-2 » 97.61 | 1.53 » » » » » » » » » H.0. | 99.14
» » 12-3 » | 96.07 | 1.17 [0.40| » » » » » » » » 3.43 | 101.07
» » 12-4 » | 97.77 | 1.72 |0.34| » » » » » » » » H.0. | 99.83
» » 12-5 » 6.84 | H.0. |8.56| » » » [0.46|5.11| » » 1.82 [75.88| 98.46
» » 12-6 | 5g | H.o. » |8.56[1.08| » » 10.39/1.20|1.25| » H.0. |88.45| 100.93
» » 12-7 » » » |8.52(0.78| » » |H.0.|1.36[1.38| » » | 87.62] 99.66
» 13 13-1 |5h | 97.67 | 2.01 |H.0.|H.O » » » | H.0.|H.O » » H.0. | 99.68
» » 13-2 » 97.37 | 2.62 » » » » » » » » » » 99.99

IIpumeuanue. Homepa aHaIM30B COOTBETCTBYIOT HOMepPaM TOUEK aHaIM30B Ha PUC. 5; H. 0. — 3lIeMeHT He 06Hapy)KeH.
Note. The numbers of the analyzes correspond to the numbers of the analysis points in Fig. 5; H. 0. — element not found.
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Puc. 5. BuyTpeHHee crpoeHne chepoumoB 3010Ta IepBoro (a), Broporo (b—e) u tpetbero (f—h) mopdonornueckmx TUIOB.

Toukamu TTOKa3aHbl MECTa MUKPO3OHAOBBIX aHAIM30B, I[M(PbI COOTBETCTBYIOT HOMEPAM aHaIM30B B Tabnuile. Qz — KBapi,

Kln — kaonuuut. Pesxum cbéMKU: a, b, d, g, h — COM-n306paskeHne B peskuMe 00paTHOPACCESTHHBIX 3JIEKTPOHOB; C, € — ONTU-

yeckoe 1306paskeHe B OTPaXKEHHOM cBeTe; f — onTuueckoe n306paxkeHne B OTPaKEHHOM CBETE C BPe3KOii (BBepXY CIIpaBa)
B peXKIiMe 06paTHOPACCESTHHBIX 97IEKTPOHOB

Fig. 5. Internal structure of gold spheroids of the first (a), second (b—e), and third (f—h) morphological types. The dots show the

locations of microprobe analyses; the numbers correspond to the numbers of analyzes in the table. Qz — quartz, KIn — kaolin-

ite. Imaging mode: a, b, d, g, h — SEM image in the backscattered electron mode; ¢, e — optical image in reflected light; f — an
optical image in reflected light with an insert (upper right) in the backscattered electron mode

KoHileHTpauus npumecu Ag IpuMepHO OJMHAKOBA BO
BCcex 00pasiax U cocTaBiisgeT B cpegHem 1.9 mac. % nipu
nucrniepcuu 0.8 mac. %. Koppo3moHHas KaiMa OTCYyTCTBY-
eT. [IpyMepHO B ITOJIOBMHE 06Pa31[0B ITUX TUITOB PUCYT-
CTBYIOT MEJIKM€ OKPYT/IbIe BKJIIOUEHMS CTEKJIONOI06HOTO
BeiectBa Si-Na-Al- u Si-Al-Fe-cocTaBoB ¢ nipumMechio Ti,
Zr, Ca, Mg, K, Mn 1 Pt B pa3HbIX COOTHOLIIEHUSIX. B omHOM
o6pasiie BTOPOTo TUIIA BbISIBJIEHBI TOHKIE KOPOTKME BET-
BSIIIIMECS TIPOKMUJIKU U CTYCTKU, oboraiieHHbie Sn 1 Pb
(puc. 5, ¢, d), 4acTb 13 KOTOPHIX BBIXOAUT HA IIOBEPXHOCTD
B 00/1aCTY YIIOMSIHYTBIX BBIIIIE SIMOK.

MuHepasibHbie ¢Gasbl ¥ TPUMeCH MeTaJIJIOB TIaTH -
HOBOIJ1 I'pYIIITbI 06HAPY>KEHBI B BYX 00pasiiax, OTHECEH-

44

HBIX KO BTOPOMY U TpeTbeMy TuiaM penbeda. OnuH u3
HUX COIEPKUT YIJIOBATOE 3epHO, O/1M3KO0e M0 COCTaBy UPU-
IUCTOMY OCMUIO ¢ TIpuMechio Ru u Fe, u BeITAHYTYI0 O1c)-
(dysHy1o obactb, oboramennyo Ir u Os (puc. 5, e). B apy-
TOM TIPUCYTCTBYET OAHO OTHOCUTEIbHO KPYITHOE U JIBa
CYOMMKPOHHBIX BKIIOUEHMNS JKeJe3UCTON MIaTUHbI
(puc. 5, f, g). KpynHoe Bk/oueHne GpparMeHTMPOBAHHO
u conepxkut npumecu Pd, Rh u Cu. CyOMUKpoHHbBIE BKITIO-
YyeHUsl UMEIOT OKpyITyio hopmy u oboraiuenst Rh, Ir u Ru.
Kpome Toro, B camoit 30110TO# MaTpulie 3TOro obpasia
BbIsSIBJIeHbI puMecH Pt u Fe, o6ocobisioniecs B Buze
HEKOHTPACTHBIX TISITEH U TTOTUTOHOB. [Ip1 3TOM COOTHO-
1eHue Mmexay cogepskanusimu Fe 1 Pt Kak BO BK/IIOUeHM -
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SIX JKeJIe3MCTOI TIJIaTUHBI, TaK U B 30JI0Te OCTAeTCs Of M-
HakoBbIM — 1 x 10.

Ha dorone6aerpammax 06pasioB cheponuioB 30710-
Ta BTOPOTO ¥ TPETHETO TUTIOB HABIIOAIOTCS IITPUXOBbIE
JIMHUY OTPasKaIIIMX IIOCKOCTeN (pediieKcoB), Xapak-
TepU3YIIMeCs TUIUMIHBIMU [J151 30JI0Ta 3HAUEHUSIMU
MEXXIIOCKOCTHBIX paccTossHuii Dy (A): 2.33(111),
2.03(200), 1.434(220), 1.227(311), 1.174(222) 1 1.020(400).
ITpuXOBOJ TUIT IMHUI YKAa3bIBAET HA CYOOPMEHTUPO-
BaHHBIN XapakTep MUKPOKPUCTAIIIUTOB (TEKCTYPUPO-
BaHHOCTB). Kpome Toro, Ha (hoHEe YTOIIEHHDIX ITPUXO-
BBIX JIMHUIA pasaMuMMbl (J1abble TOHKME CIIIONIHbIE JIN-
Huu pedekcoB. [TocsieHee xapakTepHO IS CIydast Xa-
OTUYECKU OPMEHTUPOBAHHBIX MUKPOKPUCTA/UIUTOB, UTO,
MO-BUAMMOMY, YKa3bIBaeT Ha He3HAUNTeIbHOE MeXaHu-
yeckoe oOMMHAaHMe MCCIeq0BaHHbIX 06pa3iioB. [To Ha-
60py MMKOB OTpaskeHNiT METOIOM HaMMeHbBIIMX KBaApa-
TOB pacCuUMTaH MapaMeTp 3jieMeHTapHOM ssueiiku —
a, =4.054 £ 0.007 A, uTo COOTBETCTBYET MapaMeTpam BbI-
COKOIIPOGHOIO 30JI0TA.

06CcyXKaeHne pesynbTaToB

AHanu3 nosryueHHbIX pe3yabTaTOB BbISIBMJI 3HAUM -
MbIe pa3nuusl B CBOCTBax cheponganbHOTO 30/10Ta BbI-
JleJIeHHbIX MOPQOJIOrMuecKux TUIoB. Hanbosee Benvka
pasHUIA MeKAY TIePBbIM U ABYMS IPYTUMU TUTIAMU.

Cdeponpl 30710Ta IEPBOT0 MOPGOTHIIA IO CTEIIEHN
M3HOUIEHHOCTY MOBEPXHOCTU, PA3BUTUIO TIJIEHOK OKCU-
ruapokcuaoB Fe u Mn, accOpTMMeHTy MMUHEpPaTbHbIX
BKJTIOUEHMIA, & TAKKe HAIMUMIO ITPAKTUIeCcKy becripumec-
HOJ KaiiMbI XOPOILIO COTIOCTABJISIOTCS C CAMOPOAHBIM 30-
sorom CpenHeKbIBBOXKCKOI poccoinu (Imyxos, 2018) u,
CKOpee BCero, TaKOBbIM U SIBJISIIOTCS. OUeBUIHO, YTO UX
cdhepounmanpHast Gopma SIBISIeTCS CIe/ICTBMEM eCTeCTBeH-
HO¥ TOITOBKY B BOJHOM ITOTOKe MpY (POPMMUPOBAHUU POC-
CBITIN.

XapakTep cpactaHuit chepougoB 3010Ta BTOPOTO
" TpeTbero MophOTHUIIOB B arperaTax, IpucyTCTBME KO-
pOUeK CTeK/a U JIaKa Ha TOBEPXHOCTU U pacIiaBHbIX
BKJTIOUEHMIT B MATpHIle 30JI0Ta CBUIETEbCTBYIOT 00 UX
KpUCTaaIM3aluuu U3 paciiaBa. Becbma BepOsSITHO, UTO
¥ HEOOBIYHBII MOJUTOHATbHO-MO3aUYHbIli GYTPUCTO-
STYenCThIN penbed chepon 0B BTOPOro MopdoTuria 06-
YCJIOBJIEH BBICOKO CKOPOCTBIO OCThIBAHMSI KallesieK pac-
TJIaBJIEHHOTO 30/10Ta. [Tomo6Hast sTyencTast CTpyKTypa Io-
BEPXHOCTM UCKYCCTBEHHBIX Au-Ag-Cu-chepongos 6bl1a
omucaHa B paborte H. B. bepauukoBa (Berdnikov, 2023)
B 9KCIIepMMeHTax M0 OXJIakAeHUI0 B BO3/AyXe IIPU HOP-
MaJIbHBIX YCJIIOBUSX pacIiijiaBa 14-KapaTHOTrO 3070TOTO
soma. O BbICOKOI TeMmiepaType (opMMUpPOBAHMS OMMCHI-
BaeMbIX c(hepouIOB CBMUIETENbCTBYIOT yUacTKM, o6ora-
LeHHbIe MPUMECSIMU METAaJJIOB IJIATUHOBOI I'PYIIbI,
B TOM YMCJIe TYrolviaBKux miaatuHounos — Ru, Os, Ir —
B 30JI0Te M yuacTku Zr-Si-Al-cocTaBa B CTEK/IAX U LIjIa-
Ke. Hamnuue aTux npumecei o3BosisieT npearonaraThb
MWHMMAaJIbHYIO BEPXHIOIO TPAHMUILY TEMIIEPATYPBI UX 06-
pasoBaHud ot 1700 (t 1. Pt — 1774 °C) go 3000 °C
(t . Os — 3027 °C).

MecTHOe MPOUCXOXKIEHME U3YUeHHbIX 00pasIoB A0-
Ka3bIBaeT COCTaB KOPOUEK CTEKOJ U IIJIAKOB, YA,0BIETBO-
PUTENBHO COOTBETCTBYIOIIMI TPUMEPHOMY XMMUUIECKO-
MYy COCTaBY CMeCH JIETKOI (KBapll, IToJieBble HINAThI, CII0-
IIbl, XJIOPUT) U TSDKENON (TpaHaT, UPKOH, STIUAOT, TETUT,

MIbMEHMUT) (DpaKiyit aJuTIOBUATBHBIX OTIOXKEHMIA POCChI-
1. BoIsiBJIeHHbBIE B BMJle MTHEPaIbHBIX BKIIOUEHMIA B 30-
JIOTe >KeJIe3UCTast IVIaTUHA U UPUIUCTBI OCMUIA TaKKe
BcTpeuatoTcst B CpelHeKbIBBOKCKO POCCHINM B aCCOIMa-
LM C CaMOPOIHBbIM 30/i0TOM (MakeeBs, 1996).

BbI3Basia HEKOTOpPbIE 3aTPyAHEHMS pacuindpoBKa
TIPUPOJIbI IK30TUUECKMX BbiZeieHnit Sn-Pb-cocraBa B 30-
note BTOoporo mopdorumna. OgHaKo, yIUThIBas 6/113K0e
KOJIMYeCTBeHHOe COOTHOIIIeHMEe 3TUX MeTa/UIOB BO BKIIIO-
YeHMSIX B HallleM 00pasiie 1 B 6a661mTe (aHTUPPUKIVOH-
HbIii CTUIAB, UCITOIb3YEMbIli BO BKJI IbIIIAX TTOJIIUITHN-
KOB), @ TaKKe (aKT UCIIOTb30BAHMS PA3TNYHON TEXHUKU
MIPY PasBegOYHBIX ¥ TOGBIYHBIX pab0TaX Ha POCCHIMN,
MOSKHO TIPEATIONIOKUTH, UTO TTEPBOHAYAIBHO 3TO U GBI
6a66MTOBbIN CIIIaB, PparMeHThl KOTOPOTO IOIaN B TsI-
KEmyto Gpaxinio KOHIEHTPATOB.

Takum 06pa3om, MpUBeNeHHbBIN aHaIN3 TT03BOJSIET
MCKTIOYMTH MarMaTOreHHYIO, BYJTKAHOT€HHYIO 1 9K30TeH-
HYI0 BEPCUY TTPOUCXOXKIEHUS BTOPOTO U TPETHETO MOP-
dotumos cdheporgos 3010Ta. Hambonee BeposiTHa UX TEX-
HOTeHHast mpupoja. EAMHCTBEHHBIM UCTOYHUKOM CTOJIb
BBICOKMX TEMITEPATYP, JOCTATOUHBIX /IS TIJIABJIEHUS 30-
JIOTOCOIepKAIllero MUIMXOBOTO KOHIIEHTpaTa, MOIJIa CJIy-
SKUTb TOJIBKO BBICOKOTEMITepaTypHas rjaa3mMa, BO3HMKA-
IOIIast TIPYU JIEKTPOCBAapKe — BITOJIHE OOBIYHBIX paboTax
PV PEMOHTE [UTF030B ITPOMBIIIJIEHHBIX ITPOMBIBOYHBIX
pu6OpOB.

BbiBOAbI

PesynbTaTbl MPOBeNEHHBIX UCCIEN0BAHNI TOKA3bI-
BalOT, UTO TUTIOMOP(MHBIMU [TPU3HAKAMM U3YIeHHbIX Cde-
POMIOB MPUPOIHOTO POCCHIITHOTO 30JI0TA CIYXKAT Mexa-
HMYECKY M3HOILIIeHHAS TOBEPXHOCTb C OKCUIHBIMMU TIIEH-
KaMM ¥ MUHePaJIbHbIMY BK/TIOUEHUSIMY B KaBepHax U Ha-
JIVYlie BICOKOITPOOHOI KOPPO3MOHHOI KaliMbl, CBUIE-
TebCTBYIOLIME O €CTeCTBEHHOM, TPUPOSHOM MPOMUCXOK-
IeHUM 30710Ta.

OTAMUYUTENBbHBIMY CBOCTBAMM CHEPOUT0B TEXHO-
TeHHOT'O 30/10Ta SIBJSIIOTCS:

— TIOJTIMTOHAIbHO-MO3aMYHbIi 6yropyaTo-sIMUaThIi
penbed;

— mIajKast TOBEPXHOCTDb 6€3 MPU3HAKOB MexaHuye-
CKOTO M3HOCA;

— pasBUTHE ATIOMOCUIMKATHBIX CTEKOI U LIJTAKOB
B BUJle KOPOK MJIM BKJIIOUEHMIT B 30/10T€;

— IPUCYTCTBME HeXapaKTePHBIX AJIs1 CAMOPOSHOTO
30J10Ta@ MMHePaIbHbIX BKIIOUEHUI 1 ITpuMeceii MeTasyIoB
TJIATMHOBOI TPYIIIbI, 0JI0BAa U CBUHIIA.

Vx o6pa3oBaHMme, IO HAlllEMy MHEHWIO, BbI3BAHO BO3-
JIeiicTBMeM Ha 060TalleHHbI POCCHIIHBIMM 30JI0TOM
U IJIATMHOMIAMMY LIIMXOBO KOHIIEHTPAT BBICOKOTEMITE-
paTypHOIi TJ1a3Mbl, BO3HMKAIOIIEN TP 37IeKTPOCBapOoU-
HbIX PaboTax BO BpeMsI PEMOHTA IITI030B ITPOMBIBOYHBIX
pubopPOoB.

Asmopsl 6nazodapHsl pabomuuxkam MHcmumyma zeo-
no2uu UL Komu HL] YpO PAH H. X. XauamypsH, T. H. Bywe-
Héeoli u 1. A. Illywikogy 3a 8vldenieHue 06pasyos u3 wiuxo-
8bix KoHYyeHmpamos, A.C. Illytickomy u E. M. TponHukogy —
30 8bINOJIHEHUE MUKPO30HO08bIX UCC/Ie008aHULL.

