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MNOA3EMHBIE JIbJIbl U UX POJIb B ®OPMUPOBAHUU BOPOHKU I'A30BOT'O

BbBIBPOCA HA IMOJYOCTPOBE SAMAJI

AHaIM3UPYIOTCS PE3yIbTaThl THIPOr€OXUMUYECKIX M U30TOMHBIX UCCIEAOBAHUH IIACTOBOIO IMOA3EM-
HOTO JIbJIa U 03EPHOI BOZIBI BOPOHKH Ia30BOTr0 BEIOpOca Ha SIMare. [laHHbIE COIIOCTABIAIOTCS C Pe3ybTaTaMU
AQHAJIOTMYHBIX HCCIICIOBAHUH ITACTOBOT'O M TOJIMT OHAIBHO-KMJIBHOTO JIbJ[A, & TAKXKE IIOBEPXHOCTHBIX M aTMOC-
(epHBIX Box SIMana. YCTaHOBIIEHO CXOACTBO 110 H30TOIHOMY M HOHHOMY COCTaBY IIIACTOBOTO JIbJ[a BOPOHKHU
1 CJIOUCTOTO ILIACTOBOTO JIbJa paiiona Mappe-Caie 1 oTan4He 3TUX JbJ0B OT HOHHOTO M H30TOITHOT'O COCTaBa
IIOBEPXHOCTHBIX U aTMOC(EPHBIX BOJ, a TAKXKE MOIUTOHATIBHO-KIIIBHBIX JIBJOB PETHOHA.
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Beenenne. Boponka razosoro Beiopoca (BI'B) Ha
HenTpansaom SAmane (N 69° 34'58" E 68° 13'20" B ko-
opauHatax cucteMbl WGS 84) o0pa3oBaiach B pe3yiib-
TaTe B3pbIBA B BEpXHUX F'OPU30HTAX MHOTOJIETHEMEP3-
neix mopoxa B mepuof ¢ 09.10.2013 mo 01.11.2013 .
[Leibman et al., 2014]. BI'B pacnonoxena B 40 kM K
IOTY OT KyCTa ra3oBbIX ckBaxuH 610 boBaHEeHKOBCKOTO
HeTera30koHJCHCATHOTO MECTOPOXKICHUS, B 65 KM K
CeBEPO-BOCTOKY OT MeTeocTaHu Mappe-Caie (puc. 1)
U B 4 KM K BOCTOKY OT JISHCTBYIOILIETO MarucTpaibHO-
ro rasomnposoga bosanenkoBo—Yxra. Ilockonbky paau-
yc pazOpoca BeuiereBmmx u3 BI'B ¢parmenTos mopo-
Il U, BEPOSTHO, JhJa, cocTaBisger 120 u Oomee met-
POB, TO SICHO, YTO IOTEHIIMAIBHASI OITACHOCTS IS JIFOIEH
W COOpYXCHUH B 30HE 00pa30BaHUS TaKOW BOPOHKH
KpaiiHe Benmuka. [1o3ToMy IIPOMCXOKICHME 3TOH (op-
MBI ABJIACTCA NMPEAMETOM aKTUBHOTIO O6CY)K}1€HI/I$[
[Leibman et al., 2014], ocoGeHHO B CBSI3H C TEM, YTO Ha
ceBepe 3anagHoit Cubupu oOHapyKEHBI ellle HECKOIb-
KO QHAJIOTMYHBIX BOPOHOK M OTCYTCTBYIOT IIPEICTaB-
JIEHHS O TOM, IJIe, KOIJIa M C KaKOH 4acTOTOM MOJ00HEIE
SABJICHUA MOT'YT INOBTOPATHCH.

Pation BI'B 3anaanHee cyOMepuIOHaIBLHOIO OTPE3-
Ka p. Mopabisixa U 10KHee CyOHIMPOTHOI'O0 OTpe3Ka
p. Cesxa OTHOCHTCS K 30HE CIUIOIIHOTO PAacIpocTpaHe-
HUSI MHOTOJIETHEMEP3JIBIX MOPOJ CO CPEIHEN ro/I0BOM
TEMIIEpaTypoi TOpo/ Ha ITyOHHE HyJIEBBIX TOAOBBIX KO-
nebanuit 10 —7°C U NIyOMHOM CE30HHOIO MPOTauBAHHMS
menee 1,0 M. B Mep3110M cocToSHUM TOPOABI coepKaT
S3HAYUTCIIBHOC KOJIMYECCTBO JIbJlda, B TOM YHUCJIC JICASIHBIC
KIINHbA (HOJII/II‘OHEUII)HO-)KI/UIBHBIC JIBIIBI) 1 MOHOMMHEC-
PajIbHBIC JIMH3BI U ITPOCION TOHHIHHOﬁ OT HECKOJIBKHX 10

6omnee 20 M (rmacroBbie Ib1b1) [CTpenerkas, Jlelioman,
2002]. Ectb cBUaeTENbCTBA 3ara30BaHHOCTH (peodiia-
JAIOIIM Ta30M SIBJISIETCS METaH) BEpXHEH 4acTH pas-
pe3a Ha SImazne [Skymes, 2009]. ["azomnposBieHus npu-
YpOYeHbI K MEp3JbIM, B Pa3HOI CTENEHU 3aCOJICHHBIM
TMeCYaHO-ITIMHUCTHIM ITOPOaM HEOILIEHCTOLIEHOBOTO BO3-
pacta B uHTepBasie riyoun or 20 mo 130 m [Bonnapes
¢ c0aBT., 2008]. [Tpu OypeHnH B ra30HACHIIICHHBIX TOPH-
30HTaX OTMEYAJINCh KPHOIMATH, JISASHbIE IPOCIIOH, B IJTH-
HaxX — M30METPUYHBIE KaBEPHbI, YACTUYHO 3aTI0THEHHbIE
¢upHomnonooHbIM cHeroM [Ctpoenue ..., 2007].

[epBbie obcnenoBanust BI'B mokazanu, 4ro pas-
pe3 10 TITyOuHBI 25 M OT OpOBKM BOPOHKH MTPEACTABICH
MOYTH HCKIIIOYUTEIHFHO MOHOMUHEPAIbHBIM JIBIOM C
BEPTUKAILHO OPUECHTHPOBAHHOM, 00JIEKArOICH IMITNH-
JNPUYECKYI0 YacTh BOPOHKH, CIOMCTOCTBIO IO MHHE-
paybHBIM BKITIOueHHsM [JleiiOman ¢ coaBt., 2014]. Be-
pera 03ep U CKJIOHBI BOJOpa3aenos B paiione BI'B non-
BEp)KEHBl KPHMOTEHHOMY OIoJ3aHHuI0. B cTeHkax
cocenHux ¢ BI'B TepMoLupkoB Ha IOBEPXHOCTh BBIXO-
JSIT TUTACTOBBIE JIbJIBI, YTO CBUAETENBCTBYET O OIM3KOM
K ITOBEPXHOCTH 3aJIeTaHHUH TIACTOBOT'O JIbJa M/UJTU CHJTb-
HOJTBIUCTBIX MEP3JIBIX MOPOA U UX IIUPOKOE PacIIpOCT-
panenue [Jleiitbman, Kuzsikos, 2007]. BekpbiThie B CTEH-
kax BI'B MoIHbI€ JIbIBI BHENIHE TTOXOKH Ha TIACTOBBIE
3aJIe)KM, YacTO BCTPEYAIOIINecs B YETBEPTUYHBIX OT-
noxenusx Llentpansaoro u 3anaaxoro Smana.

