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HNOCTYIIVIEHUE OPTAHUYECKOTI'O BEIHLIECTBA B 3AJIUB BYOP-XAS
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[IpuBonsTCSst pe3yabTaThl HCCIEA0BAHMS OPIrAHHYECKOTO BEIIECTBA B OSPETOBBIX M JOHHBIX OTIOKEHUSIX
3anuBa byop-Xas (Mope JlanTeBbix). YCTaHOBIICHBI 3aKOHOMEPHOCTH PACIIPEACIICHHS OPraHMIeCKOTo MaTepuaa
B IpUOpexKHO-11eTb()OBOI 30HE, MPHUIIETAIOIICH K JIBAUCTBHIM OeperaM. bepera, ciioxeHHBbIE J1€JOBBIM KOMILIEK-
COM, 10 CPaBHEHHIO € IPyTUMH THIIAMH OEPEroB MOCTABIISAIOT B MOPE HANOOJbIIIee KOTUIECTBO OPTaHUIECKOTO
Marepuala, CpeaHee CoAepKaHHe KOTOPOTrO B ATUX TOJIIAX COCTABISIET OKoJO 2—3 mac. %. B mpuOpexHoit
MEJIKOBOJIHOW 30HE JOHHBIC OTIIOKEHUSI CYIICCTBEHHO 00CIHEHBI Copl_ (0.1—0.3 %) B CBsI3U C aKTHBHBIM IIepe-
MBIBOM OTJIOKCHUH U MepeMelleHHeM TOHKOAUCIEPCHOIO MaTepuaia, B MEpBYI0 Odepellb OpraHU4YecKoro, B
CTOPOHY 0OJIBIINX IIyOHH MOps. OTMEYaeTCs OTYETIMBOE MOBbILICHHE KOHUEHTpatuu C B JOHHBIX 0CaJKax
10 Mepe yBeIn4YeHus ryouH Mops 10 7—10 M Ha pacctosHuM 5—12 KM OT Oepera, Iie colepKaHue yriepoaa
cocraBisieT 1—2 %. B nmpuycTheBbIX YacTIX MOPCKOH aKBaTOPUH YaCTO BO3HUKAIOT JIOKAIBHBIC AaHOMAJIUH, T1Ie
xoxuentpanuu C,, nocruraror 4—>5 %. HanGonbiune koHuenTpauuy C,, yCTaHaBIMBAIOTCS B COBPEMEHHBIX
MOPCKHX OTIOKCHUSAX — B LCHTPAJIbHBIX, OTHOCUTENLHO [1yOOKHX 4acTsx 3amuBos (C , 10 3 %).

Jonunvie omaosicenus, opeanuyeckull y2nepoo, OpeaHuieckull azon, usomonsvl y2uepood, U30monst a3o-
ma, Apkmuxa, mope Jlanmeguix.

INPUT OF ORGANIC MATTER TO THE BUOR-KHAYA GULF
(Laptev Sea)

T.V. Pogodaeva, T.V. Khodzher, N.A. Zhuchenko, M.N. Grigoriev, V.S. Panov, and G.T. Maksimov

We present results of study of organic matter in the coastal and bottom sediments of the Laptev Sea (Bu-
or-Khaya Gulf). The study has shown the regularities of organic-matter distribution in the shelf zone adjacent
to the glacial coast. The coast composed of a glacial rock complex supplies the largest amount of organic mate-
rial to the sea as compared with other types of the coast. The average content of organic matter in these strata
is ~2—3 wt.%. The bottom sediments of the shallow littoral zone are significantly depleted in organic carbon
(0.1—0.3%) as a result of their active rewashing and the transition of finely dispersed material (mainly organic
one) toward the deep sea zones. The content of organic carbon in the bottom sediments increases to 1—2% as
the sea deepens to 7—10 m at 5—12 km from the coast. There are frequent local anomalies of organic-carbon
contents (up to 4—5%) in the deltaic zones of the sea. The highest contents of organic carbon (up to 3%) have
been found in the recent marine sediments in the central, relatively deep zones of the bays.

Bottom sediments, organic carbon, organic nitrogen, carbon isotopes, nitrogen isotopes, Arctic, Laptev Sea

BBEJIEHUE

B mocneiane rojibl, 0cOOCHHO B CBSI3U ¢ IPOTHO3UPYEMBIM MMOTEIJICHUEM KIIMMaTa B APKTHKE, OOJIbIION
WHTEPEC MPOSBISACTCS K TAHHBIM O TIOCTYIJICHUH B APKTUYECKHI OacceiiH OpraHuYecKoro yriepoia, KOTOPhIi
SIBIIICTCSI ICTOYHUKOM TTapHUKOBBIX ra3oB [Naidu, 1985; Pomankerud, Berpos, 2001; Guo, Macdonald, 2006;
Schuur et al., 2008; Bense et al., 2009; Frey, McClelland, 2009; Richter-Menge, Overland, 2010; Gustafsson et
al., 2011; Achberger et al., 2013]. JlocToBepHO YCTaHOBJIEHO, YTO JOMHHUPYIOIMMMH HCTOYHUKAMH TEPPUTEH-
HOT'O BBIHOCA OPraHMYECKOTO YIIIepoda B apKTHUECKUE MOPS ABIIIIOTCS PEYHOM TBEPABIH CTOK M IIOTOK HaHO-
coB u3 Oeperos [Ilyiickuii, 1983; Reimnitz et al., 1988; Are, 1999; Rachold et al., 2000, 2004; I'puropnes,
Kynuukwuit, 2000; Grigoriev et al., 2001, 2004a; Grigoriev, Rachold, 2003; Eicken, 2004; Stein, Macdonald,
2004; T'puropees, 2004; Guo et al., 2007; Charkin et al., 2011]. Ha 3HaunTeIbHOM MPOTSHKEHUN TTOOEPEIKDSI
APKTHUYECKUX MOpEH, 0COOCHHO B BOCTOYHOU YacTH PD, ClI0XKEHbI JbAUCTHIMU MOPOJAaMH (TaK Ha3bIBAEMBbIi
«JICIOBBII KOMIUIEKCY) H OTJIOKCHUSIMH TEPMOKapCTOBEIX nenpeccuil [['puroprses, Kynumkuii, 2000; Grigoriev
et al., 2001, 2004b; Grigoriev, Rachold, 2003; I"puropres, 2004]. B cry Hanmwgus B 3THX MOPOAAX MHOTOYHC-
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JICHHBIX PACTUTEIBHBIX OCTATKOB, HAITPUMEP TOP(HSHBIX CKOILJICHUH, OHU XapaKTEePHU3YIOTCS 10CTaTOYHO BHICO-
KHM COJIep)KaHHEeM OPraHMYecKoro yriepoja. BciencTBue akTHBHOTO pa3pylieHUs OeperoB, B OCOOCHHOCTH
JIEI0BOr0 KOMIUIEKCA, HAa 3HAYUTEIbHON YacTH Ipuiieraromero meinbha GopMUPYIOTCS CyCHEH3UOHHBIE [TOTO-
KH, XOPOIIIO 3aMETHBIC Ha KOCMUYeCKHUX CHUMKax [http//www.visibleearth.nasa.gov]. B 6onee riy0okue yacTu
MOpS IPUBHOC OCAJIKOB (M OPraHUYECKOro yriiepoa) OCyIIEeCTBIsAeTCS NPUIOHHBIMI TEUEHUSMH B BHJIE TIepe-
MEIICHHS B3BECEH M BIEKOMOT'O JOHHOTO MaTepHaia, B OCHOBHOM B CTOPOHY YBEIHYCHHUS TIyOHH MOpSI, CO-
IJIacysich ¢ OaTUMETPUIECKUMHE MapamMeTpaMu u penbedom mHa. [lo MHeHUIO psiga mccnenosateneit [Cesep-
HBIU. .., 1985; PexanT, 2001; Rekant, 2002], o0CHOBHBIMH apTEpHUSMH, 110 KOTOPHIM TPAHCIIOPTUPYETCs OOJIbIIIAsT
9acTh JOHHBIX OCAIKOB, SIBIISTIOTCS JTOJUHBI AJICOPEK, KOTOPHIC CPOPMUPOBATIHCE B ATIOXH 3BIPSHCKOH, cCapTaH-
CKOH U NpenpIiylux perpeccuit Mopsi.

Jlist neTanbHOTrO U3yUYeHMs 3TUX MPOIECCOB KaK HEeNb3s JIydlle MoaxoauT ryda byop-Xasi, pacrnonoxes-
Has B IIEHTPaJbHON YacTu Mops JlanTeBbIX. 3a cYET TBEPIOro CTOKA KPYMHON cHOMPCKOH pexu JIeHbl 31ech
(hopMupyeTcs MoABOAHOE MPOJIOJIKEHHE ee AeabThl. OKOJI0 TPETH NPOTSHKEHHOCTH MOOEpEKbs ryObl XapakTe-
pU3YyIOTCA KpyThIMH KiH(aMu BbICOTON 710 40 M, CII0KEHHBIMU MOPOJAMHU JIEAOBOTO KOMILJIEKCa, KOTOPbIE WH-
TEHCHBHO IepepadaThIBalOTC MpolieccaMu TepMoabpasu, MaKCUMallbHbleé CKOPOCTH KOTOPOW JIOCTHUTArOT
10—20 ™ B rog, Hanpumep, Ha 0. Myoctax [['puropses, Kynunxkuii, 2000]. B nocnennue 10—15 net temiisl
pa3pyLICHHUS JIbAUCTHIX OEPErOB CYIIECTBCHHO YBEIHMUYMIUCE [ "puropses u 1p., 2006]. DTo cBA3BIBaETCA C TO-
BBIIICHUAEM JICTHEH MPU3EMHOM TEMIIepaTyphl BO3AyXa B PETHOHE, HEOONIBIINM YBEINICHHEM MOIIHOCTH Ce-
30HHO-TAJIOTO CJIOSI Ha OEPErOBBIX CKIOHAX, & TAKXKe C MOBBIIICHHEM IITOPMOBOW aKTHBHOCTH B APKTHKE B
CBSI3U C CYIIECTBEHHBIM PACIIMPEHUEM CBOOOIHOM OT CIUTOUCHHBIX JIBJIOB 30HBI AKBATOPUH B JICTHUH CE30H.

JIpucTeie MOpCKHE Oepera TakKe XapaKTEePHBI Ul ATBTH JICHBI, TJe CPEeHEr0I0Bast CKOPOCTh OTCTY-
uieHus 6eperos coctanisieT 2—3 m/rox [['puropses, 1993]. IlocTynaronmii B MOPCKYIO aKBaTOPHIO TEPPUTEH-
HBI MaTepuall COJIEPKUT OOJIBIIIOE KOJINYECTBO OPraHMYECKOTO BEIECTBA, MPHYEM €ro MOTOK, B CBS3H C
yculieHHeM OeperoBoii 9po3uu, BospactraeT. OHa U3 3a/1a4 — BBIIBUTH OCOOCHHOCTH PacIpe/IeleHUs] OpTaHu-
YeCKOTo BElIeCTBa B OEPeroBoi 30He U 3aKOHOMEPHOCTH €T0 PaCIPOCTPaHEHHS U OCAKACHUS Ha MPUOPEIKHOM
menbde.