Pa6oma 8vinosiHeHa 8 pamkax membol 20Cy0apcneeHHo-
20 3adanus UI"' ®UIL] Komu HI] YpO PAH no meme HUP
«DyHOameHmansHsle npobieMbl MUHEPATIO2UU U MUHEPAJIO-
00pa3o08aHus, MUHEpaibl KaK UHOUKAMOpbL nempo- u pydo-
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2eHe3a, MUHepaiozus pyoHsIX patioHo8 U MecmopoxcoeHuli
Tumaro-Cesepoypanbcko20 pezuoHa U apKmuueckux mep-
pumoputi» (I'P N2 122040600009-2).
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ApPKTUYECKMUN BEKTOP reosiormyeckmx nccrnenoBaHum
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CpaBHUTeIbHAS XapaKTepPUCTUKA AMUATIIEKTOBBIX
Y pacIuIaBHBIX CMJIMKATHBIX CTEKOJ KapcKoit acTpo6ieMbl

A. A. 3yoos, T.T. lllymunosa, C. 1. UcaeHkO

UuctutyT reonorum GUIL Komu HII YpO PAH, CbIKTBIBKap
alexander.zubov. 1994@gmail.com

06bekTaMK UCCNefoBaHWS ABASIOTCA AMANIEKTOBbIE M PACNNaBHbIE CUIMKATHbIE CTEKNMA M3 XMJTbHbIX PACMaBHbIX MMMAKTUTOB
Kapckoit actpobnembl. [onyyeHbl MUKPOCKOMMYECKME M CNEKTPOCKOMMUYECKME XapaKTEPUCTUKM ABYX NPUHLMNMANBHO Pa3/ivyaloLLmxcs
no MexaHu3My hOpMUPOBAHMS CTEKOS, MO3BONUBLLME CPABHUTbL MX CTPYKTYPHbIE 0COBEHHOCTM. YCTaHOBEHO, YTO CUMKATHbIE
[ManeKToBbIE M pacniaBHble MMMAKTHbIE CTEK/IA M3 BbICOKODAPHbIX/BbICOKOTEMMEPATYPHbIX XMUbHbIX TeN Kapckoit acTpobiemsl
XapaKTePU3YOTCS aHANIOTMYHBIMU CTPYKTYPHBIMM MPU3HAKAMU — BbICOKOI CTEMEHbBIO MOMMEPU3ALIMU, MPUCYTCTBMEM YETbIPEXUIEHHBIX
M MHOro4NeHHbIX Konew, Si04,4T0 CBOMCTBEHHO BCeM CTEKNAM coctasa SiO,. [lnannekToBble CTEKNA OTIMYAOTCS NOCTOSHHBIM HaMYMEM
TpéxuneHHbIx Koneu, SiOy4, pacnnaBHble CTeK/Ia XapakTepu3ykTCs OTCYTCTBUEM AaHHOTO NPU3HAKA, YTO onpeaenseTcs bonee sKCTpeManbHbIMMU
YCNOBWSIMM CTEKNOBAHMS pacnniasa.

KnioueBble cnosa: Kapckas acmpobiema, uMnakmusie pacnsiagHsie cmeksa, duaniekmossie Cméekd, paMaHo8ckas cnekmpockonus.

Comparative characteristics of diaplectic
and melt silicate glasses of the Kara astrobleme

A. A. Zubov, T. G. Shumilova, S. I. Isaenko
Insitute of Geology FRC Komi SC UB RAS, Syktyvkar

The objects of study are diaplectic and melt silicate glasses from vein melt impactites of the Kara astrobleme. Microscopic and
spectroscopic characteristics of two glasses with fundamentally different formation mechanisms were obtained, which allowed com-
paring their structural features. We found that silicate diaplectic and melt impact glasses from high-pressure/high-temperature vein
bodies of the Kara astrobleme were characterized by similar structural features — a high degree of polymerization, the presence of
four-membered and polymembered SiO, rings, which was characteristic of all glasses were the SiO, composition. Diaplectic glass-
es are characterized by the constant presence of three-membered SiO,4 rings; melt glasses were characterized by the absence of this

feature, which was determined by more extreme conditions for the glass from melt.
Keywords: Kara astrobleme, melt glass, diaplectic glass, Raman spectroscopy.

BeeneHue

B coBpeMeHHOM MOHMMAaHNUM CTEKJIOM Ha3bIBAETCSI
TBepaoe amopdHoe BelecTBo, He 061a5at01ee BLICOKO-
YIIOPSIIOYEHHO CTPYKTYpoii KpucTaainoB (Henderson,
2005; Yadav etal., 2015; Mysen, Richet, 2018 u mp.). Ha Te-
KYIIMIT MOMEHT BpeMeH! CTeKJIa OCTAIOTCS CIOXKHBIMU
IS UCCJIeTOBAHMS ¥ MHTepIipeTauuu. B npupope cyme-
CTBYET 60JIbIlIOe Pa3HOOOPa3ye CTEKOJ, 00YCIOBIEHHOE
BeIleCTBEHHBIM COCTABOM, CTPYKTYPHBIMU ITapamMeTpa-
MM, MEXaHUYECKVMM CBOMCTBAMM U T. . OCOOBIN MHTE-
pec BbI3bIBAIOT MMIIAKTHbIE CTEKJA, Cpefyi KOTOPBIX BbI-
JeJISIIOTCSI IBe Pa3HOBUIHOCTU: TIepBasi 06pa3yeTcsi B pe-
3yabTaTe 3aKajJKu pacijiaBa, BTopas — B XOfe TBepJo-

(asHoIT TpaHCchOpMaLMM KPUCTAIINIECKOTO BEIeCTBa
6e3 TIaBIEeHNS.

Haubosnee BakHOe 3HaUeHME MMEIOT CTEKIIA COCTaBa
SiO, (manee 110 TEKCTY — «CHMIMKATHBIE CTEKIIA» VU «KBap-
1ieBbIe CTEéKIa»). CTPYKTypa CUJIMKATHBIX CTEKOI COCTOUT
U3 CTPYKTYPHBIX €OUHUI] — TeTPasAPUUeCKUX TPYIIINPO-
BOK SiO,, COenVIHEHHBIX APYT C APYTOM BepIuHaMu. Kaskplii
aTOM KM(JIOPOAA B CTPYKTYPE UUCTOTO KBAPLEBOTO CTEK-
Jla BBICTYTIAeT B POJIX CBOEOOPA3HOTO «MOCTUKA» MEXIY
COCeAHMMU TeTpasapaMu 1 ITOSTOMY Ha3bIBAETCS «MOCTU-
KOBBIM KUCJIOPOZIOM». CTPYKTYypa ITOJIHOCThIO MOIMMepH-
30BaHa. [Ipy HaIMUKMy MTPUMeCHbIX MOHOB B CeTKe CTeKJIa
CBS13U MeXAy TeTpasgpamu SiO, MOTYT pa3pbIBaThCs C 10-

Dins uutuposanua: 3ybos A.A., LLymunoBa T. T, MicaeHko C. U. CpaBHUTENbHAs XapaKTePUCTUKA AMANNEKTOBbIX M PACMNaBHbIX CUAMKATHbIX cTékon Kapckoit
actpobnembl // BecTHuk reoHayk. 2023. 9(345). C. 48—55.D0I: 10.19110/geov.2023.9.4

For citation: Zubov A. A, Shumilova T. G., Isaenko S. . Comparative characteristics of diaplectic and melt silicate glasses of the Kara astrobleme. Vestnik

of Geosciences, 2023, 9(345), pp. 48—55, doi: 10.19110/geov.2023.9.4
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SIBJIEHV/EM HEMOCTUKOBBIX aTOMOB KMUCIOPOJa, CBI3HOCTD
TeTpasIpUUecKoit CeTKM HapyliaeTcsl, U3MEeHSIIOTCS BSI3-
KOCTb CTeKJIa, dJIeKTpuieckast IpoBOAUMOCTb U Ipyrue
cBoiicTBa (Mysen, Richet, 2018). PaszinuuHble CTPYKTYPHbIE
COCTOSTHMS TeTpasnpoB SiO, ONMChIBAIOT B TepMMHAxX QN
IJie N — YMCI0 MOCTUKOBBIX aTOMOB KUCIOPOAA.

MMmakTHbIe CUAMKATHBIE CTEKIA MHTEPECHBI IT1aB-
HBIM 06pa30M TeM, YTO MMITAKTHBI MeTaMop(u3Mm mpo-
TeKaeT B HIIMPOKOM JIMalia30He TeMIlepaTyp U AaBIeHUIt.
[Tpu 3TOM B TOUKe KOHTaKTa yAapHMUKa C TTOPOJaMU MU-
HIeHy TeMrepaTtypbl MOryT gocturaTth 10 000 °C u 6oree,
a 1aBJyieHMsI IOXOST 00 nepBbix coTeH [Tla (BuiiHeBcKuii,
2007). TIpomyKThl UMITAKTHOTO MeTaMopdy3Ma B 60/Ib-
IIOM KOJIMUECTBe COOepKaT CTEK/IA Pa3MYHOTO Bellle-
CTBEHHOTO COCTaBa, 3aBUCSILIETO OT BelllecTBa MPOTOIUTA
(MMIIaKTUPOBAHHBIX 110POS,). [IpermyIecTBeHHO 9TO aio-
MOCUIMKATHbIE U CUIMKaTHBIe cTéka (Si0,). ITo mexa-
HU3MY GOPMUPOBAHMS B UMITAKTUTAX TIPUCYTCTBYIOT CTEK-
J1a, 06pa30BaBINMeCs MPY 3aKaJlke MMITAKTHOTO pacruia-
Ba, ¥ AMAIJIEKTOBBIE CTEKIIA. [locmeqHue xapaKTepusyooT-
CSI OTCYTCTBYMEM ITOPUCTOCTH, TEKCTYP TeUeHUsI, 6osee
BBICOKOJ JIOTHOCTBIO 10 CPABHEHUIO C CUHTETUYECKUM
CUJIMKATHBIM CTEKJIOM, a TAKXKe COXpaHEeHMEeM PeUKTO-
BOJi MopdoorMM YIJIOBATOrO 3epHa IpeKypcopa (KBap-
na) (Langenhorst, 2002).

V3yyeHUIO CMUIMKATHBIX CUHTETUYeCKUX U TTPUPOT, -
HBIX CTEKOJI TTOCBSIIIIEHO MHOYXECTBO PaboT OTeYeCTBEH-
HBIX U 3apyOEKHBIX MccIenoBareneii. Cpeay AMaTUIeKTo-
BBIX CTEKOJI HaMOO/IbllIee KOJIMUYECTBO MCC/IeA0BAHMIA IIPO-
Be/IeHO [1J151 MaCKeNMHUTA (AIFOMOCUIMKATHOE AMaTIeK-
TOBOE CTEKJIO IO TosieBoMy Imaty) (Ahrens et al., 1969),
B TO BpeMsI KaK UMCThbIe CUIMKATHbIE JUaTlIeKTOBbIe CTEK-
JIa U3y4eHbl B MeHbIei creneHn. CymecTBYIOT paboThl
10 M3YUYEHMIO CTPYKTYPHBIX OCOOGEHHOCTEN CTEKOJI IIPU
6ombIINX maBiaeHusx (Sugiura et al., 1992), BbISIBIEHUIO
cnenGUKY MPUPOIHBIX, GOTAThIX KPEMHE3EMOM CTEKOI
1o gaHHbIM MHppakpacHoit (MK) criekTpockormmy 1 criek-
TPOCKOIINYM KOMOMHAIIMOHHOTO paccessHus ceeta (KP)
(Faulques et al., 2005). ViccieqoBaHs IMATUIEKTOBBIX CTE-
KOJI IIPUO6Pey HaubOobIIIYIO TIOMY/SIPHOCTD B XO/Ie U3Y-
YeHMUsI ITPOIeCCOB MMITaKTUTOreHe3a. 34eCh O0IbIIOo
Bkyan BHecnu 1. llitoduep u @. Jlaureuxopcr (Stoffler,
1984; Langenhorst, 2002). 9kcnepuMeHTa/bHasl paboTa
o nsyuenuio rpu nomoiny KPC ygapHoii Tpancgopma-
LMY KBap1ia MO3BOJISIET TPOCTAEAUTb M3MEHEHME CIIEKTPO-
CKOMMUYECKUX XapaKTePUCTUK B IIMPOKOM IMarna3oHe JaB-
JIeHMi1 BIIOTh 1o amopdusanyvm (Kowitz et al., 2013).
HecmoTps Ha 1OBOJIBHO JIUTENbHYIO UCTOPUIO U3yUEeHUST
MMITaKTHBIX CTEKOJI, IeTaIbHbIi CPAaBHUTEbHbIV aHANU3
IIMAaTIeKTOBBIX M PACTIABHBIX MMIIAKTHBIX CTEKOJ He MPo-
Bommiicst. OMHMM U3 Haubosiee yIauHbIX 0ObEKTOB JIJIst
CPaBHUTEIbHOTO aHaIM3a SIBJSIIOTCS] CUJIMKATHBIE CTEKIa
B JKMUJIbHBIX TeslaXx KapcKkoii acTpobieMsl.

CwimkaTHbIe cTékia Kapckoit acTpobiemMbl paHee m3-
yuanuch B. IT. JlioToeBbIM 1 A. FO. JIbICIOKOM, MMM ObUIA
MCCIelOBaHbl KpEMHE3eMUCThie 06pa3Ifbl Psia MMITaKT-
HOTO MMpeo6pa3oBaHyst KBapIia, B TOM UMC/Ie JUATIIEKTO-
BbIE KBapIIEBbIE CTEK/IA C KOICUTOM, OGHAPYKEHHBIM B 310-
BuTe (JIrotoeB u Ap., 2015). TTo3nHee 6bUTM U3YUEHbI CH-
JIMKaTHbIE pacIlyIaBHbIE CTEKJIa C KOSCUTOM U CMEKTUTOM
B BI/I€ Kalle/ib B aIOMOCU/IMKATHBIX CTEKJIaX XXUIbHOTO
tumna (Shumilova et al., 2018; Golubev et al., 2020).
[TpucyTcTBYIOIIME B XXWIbHBIX PACIJIaBHBIX TeJIaxX OHO-
BpPeMeHHO U IMaIlJIeKTOBbIe, U paciijlaBHble CUIMKATHbIE

CTEKJIA MMO3BOJISIOT in Situ BBHIMTOTHUTH COTIOCTABJIEHME
CTPYKTYPHBIX 0COGEHHOCTE MPUHIIUITUATBHO Pa3IMUHbIX
10 MeXaHu3My (GOPMMPOBAHMS CTEKOI.

MaTtepuan u MmeToabl uccaenoBaHua

OG6GBEKTOM MCCIeOBAHMS JAHHOI PabOThI SIBJISTIOTCST
CUIMKATHbIE MMIIAKTHBIE PaCIlJIaBHbIE M IMAIJIEKTOBbIE
CTEKJIa B KWJIbHBIX BbICOKOOAPHBIX Tenax Kapckoit acTpo-
61eMbl. KaMeHHbBI MaTepua 0TO6GpaH 13 eCTeCTBEHHbIX
obHaykeHMIT B monnHax pp. Kapa, AHapora B Xofe reoJo-
rmyeckux sxcrenuumii 2017 u 2021 rr. ViccnemoBaHust 6b1-
JIV BBITIOJTHEHBI C MCITOIb30BaHMEM GOJBIIMX TTETPOTPa-
(bnueckux MONMMPOBAHHBIX MIIM(HOB 6€3 TOKPOBHBIX CTe-
KOJL.

B cB#131 ¢ MasbIMy pazMepamMy M3ydaeMbIX CUIMKAT-
HBIX CTEKOJI (He 60ee 50 MKM B IIOIIEPEUYHMKE) B CTPYK-
Type XKMUIbHBIX Tel KapcKoif acTpo6eMbl JOCTYITHBIMU
MeTOJIaMM JIJIs UX KaueCTBeHHO XapaKTepPUCTUKU SIBJISI-
I0TCSI CKaHMPYIOLIAsl 37IEKTPOHHASI MUKPOCKOINS, MUKPO-
30HI0BbII aHaM3 1 KP-criekTpockonusi. B maHHO# pa6o-
Te creKTpbl KP CHATBI MPeMMYILeCTBEHHO C YUCTBIX pac-
IUIABHBIX CMJIMKATHBIX CTEKOJI 6€3 BKIIOUEHMIT B BUE
CMEKTUTA U CMJIMKATHBIX Kalleab CO CMEKTUTOM U KO3CU-
ToM. [TosryyeHMe paMaHOBCKOTO CUTHAIa BO3OYKIeHNeM
TOUKY aHa/MM3a 6/113K0 K CMEKTUTY IIPUBOIUT K TOSIBIE-
HUIO JTIOMMHECIEHIIMY Ha CIIeKTpe.

VccnemoBaHye COCTOUT U3 IBYX YacTeli: MMKPOCKO-
MMYECKOi XapaKTepUCTUKM PACIVIABHBIX U AUATIEKTOBBIX
CTEKOJI 0 TaHHBIM OTITUUECKOI MOJSIPU3ALMMOHHO U 3/1eK-
TPOHHOJ MMUKPOCKOIINY, @ TAKKe CIIEKTPOCKOTIMYECKNUX
Mccaef0BaHMIt U COTIOCTABIEHMS CIIEKTPOCKOMMYECKUX
JAHHBIX Y BbISIBJIEHMSI CITen(pUIeCcKUX 0CO6eHHOCTE 13-
y4yaeMbIX Pa3HOBUAHOCTEN CUIMKATHBIX CTEKOJI.