ens nccnenoBanuii — ONpENENIUTh U30TOHO-T€0-
XUMUUYECKUE XaPAKTEPUCTUKHU NToA3eMHOro Japaa BI'B,
CpaBHHTH Jie[l B BOPOHKE C MOA3EMHBIMHU Jibaamu LleH-
TPaJILHOTO ¥ 3aMaJHOro SIMajna 1 yCTaHOBUTb UX OTIIH-
YU WM CXOKECTb.
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Puc. 1. PacnionoxxeHre BOPOHKU Ha KapTe mojiyoctposa Smain. Yc-

JIOBHBIE 0003HaueHHs: / — paliOH BOPOHKH I'a30BOTO BBIOpoca, 2 —

MeTeocTaHus Mappe-Caine, 3 — TeppuTopus boBaHEHKOBCKOTO
ra30KOHIEHCATHOTO MECTOPOXKICHUS

Fig. 1. Location of the crater on the map of the Yamal Peninsula: / —
area of the gas-emission crater, 2 — the Marre-Sale meteostation,
3 — area of the Bovanenkovo gas condensate field

IMom3eMHBIE JbABI U YeTBEPTHYHbIE OTJI0KEHHUSI
Hentpansnoro u 3anamnoro SImana. Paszpessl uersep-
TUYHBIX OTJIOKCHUI, BMEIIAIONINE MOIIHBIC 3aJICKH
MOA3EMHBIX JIBJIOB, PACIIOJIOKEHHBIE B pagumyce 40—
70 KM OT BOPOHKH, TOCTATOYHO XOPOIIO U3y4yeHsl [MH-
JKEHEPHO-TEOJIOTHYCCKHH ..., 1996; AnanbeBa, 1997;
Kanerckwuii ¢ coanr., 2005; Ctpenerkas ¢ coanT., 2006;
2013; Ctpoenue ..., 2007; Kpunyk, 2010; Kpuochepa
He(Tera3okoHICHCATHBIX MECTOPOXKIACHUH ..., 2013].

CpenHeHeorIeH CTOIIEHOBBIE OTIIOKEHHS ITPEICTaB-
JICHBI 3aCOJICHHBIMU CYINIMHKaMHW U ITIMHaAaM#H C MHOT'O-
YN CJICHHBIMH ITPOCIOAMH IIECKOB U cyHeceI‘/'I C BKJIKOYEC-
HUSMH BUBHAHUTa U TOHKUX TpociioeB Topda. K mpo-
CJIOAM TMECKOB MPUYpPOUYEHBI JTUH3BI Kpromaros U 90%

BCEX Ta30IpOsIBICHUI. 1'a30BbIAEIICHNS XapaKTEPHbI
TaKKe Ui TOPU30HTOB MOPOJ C MHOT'OYHCICHHBIMH
KaBepHaMH U ImycToTaMu auamerpoM 5—8 mm [Kpuoc-
¢epa HedrerazokoHIEHCATHBIX ..., 2013].

Bepxueneorieli cToIeHOBBIE MOPCKHE, IPUOPEIKHO-
MOPCKHE OTJIOKEHUS MIPEICTABISIOT CO00# Yepenona-
HUE TPOCIIOEB Cyleced, CYTIIMHKOB U TIECKOB € OO0Jb-
MM KOJIMYECTBOM B Pa3HOM CTENEHU pa3fioKUBLIEHCA
OpraHuKd. [JTMHHUCTBIC OTIOKEHHS COIEpXkKaT IUIacTO-
BbIC MOHOJIUTHBIE JIMH3BI JIbJOB. [IpecHble u cnabo3a-
COJICHHBIE TTECKH COZIEPIKAT OOIBIIOE KOJTHYECTBO Opra-
HU4ecKoro BerecTsa (10 1,2%) 1 cinoncThie TMH3BI b
C TIECYAHO-TIIMHUCTHIMU MHUHEPAJIbHBIMHU BKIFOUCHUSIMHU
Y Ty3bIpbKaMHU 3allleMJIeHHBIX ra3zoB [CtpoeHwue ...,
2007; BacunbeB ¢ coabrt., 2015].

KontruHeHTabHBIC OTII0KEHUS BEPXHEHEOIICHCTO-
IIEHOBOTO BO3PACTa, IIEPEKPHIBAIOIINE MOPCKHE OTIIONKE-
HUSI, IPEICTABIICHBI 03¢PHBIMHU U AJUTFOBUATBHBIMH CIIO-
WCTBIMH CYTIECSIMH U TIECKAMH, PeXe CYyIIIMHKaMU, C pa-
CTUTENBHBIMH BKIIOYCHHSIMH, HEPEIKO C MOIIHBIMHU
CHHI'CHETUYCCKMMU IOTMTOHAJIbHO-KUITbHBIMH JIbIaMHU.

TonorieHOBBIE MOpPCKUE, aJUTIOBHAJIBHEIE, 03EPHEIC,
OOJIOTHBIE, P0JIOBBIC U CKIIOHOBBIE OTIIOKEHHSI MOIITHO-
cThio 10 8—10 M ciararoT BEepXHHE YaCTH Pa3pe30B
Jlaiij1, oMM, BOJOPa3AeiioB U O3EPHBIX KOTJIOBHUH.

N3 3 ThIcsAu ckBakuH D1youHOM or 10 10 100 M,
npoOypeHHbIX B Mpenenax boBaHeHKOBCKOI mIiomia i,
B 260 CKBa)XKMHAX BCKPBITHI IUIACTOBEIC JbABL. boIb-
IIMHCTBO JICASHBIX 3aJieKeld PUYpPOUYEHBI K MOpoJaM
MOPCKOTO ¥ TPHOPEKHO-MOPCKOTO TeHE3Hca, peKe OHH
BCTPEYAIOTCS B aJUTIOBHAJIBHBIX, CKIIOHOBBIX, 03€pPHO-
00NOTHBIX OTNOXKEHUsX. [11acToBbIE JIbBI UMEIOT (Op-
My IPOTSKEHHBIX (/10 HECKOIBKUX KUIIOMETPOB), MOIII-
HbIX (70 30 M) muH3. Kposis 3aiexeil yacto 3aneraer
HEMOCPECTBEHHO MO Ce30HHO-TabIM cioeM. [lomo-
IIBa IJIACTOBBIX 3aJIeKel HUKe aOCONMIOTHON OTMETKHU
—21,5 m He ObuTa yeraHoBiieHa [CTpenerikas, JlelioOman,
2002; Bacumpuyk ¢ coast., 2009].

B paiione mereoctaniiuu Mappe-Caine B 45% ckBa-
YKHH BCKPBITHI IJIACTOBBIE MOHOJIMTHBIC UITH CIIOWCTHIE
Tb1e1 MolTHOCTRIO OT 0,3 1o 17,5 M. B mpenenax Bo-
JopasaenoB Ha TryonHax 32 U 92 M 3aMKCHPOBaHBI
JIMH3BI KPHUOTIATOB, TIPU OypeHUH HAOTFOIANINCH MOIITHBIC
BBIOpOCH Ta3a. Ha riybunax ot 58 mo 61 M u ot 92
10 125 M oTMeuanuch MpoBajbl OypoBOro 00OpymoBa-
HUSI, 9TO KOCBEHHO MOXXET CBUJIETEIHCTBOBATH O CBO-
0OIHBIX OJIOCTAX B pa3pesax [Kpuuyk, 2010]. B mop-
CKUX OeperoBbIX OOpBhIBaX B pa3HbIC TOIbI HAOIIOMA-
JUCh MHOTOYHCIICHHBIC 3JIEKH TUTACTOBBIX JIBJIOB Ha
rnyounax 1,5-20,0 M, MomHOCTBIO Oosiee 17 M, momo-
IIBa KOTOPBIX YXOMWia IOJ YpoBeHb Mops [Crpernel-
Kasi ¢ coasT., 2006; Kpunyk, 2010; Crpenenxkas c co-
aBT., 2013, BacunbeB ¢ coast., 2015].

