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OKEAHCKHE AHOKCHYECKHUE COBbLITHUSA
MEJIOBOI'O INEPHOJA U UX POJIb

B ®OPMUPOBAHUN HE®PTEMATEPUHCKHUX

OTJIO)KEHMH HA OKPAMHAX MATEPUKOB

A.U. Konioxoe

Mockosckuil cocyoapcmeensiil yHusepcumem umenu M.B. Jlowonocosa, Mockea, Poccus

MenoBoii meproz ObIT OTMEUCH HE TOIBKO TOCIIOCTBOM TEILIOTO KIIMMAaTa, OOIIUPHBIMI TPAHCTPECCHSIMU MOPS 1
IIMPOKHUM PacIpoCTpaHeHHeM KapOOHATHBIX OTIIOKEHHH, HO Takoke popMHUpOBaHHEM OoraTeiInX HeTeMaTepUHCKIX
cBuT. Kak panHe-, Tak ¥ O3{HEMEIOBAst STI0XU 03HAMEHOBAINCH HECKOIEKIMH OKEaHCKHMH aHOKCHIECKHMH COOBITHSIMU
(OAE) r1o6abHOT0 1 perHOHAIBHOTO MAcIITada, CONPOBOXKAABIIMMHICS HAKOIUICHHEM 0Ca/IKOB, 000TaIlleHHBIX OpTaHH-
YEeCKMM BEIIECTBOM M 3HAYUTEIBHBIMH C/IBUTaMH OTHOIICHHH cTaOmIbHBIX n30TonoB C, O u Sr. Pa3Hble acekTs! HTHX
COOBITHI pacCMaTPHUBAIOTCSI B OTPOMHOM KOJIMYECTBE CTaTeil, OIMyOIMKOBAHHBIX 3a TOCIEHEEe BpeMs B KPYITHEHIINX
Hay4HBIX n31aHmsIX. K coxaaennto, mx poib B popMHPOBAHNH He(hTEMaTEePUHCKIX CBHT OCTAJIACh 32 ITPeJielaMy HayTHOTO
aHanmu3a. Mexy TeM, IMEHHO C MEJIOBBIM MIEPHOJIOM OBIIO CBS3aHO IMIMPOUYalIIee pacipoCTpaHeHNE YSPHBIX ININH 1
KapOOHATHBIX 0CAIKOB, 000TAIEHHBIX OPraHNYECKUM BEIIECTBOM, B CTUMEHTAI[OHHBIX OaccelfHaX KOHTHHEHTAIBHBIX
okpanH. Pedpb uyet 06 okpanHax B 3allalHOM M IIEHTPAJILHOM pyKaBaX OkeaHa TeTHC, B IOJKHBIX paiioHaxX ATIAQHTHUKH,
a Taxke Ha okpanHax HOKHO-AMEpHKaHCKOTO KOHTHHEHTA, OOpAaIleHHBIX B HAcTosIIee BpeMs k KapuOckoMy mMopio 1
Tuxomy okeany. Cpenn HeTeMaTeprHCKHUX (hOpMANUi METOBOTO BO3PACTa HANOOJIBIIYIO POJIb B TEHEPAIIHHU JKHIKIX
1 ra3000pa3HbIX yrieBoxoponoB (YB) ceirpanu otnoxkenus ceut Xaunda, ['apay, Kaskmxymu, Axmaau mem6ep u ['yprn
B Oacceiine [lepcuackoro 3annBa. OrpoMubie 00beMbl Y B ObUTH POy IIPOBAaHEI B KapOOHATHEIX MOPOAAX (hopMaIin
Jla Jlyna, monmy4nBIINX Mupodaiiiee pacnpocTpanenne B MapakanOckom, Bocrouno-Benecyansckom, Ilytymaiio n
npyrux 6acceitnax Oxuolt AMepuxu. B 310l cBsI31 ciiefyeT yroMsIHy Th M YepHBIC TIIMHBI U Meprenu cBUT Jlaroa ®eiia
n Byxomasu B HIDKHeMe0oBBIX pa3pe3ax bpasmmmn, Anronsl, Kamepyna u 'abona. CooTHOIICHNIO STHX 00pa30oBaHUH
U YEPHBIX IVIMH, aKKyMYJISLUs KOTOpbIX Ipoucxoauia B onoxu OAE, nocssmieHa JaHHas CTaTbsl.

KoroueBbie c10Ba: OKeaHCKHE aHOKCHUIECKUE COOBITHS, MEJIOBOH IIeproJ, He(hTeMaTepUHCKNE CBUTHI, OacCEHHEI
KOHTHHEHTAJIbHBIX OKPAUH, YCPHbIC IIINHbBI
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PannemenoBas 3moxa

C paHHEMEeNOBOW AMOXO0H CBSI3aHO HECKOJILKO SIU30/10B
LIMPOKOTO PaCHpPOCTPAHEHHs YEPHBIX TJIUH U IPYTHX OCaJIKOB
C BBICOKHM COZIepKaHueM oprannueckoro Bemectsa (OB) kak
B 1IENb(OBBIX, TAK U B TIIYOOKOBOIHBIX MOPCKHUX 0OCTaHOB-
kax. Camoe paHHee U3 HUX — OKEaHCKOE aHOKCHYECKOe CO-
obrtue (Oceanic Anoxic Event, OAE) «Faraoni», mpuypoueHo
K MO3JHEMY T'OTEpHBY, CIEIYIOLINEe TPH — K anTy U ajubly:
OAE 1la wiu Cennu, OAE 1b unu [akse, a Takke OAE 1c u
1d. C nBy™mst U3 HUX CBSI3aHBI BBICOKO aMILIUTYIHBIC (>1,5%o0)
aHOMAaJIMM M30TOIHOro OTHomIeHus ymiepona (Puc. 1). Otun
HMHTEPBaJIbl — [103HEBAJIAH)KUH-TOTEPUBCKUM, PAHHEAIITCKUM,
03/IHCANTCKO-PAaHHEATBOCKHI U [TO3IHEATLOCKUM, OBLITH OT-
MeYEeHbI He TOJIBKO NIMPOKUM PACIIPOCTPAHEHUEM B MOPCKUX U
OKEaHCKHX BOAOEMAax YEPHBIX IVIMH, HO TAK)Ke COKpALlCHHUEM
TUIOLIAIN Pa3BUTHSI KAPOOHATHBIX IIIAT(GOPM.

OAE la (panneanmckoe anokcuueckoe codvvimue). 1o
coObITHE OBUTO CAMBIM PAaHHUM U3 HAUOOJICe 3HAYMMBIX HH-
TEpPBAJIOB MACIITAOHOW aKKyMYJISILIK YEPHBIX IJIMH B MEJIOBOE
BpeMsi, IPUYPOUSHHON, B OCHOBHOM, K 00CTaHOBKaM KOHTH-
HEHTaJIbHBIX OKPauH B OKeaHe TeTuc U LHEeHTPaJIbHOM 4acTu
coBpeMeHHOM ArnanTtuku (Puc. 2). B pa3HbIX pernoHax oHoO
COITPOBOYKAATIOCH ITPOSBIEHUSAMH AHOKCHH B JIOHHBIX OCAJIKAX,
3HAUUTENILHBIMH U3MEHEHUSIMH B CTPYKTYpe KapOOHATHOTO
HaHHOIUTAHKTOHA, U3BECTHBIMH Kak nannoconid crisis, a Tak:xe

BBICOKOW CKOPOCTBIO BEIMUPAHHS HE TOJIIBKO KapOOHATHOTO,
HO 1 kpemHucToro ranktoHa (Leckie et al., 2002). Ananu3
M30TOMHBIX JJAHHBIX YKa3bIBaeT Ha 3HAYMUTEIILHOE yBEInYe-
Hue (Ha 8°C) Temreparypbl IOBEPXHOCTHBIX BOJ B OKEaHe,
3a KOTOPBIM TOCJIEIOBAJIO ee pe3koe oxiaxaeHne (Ando et
al., 2009). Dta KOpoTKas MO UTHUTEILHOCTHA OTPHUIATEIIbHAS
AQHOMaJINsI, KOTOpast IOCTUraeT B MOPCKHUX KapOoHarax 3%o,
aB Copr ocankoB — 4-5%o, OblIa BRI3BaHA IMOCTYIUICHUECM B
rujpo- u armocepy CO, ¢ TIOBBINIEHHBIM COIEPKAHUEM
nerkoro uzororma '*C.

[TepBble CBHAETENHCTBA AaHOKCHUECKOTO OKEaHCKOTO
coobiTist OAE la Obutn oOHapyxens! B Jlusemto Cenn.
B aTom, onHOM U3 HauboJiee MOIHBIX pa3pe30B HIDKHEAIlT-
ckux omnoxeHui B Utanuu Ha kpuBoit 6'°C Habiromaetcs
PE3KO BBIpayKeHHAs! OTPHUIIATEeIbHAST AaHOMAJIHS, OTBEUAIOIast
camoii panneil ¢aze nposieinenuss OAE la B Aubnuiicko-
Cpenn3eMHOMOPCKOM pervoHe. Beime guxcupyercs cme-
IIICHHUE B CTOPOHY IOJIOKHUTEIBHBIX 3HAYCHHUH, HalIe/Iee
OTpaKeHHE KaK B KapOOHATHHIX MOpPoJax Ienb(poBOro u
ITyOOKOBOJHOTO TeHE3HCa, TaK U B COCTABE OPraHHUYECKOM
gactu iopoxt. Conepxanne C | B YCPHBIX [IMHAX, OTIOXKCH-
HBIX BO BPEMSI 3TOTO aHOKCHYECKOTO COOBITHS, BAPbUPYET OT
2 10 16%. CortacHO OAHUM HCCIEA0BATENAM, UX aKKyMy-
JSIUst ObUTa BBI3BaHA MACIITAOHBIM BBIOPOCOM TEIUIMYHBIX
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IICHHBIX OPTaHUKOH, HAOIIONAI0TCS
KpHUCTaJUIBI TUpUTA, 3epHa hochopu-
TOB 1 KBaplia c KaeMKaMH 00pacTaHus
BOKpYT HUX. OHAKO HaNOOIBIINE X
KOHIICHTpAIMU (PUKCUPYIOTCS B IIPO-
CJI0SIX Meprelieid, OKpalleHHbIX B TEMHO-CEPBIA U YePHBIN
LIBET M M300MIIYIONMX PAKOBUHKAMH PAJIHOISIPUI U THATOMEN.
Ecnu B n3Bectnskax conepixanue C e npepbimaet 0,5%, To
B YEPHBIX MEPTENIAX OHO BapbUpyeT oT 1 10 6,75%. 3nauenus
BOJIOPOIHOTO MHAEKCA B HUX AocTuraimm 255 mr YB/r COpr
(Strasser et al., 2001).

B paspesze CusmoHn Ha ceBepe MTanmuu 3HAYUTENHHBIN
CIBUT Ha KpUBO# 6'°C B CTOPOHY OTPHIIATEIHHBIX 3HATCHHIHA
(1,3%0) hukcupyeTcst JIMIIb B OPraHUUECKON YaCTH YEPHBIX
TJIMH, T/I€ BMECTE C OCTaTKaMU MOPCKHX OPTaHU3MOB IIPH-
CYTCTBYET NPUMECh Ha3eMHOM pacTUTENIbHOCTH. B rpociosx
MU3BECTHIKOB M3 TOTO K€ MHTEpBajia TOIIMHUHON 32 CM 3TO
CMeIIEHHE BBIPAKEHO CYIIIECTBEHHO cliabee, 4To, 0 MHEHHIO
C. Mexas ¢ coaBTOpaMH, HE MOXKET CBHAETEIHCTBOBATEH B
MIOJIb3Y THIIOTE3BI O Pa3I0KEHUU ra30TUIPATOB B TIIyOOKO-
BOJIHOI 30HE OKeaHa, TaK KaK B ATOM Cllydae HapyIlleHHe
6amanca CO, Hamo OB OTpaKeHHUE Kak B KapOOHaTax, Tak
u B OB monnsix ocankoB (Mehay et al., 2009). B paspese,
BCKPBITOM CKBKHUHOM Y T. [TM066HKO, TOMY 5k€ COOBITHIO OT-
BEYAET IUIACT YEPHBIX IIMH, KOTOPBIE COlEepKaT MUPUTOBBIC
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Puc. 1. Ocnosnvle unmepeannl, ommeyeHHble 8 cepeoure Melo8020 Nepuodd CHLIUKAMU BYIKA-
HU3MA U aHOKCUdecKumu coovimuamu 6 oxeane (OAE), komopbvie conpooxcoanucy akkymynayue
YePHBIX 2NUH U OPY2UX OMIL0dCeHUl ¢ 8bicoKUM cooepxcanuem OB, no (Leckie et al., 2002).

