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AHHOTanusa. AKmya/1bHocmb vcce0BaHusA 00yCI0BIeHa OTCYTCTBHEM JJaHHBIX 0 pOpMax HaXOXKAEeHUs XUMHYECKUX 3J1e-
MEHTOB B JIOHHBIX 0CaZiKax Mops JlanTeBhIX, a TaKXKe AAaHHBIX 0 KOJIMYeCTBEHHbIX U3MeHeHUAX GopM B OTBET Ha NpocayH-
BaHUs MeTaHa. IJes1b paboThI 3aK/II04aETCs B BbISIBJIEHUH 0CO6EHHOCTENH GOPM HAX0XK/IeHHUS XUMUYECKHUX 3JIEMEHTOB B JIOH-
HBIX 0Ca/IKax B yCJOBHUSX Pa3rpy3Ky MeTaH-coJepkauiux ¢paonsos. 06sekmbul: 9 06pa3ioB JOHHBIX 0C3/IKOB, 0TOOPAHHBIX C
TpeX FOpU30HTOB OJHON «CUMOBOW» U ABYX GOHOBBIX CTAHLMH BHeLIHero uejbda-KOHTHHEHTAJbHOIO CKJI0HA Mops Jlam-
TEeBBIX B X0/l skcneauuu AMK-82 Ha 6opTy «AkageMmuk M. Keagpi» ocenbto 2020 . Memodst. i onpeaenenus Gopm
HaxoX/IeHUs] XMMHUYEeCKHX 3JIEMEHTOB B JIOHHBIX 0CaJlKaX UCI0J1b30Bajlach MeTO/AUKA MOC/Ie/J0BaTeJIbHOTO BhIleJa4YMBaHUA
BCR (the European Community Bureau of Reference), octaToyHas ¢ppakuus onpezessiach nyTeM pacTBOpPEHHUs] B a30THOU
kucsoTe. [lonyyeHHble Pppakuuu aHaausuposaiucbk MmetogoM ICP-MS (Nexlon 300D, Perkin Elmer, Waltham, MA, USA). s
HCCIeJ0BaHUs COCTaBa OPraHUYECKOr0 BeLeCTBA Ha MOJIEKYJIIPHOM YpOBHe KcnoJib3oBasics nuposus (Rock-Eval 6 Turbo,
Vinci Technologies). Pe3ys1bmamul. BrisiBiieHO, 4TO B cunax GOpMUPYeETCsl TeHAEHLUS K CABUTY reOXUMHUYECKUX YCAOBUM B
CTOPOHY yBeJIMYeHUs NMOJBHKHOCTH 3JIEMEHTOB, BbI3BaHHas, NPe/I0JI0KUTEIbHO, ayTUTeHHbIM Kap60oHaTOO6pa3oBaHUEM
Y ayTUTeHHbIM CUHTe30M Cy/1b$U0B. bosiee Toro, 3adpuKcHpoBaH NpolLecc pocTa BOCCTAHaB/AMBaeMOH ppaKLMH, CBA3aHHOMN
C OKCHJIaMHU U ruApokcuiamMu Fe. Mbl mpeAnosiaraeM, 4To NpoLecc pa3rpysky MeTaH-cojepKalliux GJIONUJ0B UTPaeT 3Ha4YU-
TeJIbHYIO POJib B 000TralleHUH ayTureHHbIx kap6oHaToB U, Ni, Zn Co, okcu10B kesie3a — Sn U V, ayTureHHsbIx cyyibouaos - Co,
Mn u W. A Takxe npejno/araeM noTeHlHalbHOe 06pa3oBaHNe XaJbKONUPUTA B Ka4eCTBe ayTUTeHHOr o Cy/ibdUia B MecTax
pa3rpysKu MeTaHa.
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Abstract. Relevance. The lack of elemental speciation data in the bottom sediments of the Laptev Sea, as well as the absence
of its quantitative changes in occurrence forms in response to methane emissions. Aim. To assess changes in the elemental
speciation in areas where methane-containing fluids are discharged. Objects. Nine samples of bottom sediments taken from
three horizons of one “cold seep” and two background stations of the outer shelf-continental slope of the Laptev Sea during
the AMK-82 expedition aboard R/V “Academician M.V. Keldysh” in autumn 2020. Methods. Sequential extraction BCR (the
European Community Bureau of Reference) was performed to determine the elemental speciation in surface sediments; the
residual fraction was determined by dissolving in nitric acid. The obtained fraction solutions were analyzed by ICP-MS
(NexIon 300D, Perkin Elmer, Waltham, MA, USA), Pyrolysis (Rock-Eval 6 Turbo, Vinci Technologies). Results. The trend
towards an increase in element mobility has been identified as a result of a shift in geochemical conditions that is presumably
caused by the authigenic carbonate and sulfide formation. Moreover, the increase in the recoverable fraction (associated only
with Fe oxides/hydroxides) is highlighted. We assume that the process of unloading methane-containing fluids plays a
significant role in enrichment of authigenic carbonates U, Ni, Zn Co, oxides Fe - Sn and V, authigenic sulfides - Co, Mn and W.
We also assume the potential formation of chalcopyrite as an authigenic sulfide in methane discharge areas.

Keywords: selective extraction, sequential extraction, BCR, sediments, cold seep, methane emission, Laptev Sea, authigenic
carbonate formation, authigenic sulfide formation
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BBeaeHnue

JloHHBIE OCaIKM SBISAIOTCA ACHOHUPYIOIIEH cpe-
JIOM, B KOTOPO# MPOUCXOIUT HAKOIIJICHHE XMMHUECKHUX
9JIEMEHTOB W opranudeckoro BemectBa (OB) ¢ ogHOM
CTOPOHBI, HO M 00OTaIlCHHE TTOPOBBIX BOJ Pa3IHMYHBI-
MU COEJIMHEHUSIMU, MOCTYMAIIUMHA B PE3yJbTaTe UX
pacTBOpeHus, ¢ Apyroi. XUMHUECKU COCTaB JOHHBIX
0CaJKOB — ATO PE3YNbTAT CIOKHBIX B3aNUMOJECHCTBUI B
CHCTEME ITOPOBBIE BOJIBI — JIOHHBIE Ocaaku — OBy.

MOOUIBLHOCTE XUMHUYECKUX 3JIEMCHTOB B CHCTCME
«TIOpOBBIE BO/BI — JIOHHBIE ocaaku — OBy onpexnenser-
sl BIUSTHUEM OOJIBIIIOTO KOJHYECTBa (DakTOpOB, B T. 4.
COCTAaBOM TOPOJ, TECOXMMHUYECKHMH TapaMeTpamu
BOJIHOHM cpelibl, MUKPOOHOIOTHYECKOW aKTUBHOCTHIO.
BrigBUTH 0COOCHHOCTH MHUTPANMA XWMHWYECKUX dJIe-
MEHTOB B JIOHHBIX OCaJKax HE Bcerga ObIBACT BO3MOXK-

HO TOJIBKO I10 UX BaJIOBOMY COAEpKaHUI0. B 3T0i CBs-
3M IEHHYI0O T€OXUMHUYECKYI0 HH()OpMALUIO AAIOT HC-
crenoBaHus (HOPM HAXOXKICHUS XUMHUCCKUX HIICMEH-
TOB C IIPUMEHEHHEM METOJA CEIEKTHBHOIO BBILIEIA-
YUBaHUsI, OCOOCHHO ISl BBISBJICHUS HCTOUHHKOB Be-
IIeCTBa, OOOCHOBAHMSI MEXAaHH3MOB €ro TPAHCIIOPTH-
POBKH, IPOLIECCOB 3aXOPOHEHMs MM SMHUCCHH XUMH-
YECKUX DJIEMEHTOB U3 JOHHBIX OCAJIKOB, a TaKXKe HJIs
OLIEHKH DKOJIOTHYECKUX PUCKOB. lIMeHHO nosTOMYy JU1sl
MNOHUMAaHUSI KOMILIEKCHOM T'€OXMMHUYECKOH KapTUHbI
HEOOXOJMMBl 3HaHHMsS O CYIIECTBYHOIUX (hopmax
HAXOXJICHHUS XHMHUCCKHX 3JCMEHTOB M (DU3HKO-
XMMUYECKUX MPOLECCaX, MPOUCXOISINX HA TPaHHLE
«ocasok—Bona» [1].