B paiione ozepa XamB-To B 12 kM k ceBepy oT
BI'B B pa3pe3ax Bomopa3nelbHBIX MTOBEpXHOCTEH Oy-
PEHHEM YCTaHOBIICHO HECKOJIBKO CHIIbHONBUCTBIX TO-
PH30HTOB U JIUH3BI YA CTOrO JIb/1a MOIHOCTEIO 1,5—4,0 M
Ha riryouHax or 2,0 no 15,0 m [AHaHbeBa, 1997].

O0beKT nccsieI0BaHus — BOPOHKA Ta30BOI0 BbIO-
poca (BI'B). SImanbckass BI'B Ha MomeHT mepBoro o0-
cienoBanus B utone 2014 r. npencrannisia co00i 1u-



BECTH. MOCK. YH-TA. CEP. 5. TEOT'PA®N . 2017. Ne 2 93

JIUHAPUYECKOE YIIyOieHue rryoruHou oomee 50 M ¢ pa-
CTpyOOM B BEpXHEH YacTH, OKPYKEHHOE I'PYHTOBBIM
opycteepoM (puc. 2). luamerp IUIHHIPUUICCKON Yac-
TH C BEPTHUKAJIbHBIMU CTEHKaMH cocTaBui 18-20 m.
O6pazoBaBiasicsi BOpOHKa MTPOCTPAHCTBEHHO COBIIA A~
eT C MOJIOKHUTEILHON (hopMOii perbeda, CyIIeCTBOBAB-
el Ha atom Mecte 10 01.11.2013 . JIuameTp ocHoBa-
Hus Oyrpa coctapisut 45,0—58,0 M, OTHOCUTENIbHAS BbI-
cora 5—6 M [Ku3sikoB ¢ coasr., 2015]. B HostOpe 2014 1.
rIyOMHa BOPOHKHU COCTaBIIsIIA YoKe 25,5 M, a B HUKHEH
YacTH CEBEPHON BEPTHKAIBHOM CTCHKHM Ha TIIyOMHE
20,5 M X0poI1I0 ObLJT BUICH I'POT B BUE YCCUCHHOH che-
psI BbicoTOi 5,0 M 11 paanycom 2,0 M. O TOM, UTO TPOT
nuMen OoJbIINE Pa3Mephl, CBHUJIETENBCTBYIOT KaIpbl BU-
JIe0OChEeMKH B MOMEHT TIEPBOT0 00CIe0BaHMS BOPOHKH.
CpeMKa poBOMIIACH MOPTATHBHOM KamMepoil, KoTopast
oITycKajach Ha Tpoce B Kpatep. IIpeamonaraemas BbI-
cora rpora Moria cocrasisite 6omee 30,0 M (puc. 2).
leou3rueckMu HCCITeIOBaHUSIMH YCTAHOBIICHO,
YTO B pa3pe3e BBLACISIOTCS CIIOH Pa3InyHOTO YIElb-
HOTO 3JIEKTPUUYECKOTO COMPOTUBIICHN S, KOTOPBIE HHTEP-
MPETUPYIOTCS CIEAYIOIIMM 00pa3oM: BEpXHSS 4acTb
paspesa ClIoKeHa BHICOKOIBINCTBIMU CYTIECSMH C IjIa-
CTOBBIMH 3aJI€)KaMU JibJa, HIKHsI ¢ TIyOuHbl 60,0—
70,0 M — 3aCONIEHHBIMU MEP3JIBIMU U OXJIAKJICHHBIMHU
CYIIIMHKaMU sMajibckoi cepuu. Cioil MomHocThio 7,5—

Cepep

20,0 M Ha KOHTAKTE MPOBOISIINX M HEMPOBOASIIINX T'0-
PHU30HTOB, BO3MOXKHO, SIBJISIETCS KOJJIEKTOPOM Ta30TH I~
patoB [OneHueHko ¢ coart., 2015].

K nauvany centsiopst 2015 1. (uepe3 2 roma mocie
ra30BOro BEIOpOCa) BOPOHKA MPEACTABIIsIA COOOH KpyT-
JIOE 03epO NPaBUIIBHOM (hopmbl quamerpom 45,0-55,0 M,
OKpPY>KEHHOE BEPTHKAJIbHBIMU CTEHKAMU BBICOTOH 0
6,0 m. Ilo nepudepun coxpaHuiics OPYCTBEp, OXHAKO
€ro MHUPHHA U BHICOTA CYIIECTBEHHO COKPATHIIUCH. 3a
2014 r. ypoBeHb 03epa OT IHa BOPOHKH MOHSIICS TIPH-
MepHo Ha 24,0 M, a 10 ceHTa0ps 2015 1. emie Ha 20,0 M.
TakuMm 0Opa3om, CTEHKH BOPOHKH MOCTOSTHHO H TIOCTe-
MEHHO OTTaWBAaIOT; TAJbIE BOJBI C YACTUIIAMH TTIOPOJIBI
CTEKalOT BHH3 110 CTEHKaM W 3aIlOJIHSIOT BOPOHKY. 3a
CYET OTCTYIaHUs CTCHOK BCKPBUICSI HHOH IO CTPOCHHIO
W COCTaBy pa3pe3 C IUIACTOBBIMHU JIbJAMH OOBIYHOTO
Jutst pervoHa oonuka. C niyOuHBI 3,5 M Jien B CTEHKaX
BOPOHKH TIPENICTABIISICT COOOM YepejOBaHUE CIIOUCTO-
10 (C BKIIOYEHHUSIMH TJIUHBI) U CTEKJIOBUAHOTO.

leouzrueckuMu METOIAMH U HAaTypPHBIMU HaOJIFO-
JICHUSIMH YCTaHOBIICHO, YTO KPHOJIUTOIOTHIECKHH pa3-
pe3 paiioHa BOPOHKH T'a30BOI'0 BBIOpOCA aHAJIOTHYCH
panee uccienoBaHHbIM Ha Llentpansaom Smane.

Mertoaw! uccneropanus. OTO0p 00pa3ioB MPOU3-
BOJIVJICS TSI OTIPEZICICHUS] KOMIUIEKCHOTO XHMHUYeCKO-
TO aHAJIM3a TIOPOJT ¥ BOIOPACTBOPUMBIX COJIEH BO JIBITY,
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Puc. 2. [IpunnunuansHas cxema cTpoeHus BOpoHKU B 2014 1. u Touku otOopa 00pa3ioB. YcioBHbIEe 0003HaYeHUsA: / — BEIOPOLICHHBIN 13

BOPOHKH MaTepuai, 2 — KyCThl UBbI, 3 — TpaBsiHas pacCTUTENBHOCTh, 4 — BOJA 03€pa B BOPOHKE, J — MOAOIIBA CE30HHO-TAJIOrO CJIos, 6 —

TOYKH 0TOOpa Mpod MOPOA U3 3aKOMYLIEK U PacCTOSHUE OT OPOBKH BOpPOHKH B Hione 2014 1., 7 — Touku U IimyOuHa oTO0pa mpod abaa u3

CTEHKH BOPOHKHM M BOIBI M3 03epa B BOpoHKe B HOs0pe 2014 ., § — ropusonTs! 1baa (A, b, C) u ypoBeHs Boasl B Kparepe: D — aBrycr
2014 r; E — HOs0ps 2014 1.