KOHKPEIINY, PAKOBUHBI PAJIHONISIPUI U KocTh pbid. Ha Hux
3aJeralT TJIUHUCTHIC U3BECTHSAKH M MEpPrejd Ceporo u
3eJIeHOBaTO-Ceporo 1BeTa (3 M TOJIIMHOW), epEeKPHITHIE
MaYKoi KPaCHOIBETHBIX KapOOHATHBIX mopoa. MHTepBan
BPEMEHH, Ha MPOTSHKEHUH KOTOPOTO IMTPOUCXOIUI ITIEPEXO]T OT
AHOKCHH K YCJIOBHUSM, XapaKTePU30BABIIUMCS HACHIIIICHUEM
MPUIOHHBIX BOJl KUCIOPOIOM, COCTABIII OKOJIO 1,2 MJTH JIeT
(Wang et al., 2011).

Bonbmoli wHTEeC MPENCTaBIAIOT PE3yIbTaThl OypeHUs,
MPOBEJICHHBIC B Pa3HBIX YacTsAX Tuxoro okeana. Ha mox-
BogHoM noausaTuu llarckoro B C3 yactu Tuxoro oxeaHa
(peiic 198 O/IIT) oboramennsie OB ocaaky NpHypodYeHBI K
HWHTEPBAITY, CIIOKCHHOMY MHUKPO3EPHUCTBHIME C OOMIbHBIMU
HaHHO(OCCHIMSIMU KapOOHATHBIMU OCAJKaAMH M KPECMHSIMU
GappeM-ceHoMaHcKoro Bo3pacra. OboramenasiMu OB ocan-
KaMU — TEMHO-KOPUYHEBBIMU PaIAOJISIPUCBBIMU TIHHAMU U
PaIuONSIPUEBBIMU MOPIICIUIAHUTAMY — 37IECh CIIOXKEH TPOCIIOH
TOJIIUHON 45 CM, OTBEYAOIIUI aHOKCHYECKOMY COOBITHIO
OAE la. B Touke 1207 b coxepxanue COpr BApbUPYET OT
1,7 no 34% (maxcumansHoe 43%). Cpenu OuomapkepoB
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peo0IalaloT CTePOUIHBIC COSAMHEHNS (CTEPEHBI U CTEepO-
JIBI), YTO XapaKTEpHO Uil 00CTAaHOBOK C BHICOKUM YPOBHEM
6nonponykuun ¢uromnankrona. Cocras OB omnpenensercs
KOMITOHEHTaMH BOZIOPOCIIEBOTO U OaKTepHabHOTO FeHe3nca
(Dumitresku, Brassell, 2006).

B anrckoil vacTu pazpes3a MEIOBBIX OTIIOKEHHH, BCKPBITBIX
OypeHreM Ha BepImHe raifora PezomyiH B paiione ['aBaiickoro
apxunenara, X. J>kenkuHc u I1. BuabcoH Bblaenwiu aBa
MHTEpBaJa, I7Ie KapOOHATHBIC TTOPOJIBI, IIPE/ICTaBICHHbIC H3-
BECTHSKaMH (T1aK- ¥ BAKCTOYHAMH), COJIEprKaT MTPOCIIOH TIIHH,
o0oraleHHbIX Opranukoi. OrH 13 HUX 3aJIeraeT Ha PyANCTO-
BBIX U3BECTHSKAX B OCHOBaHHH aIlTa, IPYroi — OJIMKe K KpOBIIe
Ha OOJMTOBBIX M3BeCTHsKaX. C paHHEANTCKUM HHTEpPBAJIOM
371€Ch CBSI3aH PE3KHUii CIBUT HA KpHBOii 6'°C B CTOPOHY MOJIO-
JKUTENIbHBIX 3HaueHull, xapaxkrepHslii 111 OAE la. B panne-
MEJIOBYIO IIOXY MOABOAHAs ropa Pe3omymn pacnonaranacs B
9KBaTOPHUAIBHOM CEKTOpe THXOro okeaHa, ¢ KOTOPBIM CBSI3aH
BBICOKUI! yPOBEHB IPOAYKIIUH OPraHOCTEHHOIO M KPEMHUCTOIO
rtankToHa (Jenkyns, Wilson, 1999).

Pesynbrarsl nccrienoBaHuii, IPOBEACHHBIX B MOCIEIHEE
BpeMsl B IOKHBIX paiioHax Vcanuu u TyHuce, MOKa3bIBaIOT,
uto noseiueHue kounentpanuu CO, B anoxy OAE la npo-
HCXOAUIIO MOCTENEHHO B TEUEHHE HECKOIBKUX JECSTKOB, a,
MOXET OBITh, U COTEH ThICSY JieT. OHO HE MOIVIO IPUBECTH
K PE3KOMY OKHUCICHHUIO NOBEPXHOCTHBIX BOJ B OKEaHE H,
ClIe/10BaTeIbHO, HE OBUTO NPUYMHOM KpH3Kuca KapOOHATHOTO
nannonnankrona. Coneprxanne CO, B atMoc(epe ocTaBanoch
BBICOKUM Ha MPOTSHKEHUM NOcIeyomux 1,5 umm 2 M- nert
(Naafs et al., 2016).

OAE 16 (koney anma — pannuil anv6). I10 aHOKCUYE-
cKoe coObITHE OBIIO 3aUKCHPOBAHO HE TOJIBKO B HA3EMHBIX
paspes3ax CpeiHero Mmena, OOHa)XaroIIUXCsl B Pa3HBIX 00-
nactsx FOxnoi Eporel (@panmun, 'epmanun, ABctpun u
I'peninm), HO TaKke B CKB-X, MPOOYPEHHBIX 110 IPOrpaMMme
JCHIT na nogBoaHbix miuato Maszaran u bneilik B ueHTpaiib-
Hoii AtnanTtuke. Camoe paHHEe MPOSIBJICHUE STOTO COOBITUS
6bu10 3adukcupoBaHo B BokoHTanckom Oacceiine Ha FOB
@®paHnuy, IJe YepHbIe INIUHBI MOSBISIOTCS B pa3pe3e HIKE
TPaHMIBI aNTa ¥ aib0a. DTOT MHTEPBaI, BKIIOYAIOIINI BepX-
HearTCKHe TOPU30HTHI TeIepb N3BECTEH Kak ypoBHHU J[ako0
u Kunman. B cocrase OB 3Tux uepHbIX INIUH C COEpKaHUEM
CUpr He BoiIe 3,3% Qukcupyercs BbICOKass KOHLCHTPALUS
JETPUTHBIX KOMIIOHEHTOB Ha3eMHOro mnpoucxoxaeHus. OB
B BBILIEJIEKAIMM TOPU30HTE HI)KHEATLOCKUX YEPHBIX TIINH
(C,,. Hepenko Gonee 8%) npunanexut ko IT Tumy.

[TonyueHHsle py U3yYEHUH KepHA B 1TabOpaTtopuu U30-
TOIHBIE JAHHBIE CBUJETEIBCTBYIOT O TOM, UTO aKKyMYJISIIHS
YEPHBIX DJIMH NMPOUCXOMIIa Ha (hOHE TOBBIICHHS TEMIIepa-
Typbl IOBEPXHOCTHBIX BOJ] B OKeaHe. Bricokue TeMneparypsl
COXPAHSUINCh HA MIPOTSXKEHUU BCETO ITOT0, 10BOJIBHO KOPOT-
koro (40-50 TeIcsd steT) aHoKcnueckoro codbiTus (Hofmann
etal., 2008). Ocoboe BHUMaHHE UCCIIEJ0BATEIICH TPUBIECKIIH
cnenuduyeckre OMoMapKepbl, KOTOPbIE ObUIN N3BIICUCHBI M3
OB stux mmH. Jleno B ToM, 4TO B psifie CIydacB OHHU OBLIH
MIPEACTaBICHbI MOHOLIMKIMYECKIMU H30IMPEHOUIaMH, YKa3bl-
BAIOIMMH Ha apXeH, Kak Ha OCHOBHOW MCTOYHHK OMOMACCHI.

ITo nmaHHBIM NEKTPOHHON MHUKPOCKONUU KEPOTeH dep-
HBIX Meprelieii, Ha KOTOpbli npuxonutcs 6onee 95% OB,
00pa3oBaH TOHYAMIIMMHU CIIOWKaMHM, CIIOKEHHBIMH amopd-
HBIMU HETUAPOIU3YEMBIMH OPraHUUECKUMHI KOMIIOHEHTaMH.
Onpenenennblie B HUX 3HaueHUs §'°C = -15,5%0 xapakTepHsl
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JUIS TUNAI0B, HAXOJSIIIUXCS B KJIETKax apxeil. Mcronb3oBaHue
XPOMaTO-MacC CIIEKTPOMETPHUH TO3BOIHIIO BBISIBUTH IPUCYT-
creue B OB 4yepHbIX Meprenei criennuuecKkux CoeJUHEHNH,
KOTOpBIE SIBJISIOTCS OCHOBHBIMU KOMIIOHEHTAMU KJIETOYHBIX
MeMOpaH 3Tux MuKpooprannsmMoB. CormacHo M. Kroiiniepey ¢
coaBropamu, 6osnee 80% opraHuKH, HAXO/AIICHCS B U3Y4eH-
HBIX MU 0CaJIKaX, ObUIO PO IUPOBAHO apXesIMU, KOTOPBIC
MOIVIM 0OUTATh HE TOJIBKO B OCAJIKaX, HO U B TOJIILE MOPCKOH
BozbI Hay HUMH (Kuypers et al., 2001).

IIposenennsie M.IlakTOH ¢ coaBTOpaMH HCCIEI0BaHUS
BBISIBIJIM CBUIETEIIBCTBA KOJOHU3AIMH 0CaKa MUKPOOaMu
y’Ke mocie ero 3axopoHeHusi. CornacHo NOJy4eHHBIM UMU
JTAaHHBIM, TEMHBIE BKJIFOUECHUS B KJIETKaX MUKPOOPTaHN3MOB
IIPECTaBICHbl HEOpraHMYeCcKUMH nonudocdaramu, KOTo-
phle HaKalJIMBAJIMCh UMHU JJISl QJaNTallyd K MEHSBIINMCS
YCIIOBUSIM B IPOIIECCE YIUIOTHEHUS OTIOKEHUH. B kiaeTkax
OakTepuii ObUIN TaKKe 0OHAPYKEHBI KAPOTEHOM/IBI, KOTOPHIC
MOIJIM UTPATh POJIb aHTHOKCUAAHTOB, YBEJIMYNBAIOIINX
MEXaHHYECKYIO IPOYHOCTH KIETOYHONH MEMOpaHbl. DTH CO-
€/IMHEHHSI CITIOCOOCTBOBAIM COXPAHEHHUIO OAKTEpPHAIBHBIX
KJIETOK B MPOILECCEe MX MHUHEPAIU3alUU B TEUECHHUE JIH-
TeIbHOTO BpeMeHu. OO0pa3oBaHNE CIIONKHBIX MOJIMMEPHBIX
COC/IMHEHHMH B COCTaBe MUKPOOHMAIbHBIX KJIETOK MOTJIO
criocodcTBoBaTh coxpanenuro JJHK Gakrepuii, oOuTaBmmx
B MEJIOBBIX ocajkax. Kak 6buto ycranosieHo paunee, JJTHK
COXPaHSET YCTOMYMBOCTH B KJIETKaX MHOTHUX OaKTepHii,
CYILIECTBOBABIIUX B PEKUME «TOJIOIAHUS) B TEUEHUE JUIU-
tenbpHOTO Bpemenu (Pacton et al., 2011).