Oco0bIif HHTEpeC BBI3BIBAIOT XapaKTEPHbIE 0COOEH-
HOCTH XMMHYECKOIO COCTaBa JIOHHBIX OC3JKOB B Me-
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CcTaX MacCHUpPOBAHHOHM pasrpy3ku (arouaa, KOTopble
MOTYT TIPOSIBIIATHCS B BUJIC T'PSI3EBBIX BYIKAHOB, TEp-
MaJIbHBIX HCTOYHUKOB M XOJOAHBIX cHmoB («cold
seeps»). Cun — 3T0 MeCTO pa3rpy3Ku HEPaBHOBECHBIX
METaH-COJIepKAIIUX (ITFOMIOB Ha TPAHHIIEC «OCATOK—
Boja» [2]. [ns moHWMaHMs MPOIIECCOB, OIMpPEaesio-
IIMX OCOOEHHOCTH XHMHYECKOI0 COCTaBa JOHHBIX
0CaJIKOB, WH(OPMATUBHBI HMX JIMTOJOTHYECKHE OCO-
OcHHOCTH (OPMHUPOBAHUS M CEHCMOTEKTOHWYECKAS
HCTOPHSI UCCIEAYEMOro pailoHa, KOTOpas MOXET Wr-
paTh 3HAYUMYIO POJib B (DOPMUPOBAHHM KaHAJIOB pa3-
TPy3KH TIIYOMHHOTO Ta30KHIKOCTHOTO (UIFOHIIA B TIO-
BEPXHOCTHBIC OCAJIKU M BOJTHYIO TOJIIILY.

CuHeprusi KOMIUIEKCHBIX OHMOTCOXUMHUYECKUX U
TCOJIOTHYCCKUX HCCIICOBAHUI MO3BOJISICT BBIIBUTH
0COOCHHOCTH HE TOJIFKO MHTPAIMH CHEHU(PUICCKUX
XUMHYECKUX 3JIEMEHTOB, acCOIMMPOBAHHBIX C MHHE-
PAIBHOW W/WIM OPTaHWYECKOW MaTpHIleld B CUCTEME
«cyma—Inensg», HO U COCTaBa BOCXOJSIINX ITOTOKOB
¢ronna, KoTopble Hauboiee BBIPaXKEHbI B palloHax C
BBICOKOM CEMCMOTEKTOHMYECKOW aKTHUBHOCThIO. B
9TOM KOHTeKcTe Mopsi Bocrounoit Apktuku (MBA)
(mope JlanTeBwix, Bocrouno-Cubupckoe mope, poc-
culickuii cextop UyKOTCKOro MOps), KOTOpbIE IMpel-
CTaBJIIIOT HauOoJIee MUPOKUIA U METTKOBOHBIH TIEITh(
MupoBoro oxeana, SIBIIIOTCS OIHUM U3 Hamboiee
MIPHUBIIEKATEILHBIX 00BEKTOB HCCIICIOBAHMUS.

[MonBonnas mep3nota mreabpa MBA B mocnennne
30 mer nerpagMpyeTr C YIOBOCHHOW CKOPOCTBIO IIO
CPaBHEHHUIO CO CKOPOCTAMH IPEIIECTBYIOIINX JAecs-
tunetuit [3]. Tak, B mope JlanTeBbIX 3370KYMEHTHPO-
BaHO Oosiee 700 mecT pasrpysku reoduitonga (B T. .
WHOWIBTPALMKU METaHa pPa3IMYHOH HHTEHCHBHOCTH)
[4, 5], 9TO MpHUIaeT JAaHHOMY paliOHy CTaTyC ri100ahb-
HOTO SMHUTEHTa METaHa — BTOPOTO MO 3HAYMMOCTH
MapHUKOBOTO rasza [6—12].

KoHneHTpanuyu pacTBOPEHHOTO METaHa B MPHJIOH-
HOW BOZE B 30HAX BBIXOJAd METAHOBBIX CHIIOB JOCTH-
rator 300-650 uM, a mnorma — 5000 uM [7, 13]. B
CpelHEM KOHIICHTpAIlMd METaHa B BEPXHUX T'OPH30H-
TaX BOJHOH TOJIM HaJX METAHOBBIMH CHIIAMH U Ha
YAaJEHUH OT HUX MMEIOT COIOCTaBUMBbIE 3HAUEHHUS B
npenenax 25,9-50,4 M [14], uTo CBUAETENBCTBYET O
3HAUATENFHOM TICPCHACHIIICHAN METaHOM IIOBEpX-
HOCTHBIX BoJ Imenbpa MBA, OTHOCHTENBHO paBHO-
BecHBIX K atMocgepe Box Tuxoro (5-7 HM) u ATinan-
THYecKkoro okeanoB (3,5-4 uM) [15, 16]. Ctonb mac-
CHpPOBaHHASI YMHUCCHSI METaHa, 0€3yCIOBHO, OTpaskKacT-
Cs HA TEOXUMHUYECKOM OOJMKE JOHHBIX OCAJIKOB MOPS
JlanTeBbIX.

s KOJMYecTBEHHOTO MPOTHO3UPOBAHMS BEIOpOCa
MEeTaHa U3 JOHHBIX OTJIO)KEHUH Mops JlanTeBbIX B
BOJIHYIO TOJIIY W aTMocepy HeOoOXOIMMO BBISBUTH
reHesuc Qumonna. Jsa dTHX mened HCIoNb3yeTcss Mo-
JIEKYJISPHBIA M M30TONHBINA aHanu3 coctaBa OB u me-
TaHa B pailoHax ra3oBbix cumnoB [17-20]. B Tom uucne

MEPCIIEKTUBHBIMU MPEJCTABIIAIOTCS METONbl T€0XHU-
MHH, KOTOpbIC TIO3BOJISIFOT HCIIONB30BaTh (DOPMBI
HAXOXKICHHUS XUMHUCCKHUX AJIEMEHTOB IS H3YUEHHS U
BepU(UKALMK PA3IMYHBIX THUIIOTE3 O MEXaHU3ME IPO-
UCXOXKJEHHsS TTyOMHHOTO (hiIrouaa, BKIItoYasi abuoreH-
HbIE MarMaTH4eCK1ue UCTOYHUKH [21].

DopMbl HAaXOXACHUS 3JEMEHTOB HH(GOPMATHBHbI
JUTSL OIICHKH 32JI0KyMEHTHPOBAHHBIX B CHUIIOBBIX 00a-
CTSIX TIPOIIECCOB AyTUTEHHOTO CHHTE3a KapOOHATOB U
Ccynb(GUA0B, NPOTEKAIOIIUX B Cylb(haT-MeTaHOBOMH
TpaH3uTHOU 30He (CMT3) U ABNSAIOMMXCS KOCBEHHBIM
nposisiienneM cwibl CMT3 B ponn HUBEIHPYIOIIETO
Gapbepa 1T SMUCCHOHHOTO TIOTOKa MeTaHa [22].

B o101 cBsI3M 1€IbI0 JAHHOTO UCCIIEN0BAHUS SIBJIS-
eTcs BBIABIICHHE OCOOCHHOCTEH TOBEACHHS XHMHYE-
CKHUX 2JIECMCHTOB B JOHHBIX OCA/IKaX B YCIOBHUIX HMHC-
CUU MeTaHa Ha menbde Mops JlanTeBbIX ¢ MpUMEHe-
HUEM METOJa CENEKTUBHON JKCTPAKIIUU 10 METOJMKE
BCR [23, 24].