Fig. 2. Principal scheme of the crater structure and sampling points: / — emitted material, 2 — willow shrubs, 3 — grass vegetation, 4 — lake

water in the crater, 5 — bottom of the seasonally melting layer, 6 — sampling points (July 2014) and the distance from the crater edge, 7 —

sampling points (November 2014) and the depth of ice sampling from the crater wall and water sampling from the crater lake, § — ice layers
(A, B, C) and water levels in the crater (D — August 2014, E — November 2014)
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3HA4YEHHH CTAOMIILHBIX H30TOIOB KHCIOPO/Ia ¥ BOIOPO-
Jla BOJBI M3 PACIIaBOB JIbJIa U 03€PHON BOJIBL, JIJISI OI-
peleneHus] KOIM4ecTBa MeTaHa, 3aKIIOYEHHOrO B ITy-
3BIPHKAax BO JIbJY M BO3IyXeE.

[NepBas xomnexiyst 00pas3mnoB Oblia coOpaHa MpU
nocerieHnn oobekra B utone 2014 r. O6pasipl mopoxa u
MOYB CJIOSl CE30HHOT'O OTTAaBAHHSI OTOMPATHCH U3 IIyp-
¢oB Ha OpycTBepe BOKPYT KpaTepa U Ha PacCTOSHUU
26,0; 31,0; 41,0 u 56,0 M OT BOpOHKH. AHAJIU3 IIECTH
00pa3ioB mmopox nposezeH B LlenTpe 1abopaTopHOro
aHaJIM3a U TEXHUYECKUX U3MEPEHHU IO YPajbCKOMY
denepansHOMy OKpyry HarmonanbsHOro ieHTpa u3yde-
Hust Apkruku (1. Canexapn, Tiomenckas obnacts). B
Hos10pe 2014 1. rccnenoBanach CTEHKa BOPOHKH H BOJIA
13 03€pa BHYTpHU BOpoHKU. [0 xapakrepy BKIIOUEHUH,
CIIOMCTOCTH U I[BETY JIbJia, CTEHKA BOPOHKHU ObLIa pa3-
JielieHa CBEpXy BHHM3 Ha HECKOJIBKO TOPU30HTOB OT T10-
BepxHoctu: ot 0,5 mo 7,0 M (cnoit A), ot 7,0 10 10,0 m
(cmoii B), ot 10,0 mo 20,5 M (cnoit C), ot 20,5 10 25,5 M
(cnoii D). Ha rmyounax 5,8, 7,6, 18,6 u 23,8 M oro0pa-
HbI MOHOJIUTHI JIbJa (puc. 2). YacTs 00pa3iioB Jibaa Xpa-
HWJIACh ¥ TPAHCIOPTHPOBAIACH B BHJE MOHOIHUTOB, a
4acTh — B BHUJIE TaJlol Boapl. Boma u3 o3epa, pacmorno-
JKEHHOro Ha miyouHe 35 M ot kpast B['B, Obuia otoOpa-
Ha B aBrycte 2014 ., u Ha rmyOune 25,5 m ot kpas BI'B
B HOsiOpe 2014 1. (puc. 2, D, E). B tpetbe nocerienue B
aBrycre-ceHtsiope 2015 r. mccienoBaics cocTaB BOIBI
13 HeboMNbIIHX 03ep B paiione BI'B u eme pa3 orodpana
BOJIa M3 03€pa Ha TIIyOWHE OKOJIO 6 M OT Kpasi BOPOHKH.

I'mapoxumuyeckuii aHanmn3 16-TH 00pa31oB Jbja U
BOJIBI OBLIT BHITIONHEH B JIaboparopuu Gpu3nko-xumMudec-
kux uccnenoanuiit BCEIMTHI'EO (1. 3enensriif, Moc-
KOBCKasi obnactp). Omnpenenenus: 3HaueHUH W30TOIOB
kuciopoaa (6'*0) u nmefitepus (8D) pacmiaBa jbaa
(37 obpasuoB) u o3epHoit Boawl (51 oOpaser) ObLIU
BeINIONIHEHB! B IHCTUTYTE [lomsapHbIx 1 Mopckux uc-
cnenoBanuit uM. A. Berenepa (ITorcoam, ['epmanus).
st 21-ro myOnukara 00pa3IioB KOHTPOJIBHBIE ONpere-
JICHHSI 3HaUCHUI M30TOMOB Kuciaopoaa (8'*0) u aeiire-
pus (8D) BemonHens! B JlabopaTopuy M30TOMHBIX H
simepabix MeronoB BCEITMHI'EO (m. 3enensrit, Moc-
KOBCKasi 001acTh). Pe3ynbraTsl M30TOMHBIX HCCIENO-
BaHUH B JIByX HE3aBUCHUMBIX JITA00PATOPHUAX TTOKA3AIH
XOPOIIYIO CXOMMMOCTb, Pa3HUIIA B 3HAYCHUSX H30TOIOB
kuciopoaa He npesbitmana 0,5%o, a nerrepust 1%o.

Kon1enTpanus Merana B BO3yXe ONpeAeIsuiach B
Kparepe ¢ IOMOIIBIO TTOPTATUBHOI'O T'a30aHAIN3aTOPa BO
BpeMs TIEpBOTO TocereHrs BOpoHku 16.07.2014 1. s
ompeieNieHus] ColiepyKaHusI METaHa B MEP3JIbIX CTEHKaX
BOPOHKH ¥ ()OHOBBIX 3HAYCHHI METaHa B BO3MyXe ObLI
npoBezieH mpodoordop B HostOpe 2014 1. ["a3 u3 my3bIps-
KOB JIbJ]a BBIJICISUICS U KOHCEPBUPOBAJICS METOIOM
«Headspace» (Alperin, Reeburgh, 1985). Onpenenetaue
KOITMYECTBA METaHa BO JIby 10 28 0OpasiiaM BBITIONHE-
HO C ITOMOII[BIO ra30Boro xpomarorpada XIIM-4 ¢ mia-
MEHHO-HOHU3AIIMOHHBIM JIeTeKTOpoM B HCTHTYTE U~
3MKO-XUMHUYECKHX M OMOIIOTHYECKHX MPOOJIEM MOYBO-
Benenust (T. [lymmHo, MockoBckast 001acTh).

PesyabTarsl 1a00paTopHbIX aHAIU30B. IIopodul
opycmeepa u okpecmuocmeii BI'B. Pe3ynbratbl KOM-
TJIEKCHOTO XUMUYECKOT0 aHaimu3a o0pas3ioB mopoy ce-

30HHO-TAJIOrO CJI0S OpycTBepa U Mo MPOodHII0 OT Kpa-
Tepa BOPOHKH 1O 13-TH KOMIOHEHTaM IMOKa3aJio Mpak-
TUYCCKHN HCU3MCHHBIC UX 3HAUYCHUA. CyHIeCTBeHHLIe
Bapuanuu 3HAYCHUH YCTAHOBJICHBI TOJIBKO IJIA MOHA
xiopa. ConepxaHue XJIOp-UOHA B TIOPOAAX, CIATAIOIINX
OpycTBep, U3MeHsoCch ot 16,4 1m0 23,3 MI/KT, a B OT-
JIOKEHUSX BEPXHEHW YacTH CE30HHO-TAJIOTO CJIOS CHa-
Yana yBEJIMYMBAIOCH TI0 MEpe yAaJeHUs OT BOPOHKH
1o 81,8 MI/Kr Ha paccTOSIHUM 26 M, a ajibIlie YMCHb-
IaJI0ch 10 55,8 Mr/kr Ha paccrossHuu 41 M u 10 31,4 mr/
KT Ha paccTossHUU 56 M oT BI'B.

