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EfBa Hanocnedbk MexXayHapoaHOTO Hay4HO OBLLECTBO 3anoyHa Aa ofpblya NoBeye BHUMaHWe Ha TakvBa eCTECTBEHMW, reONorvyHN M3TOYHULM KaTo NOABOAHM
ra3oBy W3BOPM 1 KamHUTE BYMKaHW M OCb3HA, Ye Te Ca 3HAYUTENHM U3TOYHMLN Ha aTMoctepeH MeTaH. B Tasu pabota YepHo Mope e pasrnefaHo kato eAaHo ot
Hail-HacuTeHuTe 06nacTy ¢ rasosu U3BOPW W ra3ooTAensawy cTpyktypu B CBeTa. Tyk HMe npefcTaBsiMe OTHOCUTENHO AeTailneH 0630p Ha obnacTute ¢ rasosu
13BOPU [AOKYMEHTUPaHW OCHLLOpPHO Mokpal Bbhrapckoto kpaibpexue, Ha [pyauHckusia, Pyckusi, YkpaiiHckust n Typcku endose, a Cblo Taka U Ha
ra3ounHayLypaHn opmMI Ha MOPCKOTO AbHO, KaTo ra3oBu KpaTepu, KanHu ByNKaHU, MeTaH-reHepupanu kapboHatu v ap. Hskou npeanonoxerns OTHOCHO rasoBy
eMaHaLm Nopoferm OT AecTabununsaumsTa Ha rasoBu XuapaTH CbLUO Ca KOMEHTMPaHW. EAMH ONuT fja Ce OLieHM eXeroaHNTe KONMYECTBa OT ra3 MeTaH HaBnu3aly
B aTMOC(hepara OT aKsaTopusiTa Ha YepHo Mope e HarpaBeH, kaTo CToiHoCTUTe Bapupar oT 1.5 o 5.5 Tg (2.0-6.0x10° m®).

BBLBEAEHME

[eTannHute pekoTCTPYKUMW OT CTaHUuuUTe B peHnaHans 1
ocobeHo cTaHUMs BocTok B AHTapkTMKa 3a mocnegHuTe
HAKOMKO CTOTMUM XWNAAM TOOWMHM, HECbMHEHO NoKa3Bar
TPUOHOODPa3HNS XapaKkTep Ha MPOMEHsSHE Ha  KOHLEH-
TpauumTe Ha aTMOCEPHUS MeTaH, ¢ B6bp30 HapacTBaHe [0
CTOWHOCTM MO-TONEMW OT [JHEWHWTE W €OHO NO-NNaBHo,
HenpaBWUMHO Bb3CTAHOBSBAHe OnM30 A0 HavanHuTe CTOM-
HOCTW C aHanorMyHa no XapakTep, HO NeKo U30CTOBALLa BbB
BpemeTo TemnepatypHa kpuea (Chappellaz et al., 1993; Petit
et al, 1999). Toa mokauBa, 4e MobanHOTO 3aTonnsHe W
OXrnaxgaHe Ca B3aWMO3aBUCUMM W eCTECTBEHW MpoLecH,
CRy4Ba NK Ce BeYe HSKOMKO MbTW MPe3 KbCHUS KBAaTEPHEP, W
YWITO HEW3BECTEH MEXaHW3M oOyakBa Aa Obge paskpuT.
ABTOpUTE Ha HacToswaTa paboTa BsApBaT, Ye CErawHoTo
[mobanHo 3aTonnsHe € NOpPedHOTO  M3KayBaHe KbM
cnefpawns “3b Ha TpUOHA®, ApamMaTUYHO YCKOPEHO OT
YoBeLLKaTa akTMBHOCT B MHAYCTpUasnHata epa.

[aHHuTe Cblo Taka ybeauTenHo couat, Ye NpoMeHUTe B
KOHLEHTpauuMTe Ha aTtMocdepHust MeTaH [0 BenuYnHM
noeeve oT 400 ppbv ce cnyysat 6e3 kakBoTo M ga Guno
AHTPOMOTEHHO BMUSHME, KOETO Kapa YYeHuTe Aa TbpesT
€CTECTBEHM M3TOYHWLM HEe CamO Ha MeTaH, HO M BCWYKM
“NapHWKOBM ra3oBe” 1 MbTULLA 33 TAXHOTO ocBODOXAaBaHe.
Camo OT HeoThaBHA MEXAYHAPOOHOTO HAy4yHO 06LecTBo
3anoyHa Aa obpblia nopobaBallo BHUMAaHWE Ha Takuea
€CTECTBEHU, rE0NOTMYHN U3TOYHULIM KaTO NOABOAHUTE ra3osu
W3BOPW U KaNMHW BYNKaHW M OCb3HA, Ye Te Ca 3HAYUTEmNHU
M3TOYHMLM Ha aTmocdepeH MeTaH. Hsikomkoto ny6nukysaHm
OLEHKM 33 TFOAMLUHWSA MPUHOC KbM rnobanHus atMocdepeH
MEeTaH OT Te3n “MMHOPHM’ W3TOYHWLM Bapupa OT HSKOIMKO
Tepa rpama (1Tg = 1x10' rpama) (Lacroix, 1993; Cranston,
1994; Judd, 2000) po 65 Tg CH, (Hovland et al., 1993)
NocTbMBaLO OT NOABOAHM ras3oBu m3sopu M oT 5.1 Tg