MaTtepuajibl U MeTOAbI UCC/IEJ0OBAHUA
PaiioH uccaedosanus

PaiioH uccimenoBaHMsl MOKPBIBAET 30HY BHEIIHETO
menb(da J0 TpaHUNbl ¢ KOHTHHEHTAJIBHBIM CKIOHOM B
CEeBEPO-BOCTOYHOM yacTu Mops JlanreBbix. OHO sABISA-
eTCsl OKPaWHHBIM MaTEpUKOBBIM MopeM CeBepHOro
JIEIOBUTOIO OKE€aHa, 3aKIIOUYEHHBIM MEXJy IOJIyOCT-
poBom TaiimMblp u apxunenarom CesepHas 3emis ¢
3anmaza 1 HoBocuOupckuMu ocTpoBaMH Ha BOCTOKE.
Mope JlanTeBbIX SBISETCS CaMBbIM MEJIKOBOJIHBIM U
JICIOBUTBIM MOpeM ApkTHueckoro oOacceiiHa. OHO
MPEUMYILIECTBO PACIIONIOKECHO B 30HE IIENb(a, MOITO-
My 53 % Bcelt miuonaan 3aHUMaroT TIIyOHHbI 10 S50 M.
Jlo ropusoHTanu 76° C.OI. TOMHHUPYIOT TIIyOMHBI, HE
npesbiuatone 25 M. Ilo HampaBneHHI0o K ceBepy
HaOMI0aeTcsl Pe3KUil mepexo/] OT eIb(POBOI 30HBI K
MaTEpUKOBOMY CKJIIOHY U Jajiee K JOXKe OKeaHa C IIIy-
ounamu Goinee 2000 m (22 % mommamu mopst). s
JAHHOW aKBaTOPUH XapaKTEPHBI OJIUTOTPO(HBIC YCIIO-
BUS C HU3KOW NEPBUYHON NMPOLYKTUBHOCTBIO, IIE OC-
HOBHBIM UCTOYHHKOM OB ciyxuT sponupyronmii Oe-
peroBoi JIe0BbIA KOMILIEKC M PEUHOM CTOK p. JIeHsl
(510 km’/rox) [25].

JlaniTeBOMOpCKUIl pErHOH UMEET YHHUKAJIbHOE TEK-
TOHMYECKOE MOJIOKEHHE, HAXOIA1Ieecs Ha COWICHEHUN
KPYIMHEHIINX CTPYKTYPHBIX 3JIeMEHTOB: CHOMPCKOTO
KpatoHa, llenTpanbHO-TalMBIPCKOTO aKKpPEHOHHOTO
nosica, BeTBeH BepxosHo-UyKOTCKOW  MOKpPOBHO-
cKIaguaToil cucremsl u xpeodra [Nakkens. I'eonornue-
cKoe crpoeHne JlanTeBoMocKoro menbda mpeacraie-
HO PU(TOTCHHOH CTPYKTYPOH TeppacHpOBaHHBIX rpa-
OCHOB M TOPCTOB, UCHBITABIINX CIBUTOBHIE JehopMa-
uu [26].

[enpd mopsa JlanTeBBIX HMEET CTAaTyC MEpCIeK-
TUBHOW HedTerazoHocHoi mpoBuHimu [27]. Tlo man-
HBbIM MHOT'OKaHaJIbHOW celicMOpa3BeAKH, B CEBEPHOU U
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CEBEpPO-BOCTOYHOM dacTH mienbga Mops JlanTeBbIx
ObUTM OOHAPYKEHBI MOTCHIMAIBHBIC 3aJI)KH/TOBYIIKH
ra3a [28]. bonee Toro, cropaguiyeckoe pacnpocTpaHe-
HUE MHOTOJIETHEMEP3/bIX IOPOJ B 30HE BHEIIHETO
menbda [5] Takke MOXKET CIYXHTh apryMEHTOM B
M0JIb3y MUTPAITUH TITYOUHHBIX YTIIEBOIOPOIOB [22].
Takum 00pa3oM, JaHHBIA PETHOH MPEICTABISACTCS
OIHUM M3 Hanbojee CIOXHBIX M MHTEPECHBIX B KOH-
TEKCTEe H3YYCHUS HPUPOIBI (QIIIONIA, KOTOPBIH pas-
rpy’aeTrcsl B paifOHaX METaHOBBIX CUIIOB, C ceiicMoII0-
THYECKON U TeoJMHaMUYeCKON Touek 3peHus [29].

dakmuueckuli Mamepuas

B nanHOi#l pabote ObUIO TpoaHaTM3UPOBAHO 9 00-
pa3IoB JOHHBIX OCAJIKOB, OTOOPAHHBIX Ha IBYX (OHO-
BBIX CcTaHmmsIX (6958, 6984) u Ha OJHOU «CHUTIOBOI»
cranmuu (6948) ¢ 3aJ0KyMEHTUPOBAHHBIM aKTHBHBIM
nmotokoM MmetaHa. OOpasipl 0TOOpaHBl B XOJle pelica
AMK-82 na 6optry HUC «Axagemuxk M. Kemabim
ocenbto 2020 r. Pacnonoxenue craHumii npejcTaBiie-
HO Ha puc. 1. [TogpoOHas MHPOpPMALIHS O TOYKAX OT-
Oopa mpeacTaBiieHa B Taodd. 1.

OO0pasibl 0OTOUPATUCH C UCIIONB30BAHUEM MYJIBTH-
KOpepa M Hape3aJuCh MOCIOWHO Ha TOPU30HTHI Jlist
aHaym3a ObLTH B3aThI 00pasmbl (0—1 cm; 6-8,5 cwm;
12-17,5 cMm), COOTBETCTBYIOLIUME BEPXHEMY OKHCIICH-
HOMY, IIPOMEXKYTOYHO CMELIAHHOMY M HMXKeEJexKallle-
My BOCCTaHOBJIICHHOMY Topu3oHTaM. llocime ortbopa
npoObl ObLIM TOABEPTHYTHl 3aMOPO3KE M XPAHUIUCH
npu temnepatrype —18 °C 1o Hayaia mpodONoaroToBH-
TeNBHBIX padoT. Ilepen ncnmonp30BaHUEM BCS XUMHYE-
CKasl TOCyJa, KOHTAKTHPYIOIIasi ¢ oOpa3laMu H pac-
TBOpaMu, Obl1a oOpadorana 10 % pacTBOpoM a30THOH
kuciotsl (10 % HNO;) u mpoMbiTa AeHOHH30BaHHOM
Bozoi Milli-Q.

Pasmopo3ka W cymika 00pasloB IMPOHM3BOJIMIHCH
pu KOMHaTHOU Temmeparype. OOJIOMKHA TOPHBIX TIO-
PO, BU3yalbHBIC TIPIMECH, OCTATKH PAKOBHH U PacTe-
HUI TIIATEIBHO yNAISUIA M3 PACTasBIIUX OCAJKOB Iie-
pen u3MenbYeHHEeM. ['OMOTeHH3HPOBAINUCH O0OPA3IIbI
BPYYHYIO C HCIOJNB30BaHHEM (appopoBOl CTYIKH U
nectuka. CMelneHuss o0pasoB He AOmycKanock. s
uccieaoBanus oroupanack Gpakmus <0,01 cm.
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Puc. 1. PacnososceHue cmaHyuli oméopa 06pasyoe 00HHbIX 0cadko8
Fig. 1. Map of sampling stations for sediments
Ta6auya 1. Hugopmayus no cmaHyusm oméopa
Table 1. Information on sampling stations
CraHuus llTupoTa Joarora ['opu30HT, cM Cun/dpon
Station Latitude Longitude Horizon, sm Sl L pH Seep/background
0 - 48 7,42
6948 76,77783 125,82117 8 - - - Cun/Seep
12 - - -
0 - -189 7,17
6958 77,25333 129,49066 6 5200 -224 7,53 ®on/Background
12,5 6000 -212 7,34
1 6375 -70 7,31
6984 75,5625 130,07651 8,5 7875 -165 7,46 ®on/Background
17,5 8250 -185 7,61
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Memodv! uccaedosaHus

PaboTel Mo ompenencHUO GOpPM HAXOKICHUS dJIc-
MEHTOB B JIOHHBIX OCAJIKaX BBIMOJIHSJIMCH IO IIHPOKO
HCIOJIb3YyEMOM perslaMeHTUpoBaHHONW Meroauke Crpa-
BOYHOTO OIOpO eBporeiickoro coobmiectBa (the
European Community Bureau of Reference (BCR) [23]
B Moaudukannu [24]. OpakMOHUPOBAHNE, WIH MO-
CIIEZIOBATEIbHBIC BBITSDKKH, HAIIPABICHO HA CEIICKTHB-
HOE pa3pylieHHWEe KOHKPETHBIX MOHHBIX CBSI3eH C Lie-
JBIO pa3/ieNIeHHs >JIEMEHTOB HA UETHIPE I'C€OXHUMMUE-
ckue Gpakiuu:

1) oOmeHHas1, BOJO- M KHCIOTOPACTBOpUMAas (hpaKius
(cBsI3aHHAsI ¢ PaCTBOPHMBIMHU BEIECTBAMH, KapOo-
HaTaMH 1 OOMEHHBIMH KaTHOHAMM );
BOCCTaHaBJIMBaeMas  (CBs3aHHAs
mu/runpookucnamu Fe u Mn);
okucisiemas (cBsizanHas ¢ OB u cynbdumamm);
ocTaTtoyHast (OCTABIINECS, HE CBA3aHHBIC C CHIIMKA-
TaMu).