MATEPHUAJIBI U METOJbI

ITonessle paboTel Ha mobepexbe U menbde ryos byop-Xas mops JlanTeBeix ObuTH NpoBeaeHb MHCTH-
tytoM MmepaiortoBeneHuss CO PAH B 2010—2013 rr. (puc. 1). BypoBble 3KCHIETUITH 10 U3YYCHHUIO JOHHBIX
0CaJIKOB B IICHTPaIbHON YacTu ry0Obl Byop-Xas mpoBeIeHbI COBMECTHO ¢ KoJuteraMu U3 THX0OKeaHCKOTo OKe-
anonorudeckoro nHctutyTa JIBO PAH, MOCKOBCKOTO rOCYAapCTBEHHOr0 yHUBEpcuTeTa 1 MHCTUTYTA mOJsip-
HBIX ¥ MOPCKHX HcclienoBannit uM. Anbdpena Berenepa (I'epmanms).

B aBrycre 2010 r. B TepM0oabpa3uBHOI OeperoBoii 30He 3amajHoOro nodepexps mn-osa byop-Xas, cio-
JKEHHBIX JIbJAUCTBIMU MOPOJAMH C MOIIHBIMH MOBTOPHO-XMJIBHBIMHU JIBJIAMH, 110 CEMU MPOQUISIM OBLJIO OTO-
Opano 137 nmpoO MOBEPXHOCTHBIX OTIIOKEHNH. OOpa3iibl 0TOOpaHbI U3 OEperoBOil 30HBI M B MpeJIeiax MoJIBO-
THOTO OeperoBoro CKJIOHA Ha yaaneHuH B Mope 1m0 10 kM mo ogHmMm u TeM ke npodwriM. Yacts mpobd
otoOpaHa B p. Opto-CTaH U ee ycTbe.

B ampene 2011 . Ha npubpexHOM mIenbde OypeHreM ¢ MOPCKOTO JibAa ObIIT BCKPHIT SO-METPOBBIN pas-
pe3 IOHHBIX TPYHTOB B 17.5 KM Ha ceBepo-BOCTOK OT 0. MyocTax (koopauHaTel: 71°41'33.4" N, 130°22'00.2" E).
[Toy4eH KepH AOHHBIX OTIOXKEHHUH U3 KOTOPOro oToopaus! 62 npobdsl. 13 Geperosoro odHaxkeHust M. Myocrax
(BeIKOBCKHI TTOITyocTpoB) 0ToOpaHo 11 po6. KoopanuaTe! oT60pa oOpasios: 71°42'18.67" N, 129°35'45.57" E.

B ampene 2012 r. mony4deH KepH TalbIX U MHOTOJCTHEMEP3JIbIX JOHHBIX OTIOXKEHUH u3 50-MeTpoBoit
KOJIOHKH CKBKMHBI BOJIN3H 3aI1aTHOT0 odepexbst ryOsl byop-Xas (koopanHate! 71°2520.4" N, 132°05'04,9" E).
W3 sTux Tomur oToOpaHbl 34 ook

B aBrycre 2012 1. u3 GeperoBoro ycrymna o. Myocrtax (Ha CeBEpO-BOCTOYHOM €T0 TT0OEPEKbe) BHICOTON
19 M, mpeACTaBICHHOTO JIEAOBBIM KOMIIJIEKCOM C MOIIHBIMU MTOBTOPHO-KIJIBHBIMHU JIBAAMH, & TAK:KE Ha MpU-
neratomieM wspke (paspes M-11-2012, koopaunatel 71°35'41.9" N, 129°59'41.7" E) (cm. puc. 1) O6bu10 0TOOpa-
HO 28 Tp0O0 MOBEPXHOCTHBIX OTJIOKCHHM.

B anpene 2013 r. mpoOypeHs! 1BE CKBAXHHBI TI0 MPOGHUITIO OT CEBEPHOT0 MbIca 0. MyocTax K BeIKOBCKO-
My TioiryocTpoBy (cM. puc. 1) (30-metpoBas ckB. II D-13 u 20-meTtpoBas ckB. [V D-13). M3 OHHBIX OTIIOKEHUIA
otobpano 23 u 12 npob coorBercTBeHHO. Kpome Toro, mpoOypeHa 40-MeTpoBasi CKBaKMHA Ha CaMOM BBIKOB-
CKOM IOJIYOCTPOBE, B LIeHTpe VIBAIIKWHOMN NaryHsl, MPeACTABIAIONIEH co00i ObIBIIEE TEPMOKAPCTOBOE 03€PO,
MOJIBEP’)KEHHOE BPEMEHHOMY BIIMSIHUIO MOpsi. M3 noHHBIX oTiioskeHu# ckB. V D-13 otoOpaHno 18 mpoo.

B aBrycte 2013 r. B mpoause (cM. puc. 1), 3amagHee 0. Myocrtax, 0ToOpaHbl MPOOBI JJOHHOTO MOBEPX-
HOCTHOT'O I'PYyHTA.

[TpoOs1 OBLTH B3SITHI HA PA3TUYHBIC BHUIBI aHAIU30B, BKITIOYAs ONPEICICHUS KOHIICHTPAIIMHA OpraHnde-
CKOTO yriiepona, a3ota, otHomreHus C/N.
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Puc. 1. 3anus Byop-Xast mops JlanTeBbIX.

Kapra-cxema or6opa npoo.

Conepxanne opranmdeckoro yriepona (C, ) u asora (Nopr) B MMpo0ax OMNpeesuI B aKKPEIUTOBAHHOM
(Ne POCC RU. 0001.513855) nabopaTopuu THAPOXUMHUHN U XUMHUH atMochepbl JIMMHOIOrHYeCKOro HHCTUTYTA
CO PAH meTo1oM KaTaTUTHYECKOTO BBICOKOTEMITEPATYPHOTO OKHCIIeHHs 00pa3ios npu 950 °C ¢ mocnemyro-
muM onpezenennem CO, ¢ nomorpro MK nerexTopa Ha BRICOKOTEMIIEPATYpPHOM aHANIU3aTOpE yriiepoja Vario
TOC cube. Bece ob6pasmusr obpadoranst 10%-M pacTBOPOM CONSHON KHCIOTHI (0CY, JCHOHM30BAHHAS BOJA,
TOC < 1 mr/t) ans ymanenust kapOoHaToB, BeicymeHs! npu 80°C no mocrosHHOI Macesl (I'OCT 23740-79).
B xauecTBe KOHEUHOTO PE3yJIbTaTa B3ATH CPEAHUE 3HAUCHUS TPEX U3MEPEHU 0 HOro 0Opasia. CtanaapTHOE
oTkyoHeHue He mpessbiaeT 0.01%.

W30TOnHBIE OTHOLIEHUS ONpPEEIISIN METOAOM T'a30BOM M30TOMHON Macc-CIEeKTpoMeTpun B MHCTUTYyTE
apxeonoruu 1 sTHorpaduu CO PAH (HoBocubupck), cTangapTHOE OTKIOHEHHE MPU ChEeMKE BElIecTBa CTaH-
nmapta (auMonHas kuciora, Aldrich) me mpeBbimaer 0.12 %o. B xauecTBe KOHETHOTO PE3yNbTaTa B3ATHI CPEII-
HUE 3HAYCHUsI IBYX M3MEPECHUH OJHOTO 00pasIia.
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PE3YJbTATBI

BeperoBas 30Ha 3amagHoro nodepexns m-oBa byop-Xas ciokeHa MPenMyIIECTBEHHO MIEHCTOLEHOBHI-
MU [IOpOJIaMU JIEIOBOT'0 KOMILJIEKCA, MPEACTABIISIOMINMHU OO0 CYTIIMHKN C BBICOKMM COJIEp)KaHUEM OpTaHu-
YECKOT0 MaTepuaia — OCTaTKOB PaCTUTEIBHOCTH U TOP(MAHBIX BKItOUeHUH. OObeMHast JIbUCTOCTD MOPOJL IIPH
aToM cocTaBisieT cBbiie 50 %. OTnoxeHus BOIU3M ype3a MOPsl M Ha MEJIKOBO/bE NMPH IIIyOuHEe MOps 10 2 M
MPEACTABIICHEI CPEIHE- U MEIIKO3EPHHUCTHIM ITeCKOM. [[0BEpXHOCTHBIE JOHHBIC OTIOKEHHUS ITPH TITyOHHE MOPSI
CBBIIIE 2 M TIPEACTABIIOT co00ii cymeck. [Ipoda B p. OpTo-CTaH mpeacTaBlieHa CyIechio, B yCTHEBOM 30HE —
TIECKOM.

ConepxaHue OpraHMYECKOTO yIIIepo/a B OTIOKEHISX JISIOBOTO KOMIDIEKCA M B OCaJKaX ajlaCHBIX Je-
Ipecchii, BCKPBITHIX B OEPEroBBIX 0OpBIBaX M OMPOOOBAHHBIX cepueil mpodmieii, coctasmio ot 0.82 1o 5.8 %
B CYIJIMHKAX ¥ J10 48 % B TOPQSHBIX MPOCIOAX OT MACChl BMEIIAIOIINX TOJIL. B TO ke BpeMs: Ha MpUOPEIKHOM
MEJIKOBOJIbE B TIECKaX COJIEp)KaHNE OPTaHUYECKOTO YIiIepojia B MOBEPXHOCTHBIX OCallKax KpaiHe HU3KOe — OT
0.04 1o 0.18 % (puc. 2). [To Bcem MOpPCKUM NMPOGUISIM B CYIIECSIX, CMEHSIOUINX TMECKH M0 Mepe YBEITHUCHHS
riyOuHbl Mopst (10 7—10 M Ha paccrosHun 5—12 km ot Gepera), conepxkanus C,, Heenmuku — 0.14—0.63
% c HeOONBIINM TPEHAOM YBEIUYEHHS COJepkKaHus ¢ TiyOuHoi mops. [lpu sTom B0 BIaJnHax (IOHWKEHUU
penbeda) conepxanune C,nocruraer 5 %. 1o BceM NpoduisiM 0TME4anoch MoBbllIeHHOe cogepxkanne C . B
TOJIIAX, [Je TOMUHUPYIOT Mellkue (hpakiuu ocaika.

B 50-meTpoBOM pa3pe3e JOHHBIX OTJIOKEHUN CKBaXKHHBI B 17.5 KM ceBepo-BocTouHEe 0. MyocTax Hau-
OoJbIIel HACHIIIEHHOCTHIO OPTaHNUECKIM MaTepPHAIOM OTIHYAIach BEPXHIS Mauka JOHHBIX OCaIKOB MOITHO-
CTBIO OKOJIO 6 M, OCOOCHHO 3HAUUTEIHHO OBLIO CONCpKAHUE Copr (10 3 %) B BepxHEM 33-CaHTUMETPOBOM CIIOC
mna (puc. 3, 6). Ocamok BO BCeM KEpHE 3TOTO IHana3oHa UMeEI aIeBPUTOBO-TIMHUACTYIO CTPYKTYpPY, TEMHO-Ce-
PBIHf OTTEHOK M XapaKTEePHU30BAJICSI CyOTOPH30HTAIBHON CIIONCTOCTHIO0. Hike mo paspesy, Ha ropu3oHTax 18,
23 u 38 M HMXKE HA MOPsI, HAXOAMIINCH €Ille HECKOJIBKO MauyeK 0CAJIKOB CYIIECTBEHHO HACBHIIEHHBIX OpPraHu-
Kot (10 2 % C, ) MuHIManTbHOE KOJIMYECTBO OPraHMYECKOTro BellecTBa onpeneicHo B meckax 0.09—0.31 %.
[To nanHbIM I/I30TOHHOFO COCTaBa OpraHUYeckoro yriepona, 8'3C mMensercs ot 26 %o B CIIOSIX, HACHIICHHBIX
OpraHukoi, 10 23 %o. Ocaaku Mo BCeMy pa3pesy XapaKTepH3YIOTCSI MOPCKHM 3aCOJICHUEM U HAXOAATCS B 30HE
orpunarenbHbix Temnepatyp (—0.3... —1.0 °C).