B 3anaasbix paiionax ['perun pacnpocTpaHeHbl TOHKOC-
JIONCThIE KapOOHATHBIE OTIOKCHMSI CBUTHI Buria, BKiIroua-
IOIIHE TJIACThl KPEMHUCTBIX MOPOJI, KOTOPbIE U300MITYIOT
paKoBHHKaMH pauoisipuii. B BepxHeill uactu paspes3a CBUTHI
HacyMThIBaeTcs 27 MPOCIOeB Meprelneil 1 TINH, odoraiieH-
ueix OB (COpr —ot 1 1o 6%, BonopoaHsklil uuraexc — ot 170
10 450 MrYB/r Copr). OHM IpUYPOYEHBI K «TIIMHUCTON MaukKe
Buray, B KoTopol npeo0i1analoT KpeMHHUCTBIE U3BECTHSIKU
aJIb0-CEHOMAHCKOTO Bo3pacTta. B ByX TopH30HTaX 4epHBIX
Mepreneld u/wim u3BecTHskoB, BS1 u BS2, coxepxanue
OB 3nauuTenpHO BhIIEe — 28,5 1 44,5% cooTBeTcTBeHHO. B
OUTYMONIHOM (paKIUH, BHIICIICHHON HEMOJSIPHEIMHU PacTBO-
PHUTEJISIMH M3 YEPHBIX Mepreiiei paHHe- U CpeJHeaTb0CKOro
BO3pacTa, cpeJi OMOMapKepoB MPHUCYTCTBOBAIM COSTUHEHHSI,
KOTOPBIE CBUJIETEIBCTBYIOT O BBICOKOM aKTUBHOCTH B IEPHO]T
akkyMmyJsiuu ocaskax apxeit (Kuypers et al., 2001).

OAE Ic-d (cpeonuit u no3onuii anvé). llpouecc pacnana
loniBaHbI 3aBepUIMIICS B KOHIIE albOa-Havyasle ceHOMaHa
noJHeIM otzeneHneM HOxuoit Amepuku ot Adpuku. Emy
TIPE/LIECTBOBAIN MAaCIITAOHbIE M3JIUSHUS MTOYIICUHBIX JIaB
B llenTpansHo-Ilepyanckom Tpore, CONPOBOXKAABIINECS OT-
JIO)KEHHEM aH/Ie3UTOBBIX Ty(OB, KpeMHEH M YEPHBIX OHTY-
MUHO3HBIX IIMH. 32 OTHOCUTEIBHO KOPOTKUN MPOMEKYTOK,
B cpeaHeansbOckoe BpeMs, TaM chopMHpOBaICsS KOMIUIEKC
BYJIKAHOTEHHBIX M O0CAJJOYHBIX MOPOJ CEpUU 3aHbs MOIIHO-
ctbro Oomee 6000 M. [Tosic cpenHeaTbOCKIX BYJIKAHUTOB TIPO-
TsiruBaercs B [lepy Ha 500 kM. OObeMbI BBIACIUBIINXCS IPU
9TOM TeIlIa ¥ ApHUKOBBIX I'a30B OBLIM HACTOIBKO BEJUKH, YTO
BBI3BAJIM II00AJILHOE TIOTEIUICHNE, U3BECTHOE Kak Onocgep-
Hoe coobiTre i OAE 1c. C HUM CBSI3BIBAIOT yCTAaHOBIICHNE
AQHOKCHYECKUX yCIOBHUI Ha 3HAUMTENILHOM MI0Ia 11 MOPCKOIO
JIHA B [IEHTPAJIbHOM CEKTOPE ATIaHTHUECKOrO OKeaHa 1 pH-
JIeraronux pailoHax okeana Teruc.
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[Ipu Oypenun B okpectHOCTsX I. [Ino06uKo B UTamuu
ObLTa MTPOHJIeHa TOJIIIa PUTMUYHOTO NIEpeciianBaHus dyep-
HBIX TJIMH CO CBETJIIO-CEPBIMU MEPTEsIMH, N3BECTHIKAMH
1 KapOOHATHBIMU INIMHAMH MOLTHOCTBIO 150 M, B KOTOPBIX
MIPaKTHYECKH OTCYTCTBYIOT CJI€JIbl OMOTYpOaluu, a coaep-
xanue C Bapeupyer ot 0,1 10 1,5%. IIpocnon yepHBIX
IJIMH IPUCYTCTBYIOT KaK B HW)KHE-, CPEIHEATbOCKOM, TaKk
U B BEpXHEaThOCKOM WHTEpBalax paspes3a. [lpu sTom B
BepXHeanb0CKOM HHTEpBase (CerMEeHT AMasieyc), KOTOPBIH
oTBeuaeT aHokcmueckoMy coObiTuio OAE lc, oryeTiinBo
MPOsIBJICHA IMKJINYHOCTh, 00yCIIOBJICHHAs! N3MEHEHUSIMHU
OpOUTATBHBIX XapaKTePUCTUK 3eMIM Mo MHIaHKOBHUYY.
AHanmu3 KpUBOW M paclpejesieHns 0CTaTKOB HAHOTUIAH-

120 Mn

®-1 ©-2 O-3

AL Konyukhov

KTOHA B MOPOJAaX yKAa3bIBAIOT HA TO, YTO aKKyMYJISIIHs
YEpHBIX TJIMH MPOUCXOJHIIa B KOPOTKHE HHTEPBAIBI rO-
crozcTBa Oonee Teroro knumara. IIpu 3ToMm, ofHAKO, HE
HaO0II0IaI0Ch YBEIUYCHUS (PePTHIIEHOCTH HAHOTUTAHKTOHA.
B pasnocTax ocagkoB ¢ HEBBICOKHM coaepxkanueM OB
BCTpeYaeTcsi OOMBIIOE KOMTHYECTBO JHHOIMCT, TOTAa KakK
B YEPHBIX NIMHAX (UKcHpyeTcs npeobiaganue (Ooiee
90%) ocTaTKOB MPECHOBOJHBIX Bogopocieit Pediastrum,
Scenedescus u Tasmanitaceae. DT0 CBUACTEIBCTBYET O pac-
MPECHEHUH MOBEPXHOCTHBIX BOJ, KOTOPOE OBLIO BBI3BAHO
YBEJIIMYCHUEM PEYHOT0 CTOKA, YTO, B CBOIO OYepellb, CIO-
cOOCTBOBAIO YCUJICHUIO CTPAaTH(GHUKALUK BOAHOH TONIIN B
okeane (Tiraboschi et al., 2009).

Puc. 2. Ocnosnvle pationsl pacnpocmpanenus yephoix eiun ¢ unmepesane OAE la, no (Wang et al., 2011). 1-3 — uepnvie enumnsl ¢ paznuidnsim
HabOpOM XapakmepHuIX NPUHAKOE.: ONPeOeNeHHbLI IUMOPAYUATbHBIT COCMAB, NOBLIUEHHOE COOEPIUCAHUE C,,. u nosumusHbli cosue 3navenuil
omuowenus 63C: 1 — ¢ nonnvim Habopom npusHarkos, 2 — ¢ 08YMs U3 mpex NPU3HAKO8, 3 — ¢ OOHUM U3 MPex NPU3HAKOS

Puc. 3. Ocnognuie pationst pacnpocmpanenust yephoix mepeeneti (2aun) 6 unmepeanre OAE 2, no (Wang et al., 2011). 1-3 — uepnvie enunvi ¢ pas-
JUUHBIM HAOOPOM XAPAKMEPHBIX NPUSHAKOS: ONpeOelenHblil Tumopayuanbubiii cocmas, noswluiennoe cooepyicanue C, u nosumusHbolii cogue
suauenuii omuowenus 0°C: 1 — ¢ noanvim HADOPOM npusHaKos, 2 — ¢ OBYMS U3 mpex NPU3HAaKos, 3 — ¢ OOHUM U3 Mpex NPU3HAKOS
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B uenTtpanbHoi yactu ATnantuyeckoro okeana BT.1052 E
n 1050 C npu npoeneHnN TITyOOKOBOAHOTO OypeHus Oblia
BCKpBITa TOJIIIA BEPXHEATLOCKNX-HI)KHECEHOMAHCKHX 0Ca/l-
KOB, CIIOXKEHHasI ITepecIauBaHuEeM YePHBIX IIMH U U3BECTHS-
koB. ComtacHO JIaHHBIM OMO- U IUKJIOCTPATHIPAPHIECKOTO
aHaJIM30B, 3TH OCAJIKW HAKAIUIMBAJINCH Ha 3HAYUTEIHHBIX
nryounax (oxoso 1200 M) co ckopocThio 20 CM/TBIC.JIET, 4TO
MI03BOJISIET JICTAJIBHO MPOCIEANTH MPOLECCHI, IIPOTEKABIINE
B anoxy OAE 1d. briarogapst BEICOKO# cTerneHr COXpaHHOCTH
PaKOBHH INIAHKTOHHBIX M OEHTOCHBIX (JopaMHHHU]Ep, BMECTE
C KOTOPBIMU HaXO/IMITUCh PAKOBHHBI aMMOHHTOB M I'aCTPOMO]L,
CJIOKCHHBIX aparOHUTOM, YJAJIOCh C BBICOKOH TOYHOCTBHIO
OTIpPEJICTNTh B KapOOHAaTaX M30TOMHBIM COCTaB yriaeposaa U
KHCJIOPO/Ia ¥ ONPE/ICIIUTH TEMITEPaTypy NOBEPXHOCTHBIX BOJ
(SST) B okeane Toro Bpemenu. OKa3aaock, 4TO ITa TEMIIC-
parypa Obl1a CyIIECTBEHHO BBIIIE TOW, YTO HAOIIOAACTCS B
BOJIaX COBPEMEHHOTO0 okeaHa. [TorydeHHbIe pe3ysbTaThl Jal0T
OCHOBAaHHE I10J1araTh, YTO TEIJIMYHbIA PeXXUM Ha HaIleH ria-
HETe YCTAaHOBHJICS HE B IO3/JHEM CEHOMaHe, KaK CUMTAJIOCh
panee, a B nozaneansockoe Bpems (Norris, Wilson, 1998).

IHo3nuemesioBasi 2moxa

Bropas mosoBrHa MesoBoro mneprosa Obulia OTMEueHa
HECKOJIbKMMH 3TH30/1aMH aKKyMYJISIIIMK YePHBIX TIIHH (Mep-
rejei), cpeiu KOTOPhIX HanOosiee MacITaOHbIMU SIBISIFOTCS
cpenneceHomanckuii (MCE), cenoman-typonckuii (Bonarelli
event, OAE 2) 1 KOHbSIK-CAHTOHCKHI (CpeHUI KOHBSIK — paH-
HUM canToH, 89-86 MiH 11.H.) uHTepBasbl Bpemenu (OAE 3).
[Mocnennuii ATUIICS OKOJIO 3 MITH JIET, TOT/AA KaK MPEbIIyIne
menee 1 miH et (Wagreich et al., 2004).

OAE 2 (cenoman-myponckoe anoxkcuueckoe coovimue).
AKKyMyNALUSI 0CaJIKOB, C BBICOKUM coziepaxanueM OB B koH1ie
CEHOMaHa paclpOoCTPAHUIACh 3a MpeAesl okeaHa TeTtuc u
LIEHTPAJIbHON ATIaHTHKHM BO BHOBb OTKPBHIBIIHECS OKCaHM-
yeckue Oacceiinbl (Puc. 3). B uepHbIX miMHAX ceHOMaH-TY-
POHCKOTO BO3pacTa, BCKPBITBHIX IIPH OyPEHNUH Ha ITOJIBOJHOM
mnaro Jlemepapa B perice OJII, 3HaueHus Copr BapbUPOBAIH
ot 2,62 1o 16,64%. [1o naHHBIM UCClienoOBaTeleH, padoTaB-
mux Ha 60opty «OynreH Pe3omyniny, BendrHa BOXOPOIHOTO
nHjekca npessiaet 500 MrYB/rCUID » KEPOTEH MPHHAICKUT
[1-Tumy, a GMoMapKepbl pe/ICTaBICHbBI TONTaHAMK M CTepaHa-
Mu. VX BEICOKHE KOHLIEHTPALUH CBUIETENBCTBYIOT O HE3HAUU-
TeJIbHOH cTeneHn Tpanchopmaru OB B tua- 1 kararenese.
CTpyKTypHBIE ¥ TEKCTypHBbIE OCOOCHHOCTH IIIMHHUCTBIX H
KapOOHATHBIX OCA/IKOB ITO3HECEHOMAaH-CaHTOHCKOTO BO3-
pacra, pa3BuTbix Ha CB cknone miaro Jlemepapa, yka3sBaior
Ha MX HaKOIICHUE B MEJIKOBOJHO-MOPCKUX 00CTaHOBKax. B
COCTaBe TOH TOMIIY BBIIENAETCS TAa4YKa YEPHBIX H3BECTKOBBIX
IJIMH MOIIHOCTBIO 96,2 M, KOTOpBIC B BEICOKOI CTEIIEHU 000-
TallCHbI OPraHUIECKUM MaTepuasom: ot 7,76 10 16,99% C .
B cocrase OB uyepHbIX IIMH Tpeo0I1alaloT 0CTaTKH MOPCKHUX
BOJIOPOCJICH, a caMH IJIMHBI XapaKTEPHU3YIOTCSI BBICOKUM
YPOBHEM r'aMMa-H3JTydCHHUsL.