B meronuke cenextuBHbIX BBHITsDKEK BCR oTcyT-
CTBYET IIOJIyYCHHE OCTATOUHON (HpaKIuu, e€ peKOMEH-
JYIOT IOJIy4aTh MOCIEIYIOIUM KHUCIOTHBIM pa3ioxke-
HUEM B IUIaBUKOBOM, a30THOM, XJIOPHOW KHUCIIOTE, aqua
regie [1, 24].

B pamkax maHHOro HCCIIEZOBaHUS MPUMEHSIOCH
KHCJIOTHOE PAa3JOKEHUE C HCIOJIb30BAHHEM KOHIICH-
TPUPOBAHHON a30THOM KHUCIIOTHI B MHKPOBOJIHOBOH
neuyd. B nanHol paboTe OCHOBHOE BHUMAHHUE yIENsAeT-
Csl MUTPAIM XUMHUYECKHUX 3JIEMEHTOB B THIIEPTCHHBIX
MpoIIeccax, YTO MO3BOJIICT HCKIIOYUTH U3 pPacCMOTpe-
HUS Ty 9acTh DJICMEHTOB, KOTOpas CBs3aHA C MHUHE-
PAJIBHBIM CKEJIETOM, 4TO 00ecreunBaeTcs MpUMEHEHH-
€M DKCTPAKIIMU a30THOM KUCIIOTON Ha (MHAIBLHOMU CTa-
nuu [30].

2) C  OKHuCHa-

3)
4)

B TO ke Bpemsl KHCIOTHOE pa3iioKeHHE KOHIICH-
TPUPOBAHHOM a30THOM KHUCIIOTOM SKBUBAJIECHTHO IOJ-
HOMY DPAa3JIOKEHUIO (YUMTHIBasl CBSI3aHHBIE C CHIIMKa-
TaMu 3JeMeHThl) B aqua regie (3:1:1 HCI:HNO;:H,0)
s Ba, Co, Fe, Cau Mn [31].

Jlna aHanu3a MCIoNib30Banach HaBECKa 0cajKa Mac-
colf, mpuOImkeHHoil Kk 1 T (M3MepeHHast ¢ MOTPeIIHo-
cthto 0,0005 r). PaboThl MPOBOAMIUCH C MCIIOJIB30Ba-
HUEM CTEPUJIbHBIX KOHMYECKUX MOJIUMPOIUICHOBBIX
(bnakonoB o0bemom 50 mut. [yis KOHTpoOJIA KauecTBa
IIPOBOJMMOIrO HKCHEPUMEHTA HCXOJAHBIE PacTBOPBI
poBepsiiuch Ha 4ucToTy MerogoMm ICP-MS. Jlns
OILICHKH BOCITPOM3BOJMMOCTH HKCIEPUMEHTA B PadOTy
OBUTH TIapauIeTbHO BKIIIOYEHBI TYOIUKATE HEKOTOPBIX
00pa3LoB, KOTOpbIE TAKXKE IOABEPIIIUCH IOJIHOMY
uuKily (pakuuonupoBanus. s mpuroToBieHus pac-
TBOPOB HCIIOJIb30BAJIaCh JIEMOHM30BaHHas Boja Milli-
Q. Bces nocyna nepes UCIojib30BaHUEM MPOMBIBANIaCh
pactBopom 10 % a3oTHOU KuCHAOTHL. TlomaroBeiii UK
paboT MO CENeKTUBHOMY HW3BJICUCHHUIO JJIEMEHTOB M3
JOHHBIX OCAIKOB TPECTaBICH B Tadn. 2. Bee atamsl
MIPUTOTOBIIEHUE PACTBOPOB JIE€TAJLHO PACIUCAHBI B
meroauke G. Rauret [24].

Kaxxmp1if sTanm momaroBoil SKCTpaKIuK JUTAIICS HE
MeHee 16 4YacoB MNpu KOMHATHOH TemmepaType
(2245 °C) ¢ ucnoib3oBaHUEM LIeHKepa COTJacHO Me-
Toauke [24]. 3aTeM SKCTpakT OTIEISUIM OT TBEPAOTO
ocTaTka IEeHTPU(yrupoBanueM B TeueHrne 20 MUH TIpH
3000 00/MUH, MONYYEHHYIO HAJOCATOYHYIO KHUIKOCTb
JIEKaHTHPOBAIU B 50 MJI TOJUTIPOTTHIICHOBBIH (DJIaKOH.

TBepablii ocTaToK IpoMbIBaNIA T00aBieHreM 20 M
JIEMOHU3UPOBAHHON BOJIbI, BCTPSIXMBAIM B TEUYCHUE
15 mMuH Ha meiikepe u neHTpudyruposaan 20 MUH IpH
3000 06/mMuH. 3aTeM HaJIOCAJOYHYIO JKHIKOCTh JIEKaH-
THUPOBAJIH.

Ta6auya 2. lllazu cenekmugHo20 8blujeaa4u8aHusi memodom BCR

Table 2. Brief steps for BCR sequential extraction
Illar Opakyusa LleneBas ¢pasa JKCTparupymoIui pacTeop
Step Fraction Target phase Extraction solution [24]
O6meHHas, PacTBoprMble BellecTBa, Kap6o-
| |KucIOTOpacTBOpUMAs  |HATBI, 06MeHHbIe KATUOHbI PactBop A: 0,11 mosb/n1 ykcycHol kucaoTel CH3COOH (40 M)
Extractable, Soluble substances, carbonates, Solution A: 0.11 mol/1 acetic acid CH3COOH (40 ml)
acid-soluble exchange cations
OKcu/bl M TUAPOKCUABI Kesie3a U |PacTBop B: 0,5 Mosib/ a1 xsopuaa rugpokcunammonus (NHz3OH)Cl
2 BoccraHaBinBaeMast MapraHua npu pH 1,5 (40 M)
Reducible Oxides and hydroxides of iron Solution B: 0.5 mol/L hydroxylammonium chloride (NH30H)Cl
and manganese at pH 1.5 (40 ml)
PactBop C+D: [lepekuce Bosopoga H202 30 % (20 mu1 - HarpeBaHMe U
Opranuueckue Bemecrsa BolnapuBaHue) (pactBop C) ¢ nocieaywomuM go6asaerreM 1,0 Mosb /1
3 OK.P[(:‘J'IﬂeMaH S — aueTara aMMoHUs CHsCOONH? npu pH 2 (50 mi) (paCTBOP D)
Oxidizable Organic matters and sulfides Solution C+D: Hydrogen peroxide H20230% (20 ml - heating and
evaporation) (solution C) followed by the addition of 1.0 mol/l ammonium
acetate CH3COONH4 at pH 2 (50 ml) (solution D)
OcTaBiuunecs, He CBSI3aHHbIE C
OcTaTo4Has
4 |Residual CUJIMKaTaMH 3JIeMeHThI KoHnenTpupoBaHHas azoTHas kucsiota HNO3
Remaining, non-silicate bound Concentrated nitric acid HNO3
metals [32]
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Ta6auya 3. YcpedHeHHble N0 CMAHYUSAM COOEPHCAHUST XUMUYECKUX 3/1eMeHM08 8 AOHHbLIX 0CA0Kax, M2/ke

Table 3. Resulting contents of chemical elements in bottom sediments averaged over station, mg/kg

Crannus /Station Be Mg Al P Ca ) Cr Mn Fe Co Ni
6948 0,21 2035 1663 457 2634 22,26 12,29 211 4922 4,39 7,70
6958 0,33 2026 1722 463 1326 24,58 11,55 200 5308 3,48 8,43
6984 0,27 2153 1975 404 1400 16,51 10,39 135 6888 3,32 6,75

CraHuus /Station Cu Zn As Sr Mo Sn Sb Ba w Th U
6948 6,81 13,31 2,94 18,92 2,65 0,02 0,01 5,59 0,01 2,02 0,82
6958 5,02 15,91 2,22 9,94 0,43 0,02 0,02 5,53 0,01 2,89 1,58
6984 4,75 15,69 2,97 10,66 0,59 0,02 0,02 6,13 0,01 3,10 0,66

CorracHo MeTtojke [24], IByKpaTHBIM HarpeBaHU-
€M U BhIIapuBaHUEM Ha BOjsiHOU OaHe (85+2 °C) co-
MIPOBOXJIATUCH PaboTHl ¢ pacTBopoM C (Tadis. 2). Bee
ATaIBl U MPUTOTOBJICHUE PACTBOPOB JIETAJIHHO PACIIH-
canbl B Metoauke G. Rauret [24].