Cmpoenue cmenok eoponku. Ha MoMeHT orpo-
OoBaHHS pa3pe3 CTEHOK BOPOHKH BBITJISZICN CIICAYIO-
muM obpasoM. B «pactpybe» BI'B (ropusonT A)
BCKPBIBAIIUCH CyOBEPTUKAILHO OPHEHTUPOBAHHBIE TIPO-
citou Jibaa TormiHoi 1,0-3,0 cM ¢ BKITFOYEHHSIME OJIOKOB
MUHEpaIbHBIX YaCTHUI] pa3MepoM 2—4 MM, YeperoBaB-
IIIFIECS C MTPOCIIOSIME YUCTOr0 Jibia ToimmmHoi 0,5—1,0 cm.
C ryOuHBI 7 M, B Ieperude CTEHKH K IWINHAPHIECKOH
YacTH 3ajieraia JIMH3a JibJja TOPH30HTa B MOIHOCTRIO
70 3 M ¢ OOJBIIUM KOJTHMYECTBOM IMYy3BIPHKOB BO3/IyXa
Y peIKUMHU TOHKMMH (TONIIUHOM OKoso 1 ¢M) mpociosi-
MH MYTHOI'O 3a CHET MUHECPAJIbHBIX BKJTIOUCHUI JipJa.
Jlen munmuuapuveckoit yactu (ropuzont C) Ha r1you-
Hax oT npuMepHo 10 10 25 M npeacrasist coboit Bep-
THUKAJIBHO-CIIOUCTYIO TOJNILY: JIeJ] C MHHEPaJIbHBIMH
BKITFOYCHUSIMH YEPEIOBAJICS C IPOCIIOSIMU YHCTOTO JIbIa
tommuHo# ot 0,5—1 10 2 cm. Ily3sIppKu raza Bo Jbay
MPAKTHYECKA OTCYTCTBOBAJIH.

H3zomonnwtit cocmae n1v0a BI'B u 600bt u3 ozep.
3HadeHus conepikanus u3otornoB 680 (%o) BO JbIy
CTCHOK BOPOHKH HM3MEHsIOTCS oT —22,5 mo —18,4, oD
or —172,0 1o -142,0, a nefitepuessiii sxcuece (d_ )
ot 5,7 mo 10,7 (tabauma). [ Boasl U3 03epa BHYTPH
BOPOHKH 3HAYEHHS COJICPKaHUs U30TOIOB OT 25 aBryc-
ta 2014 . cocraBmsmu st 880 —19,9%o (cmoit E), a
4yepe3 HECKOIbKO MecsiieB, 9 Hosopsa 2014 . ——19,7%o
(cmoit D), To ecTh Masio U3MEHIUIMCH. 3HAUEHUS COJIEP-
JKaHH A U30TOIIOB BOJbI TYHAPOBEIX O3€p B paﬁOHe BO-
POHKH U3MEHSITUCH B OonbIieit cTernenn s 680 (%o)
or —14,5 no 11,5, ana 6D or —111,2 no —89,6, cpen-
Hee 3Hadenue d_ cocraBmio 3,5.

W3oTomHBIN cOCTaB Jb/ia CTCHOK IpoTa Ha TITyOH-
He 23,8 M (cinoit C) u nen cios A XxapaKTepu30BaJIuCh
ONMM3KUMH 3HAYEHUSIMH, JIen cliosi B ommnyancs Gonee
JICTKUM COCTaBOM U HaI/I6OJ'H)H_[I/IM I[eﬁTepHeBLIM 9KC-
neccoM (cpennee 3nadenue d_ cocrauio 10,5%o).

Honnwtii cocmaeé 600vt u nvoa 6oponuku. Jlen
CTEHOK BOPOHKH W BOJla M3 03epa MPECHBIC U MPaKTH-
4Yeckd He cofepxat conelt mpu pH 6,5-7,1. Munepanu-
3anms Jibja ciost A He pebitnaet 0,18 r/71, ¢ yOuHbI
6,0 M (cmou B u C) MuHepanmu3aius Jibia MEHBIIE U
cocrasiser 0,01-0,1 r/n. Bona U3 o3epa uMeer MUHE-
paynm3zanuto B 2 pasza 6onbiie — 0,29 r/i (cnoit D).

B cocraBe MOHOB BOJIOPACTBOPUMBIX COJIEH BO
npay cnoeB A, Bu C npeobianaer ruapokapOoHAT-HOH
(45—-81%) (puc. 3), a B Boge o3epa (ciou D u E) run-
pokapOoHaT-HOH cocTaBiseT 57%. IoHOB XJ0pa B pa-
CTBOpax OKa3aJoCh MEHBIIE, YeM THUIPOKapOOHATOB,
WX KOJIM4YecTBO He mpeBbimaino 42%. KommuectBo cymb-
(aT-1oHa BO JIbY U BOJIC 03€pa H3MEHSETCS B HEOOIb-
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H3oTonHbIii cOCTAaB NOA3EeMHBIX JILA0B BOPOHKH ra30Boro Briépoca (ciou A, B, C) u o3epnoii Boasl (D, E).
5'30 — 3HaveHns u3oTONMHOrO COCTABA MO Kucyopony; 8D — 3HaueHHsI H30TOITHOI0 COCTABA MO e TepHIo;
d,ys — JefiTepueBblii IKCHECC

Caolimta | oo "0 3D dexs
W ypOBEHD BOJIbI M | N min ‘ mean ‘ max min | mean | max min mean ‘ max
B 03epe %
A 5,8 9 -21,3 | =20,9 | 20,6 | —-165,0 | —161,7 | -159,0 | 6,4 7,7 8,2
B 7,6 9 -22,5 | =222 | 21,7 | -172,0 | -167,0 | -163,0 | 10,0 10,5 10,7
C 18,6 18 -20,6 | —-19,1 | —184 | —157,0 | —146,5 | -142,0 | 5,7 6,7 8,6
C 23,8 9 -20,6 | 20,4 | 20,1 -160,0 | -156,1 | -153,7 | 7,3 8,0 8,6
D 25,5 10 | =199 | -19,7 | -19,3 | —150,2 | —149,2 | -147,0 | 8.6 9,4 10,3
E 35,0 3 -199 | -199 | -19,8 | —150,2 | —149,7 | -149,6 | 9,1 9,4 9,6

Ipumeuanue: N — konudecTBo 00pa3LoB.

moM nuarma3one ot 9 1o 13% (ciou B, C, D), Bo mpay
ciost A cyibdar-uoHa emie MeHble — 5%. KonmnyectBo
HOHOB HaTpusi MeHsieTcs oT 28 mo 70%. Bo nbay
(ciou A, C) uBoze (D) nons! HaTpus MpeodsiaJaroT Hal
OCTaJIbHBIMH, HO JIJIS JibJla Topu3oHTa B cpemy xaTuo-
HOB TNpeo0JIaiaeT KanblUH-HOH, ero MOYTH B J[Ba pasa
oonbie (44%), yuem HaTpuii-uona (28%). B ocrainb-
HBIX 00pas3Iiax JbJla KOMYECTBO KaJbIIHi-HOHA HE TIpe-
BbIasio 13%, a B Boje 03epa MOHOB KajbIMS OBLIO
eme Menbine — 5%. Bo nbay cinos C KonnudecTBO HOHOB
KaJbLIUs M3MEHsUIoCh oT 3 10 23% B o0pasiax, oTo-
OpaHHBIX M3 OIHOTO MOHOJHUTA. KomndecTBO MOHOB
MarHus BO JIbJIy U BOJE 03€pa U3MEHSUIOCH B JHAaIa3o-
He oT 20 10 33% ¥ MaKCHUMAaJbHBIX CBOMX 3HAYECHHUNA
JOCTHTANO Ha rTyouHe 23,8 M.