[Tpu m3yuennn 120 o6pa3noB U3 MHTEpBasa paspesa,
otBevaroniero OAE 2, Obina ycraHoBIIeHa NpsiMasi 3aBUCH-
MOCTh Mexy conepxkannem C (B mmamazone 8,9-33,4%)
U TUIOIA/IBIO TOBEPXHOCTH MUHEPAJIBHBIX, B OCHOBHOM IJIH-
HUCTBIX KOMIIOHEHTOB, ITPEACTABICHHBIX IPEUMYIIECTBEHHO
cMeKTHTOM. CXOIUMOCTb pe3ynbTaTtoB gocturana 88-92%.
[To naHHBIM 3JEKTPOHHON MUKPOCKOIIMHM OpPraHMYECKUE
MTOJIMKOHICHCATHI, TIPEACTaBICHHBIC B OCHOBHOM (10 90%)
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amMop(HBIM MaTepraIoM, 00pas3yIoT ¢ NIMHUCTHIMH YaCTHIIA-
MU OpraHOMHUHEpaJIbHbIE arperarsl. [Ipu aTomM Menbyainme
OpraHMYeCcKHe MOJEKYIbl MOTYT HaXOAUThCA B MEXKCIOE-
BOM IIPOCTPAHCTBE pa30yXalomMX IIMHUCTBIX MHHEPAJIOB.
@dopMUpOBaHHUE B PaHHEM JHAT€HE3€e OPraHOMUHEPATbHBIX
arperaroB npenoTsparuio okuciaenue OB u ero pasnoxenue
mukpoopranmsmamiu (Lohr, Kennedy, 2014).

CkBaxuHa, TpoOypeHHast HeJTaBHO B MecTeuke ByHctopd
6mu3 . 'annoBepa (I'epmaHmst), BCKpbLIa BEpXHEMEIOBEIC
OTJIOKEHHUSI, B CEHOMAH-TyPOHCKON 4aCTU KOTOPBIX MPHUCYT-
CTBYET OOJIBIIOE KOJIMYECTBO IUIACTOB U MPOCIIOEB YEPHBIX
IVIMH, YepeIyIOINXCsl ¢ U3BECTHSKaMU Oesloro 1BeTa, Clo-
YKEHHBIMH OCTaTKaMM KapOOHAaTHOTO HaHHOIIaHKTOHA. OHU
BBIJICIISIIOTCS B COCTABE CBUTHI X€CCENbTANb U HAKAIUTUBAINIChH
Ha nryounax ot 100 no 150 M B npenenax oOMIMPHOH MIeb-
(oBoii utarhopMbl, IPOCTUPABILEHCS HAa pyOeke ceHOMaHa
u TypoHa oT bputanckux 0-BoB 10 Pycckoit miutsl. [Topoast
9TOM popmarum pacripoctpaneHsl B Bectdanun u Hmwxuei
CakcoHuu, I71e CMEHSIIOTCSI OMOKIJIACTOBBIMU KPACHOIBETHBI-
MU U3BECTHSIKAMH CBUTHI 3€JIbJie. DTH KapOOHATHBIE OCaIKU
OTJIaraJINCh Ha MPUIOAHATHIX yYacTKaxX JHA. AKKYMYIISIHS
YEpPHBIX MEPreIUCThIX 0CAKOB, HAUaBIIASCS 3/1€Ch HA TPaHU-
1Ie CCHOMaHa 1 TYpPOHa, YTO (PMKCUPYETCS 110 CIIBUTY KPUBOKH
8"C B cropony nonoxutenbHbix 3HaueHui (OAE 2-CIE), po-
JloIkanack u osjHee, B panHem Typone. Cozxepxanne C | B
9TOM MHTEpPBaJIE HEPEKO cocTaBisieT 2,5%. Camblil BepXHUN
npoCIIOi YepHbIX MIUH ¢ conepkannem C 1,8% 3aneraer B
paspese y Byncropda B 33 M Beime rpanuisl OAE 2 (Puc. 4)
(Blumenberg, Wiese, 2012).

KoMmmekcHoe nccae10BaHne BEpXHECEHOMAH-HIKHETY-
POHCKHX OTJIOKEHHH B coceHeM BokoHTIHCKOM Oacceiine,
obOHakarouuxcs B kpaeBoit yactu 61u3 [lont /I’Viccons Ha
IOB ®pannun u copepxalux MHOTOUUCIIEHHBIE OCTAaTKU
Ha"odoccunuii: popamuHudep, paanoISIPHA U IIUCTHI Opra-
HOCTEHHBIX TUHOQIISTEIIIAT, TO3BOJIMIO YTOYHUTH yCIOBUS
¢dopmupoBanus obdorameHneix OB ocankoB Ha pa3HBIX
sranax OAE 2. Jlns xoppensiuu ¢ pa3pe3aMu U3 Ipyrux
perrnoHoB EBpOMbI HCTIONB30BAINCH JaHHBIE IT0 OMOMapKepam
B cocrase OB, conepxanunio CO, u maneoreMreparypam.
W3ydeHHbIE OTI0KEHHS PEICTAaBICHBI KAPOOHATHOH ToMIIEH
LUKJINYHOTO CTPOECHUS, CIOKEHHON IreMHUIeIarn4ecKuMu
U3BECTHAKAMU M MEPreisiMU U BKIIIOYAIONIEH TOPU30HTHI U
OT/ICJIbHBIE ITPOCIION YEPHBIX N3BECTKOBBIX IIIMH (Mepresei),
n3BecTHBIX kak Niveau Thomel 1 u 2 (Puc. 5). T'opu3oHTsI
YEpHBIX Mepresyieil pa3aeseHsl MauKkoi CBETIbIX Meprenei ¢
MPOCIOSIMH TEJIarH4eCKUX U3BECTHAKOB. VIMEHHO B 3TOM
nHTEepBaJie (PUKCHpyeTCs HanOoIee BHIPAKEHHBIH TO3UTHB-
HBII CIIBUT Ha KpUBOH 613C.<ap6‘ OH OTBEYAET CTaAUH IO0XO-
JI0aHusl, KoTopoe u3BecTHO Kak Plenum cold event. C atum
COOBITHEM CBSI3aHO HE TOJBKO YMEHBIICHHE TEeMIIEPaTyphI
MIOBEPXHOCTHBIX BOJI, HO TAKK€e HACBILIICHUE TPUOHHOM BOJbI
KHCIIOPOAOM, CJIEIaBIINM BO3MOXKHBIM 3aCEJI€HHE MOPCKOTO
JiHa OCHTOCHBIMM OPTaHN3MaMHU B TeX paiioHax L{eHTpansHOi
ATJaHTHKH, T/Ie paHbIIe HAKAIJIUBAJINCh YEPHBIC TIIMHBI
(Jarvis et al., 2011).

ComnocraBiaeHue MaTepUalloB, NOJy4yeHHBIX B IToHT
J’Ucconb, ¢ KIaccu4eckUM pa3pe3oM CEHOMaHa U TypoHa
B UcTtOopHe (AHIIINS) TEMOHCTPUPYET BBICOKYIO CTEIICHBb
KOppeIsiiuy u3MeHeHni Ha KpuBbIX 0"°C B unTepBane CTB
(rpaHUIBI CEHOMaHa M TypoOHa), KoTopasi pUKcHpyeTcs Ha
(doHe pa3HON KOHUTrypaluH IJIACTOB YEPHBIX Meprejei
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Puc. 4. Yepnvie mepeenu (enunvl) no30HeceHOMAHCKO20-DAHHENTY-
ponckoeo éo3pacma (OAE 2) 6 cocmase ceumvi Xeccenvmans (Oep.
Byncmop@, Huowcnecaxconckasn énaouna, Iepmanus): a — cmpoe-
nue paspesa, no (Blumenberg, Wiese, 2012); 6 — cmpoenue snemen-
MAPHO20 YUKIUMA C YUACUeM YepHblX Mepeeiell (2nuH) 6 moauje
HudicHemyponckux omuooicenutl, no (Voigt et al., 2008). 1-8 — omuo-
orcenus.; 1 — uzgecmuaAKu, 2 — u36eCmMHAKU ¢ MyIbO00OPA3HOU U IUH-
308UOHO-BOTHUCMOU CIOUCMOCMbIO, 3 — MENLON0O0OHbIE U36eC-
HAaKu, 4 — mepeenu, 5 — cunbHo GuomypoUposantvle KapooHammule
ocaoku, 6 — uepHvle Mepaenu (2nunbl), 7 — MOHKOCIOUCHIbIE YepHble
enunsl, 8 — buomypouposannvle uepHoie enunbl;, 9 — ouomypoayus;
10 — xonopumui,; 11 — paxosumnvl unoyepamos, 12 — enaykonum

B comnocraBisieMblx paspesax: B [lont J’Mcconp HUKHUN
1 BEpXHHE TOPHU30HTHI HAXOJATCS B Pa3sHbIX OMO30HAX,
Torga kak B McrOopHe Oomblnasi 4acTh YEPHBIX Mepresei
CKOHIIEHTpHpoBaHa B Ono3oHe R. cushmani. OueBuHoO, 4T0
UX aKKyMYJISIIUS 3aBEPIIMIIACH 3]1eCh 0 KOHIIA CEHOMAaHa.
B opranmyeckoil 4acTH 4EpHBIX U3BECTKOBBIX IVIMH W/HIU
Mepreneil npeobaanaer aMopHBII MaTepual carporiene-
Boro tumna (75-90%) ¢ npuMechbio TyMyCOBOTO BEIIECTBa
(5-10%) m 1IoX0 ompeneasieMbIXx KOMIIOHEHTOB (5-15%).
Cpenu pacrio3HaBaeMbIX OCTaTKOB MHUKPOQIIOPH! JOMHHH-
PYIOT IUHOLUCTEHI.

B onopaom paspese Jlusemno bonapemiu B Utanuu co-
nepxanne C B YCPHBIX IIIHHAX, OTI0XKCHHBIX HA TPAHHIE
CEHOMaHa U TypOHa, Bappupyer oT 2,6 10 26,3%. Beanunna
orHomenus C/N B 3THX ocaakax, Kak M JPYIHX YEpHBIX
ITIMHAX W3 MeJIarndecKuX pa3pe3oB MOPCKUX OacceiHOB
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OneMeHTapHBIA LMKMUT C YHACTUEM YEPHBIX IMKH

nepepbIB B 0CAOKOHAKONNEHWH

cepble MenonogobHble M3BECTHAKK
3eneHoBaTkEIe Mepren
61oTYypEMpPOBaHHLIE YEPHLIE FAWHLI

TOHKOCNOWCTLIE YePHbIE MWHLI

MEJIOBOTO mepuona, cocrapisieT 31,5+£2,4. M3yyenue 00-
pasLoB B MoJie 3JIEKTPOHHOTO MUKPOCKOIA MOKA3a10, 4To
B OB 3TuX MUH pacnpocTpaHEeHbl TPU TUIIA MUKPOUYACTHII.
OTO KOMIOHEHTHI, XapaKTepU3yoIiuecs yIIOLMeHHON
¢dopmoii, tnamerpom 5-20 MKM | TOJNIIMHOI MeHee | MKM;
PacTHUTENIBHBIHA JETPUT, TPEICTABICHHBIH, INIABHBIM 00pa3oM,
CIOpaMU; a TaKXe OKPYIVIbIe MUKPOUYACTHUI[BI TUAMETPOM
oxoJ1o 10 MKM, 3a4acTyr0 BKJIIOYAIOIUE KPUCTAIIIBI TUPUTA
(Ohkouchi et al., 2003).