[MomyocTpoB BrikoBCKuii, Kak U 00JIbIIas 4acTh MOOEPEkKbS U3Yy4aeMOro PETHOHA, CIOXKEH JIbIUCTHIMU
MOPOJIaMH JIEIOBOTO KOMILJIEKCA M TOHKO3EPHUCTHIMU JIaCHBIMU OTJIOKEHUSAMHU. COCTaB OTJIOKEHUH MEHSAETCS
OT IIECYaHOTO ype3a Mopsi 10 0TOP(HOBAHHOTO CYTJIIMHKA Ha BBICOTE 25 M. HachIIIEHHOCTh OPraHuKON 3THX OT-
JIOXKCHHIT OKa3allach 04CHb BBICOKOM (CM. pHC. 3, @), B cpeaHeM 0kono 3 % C ., IpHYeM B BEpXHEil 4aCTH pas-
pesa 10 12 %. ITpu atom 6'3C usmensuioch ot 29 %o B otophoBanHOM cynecu a0 23 %o B Meckax.

B omnoxenusx 6eperosoii 30us1 0. Myocrax (puc. 4, a) Hanbouee Bbicokoe conepxkanue C - onpezere-
HO Ha BepImuHe ycTyma B Topde (84.4 %) u OTOPCbOBaHHLIX cymecsax (31.2 %). B meckax camoro yctyna u
npubpexHbIX neckax coaepxkanne C_ - HeBbicokoe (0.76—1.73 %). Conepxxkanme N__ cocraBisier 0.04—

0.09 % u 3aBUCUT OT AOJIU IIPUMECH glgraHquCKoro BEIIECTBA, T.€. B KOPPEIALUU C cg)):r[epxcaHHeM Copr- OT-
Homenue C/N Bapeupyet oT 15 10 50. MunumansHoe cooTHotenrne C/N mpucyie necuaHbiM OTI0KESHHSM.

B 50-MeTpoBoO¥i KOJOHKE JOHHBIX OTIOKEHUN W3 CKBaKMHBI BOIM3H 3amalHOro nodepexns ryost byop-
Xas makcumanbHble 3HaueHus C u N OnpesensioTes: B IPOCI0AX, HACBILIEHHBIX OPIraHUKON M JIPEBECHBIM
perputoM: 0.7—2.0 u 0.02—0.04 % (cm. puc. 4, 6). B nmeckax koHueHtpanuu coctaBisitoT 0.16—0.40 u
0.007—0.015 %, npakTUuecku He MEHSACh ¢ TIyOMHON ocaakoB. OTMeuaeTcs BbICOKOE (Kak U B OEeperoBbIX
yerymax) otHorrenue C/N — 10—78. Makcumanbsaoe oTHomerrne C/N olpeenieHo B IPOCIOsIX HACHIICHHBIX
OpTaHHUKOH, 0COOCHHO APEBECHBIM JICTPUTOM.

Uccnenosanue pacnpenenenns cogepxkanns C_ u N__ B Tomme ocaakoB 30- u 20-MeTpOBBIX CKBaKUH

opr opr
1o MpO(GUITF0 OT CeBEpHOTo Mbica 0. Myocrtax k BbeikoBckoMy moiyocTpoBy (ckBaxkunbl I D-13 u IV D-13)
II0Ka3aJ10 BEICOKUE 3HAYEHHs B BEPXHUX TOHKOAUCIIEPCHBIX OTIOKEHUAX (110 8 % C, 1 0.13 % N ) CHUXalo-

UXCA B MOCICAYIOMNX CYTTIMHKAX U MUHUMAJIbHBIC 3HAYCHUS B IECKax (pI/IC 5) OquB BLICOKI/IC 3HAYCHUA
(1026 % C opr 1092 % N ) OTMEYAJIMCh B MPOCIIOAX C BKIFOYCHUSIMH OPTaHUKH (TOpda, APEBECHOTO ACTPUTA).
Otnomrenue C/N, COCTaBHHﬂ B 11eJIoM 15-25, B HaCBIIIEHHBIX OPraHUKOM MpOCIIosX Bo3pacTano uHoraa ao 70.
B 1npo0ax MOBEPXHOCTHOrO IpyHTa B NpPOJMBE, 3amajgHee o. Myocrax, coxepxkanne C,, COCTAaBHIO
0.49—0.63 %, N__ — 0.09—0.11 %, orHomrenre C/N BapsupoBaio oT 4.8 10 6.3. B uenom COI[Cp)KaHI/IC op-
FAHIIECKHX KOMTTOHEHT 00HapYKHUJIO 3aBUCUMOCTB OT penbeda IHa mpoyrBa. Bo BHaguHe ¢ riryOMHON MOpsI

7 m conepxanne C, cocrasuio 2.9 % npu orrowenun C/N — 26.

OBCYXJIEHHUE PE3YJIBTATOB

Beperosrie otioxenus ryosl byop-Xas, clioskeHHbIE TIOPOAaMH JIEIOBOTO KOMILIEKCA, OKAUMIISFOT I'y0y
C BOCTOKa IMpaKTHUYECKH meTuKoM (1-oB Byop-Xas) m dactuuHO ¢ roro-3amaja (BBIKOBCKHUIT MOJyOCTPOB |
0. Myocrax). B HuX oOHapyXuBaroTCsi 00IIKe 3aKOHOMEPHOCTH PACTIPE/ICIICHHS OPTaHMYECKOTO BEIECTBA, a
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30 a Puc. 3. Pacnpenenenne C,, u 33C B Gepero-
BOM oOHakeHnu M. MyocTax (a) U JOHHBIX
OTJIOKEHUSIX CKBA’KHHBI, PACIIOJIO0KEHHOI B
e > 4 . 17.5 kM Ha ceBepo-BOCTOK 0T 0. Myocrax (0)
(ckB. 1, anpeJib, 2011 1.).

1
m!

OTIIOXEeHUN,

1 — Topd, 2 — cyrnuHok, 3 — cynech, 4 — IMecoK, 5 —
i1, 6 — Boja.

BeicoTa GeperoBbix

TaK)Xe BBISBILIETCS YSTKAsl 3aBUCHMOCTB €T0 CO-
. JICp)KaHMs M KA4ecTBA OT BBICOTHOIO IOJIOXKE-

26  —22 HUA, penbeda MECTHOCTH U Pa3MEPHOCTH (pax-
3"3C, %o uuii  orTnokeHuil. bepera  XapakTepH3yHOTCS
MPEUMYILIECTBEHHO KPYThIMU Knudamu ¢ abco-
MOTHBIMU BbIcoTaMu 25—30 M. OHuU mnpen-
CTaBJICHBI CYTJIMHKAMHU € TpociosaMu Topda, B
KOTOPBIX C(POPMHUPOBAHA CETh MOLIHBIX TOBTOP-
HO-)KWJIBHBIX JIBJIOB, ¥ IOKPBITBl PaCTHTEIb-
HOCTBIO. VIMEGHHO B JTHX TONIIAX OTMEYAeTCsI
MaKCHMAJFHOE COACp)KaHHE OPTraHHYECKOTO
yraepoga — 3—12 % C B CyriMHKax U 10
48 % C,,. B Topde (cm. puc. 2—4). Jlanubie
M30TONNH TIOKA3BIBAIOT OOJETUCHHBIH COCTaB
n30TOMOB yriepona —29... —27 %o (cM. puc. 3),
otpaatomuid, mo [Xu et al., 2009; Vonk et al.,
2010a,b, 2012; Sanchez-Garcia et al., 2011],
BKJIQJ] CBEXKETO OPraHWYECKOro BEIIEeCcTBa (CBe-
JKeH PacTUTENBHOCTH) U BEPXHETO CJIOSI Mep3-
JOTHBIX TOYB ApKTHUecKoro perunona. OOpa-
maer Ha cebsd BHUMaHHE HEOOBIYHO BBICOKOE
it nou otHomenne C/N (25-50), obpasyro-
Imeecsl U3 OYCHb BBICOKOTO COJICPIKaHHS Opra-
————————————————————————————— HHYECKOTO yIJIeposia u KpaiHe HH3KOTO CoJep-
s [ JKaHWsT OpraHuyeckoro azora (cMm. puc. 4).
— : ITogoOHOE COOTHOIIEHHWE, BHUIMMO, CBS3aHO C
BBICOKOH CTETNCHBIO OTOP(OBAHHOCTH paccMa-
TPUBACMBIX TOJII U OTPAKaeT BKJIAJ HEJACTPAANPOBAHHOTO OPTaHMYCCKOTO BEIIECTBA (PAaCTUTEIBHBIX OCTAT-
koB) [Kasepun, ITactyxo, 2013]. OtHomenue yraepoaa k a3oTy (C/N) B HOZOOHBIX OTIOKCHHUSIX MOXET J0-
cruratb 80 u Bwime [Kosna, Po3zanos, 1988; Hosukos, Kucapos, 2012]. OtHolieHue yriepoaa K a3oTy
SBIISIETCSI BAKHBIM TOKa3aTelieM, TaK Kak MOKa3bIBaeT MyTh TpaHCHOpPMAIUK OpraHuYecKoro BemecTsa. [Ipu
BbICOKOM oTHOMIEHHH C/N MPOUCXOAUT UMMOOMIIM3ALUS a30Ta U Aerpajalys OPraHuuecKOro BelecTBa UaeT
no mytu odpaszosanus u smuccun CO, [Manzoni et al., 2008; Ksurkuna, 2012]. Beicokue notoku CO, B pac-
CMaTpUBaeMbIX 30Hax ObuM 3adukcupoBansl Jx. Bouk ¢ komneramu [Vonk et al., 2010a, 2012]. ITo mepe
TpaHCOpMAIMU OPTaHUIECKUX OCTATKOB OPraHUYECKOE BEMICCTBO B IIOUBEHHOM CJIO€ 000TamaeTcst a30TOM, U
otromenue C/N ymenbiaercs. [Tpu C/N = 20—25 akTHBU3UPYIOTCS MUKPOOHATIBHBIC MPOLIECCH 00pa30BaHHUS
ryMmyca H, COOTBETCTBEHHO, HaKoIIeHUs C B OTIOXKEHUAX, YTO OTYCTIMBO BUIHO Ha PUC. 4.