MuKpoCKommyeckme UCCaef0BaHMUS TUATIEKTOBBIX
U PaCIUIaBHBIX CTEKOM B CTPYKTYPE SKMJIbHBIX PACI/IaBHBIX
obpasoBanmit Kapckoii acTpobiembl 6Ly IPOBEAEHbI IIPK
TTOMOIIIY ONTUYECKOTO MOMSIPMU3AI[MOHHOTO MUKPOCKOTIa
NikonEclipseE400 POL, a Takske CKaHUPYIOIIEH 3IeKTPOH-
HO¥1 MuKpockony (COM) Ha ripubope TescanVega 3 (Czech
Republic) ¢ sHepromycrepcrnonHoii mpucraBkoii Oxford
instruments X-Max. LIBeTHast KaTOHOIIOMMHECLIEHIINS 13-
yuanach Ha CKAHMUPYIOLIEM 3JIeKTPOHHOM MUKpPOCKore Axia
ChemiSEM (Thermo Fisher Scientific) ¢ mpucraBkoii gyst
KaTomonmoMyHeceHIuu. CIeKTPOCKOMMYEeCKMe XapaKTe-
PUCTUKY CTEKO MOMyuYeHbI Tpy oMoty KP-crekTpomeTpa
LabRam HR800 (Horiba Jobin Yvon) rpu KOMHaTHOI TeM-
repaType, UCII0/Ib3yeMblii 1azep — 514.5 HM. B cBsi3u ¢ Ma-
JIBIMM pa3Mepamu CTEKOJ (< 50 MKM) MX ITepBUYHbIN I10-
MCK MTPOU3BOAMCS nipy oMoty C3M ¢ rociaeayouummu
OIITMYECKO hoToduKcalyen 1 CbéMKOM paMaHOBCKIX
crnexTpoB. CeKTPbl KOMOVHAI[MOHHOTO PaCCesTHMS MOMy-
YyeHbI MpeuMyIecTBeHHO 6e3 puibTpa (DO) ¢ moBepXHO-
CTY TTOJIMPOBAHHBIX MIIM(OB C YITIEPOJHBIM HAITbLJIEHV -
eMm, a Takke ¢ puiabtpom D1. B KauecTtBe pepepeHTHOrO
MCIIO0/Ib30BaH CIEKTP CUHTETUYECKOTO KBapIlieBOro CTeK-
ja Suprasil.

PesynbraTbl

OO6uIas XxapaKTepUCTUKA KMIbHBIX TeJT

JKunbHble Tesia NpuUCyTCTBYIOT Ha pp. Kapa, AHapora,
a Takke Ha mobepeskbe Kapckoro mopsi. OHu 06pasyior
IITOKBEPKOITOIOOHYIO CHCTEMY TOHKMX Cy6IIapaiesTbHbIX
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Puc. 1. >)KunbHoe TeJio ceporo 11BeTa ¢ KO3CUTOM:

a — omnruyeckoe n3obpaskeHue, b — o gaHHbEIM COM, ¢ — cxeMaTHueckoe 1306paskeHe MPOCTPAHCTBEHHOTO B3aIMOOTHOLIEHNS
SKMITBHOTO TeJIa ¥ BMEIAOIIEeTO ero 310BUTa (KpPacHble TPEYTOMbHUKY — 06/IaCcTy pacTpe/esieHns AMarIeKTOBBIX CTEKOIT)

Fig. 1. Gray vein body with coesite:

a — optical image, b — according to SEM data, c — schematic representation of the spatial relationship between the vein body and the
enclosing suevite (red triangles — areas of distribution of diaplectic glasses)

SKMJI CTEKJIa MOILHOCTBIO 10 10 cM B pa3ayBax, IPOHUSbI-
BaIOLIMX BMeLalolii eé 310BuT (puc. 1). Hanbosnee mpe-
CTaBUTEIbHBII HA YPOBHE COBPEMEHHOI 5p0O3UMU U 40-
CTYTIHBI 1151 UCCTIeAOBAHMSI KOPEHHOI BBIXOJ, SKMJIBHOTO
KOMIUIEKCA HaXOIMTCS Ha ITPaBOM 1 JieBOM Geperax p. Kapsi
B paiioHe ycTbs pyy. Toropeii Ha FOB-Kpato MMITAaKTHOTO
KkpaTepa. )KuabHble Tesa MpeCcTaBlieHbl YaCTUYHO KPU-
CTAJTM30BAHHBIM MMITAKTHBIM PaCIUIaBOM — aMOPGhHO
CTEK/JI0BATONM MaTpULIeli ¢ MUKPOKPUCTA/IZIaMU aBTUTa, CO-
nepykalieil CUIMKaTHbIE KAl C KOSCUTOM, M OKPYI/IbI-
MM MUKPOMUHAAIMHAMM CMEKTUTA. TeKCTypa XUTbHBIX
cTéKoI (rronganbHas, BT MPeUMYyIeCTBEHHO Cepblii,
YEpHBIN ¢ GMOTEeTOBBIM OTTEHKOM. Pexke BCTpeuaroTcst
CTEKJIa KOPUYHEeBOTO 11BeTa. CTpoeHMe XXWIOK, KakK mpa-
BWIO, 30HaJIbHOE — BHEIIHSISI (KOHTAKTOBas) 30Ha MOIII -
HOCTBIO 10 5 MM MMeeT GeTyio OKpPacKy.

JuarniekToBoe CTeKJI0

[uarieKToBble CTEK/IA Cpely pacIlJIaBHbIX MMITaK-
TuTOB Kapckoii actpobieMbl 06HApyKeHbI B TPUKPaeBOit
30He XKWJIbHBIX TeJ CEPOro 11BeTa, MpeJCTaBIeHHbIX YIIO-
BaThIMM 060COBIEHUSIMY 30HATIBHOTO CTPOEHMS (pUC. 2).
OHM HepaBHOMePHO (CIIOpaAyuecky) pacrpeesieHbl B Ipu-
KpaeBOii 30He Ha KOHTAaKTe C 3I0BUTOM.

B uenmpanwvHoii yacmu 060CO6IeHNST pacrionaraer-
Cs1 HEMOCPEACTBEHHO JMAIJIEKTOBOE CTEKIIO, KOTOpOe Xa-
pakTepu3yeTcs ONHOPOAHBIM CTPOEHMEM, HE COMIEPXKUT
BUIMMBIX Ha MMKPOYPOBHE BKJIIOUEHUI APYTUX MUHE-
pasibHBIX (ha3, uTo MoATBepkAaeTcst naHubiMu KP, DI1C
u COM (puc. 2). B HekoTOpbIX cnyvasix B criekrpax KP au-
aryIeKTOBOTO CTeK/Ia MPUCYTCTBYeT IVIaBHasI 1I010ca KBap-
11a 464 cm! (puc. 3). lHorma 1o Bcemy 000COOIeHMIO Ha-
GJII0AIOTCSI TPEIIVMHbI. JJaHHAasT 30HA XapaKTepu3yeTcst
KpaCHBIM IIBETOM KaTOLOJIOMMHECIeHIIUM (PUC. 2, C).

PaMaHOBCKMe CIIEKTPbI MTOTYUYeHbl 11 UeThbIpex 000-
cobeHMit MAIIeKTOBOTO CTeKIa B Buie Ipoduieri ¢ ma-
rom npoduaupoBanus 2 MKM (puc. 3, I11-4). Haubomnee
MHTEHCUBHOI SIBJISIETCSI aCMMMeTpUYHas 1oioca B UH-

tepsase 200—500 cm-! ¢ ronoskeHneM okojio 445 el
OHa oc/IoKHEeHa ABYMs y3kumu mmoocamu 200 u 464 cm-!
KPUCTA/IMYeCKOTO KBapiia ¥ OTHOCUTEIbHO Y3KO¥i MOJO0-
coit 495 cm~! Ha BBICOKOUACTOTHOM KPbIJie MOJOCHI.
BoimeneHust KBapiia, BUAMMO, TOKAIM30BaHbI B MEIKUX
TpelHaxX U UMEIOT TO ke IPOUCXOXKIeHMe, UTO U KBaplj
MPOMEKYTOUHOI 30HbI. OTHOCUTEIbHASI MHTEHCUBHOCTD
JIVHUIA KBaplla CWJIbHO Pa3/IMYaeTcsl B Pa3HbIX 000c0o06e-
HUSIX M 3aMEeTHO Bapbupyer 1o nmpoduiasim. CyIecTBeHHO
MeHee MHTEeHCUBHBIE IMPOKME MOJIOCHI TPUCYTCTBYIOT
B nuamasoHax 750—900 n 1000—1100 cm-!, MakCMMYyMBbI
KOTOPBIX, COOTBETCTBEHHO, IPUXOAATCS Ha 445, 605, 800—
820,970, 1064 cm-1. CooTHOIIeHMEe MHTEHCUBHOCTEI 1 (hop-
Ma OCHOBHBIX HIMPOKMX ITOJIOC B 1[€JIOM XOPOIIIO BbIfep-
SKaHbI J/ISI pa3HbIX 060CO6JIEHNIA, TP STOM 3aMeTHbIE Ba-
pualumu [eMOHCTpUpyeT mojoca 495 cv-1.

B 11e1oM pamMaHOBCKMe CIIEKTPBI IMATIIEKTOBOTO CTEK-
J1a 1o popMe IOJIOC ¥ COOTHOIIEHUIO UX MHTEHCUBHOCTEM
OU€eHb OJIM3KM K CTIEKTPAM CUHTETUUYECKOTO JIaBJIEHOTO
KBapiia Suprasil, uTo 6ymeT mokasaHo Hyske. OTIMYMe CO-
CTOUT B MeHbllIell OTHOCUTENIbHOI MHTEHCUBHOCTU T10-
JIOCBI 495 c¢M™1, HaMMUMM DOIOJIHUTEIbHO I10I0CHI
970 cm1, a TaksKe IPUCYTCTBUM IT0JIOC KBAPIia B AMaIlIeK-
TOBOM CTEKJIe.

Ipomexcymounas 30Ha 060co6IeHYIsI, OKATMJISIO-
11asi HeHTPAJIbHYI0 30HY AUANIeKTOBOTO CUIMKATHOTO
CTeKsa, MUMeeT PaAuaIbHO-TyUNCTOe CTPOeHNe, T03TOMY
C YYeTOM IaHHbIX KOMOMHAIMOHHOTO PAaCCesTHUSI M MU-
KpPO30H0BbIX onpeneneHniit COM OTHOCUTCS K XaJlle[l0-
HY (puc. 2, h). Ha HEKOTOPBIX y4acTKax IMarHOCTUPYETCS
c1aboMHTeHCHBHAs rojtoca 504 cM™1, KoTopast MOKeT 6bITh
OTHeceHa K MoraHuty (puc. 2, h) (Jackson et al., 2016).
ITo coBokymnHbIM faHHbIM COM 1 KP-criekTpockonuu He-
TOCPEeICTBEHHO B CAMOM KBaplle MecTaMy GUKCUPYETCST
MIPUCYTCTBME MEJKMX KPUCTAIJIOB KO3CUTA pa3Mepom
mo 1 Mmxm (puc. 2, d, h), MHOra MMeLIEro yaIMHEHHYIO
dbopmy (puc. 2, g). laHHasI 30Ha MMeET SIPKO BhIpaskeHHOE
rony6oBaTo-6e0e cBeueHye KaTOA0MIOMUHECIIEHITUY
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Puc. 2. CokHOe 30HaTbHOE CYJIMKATHOE 060C00IeHNe C IMATUIEKTOBBIM CTEKJIOM B II€HTPaIbHOI YacTy (1), XaemoHoBOIi
TIPOMEXYTOYHOV 30HOJ (2), pacIuIaBHBIM CTEKJIOM BO BHEIIHeV 30He (3) 1 30HOJ alloMOCUIMKATHOTO CTeKIIa C MMPOKCeHaMM
¥ CMEKTUTOM (4) U3 KWJIBHOTO paciuiaBHOTO uMnakTurta Kapckoit acTpobieMbr:

a — KOMIUIEKCHOe CuyinkaTHoe 060cobenme (COM), b — cxema 30HaIbHOCTM 060C06/IEHNS, C — M306paskeHNe LIBETHOI KaTOIOJIO-

MMHecHeHIY, d — MeJIKye BKIIOUEeHNMST KO3CUTA B KBaplie MepexoHOI 30HbI (yBennueHHbI hparmeHT COM-1300pakeHus Ha PUC. a),

€ — KO3CUT B PacCIyIaBHOM CWJIMKATHOM CTeKJIe M3 BHEIHe! 30HbI CYMJIMKATHOTO 060Cco6eHMs (yBemueHHbIi parmeHT COM-

n306paskeHNsT Ha puUC. a), f — KpyITHOe 060co6IeHNIe KOICUTA HA KOHTAKTe TMAIJIEKTOBOTO CYMJIMKATHOTO CTEKJIA M KBApIEBO KaiiMbl

(o manHbIM COM), g — YIUIMHEHHbBIE KPUCTAJIBI KO3cUTa (110 gaHHbiM COM), h — criekTpb KP kBapua (I), kBapiia ¢ moranuTom (II)
1 kBapua ¢ koacurowm (III)

Fig. 2. Complex zonal silicate segregation with diaplectic glass in the central part (1), chalcedony intermediate zone (2), melt
glass in the outer zone (3) and zone of aluminosilicate glass with pyroxenes and smectite (4) from vein melt impactite of the
Kara astrobleme:

a — complex silicate segregation (SEM), b — segregation zoning scheme, ¢ — color cathodoluminescence image, d — small inclusions

of coesite in quartz of the transition zone (enlarged fragment of the SEM image in Fig. a), e — coesite in melt silicate glass from the

outer zone of silicate segregation (enlarged fragment of the SEM image in Fig. a), f — large segregation of coesite at the contact of dia-

plectic silicate glass and quartz rim (according to SEM data), g — elongated coesite crystals (according to SEM data), h — Raman spec-
tra of quartz (I), quartz with moganite (II), and quartz with coesite (III)
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Puc. 3. CiekTpbl KOMOVHAIIMIOHHOTO PacCesTHUS CBeTa pac-
IUIaBHBIX U AMAIJIEKTOBBIX CMJIMKATHBIX CTEéKON Kapckoii
acTpobieMsl, a TaKke pedepeHTHbII criekTp crekna Si0,

VenoBHbIe 0603HaueHMst: [11-4 — mpodmin paMaHOBCKO# ChEMKI
T10 Pa3HbIM IMATIEKTOBBIM CTEKIAM

Fig. 3. Raman scattering spectra of melt and diaplectic sili-
cate glasses of the Kara astrobleme, as well as the reference
spectrum of SiO, glass.

Note: P1-4 — profiles of Raman sampling on different diaplec-
tic glasses

(puc. 2, ¢). B egMHMYHOM Cydyae Ha KOHTaKTe CUJIMKAT-
HOTO IMATUIEKTOBOTO CTEK/Ia M KBaplla 0OHAPysKeHO ITpu-
CYTCTBME OTHOCUTEJIBHO KPYITHOTO arperata KO3CUTa C CU-
CTeMOIi paguabHBIX TpeuuH (puc. 2, f).

Bhewnsasa 3ona 060co06/1eHMs TIpeCcTaBaeHa CUIN-
KaTHBIM CTEKJIOM C KOICUTOM ¥ KarieBUIHBIMU 000CO-
6meHUsIMY (MUKPOMMHAATMHAMI) CMEKTUTA (PUC. 2, €).
[laHHAas 30HA COTVIACHO COBOKYITHOCTY MOP(OIOTMYECKUX
0CcO06EHHOCTE COCTABIAIONINX ee Ga3 MMeeT PacllyIaBHYI0
npupony. PamMaHOBCKMeE CIIEKTPBI CUIIMKATHOTO CTeKIIa
B JAHHOJ 30HE MOyYUTh He YAAI0Ch BCIeCTBYE MHTEH-
CUBHOVJ JIIOMMHECLeHIIVY, BbI3BAHHOV IIPEIIONOXKNATENb-
HO BKJIIOUYEHUSIMM CMEKTUTA.

[TomoGHbIEe CIOKHBIE CUTMKATHBIE 06Pa30BaHMS C 30-
HaJIbHOIt CTPYKTYpPOIt 6bLIM OGHAPYKEHBI paHee B TeK-
tutax MyoHr-Hour (Masotta et al., 2020). B Hux 1eH-
TpaJbHOE CTEKJIO CONePKUT KOICUT, a KBapLeBas KaiiMma
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6bl71a MHTEPIIPeTMPOBaHA KaK PeIMKTOBasI, OGHAKO Te-
HeTHYecKasi Ipupoa JAHHO KaiiMbl He ObLJIa PACKPbI-
Ta. B HalleM cjiyyae KBaplleBasi Kalima MmeeT paaynaib-
HO-JIyUMCTOE CTpOeHue (XaaluenoH), CUIMKaTHOe aua-
IIEKTOBOE CTEKJIO B LEHTPAIbHOI YacTu, CYAS MO CIeK-
TpaM KP, He comepxuT Koacura. Hanmmumue BHelIHe
30HBI C PaCIVZIaBHBIM CTEKJIOM YKa3bIBaeT Ha TO, UTO
B JAaHHOM C/ly4yae IMaIjIeKTOBOe CTEeKJIO C TIOBEPXHOCTU
IpeTepIiesio YacTMYHoe TiaBaeHne. Takum o6pasom,
B TAHHOM CJTy4ae MblI HabJII0aeM MPOCTPaHCTBEHHO
6JIM3KO PACITONIOKEHHOE ITOIOKeHMe IBYX TUIIOB CUJIA-
KaTHBIX CTEKOI.