Ha npotuBononoxHoH, 103kHOM okpanHe okeaHa Teruc,
B Mapokxko, koHuenTpauun C B YEpHBIX [IHHAX, OTBEYAI0-
mmx coobrtuio OAE 2, Bapbupyror ot 1 10 5% (B 0TAEIBHBIX
oOpa3siax 0oiee 8%) pu 3HAYCHUSX BOIOPOTHOTO HHJICKCA
—0t1 220 0 700 MrVB/rCopr. OTH OTIIOKEHUS HAKAILIUBATINCh
B TEIJIOM KJIMMAaTe, XapaKTepU30BABIIEMCS YePEJOBAHUEM
3acyNUIMBBIX M J0kAeBbIX ce3oHoB (Gertsch et al., 2010).
B cocraBe OB mpeo0iagaer mareprans MOPCKOTO TeHe3uca
(tun xeporena — [ u 1IS). [IpucyTcTBHE TPON3BOIHBIX H30-
peHHeparaHa B YepHBIX INIMHAX, BCKPHITHIX CKBKHHAMH B
ry6okoBoiHOM 30He C3 okpauHbl AQpPUKH, MOXKET CBH-
JIeTeIbCTBOBATh O MEPUOAUUYECKOM CEPOBOAOPOJHOM 3a-
pPaXEHHH HE TOJIBKO ITyOWHHBIX, HO ¥ TOBEPXHOCTHBIX BOJ
B 9TOM peruoHe. OHOBO3PACTHBIE OTIOKEHUS HAa OKPAaUHE
Tynuca, Jlusuu u Erunra B CpeauseMHOM Mope npej-
CTaBJICHbI TOHKUM IIE€PECIauBAaHUEM CEPBIX U TEMHO-CEPBIX
HU3BECTHAKOB C YEPHBIMHM MEPressiMH, OTINYAIOIMUMUCS
moBeIIIeHHBIM copepxkannem OB (Puc. 6). Beepx mo pas-
pesy y [xeben 'apcu, r1e 9TH OTIOKEHHS BBIACISIOTCS B
cocrase cBUTHI baxiyn (MmomtHocTs 10-40 M), uepenoBaHue
CTAHOBMTCSA PUTMHUHBIM, a IPOCIION Mepreseil mo ToIIHHE
MIPEBOCXOAAT TAaKOBbIE M3BECTHIKOB. M3yuenune mukpoda-
YHBI, IPEJCTAaBICHHON PAaJUONISIPUAMH U MIAHKTOHHBIMU
(dopamuHUpEepaMu, MoKazaao, YTO BMELIAIOIINE MTOPOJIBI
OBUIN OTJIOXKEHBI B KOHIIE CEHOMaHa 3a HECKOJIBKO JIECSITKOB
Theica4 jieT 10 CTB. Otu pe3ynbrars! CBUAETENBCTBYIOT O He-
KOTOPBIX pa3inuusax B Bo3pacte yepHbIX Mepreneit OAE 2,
HaKaIUTMBABIIUXCS B AITMKOHTUHEHTAIBHBIX MOPsIX EBpoIbI
n Ha okpanHe Adpuku (Moez et al., 2012).

B snuxonTHHEHTansHOM Oacceitne Kapak-Cuina, pacmo-
JIO>)KEHHOM B HOPIaHCKOM CEKTOpE KapOOHATHOH 11aTdopMbl
JleBanra, pa3pe3 BepxHero Mena (cBura Hayp) HaumHaercs
BOJIOPOCIIEBBIMU U3BECTHIKAMHU JIATYHHOTO T€HE3HCa, KOTO-
pBle IEPEKPBITHI MAaYKOH KalblU(EPOBBIX M3BECTHIKOB, CO-
JIepKALIUX IPOCTION YepHBIX Mepreneii. Konnenrpauun C
B HHX KouieOmoTcest B quanasoHe ot 1 1o 3%. Toxma MormHo-
CTbIO 0K0JIO 40 M XapaKTepu3yeTcsl HUKIMYHBIM CTPOCHHUEM.
CormacHO aMMOHHUTaM U TUIAHKTOHHBIM (popamuHupepam,
yKa3aHHbIE OTIIOKECHUSI HAKaIIMBAINCh B OOCTaHOBKAX OT-
KpPBITOrO MOpsI B KOHII€ CEHOMAaHa M PaHHEM TypOHE, T.€.
orBeuatoT OAE 2 (Wendler et al., 2014).
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CBUACTCIILCTBYIOT O TOM, YTO Ha MPOTSAKCHUN
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OAE 2 conepxanue CO, B armocdepe ObLI0
OYCHb BBICOKHM, TTOYTH B MATH Pa3 BBIIIE CO-
BPEMEHHOTO YpOBHs. Pe3koe MOBBIIICHUE €ro
KOHLEHTPALUU MOTJIO OBITH BBI3BAHO BBIJC-
JICHHEM OTPOMHBIX 00BEMOB ra3000pa3HbIX
GOMI0B MPH aKTUBU3AIMH MarmMaru3ma B

pa3HbIX paiionax Muposoro okeana (KapuOcknit
Gacceiin, aro Keprenen u ap.). Ilosimenue
TeMIIepaTypbl BOABI HA MOBEPXHOCTU OKEaHa
(mo 30-35°C) (Foster et al., 2007; Sinninghe
Damste et al., 2010) cnocoGcTBOBaNIO HIMPOKO-
My PacIpOCTPAHEHUIO YEPHBIX ITIMH B MOPCKHUX
ocaJiKax.

B MekcukaHCKOM 3a1MBE MEI0BOI TepHOA
ObuT BpeMeHeM (OPMHUPOBAHMS MOIIHOM Kap-
OoHaTHOH IaTGOPMBI, HA CEBEPHOI OKpanHe
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Puc. 5. Bapuayuu 3nauenuii 6'°0 u 513Cm[)r7 na gone usmenenus cooepacanuii CaCO,,
ALO, u C{W 6 paspese 6epXHECeHOMAH-HUMCHEMYPOHCKUX omaodxceHuti, Ilonm
J’Hcconv (Boxonmanckuii baccetin, @panyus), no (Jarvis et al., 2011). Omaoscenus
1-3: 1 — neraeuueckue usgecmuaxu, 2 — mepeenu, 3 — uepHvie mepaent i 2AuHbl

ITopozp! ceHOMaH-TypOHCKOTO BO3pacTa C BBICOKMMH KOH-
nerTpanusmu OB momyunim pa3sutue u B npenenax Cesepo-
Bocrounoro Ileputetuca: 'opuom Kpeimy u [larecrane.
CanponenuToBbIi TOPU3OHT, KOTOPBIH BBIJEISETCS B KPOBIIE
CEHOMAHCKOM Toimu B pa3pes3ax l'opHoro Jlarecrana, nume-
€T NMKINYHOE CTpocHue. TommuHa OTAENbHBIX HUKIHTOB
mmensiercs ot 3-4 no 10 cm. Oboramennsie OB mpocnon
3aJIeraloT B OCHOBAHMH WM KPOBJIE ropu3oHTa. B Hux ¢uk-
CHPYIOTCSI BBICOKHE 3HAYCHHS BOIOPOTHOTO HWHAEKca: 248
u 346 mr YB/r Copl, orBevaromue keporeny I-1I Tumos, B
MIPOCIIOSX 7K€ C OTHOCUTEIBHO HU3KUM copepxkanueM OB sti
3Ha4YeHUs CHIKAroTc 10 130, 9To XapakTepHO TSI KeporeHa
I Tomma (T"'aBpuutos u ap., 2012).

[TpoBeneHHbIE K HACTOALIEMY BPEMEHH HMCCIIECIOBAHUS

— KOTOPOW M3BECTHSKH BKJIIOYAIOT TOPU30HTHI U
MauykK 3BaropuToB. B paspesax menbpoBbIX
CKB)KHMH MOPOJIBI C BBICOKHM CO/IEp)KaHUEM
OB, orseuatomue OAE, BcTpeuaroTcs Kak B
HW)KHE-, TaK ¥ B BEPXHEMEJIOBOM KOMILIEKCAX
ornoxeHuid. Tak, B mpenenax Oinoka 253 u
Ha MoAHATHN JleCTHH B anT-aJbOCKOHM YacTH
paspesa ObUIM BCTPEUYCHBI OTIIOXKECHHUSI, PECTaBICHHbBIE
IJIMHAMU, U3BECTHSIKaMH H aJIEBPOJIMTAMHU, KOTOPbIE XapaKTe-
PH30BAIIICH BBICOKUM YPOBHEM raMMa-u3inyueHusi. B paiione
610ka 264 (61,5 kM k FOB ot . Heto-Oprieana) n3BeCTHAKH
TEMHO-CEpPOTO M YEPHOTO I[BETA C MOBBINICHHBIM (OHOM
raMMa-u3JIydeHHs] IPUCYTCTBYIOT B CEHOMaH-CaHTOHCKOM
WHTEpBaJIe paszpesa.

B ampnmiickoM 3asinBe, a Takke B aKBaTOPUH MHKPO-
TUTAT, OTJENSABIINX TeTHUC OT PacrooKEHHBIX I0KHEE MOp-
ckux OacceifHoB Me3oreu, akKyMyJsiiMs YEPHBIX IVIMH B
nnrepsaie bonapemmu (OAE 2) 3aBepummiace Ha rpaHuie
CEHOMaHa M TypOHA, TOTAA KaK B NPHKOHTHHEHTAJIbHBIX
obnactsx (Byncropd, Bokontanckuii 6acceiin n 1p.) ona
MIPOJOIDKAIIACh 3HAYUTENIFHO JOJIBINE, BIIOTH JIO CEPENHBI
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Puc. 6. Cooeporcanus C, =6 nopooax nozoneceromanckozo u parnemyporckozo éospacma (OAE 2) 6 baccelinax KOHMUHEHMANbHOU OKpauHbl
Cesepnoti A¢ppuxu, no (Luning et al, 2004). 1 — nnamgpopmennvle paiionsl, 2 — 0obaacmu cHoca 0010MOUH020 Mamepuand, 3 — KOHMUHEHMAlb-
HbLL CKIIOH U 271yDOKOBOOHbIE 6NAOUHBL, 4 — 30HbL AKKYMYIAYU OMA0NCEHUIL C BbicoKUM codepiicanuem C,
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pannero TypoHa. O4eBHIHO, YTO COOCTBEHHO aHOKCHYECKOE
coObiTne bonapennu sTo numb oxHa U3 (as, XoTs U camast
CylIecTBeHHas, ((OPMHUPOBAHUS OTIOKEHHUH, 00OTaIlICHHBIX
OB. Ee anuTensHOCTh B OJHUX PETMOHAX HE MpPEBbIIIAa
HECKOJIBKHX JI€CATKOB THICSY JIET, TOTJA KaK B APYTHX MOIVIA
npocrurats 0,5 MiaH 1eT. OCHOBHBIE apeasbl pacIpOCTPaHEHUS
YEPHBIX IVIMH HAXOJIMIIHCh B TPOIMYECKUX M CYOTPOITNYCCKIX
LIMPOTaX, MPEUMYIIECTBEHHO B 3alaJHOM U LEHTPAJILHOM
pykaBax okeaHa TeTHC M 3aKJIIOYEHHBIX MEXAYy HUMHU paii-
OHAaX ATIAHTHUKH, TA€ MPOJOJIKAICS aKTUBHBIA CIIPEAMHT
okeaHcKoro AHa. B Tuxom okeaHe akKyyJsius 3TUX 0CaJKOB
HOCHIIa criopagudeckuii xapakrep. OHa Oblia IpUypoYeHa K
BEpILIMHAM M TIOJIBOJAHBIM CKJIOHAM ITOABOIHBIX Iop (IJIMHBI
CMarvHCKOW CBHTHI), aToiu1oB (Pe30iyniH) 1 KpyIHBIX ByJKa-
HUYECKUX MOAHATHH (11aTo Kepreien u DxemyT).

OAE 3 (1103/1HEKOHBSIK-CaHTOH-KaMITaHCKOE aHOKCHYECKOE
coObITne). B KOHIIE KOHBSIKCKOTO BEKa, B CAHTOHE U KaMITaHe
MOCTYIJICHHE BOJHBIX Macc U3 THXOro okeaHa B I0KHBIE paii-
oHbI LleHTpanbHON ATIAaHTHKY CYIIECTBEHHO Bo3pocio. Ha
9TO YKa3bIBA€T LIMPOKOE PACHPOCTPAHEHHUE YEPHBIX IIIHH B
OOLIMPHOM 30HE aTIIaHTHYECKOH OKpanHbl FOxHOM AMeprky,
Bkirouast CB nepudepuiinbie paiions Benecyaibl, Tpuauan
n ToGaro, a Takxe moaBosHOE 1m1ato [lemepapa, rae npu Oy-
pennu o iporpamme O/II B Toukax 1257-1261 (petic 207)
OBUT BCKPBIT TOPH30HT TOHKOCIOMCTBHIX U3BECTKOBBIX IVIMH,
BKJTIOYAIOUIHUX (heKaTbHBIC MEJUICTHI M KOCTH PBIO € coztepxa-
HHUEM CUlDr ot 1 10 2,5% u cepsi ot 4 10 12%. I1o Bo3pacty 3tu
OTJIOKEHUSI OTBEUAIOT MOCIETHEMY U3 MEJIOBBIX OKCAaHCKHUX
aHokcuueckux coObituii — OAE 3. B oTHenpHBIX IPOCIIONX
kepHa u3 uHTepBana 570,5-571 M Obu10 3ahMKCHpPOBAHO
pe3koe yBenmueHue KoHueHTpauu ¢ocdopa, no 1-2,5%,
KOTOPBIA Haxoqwics B (hopMe THAPOKCHAIIATHTA B COCTABE
MHUKPOCTSDKCHUI OKPYIJIOW MM 3JUIMNTHYECKOH (opMbl U
JMAaMETPOM J10 HecKombKuX MM. Konuentpanus PO, B 5Tux
mpociosix AocTurana 46 u naxe 58 r/kr ocazaka. Benen 3a
aKTUBHOM akkyMynsauueil OB u nocneayromum yBenuueHIeM
TIPOLIECCOB CYIb(AT-PEAYKINH, B JOHHBIX 0CATKAX TPOHCXO-
Juio ocaxkaeHue cynbhunos Cd, V u Zn (Marz et al., 2008).
UepHble IIMHBI M3BECTHBI M B aMepHKaHCKoW yactu [ and
Kocr B cocraBe popmanun Tyckaiyca, rje OHH TPHYpPOYCHBI
K TEPPUTCHHBIM OTJIOKEHUSAM KOHBSIK-CAHTOHCKOIO BO3pPacCTa.