Metonnka cenexktuBHOro BbielaunBanuss BCR
M3HAYalIbHO ObLTa pa3paboTaHa JJIs aHAJIM3a TSKEIBIX
meramwioB (mist Cd, Cr, Cu, Ni, Pb, Zn u np.). Ilo-
CKOJIBKY (hOKyC naHHOW pabOThI CBE/ICH Ha BBISIBICHUH
U3MEHEHUH (HOpM HAXOKICHUS XUMHUCCKHAX DIIEMCH-
TOB, To MeToarka BCR OplTa SKCIIeprIMEHTaIBHO TIPH-
MEHEeHa K 0ojiee MIMPOKOMY CIIEKTPY JIEMEHTOB, MPO-
SIBUBIINX MaKCHUMAJIbHYIO H3MEHUYUBOCTD 110 PE3yNIbTa-
TaM CTYIEHYATOH KCTPAKIMH MPU CPABHEHUSIX CHITO-
BO U (POHOBBIX CTaHIM (B T. 4. K HCKOTOPBIM IIIe-
JIOYHO3EMEJIbHBIM METajlJIaM, METAIUIOUIaM ).

[Ipu cpaBHEHHM CHUIIOBOW M (POHOBBIX CTAHLMH IO
YMOJTYAHUIO OBLIO MPHUHSITO CBA3AaTh ayTHUIEHHOE Kap-
60HaTO00Pa30BaHNE C MTOJIOKUTEIBHBIM NPUPALICHUEM
0OMEHHOM, KHCIOTOPACTBOPHMBIN (DpaKIMH, a CIBHT
TreOXMMUYECKON Cpelbl B CTOPOHY ayTUTE€HHOTO CYIib-
¢unoodpasoBaHus Uepe3 M3MEHCHHE OKHCISIEMOU
bpakum.

[Nony4enuple (Hhpakuuu aHATH3UPOBAIHUCH METOJIOM
MacC-CIIEKTPOMETPUH C UHIYKTHBHO CBSA3aHHOMW IJIa3-
Mot ICP-MS ¢ usmepenuem 73 anementoB (ICP-MS,
NexIon 300D, Perkin Elmer, Waltham, MA, USA).

OOmmit opranmueckuii yriepon (Total organic
carbon — TOC, %) u npyrue nupoMTHYECKHE Hapa-
MeTphl (S; (Sir+S2) — 9KCcTparupyemas 4acTh, JETKue
yrAeBOAOPOAbl, S, (S;,) — OTHOCHTENBHO TEpMoJia-
OWIIbHBIE COCJMHEHUS, OOOTAIlllCHHBIE BOJOPOJIOM —
ouonoauMepsl, S; — Kuciaopoaocoaepxamee OB nim
reonojumepsl/mporokepored, MinC, % — cogepxanue
HEOPTraHWYECKOTO yIriiepoja) — ONPEeACTsUIUCh METO-
JoM nuposu3a Ha npudope «Rock-Eval 6 Turbo» kom-
maanu VINCI Technologies B pexume «Reservoiry.
TemmnepaTypHas mporpaMma: ctapT HarpeBa oopasia —
180 °C, Beimepskka 10 mun, nanee varpes a0 650 °C co
CKOpOCThIO 25 °C/MUH.

Pe3sysibTaThbl U 06CYXK/eHUSA

Pe3ynbraThl CEIEKTHBHOIO BBILIEIAYUBAHUA O0-
PasIoB JOHHBIX OCAJKOB, COOTBETCTBYIOIINE (hopMaM
HaxOXXJEHUS] XMMHWYECKHUX OHJIEMEHTOB: CBS3aHHBIE C

kapoonaramu (I), okcumamu/runpokcuaamu Fe u Mn
(Il), ¢ OB u cyasdunamu (III) 1 npoyHO CBA3aHHBIE C
OCTaTOYHBIMU (HE CBSI3aHHBIC C CHUJIMKATaMH) MHHE-
paneHbiMu (azamu (IV)), mpeacraBieHsl Ha puc. 2.
IIpu Bu3yanuzauuu AuarpaMM HaKOIJICHUS MCIOJb30-
BaJICh YCPEIHEHHBIC 3HAYCHUS 10 TPEM TOPH30HTaM
JUTST KaXXTOW CTAaHIWH, (POHOBBIE CTAHIIMU BBUAY CXO-
JKECTH TMOBEJICHUS] XUMHUYECKUX IJIEMEHTOB TaKke Obl-
JIM YCPE/THEHBI.

W3HavanpHas BBIOOpKA M3 73 3JIEMEHTOB ObLIA CO-
KpamieHa 10 22, UCXO/s U3 OTKIIMKa Ha pasrpy3Ky Me-
TaH-coepkaumx (mounoB. B BeIOOpKY Takke ObLIN
BKJIFOUCHBI PEIOKC-TyBCTBUTCIBHBIC DICMEHTEI.

B Tabn. 3 mperncraBieHbl cpeqHHE 3HAYCHUS KOH-
LEHTpalMii 3JIEMEHTOB, pAacCUUTAaHHbIE KaK CpeaHe-
B3BCIICHHBIC BEJIMYMHBI C Y4YETOM JIOJICH, MPHUXOJs-
MUXCS Ha KaKAyro ¢pakiuo. [loaydeHHBIE KOHIICH-
TpaluMu B pas3bl MeHblIe pe(epeHCHbIX 3HAYEHHN IO
KJIapKy BEpXHEW 4acTH KOHTHHEHTAJIbHOM Kophsl [33],
3a MCKIIIOUCHHEM MarHusi u MonuoOneHa. JlanHoe pas-
nuure OOYCIIOBJICHO AHAIMTHYECKUMHU MOTEPSIMH U
HETIOJHBIM PAaCcTBOPEHHEM OCTaTOYHOW (pakiuu (cu-
JIUKATOB) B KOHIICHTPUPOBAHHOMN a30THON KUCJIOTE.

Kucnomopacmeopumas — (xapbonamuas)  ¢opma
(manee — 1 ¢pakuus) sBisiercs npeobOiaagaromeit ams
Sr, Ca (>50 %), 4TO CBSA3aHO C MX CIOCOOHOCTHIO 00-
Pa30BBIBATH CAMOCTOSTEIBHBIC KapOOHATHBIC (OPMBL
[Tomumo sTOrO, 3HAUMTENbHAS poib | dpakuuu Guk-
cupyercs uit Mn, Mg u Sb (20-50 %). CornacHo aHa-
i3y KapOOHATHBIX KOPOK METAaHOBBIX CHIIOB, JTOMHU-
HUPYIOIMIMMU MUHEpPAIbHBIMU (pa3aMu B HUX SBIISIOTCS
Mg-kanbuut u aparonut [34, 35], ocHOBOM KpucCTal-
JIMYECKON PEIIETKH KOTOPHIX ciykat Mg, Ca u Sr.

CornacHo JUTepaTypHBIM JaHHBIM, B CHIIOBBIX 00-
JacTAX TaHJEMHOE MPOTEKaHUE JIBYX MPOTHBOHAIPAB-
JICHHBIX TIOTOKOB — a’pOOHOTO OKWCIICHHS METaHa U
CyIb(aTpeAyKIMH — YCHIMBACT MICIOYHOCTH CPEIbI
(TIOpOBO¥A BOJIBI), YTO, B CBOIO OUEPE/Ib, BEIET K MHTCH-
cU(UKAIUY TPOIIECCOB ayTUTEHHOTO CHHTE3a Kap0o-
HATOB M3-32 BO3HHKAIOMIETO H30BITKA PAaCTBOPECHHOTO
HEOpPTaHU4ecKoro yriepoaa [36-39].