CornacHo ganHbIM KoBuil u lonbaemarictepa (Kowitz,
Gilildemeister et al., 2013), o151 [MAIEKTOBOTIO CUIMKAT-
HOTO CTeKJIa MPU pa3HbIX JaBJIE€HUSIX OTMeUaeTCs coxXpa-
HEeHMe TJIaBHOJ ToJI0ChI KBapiia 464 cm-! (Ipy CHATHY [aB-
JIeHUs), KOTopas C BO3pacTaHueM JaBJleHus CMellaeTcs
B HM3KOYACTOTHYIO 06/1acThb criekTpa. CoracHO TaHHbIM
Kosu1 u lonpaemaricTepa, B HallleM cJy4ae IMOJTHOCTbIO
amMop¢M30BaHHBII ITPEKYPCOP COOTBETCTBYET yIaPHOMY
IaByeHnto > 36 ['Tla, meMOHCTpUPYS IPU 3TOM Haauuue
[JIaBHO¥ KBapIeBoit mosockl 464 cm-L. [IpyUumHy 3TOTO Ha
JIlaHHbBII MOMEHT BBISICHUTb HEBO3MOXHO.

CuimkaTHbIe paciulaBHbIe CTeK/Ia

CunukaTHbIe CTEK/IA, 06pa30BaBIIMecs B Pe3y/IbTaTe
3aKaJIKM MUMITAKTHOTO PacIiiaBa, MPUCYTCTBYIOT B BUe 3a-
CTBIBIIMX KaIle/ib B MaTPUILLE KWIbHBIX aJTIOMOCUIMKAT-
HBIX CTEKOJI CEPOro ¥ KOpUUHEBOTro 1BeTa. OHU MOApa3-
JLeJISIFOTCS IO TIPUCYTCTBYIOIIMM B HUX BKIIOUEHUSIM Ha
Clenyole pa3HOBUAHOCTU:

1) MoHogasHbie cunukamHole pacniagHsle CMekaa —
0GHaApYsKeHbI B KOPUUHEBBIX KMJIbHbBIX CTEKIIAX, HAXOMAST-
Cs1 BHYTPU aJIIOMOCWJIMKATHOM MaTPUIIbI, UMEIOT CJIO0XK-
HYI0 MOPGOIOTUI0 M MUKPOHEOTHOPOIHOCTHU (PUC. 4, a).
0O60co6eHnst KpeMHe3éMa MMeIoT pasmepbl 70 200 MKM
B [IOTNIEPEYHNKE, pacIipeie/ieHbl HepDaBHOMEPHO, SIBJISIOT-
CS1 OTHOCUTENbHO PeAKMMU, Ha CHUMKE IIBETHOI KaTOM0-
JIOMMHeCLeHI[MY TPaKTUIeCK) He TTPOSIBIISIIOT CBeUeHMsI
(puc. 4, b);

2) pacniasHele CUNUKAMHblE CMEKLA C KANTe8UOHBIMU
000c00IeHUAMU CMEKMUMA — BCTPEYAIOTCS B XKMUITbHbIX KO-
PUYHEBBIX CTEKIAX (puc. 4, d). O6/1amaT pasMepoM 10
200 MKM B nonepeyHyke. MUHIAIMHBI CO CMEKTUTOM pas3-
MepoM /10 50 MKM MMEIOT OKPYT/IbIe U BBITSIHYThIE Karlie-
BUIHBIE OUepPTaHMs, UTO YKa3blBaeT Ha pacIyIaBHbI re-
He3MC CTeKIa.

3) pacnanasHsle CUIUKAMHble CMEKA C KOICUMOM U Ka-
niesudHsIMU 060C00IEHUAMU (MUKPOMUHOANUHAMU) CMEK-
Muma MPUCYTCTBYIOT B XMJIbHBIX TeJlaX KaK Ceporo, Tak
¥ KOPDMUYHEBOTO 1iBeTa. B cephIx >KMUIbHBIX TeJIaX paHee
YCTAHOBJIEHBI 060COGJIEHNMS PACIUIABHBIX CUIMKATHBIX
(SiO,) cTéxkon B BuAe Kkamneinb SiO, ¢ KOSCUTOM U CMEKTU -
TOM (puc. 4, c) (Shumilova et al., 2018).

PamMaHOBCKMe CIIeKTPbl 06pa3iioB pacIyiaBHOTO CTEK-
Jla TaKKe comepskat mumpokue nojaockl 200—500, 750—900
1 1000—1100 cm-1, B 11€10M IOBOIBHO CXO3KMeE 10 (hopme
¥ COOTHOIIIEHUIO MHTEHCUBHOCTE C M0JI0CaMy TaI0H-
HOT'O pacIUIaBHOTO (PUC. 5, C) ¥ AMATUIEKTOBOTO CTEK/IA
(puc. 3). IIpu sToM dhopma HarboIee MHTEHCUBHOI ITOJIO0-
cbl 200—500 cm-! 3ameTHO BapbupyeT. Kpome Toro, B He-
KOTOPBIX CJTyuasix 3amMeTHa rosoca 970 cm-1, Habomae-
Masl B CIIeKTpax BceX AMarieKTOBbIX cTeKos. [Tomoca
605 cm! (D,) B pacriaBHOM CTEKJIe OTCYTCTBYET, He Ha
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Puc. 4. PasHOBUAHOCTY PaCIJIaBHBIX CMIMKATHBIX CTEKOJ U3 KMUIbHBIX TeJT pacIylaBHbIX MMITaKTUTOB Kapckoit acTpo6ieMbl
(TT0 MaHHBIM CKAHUPYIOIIEH 9I€KTPOHHOI MUKPOCKOIIMY U IIBETHOI KaTOJOTIOMUHECIIEHITN):

a — MoHOda3Hoe CMINKATHOE PacilaBHOE CTEKIO (0 JaHHbIM COM), b — cTeks1o (a) 10 JaHHbIM LIBETHOI KaTOLHO JIIOMMUHECIEH-
LM, C — CYJTMKATHOE CTEKJIO B (hOpMe Kariv ¢ KO3CUTOM M CMEKTUTOM B OKPY’KaIoIeii e€ aTFoMOC/MIMKATHO MaTPUIIE C ITMPOKCe-
Ham¥ (110 gaHHbIM COM), d — pacIuiaBHOE CHMJIMKATHOE CTEKJIO CO CMEKTUTOM B aJIIOMOCU/IMKATHOM MaTpuiie (1o JaHHbiM COM)

Fig. 4. Varieties of melt silicate glasses from vein bodies of melt impactites of the Kara astrobleme according to scanning elec-
tron microscopy and color cathodoluminescence data:

a — single-phase silicate melt glass (according to SEM data), b — glass (a) according to color cathode luminescence data, ¢ — silicate
glass in the form droplets with coesite and smectite in the surrounding aluminosilicate matrix with pyroxenes (according to SEM data),
d — melt silicate glass with smectite in the aluminosilicate matrix (according to SEM data)
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Puc. 5. Pa3jiokeHHbIe HA KOMIIOHEHTBI CITEKTPbI
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BOT'O CMJIMKATHOTO CTeKJIa (a), pacIyIaBHOTO CUJIM-
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Fig. 5. Deconvoluted Raman spectra of diaplectic sil-
icate glass (a), melt silicate glass without coesite (b)
and a synthetic SiO, glass standard (c) (Suprasil)
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BCEeX CIeKTpax Hab/omaeTcs moiaoca 495 cv-1. CriekTpbl
TaKKe cofepsKaT psif, MaJTOMHTEHCUBHBIX Y3KUX TUHUINI
(xpuctamnueckux das) 640, 740, 1005 u 1113 cm1, oT-
HOCSIIMXCST K TUPoKceHy. HermocpencTBeHHO B pacIiiaB-
HOM cTekJe SiO9 BKIIOUeHMs MMPOKCEHOB, [0 JaHHbIM
C3OM, He peTUCTPUPYIOTCS, OGHAKO B OKPY>KaIoIlel asko-
MOCWJIMKATHOJ MaTpulie BbleIeHMs MMPOKCeHa MHOTO-
yycneHHbl (Shumilova et al., 2018; Golubev et al., 2020).
B cBS13M € 3TMM MOJIOCHI MMPOKCEHA B aHAJIU3UPYEMBbIX
CIeKTPax CWJIMKATHOTO CTeKsIa MOTYT BO3HUKHYTD 3a CUeT
CUTHAJa OT OKPY>KAIIel MaTPUIIbl aTIOMOCUIUKATHOTO
CTeKJIa C MUKPOKPUCTA/NIaMU MTMPOKCEHa.

0O6cyxpeHue

Ha6monaemble B criekTpe pedepeHTHOTro CTeKIa -
POKMeE TTOJIOChI ¢ MaKCcMMyMamu Boim3u 445, 800, 1060, 1200
cm-! oTHOCATCS K rTosTocam (DyHIaMeHTaIbHbIX KOlTeOaHuit
B CeTKe «CyXOT0» CUIMKATHOIO cTeksa (uuctoro SiO,).
CTpyKTypa cTeK/Ia IIOTHOCThIO MONMMepHU30BaHa, T. e. ye-
ThIpe aTOMa KMCIOPOoJa BCex TeTpasnpoB SiO, SBISIOTCS
MOCTUKOBbIMY (Q4). IHTeprpeTals paMaHOBCKUX ITOJIOC
B CTeK/IaX OCHOBaHa IVIaBHbIM 00pa30M Ha BbIIe/IeHI N CTIeK-
TpaJIbHBIX MOJI, CUMMETPUYHBIX U aCUMMETPUYHBIX BaJI€HT-
HbIX KoJyiebaHmii cBsa3eit Si—O u medopMaliOHHbIX KoJie-
6annit O—Si—O mamu Si—O—Si KO/IbLIEBBIX CTPYKTYDP B CET-
Ke crekia (Paleari, 2000; Kalampounias et al., 2006; Hen-
derson et al., 2009; Chligui et al., 2010 u op.).

PedepeHTHBI CIIEKTP KOMOMHAI[MOHHOTO PaCCesTHMSI
CWJIMKATHOTO CTeK/Ia pack/IaZblBaeTcsl Ha CIedylolye KOM-
MTOHEeHThI (PUC. 5, ¢). Bo3oHHBIM MUK ~50 cM~! XapakTepeH
st amopdHoro coctostHus BelectBa (Courtens et al.,
2002). OcHOBHas MMpOKas MMoa0ca C LeHTPAJIbHBIM I10JI0-
SKeHMeM OKOJIO 445 cm! oTpaskaeT xapakrep aMOpP(HOTo
cocrosinus BeiiectBa (Henderson et al., 2009). O"a 06b-
SICHSIETCSI CUMMEeTPUYHBIMU PaCTITUBAOIMMK/ nedopma-
IIMOHHBIMY KOJIE6aHUSIMU LIECTU 1 60/Iee MHOTOUJIEHHbBIX
SiOy4-Kormen, onpeaensOLUX OCHOBHOV MOTUB CTPYKTY-
poI crekna SiO,. CornmacHo M. Yinryu ¢ coaBTOpamy, 10-
MOJHUTEIBHO BbIJENSIIOTCST moyockl Dy = 295 cm-!
n D, = 380 cm-1, KOTOpBIE OTHOCSITCS K IMPOKOI R-110510Ce
(Chligui et al., 2010). Pasnuuue B IIMpMHE OCHOBHOJ I10-
J10cbl ¥ Haymuye Dz- 1 D4-110710¢ YKa3bIBalOT Ha CTeIeHb
CTPYKTYPHOJ HEOJHOPOJHOCTH CTeK/a. B pacmiaBHbIX
CTEKJIaX JaHHBIE TTO0CHI 3aKOHOMEPHO MPOSIBISIOTCS
C pa3HbIM COOTHOIIIEHMEM MHTEHCUBHOCTE B Pa3HBIX TOU-
Kax aHa/in3a, YTo, BEPOSTHO, SIBJSIETCS] PE3Y/IbTaTOM JIO-
KaJIbHO HEOJHOPOAHBIX YCIIOBMIT CTEKI006pa30BaHMsl, B TO
BpeMsI KaK JJisl AMATUIeKTOBBIX CTEKOM JaHHast 06/1aCTh
CIIeKTpa SIBJsieTCsT 6oJiee BbIIepKaHHOIA.

ManonHTeHcuBHBIe TIosockl D 1 Dy (490 m 605 cm-1),
perucTpupyemMbie 06bIYHO B PAMAHOBCKMX CITEKTPaX pe-
(bepeHTHBIX CUIMKATHBIX CTEKOJ (TTOTyYaeMbIX TIIaBJIe-
HMEeM KBapIia ¥ 3aKaJIKOi Ipy aTMochepHOM JaBIeHNUN),
B HaCTosilIlee BpeMsl yBePEeHHO OTHOCSIT K CUMMETPUYHBIM
BaJIeHTHBIM Koneb6anusim SiO4 B ueThIpeXx- ¥ TPeXdIeHHbIX
Kosblax coorBeTcTBeHHO (Henderson, 2005; Henderson
et al., 2009; Mysen, Richet, 2018). Takue Kone6aHst MHO-
I7a Ha3bIBAIOT «AbIxaTeabHbIMM» (breathing). Ilonocer Dy
1 D, Ha3bIBaIOT «11010caMu fedekToB». UHTEepecHO, UTo
B paMaHOBCKMX CITIEKTPaxX AUAIJIEKTOBOIO CTeK/a 3TU 10-
JIOCBI B pa3HOJ CTeNeHy Bcerpa MposiBIsIIOTCS, B TO Bpe-
M KaK B pacilylaBHOM CUJIMKATHOM CTeKJie KOPUUYHEBBIX
TeJ OHU He 06HAPYKMBAIOTCS.

94

[Inpoxkue monock B o6mactu 800, 1060 n 1200 cm-!
B 000MX TUIIAX CTEKOJI MOXKHO MHTEPIIPETUPOBATH CUM-
METPUYHBIMMU ¥ aCMMMETPUYHBIMY KOJIeOaHWSIMY BaJIeHT-
HbIx cBs3elt Si—O0. CooTHOIIeH e MHTEeHCUBHOCTE T10-
noc 445, 800 n 1060 cm-! B criekTpax Kak IMAIIeKTOBOTO,
TaK ¥ PacIJIaBHOTO CTEKJIa COOTBETCTBYET CIIEKTpaMm pe-
tepenTHoro o6pasia yncroro SiO,-cTekna, I03TOMY MOX-
HO CUMTATh, YTO M3yUyaeMble CTEKJIa SIBISIIOTCS MpaKTuye-
CKM TIOJTHOCTBIO TTOJIMMEePU30BaHHBIMY U BCE TeTPasApbl
SiO, HaxopsTcs B KoHurypanyu Q4. Kpome Toro, Kak yxe
6bUIO OTMEYEHO BBIIIIE, BO BCEX CIIEKTPAX AMATUIEKTOBOTO
CTeKJIa ¥ HeKOTOPBIX CIIeKTpax paclyiaBHOTO CTeK/a Ha-
OromaeTcs MaJIoOMHTeHCHBHAs rmooca 970 cm-1, KoTopast
MOJKET ObITh CBSI3aHA C BAJIEHTHBIMM KOJIEOaHUSIMM TPYII-
bl — Si—OH mmm Q3(OH) (Paleari, 2000; Kalampounias
et al., 2006; Mysen, Richet, 2018).

AHanu3 nonyyeHHbIX JaHHbIX TT0Ka3bIBaeT, UTO CPaB-
HMBaeMble TMaTJIeKTOBOe U pacIiljlaBHOe CTeK/a B SKMJTb-
HbIX Teax Kapckoii acTpo6ieMbl XapaKTepu3yIOTCS aHa-
JIOTMYHBIM HaGOPOM OCHOBHBIX CITEKTPAIbHBIX MOJIOC, YKa-
3bIBAIONIMX HA BBICOKYIO CTEIME€Hb MOJMMEpPU3aLUA.
Pasnuyatormyecst Tpodun CIIeKTPOB OTPaKAIOT HEOTHO-
PO HOE CTPOEHME M3yuyaeMbIX CTEKOJI, BBI3BAHHOE, T10 BCeli
BUAVIMOCTMU, UCKTIOUUTEIbHO HEPABHOBECHBIMU YCIOBU-
SIMU CTeKII006pa3oBanms. [Ipy 3TOM IMaIIeKTOBbIE CTEK-
Ja, B OVIMYMe OT PacIUIaBHBIX, Bceraa cofiepykaT MaIOWH-
TeHCMBHBIe Tos10ckl D 1 Dy, oTBevaronye 3a Kone6aHmst
B UeThbIpeX- U TPpexuwIeHHbIX Konblax Si0,4. Kpome Toro,
B IMAIJIEKTOBBIX CTEK/IaX BEChMa YaCTO HabJIIomaeTcst oc-
HOBHasl IMarHoCTUecKast mosoca kBapua (465 cm-1). B 1e-
JIOM Hab/IolaeMble Pa3anuMs B CIIEKTPAX AUATIIEKTOBBIX
M pacIIaBHBIX CTEKOJI MOKHO OOBSICHUTD Pa3IMUHBIMU
yCIOBUSIMM CTeKI006pa3oBanust. CornacHo $Ha3oBoit qu-
arpamme cocrostuus SiO, (Mysen, Richet, 2018), pacrias-
Hble 06pa3yIoTCs IIPY CYIIeCTBEHHO 60Jiee BBICOKUX TEM-
rnmeparypax u maBjieHun — mnopsiaka 2500—2700 °C
n 4—8 I'Tla.