CkBaxxnna 159-959 ]I, npoOypeHHas B HEHTPaJIbHOU
YacTH ATIIaHTHYECKOTO OKeaHa B 30HE TPaHC(OPMHBIX pa3-
JIOMOB BOJIM3H KOHTHHEHTaJIbHOTO ckiioHa Kot JI'MByapa (1.
2090,7 M), BCKpbIJa TOJILY ITMHUCTBIX OCAIKOB PaHHEKO-
HBSIKCKOTO — MO3/JHENAJICOLIEHOOT0 BO3PACTa, B HIXKHEN 4acTu
KOTOPO HaXOAUIHUCH YEPHBIE INIUHBL. DTO NapauIeNbHO CIIO-
HCTbIE TOHKOAUCIEPCHBIE 0CAAKH TEMHO-CEPOT0 J0 YEPHOTO
1L[BeTAa, copeprKamye ppamMmO03Iphl TUPHUTA, 2 B BEPXHEH 4acTH
natepsana (1043,3-1024,0 M), B KOTOPOM OHH OOHApPYKEHBI,
TaKke OOJIBIIOE KOJIMYECTBO KPUCTAIIIOB JOJIOMHTA.

K nHTEpecHBIM BBIBOAAM MPHILIEI MIBEHLIAPCKUNA HCCIIe-
nosarenb X.Badiccept. CoracHo eMy, KpuBasi KoyieOaHui
OTHOIICHHS CTAaOMIBHBIX M30TONOB C OTpa’kaeT MHOTO-
YHCJIEHHbBIE TIepTypOanuu B TI00aJbHOM LUKIIE YIIIepoaa B
MenoBoe BpeMms. [1ogokuTeNnbHble CABUTH HA 3TOW KPUBOMU
SIBJISIFOTCSI OTBETOM OMOC(ephl Ha pe3Knue U3MEHEHHsI, TOT/Ia
KaK OTpHUIaTeJbHbIE aHOMAJINU OOYCIIOBJICHBI BHE3AITHBIM
noctynnenuem yierkoro CO, B 6uocdepy. ITn konedanus
HaKJIa/(bIBaJlCh Ha JOJTOBPEMEHHbIC U3MEHEHUs KIMMaTa,
HMMEBIIIIE MeCTO B MesioBol mepuox (Weissert, 2013).

GEORESURSY

AL Konyukhov

OTtpaxkeHHe 0KEAHCKHX AHOKCHYECKHX
coObITHI1 B HepreMaTepuHCKUX GopManusixX
MeJI0BOI0 BO3pPacTa HA OKPaHHAX
KOHTHHEHTOB

Bacceiin [lepcuackoro 3aauBa. [locne oTaeneHus
WHupocTanckoro cCyOKOHTHHEHTA OT ApaBUM MEX1y HHUMHU
o0pazoBasicss ITyOOKHH HPOJIMB C OKEAHCKMM THIIOM KOPBI
(Berra, Angiolini, 2014), xyna n3 Heo-Tetnca cranu nponu-
KaTb Mopckue TeueHHs.. CUIIbHbIE BETPBI U3 MYCTHIHHBIX paio-
HOB, 3aHUMABILHX OOJIBIIYIO YacTh APaBUIICKOTO I-Ba, CTOHS-
JIM IPOTPETYI0 MOPCKYIO BOZY, HA MECTO KOTOPO#! BCILIbIBANIA
XOJIO/IHAsl NTyOMHHAs BOJIA, HACKIIIIEHHAsl OMOT€HHBIMU Bellle-
CTBAaMHU, YTO IIPOBOLIMPOBAJIO CE30HHOE [IBETEHUE Pa3INYHbIX
rpynn (UTOIJIAaHKTOHA, IIaBHBIM 00pa3oM, CHHE-3€JIEeHBIX
Bozopocneil. FIx ocTaTku BMecTe ¢ paKOBHHKaMH Paguo-
JSIPUA 1 TUIAHKTOHHBIX (hopamMuHHU(Ep KOHICHTPUPOBAINCH
B 3aTHIIHBIX ydJacTKax OOMIMPHOTO Imenb(a, MOIyIHBIINX
Ha3BaHWE BHYTPUIIEIb()OBBIX BIAJANH U HAXOAWUBIINXCS BHE
30HBI BO3/ICHCTBHS IITOPMOBBIX BOJIH. B ycioBusix nepunnra
O,, xoTopslii pacxosoBaics Ha okucnenue OB, 3neck cranu
HAKAIUTMBATLCA OCAJIKU C BHICOKUM cofiepxkannem C 1 Kpem-
He3eMa: TEMHOLIBETHBIC INIMHUCTO-KPEMHHUCTO-KapOOHATHBIE,
1100 KapOOHATHO-KPEMHHCTHIE WIIBL.

B koH1e 10pckoro nepuoja 4epHbI€ MEPresid U IIIUHBI
HaKaIUTMBAJIMCh BO BHYTPHIIEIL(OBOI BIIaINHE, PACIIOJaras-
meiicsa B CB paitonax CaynoBckoil ApaBuu u Ha n-Be Karap.
OHH BBIJICTISIIOTCS. B COCTAaBE CBUTHI XaHU(a U COiepkKar OT
1 10 6% C_ (Alsharhan, Nairn, 1997). C storo BpemeHu u
BILIOTH JIO KOHIIa MEJIOBOTO NEPUO/IA IPOLECCHI aKKYMYIISALUU
ocajkoB, oborarieHHbIx OB, B 6acceiine [Tepcuckoro 3anusa
(haxTHYeCKN He peKpaIaInCch. MEHSUINCH JIMIIB apealibl UX
pacnpocTpaHeHus. B paHHeMenoByo 310Xy OHH pacrosara-
JUCh NMPEUMYILECTBEHHO B UPAHCKOM CEKTOPE PETUOHA, THe
AKTHUBHU3MPOBAJIHCH MPOIECCH MPOTHOAaHUS 3eMHON KOPBI.
Hauunas ¢ HeokoMa, B C€BEpHOH 4acTU 3TOrO CEKTOpa Ha-
KaIUTMBAJIHMCh YEPHBIE KPEMHHCTO-KapOOHATHBIE OTIOKEHUS
cBuThl ['apay. [To3nHee UX CMEHWIN NIMHUCTBIE U3BECTHAKU
cBUTHI ['a/iBaH, KOTOPBIE OTYYMIIN PA3BUTUE I0XKHEE, B UACT-
HOCTH, B npezenax oimoka dapc.

OCHOBHBIM apeajsioM pacHpocTpaHeHus: cBUTHI [apay, ¢
HECOIIaCHeM 3aJIETalolle Ha BEPXHEIOPCKUX IBANlOPUTAX,
SIBIISIETCS BHYTPEHHUH 60pT Meconoramckoro rnporuoda, rie B
paHHEMEI0BOM BpeMs pacoiaranach OTHOMMEHHas BIIAJUHA.
B Hu3ax paspesa 3aech 3a1eraloT TOHKOCIOUCThIE apruilIy-
ThI C IPOCTIOSAMH TIMHUCTBIX U3BECTHIKOB U MPOILIACTKAMU
KpeMHeil. Brllle OHM 3aMeIIaoTCs TOHKO CI10HYaThIMU [IHHH-
CTBIMH U3BECTHSIKAMHU C BBICOKUM cofepkanreM OB, koTopele
B KpoBje (opManuy ycTynaT MECTO MacCHBHBIM CEPBIM
M3BECTHSKAM, COAEPKAIUM MPOCIION INIMHUCTBIX U3BECTHSI-
k0B. Bo3pacT nopos B HUKHEH [OJIOBUHE pa3pe3a — HEOKOM-
anrckuit. [To Bcemy paspesy B mopoaax paccesHo OoIblIoe
KOJIMYECTBO PAKOBUH PAJUOISIPHIA U KPEMHUCTBIE KOHKPELIUH,
pa3Mep KOTOPBIX BAPbUPYET OT HECKOJIBKUX MM JI0 AECITKOB
cM. Berpewarorest u MukpocTspkeHust pochaTHbIX MHHEpa-
JIOB, UTO CBUJETENBCTBYET O TOCIOJACTBE HAa JHE MOPCKOIO
OacceiiHa aHOKCMYECKUX yCJIOBHH. OTAeIbHBIEC MPOCION
KPEMHHCTBIX TIOPOJI CIIOXKEHBI CIMKyJIamMu Iyook (Puc. 7), uto
OOBIYHO YKA3bIBAaCT HAa HU3KHE TEMIICPaTyphl B IPHIOHHOM
BOJHOM cJi0e. OueBUIHO, UTO aKKYMYIISILMS OTIOKeHUH [apay
IIPOMCXO/IUIIa B IITyOOKOBOJHBIX 0O0cTaHoBKax. B cocrase OB
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JOMMHHUPYIOT aMOp(HbIE KOMITIOHEHTHI (THI KeporeHa — [1)
(Navidtalab et al., 2014). JIumb oT4acTH YepHBIC IHHUCTHIC
M3BECTHSKH [ apay MOT'YT KOpPEIIMPOBATHCS C CAMBIM PaHHHM,
MT03/THETOTEPUBCKUM, aHOKCHYECKUM COOBITHEM MEJIOBOTO
nepuopa. Ilpu cpennem conepxanuu B nopoaax 'apay CuprB
KonmuyecTBe 2-2,5%, B HUX 3aKJIIOYCHBI 3HAYUTEIbHBIE 00b-
embl carporneneBoro OB. B npanckom cexrope Gacceiina
MOIIIHOCTb CBUTHI focTuraet 703 M.

C anp0cKkoii TpaHcrpeccueii Mops B Oaccerine [lepcuickoro
3aJIMBa CBA3aHO (POPMHUPOBAHHE HEPTEMATEPHHCKHIX OTIOMKE-
Huit cButhl Kaxknymu. Yepnsle munsl u Meprenu Kaxmaymu ¢
coaepKaHUEM Cupr B Kosn4yecTBe OT 3 10 6% U MOIHOCTBIO
ot 210 1o 300 M paccmaTpuBarOTCs B Ka4eCTBE caMoro oora-
Toro B peruoHe ucrounnka YB (Bordenave, Burwood, 1994).
Cpennue 3HaueHns BogopoaHoro unjaekca (HI) B Hux cocras-
Js110T 236 MryB/rCupr IpU MakCUMabHBIX — 490 MrVB/rCOpr.
B menrpansHoM cekrope (3oHa Papc), rme B coctae OB
Ipeo0IaaatoT OCTATKN HA3EMHOW PaCTUTENEHOCTH, 3HAUCHUS
HI 3naunrensro cHmxkatotes (Rezaie Kavandudi et al., 2015).
OTIIOKEHUSI CBUTHI ITPOCIICKUBAIOTCS UEPE3 BCIO aKBATOPHIO
[epcuackoro 3anuBa BILIOTH 710 odepexbst OMaHa, Tie ux
MOIIIHOCTB cOKpamaercs 10 130 m.