Cooepicanue memana 6 6030yxe u 6 6030yul-
HbIX ny3bIpbKax 6o nvdy. llokasaHus MOPTATUBHOTO
ra3zoaHajn3aTopa, HaCTPOCHHOr0 Ha OMpeseieHHe Co-
nepxaHus MeraHa B atMocgepe, B utone 2014 1. yBe-
JIUYUBAIKNCH ¢ TiyouHo# ot 0,3-2,8% 10 9,6-9,8%
(26 000-98 000 ppmV) mpu U3MEPEHUU OT TTOBEPXHOC-
TH 10 puaoHHOro Bo3ayxa B BI'B. B Hos0pe 2014 1.
3Ha4YE€HUs colepKaHus MeTaHa B Bo3ayxe B BI'B co-
cTaBisuid 8—16 ppmV o qByM o0pasiiaM, 4To BO MHO-
ro pa3 MeHblIe. B To ke BpeMsi MeraHa B BO3IyXe
BI'B ocraBanoch B HECKOJIBKO pa3 OOJNbIIle, YeM B atT-
Mocdepe, UIsT KOTOPO# cpeHee 3HAYeHHWE METaHa Co-
cTaBiser 2 ppmV.

Bo npay Gonblie Bcero MeraHa oOHapy»X eHO B
cloe A, TJie KOTHYECTBO METaHa B My3bIPhKax BO3IyXa
coctaBisio ot 683,5 no 1794,5 ppmV, B cpennem
1286,5 ppmV. Huxe, coorBercTBeHHO B ciosix B u C,
KOJINYECTBO METaHa B BO3AYIIHBIX ITy3bIPbKax MO pas-
pe3y mout B 50 pa3 MEHBIIEC U HE3HAYUTEITHHO MCHSI-
ercs 1o TIyOuHe, B cpemaHeM cocrapisis 19,0 ppmV.
KomnuectBo MeTana B my3bIpbKax JibJia ¢ OJHOM M TOM
xe Tryouns (18,6 M) Ha paccTOSHUH 2 M MEHSJIOCHh Ha
10 ppmV B 3aBHCHUMOCTH OT KOJTMYECTBA BKIIOUCHHBIX
IIy3bIPHKOB M MUHEpAJBHBIX IIpUMeECEN BO Jbpay. bonee
YHUCTBII CTEKJIIOBUAHBIN Jef comepxxan 28,4 ppmV (B
CpeIHEM II0 IIECTH 00pasiaM), a Jiex ¢ CyMMapHO 00JIb-
MM KOJIMYECTBOM MHWHEPANBbHBIX BKIIOUCHUH TONBKO
19,6 ppmV (B cpemnem 1o nsata odpaszuam). Coxepxa-
HUE METaHa B BO3IYIIHBIX ITy3bIPbKaxX BO JIbIy CTEHOK
BOPOHKHU ITPEBBILIAET €r0 3Ha4eHus B Bo3nyxe BI'B.

Oocyxaenne pe3yabraroB. JIbabl, HaOJIIOJaBIIN-
ecst B creHkax BI'B B pasHoe Bpems, OTJIMYAIUCh HA
TMEPBbIX TalNaxX UCCIeJOBAHUS BEPTUKAIBLHON CIIOMCTO-
CTBIO, CBHJICTENILCTBOBABILICH O leopManiii U3HAYAIb-
HO F'OPU30HTAIBHOM CJIOUCTOM TONIIH, BMELIAIOIIEH JIE.
3T0 MOATBEPAMIIOCH, Korna JNeOpMUPOBAHHBIE CIIOH
OTTasJIM, BOPOHKA YaCTUYHO 3aIOJIHUIACH BOJOH U B
BEpXHEH YacTH CTEHKU OOHAXKMIIUCH TUIACTOBBIC JIbJIbI
C CyOropH30HTaIbHON CIIOMCTOCTBhIO. MaTrepuaisl pe-
THOHAJBHBIX HCCIENOBAHUM MO IMJIACTOBBIM JIbAAM U
MOBEPXHOCTHBIM BoJiaM LleHTpanbHOro m 3amagHoro
SImana mo3BOJISIOT MO XapaKTepy CIOMCTOCTH U PACIIO-
JIOKEHUI0 MUHEPATbHBIX BKIIOUEHUH BO JIbAY CTEHOK
BI'B oTHecTH uX K IpyIIe paHee ONKMCaHHbIX IJ1acTo-
BBIX JhJ0B SMaina [Ctpenernkas ¢ coast., 2006; 2013;
Kpuiyk, 2010; Leibman et al., 2011].

MuHepanu3aliys Jibjia creHok Boporku 0,01-0,18 r/m,
Kak ¥ y OOJNBIIMHCTBA TIACTOBBIX 3aiexell SIMana He
npessiaer 0,3 r/n no 168 nmpobam [Dotues, 1999] u
COOTBETCTBYET MUHEpAJIH3allUU CIOUCTOTO IJIACTOBO-
ro JIbJa B pailoHe moispHoOW ctaHuuu Mappe-Caie
(0,04-0,18 r/m) [Crpenerkas ¢ coat., 2013]. B cocra-
BE MOHOB BOAOPACTBOPHUMBIX COJIEH BO JIbJIy BOPOHKH,
KakK ¥ B IIeJIOM IS YIBTPAPECHBIX MJIACTOBBIX JbJI0B
SImana, TONOBHHA aHUOHOB MPUXOIUTCS HA THIPOKAp-
Oonar-uoH (puc. 3, a, 6). Konnuectro xsop-nona (14—
42%) u cynbdar-uona (5—13%) Bo JibJly CTEHOK BOPOH-
KM TaKOe e MJIN HECKOIbKO MEHbIIIE, UM B IJIACTOBBIX
npaax Smana (B cpeanem 37 u 13% cOOTBETCTBEHHO).
Maruuii-noHa Bo BCex 00pasiax jbaa CTCHKA BOPOHKHU
OBUIO CTONIBKO €, CKOJIBKO B CIOUCTHIX IJIACTOBBIX
npaax B paiione Mappe-Casie, 1 CTONBKO K€ HOHOB Ha-
Tpus U Kanuga (54-70%), HO B 2 pa3a MeHbIIIE HOHOB
Kanblys. Vckirouenue coctasisieT aeq ciios B: konu-
YeCTBO KaJbI[Ui-uoHa B HeM gocturaer 44%, 4ro sB-
JIieTCsl KOCBEHHBIM CBHJIETEIBCTBOM Yy4acTUS aTMOC-
(epHBIX BOZI B POPMUPOBAHHH DTOTO JIESTHOTO TeNa.