BbiBOAbI

[IpoBenmeHHbBIV aHAIM3 JaHHBIX PAMAaHOBCKOM CITeK-
TPOCKOIIUYM UMTIAKTHBIX JUATITIEKTOBBIX U PACIJIABHbIX CU-
JIMKATHBIX CTEKOJI JXWJIbHBIX Tesl KapcKoii acTpo6ieMbl
B KOMIIJIEKCE CO CKAaHUPYIOIIEN 3M€KTPOHHOM MUKPOCKO-
nuen ¥ IBeTHOM KaTOOO/MIOMIMHEeCIIeHIIMel IToKa3al, 4YTo
U Te U OpyTHe XapaKTepu3yITCs BbICOKOI CTeIeHbIo I0-
AuMepusalum, UMeloT JTOKaJIbHble HEOAHOPOAHOCTH.
BriepBble Ha OCHOBE CITEKTPOCKOIMYECKUX JAaHHbBIX yCTa-
HOBJIEHO CTPYKTYPHOE pa3janyuye MMIaKTHbIX JUaTlIeKTO-
BBIX M PACIUIaBHbBIX CTEKOJ — JUATJIEKTOBbIE COEePsKaT
yeTbIpex- ¥ TpeéxuIeHHbIe Komblia Si0y,, pacruiaBHbIe He CO-
Jlep>KaT yKa3aHHbIX CTPYKTYPHBIX 37IEMEHTOB B CETKE CTEeK-
JIa, YTO OTpemesieTcs: 6oee sKCTPeMaTbHbIMU YCIOBUSI -
MM X 06paszoBaHysl. CyleCTBEHHBIM OT/INYMEM TaKKe SIB-
JsieTcs pa3Has KaToLOMIOMUHeCeHIUSI — OMUarieKTOBoe
CTEeKJIO MMeeT MHTeHCUBHYIO KPacHYIO TIOMUHECIeHIINIO,
pacruiaBHOe — OYeHb (J1aboe 3eJIeHOBATOEe CBeUeHHeE.

Aemopul 8blpaxcaiom 02poMHYI0 01az200apHOCMb
B. I1. JIomoegy 3a KOHCYyAbmayuu U YyeHHbvle co8embul,
E. A. TponHuko8y (ckaHupyouwas 31eKmMpoHHAst MUKPOCKO-
nus), A. C. Illyiickomy (CKaHupyowas s1eKmpoHHast MUKpo-
CKONusl, Y8emHasi KAmMooonNMUHECYeHYUS).

PaGoma evinonHeHa npu puHaHcosoti noddepicke npo-
exma POOU N? 20-35-90065.
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p. KoxkBbl (TumaHo-Ileuopckass nmpoBUMHLMS)

O. B. BainseBa, H. H. Pa6uaKkuHa

WuctutyT reonorum GUIL Komu HIT YpO PAH, CbIKThIBKap
valyaeva@geo.komisc.ru, ryabinkina@geo.komisc.ru

MpuBeneHbl pe3ynbTaThbl AeTaNbHbIX FEOXMMUYECKMX UCCNeA0BaHMI NpUpOaHbIX BUTYMOB B paspese p. KoxBsbl TuMaHo-levopckoi
NPOBMHLMM, NOKANN30BaHHbIX B 4ONOMUTaX KAMEHCKOM CBUTbI BEpXHero dpameHa. B rpynnosom coctase 6uTymMoB npeobnasatot
CMONMCTO-achanbTeHOBbIE KOMMNOHEHTbI. MeTofamu ra3oBoi xpomatorpadum 1 XxpoMaTo-mMacc-CneKTPOMETPUM AOKA3aHO, YTO OUTYMbI
npeTepreny MHTEHCUBHYIO GaKTepuanbHy LerpafaLmio, 4To NPUBENO K NoTepe H-aNkaHoB M M30MNPEHOUAOB, CTEPAHOB M YACTUUHO
ronaHoB. M30TOMHbIM COCTaB yrneposa OTAENbHbIX PPaKLMIA XapaKTepeH AN CanponeneBoro OpraHMYeckoro BeLLecTBa, a CocTaB
6UTYMOMLOB CONOCTAaBMM C HEDTAMM LOMAHMKOBOIO TMMa TuMaHo-e4yopcKoin NpoOBUHLMMN.

KnioueBble cnoBa: npupodHeie bumymsl, y21e8000p0o0si-buomapkepel, buodezpadauyus, TumaHo-lleyopckas nposuHYUS, OMI0XeHUS
8epxHe20 ameHa, u3omonus y2aepooa.

Geochemistry of organic matter of natural bitumen
in the section of the Kozhva river (Timan-Pechora province)

0. V. Valyaeva, N. N. Ryabinkina
Institute of Geology FRC Komi SC UB RAS, Syktyvkar

The results of detailed geochemical studies of natural bitumen in the section of the Kozhva River of the Timan-Pechora province,
localized in the dolomites of the Kamensk formation of the Upper Famenian, are presented. It is established that bitumen is allochtho-
nous. This is quite understandable from a geological point of view: the formation of bitumen manifestations is associated with the ver-
tical migration of hydrocarbons (HC) in the zone of the Pripechorsky deep fault, resinous-asphaltene components predominate in the
bitumen group composition. Gas chromatography and gas- chromatography-mass spectrometry proved that bitumen underwent inten-
sive bacterial degradation, which led to the loss of n-alkanes and isoprenoids, steranes and partially hopanes. Tricyclanes of composi-
tion Cy9-Cy5, tetracyclane C,, and «geohopanes» with configuration 17a(H)21B(H) of composition Cy7 (Ts, Tm) and C,4 were identified
on mass chromatograms of m/z 191. It was found that tricyclanes predominate. On chromatograms according to m/z 177, 25-norho-
pane of the composition C,g was identified. Series 25-norhopane series was observed. The isotopic composition of carbon of individu-
al fractions is characteristic of sapropel OM and is similar to the ICC of the previously studied bitumen of the Voya deposit.

Keywords: natural bitumen, biomarker hydrocarbons, biodegradation, Timan-Pechora province, Upper Famenian deposits, carbon isotopy.

BeeneHue

Kak mokasaim coBpeMeHHbI€e Teooro-reodusnyeckye
MCCIIe0BaHMSI, GONIBIIIMHCTBO MECTOPOKIEHMIA U 3aJIesKei
HedTH U rasa, a Tak’ke 6MTYMOIIPOSIBJIEHMIA IIPOCTPaH-
CTBEHHO COBITaJIal0T C 30HAMU Pa3JI0MOB Pa3/JIMYHOIO paH-
ra ¥ KWNHEMaTU4YeCKOTO TUIIAa, KOTOPbIE MOTN CITY>KUTh 30-
HaMM TpaH3uTa (VTyGMHHOTO MOATOKA) YITIEBOAOPOAOB
(YB) 13 HIKeNneXalMx OTI0KEeHI B JIOBYIIKYM 60Jiee MO-
snopbix HI'K BIuioTs g0 Hacrosiero BpeMenu. Ciienpl Bep-
TUKaJIbHOV Murpauuu YB, pukcupyroiiye rmpoiieccsr Gop-
MMPOBaHMs, IepeOpMMUPOBAHNS U Pa3pPYIIEHNS 3aJIEXEN,
MIPOC/IEKMUBAIOTCS U B 30HE IIPUITEYOPCKOTO TTyGMHHOTO
passiioma Tumano-Ileyopckoit HeTera30HOCHO MTPOBUH-
unu (TTIIT) Ha KameHCKoOIi 1 BOTiCKOI CTPYKTYpax B Bepx-
HeJIeBOHCKMX U HYDKHEKAMEeHHOYTO/IbHBIX TTOPOJIaX COOT-
BETCTBEHHO, I/le 06pa30Baanch MeCTOPOKAEHUS OUTyMa,
a Ha IOrmacKoit cTpyKType — TSDKenoii HeTiu.

[TpupoaHbIe GUTYMBI — 3TO €CTeCTBEHHbIE TTPOU3BOI-
Hble HedTH, 06pasylolMecs Py HapyleH KOHCepBa-

LMY e€ 3ajieskeit B pe3ysbTaTe XMMMUUeCKOTO 1 6MOXUMMU-
YeCKOro OKUCIeHUs WU TeKTOHMYeCKuX rporeccos. Kpome
YIJIEBOAOPO/IOB MTPUPOJHbIE GUTYMbI HEPEIKO COMlepyKaT
HadTEeHOBBIE KUCTOTHI, CYITb(OKMCIOTHI, IPOCTHIE U CITOXK-
Hble 3(UpPBI, cepy, peAKue IBETHbIe MeTaJlTbl (BaHAUA,
HMKeJb, PeHUIT) B KOHAMULIVMOHHBIX KOHIIEHTpauusx. B cBs-
31 C 9TUM BOIIPOC U3YUEeHUs IPUPOJHBIX GUTYMOB OCTa-
€TCs BeCbMa aKTyaJlbHbIM.

OmHuM 13 Hanbosee MOMHBIX Y JOCTYITHbIX JJIS1 U3Y-
yeHusl BepxHedaMeHCKOTO MHTepBasia pa3pe3oB B MeJl-
KOBOJHBIX (aliisiX Ha BOCTOKe I1euopCcKOii IIUTHI SIBJISI-
eTcst pas3pes B 0OHakeHMsIX 110 6eperam p. Koskebl (XKypasiieB
u ap., 2020) (puc. 1). DameHCKMe OTIOKEHUS BCKPBIBAIOT-
CS B SIIpe aHTUKIMHAIbHON cknaaku KoxkBa-KameHcKkoin
cTpyKTypsl [Teuopo-KoxkBMHCKOro merasajia TuMaHO-
[Teyopckoii mpoBuHLMK B 06HakeHMssx KV1, KV2. C roro-
3arajsa aHTUK/IMHAAbHA CTPYKTYpa OrpaHu4eHa JpeB-
HuM [Ipurneyopckum pas3ioMoM, KOTOPBIV OKa3al 3HauM-
TeJIbHOE BIMSIHME Ha (popMupoBaHye reoquIionaaabHbIX

Lna uutuposanua: Bansesa O. B., PabuHkuHa H. H. lfeoxuMus opraHuMyeckoro BeLLectsa npupoaHbix 6utymMoB B paspese p. Koxsbl (TuMaHo-lNeyopckas
nposuHuMs) // BecTHuk reonayk. 2023. 9(345). C. 56—62.DOI: 10.19110/geov.2023.9.5

For citation: Valyaeva O.V., Ryabinkina N. N. Geochemistry of organic matter of natural bitumen in the section of the Kozhva river (Timan-Pechora prov-
ince). Vestnik of Geosciences, 2023, 9(345), pp. 56—62, doi: 10.19110/geov.2023.9.5
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Puc. 1. CxeMa pacrionoskeHust U3yUeHHbIX 0OHAKEeHMIT U IMTOMOTMYeCKIe KOJTOHKM obHaskeHmit KV1 1 KV2
(Psa6uHKMHa U ., 2019)

Fig. 1. Layout of the studied outcrops and lithological columns of KV1 and KV2 outcrops (Ryabinkina et al., 2019)

cucTeM 30H HedrerazoHakorieHus TIIII (Psa6uHKMHA,
2018; PsabuukuHa u ap., 2019). B 3one IIpuiedopckoro
IJTYOMHHOTO pa3jioMa 3a CYeT BePTUKAIbHOM MUTPALN
Ha 6nm3pacnonokeHHbIX KoxkBuHcKkoit, KameHckot
1 BolicKoli CTPyKTypax BbISIBIEHbI IPOSIBIEHMS ¥ MECTO-
pokIeHus 6uTyma. B cBSI3U C TeM, UTO TaHHbIE GUTYMBI
BbIBEJI€HbI HA TOBEPXHOCTD, BCTAET BOITPOC 00 YTOUHEHUY
UX MIPOMCXOKAEHMs U CTeIleHu rpeodpasoBanms OB Ha cTa-
IV TUTIepreHesa.

O6pasiibl Topof, 66111 0TOOPaHbI BO BpEeMSI IOJIEBBIX
ce3oH0B H. H. Pa6unkunoit B 2009 1. 11 A. H. IIIOTUIIBIHBIM
B 2018 r. myist uccnenoBaHMi reOXMMUM OPraHUYeCcKoro
Bewectsa (OB) mopog,

JIuTONMOrMYeCcKy Opoibl B 0OHaskeHMM 110 p. KoskBe
B paspesax KV1 u KV2 xapakTepu3yrTCsl B pa3/JIMuHOMN
CTeIeHU MepeKPUCTALIN30BAHHBIMU (OT MUKPO- IO MeJi-
KOKPUCTA/INYECKIX) BTOPUYHBIMU JOJIOMUTAMMU C TOH-
KUM ¥ MeJIKUM JETPUTOM (MHOTAA 10 cpefHero). Tekcrypa
TOPOJ, MacCMBHAS WM HEOUET/IMBO BOJTHUCTO-CI0MUaTasl,
BOJTHUCTO-JIMH30BUAHO-CI0luaTas. Pegkie Hego0I0MM-
TU3MPOBAHHbBIE YYACTKU MTPeACTaBIeHbl MUKPUTOBBIMU
OMOMMUTOKIACTOBBIMY M JIMTOK/IACTOBBIMM M3BECTHSIKAMMU.

Pa3MepHOCTH KJIACTUYECKOI YaCTy KOIebaeTcs oT
TOHKOJ 0 KPYITHOVi. BUTYMMHO3HOCTb OPOJ, BO3pacTa-
eT BBepX 110 pa3pesy. B HIKHel yacTu paspesa 6UTyM
Pa3BUT M0 TPEIIVMHAM U BbILEIOUEeHHOMY JeTPUTY, B BEPX-
Hell — MPONUTHIBAET BCIO TOPOLY, 3aHMMAasl MeJKye T0-
PbI M MEXKpUCTAUIMUECKoe TPOCTPaHCTBO. Buanumast
MOIIIHOCTh — OKO0Jjio 2 M (Psga6uHKMHA U Ap., 2019).
IeTanbHOE TUTOJIOrMUECKOe OTMCaHMe pas3pesa mpej-
cTaBjeHO B pabore JKypasiesa u ap. (2020). [To naHHbIM
A. B. )XypaBieBa ¢ COaBTOpamMu, HaKOMJIeHUEe 0CagKOB
MIPOMCXOANIO B METKOBOAHO-MOPCKUX YCIOBUSIX OT OT-
KPBITOTO METKOBO/IbSI 10 MOMYM30IMPOBAHHBIX YUACTKOB
C pa3BUTHEM MUKPOOMATbHO-BOJOPOCIEBBIX MaTOB (TH-
x0e MenKoBozbe). CTpaTurpaduyecku mccaeqoBaHHbIe
KOMILJIEKChI OTIOK€HM 1 MOXKHO COTMOCTAaBUTD C bIIKU] -
KaMeHCKOJ CBUTO, KOPPeJINPYIOLLel C BepXHeil 4aCThbIo
damenckoro sipyca (l'eosnornueckoe Hacienue..., 2008).
Pe3ynbTaThl MccaegoBaHuil mocwieHUX et (JKypasies
n np., 2020; Xypasnes, 2023) rmokasanu, YTO JaHHbIE OT-
JIO’KeHUSI BBIJE/ISIIOTCSI B 00beMe KaMeHCKo¥ cBUTHI (Dzkm)
U COTTIACHO MepeKpbIBAIOTCS e KU CKOV CBUTOA. ITo MH-
JleKkcaM OKpacKy KOHOJOHTOB TeMIlepaTypa Imporpesa

9l



aﬂ!f Becidinar tearayi, cenTabpb, 2023, N2 9

paccMaTpuBaeMbIX OTJIOKeHMIT cocTaBisteT 50—70 °C, uTo
COOTBeTCTBYeT cTaguy nmporokarareHesa (I1K) (OKypasnes
u ap., 2020). leTa/ibHbIX FeOXUMUYECKUX UCCIIefOBAHUN
Ha JaHHOJ TeppUTOPUM He IPOBOAMIOCh. B maHHOI pa-
60Te TpeACTaBIeHbl PE3YIbTATHI MU3YUEHUS] OpTaHMye-
CKOTO BelllecTBa M3 Haubosee GUTYMUHO3HBIX TIOPOJ, HYK-
HMX c10eB obHaxkeHMst KV 1.

MeToAabl uccnenoBaHUs

Codepxcarue opeanuueckozo yenepoda (Cgp,) onpese-
JISITIOCh B OCTaTKe MOPOJbl, HepacTBOpUMOM B 10 % kuc-
JIOTe, MyTeM CKUTaHMSI HaBeCKM HepaCTBOPUMOTIO OCTAT-
Ka B TOKe Kucaopofa. [TomyuyeHHbIe pe3yabTaThl ITepecym-
TaHbI Ha MCXOAHYI0 niopony. Copepskanue C . onpesensi-
JI Ha aHayim3aTtope yriuepona u cepbl METABAK CS-30.
Ananutuk — B. A. Jlo6aHOB.

Boimenenne xnopogopmenrozo 6umymouda A (XBA)
MIPOBOAVIIOCH METOIOM TOPSTU€li IKCTPAKIUY XJTOPOdOp-
MOM pacTepToi opobl B annapaTe CokcaeTa. JneMeHTHast
cepa ymassiiach M3 9KCTpaKTa J06aBIeHeM B TPUEMHUK
ry6uaToii Mmemy. AHamuTuk — T. A. 3y6oBa.