Jast Ca, Sr, Mn, Mg B yclOBHSIX aKTHBHOTO TIO-
CTYIUICHHSI MeTaHa OTMEYaeTcsl yBelndeHue oau [
¢pakuu Ha 7-16 OTH. %, YTO MOXKET CBUJETEIHCTBO-
BaTh 00 aKTHBU3AIIMHU MPOIIECCOB AyTUTEHHOTO KapOo-
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HaTOOOpa3oBaHus. B monb3y 3TOro yTBep KIeHUs CBU-
JICTEECTBYCT YCTAHOBJICHHAS KOPPEISIIMOHHAS 3aBH-
CUMOCTb MEXJy YKa3aHHBIMU 3JIEMEHTaMH U Heopra-
HuueckuM yriaeponom (MinC, %): tak, ans Ca u Sr
koa(urmentsr koppemsauun cocrasiaor 0,91 u 0,73
COOTBETCTBEHHO (Tabiy. 5). Bonee Toro, Ha CHMOBOWM
CTaHUMHU (UKCUPYETCS HE3HAUUTENIbHBI POCT coaep-
xarusg MinC (HeopraHHYECKOro yriepojia) Ha ypoBHE
0,03 % (Tabm. 4).

Kpowme sToro0, B mporecce BTOpUYHOTO KapOOHATO-
o0pa3oBaHusl OTMedaeTcss oOorameHne BTOPUYHOM
(hazbl HeKOTOpBIMU MHKpodTemMeHTamu [40]. Ha cwuro-
BOM CTaHIIUM OTMeYaeTcst yBenndeHue Ha 5—10 otH. %
conepxanus | ppakiuu s Takux IeMeHTOB, Kak Ni,
U, Co, Zn.

B pabote [41] uccnenoBaincst cocTaB KapOOHATHBIX
KOPOK METaHOBBIX CHIIOB KOHTHHEHTAJBHOTO CKJIOHA
Mops JlanteBblX, Iie COINIACHO PETPOCTPYKTYPHOMY
aHaj M3y OBUIO BBIABICHO, YTO CpeOu KapOOHATHBIX
MUHEpaIoOB MpeobnanaoT Mg-KanblUT, TOJOMUT U
KyTHOTOpHT. Takxke ObUIO BBISIBIICHO, YTO JIJISl HCCIIe-
JIOBAaHHBIX KapOOHATOB oTMeuaercsi ciaboe oborare-
Hue Co, yMepeHHOE U 3HAUMTeNbHOE oboramieHue As,
Mo, Sb u 3nauuTensHoe oboramenue U [41].

OnHako HEOOXOAMMO MOHUMATh, 4TO B | (hpakiuio
BXOJIUT TaK)K€ MOHHO-OOMeHHas ¢pakmus (B T. 4. BO-
JI0OpacTBOpUMasi), B KOTOPYIO BBIILEIAYUBAOTCS 3Jle-
MEHTBI, aJICOPOUPOBAaHHBIE HAa TIIMHUCTBIX MHUHEpajax,
THIIPOKCUAX Kelle3a U TYMHHOBBIX KHCIIOTaxX, B T. 4.
c11ab0aicopOMpPOBaHHbIE KATHUOHBI, YIEpPKUBAIOLIUECS
3a CYeT D3JEKTPOCTaTUYECKUX B3aumopaencTBuil [1].
DOnemeHTHl | ¢pakiuu cuyuTaroTCs HauOoJee MOJABHK-
HBIMA ¥ OWOJIOTMYECKH JIOCTYIHBIMH, YTO YKa3bIBaeT
Ha MOBBILIECHHYIO JTOCTYIHOCTh TOKCUYHBIX 3JIEMEHTOB.

Boccmanasnusaemasn gpopma (nanee — 11 dppaxius)
aTpuOyTUpPOBaHA C OKCHUIAMH M THAPOKCHIAMH Kejie3a
n mapranmna. s Fe, Mn nonst ykazanHoi Qppakiuu He
npessimaet 35 %. Ha cumoBoit cranmun 11 dpakis
UrpaeT JOMUHUPYIOLLY0 poiib 41t Sn u V (>50 %). Ha
puc. 2 BHUIHO, YTO s OOJIBLIMHCTBA 3JIEMEHTOB
HaOmofaeTcss TPeHJ K HEe3HAYMTEIbHOMY YMEHbIle-
Huto nonu 11 dpaknum, 3a UCKITIOYEHHEM 0JIOBA, BOJIb-
¢dpama m BaHAIWA. DMUCCHOHHBIC ITOTOKH CIBUTAIOT
(GpaKkLMOHHBIE COOTHOLICHUS B CTOPOHY YBEIUYECHHS
pom Il ¢pakmum mns Sn (+38 ortH. %), V, Fe
(+10 otH. %) m ymenbinenus gosm W (=21 otH. %),
Mn, Ca, Sr (aa yposze 10 oTH. %).

6948 CHN 6958-6984 ®OH
0% 20% 40% 60% 80%  100% 0% 20% 40% 60% 80% 100%
Sr 60 [ 17 [ 15 [8] Ca 52 [ 26 [ 18 [
Ca 59 [ 17 T 21 [3 sb 15 | 22 31 |
Mn 39 | 15 | 39 |6] sr 44 | 27 | 17 [ 12 |
Mg 38 [10] 31 [ 20 Mg 26 [9] 36 [ 30 |
Sb 25 | 18 ] 57 | Mn 25 ] 27 [ 27 [ 21 ]
Co 21 | 14 | 46 [ 19 Jco 14| 20 | 36 | 30 |
Ni 16 [10] 51 [ 23 IwNi 31127 46 | 32 |
Zn |14 | 26 | 33 | 26 | As [10] 25 | 39 [ 26 |
u 13| 20 | 60 |[7]Ba 9| 29 [ 26 | 35 |
Ba _11 | 31 | 27 [ 31 |zn 71T 24 ] 27 | 42 |
cu 8| 17 | 50 [ 25 | v 7] 38 | 24 ] 32 |
As 6] 21 | 43 [ 30 Jcu 5] 23 | 24 | 48 |
Fe 35 [ 24 ] 38 ] U 4] [ 67 [ 15 |
v 2 49 | 25 [ 24  |mo Z5] 68 (|
Al 13 ] 47 | 38 | sn 4 18 J 78 |
w i 2 ] 75 | P22 ] 56 [ 19 |
cr fi 65 [ 31 | w1 22 J12] 64 |
sn | 56 Il 43 | Fe 4 24 J12] 62 |
Mo 18] 61 | 30 | Al 111 ] | 51 |
p1 19 | 61 [ 19 ] o 57 [ M |
Th I 28 | 70 | Th d 20 ] 79 |
ol gn ol g o aun gom awv

Puc. 2. YcpedHeHnHvle 3HaueHus doell popm HaxXoxic0eHus 3/1eMeHMo8

Fig. 2. Averaged values of element occurrence forms
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Cuumxenue nomu Il ¢pakuuu 1y HEKOTOPBIX diie-
MEHTOB MOXET OBbITh OOYCJIOBJICHO je3arperanueid ux
KakK 3JICMEHTOB-TIpUMECed B Cpeloy HM3-3a pa3pylICHHUS
okcunoB Fe/Mn [42]. OKcuabl U TUAPOKCHUIIBI JKeIe3a U
Maprasiia, IpUCYTCTBYIOIIME B BUJE KOHKpPELWH, Iie-
MEHTHUPYIOIIET0 MaTepHaia ¥ HAJIETOB Ha APYTHX MH-
HepaJlaX, MOTYT HIPaTh BaXHYI POJIb B CBSI3BIBAHUU
9JIEMEHTOB TIPU CBOEH HECTAOMIILHOCTH B BOCCTAHOBHU-
TelbHBIX ycnoBusx [1]. JanHbli dakt oOycnaBiuBaer
HCTOUICHWE BOCCTAaHABIMBAeMOM (ppaKkiuy MpH CABHUIE
cpellbl B CTOPOHY ayTUT€HHOro KapOoHATooOpa3oBa-
HUSI ¥ TIOBBIIICHUS IIEIOYHOCTH CPEIBI, XapaKTePHBIX
IUTSL CUTIOBBIX YYaCTKOB. Takke He MCKII0YaeTCs Tepe-
pacnpesiefieHHe BOCCTaHABIMBAeMOUW (Ppakiuu B Kap-
OOHATHYIO.

B momomHennu, MO JAaHHBIM CEJICKTHBHOTO BBIIIIE-
nadvBas, 3apUKCUPOBAH MMOTEHIHUAIBHBIA TpoLecc
paspylnieHus: okcuaoB Mn u oOpa3oBanusi okcunoB Fe.
Opnnako xoppensinuu mexxay W, Ca, Sr u Mn orcyt-
CTBYIOT (Tabm. 5).