B 30ne npocroii cknapuaroctu 3arpoca (3anus Jle3dyis)
B cOCTaBe CBHUTHI Kax[yMH HaxonsTcs Kak KapOOHaTHBIC,
TaK ¥ TEPPUI'CHHBIC OTJIOXKCHHUS, KOTOPbIE HAKaJMBAJINCh
B JIATYHHBIX YCJIIOBHUSIX M O00CTaHOBKaX OTKPBITOTO MOPSI.
TeppurenHsle Ganuu npeacTaBIeHbI HECYaHUKAMU U TIIHHA-
Mmu. B paiione ckB. Cynabiap MOITHOCTB MECYaHBIX IJIACTOB,
00pa30BaHHBIX KBapIIEBBIMU aPEHUTAMH KPAaCHOBATO-KOPHY-
HEBOTO I[BETa, COAEPIKAIIMMU 00JIOMKH KpeMHEH U XKeJe3n-
CTBIX OOJINTOB, He NpeBbimaet 9 M. KapOonarHslil MaTepuan
TIPE/ICTABIICH WICHUKAMHU MOPCKHX JIMIIHH.

Oo6oramennsie OB TeMHOIBETHBIE MOPOIBI B pa3pese
Kaxxaymu comeprkar 0CTaTKu pasHOOOpa3HBIX ITAHKTOHHBIX
OpPraHMu3MOB, CIIOPbI, YIIe(QHUINPOBAHHBIN PaCTUTEIbHBIH
JICTPUT U B PEAKUX CIIyYasiX — KpUCTAJUIBI JOJIOMUTA. B Tem-
HOIIBETHBIX PA3HOCTSX PACCESHBI TUPUT ¥ ONTYMHHO3HBIE KOM-
TIOHEHTHI. B GeperoBoii 30ue 1 npanckoM cexrope [lepcunckoro
3anmBa paszpe3 Kaxxaymu 00pazoBaH H3BECTHIKAMH C TIPOCIIO-
SIMH KapOOHATHBIX IVIMH U YEPHBIX ONTYMHUHO3HBIX Meprejiei
(Puc. 8). IlpucyTcTBHe pakOBUH aMMOHHTOB, IUIAHKTOHHBIX
¢dopamunndep 1 GparMeHTOB MOPCKUX JIMJIMH CBHJICTEIb-
CTBYET O MOPCKHX YCJIOBUSIX, HanOosee MpHOIMKEHHBIX K
00cTaHOBKaM PUOPEKHOTO M BHENIHETO KapOOHATHOTO pamIia.
B npuOpesxHO# YacTn pamiia HaKaruIMBAIMCh OMOKIIACTOBBIC
KapOOHAaTHBIE 0CAJIKH, B TO BpeMs1 Kak odoramieHHsie OB omio-
YKEHHs HAKaIUTNBAJINCh B EJArMYECKUX M TEMUTIETar nIeCKUX
ycnoBusix. B paszpesax Kaxaymu mpucyTCTBYIOT M (anuu
JIaryHHBIX 0caikoB (Soleimani et al., 2014).

UYepnble kapOOHATHBIC TIIMHBI, MEPTEIN U W3BECTHIKU
MIPOAOJKAIN aKKyMYJIHNPOBAaThCS B BOCTOYHBIX pailoHax

Puc. 7. Ocnosnvie aumo-
Gayuu, evidensemvie 6
paspezax ceumvr 1apay,
8 uparckom cexmope bac-
cetina Ilepcuockoeo 3anu-
6a, no (Navidtalab et al.,
2014). 1-5 — uzsecmusku:
12 s 45 1 — uepnvie enunucmole
MoHKo3epHuUCmbvle 2 — paouoIsApuUeso-cnuKyIumossle, 3 — OUoKaa-
cmogo-nenouonvle, 4 — paduonapuegvie, 5 — popamunugheposvie
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[epcunckoro 3anvBa ¥ B IIEPBOM MOJIOBHHE CEHOMaHa, TIIe
OHU TIPEICTaBJICHBI MaYKoi Axmaau mMeMmOep. DTa Toumia
MOIIHOCTBIO OT 75 10 105 M ciioxkeHa cepbIMU U UEpHBIMU
OUTYMHMHO3HBIMHU TJIMHAMH, TIEPECIanBaIONIMMUCS C Mepre-
JISIMH ¥ TOHKOCJIOMCTBIMH N3BECTHsIKaMHU. Ecim moposip! cBUT
Kaxnymn n Axmanu moryt conocrasiarecsi ¢ OAE 1c-d
u MCE, cOOTBeTCTBEHHO, TO CIEAyIolee, CaMoe KPYIHOe
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Puc. 8. Cmpoenue paspesa gopmayuu Kasxcoymu na mecmopodic-
Odenuu Yununeap 6 upanckom cexmope 6accetina Iepcudckozo 3a-
nuea, no (Soleimani et al., 2014). Ilopoowt: 1-5: 1 — kapbonammvle
MeMHO-KOpUiHegble 2nutbl ¢ 8blcoKuM cooepoicanuem OB (nenazu-
yecKkue 00Cmano6Ku); 2 — OUOKIACHOBbLIL U36eCIHAK (MPUOPENCHAs
uacmuv KapboHamHo2o pamna), 3 — MUKpUmMogslll 2106U2epuHoBblil
U38eCmHsK (BHEWIHAA YACMb KapOOHamHo2o pamna, 4 — Mukpu-
MOBbLIL U3BECHHAK C NPeodnadanuem paKoGuH OIUSOCIeSUHUO U
2n00ucepun (cemunenazuyeckue 00CMano6Ku), 5 — OUOKIACMOBbIl
necuaHucmulil U36eCMHSIK C 3ePHAMU K8APYA U 21AYKOHUMA (1a2YH-
Hble 00CMAHOBKL)
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aHokcuueckoe coobitue bonapemnu (OAE 2) ne Hammo
OTpaXeHHs B pa3pe3ax MEJIOBBIX OTIOXKEHHUH B OacceiiHe
Iepcuackoro 3anuBa. Bo3MoxkHO, 3TO CBA3aHO C Pa3MbIBOM,
KOTOPBI CHHXPOHHM3HUPYETCSI CO CPEAHUM TYpOHOM U OBLI
BBI3BAH CYIIECTBEHHBIM MaJ€HUEM YPOBHS MOPCKHX BOJ.
[Tocnennemy MenoBoMy aHokcmueckomy coobituio OAE 3
0TBe4aroT mopojs! cBUTHI [llupanui, BeiaenseMble B pas-
pesax miardopMerHoro 6opra Mecornoramckoro mporuda B
CB paiionax Hpaxa.

Ha sToM, oHaK0, aKKyMYJIAIHS OCAIKOB C MOBBIIIEHHBIM
conep:xanreM OB B pernone Ilepcuackoro 3anuBa He 3aKOHUH-
nach. B koHIIe MenoBoro neprosa (kaMnaH-paHHAH MaaCTPHXT)
B MPaHCKOM CEKTOpe Oaccelina chopMupoBaack TOIIIA Mepre-
JIe ¥ TIIUH C TOPU30HTaMU IUTAHKTOHOT€HHBIX U3BECTHSAKOB U
KPEMHHUCTBIX 0CaIKOB MOIIHOCTBIO OT 350 110 500 M, n3BecTHAs
kak cBuTa ['ypru. B a3ToM nHTEpBane BpeMeHu NpOU30LLTH CO-
OBITHSI, TIPEAOTIPE/ICIUBIINE JTAJIbHEHIIIeE pa3BUTHE PETHOHA,
a IMEHHO 3aKpbITHE HEHTPAIbHOTIO pyKaBa OkeaHa TeTuc, ko-
TOPOE JIJI0 TOUOK (POPMHUPOBAHHIO HAIBUTOBO-CKIII4aTOrO
riosica 3arpoca 1 MecornoTaMcKoro NepeioBoro poruoda nepe;sy
HUM. YIIIyOJIeHHE 1 pacIIMPEeHHUE TOCIIEIHEr0 COPOBOXKIAIOCH
aKKyMYJISIIEN B aJI€OLEHE U NIEPBOH MOJIOBUHE HOLICHA €I1Ie
OJTHOH TOJIIIIN YEPHBIX IIMH — CBUTHI [Ta0nex.

Takum o0OpazoMm, HaKOIUICHHE MOPCKHX OCAaJKOB CO
3HAUUTENbHBIM copepkanneM OB, nmponomxkasmieecs ¢ He-
OonpIMMU TIepepbiBaMu B Oacceline [lepcuackoro 3anmBa
Ha npoTsbkeHnn 6osnee 100 muH JeT, He OBIIO CBSA3aHO C
OKEAHCKMMH aHOKCHYECKHMH COOBITHSIMH, XOTSI YACTHYHO U
coBmajiasa ¢ OOIBIIMHCTBOM U3 HUX. OUEBUIHO, YTO pela-
IOIMMH (PaKTOpaMH, KOTOPbIE OIPEACIIN (pOpPMHUPOBaHNE
HeTeMaTepUHCKUX CBUT B 3TOM OOraTeiIeM B MHUpE T10 3a-
nacaMm Y B perrone, ObI10 coueTanue 61aronpHusTHBIX TEKTO-
HUYECKHX, KIIMMAaTHIEeCKNUX U OKEaHOTpa(hUUECKUX YCIIOBHH,
CJIOKUBIIMXCS B ME3030€ U Hauase KaiiHO3051 Ha apaBUACKON
OKpanHe a)pUKAHCKOTO MaTepHKa.

Mapaxkau6cknii, Bocrouno-Benecyanbckuii u qpyrue
Oacceiinbl Ha okpaune IQxnoii Amepukn B Kapnockom
Mope. Benymryro ponb B renepannu HedTsiHbIX YB aTOTO
OOIIMPHOTO peruoHa ChIrpajin OTIoKeHus cBUTHI Jla JlyHa.
Uepnsle Meprenu 1 n3pectHsaku Jla Jyna, HakarauBaBIIiecs
B 00CTAHOBKAX CPE/IHETO M BHEIITHETO HIeNb(ha B CaMOM KOHIIE
anpba U CeHOMaHe, COJEp)KaT MHOTOYNCIICHHBIE PAKOBHHEI
¢dopamunnep u kapooHaTHbIE KOHKpeH. OHU B BHICOKOH
CTENEeHN 00OTaIIeHbl OPraHnYeCKUM MaTepHaIOM (COpr ot 2
10 16%, B cpenaem 4,5%) v POy IUpOBaITi OOJBIIYIO YacTh
VB (m0 98%), 3akiroueHHBIX B 3ayexax MapakanOckoro
OacceitHa. B paspese ocajodHOrO 4exia 3TOro OacceiiHa
Meprenu U u3BecTkoBble MKHbI JIa JIyHa 3aneraror Ha MacCHUB-
HBIX M3BECTHSKAX CBUTHI Mapaka BEpXHEro anb0a, KOTopble
BKJTIOYAIOT TOPU3OHTHI YEPHBIX TIUH (MoIHOCTH 10-15 Mm).
CootHourenue npucrana K ¢purany ooneire 1. Kommuectso
VB (C,,,), U3BI€KaeMbIX M3 ITHX OTJIOKEHHH, COCTABIACT
okoio 2.500 wacteif Ha MJIH, YTO CBHJETENILCTBYET 00 WX
BBICOKOM He(TereHepaioHHOM roteHnuane. 3uadenust HI B
nopozax Jla JyHa, KOTopble B HACTOSIIIIEE BPeMs 3aJIeraroT Ha
1. 3-4 KM ¥ y’Ke ITPOIYLIUPOBAIIA OTPOMHOE KOJIMYECTBO OH-
TYMOUJIOB, OCTAIOTCSI BRICOKUMH — OT 156 10 220 mr YB/r COp
(Castillo, Mann, 2006).