@DpakyuoHuposarue. VI3 HaBeCKM OUTYMONUAA METO-
IoM ocaxkmeHus 40-KpaTHbIM 00bEMOM H-TeKCaHa GbLIN
BbIJIe/IeHbI acasibTeHbl, TIONTyYeHHast MaJibTeHOBas Gpak-
1181 GblIa pasieseHa Ha KOJIOHKE C OKCUIOM aTFOMUHMS
Ha anossipHyo (Macia, 50 M 20 % p-pa guxjiopMeTaHa
B H-TeKCaHe) U MOJSIPHYI0 (cMosbl, 50 mut cmecu 1:1 aTa-
HOJI-6eH30/1). AntosipHast ppakiius 6blyia pasmeieHa Ha
KOJIOHKE C CMjIMKareseM Ha (Ppakinuy HaChIeHHbIX yT/Ie-
BOZIOPOZOB (9I0EHT — H-TeKCaH) ¥ apOMaTUUYeCcKylo (3J10-
eHT — 6eH30I1).

TI'azoxpomamoepaguueckuti ananu3s (I'X) BbITTOJHSIICS
Ha npu6ope «Kpucrami-2000M». Kononka DB-5, 30 M x
x 0.32 MM, TOJILIMHA CJIOSI HeITOABVKHOI (asbl 0.25 MKM.
TemnepaTypa nporpammupoBaiack ot 110 go 300 °C co cko-
poctbio 5 °C/mMuH. TeMriepaTypa MHXeKTOpa U IeTEKTOpa
300 °C.

Xpomamo-macc-cnekmpomempus (XMC) nmpoBonmiach
Ha ripubope Shimadzu QP 2010 Ultra. Komonka HP-5, 30 m x
x 0.25 MM, TOJIIMHA CJIOST HEITOABVKHOI (asbl 0.25 MKM.
TemrepaTtypa nporpammuposasiach ot 110 mo 300 °C,
co ckopocThio 5 °C/MuH. Temniepatypa unxkekropa 300 °C,
metekropa — 250 °C.

V3otomnHbIii coctas yriaepona (MCY) otmenbHbIX Bpak-
Iyt 6uTyMa ompemesnsics Ha Macc-criektpometpe Delta
V Advantage (Thermo), CONpsDKEHHOM C 3JIEMEHTHBIM aHa-
nusatopoM Flash EA. TTorpentHocts namepennit VICY co-
crasuna 0.15 %o. 3nauenus 313C, . JaHbI B IPOMMILTIE OT-

HOCHUTeIbHO cTaHmapTa PDB nipu ommbKke MsmepeHust
#0.15 %o. AHanmuTUK — U. B. CMOneBa.

PesynbTaTbl MU UX 06CyXKAeHUE

B ra6nuiie 1 nmpencraBiieHbl JaHHbIE IO BIXOAY Copr,
HepacTBOpMUMOro ocraTka rmopopbl (HOIT), XBA u 6utymo-
maHoro koahdunuenTa (BXB), paccunTaHHOrO IO COOTHO-
mennio XBA K Cgp,,.. Comepxanne HOII cocraBisier 2.6—
15.3 %. ComepskaHue Copr Bapbupyer ot 0.27 no 8.22 %,
comepykaHue 6uTyMa B mopone musMeHsercs ot 0.014
1o 12.069 %. 3nauenus BXB mokasamy, 4TO B M3YIEHHBIX
006pasiax mpakKTUYeCKy Bce OUTYMOMUIbI a/UIOXTOHHBIE
(3a uckimoueHem o6pasiia kvl-1), uTo BIiosiHe 3aKOHO-
MepHO, T. K. GOPMUPOBaHME TPOSBIEHMI OUTYMa CBSI3bI-
BaeTCs C BePTUKAIbHOI MUTpalyeli yrieBogopoioB B 30-
He [Tpumeuopckoro mIyoMHHOTO pasyioma (Ps6MHKMHA
u ap., 2019).

Ij1st Bcex 06pa3iioB ObLIM BbIIeJI€Hbl HaChIIeHHAsI
u apoMaTuueckas Gpaxinn, a ajis 06pasios kvl-3, kvl-4
1 kv1-6 6b1710 IPOBeIEeHO I0/IHOe (PpaKIMOHMPOBaHIeE.
B rpyrmmoBoM cocTaBe GUTYMOB Mpe06/1agaloT CMOJIBI M ac-
danbrens! (Tabsm. 2). Ha momto acdaabTeHOB MPUXOANTCS
oT 36.7 1o 56.8 %. ComepykaHue cMOJI Bapbupyet ot 28.54
o 30.6 %. [Toyist HACBIIIEHHO (paKIUM COCTABJISIET
7—14.6 %, Ha apoMaTUUeCKYI0 QPaKIINIO IPUXOIUTCS OT
7.6 mo 18.3 %.

Ananus anudatudeckoii Gpakuuy 6UTYMOUAOB Me-
tomom I'’X mmokasars CylecTBeHHYIO CTeleHb O1omerpaga-
1M1 06pasIoB: MPAKTUYECKU TTOTHOCTBIO OTCYTCTBYIOT
H-aJIKaHbl M U30IPEHONUBI — COeAVMHEHMSI, pa3pylaio-
urMecs: B epBYyI0 ouepeb B IIpoliecce 6uomerpamamumn
HedTH; HabGIIOIaeTCsl 3SHAUUTEIbHbI HapTeHOBBIN ropo,
B BBICOKOMOJIEKYJISIPHO 06/1aCTY TIPUCYTCTBYIOT TTUKH,
XapaKkTepHbIe IS MOJULUKINIeCKUX YIJIeBOIOPOI0B
(puc. 2, a).

VcKiTioueHe cocTaBisieT Iniib o6paserr kvl-1, koro-
PbIii HAXOOMUTCS Ha HAUa/IbHOM CTaguy 6M0I0TUIECKOTO
OKMCJIeHMSI MUKPOOpraHM3MaMu. B ero yrieBogopongHoii
dbpakiu yaanoch uneHTUGUINPOBATD H-aJIKaHbI U 130-
npeHousl (puc. 2, b). YUUTHIBasl XapakTep pacrpeesne-
HIS H-aJIKaHOB 1 3HaueHue otHoueHus Pr/Ph (1.01), Mmosxk-
HO TIPeAIIo/IOKUTb, UTO McxogHoe OB — carporieneBoro
TUIIA, HAKOIIEHNEe KOTOPOTO MPOTEKaJIO B BOCCTAaHOBU-
TEJIbHbIX YCIOBUSIX.

ITomHOEe OTCYTCTBME HACBILEHHBIX YB XapakTepHO
" JJ1sl UBYUYEeHHbIX HaMM paHee 6UTyMOB BoiicKOTO MecTo-
poxxpenust TIIIT (BansieBa n ap., 2018; Bansiesa u fp., 2019),
a TaKKe st GMTYMOB IIepMCKOTO Bo3pacTta OeHeKCKOro

Ta6smua 1. XapakTepucTika Iopoy, BepxHero pamMeHa 13 ooHaxkeHust KV1

Table 1. Characteristics of Upper Famenian rocks from outcrop KV1

0, [s) %) Xb 9,
Wt | T | ooy | ONE | % | R | PO
» 70 org) 7© y 70 » /0
kvl-1 D:fm Jomomut / dolomite 2.6 0.27 0.014 5.2
kvl-2 Dsfm FIOMOMMT HeTeHaCbILIeHHbIIE 5.1 0.60 0.538 89.7
oil-saturated dolomite
kvl-3 Dizfm « 4.6 2.67 1.712 64.1
kvl-4 Dsfm U3BECTHSK HeTeHACHIEHHBI} 3.2 1.24 1.839 148.3
oil-saturated limestone
kvl-5 Difm ALOTOMMUT HeQTeHaCkIIEHHBI 3.1 1.88 2.489 132.34
oil-saturated dolomite
kvl-6 Dzfm « 15.3 8.22 12.069 146.8
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Fig. 2. Chromatograms of the distribution of normal and isoprenoid alkanes in bitumens: a) typical for biodegraded samples,
b) sample kvl—1; C (number) — n-alkanes, Pr — pristane, Ph — phytane
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Fig. 3. Typical mass-chromatograms for m/z 191 and 177 of the saturated fraction of the bitumen. Ts — trisnorneohopane, Tm —
trisnorhopane, Tri — tricyclanes, Tet24 — tetracyclane, H29 — hopane; H28* — 25-norhopane
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MMOIHSITHUS ceBepo-BocToKa CHMOMUPCKOIi mIaTdopMbl
(Kammpues u ap., 1993, 2010).

Iis aHanMM3a MoAMLMKINYecKuX YB 6b1I0 mpoBee-
HO M3yUeHMe COCTaBa amudaTnieckux Gpakiyin MeToI0M
XMC. Macc-¢parmMeHTOrpaMMBbl, TOCTPOEHHbIE TI0 XapaK-
TEPHBIM 151 CTepaHOB MoHaM (c m/z 217, 218), mokasanu
OTCYTCTBME OTIpeieisieMbIX KOHIIeHTPaLUIl 3TUX COey-
HEeHUM.

Ha macc-dparmenTorpammax ¢ m/z 191 npuBeneHbl
TepriaHoBbie VB (puc. 3). Cpeny HUX UAeHTUPULIMPOBA-
HbI TPULIMKIIAHBL, TeTpauyKkaaH Cyy, FOaHbl. YCTAaHOBJIEHO,
YTO MPeo6IaaloT TPUIMKIIAHBI (Ta0J. 2).

TpUIMUKIaAHBI. B 3yueHHbIX 06pa3siiax Onpee/eHbl
TpuuMKIoankaHoBble YB coctaBa Ci9—Cy¢. Cpepyt HUX
B MaKCMMaJIbHOJ KOHLIEHTpauuy IpUcyTcTByeT Cyz (25—
27 % Ha CyMMY TPULMKIAHOB). 3HAUYEHUS TPULMKIAHO-
Boro uHpeKca 2*Y(C9_10)/2(Cyz_q6) M3MeHsoTCsI OT 0.40
10 0.43.Tlo muenuno Kontoposuyu u Ap. (1999) sHaueHnue
TPUIVKIAHOBOTO MH/IEKCA MEHbIIIe eMHUIIbI MMEIOT Hed-
TV MOPCKOTO TeHe3Mca.

TF'omaubi. Cpeiyi rOMaHOB UAEHTUOUIIVIPOBAHBI TOJb-
KO «reoromnaHbi» ¢ KoHburypaiueit 17a(H)21b(H) Cy7 (Ts,
Tm) u Cyg (puc. 3). Panee B pabote Goodwin et al. (1983)
6bLIO TIOKA3aHO, YTO C POCTOM MOJIEKY/ISIPHOI Macchl TO-
IIaHOB CKOPOCTD Jerpagauuy Bo3pacraeT B psany Czs > Czy
> Cgz3 > C3q > C51> C3 > Cy9, T. €. BLICOKOMOJIEKYJISIPHBIE
TOMOJIOTM Pa3pyLIalOTCsl PaHbllle, YeM HU3KOMOJIEKYIIsIp-
Hble. [Tpy 3TOM 22R-3MMMepbI IerpagupyloT GhICTpee, ueM
22S-smumepsl. OTHOmEeHNe Ts/Tm u3mensiercst ot 0.65 1o
0.72; HM3KMe 3HAUeHUsI STOTO OTHOIIEHUS CBUIETENbCTBY-
IOT O HEBBICOKOJ CTelleHM KaTareHesa.

Ha xpomarorpammax 1mo m/z 177 ugeHTuguumupoBaH
25-HopromnaH coctasa Cyg. Cepun 25-HOPronaHoB He Ha-
6momgaeTcst. OGbIYHO IIPUCYTCTBME 25-HOPrOMaHOB CBSI-
3BIBAIOT C ITpoLieccamu 6momerpaganyy (Kammpiies u ap.,
2001; Peters et al., 2005 u ap.). Onnako aBTopsl (Topmanse
u ap., 2017) orMevaroT HamMuMe 25-HOPMeTU/ITOTIaHA B He-
6uomerpaaupoBaHHO HedTU MeabIHCKOTO MOPSI.
[TpucyTcTBUe 25-HOPrONaHOB B HEOMOMerpaaPOBaHHbBIX
HeTSIX ¥ OUTYyMax 00bSICHSIETCS BTOPUMYHBIM (T10C/Ie 610-
Jerpagauym) oboraiieHem HedTeit M GUTYMOB ajKaHa-
mu 1 usornpenougamu (Kamupiies u ap., 2013; MenbHUK
u ap., 2020). B pa6orax (Blanc, Connan, 1992; Bao, 1997;
Cao et al., 2008 u ap.) MPUBOASITCS AAHHBIE O TIPUCYTCTBUNU
25-"opromanos B OB nmopon. ABropamu (Kum, Pomuenko,
2016) B 6uTyMOMUIaX ME3030VCKIX OTJIOKEHMIT 3aI1aTHO
yactu EHnceit-XaTaHrcKoro permoHaabHOTO Mporuba Bbi-
sIBJieHa cepusi 25-HOpromaHoB. HecMOTps Ha UX MPUCYT-
CTBUe, pacpee/ieHe H-aJJKaHOB He iMeeT HUKaKUX Mpu-
3HAKOB OMoerpagalym, 1 1o BceM 6MTYMUHOMIOTMYECKIM
U IUPOIUTUYECKUM XapakTepuctukam OB nopop, siBsi-
eTcst aBTOXTOHHBIM (Knm, Poguenko, 2016). iHorma 25-Ho-
IPOTIaHbI MMOTHOCTBIO OTCYTCTBYIOT.

CTOUT OTMETUTbD, UTO ¥ 11J1s1 06p. kvl-1 (emuHCTBEH-
HbII1 HeOMOoerpaapoOBaHHbII ¥ aBTOXTOHHbII BMeIIai0-
et Tonie o6paselr) cTepaHbl Tak ke He UAeHTUDULIN-
POBaHbI, ¥ HABTIOAAETCS CXOKast KAPTUHA pacipeneeHunst
TePIaHOBbIX YB, UTO 1 JIJIs1 OMVCAHHBIX BbIllle G1oerpa-
JIVMPOBAHHBIX 0OPA3IIOB.

Iyis 06pasuoB kvl-3, kvl-4 u kv1-6 611 onpemeseH
VCY B oTmenbHbIX pakimsax 6UTyMOB (puc. 4). VI30TOMHbIe
npoduan yriaepona 1jist y3kux Qpakiiyii B M3yuyeHHBIX 00-

acdanbTeHs
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Puc. 4. PacripefiesieHiie M30TOIOB yIiepoa Bo GpaKIysx

Fig. 4. Distribution of carbon isotopes in fractions

Ta6smia 2. [pyImnoBoii coctaB 6uTyMoMI0B 13 o6HaxkeHust KV1 u pesynbraTbl XMC

Table 2. The group composition of bitumens from the KV1 outcrop and the results of GC-MS

O6pasers/ Sample kvl-3 kvl-4 kvl-6
[pyTmnoBoit Hacpimennsie VB / Saturated HC 14.6 9.9 7.0
cocTas, % Apomatnueckue YB / Aromatic HC 18.3 12.9 7.6
Group CmMmorbl / Resins 30.5 30.6 28.5
compound, % Acdanbrensl / Asphaltenes 36.7 46.6 56.8
TpunyknaHoBbIl nHAEKC / Tricyclane index
2°5(Cao-20)/2(Cos-26) 043 047 049
TepriaHbl Tryys, % 27 25 25
Terpanes Ts/Tm 0.65 0.68 0.72
TpuLMKIaHbI / TOTIAHBI
Tricyclanes / Hopanes L7 L7 1.5
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pasiax JoCTaTOYHO 6M3KM. VI30TOTHBIN COCTaB yIiepo-
na nyist achaabTeHOBOW hpakiuy BapbUpyeT B CPABHU-
TeJIbHO y3KOM auanasone: §13C = -27.9 + —28.8 %o. Taxoit
NCY xapakTepeH [ CalpoIieyieBOro OpraHn4eckoro Be-
mectBa (KoHntopoBuu u ap., 1985, 1986; Galimov, 2013).
ITo 30TOITHOMY COCTaBY MCCIEOBAHHBIX 0OPA3II0B MOX-
HO 3aKJIIOUNTh, YTO B paspese ucxogHoe OB onHOTUITHOE
u cxoxke ¢ OB 6utymoB Bojickoro mectoposkmeHus (BanseBa
u ap., 2018).

3aKnr4veHue

[IpoBeneHHbIE COBpEMEHHbBIE reodn3nuecKye 1ccie-
IOBaHMS CUCTEMBI Pa3/IOMOB perMoHa MOATBEPXKAAIOT UX
aKTUMBHOCTb U B HacTosllee BpeMs. Pa3BuTtue BOOJIb
[Ipure4yopcKoi 30HbI Pa3I0MOB OUTYMOIIPOSIBIEHWI U Me-
CTOPOKIeHMIt TsKemnoil HedpTy ¢ mpu3HaKamu 6uomerpa-
JaLyy CBUIETeIbCTBYeT 06 ux cBsi3u (Psa6uuKkmHa, 2018).