OTnoXeHns, pacloI0KEHHBIC OJIIKE K OCHOBAHUIO JICIOBOTO KOMIUIEKCA, M OCAIKU aJaCHBIX TePMOKap-
CTOBBIX JICTIPECCHI MPECTABICHB! IPEHMYIIECTBEHHO CYTIMHKAMHU 1 cymiecsiMu. ComepskaHne OpraHuIecKoro
YIIepo/ia B HUX TAKKE JTOBOJIBHO BEICOKO H cocTaBisier — 1—5% C (cMm. puc. 2—4). OTHomIeHUE yTIepoaa
K a30Ty CTa0WIIbHO, HECMOTPS Ha BapUaIlMH COJICPIKAHMS U a30Ta, M yIiepoJia, U cooTBeTcTByeT 18—20, Benu-
YHHEe, XapaKTepHOH JUIsi MHOToJeTHeMep3bix Tonm Apktuku [Naidu et al., 1985; Xu et al., 2009; Kasepus,
ITactyxoB, 2013]. [laHHble M30TOMHOrO aHAIM3a MOKA3bIBAIOT OOJiee TSDKENBI COCTaB M30TOMOB YIiiepoja
—27...—24 %o (cM. puc. 3), KOTOPBI COOTBETCTBYET CTAPOMY YIJIEpPOJy B IJICHCTOLIEHOBBIX ocaakax [Vonk et
al., 2010a, 2012]. ITIpu 3ToM 0OHapYKUBAETCA YETKAsl 3aBUCUMOCTh YTSKEJICHHSI H30TOIHOTO COCTaBa yriepo-
Jla ¢ YMEHbILIEHHEM COAepiKaHusl opranunyeckoro yriepoga (R = 0.85) u ymeHblieHueM aOCOMIOTHON BBICOTHI
onpoOoBaHHbIX ropu30oHTOB (R = 0.83). [locnenHee, BEpOSATHO, 3aBUCUT OT CMEHBI IPaHyJIOMETPUYECKOIO CO-
cTaBa (pakuil oTinoxeHuil. Hanbonee Tsoxembrid 813C0pF —24.0...-23.5 %o ompeneneH B MPUOPESKHBIX ITECKaX
npu C,, 0.7—0.9 %. B meckax Ha ypese Mopsi — elle o4tH Ha nopsinok mensie 0.05—0.09 % C . B nenas-

5'3C, %o
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Temnepartypa, °C
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®
¢ 0.037 . o O Puc. 4. Pacnpese/ienne Opranu4yeckKuX KOMIOHEHT B 0eperoBbIX
[*)
or/10:)keHusAX 0. MyocrTax (4) U JOHHBIX OTJIOKeHUsIX 3a1uBa By-
002+ o@ 5 ® O
Ao a 5 op-Xas BOJIM3M 3anajiHoro nodepesxns ryoot byop-Xas (cks. BK-2,
0.01 u] =) anpeJib, 2012 r.) (6); KoppeJsilusi Me;K1y OPraHnyecKuM yrJiepo-
o oM U a30ToM (ckB. BK-2) (6).
0 0'5 1' 0 1' 5 1 — topd, opranuka; 2 — CyrJIMHKH; 3 — CyIech; 4 — rpaBuil; 5 — ranbka; 6 — rie-
C. o ' cok; 7 — ui1; § — Boza. Ha yactu 6: cepble KBagpaTHbIE CHMBOJIBI — OPraHUYECKOE Be-
opr: 70

IIECTBO J0 KPOBJIN MOJABOIHON MEP3JIOTHI, KPYTJIbIC YEPHBIE CHMBOJIBI — OPTaHHYECKOE
BEIECTBO MEP3JI0i TOJIIIN.

HUX 9KCIIEPUMEHTAIBHBIX nccienoBanusx [[Iuakapes u ap., 2013] ObIII0 TOATBEPKICHO HATMINE B3AaHMOCBSI-
3M MEXKIY peallbHOW CTPYKTYpPOU TIIMHUCTBHIX MHHEPAJIOB C JTaOWIBHOW KPUCTAITMYECKON PEIIeTKON U CBS3bI-
BaHMEM opraHudeckoro BemiectBa (OB) B yCTOHUMBYIO K OKHCIHTENBHOW ACCTPYKIHH (OPMY TIpH
TpaHchopMaIi 0caJOYHBIX OTIOKEHUN B Ipoliecce (OPMHUPOBAHUS MOYB. BBIJIO TOKa3aHO, YTO JTUTOTESHHAS
OCHOBA MUHEPAJBHBIX CYOCTPATOB Pa3IMYHOTO COCTaBa MPH MPOYUX PABHBIX YCIOBHUSX (TeMIepaTypa, BiIaxk-
HOCTB) UTPAeT CYIIECTBEHHYIO POJIb B HHTEHCUBHOCTH MPOLIECCOB MUHEPATU3allul U TyMH(UKALIUHU, CTPYKTYP-
HO-TEeHETUYeCKOH TpaHcpopMaluu MPOIYKTOB I'yMU(UKAUM M TOBBILICHUA WX cTaduiabHOCTH. Hamnuue
YCTOMYMBOCTH K JIETPaJIallii OPraHUIECKOT0 BEIeCTBa, 0COOCHHO CTapOTro, CBSI3aHHOTO ¢ TOHKOIUCTIEPCHBIMU
TNIMHUCTBIMK YacTHIIAMM, ObUTO OTMeuYeHO B paboTax [Xu et al., 2009; Karlsson et al., 2011]. HUccraenopanus
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Puc. 5. Kepn mopckoii ckB. BK-2, npeacraBiieHHOI IUIOTHBIM CJIOUCTBIM MECKOM € 00JIBIINM KOJIUYe-
CTBOM PacTHTeJbHOro JeTpura (ckB. BK-2, anpeas, 2012 r.).

TC, % N, % CIN 8'3C, %o
HM Ce.11D13 0 2 4 6 80 040 0 2040 60 -30 =~ -26 = -22
O_
o

L | R 1 ]~ Jlen mopckoii

|
| Bopa mopckas
R $=0 5> R — I MnotHas cyneckb ¢ Npocnosimm una n Topda
! PasxukeHHbI cepblil CYrmMHOK C NPOCNOSMU
10 1 cynecu n necka
—1U |
I Mecok 1/3 u c/3
~15- !
_____________________ + —_ _ Kposns nogsogHoit Mep3anotsl
—20- [- \
: 26 % | Cynecb € NpocnosiMn CyrnuHKa, necka
—25- |- I 1 BKIHOYEHUAMU OpraHnku
1 MNOTHBLIN CYIMUHOK C MPOCOAMM Cynecn
30 ;v t 1 BKIMKOYEHWUSMU AeTpuTta
o | Mecok M/3 1 ¢c/3 cnoucTbIi
-32.8- :

TC, % N, % CIN 3"3C, %o
H,m Cks. IV D-13 (I)I ? 4|1 (IS ? 0 0.|10 | (IJ 2|0 4|0 6|0 —|30 | —%6 | —2|2
0 | | Ilen mopckon

Bopa mopckas
Mecok M/3 1 ¢/3 ¢ npocnosimu Topda u cynecu

KpoBnsi nongBoaHON Mep3noTsl

Cyner C NMpoCnosMn CyrmnHka, necka
W BKITIOYEHUAMW OpraHukn

Mecok M/3 1 ¢/3 C BKINOYEHUSAMU rpaBust

TC, % N, % C/IN
010 | 9 204060 0

H,l\oll Cks. V D-13 (I)

O3epHo-NaryHHbIn nep
MNOTHBIN A, CYrMUHOK C NPOCNosMK cynecu
-5+ 1 necka
— 1V OBt NOABOAHON Mep3oThl
10 Kp p
=15+ Mecok 1/3 u ¢/3
MopoLuBa cnosi NOABOAHON MEP3NOThI
—20 BopoHachbILLeHHbI M/3 necok
Kposnsi nogBoaHON Mep3noThbl
_25-
Cynecb € NpoCNosMK CyrinHKa, necka
—30] 1 BKIKOYEHUAMU OPraHnku
—35-

Puc. 6. Pacnipenesienne opraHm4eckKuX KOMIOHEHT B JOHHBIX OTJIOKEHHSIX MOPCKHX CKBAKHH MO MPO-
¢uiro ot ceBepHoro mpica 0. Myocrax k boikoBckomy mosiyoctpoBy (ckB. II, IV D-13) u ckBakuHbI B
HeHTpe JaryHbl Ha bbrikoBckoM noJiyoctpose (ckB. V D-13).
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[Xu et al., 2009] noka3aiu, K TOMY e, BEICOKYIO JOCTYITHOCTh K MUKPOOHOW Ierpafaldi OpraHuIecKoro Be-
[IECTBA, CBsI3aHHOTO ¢ meckamu. OTHCaHHbIE MPOLECCHI COMPOBOKAAITCS CHIDKeHneM cooTHoteHus C/N u
yrsokenennem 81°C  Hamm naHHbIe Taxke yKasblBarOT Ha MUKpOOHYyio ferpajauuio C B 1eckax y ypesa
BOJIbl. TakuM 00pa3oM, HaIllK JJAHHBIC TTOITBEPK/IAI0T BeIBOABI [k, BoHka ¢ koyuteramu [Vonk et al., 2012] o
YaCTUYHOH JIerpaallii OTTASBIIETO OPraHMYSCKOTO BEIIECTBA, MOCTYIAIOMIETO B BOTY 3aJIHBA.

PacnpeneneHre opraHuuecKOro BEIIECTBA B IOHHBIX OTJIOKCHUSIX 30H IUIDKA U HA TIOABOJHOM Oepero-
BOM CKJIOHE PaCCMOTPEHO Ha CEMH pa3pe3ax BJIOIb 3alaIHOr0 Modepexbs n-oBa byop-Xas (cM. puc. 2). [leckn
y ypesa BOibl, OABEP/KCHHbIC HAHOOIIee aKTUBHOMY NIEPEMBIBY, COJCPIKAIM MUHUMAIbHOE KoudecTBo C .
0.05—0.09 %. Mmeercst oT4eTIMBBI TPeHA K yBenuaeHuo coaepxanust C (ot 0.10 10 0.63 %) ¢ yBemnde-
HUEeM TIyOuHbl Mopst (10 7—10 M) Ha yaaneHun oT 5 g0 12 KM OT Oepera, 4To CBS3aHO C YBEIUYCHUEM JOJH
TOHKO/JIUCIIEPCHOTO U JIETKO TIEPEHOCHMOT0 MaTepuaa, OCearoniero Ha OOIbIINX TIyOonHax Mops. B 3amkHy-
ThIX WJIK MOJY3aMKHYTBIX ACMPECCUAX Ha AHC B MPCACax IMOJABOAHOTO GCPCFOBOFO CKJIOHa OTMCYACTCA Hau-
Gonee TOHKOAMCIEPCHBIH Matepuan ¢ conepxkanueM C 10 5 %. CopTHPOBKA MOCTYNAKOMIETO B 3aJIMB Opra-
HUYECKOTO BEIIECTBA HAYMHACTCS B OTHOCHUTEIBHO MEIKOBOJHOW YacTH MOJIBOTHOIO OEPEroBOrO CKJIOHA B
pe3yJbTaTe aKTHBHOW MepepabOTKU JOHHBIX OTJIOKECHUH B MEPHOJBI IITOPMOBON aKTUBHOCTHU. Jlerkue ¢pak-
LMY CBEYKETr0 OPraHMuecKoro BeulecTa (ryMHHOBBIE coeanHenus ) [Vonk et al., 2010a,b; Karlsson et al., 2011]
JBIDKYTCSI K TIOBEPXHOCTH BOJHOU TONIIH; (h)PaKIUU CTAPOrO OPTaHMYCCKOTO BEIIECTBA, CBSI3aHHBIC ¢ Oolee
TSDKEJIBIMA MUHEPATbHBIMU YaCTUIIAMH, OCEIAI0T, H 9YeM KpyIIHee, TeM Oirke K Oepery. Oprannka, CBs3aHHas
C TOHKOJUCIIEPCHBIMU TNTHHUCTHIMH YaCTHIIAMH, TIEPEHOCUTCS MYyThEBBIMHU IIOTOKAaMH B 00Jiee TITyOOKYIO YacTh
aKBATOPHH K IIOJHOXKHUIO OJBOJHOr0 GeperoBoro ckiioHa. Merommecs anoMainny koxueHTpauuii C  Ha mox-
BOJIHOM CKJIOHE CBSI3aHBI C BEIHOCOM OOJIBIINX 00BEMOB OPTaHUKH MaJbIMHA PEKaMH, KOTOPbIe JPEHUPYIOT BO-
JOCOOpHBIE TUIOMIAN C MIMPOKUM PacTIpOCTPAHEHUEM OPTaHOCOAEPIKAIINX MOPOI — IUIEHCTOIEHOBOTO JIEe0-
BOT'0 KOMIIICKCA M OCAKOB T'OJIOICHOBBIX TEPMOKAPCTOBBIX KOTIOBUH. B IPHyCTHEBBIX YaCTSIX, HAa TPAHMIIC C
MOPCKOM aKBaTopuel KoHuenTpauuu C  1ocTuraror 4 %.