(Dimitrov, 2002) po 30.5 Tg CH, (Milkov et al., 2002) ot
KanHuTe BYNKaHu.

Mexgy MHOXeCTBOTO NyBnmvKaumu OMMCBaLLM OTAEMHM
rasoBW M3BOPW W 0BNACTH, OTNMYMTENHU CHOPMU Ha MOPCKO
AbHO CBBP3aHM C OTAEPsiHe Ha ra3 B Wwenda Ha YepHo Mope,
KaKTO M KarHW ByNKaHW M ra3oBM XugpaTn B ObnBOBOAHMS
GaceiiH, camo ABe Ca MOCBETEHM Ha OLEHKaTa Ha Konu-
4eCTBOTO ra3 MeTaH OTAENALLO Ce OT MMMUTMPaHN aKBaTopU B
YepHo mope (Tkelashvili, et al., 1998; Dimitrov, 2002). U1 geete
paboTW NPeACTaBAT NOKANHM OLEHKM Ha MOTOKA OT ra3oBu
13BOPU, COTBETHO 3@ [PY3uHCKUS M Bbnrapckust KOHTUHEH-
TanHu Wendose, U He BKMOYBAT BIUSHWETO Ha ApyruTe
ra3o0TAENSLLM CTPYKTYPK, KaKTO KanHUTe ByIKaHu W ap.

OcHoBHaTa uen Ha Tasu pabota e pga ce OUEHsT
€XEerofjH1Te Konm4yecTBa OT ra3 MeTaH 0cBODOXAaBaLLO ce OT
ABHOTO, MPEMWHABALLO Npe3 BOAHUS CTbNO W HaBMM3WO B
atMocdbepaTa oT CoBCTBEHO ra3oBW M3BOPU U ra300TAENSLLM
CTPYKTYpU Ha MOPCKOTO AbHO OT Lsina aksaTopusi Ha YepHo
MOpe, BKIMIOYUTENHO HSIKOW CyXO3eMHW 0o6nacT Ha KaneH
BYNKaHM3bM, KaTo nonyocTposuTe Kepy 1 TamuH, a Cbllo K1
3abnaTeHu paiioHu B fienTata Ha [lyHaB.

OBILLA rEONOrnA HA YEPHO MOPE

YepHo mMope e ronsim nory3aTBopeH Mopcki 6aceitH ¢ nnoLy
or 423,000 km? obem ot 534,000 km®, u makcumanHa
abnbounHa ot 2,248 m. Cebpaea ce cbe CpeamseMHo mMope
npe3 bocdopa, TeceH NPoTok ¢ AbNOOYMHA Ha npara or 50 m.
B cblyoto Bpeme YepHo Mope uma ruraHTcka OpeHaxeHa
cucTeMa, BKMKYBALLA peyHaTa cucTema Ha nonoeuH EBpona
1 vact ot Asusi. Heroeata BogocbopHa obnact ot 2,290,200
km? npesuLLaBa noBeye oT 5 MbTH COBCTBEHHATA MY MNOLL,
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YepHo Mope e pasnonioXeHo Ha tor OT EBponelickus KpaToH
33eMa KOMMIeKcHa Mosuums 0bXBaLLaiiku HAKOMKO CTPYKTYPHM
30HW. To e 0BKPBXEHO Ha ceBep, CeBEPO-M3TOK, or 1 Koro3anag,
OT annuiickuTe HarbHaT cucTemmn Ha Kpum, Kaekas, MoHtugute
n KOxHute bankaHn. Ha cesep v ceeeposanag obxgalla vactu
OT ENUXEPLIMHCKM, ME3030MCKA M LIeHO30MCKkN 0BpasyBaHus Ha
Mu3auitckata n Ckutcka nnatdopmm.