Omnupasich Ha TOTy4eHHble HAMY JaHHbIe, MOSKHO 3a-
K/TIOUMTH, UTO C MOMEHTA BBIXOIa B 30HY I'MIIepreHesa 6u-
TYMBbI MCCIEAYEMBIX IMOPOJ, ITpeTepIenu CUibHelilee MU-
KpOOMOJIOTHUECKOE OKUCIEHNE, TIPUBEIIEE K TOTHOMY
MCUE€3HOBEHMIO aJIKAHOB HOPMAaJIbHOT'O U Pa3BeTB/IEHHO-
TO CTPOEHMSI, CTepaHOB U 3aTPOHYBIIEE YITIeBOLO0PO/IbI I'0-
naHosoro psiga. UCY xapakrepen gjst OB camporiesieBoro
Ttumna. CoriacHO paHee MpOBeJeHHbIM UCC/IeOBAHUSIM
(BansieBa m p., 2019), usyyeHHbie 6MTyMbI P. KOsKBbI
10 CBOMM reOXMMMWYECK/M NapaMeTpaM CXOIHbI C IPU-
POIHBIMY GUTYyMaMy BOJiCKOTO MeCTOPOKAEHNS, TIpe -
T10JIaraeMbIM MCTOUYHMKOM KOTOPBIX MOTYT SIBJISITbCST HEd-
T JoMaHMuKOBOro tuma TIIII. [Iyis ycTaHOBIeHUSI TeHe3M-
ca M3y4yeHHBIX OUTYMOB HEOOXOAVIMBI JaTbHeIINe VC-
CJlef0BaHMSI.

Hccnedosarus nopod nposodunuce 8 LIKIT «[eoHayka»
HT" ®UL] Komu HI] YpO PAH. Aemopoi 8bipaxcatom 61azodap-
Hocmb A. H. IInomuystHy 3a npedocmasietHoie 00pasysi no-
P00 U UHMCEHePaM-AHANUMUKAM 3a 8blNOJIHEHUE AHAU308.

A8mopbl NpU3HAMeNbHbL PeyeH3eHMam 3a YeHHble Kpu-
muueckue 3ameyanusl U pekomeHdayuu, Komopsie cnocoo-
CMeosanu YIyuUuleHUK COOePHAHUsL Cmamsu.

Hccnedosarus evinosiHeHsl 8 pamkax memovl HUP
«T'eon1020-2e0xumuueckue 3akOHOMePHOCMU 06pA308aHUS
U pasmeujeHus y2aes000p0o0HbIX CUCIMeM, HayuHble 0CHOB8bl
opmuposarus coipbedoli 6a3vl y2aee000p00H020 CbipPbsl
8 TumaHo-IIeuopckoii HehmezaszoHOCHOU NPOBUHUUL»,
I'P N° 122040600010-8.

NutepaTtypa / References

Bansesa O. B., Pabunkuna H. H., Bywites /I. A. CocTaB MpoayK-
TOB TepMoin3a achaabTeHOB IIPUPOIHBIX OUTYMOB
Borickoro mectopoxnenns Tumano-Ileqopckoii mpoBmH-
uuu // Hedrexumus. 2019. T. 59. N2 5. C. 502—507. DOI:
10.1134/50028242119050150
Valyaeva O. V., Ryabinkina N. N., Bushnev D. A. Composi-
tion of the thermolysis products of asphaltenes from nat-
ural bitumen of the Voya deposit in the Timan-Pechora
province. Petroleum Chemistry, 2019, V. 59, No. 5, pp. 502—
507. (in Russian)

Bansiesa O. B., Pabunkura H. H., Pabunkun C. B. Boiickoe me-
CTOPOXKIEHEe TBEPIAbIX 6MTYMOB // HedTerasosas reo-
sorus. Teopus u mpakTuka. 2018. T. 13. N2 3. http:/www.
ngtp.ru/rub/4/27_2018.pdf. DOI: https://doi.
org/10.17353/2070-5379/27_2018

Valyaeva O. V., Ryabinkina N. N., Ryabinkin S. V. Voysk
solid bitumen field. Oil and gas geology. Theory and prac-
tice, 2018, V. 13, No. 3, http://www.ngtp.ru/rub/4/27 2018.
pdf.(in Russian)

Teonornyeckoe Hacnenue Pecrry6mku Komu (Poccust) / Cocr.
I1. IT. FOxTaHoB. ChikTBIBKAp: UHCTUTYT reomornu Komm
HII YpO PAH, 2008. 350 c.

Geological heritage of the Komi Republic (Russia). Com-
piled by P. P. Yukhtanov. Syktyvkar: Institute of Geology
Komi SC UB RAS, 2008, 350 p. (in Russian)

Topoaodse I H., Tupyy M. B., Ilowub6aesa A. P. Inddeperumanys
HedTelt M KOHIEHCATOB I10 paclpeaeTeHI0 HaChIIeH-
HBIX yrieBomopoaoB. Coobiienne 2. Tuisl HedTe 1o
pacrpeeeH1Io CTepaHoB U TepIiaHoB // Hedrexumust.
2017. T. 57. N2 5. C. 503—514. DOI: 10.7868/
$0028242117050082
Gordadze G. N., Giruts M. V., Poshibaeva A. R. Differen-
tiation of oil and condensates according to the distribu-
tion of saturated hydrocarbons. Message 2. Oil types by
distribution of steranes and terpanes. Petroleum Che-
mistry, 2017, V. 57, No. 5, pp. 503—514. (in Russian)

JKypaenes A. B. MecTHas cTpaturpaduyeckast cxema BepxHe-
'O IeBOHAa — HIDKHEro Kap6oHa 1oro-3amnazga JIbIKCKo-
KoipTaenbckoro Baja (BOCTOK IleuopcKoii TiinThl) //
Hedrerasoas reonorus. Teopus u ripaktuka. 2023. T. 18.
Ne¢ 1. http://www.ngtp.ru/rub/2023/8_2023.html. DOI
10.17353/2070-5379/8 2023
Zhuravlev A. V. Stratigraphy of the Upper Devonian —
Lower Carboniferous of south-west of Lyzha-Kyrtael
swell (Pechora plate eastward). Oil and gas geology.
Theory and practice, 2023, V. 18, No. 1, http://www.ngtp.
ru/rub/2023/8 2023.html(in Russian)

JKypaenes A. B., [lnomuysiH A. H., I'py3des /1. A. Tlo3nHe-
(bameHcKMe oTIOKeHMs bIIKMICKOM aHTUKIMHAIN (FOT
[Teuopo-KoxkBuHCcKOro nogHsTHs, [ledopckas nura) //
Hedrerasosas reonorust. Teopust u pakrmka. 2020. T. 15.
Ne 2. http://www.ngtp.ru/rub/2020/17_2020.html. DOI
https://doi.org/10.17353/2070-5379/17_2020
Zhuravlev A. V., Plotitsyn A. N., Gruzdev D. A. Zhuravlev
A. V., Plotitsyn A. N., Gruzdev D. A. Ydzhid anticline Late
Famennian (south of the Pechora-Kozhva uplift, Pechora
plate). Oil and gas geology. Theory and practice, 2020,
V. 15, No. 2, http://www.ngtp.ru/rub/2020/17_2020.html(in
Russian)

Kawwupyes B. A, Konmoposuu A. 3., Uearos B. JI., CagppoHos A. @.

MecTopOoskAeHNST TPUPOTHBIX GUTYMOB Ha CEBEPO-BOC-
ToKe Cubumpckoit maatdopmbl (Poccuitckumii ceKTop
Apxtuxmu) // Teonorus u reodpusmka. 2010. T. 51. N2 1.
C.93—105.
Kashirtsev V. A., Kontorovich A. E., Ivanov V. L., Safro-
nov A. F. Natural bitumen fields in the northeast of the
Siberian platform (Russian Arctic sector). Russian Geology
and Geophysics, 2010, V. 51, No. 1, pp. 93—105. (in
Russian)

Kawupyes B. A., Konmoposuu A. 3., @uan P. I1., Yanas O. H.,

3yesa U. H., MeaHosa U. K., Mememosa H. I1. Buoperpa-
arysl HaChIIEHHbBIX IIUKINYECKUX XeMobOoCCunii //
Teonorus u reodusuka. 2001. T.42 N2 11—12.C. 1792—
1800.
Kashirtsev V. A., Kontorovich A. E, Philp R. P., Chalaya
0. N., Zueva I. N., lvanova I. K., Memetova N. P. Bio-
degradation of saturated cyclic chemofossils. Russian
Geology and Geophysics, 2001, V. 42, No. 11—12,
pp- 1792—1800. (in Russian)

61



aﬂ!f Becidinar tearayi, cenTabpb, 2023, N2 9

Kawupuyes B. A., Hecmepos U. 1., MeneHnesckuii B. H., @ypceH-

Ko E. A., Kasaxos M. O., /lagpeHos A. B. Buomapkepbl
¥ aJlaMaHTaHbl B He(PTIX M3 CEHOMAHCKUX OTJIOKEHMI
ceBepa 3amanHoi Cubupn // Teonorust u reodusuka. 2013.
T.54.N¢ 8. C. 1227—1235.
Kashirtsev V. A., Nesterov I. I., Melenevskii V. N., Fursenko
E. A., Kazakov M. O., Lavrenov A. V. Biomarkers and ad-
amantanes in crude oils from Cenomanian deposits of
northern West Siberia. Russian Geology and Geophysics,
2013, V. 54, No. 8, pp. 1227—1235. (in Russian)

Kawupyes B. A., @uan P. I1., Annen [Di., [anveec-Cunubansou A.,
3yeea U. H., Yanas O. H., Andpees U. H. Buomerpamanyst
61OMapKepOB B IIPUPOIHBIX OuTyMax OeHeKCKOro O/ -
Hstus // Teonorus u reodusuka. 1993. N2 6. C. 44—55.
Kashirtsev V. A., Filp R. P., Allen Dzh., Gal'ves-Sinibal'di
A.,Zuyeva I. N., Chalaya O. N., Andreyev I. N. Biodegra-
dation of biomarkers in natural bitumens of the Olenek
uplift. Russian Geology and Geophysics, 1993, No. 6,
pp. 44—45. (in Russian)

Kum H. C., Poduenxo A. I1. ToriaHOBBIE YIJIEBOLOPO/IBI B OUTY-
MOUIAX Me3030MCKUX OTIOKEeHMI 3aragHOoM YacTu
Enmnceii-XaTaHTCKOTO per1MoHaIbHOro Mporubda // Teonorust
u reopmsuka. 2016. T. 57. N2 4. C. 758—770. DOI: 10.15372/
GiG20160408
Kim N. S., Rodchenko A. P. Hopane hydrocarbons in bi-
tumens of Mesozoic deposits of the western Yenisei-
Khatanga regional trough. Russian Geology and
Geophysics, 2016, V. 57, No. 4, pp. 758—770. (in Russian)

Konumoposuu A. 3., baxmypoe C. ., bawapuH A. K., benses C. IO.,

Bypwmetin JI. M., Konmoposuu A. A., KpunuH B. A., /lapuues
A. U., I'ody Jlu, Menenesckuti B. H., TumowuHa H. 1.,
®@padkuH I. C., XomeHko A. B. Pa3HOBO3paCTHbIE OUaru
HabTHI006pa3oBaHMs 1 HabTUIOHAKOTIIeHNS Ha CeBepo-
AsuaTckom KpaToHe // Teonorus u reodusmra. 1999.
T.40.N2 11. C. 1676—1693.
Kontorovich A. E., Bakhturov S. F., Basharin A. K., Belyaev
S. Yu., Burshtein L. M., Kontorovich A. A., Krinin V. A.,
Larichev A. 1., Godu Li, Melenevsky V. N., Timoshina I. D.,
Fradkin G. S., Khomenko A. V. Different-aged foci of
naphthide formation and naphthide accumulation in the
North Asian Craton. Russian Geology and Geophysics,
1999, V. 40, No. 11, pp. 1676—1693. (in Russian)

Koumoposuu A. 3., Fozopodckas JI. U., Tonsiwes C. H.

3aKOHOMEPHOCTH (HPAKUMOHUPOBAHVS U30TOIIOB YIJIe-
poma B cenyKkaxuTax // Teomorus u reodusmka. 1985. N2 9.
C.34—42.
Kontorovich A. E., Bogorodskaya L. I., Golyshev S. I.
Patterns of fractionation of carbon isotopes in sedi-
kachites. Russian Geology and Geophysics, 1985, No. 9,
pp. 34—42. (in Russian)

Konmoposuu A. 3., Bepxosckas H. A., Tumowuna U. /1., Domu-
yeg A. C. I30TONIHBIN COCTaB yI/iepoia pacCessHHOTO Op-
TaHMYECKOTO BEIeCTBa ¥ OUTYMOUAOB U HEKOTOPbIE
CIIOPHbIE BOIIPOCHI TeOpuM o6pa3oBaHus HedhTH //
Teonorust u reopusmka. 1986. N2 5. C. 3—13.
Kontorovich A. E., Verkhovskaya N. A., Timoshina I. D.,
Fomichev A. S. Carbon isotopic composition of dis-

62

persed organic matter and bitumoids and some con-
troversial issues in the theory of oil formation. Russian
Geology and Geophysics, 1986, No. 5, pp. 3—13. (in
Russian)

MenwHuk 1. C., Ilapgerosa T. M., Pozoe B. 1. Buoperpa-
IVMPOBAHHBIE PACCESTHHBIE OUTYMBI B TOPOAX XaThICITBIT-
CKOJ¥i CBUTBI BeH/Ia (HEOIIPOTEPO30sI) Ha CEBEPO-BOCTO-
Ke Cubupckoii matdopmsl // Teopecypcbl. 2020. T. 22.
Ne 2. C. 37—44. DOI: https://doi.org/10.18599/
grs.2020.2.37-44
Melnik D. S., Parfenova T. M., Rogov V. I. Biodegraded
bitumens dispersed in Vendian (Neoproterozoic) rocks
of the Khatyspyt Formation, Northeastern Siberia.
Georesources, 2020, V. 22, No. 2, pp. 37—44. (in Russian)

Psabunkura H. H. Porb ra3o-(QuiouIHbIX TTPOIECCOB B (OpMM-

pOBaHUM BU3EMCKMX TepPUTeHHbIX ITopoA, TumaHo-
ITeuopckoit mpoBuHLMM // BectHuk UT' Komu HII YpO
PAH. 2018. N2 6. C. 3—8.
Ryabinkina N. N. Influence of the tectonic factor on the
oil and gas efficiency of the Visean terrigenous complex
of the Timan-Pechora province. Vestnik IG Komi SC UB
RAS, 2018, No. 6, pp. 3—38. (in Russian)

Pa6unkuna H. H., Bansesa O. B., [Inomuuptt A. H., XKypasnes A. B.

JIUTONMOrus U Te0XUMMS OpraHMyeckoro Bellectsa da-
MEHCKMX OTJIOKEeHU B 06HaxkeHuu Ha p. Koxksa // JIu-
TOJIOTMSI OCaJIOUHBIX KOMILIeKcoB EBpasuu u menbdo-
BbIX 0bmacreit: MaTepuassl IX Bcepocc. TMTONOT. COBEIL.
(c mexxgyHap. yuactuem). Kazanb: KOI'Y, 2019. C. 394—
395.
Ryabinkina N. N., Valyaeva O. V., Plotitsyn A. N., Zhuravlev
A. V. Lithology and geochemistry of organic matter of
the Famennian deposits in an outcrop on the river Kozhva.
Proceedings of the 9th All-Russian Lithological Conference
(with international participation): Lithology of sedimen-
tary complexes of Eurasia and shelf regions. Kazan: KFSU,
2019, pp. 394—395. (in Russian)

Bao J. P. 25-Norhopane series in the unbiodegraded oil and
the source rocks // Chin. Sci. Bull. 1997. V. 42. P. 1388—
1391.

Blanc P, Connan J. Origin and occurrence of 25-norhopanes:
a statistical study // Org. Geochem. 1992.V. 18. P. 813—
828.

Cao J., Hu K., Wang K., Bian L., Liu Y., Yang S., Wang L., Chen
Y. Possible origin of 25-norhopanes in Jurassic organic-
poor mudstones from the northern Qaidam Basin (NW
China) // Org. Geochem. 2008. V. 39. P. 1058 —1065.

Galimov E. M. Isotope organic geochemistry // Organic
Geochemistry. 2006. V. 37. P. 1200—1262. DOI: https://
doi.org/10.1016/j.orggeochem.2006.04.009

Goodwin N. S., Park P. J. D., Rawlinnson T. Crude oil
biodegradation // Advances in Organic Geochemistry.
J. Willy and sons lim. 1983. P. 650—658.

Peters K. E., Walters C. C., Moldowan J. M. The biomarker guide.
2nd ed. New York, Cambridge University Press, 2005.
1155 p.

MocTtynuna B pepakumio / Received 28.07.2023




Vestucb of Geosccences, September, 2023, No. 9 ati!

b,

XpoHuka, cobbiTusi, haktbl. Uctopus Haykm ¢ Chronicle, events, facts. History of Science

IX Bcepoccuiickoe cosemanue «lOpckasa cucrema Poccnmn:
mpoosemsbl crpaTurpadumn u nageoreorpadum» (9—15 ceursiopst 2023 r.)