3Ha4YeHUs H30TOMHOIO COCTaBa Jib/ia CTEHOK BOPOH-
KM U BOJIBI M3 03€pa B BOPOHKE COMOCTABJIEHBI C 3HAUeE-
HUSMHU U30TOITHOTO COCTaBa MOJ3EMHBIX JIbI0B paiioHa
Mappe-Caje u miobanbHON JIMHUEH METEOPHBIX BOI
(puc. 4). 3HayeHust cTaOMILHBIX H30TOIOB JIbJa CTEHKU
BOPOHKH U B CJIOMCTBIX IIACTOBBIX JibJIax B paiione Map-
pe-Care okazasiock B OnuskoM auanaszone (puc. 4, I11),
Kak M 3Ha4EHUS JlelTepueBoro skcrecca. OmHAKO JbbI
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Puc. 3. Cpenuuii HOHHO-CONIEBOH COCTAB JIbJa CTEHOK BOPOHKHU U IUIACTOBBIX

JIbI0B SIMaja. a — aHHOHBI, 0 — KaTHOHBI. YCIOBHbIC 0003HAUYCHHUS: JICI W3

BOPOHKH: / — rOpu30HT A (mry6una 5,8 M); 2 — ropusoHT B (my6una 7,9 m);

3 — ropusonTt C (mmyouna 18,6 m); 4 —ropuszont C (myouna 23,8 m); 5 — Je-

norpyHtoBas Tonufa, Mappe-Cane; 6 — miactoBble JIbAbl 3anaaHoro Smana
(mo C.M. ®oruesy, 1999)

Fig. 3. Mean ion-salt composition of ice from the crater walls and the massive

ice of the Yamal Peninsula: a — anions, 0 — cations; crater ice: / — A layer

(5,8 m), 2— B layer (7,9 m). 3 — C layer (18,6 m), 4 — D layer (23,8 m); 5 —

ice-ground layer, Marre-Sale; 6 — massive ice of the Yamal Peninsula
(after S.M. Fotiev, 1999)

cTteHOoK BI'B oTiimuarorcst OT CTeKI0BUIHBIX I1J1a-
CTOBBIX JIB0B (puc. 4, V), IEPEeKpPHITHIX 3aCONEH-
HBIMHA MOPCKUMH TIIMHAMH, U OT IOJTUTOHAIBHO-
KHJTBHBIX JIB/IOB TOJIOIIEHOBOTO M BEPXHEHEOIJIEH-
cTorieHoBoro Bozpacra (puc. 4, [u IV). 3nauenus
CTaOMIIBHBIX M30TOTOB KUCIIOPOJA U JeHTepus
JIbJIa CTEHOK BOPOHKH XOPOIIO KOPPETHUPYIOT C
JTAaHHBIMH, TIOY4YEeHHBIMH IO HETTYOOKO 3aJera-
IOIMM TUTACTOBBIM 3ajie)kaM B TOJILE TpeThei
teppackl p. Cesxa (MyrtHas) B paiione bosanen-
KOBCKOTO MECTOPOXKJCHHSI, HO OTIUYAIOTCS OT
TTACTOBBIX JIBJIOB C TITYOUHBI 28 M, TEPEKPBITHIX
MOPCKMMH TJIMHAMH B TOM ke paiione [Bacuib-
YyK ¢ coaBT., 2009].

[o 3Ha4eHAM H30TOITHOTO COCTaBa BOIBI U3
03epa BOPOHKH MOKHO IIPENTTONIOAKHTh, YTO BOPOHKA
3aroHAeTCsS BOJOM M OTpa)kaeT CMECh U3 Taro-
IIHX CIOEB JIbJIA CTEHOK C PA3TMYHBIM H30TOMHBIM
COCTaBOM. 3HAYEHUS CTAOMIIBLHBIX HM30TOIIOB BOI
03ep, pacroIOKeHHBIX HEAJIEKO OT BOPOHKH, pe3-
KO OTJIMYAIOTCS OT BOJBI M3 03€pa BOPOHKH.

KonnenTparmst Metana BO JIbAy CTEHKH BO-
POHKH B HEMHOTHX TIPOaHaIN3UPOBAHHBIX 00pa3-
[[aX Ha TOPSAAOK MEHbIIIE, YeM B CIOHUCTBIX IUIac-
TOBBIX JIbJIaX B paiione Mappe-Caie, [Bacuibe
¢ coaBT., 2015]. Beicokoe coneprkaHne MeTaHa B
TUTACTOBBIX JIbJAX SIBJISIETCS PE3YJIBTATOM €0 MHT -
panyy U3 BMEIAIOMIKX TTOPOJ] M KOHIIEHTPHUpPOBa-
HUA B nensHoMm tene. B cioyuyae BI'B meran, Bu-
JIMO, KOHIIEHTPUPOBAJICS M 3aITONHSUT TIOII0CTh, KO-
Topast GUKCHPYETCsI 10 HATUYHUIO «TPOTa» (pHC. 2)
BHYTpH JiensiHoro Tena. [Ipu o6pa3zoBaHny BOPOH-
KU METaH IOJTHOCTBIO BBIIIEN Ha TTOBEPXHOCTH U
cMeraics ¢ Bo3ayxoM. O ToM, YTO B BOPOHKE Ha-
XOZIMJICSA Ta3, B TOM YHCJIe METaH, CBUCTEIILCTRY-
10T OONBIIINE 3HAYCHUSI KOHIICH TPAITIH Ta3a, 3a(HK-
CHpOBaHHBIE T'a30aHANN3ATOPOM IIPH TIEPBOM TIO-
CenmeHnn BOpPOHKU B aBrycte 2014 r., u
TIOBBIIIEHHOE COJIEpKAHUE METaHa B BO3AYXE BHYT-
pH BOPOHKH, yCTaHOBIIeHHOE B Hosiope 2014 1. B
Iy3bIpbKaXxX BO3IyXa BO JIbAY CJIOS1 A MeTaHa ObLIO
BO MHOr0 pa3 0oJblie, ueM B armochepe. [1o Ha-
IIUM JTAaHHBIM, JIeJ] CJI0A A U JIe/l U3 CTEHKH TpoTa
Ha Tiryoune 28,3 M (cnoii C) umerot OIi3Kuii U30-
TOIMTHBIM U XUMHYECKHH COCTaB, UTO ITO3BOIISICT
nperonarath Ux oommmii renesuc. Cioir A — 310
TIepEMEIIIEHHBIN TIPU B3pbIBE BOPOHKH CJIOH JIbJIa C
r1yonHbl. OO0 3TOM CBHJIETENBCTBYET M TO, UTO
3Ta JMH3a JbJa MOTHOCTHIO HCYe3lia IPU OTCTY-
MaHWH CTEHOK BOPOHKH, TO €CTh CYIIECTBOBAJA
TOJBKO B TPaHUIAX MPE/IIECTBOBABIIIETO BOPOH-
ke Oyrpa. Ha To, 9T0 N3 BOpOHKH ()OHTAaHUPOBA-
J1a CMeCh Ta3a, JIb/1a U MUHEePaJIM30BaHHOM BOIBI,
CBUJIETEIBCTBYET MOBBIIIEHHOE COJAEpKAHUE
HOHOB XJIOpa, 3a(pUKCUPOBaHHOE HA PACCTOSHUN
26,0—41,0 M OT BOPOHKH, B pauyce MaKCUMalh-
HOT'0 BBIOPOCA ITOPOJIBI.