[bnbokoBoaHus baceitH Ha YepHo Mope e odhopMeH OT ABa
no-Mankm HekomneHcupaHu OaceiiHa, pasgeneHn  OT
LlenTpanHo-YepHomopckusi XpebeT, 3ambiiHeHN ¢ peayBally
Ce TEpUreHHn W kapboHaTHW cegumeHTH ¢ obwa aebennHa
noeeye ot 16 km (Finetti et al., 1988). Cnabo HapyLeHuTe
yTaeuHM CroeBe Nexar NoYTU XOpU3OHTArHO B Lienus abnbo-
koBodeH BaceiiH oT MolHaTa 3-5 km cepust Ha naneoreHa,
cnedBaHu OT onuroueHa (3.5-4 km), nokput oT noBeye 0T 2
km MuoueHCkM ceamumeHTH. MNOLEH-KBaTEPHEPHUTE yTalki
Ce XapaKkTepusupaT OCHOBHO C BRWSHWETO Ha MacWBHUS
[lyHaBCKO-OHENpPOBCKA KOHYC Ha MHOC. 3a CbBpemeHHaTa
CedUMeHTauuMsl € XxapakTepHo npeobnagaBaHeTo Ha
TEPUTEHHW yTailkm B LUENOBUTE akBaTopuu, TypOuouti B
MOGHOXKMETO HA KOHTWHEHTANHWS CKMOH W BUOreHH
kapboHaTHW yTaiku B Abnbokata Yact Ha baceliHa.

W3ka3aHu ca pasnnyHW XWNoTesn 3a BPEMETO M HauWHa Ha
obpasyBaHe Ha “epHomopckus GaceiH; oT obnact Ha
CbBPEMEHHO 0bpa3syBaHe Ha OkeaHcka kopa [0 HEMpOMeHeH
ocTaTbk OT okeaHa Maneo-TeTuc. OT rmegHa Touka Ha nnei-
TEKTOHMKAaTa, YepHO Mope NpeAcTaBnsiBa Hepassun ce
3apobroB GaceitH (Finneti et al., 1988). OtBapsHeTo Ha
YepHo Mmope e nocrneauua OT obpa3yBaHETO Ha [Ba
3apgbrosu OaceitHn 3ag Matounute u 3anagHu [oHTUAM
npe3 3anoyanusi B HayamnoTo Ha KbCHaTa ropHa Kpepa M
3armbxHan B kpas Ha nanmeoueHa (110-55 wmwunuoHHa)
reoanHamnyeH npouec Ha CyﬁﬂyKLU/IFI Nno JNHMATA Ha
Anatonuitickus pasnom. 3anagHus 6aceiH ce e passun
HaMbIHO O OKeaHCKU TWM KOpa, AOKAaTO M3TOYHWS BaceiH ce
€ pasBun [0 eTana Ha MHOTO TbHKA KOHTUHEHTanHa kopa. B
CpeaHust eoueH ca 3anoyHanM MbpBUTE  KOMApecHpaLym
TEKTOHCKM [BIXXEHMS], BCNEACTBME HA KOUTO ca Ce 0hopMuIIn
MOBEYETO OT OpOreHnTe 0OKpBHKaBaL YepHo mope.

OT rnegHa TouKa Ha pasBUTUE Ha BOAHOTO TAMO, A0 KbCHUS
MuoLieH YepHo mMope e B1no NAMTBLK MOPCKM BaceliH, kaTo no
BpeMe Ha MOTbBAHETO My B kpast Ha MuoLieHa (Mpeam okono 5
MWIMOHHA roguHM) ce npeobpasyBa B AbNOOK MOPCKM
BaceiH. OT Toraea, No BpeMe Ha MHOrOKpaTHUTE eBCTaTUYHM
NPOMEHU Ha HBOTO Ha CBETOBHMS OKeaH 1 nopaay TeCHUS U
nnuTbk Gocdopcku npar, YepHo mope ce cBbp3Ba C UK
paseauHsiBa OT HEroBWS MOPCKM M3BOp. TOBa Mpeam3BukBa
HEeroBoTO MPEMWHaBaHe OT CragKkoBOAEH B MOMYMOPCKMA A0
13uAno mopckn GacentH n obpatHo. pes nocneaHns NegHUKOB
MakcumyMm YepHo Mope e 6o 13onmpaHo, NPECHOBOAHO e3epo
C HMBO, okono 120 m no-HUCKO OT cbBpemeHHoTo. C nokau-
BaHETO HMBOTO Ha CBETOBHWSA OKeaH B Kpas Ha NEAHUKOBUST
nepuog 0o gbnbounHata Ha bocdopa (npegu okono 7,000
roguHn), B YepHO MOpe HaBMM3aT COMEHUTE U MITbTHU
OKeaHCKW BOAM KOETO CTpaTudmumpa BOAHOTO TANO W
MHULMMPA CEpOBOAPOPAHATO My 3apassiBaHe.