IMo narmmm ganabM (813C = -25 %o, N — 0.05 %, C/N — 25) (cMm. puc. 3, 4, 6), OpraHu4ecKoe BEIIeCTBO
MOBEPXHOCTHBIX OCAJKOB 3aJIMBA MMEET MPEUMYIICCTBEHHO TEPPUTCHHOE MPOUCXOMKACHHE, YTO XOPOIIO CO-
rinacyercs ¢ [Karlsson et al., 2011]. ExuHCTBEHHBIH yuacTOK 3auBa, IJ€ B TOBEPXHOCTHBIX OCAaJKaX MIPEBANIU-
pyet OB 6uorennoro mpoucxoxaeuus (63C =-22.5 %o, N =0.1 %, C/N = 5.5) (puc. 7), — 3T0 MPOJIUB MEKIY
noiayoctpoBamMu Myocrtax U BBIKOBCKHM, OTJIMYAIOIIMMECS aKTUBHBIM Pa3BUTHEM TEPMOaOpPa3UOHHBIX U TEp-
MOJICHY IAIIHOHHBIX MIPOIIECCOB. 3/IeCh, HE-

JalieKO OT BIAJCHUS B Mope bhiKoBckon _ o7
MIPOTOKY NIENBTHI JICHBI, OTMEYAIOTCS HaH- 5%
6onee myTHble (122 mr/in B3Becn) [Charkin
et al., 2011] BoJsI, cotepikanue XJI0pOQHII- 2
Ja B KOTOpBIX, 0 gaHHBIM A.A. Berpoa
[Betpos u ap., 2008], B 3 paza npesbIaer
cpenHMe JaHHbIe 1Mo 3anuBy (6.7 Mr/m3),
IIpY DTOM IIEPBHUYHAS ITPOMYKIUS JOCTUra-
et 800 mr C/(cyr-M?), uto B 8 pa3 npeBbl-
[IaeT CpeIHUe 3HA4YeHUsI sl Mopsi JlamTe- 8
BbIX. [lepBUYHAS IPOAYKIHSI, KAK U3BECTHO,
COCTaBJISICT MaTePHAIBHYIO U YHEPreTHYC-
CKYI0 OCHOBY BCEX MOCJIEAYIOIIUX JTAIlOB
MIPOIYKIIMOHHOTO IIpoIiecca, oOecrevynBas
00IIyf0 OHOJIOTHYECKYIO MPOAYKTHBHOCTH B
Bojgoema [BunbOepr, 1960]. 3
bypenne cepun 30—50-meTpoBBIX
CKB&)XKMH B aKBaTOPHH 3AJIMBA BIIEPBEIC IT0-
3BOJIJIO JICTAIBHO OLCHUTH pacipeserne-
uue OB B TouIIE €ro JOHHBIX OTJIOKCHHI.
BrisBriack ueTkas 3aBUCUMOCTh COJIEpKa-

my6uHa

my6uHa Mopsi, M

218 [:
219
230

CIN

Puc. 7. Pacnpenenenune opraHu4ecKux
KOMIIOHEHT B TOBEPXHOCTHBIX OCAJKaX
npoJjmuBa Mexay o. Myoctax M NM-0BOM
BbixoBckuii, anpenas 2013 r. Touka otGopa

-

1| — mecku, 2 — CYTIMHKH.
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Hust OB u ero kauecTBa OT pa3MepHOCTH (pakiuil ocaikoB. B cBoro odepenb, HAKOIUICHUE U CMEHA OCaIKOB
Pa3IMYHOTrO IPaHyJIOMETPUYECKOTO COCTaBa 3aBUCHT OT CMEHbI CEIMMEHTOJIOTMYECKHX OOCTAaHOBOK, HANpH-
Mep, TpaHcrpeccuii u perpeccuit Mopsi. IloiaydeHHbIe 1aHHBIE IO KEpHAM JOHHBIX (TaJlbIX U MHOTOJIETHEMEP3-
JBIX) MOPOJ XOPOIIO COMNIACYIOTCS C PEKOHCTPYyKIMEH 3aToruieHus nenbda mops JlanteBeix [Bauch et al.,
2001]. Bce kepHBI CKBa)KWH, OTOOpaHHBIC B pPa3HBIX 30HAX 3aKMBa (IPUOPEKHOM, OCTPOBHOHN U LIEHTPAILHON),
COJICpPIKaT BEPXHHUHA 5—6-METPOBBI CIIOH, MPECTABICHHBIN 3aMICHHBIMH TOJIOIIEHOBBIMU ocankami. [1o mepe
yIAIEHUS B CTOPOHY MOPSI OTMEUACTCS YBEIWICHUE OTH WINCTOH, TIHHACTOH (pakmmu (1o 55 %, mo [Uysu-
TUH ¥ JIp., 2013]). DTa 0COOCHHOCTH CBsI3aHa C TIEPEHOCOM TOHKOJIUCTIEPCHBIX TITMHUCTHIX YACTHIl B BUJIC MY-
TBEBBIX TIOTOKOB B O0Jiee TIIyO0KyI0 YacTh akBatopuu. CoaepskaHne OpraHUIeCcKOro YIIePOaa COOTBETCTBCHHO
yBesn4nBaercs ¢ riryounoit mopsi ¢ 0.6 1o 2.7 %. ITo nanubimM ananusos 6'3C, N, C/N, opraHu4eckoe BeIecTBo
umeet teppureHnbiil (8'3C —26... —25 %o) rene3uc (cM. puc. 3) U COOTBETCTBYET APEBHEMY OPraHUYECKOMY
BEIIIECTBY, BRICBOOOKACHHOMY 3 JISJOBOI'O KOMILJIEKCA B PE3yJIbTaTe €ro pa3pylIeHUs] aKTHBHBIMU OeperoBbl-
MU nporeccamu (cM. puc. 2—4). OHO TUIOTHO CBSI3aHO C MIMHUCTBIMHU YacTHLIAMHU M Hauboyiee YCTOWYHBO K
nerpagauun [Karlsson et al., 2011]. Haubonsiuee conepxanne mna u C , 0TME4acTCs B BEpXHEM 33-CaHTHME-
TpoBOM ciioe ckB. 1-2011 B IeHTpanbHON YacTH 3aiuBa. HempeprIBHOCTH 3alieraHus U TOHKOIUCIIEPCHOCTD
9TOrO CJI0si JOHHBIX OTJIOKCHUH, a TAK)XKE BHICOKOE coziepxkanne B HeM C | MIO3BOISIIOT TOBOPHTH 00 yBemuye-
HUH [TOCTYIUICHHS OPTaHUYECKOTO BEIIECTBA B OCAIKU B COBPEMEHHBIX YCIOBHSX.

3areraromnye HIKe OTIOKEHHS CKBaYKIH JTOCTATOYHO OJHOPOIHEI U ITPECTABICHBI MEJIKO- ¥ CPEaHE3ep-
HUCTBIMHU CJIIOMCTBIMH TIECKaMH C MHOTOYHMCIICHHBIMHU TPOCIOSMH, HACHIIIICHHBIMU JPEBECHBIM TETPHTOM (CM.
puc. 3—S5), HaOnMrOaeMBIM BIUIOTH 70 320051 CKBakKWH. BCKpbITas npyu OypeHWHM MOIHAS IMeCYaHas TOJIIa
MMEeT IJICHCTOIICHOBBIN M IUTMOIIEHOBBIH (OyopxanHCcKas cBuTa) Bo3pact [ 'puropres, 1996]. [1o pekoHCTpYK-
IIUU aBTOPOB paboThl [Bauch et al., 2001], 3T TONIIN OTHOCATCS K KOHTUHEHTAJIBHBIM OCaJIKaM, 3aTOIIJICHHBIM
B XO0/I¢ NOCTTIIALMAIBLHOTO MOBBIICHNS YPOBHS MOpA (3aKoH4MBIIerocs npuMepHo 5000 i.H.).

B nenom B meckax (MCKIIIOYas MPOCIOU JPEBECHOTO JCTPUTA) COJEpKAHUE OPraHMYECKOro yriepoja
ouenb Hu3koe (0.2—0.4 % Copr) Y JIOCTaTOYHO OJTHOPOJIHO J0 caMmoro 3a00s. BriroueHust [peBecHOro JeTpuTa
yBenmauBator conepxkanns C, . 10 2.2 %, a BKItoueHus Topda — 10 6—26 %. YunThIBasi MHOTOUUCICHHOCTD
HACBIIIEHHBIX OPTaHUKOHN MPOCIIOEB, COJIEPKaHHE OPTaHUYECKOTO yIiepoJia B TOJIE OCa/IKOB 3aJIMBa BeCbMa
3HauuTenbHo. ConeprkaHue B ocajkax azoTa B uenom He npesbimaet 0.05 %, coctasnss B cpeaneM 0.02 %.
Heckonbko Ooiiee BRICOKHE 3HAYCHUS OTMEYAIOTCS B OTIIOKEHUIX Y 0. MyocTax, onpenensiemMble OoIbIIeH 10-
Jel MBUIeBATO-TIIMHUCTON (hpakuuu (cM. puc. 4). Xapakrep pachpeaeieHus] OpraHnIecKoro yriepojia 1 a3ora
0 TIIyOWHE OTIOKEHHUH OTpakaeT KOHTHHEHTAIBHBIA PEKUM OCaIKOHAKOIUICHUS (CM. pHUC. 3), IPH KOTOPOM
MIPOUCXOINT HAKOIICHHE a30Ta B pe3yJIbTaTe €ro MMMOOWIM3AaLUH IIPH a3pOOHON AETpaalliii OPraHuIECKOTO
BemecTBa. OTHOMICHHUE YIIIEpo/ia K a30Ty OPraHMYECKOTO BEIIECTBA TAKKE OTPAKAaeT €ro TEPPUTeHHOE MPOHC-
xoxaeHnue. B nmeckax oHo coctaBisier 10—20, 94TO COOTBETCTBYET BEIMUYUHE, TOIYYCHHOW HAMHU JIJIsl Oepero-
BBIX OTJIOXKCHUH, U XapaKTepHO JJIsI MHOTOIEeTHEMEp3TbIX Torm] ApkTuku [Naidu et al., 1985; Xu et al., 2009].
B MHOTrOYHCIEHHBIX 30HAX, HACBIIICHHBIX JPEBECHBIM JIeTpUTOM U opraHuko, C/N Bricokoe (30—80), kak y
OeperoBbIX OTIOKEHHIA, U OTpa)kaeT BKJIAJl HEACTPaIUPOBAHHOTO OeperoBoro marepuaia (OCTaTKH BbICHICH
HA3eMHOU pacTUTEIbHOCTH). IHOE pacmpe/eieHue OpraHn4ecKoro BeleCTBa BhISBIIACTCS 110 KEPHY CKBAKHUHBI
B TOJILE OTJIOKEeHUH VBalIkHOM jaryHsl (ObIBIIEM TEPMOKApCTOBOM 03epe). 3/1ech, Oiiarogaps onepexkaronie-
My Pa3jOkKEeHHIO a30TCOAEPKAIIUX OPraHUYECKHX COCJUHEHUH B yCIOBHAX Cy0aKBalIbHOTO OCaJAKOHAKOILIE-
HISI, COJCpPIKaHIe a30Ta YMEHBIIACTCS C TITyOMHOM.