Oxucasemasn ¢ppaxyus (nanee — 111 ¢ppakuus) sBns-
eTcs peodagaroeii i 3HaYUTEIBHOTO KOINIECTBA
anemenToB. Tak, o I dppakuun >50 % 3adukcupo-
BaHa s Mo, Cr, U, P, Cu, Ni. [{nst mupokoro crek-
Tpa PIEMEHTOB Ha JOJII0 OKHUCISIEMOH (Ppakiuu IpH-
xomautes ot 30 mo 50 %: Mg, Zn, Mn, As, Co, Al
DMuCCUsl METaHa BU3YalIbHO CABHUTAeT TEOXUMHUECKUE
YCIIOBUSL B CTOPOHY POCTa BKJaia OKHCIIeMon (pak-
uuu (puc. 2). Campble aMIUIMTYIHbIE U3MEHEHUS OTMe-
gatorcest 1 Cu (+27 otH. %), MeHee CyIIEeCTBEHHBIC
Ha ypoBHe +10 otH. % — nis Mn, Fe, W, Co.

B Toukax cHITOBOI aKTHUBHOCTH METabOJU3M CYIIb-
daTpenyuupyromux 6akTepuii 01aroTBOPHO BIIKSAET HA
0o0MIBbHOE 00pa3oBaHUE CEPOBOAOPOJA, UTO, COOTBET-
CTBCHHO, AaKTHBH3HPYET OCaXICHHE ayTHTCHHBIX
cynb(UAOB C OJHOBPEMEHHBIM CBsi3bIBaHUEM  d-
mertaioB (Fe, Mn, Co u Cu) [43—-47]. Tak, Hanuuue B
KapOOHATHOM [eMeHTe (HpaMOOHMIAITBHOTO IUPHUTA
YKa3bIBaeT Ha BBICOKYIO AaKTHBHOCTb OaKTepHabHOU
cynb(haTpeyKIUy NPy aHadpOOHOM OKHCJICHUH MeTa-
Ha, a BBICOKHE KOPPEISIIUI MEXIY COACPKAHUEM ITH-
pura u As, Sb u Co yKka3pIBalOT Ha POk CYIb(PUIOB
Kelmeza B HAKOIUIEHMM  HEKOTOPhIX  peaoKC-
YyBCTBUTEIbHBIX MUKPO3JIeMEHTOB [41].

BrnusiHue CHUIIOBON aKTUBHOCTH HA YBEIWYEHUE JO-
mu 111 ¢pakmuu amst Menn, kobanbTa U jKene3a MOXKET
OBITh KOCBEHHBIM CBHJICTEIILCTBOM 00Opa30BaHUS HE
TOJBKO AyTHUTCHHOTO MHPHUTA, HO U CYJNb(OHUIOB MEan
(XaJIbKOMUPUTA C BTOPHYHBIMH KOBEJUTMHOM U XaJTbKO-
3MHOM), a TaKXKe Cynb(huaa KodaabTa — TMHHENTA.

Oxwucnsemast Hpakmus acCOIMUPOBAHA HE TOIBKO C
cynbduaamu, HO u ¢ OB, npu okucieHHH U paspyiie-
HUU KOTOPOT'O MOXET MPOUCXOTUTHh JCCOPOIHS CBS-
3anHbIX ¢ OB anemeHTOB B OKpykaromryto cpemxy [1].
HekoTopble mUpoIUTHYECKUE MapamMeTpsl Ui HCCIie-
IyeMbIx 00pa3loB mpuBeeHbl B Tada. 4. Koppemsiu-

OHHbIE OTHOUICHUS MEXIY OPTaHUYeCKHMHU U Heopra-
HUYCCKUMH TTapaMeTpaMy OTpakeHBI B Tabn. 5. 3Ha-
YUMbIe KOA(PPUIMESHTHI KOPPEISAIHHA 3ahUKCUPOBAHBI
Juts Beicokomodiekyisipaoro OB u Al, Fe, Zn, Ba.

Kaxk BumHO u3 JeHIpOrpaMMbl KOPPESALMOHHON
MaTPHIBl TEOXHMMUYECKOT0 CHEKTpa IO CPEIHEB3BE-
[ICHHBIM COJCPXKAHHUSAM U HEKOTOPBHIM MUPOJIUTHYC-
CKUM TIapaMeTpaM, TCOXMMHYECKHE CHEKTPHI 00pasy-
0T BOCEMb 3HAYUMBIX MUKpoaccormanuid {Co-MinC-
Cu-Ca; Mo-Sr; Mn-P; W-S;; As, Ba, Fe, V; S3-Th-
TOC-S,-Zn-Al-Mg; Sn-Cr; Ni-U-Sb-Be} (puc. 3).

Ta6auya 4. [Tupoaumuueckue napamempbl, ycpedHeHHble NO

cmaHyusam
Table 4. Pyrolytic parameters averaged over stations
Cranyus S | se [ s TOC [ MINC
Station Mmr/r/mg/ %
6948 0,50 0,57 1,70 0,74 0,18
6958 0,43 0,54 1,73 0,82 0,15
6984 0,48 0,79 2,16 1,15 0,15

Tree Diagram for 27 Variables
Complete Linkage
1-Pearson r

16 ’—k—
14

Linkage Distance

08

04

02

0,0

Co Cu Mo Mn S1

§3 TOC 2Zn
MINC  Ca Sr P w Th

82 Al

Puc. 3. /lendpozpamma KoppeasiyuoHHOU Mampuybl 2eoxu-
MUYeCcKo20 cnekmpa no co0epicaHuro XUMUYecKux
3/1eMeHmo8 U NUPOAUMU4ECKUM napamempam

Fig. 3. Dendrogram of the correlation matrix based on the

contents of chemical
parameters

elements and pyrolytic

Ocmamounasn ¢paxyus (nanee — IV ¢dpakuus) sB-
nsieres npeodnagaromeit ans W, Th, Sb, Sn, Fe, Al
(>50 %) B mOHHBIX OcajKaxX (POHOBBIX CTAaHIUK W JJIS
W, Th u Sb ans cunoBbIX craHimidi. B octaTouHyro
(hpako MOTYT PacTBOPATHCS NMEPBUYHBIE U BTOPUY-
HbIC MUHEpaJbl, KOTOpble HE OBLIM H3BJICUCHBI Ha
MPEeABAYIIMX JdTanmax W KOTOpPbIe MOTYT COZEpPIKATh
MHUKPOJIEMEHTHI B UX KPUCTAIIIMUECKOU pemeTke [1].

B cBoro ouepenn, oOnomouHast ¢pakmms s 00-
pa3IoB CHUIOBON CTAaHIIMM KOHTHHEHTAJIBHOTO CKIIOHA
Mopsi JlanTeBbIX MpeJCTaBleHa KBapleM, MOJIEBBIMHU
mmnaTaMi U TIMHUCTRIME MuHepanamu [41]. [lo nan-
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HBIM PEHTI€HOCTPYKTYPHOTO aHaJIN3a B UCCIICAOBAHIN
[48] OBLIO BBISABICHO, YTO IO MHHEPAIOTHYECKOMY CO-
CTaBy CHIIOBBIC CTaHIMU OJIN3 MPHOPEKHON 30HBI U Y
KOHTHHEHTAJILHOTO CKJIOHA Ha BHEIIHEM IIesib(e O4eHb
OJIM3KY 10 JIMTOJIOTHH, 32 MCKIIOYEHHEM BapHaIUU IO
JIOJISIM TJIMHUCTBIX MUHEpasoB. [IpeobnamaronmMu Mu-
HepanbHbIMH (azamu siBisiercst kBapi (<30-35 %) u
mrarnokisas (=20-25 %), B MCHbIICH CTEIICHH Kajhe-
BO-ToJIeBbIe mmaThl (<10-15 %), TIMHNUCTBIE MUHEpA-
ael (*10-15 %) u am¢pudonsr (Menee 5 %). B cBoro
oyepe]b TJIMHUCTbIE MHHEpaJIbl MMPEACTaBICHBl MOHT-
MOPHJUIOHUTOM, WJITUT-MOHTMOPHJUIOHUTOM, —WIIJIH-
TOM, XJoputoM M kaonuHutoM [48]. Konuenrpupo-
BaHHAs a30THas KHUCJIOTa HE CHOCOOHA PACTBOPUTH
AIIEMEHTHI, HAXOISAIINECS B KPHUCTAIUINIECKON pEeIeTKe
CHJIMKATHBIX W AJIOMOCWIMKAaTHBIX MuHepanoB [30],
WHEPTHBIEC B THIIEPIeHHOM ITpolecce.