FASOBM N3BOPW U TA3OUHAYLIMPAH ®OPMU

[laHHuTe 3a NNUTKN ra3oHaCUTEHM YTalk, rasoBu M3BOPU
KanHu BYMKaHW, W PasnWyHW rasouHayumpaHu ¢opMu Ha
MOPCKO AbHO HaBEXAaT Ha MUCBLATTA, Ye YepHo Mope Moxe
Bn e egHa OT HaW-HacuTeHuTe obnactu C rasooTAensLiu
cTpykTypu B CBeTa. Tyk Hue Lie NpeAcTaBuM KpaTbk npernes
Ha BCWYKM XapaKTepHW ra3ooTaensiy CTPYKTYPH, OCHOBAHO
no nybnukyeaHa uHdopmaLms 1 cobeTBeHm aaHHM. MoeeyeTo
0T UHhopMaLmsTa e 06obLyeHa Ha curypa fse UNKCTpUpaHa
C Halt-e(heKTHUTE OTKPUTUSA B akBaTOpUsiTa Ha YepHo mMope.

[okasaTerncraara 3a NNMUTKO-3ansraLLy ra3oHacuTeHN yTaiku v
rasonposiBIEHNs Ca  JOKYMEHTMpaHu TMOYTU HaBCSKbOE B
yepHomopckust BaceiiH: OT npubpukHUTE 00MacTh, OTKPUTUS
wend, ocobeHo no HeroBata nepudepnsiTa, KOHTUHEHTaNHNUTE
CKMOHOBE M B AbnOOKOBOAHATA paBHWHA. Te BKMKOYBaT M
reouanNyHM  (EXOOMOTHM, CEMU3MUYHM, CE3MOaKYCTUYHU 1
XMEPONOKALWMOHHM JaHHW) U (Fe0) XUMUYECKN AaHHM.

OcBeH BUCOKMS BLIMEBOLOPOAEH MOTEHLMan Ha YepHo-
Mopckusi  DaceiiH, OrpOMHOTO  KONMYECTBO — TEpUrEHEH
MaTepuan CbC CPaBHWUTEMHO BUCOKO CbbpXaHWe Ha CBEXO
OpraHMYeHO BELLECTBO HABMM3aLLO B YepHO MOpe € OTNNYeH
M3TOYHMK 3a reHepupaHe Ha buoreHeH metaH. CbluecTByBaTt
[Ba OCHOBHM Mofena 3a [AEenoHWpaHe Ha To3W matepwan.
[TbpBMAT € BanuaeH 3a Hal-LMPOKA CceBeposanageH W
3anageH Lwend kageTto LWMPOKOTO U NITbTHO KOXHO TeuYeHue e
rmaBHUs XugpoguHamuyer paktop. ToBa 0bpaTHO Ha Yacos-
HWKOBaTa CTPErka TeYeHWe HOCW TEpUreHHUs matepuan oT
OyHas, [OHenbpu [Hectbp (noutn 80% Ha ot obLims BTOK),
KaTo ro JenoHupa rmaBHO Ha Bbnrapckara Lwend. Bropust
MbT AenoHMpa matepuana OT BCWYKW Opyri peku. Mopagu
MHOrO TecHW LWend) KaTo Ha Kr (LenuTs Typcku Lwend) v B
paiioHa Ha Kpum, Taka v usnaTta u3To4yHa 4act, notouute ot
yTalkn ce AENOHMpPaT HampaBO B OCHOBATa Ha CKIOHA W
abucanHata paBHuHa. To3n mogen e 6un BanugeH MHOro
MbTW 3a Lenns yepHomopcku BGacerH B MMHamoTo, KoraTto
MOPCKOTO paBHULIE € BWMo MO-HUCKO OT CbBPEMEHHOTO C
okonio 100 m. Mpes ToBa Bpeme ca Ounm OTNOXEHU cepus OT
Boratm Ha OpraHuka canpornenHW Cnoese, Nopagu pesku,
JpamaTyHM NPOMEHM Ha OKorHaTa cpefa. Tean yCrnoBus Ha
yTalkoHaTpynBaHe ONpeaensT 3anagHus wend kato obnact
C MHTEH3WBHO reHepupaHe Ha "MnuTbK ra3" B XONoLeHcKuTe
yTalkiA, @ 32 U3TOYHWUTE U KOXXHW KOHTUHEHTANHW CKIIOHOBE W
MOQHOXME Ca XapaKTEPHW ra3oHaCUTEHUTE MIENCTOLEHCKM
CELVMEHTH.