[To n3oTomMHOMY COCTaBY yIJIepO/a OPraHUIECKOE BEMICCTBO OTJIOKEHUH 110 MaTepHaliaM BCEX CKBAKUH
3ajMBa UMeeT TeppureHHoe npoucxoxaerue (6'3C = —=30... —23 %o). Yerko BoiaenstoTcs Tpu rpymms OB: 1
— 0B3C = -30... =26 %o npu C/N = 20—80 — pacTUTEIbHBIH AETPUT, TOP(, OPraHUYECKOE BEIECTBO IPH
3TOM HeJIerpalpoOBaHHOE, HO criocoOHoe K aerpananun; 2 — 6'3C = -26... =25 %o nmpu C/N = 15—20 — op-
TaHMYECKOE BEIIECTBO, CBSI3aHHOE C TIIMHAMH, YaCTHYHO JIETPaJIMpPOBaHHOE, HO OYEHb YCTOWYMBOE K JTAIbHEH-
mreit perpanarmu; 3 — 8BC =-25... —23 %o npu C/N = 10—20 — opraHudecKoe BeIIeCTBO, CBA3aHHOE C IIe-
CKaMHU, JITpaJMpPOBaHHOE U CIIOCOOHOE K JajbHelei qerpanamuu [Xu et al., 2009; Karlsson et al., 2011].

U3BecTHO, 4TO TpyOO3EpHUCTBIE OTIOKEHHS, HACHIIICHHBIE TEPPUTCHHBIM OPraHUYECKHM BEIIECTBOM
(ocTaTKu BBICHIEH HA36MHOH PacTUTEIBHOCTH), OOBIYHO OTHOCSATCS K Tra30MpPOM3BOJSAIINM TOTAA, KOT/Ia OHH
HAXOJATCS Ha OOJBILION IITyOHHE B TeUEHHE JTOCTaTOYHO MPOTSKEHHOTO Teosiornyeckoro Bpemenu [Konropo-
BUY U Jip., 2013; Kum, Poguenko, 2013]. B Hammx uccneoBaHusx ooOpamniaetr Ha ceOsi BHUMaHUE yTsDKEIIEHUE
H30TOITHOT'O COCTaBa YIJIepoa ECKOB y TPAHUIIBI MEKIY IDIOTHBIMU TOJIOLEHOBBIMU HJIAMH H TIOICTHIIAIOIIN-
MH HX Oojiee IPeBHUMH MeckaMu (cM. puc. 3). Takoe sBIeHHE MOKET OBITH PE3yIbTATOM aHAdPOOHBIX IIPO-
IIECCOB MUKPOOHOTO pa3IOKeHHs OPraHMYECKHX BEIIECTB B JOHHBIX OCaJIKaX, MpUYeM Ooiee BBICOKYIO IO-
CTYITHOCTh MHKPOOpPTaHM3MaM 00eCIeunBaloT WMEHHO TpyOo3epHHUCThIe oTioxkeHus [Xu et al., 2009].
B anaspoOubIX ycrmoBusax MukpoOHas nerpaganus OB mmeT B cTOpOHY HpOIYIUPOBAHUS M30TOIHO JIETKOTO
mertana (63C = —80...—60 %o) [3aBap3uHn, 1984], n30TOMHBINA COCTAB yriepoaa OHOMACChl CAMUX MHUKPOOPTa-
HU3MOB HaxojuTcs B npenenax oT —22.0...—18.5 %o [Jlenn u ap., 2012; BanoB u ap., 2012], cooTBeTCTBEHHO,
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cymmapsas Bennuuna 0'3C OB caBuraercs B CTOPOHY €ro M30TOIHOTO yTspkeiaeHus. [lo maHHbIM OypeHwus
3/1ech OOHapy>keH OMOTEHHBI METaH B OYEHb BBICOKMX KOHIeHTpauusax [CeprueHko u ap., 2010, 2012]. Yuu-
ThIBasi BBICOKYIO BBDKMBAEMOCTh aPKTUUECKUX MUKPOOPraHU3MOB B YCIOBHUAX HU3KUX TEMIIEPATYP U BHICOKYIO
MUKpOOHAITBFHYIO aKTHBHOCTH B MPOTasBIINX ocankax [Sanchez-Garcia et al., 2011], MOXXHO TIPEAIIOIOKHTE,
9TO Jerpafanis OpraHUIeCKOr0 BEIISCTBA C COBPEMEHHBIM MPOAYIHPOBAHAEM METaHA HaJ KPOBJICH MOIBO-
JTHBIX MHOTOJIETHEMEP3IIBIX TIOPOJI BCE JKe MPOMCXOANT. JlaHHEIH mporiece TpedyeT Ooee NeTanbHOTO H KOH-
KPETHOTO JaJbHEHIIeTo NCCIeIOBAHS.

3AK/IIOYEHHUE

VY CTaHOBJIEHO, YTO OTJIOKEHHsI OeperoBoro KoMIulekca 3ainuBa byop-Xas mops JlanTeBeix conepxar
Oombinoe koaunuecTBo (10 80 %) OpraHMYecKoro yriepoaa.

[Toctynast B BOJIbI 3aJIMBa IPU TEPMOAOPA3HOHHOM Pa3pylIEHUH MOOEPEkKbs, OPraHUIEeCKOE BEIIECTBO B
NpUOPEKHBIX OBEPXHOCTHBIX oca/kax He Hakammsaercs (C . He npessiaet 0.6 %), a IepeHOCHTCs My The-
BBIMH IIOTOKaMU ¢ 0oJjiee JIerkuMH (ppakiusMu ocagka K LeHTpanbHoi yactu 3aiuBa (C, = 2.7 %) u nanee K
MIOJTHOYKHUIO TIOJIBOJTHOTO OEPEroBOro CKJIOHA.

Uccnenosanne pacnipenernctus cogepxkanus C - B TOIIIE 0CAIKOB 110 CCPHH CKBAXKHH [I0KAa3aJI0 MAKCH-
MaJlbHble KOHLEHTPALM OPraHUKU B BEPXHUX TOHKOJIMCIEPCHBIX COBPEMEHHBIX OTJIOXeHUsX (2.7 % C
CHIDKAIOLIMXCS B HIDKEJIEXKAIUX CYIIECSIX U MUHUMAJIbHbIE 3HAUEHUS B [I€CKaX, 3aJIETAIONINX €Ile HIDKE.

HemnpepriBHOCTS 3ayeranusi MOBEPXHOCTHOTO 33-CAaHTHUMETPOBOTO CJIOSI JTOHHBIX OTJIOKEHHM, a TaKkKe
€ro TOHKOJHMCIICPCHOCTh HAPsiy C BBICOKMM coiepxaHueM B HeM C . I03BOJISICT FOBOPUTH 00 yBEIHYCHUN
MOCTYIUICHHSI OPraHMYECKOTO BEIIECTBA B OCAJIKK B COBPEMEHHBIX YCIOBHUSX.

HccnenoBaHusiMu Takke yCTaHOBIIEHO, YTO JIETPAIallisi OPraHUYeCKOTro BEIIECTBA B MPOTASIBIIUX MEP3-
JIOTHBIX TOJIIAX BO3MOXKHA U TPOMCXOJUT B COBPEMEHHBIN MEpUoa. B yCloBUsIX JanbHEHIIEro MOTETICHUs
KJIMMaTa 3TO B a9pOOHBIX YCIOBUAX MOKET yCUIUTh sMuccuio CO, B aTMochepy, B aHa9POOHBIX — YBEJIUUUTh
HaceleHne CH, TOHHBIX OTI0KEHUH.
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Abstract

We present results of study of organic matter in the coastal and bottom sediments of the Laptev Sea (Buor-Khaya Gulf). The study has
shown the regularities of organic-matter distribution in the shelf zone adjacent to the glacial coast. The coast composed of a glacial rock
complex supplies the largest amount of organic material to the sea as compared with other types of the coast. The average content of organic
matter in these strata is ~2-3%. The bottom sediments of the shallow littoral zone are significantly depleted in organic carbon (0.1-0.3%) as
a result of their active rewashing and the transition of finely dispersed material (mainly organic one) toward the deep sea zones. The content
of organic carbon in the bottom sediments increases to 1-2% as the sea deepens to 7-10 m at 5-12 km from the coast. There are frequent
local anomalies of organic-carbon contents (up to 4-5%) in the deltaic zones of the sea. The highest contents of organic carbon (up to 3%)

have been found in the recent marine sediments in the central, relatively deep zones of the bays.
© 2017, V.S. Sobolev IGM, Siberian Branch of the RAS. Published by Elsevier B.V. All rights reserved.
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Introduction

In recent years, the forecasted climate warming in Arctic
has triggered great interest to data on the input of organic
carbon, the source of greenhouse gases, to the Arctic basin
(Achberger et al., 2013; Bense et al., 2009; Frey and
McClelland, 2009; Guo and Macdonald, 2006; Gustafsson et
al., 2011; Naidu, 1985; Richter-Menge and Overland, 2010;
Romankevich and Vetrov, 2001; Schuur et al., 2008). Solid
river and coastal runoff was established to be the major
terrigenous source of organic carbon for Arctic seas (Are,
1999; Charkin et al., 2011; Eicken, 2004; Grigoriev, 2004;
Grigoriev and Kunitskii, 2000; Grigoriev and Rachold, 2003;
Grigoriev et al., 2001, 2004a; Guo et al., 2007; Rachold et
al., 2000, 2004; Reimnitz et al., 1988; Shuiskii, 1983; Stein
and Macdonald, 2004). The large part of the Arctic coast,
especially in the east of the Russian Federation, is formed by
glacial rocks (so-called glacial complex) and deposits of
thermokarst depressions (Grigoriev, 2004; Grigoriev and
Kunitskii, 2000; Grigoriev and Rachold, 2003; Grigoriev et

* Corresponding author.
E-mail address: tatyana@lin.irk.ru (T.V. Pogodaeva)

al., 2001, 2004b). They are rich in organic carbon owing to
the presence of abundant plant remains, e.g., peat accumula-
tions. The active erosion of the coast, particularly the glacial
complex, resulted in suspension flows on the large part of the
nearby shelf, which are well visible in satellite images
(http://www.visibleearth.nasa.gov). Coastal sediments (and or-
ganic carbon) are supplied by bottom currents to deep sea
zones as suspensions and bottom material, in compliance with
the bathimetric parameters and relief of the bottom. According
to Rekant (2001) and Treshnikov and Sal’nikov (1985), the
main waterways involved in the transportation of most of the
bottom sediments are paleoriver valleys formed during the
Zyryanian, Sartanian, and preceding sea regression.