BusyansHO BuaHA TEHICHIUS K CHIDKCHHIO JIOJH
IV ¢pakuum Ha CUTIOBOW CTAHIIWH, YTO TOBOPHT O IIE-
pexo/ie 2IEMEHTOB U3 MHEPTHOH B MOABIXKHYIO opMmy.
Haunbonee 3HaumMble cHmxeHus gonu IV ¢dpakuun
3atukcuposansl st Cu (—23 otH. %), Fe (24 otH. %)

6948 CUN

0% 20% 40% 60% 80% 100% 0%

Vil v Fe
A

Ean
/3

z B gz29

Sr
Mo
D Sn

G Sb

o

-5 Ba

W
Th
u

BHIHI BA (HIHI) BAIV BIV

u Sn (=36 otH. %), UyTh MEHBIINE — HAa YPOBHE —
10-20 otH. % — xapakrepusl i Cr, Co, Al, Mn, Zn.
Taroke MPUCYTCTBYIOT 3JIEMEHTBHI, JIJIsl KOTOPBIX HA0JII0-
JaeTcs o0paTHasl TCHACHIUS K POCTY JOJIM OCTATOYHOU
¢pakmu — cypema (+27 otH. %) u Bonmb(pam (+11 oTH.
%). B mienom na coBokymHocTs 111 u IV ¢dopm mpuxo-
mutcs ot 40-90 % ot 0011ero KoJIn4YecTBa HIEMEHTA.

IToTrok MeTaH-comepkamniero QIonaa crnocoOCTBY-
€T M3MCHCHUIO TCOXUMHUYECKOW Cpeisl M, Kak Ciell-
CTBHE, BJIMSECT Ha OCOOCHHOCTH IMOBEJCHHUS XHUMHUE-
CKHUX DJICMCHTOB B FI/IHCPFCHHI)IX Hpoueccax. VKa3aH—
HbIe 0COOCHHOCTH MOKHO TPOCIICNTh Ha OCHOBE aHa-
JIM3a COOTHOIICHHUS TOJBHXHBIX M HMHEPTHBIX (HOpM
XUMHUYECKUX diieMeHTOB (puc. 4). Ilog moaBmkHON
dbopmoit monumaercs cymma [, II m Il ¢pakouid.
B cBoro ouepenp, ocrarounas ¢paxuus (1V) cunraercs
WHEpTHOI [24].

Juddys3Hple MOTOKM MeTaHa MPUBOIAT K yBeIHUe-
HUIO TIOJBM)KHOCTH OOJIBIIIEH YacTH PACCMOTPEHHBIX
XUMHYECKUX DJIEMEHTOB OT 5 10 36 oTH. %. OmHako
TakkKe 3a(QUKCUPOBAaHBI 3JEMEHTHI, JUIS KOTOPBIX
HaOmoaetTcs ooparHas TenaeHnus (Sb, W, Mo, As).

6958-6984 ®OH

40%

20%

60% 80% 100%

OI+1II+1I omv

Puc. 4. ﬂllHa.MuK'a U3MeHeHUs u:-lepmHoﬁ U NOOBUMNCHBIX ¢Op.M HAX0McOeHUs1 XUMU1eCKUX 3/1eMeHmo8

Fig. 4.

Dynamics of inert and mobile occurrence forms of chemical elements
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3akr04eHue

B pesynbraTe maHHOrO HMcciael0oBaHUSA OBLIM OIpe-
JieTIeHbl ()OPMBI HAXOXKJCHUSI JIEMEHTOB C HCIOJIB30-
BaHHEM METOJa TIOCIICOBATEIFHON AKCTPAKIUHU II0
LIMPOKO HMCIOJIb3YEMOU periiaMeHTHPOBaHHON Mpolie-
nype BCR. bbuio BBISIBIEHO, YTO 3MHCCUSI METaHa
MIPUBOIUT K YBEIMUYCHUIO MTOIBIKHOCTH OOJBITHHCTBA
paccMaTpuBaeMBIX dJIeMeHTOB (kpome Sb, W, P, Ca).

Pasrpyska MeTtan-conepkamux (GIonuao0B SBISETCS
3HAYUMBIM (PaKTOPOM B (HOPMHUPOBAHHU T€OXHMHUYE-
CKOH cpebl, BIMAIOUIMM KaK Ha MUTpaLUIo, TaK U Ha
nepepacnpeneieHie GopM HaxXOXKICHHUS XUMHUYECKHUX
2JIEMEHTOB. B MecTax 3aJOKyMEHTUPOBAHHOW CUIIOBOI
aKTHBHOCTH HAOJIIOIAETCS TEHICHIHUS K POCTy KapOo-
HATHOM U OKHCIsIeMOH (ppakiuil XMMHUYECKHX 3JIeMEH-
TOB. DTO CBHJCTCIBCTBYET O, BO3MOXHO, IPOTEKAO-
mmx B CMT3 mporieccax ayTUTEHHOTO KapOOHATO- W
cynehunoodpasoBanus [13, 22]. JlomonHUTENBHO B
MOJIB3Y CIIBUTA CPENbl B CTOPOHY ayTHTCHHOTO KapOo-
HATOOOpa30BaHMsI HAa CHIIOBOM CTAHINHM YKAa3bIBaeT
YBEIUUCHHE MUPOIUTHIECKOro mapamerpa MinC Ha
0,03 %, koppenupytourero ¢ Ca u Sr.

Kpome »sTOro, mnpoaeMOHCTpUpPOBaHbI IPOLIECCH
nepepacnpeieieHns XMMUYeCKIX 2JIEMEHTOB IIPU MIPO-
TEKaHWM BTOPUYHOIO MHHEpaooOpa3zoBaHui. YcCTa-

CITMCOK JIMTEPATYPbI

HOBJICHO, YTO TPOLECC PA3TPy3KH METAH-COACPKALIIX
(GIIFOMIIOB UTpaeT 3HAYUTEIBHYIO POJIb B O0OTAICHUH
aytureHHbIX kapbonatoB U, Ni, Zn Co, OKCHJIOB Xelle-
3a — Sn u V, aytureHHsix cyiabpuaoB — Co, Mn u W.
Taxoke He HCKIIIoUaeTcsi 00pa3oBaHUE HE TOJIBKO ayTH-
TEHHOTO MTUPUTA, HO W XaJbKOMHPHUTA, a TAKKE CaMo-
CTOATENBHBIX BTOPUYHBIX CYJIb()UIOB — KOBEJUIMHA,
XallbKO3WHA U JINHHEWTA.

CumnoBasi aKTUBHOCTh HE CKa3bIBACTCS Ha BEIUYU-
HaX MUPOJIUTUYECKUX MMapaMeTPOB, XapaKTePU3YIOMIHUX
OB, 01HaKO yCTaHOBJIEHA 3HAYUMasl KOPPEIALMS MEXK-
1y BeicokomostekyssipabiMm OB u Al, Fe, Zn, Ba.

[loBeneHnMe XUMHUYECKHX OJJIEMEHTOB B JIOHHBIX
ocaJikax KOHTPOJMPYET CIOKHAas KOMOWHaIusi (u3u-
YeCKHX, OMONOTHYECKHUX W XHMHUYCCKHX IPOIIECCOB
[1,47], popMupyOMUX U OMPEACTICMbIX TCOXUMHYC-
CKOIl 0OCTaHOBKOM M BIIMSIOUIMX Ha Iepepacmpesene-
HUE XHMHYECKHX DIJIEMEHTOB MEXKIy KOMIIOHCHTaMH
Cpempbl.

[TomyueHHble pe3ynbTaThl MOTYT CTaTh OCHOBOM
JUISL BBISIBJIICHUSI Hanbosee 3(pPEKTUBHBIX XUMHUUCCKIX
WHIWKATOPOB PAa3rpy3KH TIyOMHHOTO Quironga Ha
menbge Mops JIanTeBbIX, U B IEPCHIEKTHBE — B IPYTHX
Mopsx MBA.
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