BriBoabI:

— MOJy4YEeHHBbIE Pe3yAbTaThl MO3BOJIUIIN:
(1) comocTaBUTh pe3yNbTaThl UCCIEAOBAHUS JIbIA
creHok BI'B ¢ pesynpraramu ucciaeqoBaHui mos-
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Puc. 4. V30TonHbBIN coCTaB MOA3EMHBIX JIbIOB B paiioHe MereoctaHiun Mappe-Caie, moA3eMHBIX JIbIOB BOPOHKH T'a30BOTO BBIOpoca U

03epHOI1 BoJie B BOpOHKeE. J[iana3oHbl 3HaY€HUI H30TOMMHOTO COCTaBa: | — ONMUTIOHANBbHO-KIIIBHBIE JIbbI HEOIIEHCTOIIEHOBOTO BO3PacTa,

Mappe-Caure, Il — nimacToBblii jieq U3 CTeHOK BOopoHKH, Il — ciioucteiit miuactoelit sien, Mappe-Caine, IV — nonuroHanbHO-KUIbHBIE JIbIbI

TOJIOLICHOBOr0 Bo3pacta, Mappe-Caie, V — IIacTOBbI CTEKIOBUAHBIN Jen, Mappe-Cane. YepHbIMU TOUYKaMH IOKa3aHbl 3HAUEHHS U30-

TOITHOTO COCTaBa JibJla CTEHOK BOPOHKH M BOZBI B 03epe. ByKBBI COOTBETCTBYIOT ropu3oHTaM Jbaa (A, B, C) u ypoBHSIM BOABI B Kparepe:
D — asryct 2014 r; E — HOs16pb 2014 1. (cM. Tabn. u puc. 1). [JIMB — rmobanbpHast TMHUAS METEOPHBIX BOI

Fig. 4. Isotope composition of the ground ice in the Marre-Sale area, the ground ice of the gas-emission crater and the lake water in the

crater. Range of the isotope composition values: I — Neo-Pleistocene polygonal ice wedges, Marre-Sale, Il — massive ice from the crater

walls, III — layered massive ice, Marre-Sale, IV — Holocene polygonal ice wedges, Marre-Sale, V — massive glassy ice, Marre-Sale. Black

dots are for the isotope composition values in the ice from the crater walls and the lake water. Letters indicate the ice layers (A, B, C)
and water levels in the crater: D — August 2014, E — November 2014. GMWL — Global Meteoric Water Line

3EMHBIX JIbJIOB, TOBEPXHOCTHBIX U aTMOC(EPHBIX BOJI
SImana; (2) yCTaHOBUTh MECTO KOHIIEHTPAIMU Tra3a;
(3) OOBSACHUTH pa3auuue MEKIY 00bEMOM BOPOHKH U
00BEMOM BBIOPOIICHHOT'O Marepuana; (4) OleHUTh Be-
POSTHOCTh BOSHMKHOBEHHS TIOIO0OHOrO mpoiiecca B Oy-
JyIIeM;

— MOIIHBIE, 3aJIerarolnue HErTyOOKO OT TIOBEPXHO-
CTH, JIMH3BI MPECHOT'O TUTACTOBOTO JIbJIa — XapaKTepHast
0COOEHHOCTHh YETBEPTUYHOTO pa3pe3a MOIyoCTpoBa
Sman, B ToM uncine u s paiiona BI'B;

— TaK KaK MU30TOMHBII cOCTaB JIbJ]a CTEHOK BOPOH-
KW 3HA4YMTENHHO Jierdye, 4eM o3epHas Boja Smana, To
COBpPEMEHHBIE O3epHBIC BOIBI HE MOTIH OBITh UCTOY-
HUKOM BOJIBI ITPH ()OPMHUPOBAHUH JIba BOPOHKU;

— cymiecTBOBaHHE M (hopMa «rpoTa» Ha IyOuHE
20 M, UMEIOIIEro OONBIIMI AUAMETpP, YeM KEpJIo BO-
POHKH, CBUICTEIBCTBYET O MTOJIOCTH, B KOTOPOH MOT Ha-
KarTMBaThCs Ta3 M HAXOJUTHCS MUHEPaM30BaHHAS
BOJIa, KPUOIIAT. MeTaH HaXOuJIcs B TIOJIOCTHA BOPOHKH JI0

ee paspylIeHus, 00 dTOM CBUIETEIBCTBYIOT €ro BHICO-
KOE CcofiepKaHUe B BO3/IyXe BHYTPHU KpaTepa BOPOHKH B
utose 2014 1. u pe3koe yMEHBIIIEHHE ITOTO MOKa3aTeNs
B HOsi0pe 2014 1. O HaKOIJICHMM METaHa BO JIbAY Ha
ITyOWHE CBUJIETENLCTBYET H BEICOKOE €r0 COoJepiKaHne
B BO3JYIIHBIX ITy3bIPhKaX CAMOT0 BEPXHETO CIIOS JIbJa
(A), KOTOpBIN OBUT OAHAT Ha MOBEPXHOCTH TPH B3PHI-
BE M JIOKaJIM30BaJcs B TpaHMIIax Oyrpa, paspyluarorie-
rocsl cefyac Ha IOBEPXHOCTH;

— O CYIIIECTBOBAHHH JINH3bI MUHEPAITN30BAHHOM BOJIBI
" €€ N3JIMTHUHN Ha MOBEPXHOCTD IIPU B3PBIBE CBUACTEIIb-
CTBYeT IOBBIIICHHAS] KOHIIEHTPAIIUS XJIOP-FOHA B ITOPOIax
CE30HHO-TAJIOTO CJI051 Ha paccTostHUH 26,0 M OT BOPOHKH;

— IIPEIIONOKUTENHEHO, UMEHHO TIpoliecc (OpMUPO-
BaHUs, paCIIMPCHUA U 3aIT10JITHCHU S BOPOHOK, aKTHBHOCTD
KOTOPOT'0 OTHOCUTCS K HanuboJee TEroMy Iepruoy ro-
norieHa (mpumepHo 10-8 ThIC. JeT Ha3am), OTBEUaeT 3a
¢dopmupoBaHue yacTH o3ep SIMarna, HMEIONIUX OKPYT-
Jy10 (GOpMy U aHOMAJIbHYIO ITIYOHHY.

Brazooapnuocmu. ABtopbl 61arofapsT pelieH3eHTOB 32 [IEHHBIE COBETHI U 3aMeYaHusl. ABTOPBI IIPU3HATEIb-

HbI PoccuiickoMmy nieHTpy ocBoeHns ApkTuku (Canexap) 3a OpraHU3alHio MOJeBbIX UCCIEOBAaHUI Ha BOPOHKE U
YacTHYHOE (PMHAHCHPOBAHNUE JIAOOPATOPHBIX Pa0boT, HCTUTYTY MONSAPHBIX U MOPCKHX MccienoBanuii um. A. Bere-
Hepa ([Torcnam, ['epmanus) 3a M30TOMHBIE aHATHM3EI BOJBI M PACIIIIABOB Jibaa, HCTUTYTY QU3UKO-XUMHUECKUAX U
Ouonornueckux npoonem nouoBeneHus ([1ymuHo) 3a onpeneneHus] KOMMYeCTBa METaHa BO JIbIY U BO3IYXE.

PaGora BeimonHeHa npu ¢puHaHcoBoi moanepkke PHO (Ne 16-17-10203). JaHHbIE 1O MJIACTOBBIM JIbJaM
Mappe-Cane nonydeHbl B pamkax npoekrta PODU Ne 16-05-00612 A, HUP I'3 1.5. «M3meHeHue kpuocdepsl
3eMuH TIOJ1 BIMSIHAEM MTPUPOAHBIX (PAKTOPOB M TEXHOTCHE3a.
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L.D. Streletskaya !, M.O. Leibman?, A.I. Kizyakov?,
G.E. Oblogov*, A.A. Vasiliev®, A.V. Khomutov®,
Y.A. Dvornikov’

GROUND ICE AND ITS ROLE IN THE FORMATION
OF GAS-EMISSION CRATER IN THE YAMAL PENINSULA

The results of hydro-geochemical and isotopic studies of tabular ground ice and crater-lake water
from the gas-emission crater in the Yamal Peninsula are analyzed. These data are compared with the results
of similar studies of tabular and ice-wedge ice, as well as surface and atmospheric waters of the Yamal
Peninsula. Similarity in the isotopic and ionic composition of the crater tabular ground ice and stratified
tabular ice of Marre-Sale area was found, in contrast to the ionic and isotopic composition of surface and
atmospheric waters, as well as polygonal ice wedges in the region.
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