The Buor Khaya Gulf located in the central part of the
Laptev Sea is the best object for studying the above processes.
The solid runoff of the long Siberian Lena River here forms
an underwater extension of its delta. About a third of the gulf
coast is steep cliffs up to 40 m in height, composed of the
glacial-complex rocks. The latter are intensively eroded by
thermal abrasion, whose rate reaches 10-20 m/year, as, for
example, on Muostakh Island (Grigoriev and Kunitskii, 2000).
In recent 10-15 years, the rate of the glacial-coast disintegra-
tion has considerably increased (Grigoriev et al., 2006). The
reason is an increase in the regional summer surface air
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temperature, a slight increase in the thickness of seasonally
thawing layer on the coastal slopes, and growth of the storm
activity in Arctic because of the considerable expansion of the
water area zone free of close ice in summer.

The Lena delta also has a glacial coast; the average annual
rate of the coast retreat there is 2-3 m/year (Grigoriev, 1993).
Terrigenous material supplied to the sea water area contains
much organic matter (OM). The coast erosion intensifies the
flow of this material. It is necessary to elucidate the distribu-
tion of OM throughout the coastal area and the regularities of
its distribution and deposition on the coastal shelf.

Materials and methods

Field works on the coast and shelf of the Buor-Khaya Gulf
of the Laptev Sea were carried out by the Permafrost Institute
(Yakutsk) in 2010-2013 (Fig. 1). Drilling for studying bottom
sediments in the central zone of the gulf was performed by
the researchers from this institute together with their col-
leagues from the Pacific Oceanological Institute (Vladivostok),
Moscow State University, and Alfred-Wegener-Institut fiir
Polar-und Meeresforschung (Bremerhaven, Germany).

In August of 2010, 137 samples of surface sediments were
taken along seven profiles in the thermal-abrasion zone of the
western coast of the Buor-Khaya Peninsula. This zone is
formed by rocks with thick wedge ice. In each profile, the
samples were collected in the coastal zone and within a
continental slope, at 10 km from the coast. Some samples were
taken in the Orto-Stan River and its mouth.

In April of 2011, drilling from marine ice on the coastal
shelf penetrated a 50 m thick section of bottom ground at a
distance of 17.5 km to the northeast from Muostakh Island
(71°41’33.4” N, 130°22’00.2” E). Sixty-two samples were
taken from the extracted bottom sediment core. Eleven
samples were collected in the coastal deposit exposure on
Cape Muostakh (Bykovskii Peninsula) (71°42°18.67” N,
129°35’45.57” E).

In April 2012, a core of thawed and permafrost bottom
sediments was extracted from the 50 m long column of the
well drilled near the western coast of the Buor-Khaya Gulf
(71°25"20.4” N, 132°05’04.9” E). Thirty-four samples were
taken from this core.

In August of 2012, twenty-eight samples of surface deposits
were taken from a 19 m high sea cliff of Muostakh Island (on
its northeastern coast), formed by a rock complex with thick
wedge ice, and from the adjacent beach (section M-11-2012,
71°35'41,9” N, 129°59°41.7” E) (Fig. 1).

In April of 2013, two wells were drilled along the profile
running from the northern cape of Muostakh Island to the
Bykovskii Peninsula (Fig. 1), 30 m deep well II D-13 and
20 m deep well IV D-13, and 23 and 12 samples, respectively,
were taken from them. Also, a 40 m deep well V D-13 was
drilled on the Bykovskii Peninsula, at the center of the Ivashka
lagoon, a former thermokarst lake subject to the sea influence.
Eighteen samples were taken from its bottom deposits.

In August of 2013, the bottom surface ground was sampled
in the strait west of Muostakh Island (Fig. 1). The samples
were examined by different analytical methods, including
analysis for organic carbon, nitrogen, and C/N.

The contents of total organic carbon (TOC) and total
organic nitrogen (TON) were determined in the certified
Laboratory of Hydrochemistry and Atmosphere Chemistry
(Certificate ROSS RU. 0001.513855) of the Limnological
Institute, Irkutsk. The analyses were made by catalytic high-
temperature oxidation of samples at 950 °C, followed by the
determination of CO, content on a high-temperature Vario
TOC cube carbon analyzer with an IR detector. All samples
were treated with 10% HCI (prepared from concentrated HCl
of high purity and deionized water with TOC < 1 ppb) for
removal of carbonates and then were dried at 80 °C to a
constant mass (GOST 23740-79). The average over three
measurements for a sample was taken as the final result.
Standard deviation was no more than 0.01%.

Isotope ratios were measured by gas isotope mass spec-
trometry at the Institute of Archeology and Ethnography,
Novosibirsk. Standard deviation of isotope measurements for
the standard sample (citric acid, Aldrich) did not exceed
0.12%o. The average over two measurements for a sample was
taken as the final result.

Results

The littoral zone of the western coast of the Buor-Khaya
Peninsula is formed mostly by Pleistocene glacial rocks, which
are loams with a high content of organic material (plant
remains and peat inclusions). The ice content of the rocks is
>50%. The sediments near the water line and in the shoal (a
depth of <2 m) are medium- and fine-grained sand. The
surface bottom sediments at a depth of >2 m are sandy loam.
The rock sample from the Orto-San River is sandy loam, and
the sample from the mouth zone is sand.

The glacial complex rocks and the deposits of alas
depressions of the sea cliffs (sampled along several profiles)
contain 0.82-5.8% TOC (loams) and up to 48% TOC (peat
intercalates), whereas the sands of the littoral shoal are poor
in organic carbon, 0.04-0.18% TOC (Fig. 2). Along all studied
sea profiles, the sandy loams replacing sands as the sea
deepens (to 7-10 m at a distance of 5-12 km from the coast)
have low contents of TOC, 0.14-0.63%, which slightly
increase with the sea depth. In sea depressions, the TOC
content in sediments reaches 5%. Along all the profiles, high
contents of TOC are observed in sediments consisting mostly
of fine fractions.

In the 50 m thick bottom sediment section of the well
drilled 17.5 km northeast of Muostakh Island, the ~6 m thick
upper member is the richest in OM, with the maximum content
of TOC (up to 3%) observed in the upper 33 cm thick mud
bed (Fig. 3b). Throughout the core, the sediments are dark
gray silt-argillaceous, with horizontal lamination. Lower in the
section, in the horizons lying 18, 23, and 38 m below the sea
bottom, there are a few more sediment members rich in OM
(up to 2% TOC). The minimum content of OM has been found
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Fig. 1. The Buor-Khaya Gulf of the Laptev Sea. Schematic map of the sampling localities.

in sands (0.09-0.31%). The 813C value varies from 26%o in
OM-rich beds to 23%o in the rest. Throughout the section, the
marine sediments are salinized and occur in a negative-tem-
perature zone (-0.3 to —1 °C).

The Bykovskii Peninsula, like most of the sea coast in the
study area, is formed by glacial rocks and fine-grained alas
deposits. The composition of deposits changes from sand at
the sea edge to peaty loam at a height of 25 m. They are rich
in OM: The average TOC content is ~3%, reaching 13% in
the upper part of the section (Fig. 3a). The 8'3C value varies
from 29%o in peaty sandy loam to 23%o in sand.

In the coastal zone of Muostakh Island (Fig. 4a), the
maximum content of TOC has been found in peat (84.4%)
and peaty sandy loams (31.2%) at the top of the scarp. The
scarp and coastal sands are poor in TOC (0.76-1.73%). The

content of TON is 0.04-0.09% and depends on the amount of
OM admixture, i.e., is in correlation with the TOC content.
The C/N ratio varies from 15 (in sand) to 50.

In the 50 m thick bottom sediment column of the well
drilled near the western coast of the Buor-Khaya Gulf, the
maximum contents of TOC and TON are found in intercalates
rich in OM and woody detritus, 0.7-2.0 and 0.02-0.04%,
respectively (Fig. 4¢). In sands their contents are 0.16-0.40
and 0.007-0.015% and do not seriously change with depth.
The C/N ratio is 10-78, as in sands of the coastal scarps, with
the maximum value observed in intercalates rich in OM
(particularly woody detritus).

We studied the distribution of TOC and TON contents
throughout the 30 and 20 m thick well sections along the
profile from the northern cape of Muostakh Island to the
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Fig. 3. Distribution of TOC contents and 8'3C in the coastal deposit exposure on
Cape Muostakh (@) and in bottom sediments of well 1 drilled 17.5 km northeast
of Muostakh Island in April of 2011 (b). 7, peat; 2, loam; 3, sandy loam; 4, sand;
5, mud; 6, water.

Bykovskii Peninsula (wells II D-13 and IV D-13). They are
high in the upper finely dispersed deposits (up to 8% TOC
and 0.13% TON), decrease in the underlying loams, and are
minimum in sands (Fig. 5). Extremely high contents of TOC
(up to 26%) and TON (0.92%) are found in intercalates with
OM (peat and woody detritus) inclusions. The C/N ratio is
15-25, sometimes reaching 70 in OM-rich intercalates.

In the surface ground in the strait west of Muostakh Island,
TOC = 0.49-0.63%, TON = 0.09-0.11%, and C/N ratio varies
from 4.8 to 6.3. In general, the OM content depends on the
bottom relief in the strait. In the depression with the sea depth
of 7 m, the content of TOC is 2.9%, C/N = 26.

Discussion

The coastal glacial-rock deposits of the Buor-Khaya Gulf
rim it almost entirely in the east (Buor-Khaya Peninsula) and
partly in the southwest (Bykovskii Peninsula and Muostakh

Island). They show the general regularities of OM distribution
and a clear dependence of OM content and quality on the sea
level altitude, land relief, and deposit grading. The coast is
formed mainly by steep cliffs with absolute altitudes of
25-30 m. They are composed of loams with peat intercalates
containing massive wedge ice and are occupied by vegetation.
These strata have the maximum contents of TOC: 3-12% in
sandy loams and up to 48% in peat (Figs. 2-4). The light
carbon isotope composition, —29 to —27%o (Fig. 3), reflects
(Sanchez-Garcia et al., 2011; Vonk et al., 2010a,b, 2012; Xu
et al.,, 2009) the contribution of fresh OM (fresh vegetation)
and OM of the upper layer of the Arctic permafrost soils. The
soils have an abnormally high C/N ratio (25-50) because of
the extremely high content of TOC and extremely low content
of TON (Fig. 4). These high values are probably due to the
abundance of peat in the strata and mark the contribution of
undegraded OM (plant remains) (Kaverin and Pastukhov,
2013). The C/N ratio in such deposits can reach 80 and more
(Kovda and Rozanov, 1988; Novikov and Kisarov, 2012). It
is an important parameter indicating the route of OM trans-
formation. At high C/N ratio, nitrogen becomes immobile, and
OM degrades with the formation and emission of COj
(Kvitkina, 2012; Manzoni et al., 2008). Intense CO; flows in
the studied zones were observed by Vonk et al. (2010a, 2012).
During the transformation of OM, it becomes enriched with
nitrogen, and C/N decreases. At C/N = 20-25, active microbial
processes of humus formation and TOC accumulation run in
the deposits (Fig. 4).