B ocnoBanuu npearopuoro 6acceiina [Tytymaiio, KOTopbIit
pacnonoxeH Ha cTbike HOXKHO-AMEpUKAaHCKOrO KpaToHa U
KonymOuiickux AHZ, pa3BUTHI BEPXHEIOPCKUE M MEIOBBIC
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Puc. 9. Cmpoenue paspesa, ocnognvle neghmemamepuncKue ceumol
U npUPOOHbBIE pezepsyapsl 6 Medcecoprou enadune Ilymymatio (Ko-
mymbus), no (Goncealvez et al., 2002). 1-3 — necuanuxu: 1 — denomo-
eble, 2 — NPUOPEINCHO-MOPCKO20 U ICIYAPHOO 2eHe3ucd, 3 — anuo-
BUATbHBIE U NPONIOGUATbHBIE, 4 — 2utblL, 5 — KapOonammvle 2nuHbl,
6 — uzeecmmusAKuY, 7 —eUHUCTbIE U3BECTNHAKU, 8 — U3BECMHAKU U
mepeenu, obozawennvie OB; 9 — nepmemamepuncrue nopoovt;
10 — nopoowvi-koniekmopol

omnokeHnst. OCHOBHEIC 3aachl HE(TH, BHITBICHHBIC B PETH-
OHe, 3aKJTIOYCHBI B Tiecuannkax (cBuThl Kabamboc, HukHss
Buiiera u [Teniao). [To marnasiM @. ['oHKaNMBECA € COABTOpaMU
(Goncalvez et al., 2002), TOBYIIIKH 3amOTHITHCH Y B, ocTy-
TABIIIIMH W3 JIBYX NCTOYHUKOB: ATbOCKUX TIIMH MTOJCTHAIA0-
X nmevaHuku Kabamboc, n kapOOHATHBIX TIIMH U Mepreiei
Buitera (cButsr Teryan u Jla JIlyHa), MerOmunX mo3aHeab-
Ockwif U ceHOMaH-TypoHCKHU Bo3pacT (Puc. 9). Xots u te, n
JPYyTHE HAKaIUTHBAIACH B MOPCKUX 0OCTaHOBKAX, OHHU CHITEHO
OTIIMYAIOTCS TI0 COCTaBy KepOTeHa, B HUX 3aKIIOUYEHHOTO.
Hambonee BRICOKHMHU coOmep KaHUSMH COpr (mepemxo 10 9%
¥ BBIIIIC) XapaKTePH3YIOTCs KapOOHATHBIC TIIMHBI M MEPTEIN
Buiiera. ITpu aToM 10 80% B CTpyKType KeporeHa NpuXoauTcs
Ha aMOp(HBII MaTepra, a 3HAYCHUS BOJIOPOTHOTO HHICKCA
¢ukupyrorcs Ha yposre 200-500 mr YB/T Copr. Copepxanue
COpr B QJILOCKHX IMIMHAX HE MpeBbIaet 1-3% npu konebannsix
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sradenuit HI = 120-350 mr YB/r CUID » 4TO 00YCJIOBIIEHO He-
PaBHOMEPHBIM MOCTYIUIEHUEM C CYILIU PAaCTUTENbHOU opra-
Huku (ot 25 1o 85% OB). (Goncalvez et al., 2002).

3akirouenue

B snoxy m1o0aibHOTO MOXOJI0/1aHus, HACTYHBILETO B
KOHIIE arnTa ¥ Havaje ajb0a W CONMpOBOXKAABIIECIOCS 3HAYN-
TEJIBHBIM ITaJJICHUEM YPOBHSI MODS, apeasibl aKKyMYJISIIUU
ocajKoB, oborammeHnsix OB, cmecTuiics ¢ menb(os B Ooee
1TyOOKOBO/IHBIE 0OCTaHOBKH: Ha MO/ABOHBIE ITaTo Mazaran
n Jlemepapa B IIEHTpaJIbHOI YacTH ATIAHTUKH W OKPAWHBI
TeppeiiHOB B okeaHe Tertuc. B ornuume oT uepHBIX INIHH,
omIoxkeHHbIX B TeueHue apyrux OAE, B cocraBe 3THX 00-
Ppa3oBaHUI 3HAYUTENBHYO, &, BO3MOXKHO, 1 TPe00IaJatoy o
POJIb UTPAIOT OCTATKU apXei — JPEeBHEHIINX MPUMHTHBHBIX
mukpoopranusmoB (Kuypers et al., 2001).

[To3nHee uepe3 OTKPBIBIIMICS B pe3ysbTare albOCKOH
TpaHcrpeccun LleHTpanbHO-AMEPUKAHCKHH TPOJIIUB BO300-
HOBHJICS] BOZTOOOMEH MEXTy ATIIAaHTUKOM 1 THXUM OKeaHOM:
GoJiee TeIUIbIC U COJICHBIC BOIBI N3 ATIIAHTHKH YCTPEMHUIIUCH
Ha 3araji, B TO BpeMsI Kak IOTOK ITOJIIIOBEPXHOCTHBIX, Oosee
XOJIONHBIX BOA M3 THXoro okeaHa cras nepeMeIarscsi B 00-
paTHOM HarpasjieHUH. B MHTepBaIibl BpeMeHH, KOT/ia B 30HaX
nepexoja OT KOHTUHEHTA K OKEaHy CKJIAJbIBAJIUCH YCIIOBHS,
OTBEYAIOIINE KIMMaTHYECKOMY ONTHUMYMY, (EepTHIBLHOCTh
MOPCKOTO (DMTOIUIAHKTOHA PE3KO BO3pacTajia, a oOmime
OMYCKaBIIUXCS HA JHO OPraHUUYECKUX OCTATKOB MPUBOAUIO
BCKOpE K aedunuty kucinopona. OnHON U3 IPUYNH BO3HUK-
HOBCHHS aHOKCHH B TIPHJOHHBIX BOJIAX MOIVIO OBITh yCHJICHHE
TUIOTHOCTHOH CTpaTH(UKAIMK BOIHON TOJIIH, HaOITI0/1aBIIIe-
ecsl B JIETHUI 1 3UMHUI ce30Hbl. HanpoTtus, npu nepexoze ot
3MMBI K JIETY ¥ 00paTHO BETPOBast aKTUBHOCTH yBEINUHBAIIACK,
YTO YCHIIMBAJIO TIEpEMEIIBAHIE BOJ] M OJIArONpUsATCTBOBAIIO
BCIHBIIIKE Orosornyeckoi mpoaykunu. OHa Obl1a 0COOEHHO
BBICOKOW TaM, Tje OoJsiee XOJOAHbIE TIIyOWHHBIC BOJBI M3
Tuxoro okeaHa BCIUIBIBAJIM HaJ OKpPaWHAMH KOHTHHEHTOB,
BbI3bIBast A(p(heKT anBeIuIMHTA.

K cepennne anp0OCKoro Beka B TPOMMYECKUX U CyOTpONH-
YEeCKUX IIUPOTAX CIOXKWINCH JBA T0sICa aKKyMYJISILIUK d4ep-
HBIX TIIMH W/WiaM Mepreneil. OanH npoTATHBaics U3 HXKHBIX
paiionoB CeBepo-AMEpUKaHCKOTO KOHTHHEHTa (Mekcuka u
Texac) yepes HEHTpaIbHYIO YacTh ATIIAHTHKU B aTbIUHACKAI
3anuB okeaHa Tetuc. B koHIle ceHOMaHa OH pacnIpoCTpaHUICs
HAa LIEHTpaJIbHbIE U KOXKHBIE palioHbl EBpoITBI U anee Ha BOC-
Tok BIIOTH 10 Kpeima u KaBkasa. ['ocnoacTBoBaBIme 31eCh
BIUIOTH JI0 CEPEeMHBI TYPOHA YCIIOBHS CIIOCOOCTBOBAIH (Op-
MHPOBAHHIO KIIMMara, KOTOPBI ObUT OIIM30K K COBPEMEHHOMY
MyccoHHOMY. KapOoHaTHbIe 0caiIki OTIarajinch B UHTEPBAJIbI
TOCIIOZICTBA O0JIee apy/IHBIX YCIIOBHI, KOTOpbIE OJIaronpusr-
CTBOBAJIM Pa3BUTHIO KApOOHATHOTO HAHHOILIAHKTOHA. B paiio-
HaX, HAXOAMBIINUXCS O] BO3JEUCTBUEM PEUHOIO CTOKA, CPEAU
OCHOBHBIX NpoxyLeHToB OB, MOMIMO MOPCKHUX OPraHU3MOB,
OBbLIM M TPECHOBOJTHBIE BOZIOpoCiu. TaM ke, Iie pe4HOM CTOK
He Urpa cylecTBEHHON ponu, NaBHbIMU IpoayneHtamu OB
SIBISUTUCH CHHE-3eJIeHble Bogopocay. O 3HAUNTEIbHON aKTUB-
HOCTH BETPOB CBHJICTEIILCTBYET OOJIBIIOE KOJIMIECTBO CIIOp U
IBUTM B KapOOHATHBIX TPOCIIONX M3 TTaYeK YEPHBIX MEpreliei.

IOxHBIN mosic pacipocTpaHEHUsS! YEPHBIX Mepreyei
MPOCTUPAIICS OT KapuOckoil okpamHbl HOxHOW AMepHKH
(Mapaxkan6ckuii, Bocrouno-Benecyanbckuii u ipyrue 6ac-
CeifHBI) ¥ MoABOIHOTO TL1aTo JlemMepapa yepe3 ATIaHTHKY K
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KOHTHHEHTaJIbHOW OKpanHe AQpHKH U 1aniee B IEHTPAIBHYIO
yacTh okeana Teruc. Ecin B anpOckoe Bpemst OombIast 4acTh
9TOro MosAca pacnoyiarajgach Ha rpaHUIE TPONMHUUYECKOH U
apuIHOM 30H, TO B KOHIIE CEHOMaHa OHa 0Ka3aJach B 001aCTH
TOCHOACTBA apUAHOTO K1uMaTa. CUNbHBIE BETPHI, AyBIIHE B
3amajHOM U CEBEpO-3alaioM HalpaBJIeHUH, OTTOHSIN pa3o-
IPeTyI0 BOAY OT moOepeskbsi. BemuibiBaBiine eif Ha cMeHy
DTyOMHHBIE BOJIBI, HACHIIICHHBIC PACTBOPEHHOI KPEMHEKHC-
JI0TOH, 00ecCeYnBaIN YBEIMUCHHE OMONPOIYKIMH (PUTO-
TUIAHKTOHA M PacrpocTpaneHue paguoisipuit. Ciemyer ocobo
OTMETHUTb, YTO UMEHHO B ATOM II0sICE B aJIb0-CEHOMAHCKOE
BpeMsi COPMHUPOBAIUCH CaMble U3BECTHBIE HeTeMaTepHH-
ckue cButhl (Kaxxaymn, baxmyn, Otens, Jla Jlyna u npyrue).
OueBUHO, YTO MO MIUPOTE PACIPOCTPAHEHHS U KOTHUUECTBY
OPraHUYECKOTO YIIIEpO/ia, 3aXOPOHEHHOTO B MOPCKUX U OKe-
AHCKHX 0CAaJIKax, 03JHECEHOMaH-PAaHHETYPOHCKOE COOBITHE
SIBUJIOCH HanOosIee SIpKUM STIH30/10M (hOpMHUPOBAHUS YEPHBIX
[JIUH B MEJIOBOW MEPUOI.
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Oceanic anoxic events of the Cretaceous period and their role in the formation of
source rocks in the basins of continental margins

A.I. Konyukhov

Lomonosov Moscow State University, Moscow, Russia

Abstract. The Cretaceous period was marked not only
by the dominance of warm climate, vast transgressions of
the sea and widespread occurrence of carbonate deposits, but
also by the formation of the richest petroleum formations,
which are associated with the generation of a huge amount
of hydrocarbons in the largest oil and gas basins of modern
continental margins. Both early and late Cretaceous epochs
were marked by several oceanic anoxic events (OAE) of
global and regional scale, accompanied by the accumulation of
sediments enriched in organic matter, and by significant shifts
in the ratios of stable isotopes C, O, and Sr. Various aspects
of these events are considered in a huge number of articles
published in recent years in major scientific publications.
Unfortunately, their role in the formation of oil reservoirs has
remained outside the scope of scientific analysis. Meanwhile
Cretaceous OAE’s had led to the spreading of black shale
and other sediments with high content of organic matter on
the floor of Tethys ocean, central part of Atlantic and on the
seamounts in the Pacific ocean. Among them only OAE 1la
(Selli) and OAE 2 (Bonarelli) are known as more large anoxic
events. The first occurred in the middle of Aptian time, the
second near the Cenomanian-Turonian boundary (CTB). The
analysis of the spreading of source rocks in the largest oil-and-
gas bearing basins on the continental margins at that time — the
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Persian Gulf, Maracaibo, Middle and Upper Magdalena river,
Putumayo and other basins — showed that episodes of OAE’s
had not always found a reflection in the succession of major
source rock’s formations. In the Persian Gulf a list of source
rocks includes Hanifa, Garau, Gadvan, Kazhdumi, Ahmadi
member and Gurpi formations of Cretaceous age. Thus it is
certain that OAE’s were only separate parts of more complex
history of accumulation of black shale and carbonate deposits
with high content of total organic carbon on the continental
margins of the Cretaceous time.

Keywords: oceanic anoxic events, source rocks, the
Cretaceous period, basins of continental margins, black shales
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