The 9th All-Russian Meeting
“Jurassic System of Russia:
Problems of Stratigraphy
and Palaeogeography”
(September 9—15, 2023)

The Meeting was organised by the Institute of Geology
FRC Komi SC UB of RAS, the Geological Institute of RAS and the
Commission on the Jurassic System of the ISC of Russia and took
place on September 9—15, 2023 in Syktyvkar. The conference
was held with two geological field trips: a three-day pre-con-
ference field trip to the Ukhta area and a single-day mid-con-
ference field trip to the Sysola River basin. The participants had
a chance to visit the outcrops of the Bajocian, Bathonian, Callovian,
Oxfordian and Volgian age, and to collect rock samples and fos-
sils. The scientific session was held in a mixed online/offline
mode and included a wide range of talks on palaeontology, stra-
tigraphy, sedimentology, mineralogy and other aspects of the
research of the Jurassic. Totally there were 34 talks given by the
speakers from 16 organisations, located in different regions of
Russia. The proceedings volume and two guidebooks for geo-
logical excursions have been published.All the materials of the
conference, including video-records of the talks, are available
at the conference webpage: http://jurassic.ru/jurassic2023.htm

B cenTsi6pe 2023 ropa B I. CHIKTHIBKApe ObLIO ITPOBe-
neHo IX Bcepoccuiickoe coBellaHyue ¢ MeXAYHAPOIHbIM
yuactueM «HOpckas cucrema Poccyn: mpo6ieMbl CTpaT-
rpaduu u najeoreorpadui», OpraHU3aTOPaMu KOTOPOit
BBICTYIIMIIM IHCTUTYT reonoruy KoMy Hay4yHOro LeHTpa
VYpanbckoro otaenenus PAH (UI' ®ULI Komu HLI YpO PAH),
Teonormuecknii mucrutyt PAH (I'MH PAH) n Komuccust
mo topckoit cucteme MCK Poccun. KoudepeHims
B ChIKThIBKape M3HAUaIbHO ObUIA 3aIUIaHMPOBaHAa Ha CeH-
Ts16pb 2020 I., HO 13-3a OTPaHMUNTEIbHBIX Mep, BbI3BaH-
HBIX MTAaHAEMMeN, M HesKeTaHUs MOABEePTaTh PUCKY 300PO-
Bb€ YUaCTHMKOB, OHa ObLTa ITPOBEZieHa B OHJIAliH-(bopMa-
Te U 6e3 reoJIOTMYECKUX IKCKypCuit. B 3TOT pas coera-

HMe CTapTOBaJO0 MMEHHO C I0JIeBOJ 3KCKypCUU
MIPOJOKUTENBHOCTBIO B TPU JHS. DTO GBI MT€PBbIi OTIBIT
TIPOBeJleHNs CTOJIb IJIUTEbHBIX BbI€3/I0B B paMKaX KOH-
depenunit cepun «FOpckas cucrema Poccum».

9 ceHTS6ps 11 Yy4aCTHMKOB M3 CEMM OpraHm3aiui
(TUH PAH, MI'Y um. M. B. JlJomonocosa, MHIT CO PAH,
THHLI, BCETEN, HayuHblii cIiesieo-1maseoHTOIOTNIeCKUit
Kkomiuiekc «ITemepa TaBpuma», IpI'TIY um. K. 1. VIIMHCKOTO)
CheXaInCh B T. YXTy. B mocienyromye aBa qHs 6bUIM OCMO-
TpeHBI pa3pesbl CpeiHeli ¥ BepXHeil I0pbl, BCKPhIBAIOIIM -
ecs 1o pexam Vxkme 1 AjiioBe. IlepBblii JeHb ObLI IIOCBSI-
IleH 3HAKOMCTBY C OTJIOKeHUIMU 6ai10CCKOT0, 6aTCKOTO
U KeJIJIOBEeICKOTO SIPYCOB, BBIXO/IbI KOTOPBIX PACIIOIOKE-
HbI B OKPECTHOCTSIX I. COCHOropcka, y C. [I0KHS 1 B HUXK-
HeM TeueHuM p. AiitoBbl. Ha BTOpOIi TeHb Gblia 3ariaHmu-
poBaHa paboTa Ha paspe3ax BODKCKOTO sipyca y 1. Kepku
¥ Ha p. BoHbI0, 0JHAKO BbINa/a HeOXKUIaHHas yaava: 6ia-
rofapsi O4YeHb HM3KOMY YPOBHIO BOZIbI B peKe y1aja0Ch TaK-
ke OCMOTPETh BbIXOZbI OKC(OPACKIX ITOPOJI, paHee MpaK-
TUYECKY HEIOCTYITHBIX AJIsI HabomeHs. YUacTHUKAMU
ObLIM cOGpaHbI XapaKTepHbIe 00pasiibl MCKOIaeMoii ¢a-
YHBI FOPCKOTO TIEPKOIa — IBYCTBOPUATHIX MOJUTIOCKOB, Oe-
JIEMHUTOB ¥ aMMOHUTOB, B U300MUIMY BCTPEUAIOIIVXCS
B CpeJlHe- ¥ BePXHEIPCKUX OTIOKEHUSIX.

Ha TpeTnii neHb rpynna sKCKypCaHTOB Iepeexasna U3
CocHoropcka B ChIKTBIBKAap K MeCTy ITpoBeieHnst KoHpe-
peniuu. [To myTH y4yacTHUKM TTOCETUITA ellle HeCKOIbKO
reoJIOrMYecKux, TPUPOAHBIX U KyJAbTYPHO-UCTOPUUECKUX
06beKToB. Tak, Ha ITogbesie K YXTe IpyIiia caejaia OCTa-
HOBKY Y MECTHOJ JOCTONIPUMEYATETbHOCTU — MaMSTHO-
ro 3Haka «I'oyioBa JIeHMHa», IIpeCTaB/ISIOIIero coboii ca-
MOe KpYITHOe B MyUpe n306paskeHye MpopumiIs «BOKIS MU-
POBOTrO IpojieTapuara». 3ech ke pacronoskeHa CMOTPO-
Basl MJIOMIA/IKA, C KOTOPOJ OTKPhIBAETCS TAaHOPAMHBIN BUT
Ha ropoj, IepBoii poccuiickoit HedTu. [lasiee y4aCTHUKA
OTHPaBWINCh B CTApblil M3BECTHSIKOBBIV Kapbep Ha rope
Cupauoii, oTBabl KOTOPOTO IeperoiHeHbl KOJIOHUSIMU
JIeBOHCKMX KOPAJJIOB, & OTTYAA — B YXTUHCKUI UCTOPU-
KO-KpaeBeaueCcKuii My3eit, Iie CMOIJIM 03HAKOMUTBCS

TP as

VaacTHMKM COBeIaHst BO BpeMsI IT0JIeBOT0 Bbhie3a B OKPeCTHOCTH cejia BoTtua, 14 centsa6pst 2023 1. ®oTo JI. MouceeBoit

Participants of the meeting during a field trip to the vicinity of the village of Votcha, September 14, 2023. Photo by L. Moiseeva
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Y C APYTYMMM MIPeACTaBUTENSIMI MCKOTIaeMoli (hayHbl pe-
r'MoHa B aKcro3uiium «Termoe Mope TumaHa».

Crnenmyolieii 0CTaHOBKOJi CTa/IM BBIXOAbI HeyTemaTe-
PUMHCKMX TIOPOJT AOMaHMUKOBOW CBUTHI BEPXHETO JIeBOHA,
pacrnonoxxeHHble Ha P. YyTb. CJIOBO «JOMaHUK» TaBHO CTa-
JIO UMeHEeM HapUllaTeJIbHbIM B TE€OJIOTUYECKUX KPYrax,
¥ OKCKYPCaHTbI C GOJBIIM MHTEPECOM OCMOTPENIM Pas-
pe3 KIaccuyeckmx JOMaHMKOBBIX (aluii B TUTIOBOM pe-
ruoHe. [TosieBoii 06e1 COCTOSICS B XKMBOIVICHEIIIEM Me-
cTe — Ha Gepery KapcTOBOTO 03epa Ha TePPUTOPUM TOCY-
JlapCTBEHHOT'O MIPUPOJHOIO 3aKa3HMKa GeepasibHOro
3HaueHust «[lapacbKuHbI 03epa». HemaBHO 3/ech 6bl1a
MPOJIOKEeHA TYPUCTUYECKast TPOIla ¥ 060PYIOBaHbI 30HbI
otabixa. [Tocnenusis mepeq ChIKTHIBKAPOM OCTaHOBKA ObI-
Jia caenaHa B ¢. CeperoBo, rje B pajioHe 3HAME@HUTOTO Me-
CTOPOXKIeHMSI KaMe@HHO CONMM yYacTHMKAaM ITpeoCTaBy-
J1lach BO3MOKHOCTb OII€HUTh BKYC MU HepaJbHOI BObI U3
caMou3uBaloleiics ckBaskyubl N2 1CJI, mpo6GypeHHOIi Ha
ry6uny 500 MeTpoB.

V3Ke Ha CIemyroInii 1eHb, 13 ceHTIOPsI, COCTOSIIIOCH
obunManbHOE OTKPbITHE KOHbepeHyn. C TPUBETCTBEH-
HBIM CJIOBOM BBICTYIIMJIM IUPEKTOP ['eomornyeckoro uH-
crutyta PAH akagemuxk K. E. [lertsipeB, oupeKTop
NHctuTyTa reonoruu KoMy HayuHOTO LIeHTpPA K. I.-M. H.
W. H. Bypuies, nipeacenaTenb Komuccum 1o 10pcKoii cucre-
me MCK Poccun a. r.-m. H. B. A. 3axapoB 1 ero samecTu-
Tesb A. .-M. H M. A. Poros. Hay4yHas ceccus mpouuia B cMme-
IIIAHHOM OYHO-JIMCTaHIIMOHHOM dopmate 13 1 15 ceHTs-
6ps1. 3a ABa IHS GBIIO 3aC/IyIIaHO 34 MOK/Iama, U3 HUX
11 6b1710 TIpeACTaBIeHO B AUCTAHIMOHHOM peXIMMe.
[Mopassioiee GOMBIIMHCTBO AOKIAI0B OBIIO TTOCBSIIE-
HO TIaJIEOHTOJIOTMH U CTpaTUrpadmm 10pcKoii CUCTEMBI.
[Tpu 3TOM COOOBIIEHNMS KAaCATNCh CAaMbIX PAa3HOOOPa3HbIX
TaKCOHOB (II03BOHOYHbBIX — 2, 6€CII03BOHOYHbBIX — 10, ITpo-
creiimux — 1, pactenuit — 2 u Mukpodurodoccmumin —
3) u pa3HbIX pernoHoB Poccuu — ot JJanbHero Boctoka no
Kpbima. Borrpocs! 6moctpaTurpaduu 6bUTM pacCMOTPEHBI
B 12 moknagax, a CeIuMeHTONOTUM U MUHEPAJIOTUM H0p-
CKMX OTIOKeHU1 — B 3. ICTOpUM M3ydyeHUs I0pCKOI CH-
CTeMbl, TEKTOHUKE, ITMIPOTe0IOT N, TTajeoreorpadum u mo-
JIe3HBIM MCKOTIA€MbIM FOPBI GbIIO TTOCBSIIIEHO 10 OHOMY
coobuIeHuIo. [IoKIaabl ObLIN CoeIaHbl IPeICTaBUTEISIMU
16 opranmsanmii u3 9 ropogos Poccun: Bnagusoctoka
(®HII 61opasHOO6pa3yst Ha3eMHOV 6MO0ThI BOCTOUHOTI
Asuu IBO PAH), Mockssl (MI'Y um. M. B. JIoMmOHOCOBa,
I'MH PAH, UTI23 um. A. H. CeBepuosa PAH, ITM nm.
B. 1. Bepuanckoro PAH, 3A0 MuMI'O), HoBocub6upcka
(MHIT CO PAH), Cankr-Iletep6ypra (BCETEU, CaHKT-
IMetep6yprckuii dpunmnan BHUTHU), Cumdeporions
(Kpeimckast AH, HayuHblii cIiesieonaseoHTOIOrMYeCKUil
komrIunekc «ITemepa TaBpuga»), CeikrbiBKapa (UI' UL
Komu HIT VpO PAH), Tromenu (THHLI, TromI'V), SIpocnasmist
(SIpTTIY mm. K. [I. YiumHckoro). Kpome Toro, onuH gokiaz,

6bUI cAenaH YYaCTHMKOM U3 YHUBEPCUTETa KOPOJIEeBbI
Bukropun B r. Besuimarron (HoBast 3enanaust).

Cotpyguukamu UHcTUTyTa reonorn Komu HaydHO-
'O IIeHTpa 6LV TIPEICTABIEHbI COOOIIEHMS 110 PA3INY-
HbIM HalpaBJIEeHUSIM reOlOTUN. YUYeHBbIM CEKPETapeM CO-
Bemanus I1. A. Be3HOCOBBIM GbLT CieNaH AOKIaL 06 0COo-
OGEHHOCTSIX 3aXOPOHEH NS COUJIEHeHHBIX CKeJIETOB IIIe3M-
03aBpOB B 6aifioc-6aTCKMX OTVIOKeHUSIX EBpOIIeiickoro
Cesepa Poccyn. B. A. Canpun pacckasan o Yum-JIonTiorckom
MeCTOPOXKIEeHUN TOPIOUMX CIaHIleB B BePXHeIOPCKUX OT-
JIOKeHMSIX ceBepo-BOCTOKa Pycckoit manThl. Jlokaan,
JI. A. CenbKOBOI1 comepskan MHOOPMAIUIO O TATMHOKOM-
TJIeKce 13 KeJlJIOBeCKMX OTIoXKeHU it Ha peke Coicose
y ¢. BoTua, a I0. A. Kokuraposa fiajia XapakTepUCTUKY O[T -
3eMHBIM BOJIaM IOPCKOTO BOJOHOCHOI'O KOMIIJIeKca Kak
OCHOBHOTO MCTOYHMKA BOIOCHAOKEHMSI I0KHbBIX PaliOHOB
Pecniy6miku Komu. Bugeo Bcex mOK/Iao0B TpaHCIMPOBa-
JI0Ch B MIpSAMOM 3dupe Ha KaHase IHCTUTYTa Ha BUIEO0-
xoctuHre YouTube.

14 ceHTSOPS, MEXAY THSIMY HAaYYHbBIX 3aceIaHui, IJis
YYaCTHUKOB KOH(EpPeHIY ObIT OpTaHM30BaH OJHOJHEB-
HBIi1 TIOIEBOJ BbIe3[] Ha pa3pe3bl OPCKUX OTIOKEHMI 6ac-
ceitHa p. CbIcosbl. BbUTM OCMOTpPEHbBI OOHAKEHMUS ChICOJTb-
CKOVi CBUTBI, @ TAKKE KeJIOBEICKOro 1 OKC(HOPACKOTO SIpy-
COB, PacIoIOKeHHbIe B OKPECTHOCTSIX C. BoTua. Bbxozbl
KOPEHHBIX ITOPOJI, GBIV 3apaHee pacyuIleHbl, 8 KpoMe TO-
ro, K HUM ObUIM 060PYIOBaHbBI ITyTH MOJX0/1A, TAK YTO
YUaCTHUKYU CMOIIU 6e3 Tpyza 0To6paTh Mpo6bl HA MUKPO-
dayHy 1 reoxumunio, a Takke co6paTh 06pasibl MaKpo-
occunii. 3aKOHYMIICS TTOJIEBOI BbIE3]I, MMOCEIeHEM
OUMHHO-YTOPCKOTO 3THOKY/JIBTYPHOTO Mapka B c. bl6, roe
YYaCTHUKY TTO3HAKOMMINCD C ICTOPMEN 1 6BITOM KOpeH-
HBIX XuTesieii Pecryomyky Komu. B TeueHme qHS 9KCKyp-
CaHTOB COIIPOBOKIana cbemouHas rpymnna I'TPK «Komu
rop» B Inie KoppecnoHaeHTa EneHsl 3o10TapeBoii u ore-
paTtopa JIto60Bu MowuceeBoit. OTCHSITBIN UMU PEMTOPTAK
6bLT MMOKa3aH 17 ceHTI6Ps B porpaMmme «MecTHOe Bpe-
MsI» Ha TejleKaHae «Poccus 1».

K koHpepeHIMM 6bUT TTOATOTOBIIEH U U3IaH COOPHUK
MaTepuasoB, a TakKe [Ba MyTeBOAUTEISI Fe0I0TUUeCKIUX
9KCKYPCUIA, TOCBSIIIIEHHBIX COOTBETCTBEHHO Ie0JIOTUM 10p-
CKUX OTJIOYKEHUI OKPeCTHOCTe YXThI U pa3pe3am, pacro-
JIOKeHHBIM B 6acceiiHe p. Cbicosbl. CChITKM Ha SIEKTPOH-
HbIe BepCUM BCEX ITUX MyOIMKaLii pa3MeleHbl Ha caii-
tax MHcTtuTyTa reonorum ®NL, Komu HII YpO PAH, TMTH
PAH u crienmaibHOM CTpaHMIle KOHGbEepeHIUM Ha caiiTe
JURASSIC.RU (http://jurassic.ru/jurassic2023.htm). Buneo
TPaHCSILNIA ABYX NHel 3acefaHuit JOCTYITHO Ha KaHase
WucTutyTa reojorun Ha YouTube, a Takke Ha CTpaHuIle
KOH(epeHIMN.

II. A. Be3Hocos, M. A. Poezoes, A. II. Hnnonumoe,
0. A. Kokwapoea, /1. H. Kucenee, H. I. 36epvko6
(opeanusamopel coeeujaHus)

Pedaxmopul usdamenvcmea:
O.B.Ta6oBa, K. B. OpaviH (aHITIMIACKWIT)

KomnoelomepHas eepcmka
A.10.TlepeTtsirnHa
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