The deposits near the base of the glacial complex and the
sediments of alas thermokarst depressions are mostly loams
and sandy loams. They also have high TOC contents, 1-5%
(Figs. 2-4). The C/N ratio is stable, 18-20, despite the
variations in nitrogen and carbon contents; these values are
typical of the Arctic permafrost strata (Kaverin and Pastukhov,
2013; Naidu, 1985; Xu et al.,, 2009). The carbon isotope
composition is heavier, =27 to —24%o (Fig. 3), and corresponds
to old carbon in the Pleistocene sediments (Vonk et al., 2010a,
2012). The carbon isotope composition becomes heavier with
a decrease in the content of TOC (correlation factor R = 0.85)
and the absolute altitude of the sampled horizons (R = 0.83).
The latter dependence is probably due to the change in the
granulometric composition of the deposits. The heaviest
carbon isotope (813C=—24 to —23.5%0) was found in the
littoral sands with TOC =0.7-0.9%. The sands of the sea
water line have an order of magnitude lower TOC contents
(0.05-0.09%). Recent experimental studies (Shinkarev et al.,
2013) have confirmed a relationship between the real structure
of clay minerals with a labile crystal lattice and the binding
of OM into a form resistant to oxidation destruction in the
course of sediment transformation during the formation of
soils. The authors showed that under equal conditions (tem-
perature and humidity), the lithogenetic basis of mineral
substrates of different compositions significantly contributes
to the intensity of mineralization and humification processes,
transformation of humification products, and increase in their
stability. The resistance of OM (particularly, old OM bound
with finely dispersed clay particles) to degradation was
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reported earlier by Karlsson et al. (2011) and Xu et al. (2009).
Moreover, the latter authors showed that OM bound with sands
is highly accessible to microbes, which cause its degradation.
During these processes, the C/N ratio in OM decreases and
313C becomes heavier. Our data also point to microbial
degradation of OM in the sands near the sea water line and
confirm the conclusions of Vonk et al. (2012) about the partial
degradation of thawed OM supplied into the gulf water.

The distribution of OM in the bottom sediments of the
beach zones and continental slope was studied in seven
sections along the western coast of the Buor-Khaya Peninsula
(Fig. 2). Sands at the water line, most actively rewashed, have
the minimum content of TOC (0.05-0.09%). The TOC content
increases (from 0.10 to 0.63%) as the sea deepens to 7-10 m
at 5-12 km from the coast, which is due to the increase in
the portion of easily transferrable finely dispersed material
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Fig. 5. Core from the sea well VK-2 (April, 2012), composed of compact laminated sand with abundant plant detritus.

deposited at greater sea depths. The closed or semiclosed
bottom depressions within the continental slope contain the
most finely dispersed material with TOC < 5%. Sorting of
OM transferred into the gulf begins in the shallow zone of the
continental slope as a result of the active transformation of
bottom sediments in the periods of storm activity. Light OM
fractions (humic compounds) (Karlsson et al., 2011; Vonk et
al., 2010a,b) move to the water surface. Fractions of old OM
bound with heavier mineral particles settle: The coarsest ones
settle most closely to the coast. Organic material bound with
finely dispersed clay particles is transferred by turbid flows
into the deepest zone of the water area, to the foot of the
continental slope. The TOC anomalies in the slope deposits
are due to the removal of large OM masses by minor rivers
draining the watershed areas with widespread OM-containing
rocks (Pleistocene glacial complex and sediments of Holocene
thermokarst depressions). In the mouth zones, the deposits
bordering the sea area contain up to 4% TOC.

According to our data (613C =-25%0, N=0.05%, C/N =
25) (Figs. 3, 4, and 6), the OM of the surface gulf sediments
is mostly terrigenous, which agrees with the data of Karlsson
et al. (2011). The only site of the gulf where biogenic OM
(613C =-22.5%0, N =0.1%, C/N = 5.5) prevails in the surface
sediments (Fig. 7) is the strait between the Muostakh and
Bykovskii Peninsulas with active thermal abrasion and thermal
denudation. Here, not far from the site where the Bykovskii
stream of the Lena delta flows into the sea, the water is the
most turbid (122 mg/L suspension) (Charkin et al., 2011): Its
chlorophyll content is three times higher than the average over
the gulf (6.7 rng/m3) (Vetrov et al., 2008); the primary
production of carbon reaches 800 mg/(day-rnz), which is eight
times higher than the average of the Laptev Sea. The primary
production of carbon is the material and energetic basis for
all subsequent stages of the production process and ensures
the total biologic productivity of a water reservoir (Vinberg,
1960).

Drilling of several 30-50 m deep wells in the gulf water
area permitted a detailed evaluation of OM distribution
throughout the bottom sediments. It showed a clear depend-
ence of the OM content and quality on the sediment fraction.

Accumulation and change of sediments of different granu-
lometric compositions depend on the depositional environ-
ments, e.g., sea transgressions and regressions. The obtained
data on the cores of bottom (thawed and permafrost) rocks
agree with the results of reconstruction of the Laptev Sea shelf
flooding (Bauch et al., 2001). All well cores sampled in
different gulf zones (coastal, island, and central) have an upper
5-6 m thick bed of silted Holocene sediments. As the sea
deepens, the portion of silt—clay fraction increases to 55%
(Chuvilin et al., 2013). This is due to the transfer of finely
dispersed clay particles as turbid flows into the deeper zone
of the water area. The TOC content also increases from 0.6
to 2.7% in this direction. The contents of nitrogen and d13c
and C/N values indicate that the OM is terrigenous @®Bc =
—26 to —25%0) (Fig. 3) and is the ancient organic material
released from the glacial complex during its erosion by active
coastal processes (Figs. 2—4). It is tightly bound with clay
particles and is the most resistant to degradation (Karlsson et
al., 2011). The highest contents of mud and TOC are observed
in the upper 33 m thick bed of the well 1-2011 in the central
zone of the gulf. The continuous occurrence and fine disper-
sion of this sedimentary bed and its high content of TOC point
to the increased input of OM to the recent sediments.

The underlying deposits are rather homogeneous; these are
fine- and medium-grained laminated sands with numerous
interbeds rich in woody detritus (Figs. 3-5), which is spread
down to the well face. The penetrated thick sand unit is of
Pleistocene and Pliocene (Buor-Khaya Formation) ages
(Grigoriev, 1996). It is formed by continental sediments
inundated during the postglacial sea level rise, which ended
at ~5 ka (Bauch et al., 2001).

In general, the content of TOC in the sands (except for
woody-detritus interbeds) is extremely low (0.2-0.4%) and is
nearly constant down to the well face. The woody-detritus and
peat interbeds are richer in TOC (up to 2.2 and 6-26%,
respectively). Since OM-saturated interbeds are numerous, the
content of TOC in the gulf sediments is high. The content of
TON is no more than 0.05%, averaging 0.02%. Somewhat
higher TOC and TON contents are observed in the sediments
near Muostakh Island, which contain more clay dust (Fig. 4).
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Fig. 6. Distribution of organic components in the bottom sediments of the sea wells II D-13 and IV D-13 drilled along the profile from the northern cape of Muostakh
Island to the Bykovskii Peninsula and of the well V D-13 drilled at the center of lagoon on the Bykovskii Peninsula.

The distribution of TOC and TON throughout the section
testifies to continental sedimentation (Fig. 3), when nitrogen
accumulates because of its immobilization during aerobic
degradation of OM. The C/N ratio in the OM also indicates
its terrigenous nature. In the sands it is 10-20, which is equal
to the ratio determined by us in the coastal deposits and is
typical of the Arctic permafrost deposits (Naidu, 1985; Xu et
al., 2009). In the numerous zones rich in woody detritus and
OM, the C/N ratio is high (30-80), as in the coastal deposits,
and reflects the contribution of undegraded coastal material
(remains of higher terrestrial plants). A different distribution
of OM is observed in the sediment core from the Ivashka
lagoon (former thermokarst lake). The content of TON here
decreases with depth because of the rapid decomposition of
nitrogen-containing organic compounds in the subaqueous
depositional environment.

According to the carbon isotope composition, the OM of
the sediments from all studied gulf wells is terrigenous @®Bc=
-30 to —23%c). It is divided into three groups: 1—plant
detritus, peat, and undegraded (but capable for degradation)

OM (8'3C =-30 to —26%. at C/N =20-80); 2—partly de-
graded (but highly resistant to further degradation) OM bound
with clays (8'°C = 26 to ~25% at C/N = 15-20); and 3—de-
graded (and capable for further degradation) OM bound with
sands (8'3C =-25%c to —23%. at C/N = 10-20) (Karlsson et
al., 2011; Xu et al., 2009).

Coarse-grained deposits rich in terrigenous OM (remains
of higher terrestrial plants) are usually gas-producing when
they occur at a great depth for a long geologic time (Kim and
Rodchenko, 2013; Kontorovich et al., 2013). In our case, the
carbon isotope composition of sands becomes heavier near the
boundary between compact Holocene muds and underlying
older sands (Fig. 3). This might be due to anaerobic microbial
digestion of OM in the bottom sediments; moreover, it is the
coarse-grained deposits that favor the access of microorgan-
isms to OM (Xu et al, 2009). In anaerobic conditions,
microbial degradation of OM leads to the production of
methane with a light carbon isotope (13C =-80 to —60%o)
(Zavarzin, 1984), whereas the carbon isotope composition of
the microbial biomass varies from —22.0 to —18.5%¢ (Ivanov
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Fig. 7. Distribution of organic components in the surface sediments of the strait between Muostakh Island and the Bykovskii Peninsula (April of 2013). /, sands;

2, loams.

et al., 2012; Lein et al., 2012). Thus, the total 813C value of
OM shifts toward the heavy isotope composition. Drilling
revealed biogenic methane in ultrahigh concentrations here
(Sergienko et al., 2010, 2012). Taking into account the high
survival of Arctic microorganisms at low temperatures and the
high microbial activity in thawed sediments (Sanchez-Garcia
et al., 2011), we suggest the degradation of OM with the
production of methane above the roof of submarine permafrost
rocks here. This process calls for comprehensive study.

Conclusions

We have established that the coastal deposits of the
Buor-Khaya Gulf of the Laptev Sea are rich in organic carbon
(up to 80%).

The OM supplied into the gulf waters during the ther-
moabrasive destruction of the sea coast does not accumulate
(TOC £0.6%) but is transferred with lighter sediment fractions
to the central zone of the gulf (TOC =2.7%) and then to the
foot of the continental slope.

The distribution of TOC contents throughout the sedimen-
tary sections of the studied wells shows their maximum values
(2.7%) in the upper finely dispersed deposits, lower values in
the underlying sandy loams, and minimum values in the
lowermost sands.

The continuous occurrence of the 33 cm thick surface bed
of bottom sediments, the fine dispersion of its rocks, and their
high TOC content testify to the increased present-day input of
OM to the sediments.

We have also established that degradation of OM in thawed
permafrost strata is possible and actually takes place today.
Under subsequent climatic warming, this might intensify the
emission of CO; into the atmosphere in aerobic conditions
and increase the enrichment of the bottom sediments with CHy
in anaerobic conditions.

This work was supported by Program 23.9 from the
Presidium of the Russian Academy of Sciences.
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