8888888888388

Queypa 1. 3anuc om exonom SIMRAD EK-500 Ha dsoeH
2a308 u3eop ¢ npskop "[Jeamama Kanumaru" e C3 yacm Ha
YepHo mope Ha ObnboyuHa om 593.5 m.(cvenacHo V.
Egorov/S. Gulin, Cesacmonon, YkpaiHa)
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OuHama COpOKLIH C HAIKOJTKO KalHU 8YyriKaHU ¢ o6pa3 Ha 080LHOMO 223080 GhOHMaHuUpaHe om KasHus 8yJiKaH ,ﬂeypequCKu.

amumempus Ha paloHa Ha ha

b

FasoBu uzsopu EcTecTBeHM M3BOPK Ha MPUPOAEH ras ca LMPOKO pas-
MPOCTPaHHM KaKTO Ha CyllaTa Taka W B MopckaTa cpepa
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(Hovland & Judd, 1988). TasoBuTe M3BOpM acouumpat c
Haxoguwa Ha HedT W ras, MAWTKU rasoBW HATPyMBaHWs,
KaKTO W C ra3oBuTE XuOpaTu; W Ce CpeliaT BbB BCUYKM
OKeaHCKW yCnoBus - OT MpubpexueTo (3anmBu, NUMaHN W
T.H.); OenTu n ectyapun; HedpTorasoBu HacenHn Ha KOHTU-
HeHTarnHaTa Luend, CKMOH W B abucanHuTe paBHUHN.

ColyectByBaHeTo Ha okono 50 0bnacT Ha SbArOXMBYLLM
rasoBy M3BOpU Ca U3BECTM B Bbnrapckute npubpexHn Bogm
¢ noseye ot 6,000 uMHAMBMOYanHW wu3Bopa, Kakto U 482
BOAHO-CTLIIOOBM aHOManuu MPeACTaBMABALM  aKYCTUYHN
0bpa3n Ha rasoBu u3BOpM B OBArapckusi KOHTUHEHTamEH
wend (Oumutpo, 2002a). Hskonko AeceTkM Xunsgu
n3BOpa Ce OkasBa fa CblUuecTByBaT B akBaTopusTa Ha
rpyauHckus wend (Tkelashvili et al, 1998). Hskonko
obrnacT Ha aKTMBHO ras300ThensHe ca CblUo Taka
W3BECTEHM B pPYMbHCKaTa akaTopusi (OCHOBHO B AenTarta
Ha [lyHaB), kakTo n B ykpaitHcku (Geodekyan ef al., 1991) u
Typcku Boau (Iztan, 1996). Moseye ot 500 rasoeu “nepa” ca
[OKYMEHTMpPaHW upe3 exonoT (cdwur. 1) B nepucpenusara Ha
Wwendga ¥ ropHata 4aCT Ha KOHTMHEHTANMHWA CKMOH B
3anagHata W ceBepo-3anagHa 4actM Ha YepHo Mope
(Shnukov et al., 1999). WN306MnHO NpUCHLCTBME HA WHTEH-
3MBHY TA30BM W3BOPW € AOKYMEHTMPAHO Okono pbba Ha
BaceiHa go abnboumHu ot 800 m no NMpOTEXEeHWETO Ha
aKTMBHW pasnomn, 0COOEHO MO (DPOHTANMHMTE NMHWW Ha
bankanugute, Kpum 1 Monsm Kaskas, kakto 1 Ha pyMBHCKMS
W yKpauHCKW WendoBe Hag HedTeHW W ra3osu noneta, a
CbLLo 1 B obnactTa Ha AenTata Ha [lyHas.

la3ouHpyumpanu chopmm Ha MOPCKOTO ABLHO

OcBeH n3BopuUTe OT CBOBOAHM ra30BM MEXypH BbB BOAHWS
CTbnb, CblyeCTBYBAT HSAKOW 3abenexuTenHu gopmu Ha
MOPCKOTO AbHO 00pa3yBaHu BCreACTBME Ha W3Na3 Ha rasa,
KaTo HanpuMep rasoBuTe KpaTepy, kKapboHATHM MOCTPOVKN,
“meTaHoBU” puchoBe, ‘NOABOAHM BraTa OT ra3oHacUTEHM
ceaMmeHTI” n ap.

[a30BUTE KpaTepM ca M3OMETPUYHU KOHYCOOBpasHm
[enpecuy Ha MOPCKOTO [AbHO Bapupaliy OT MeTbp [0
MOBEYE OT HAKOMKO CTOTWUH METPa B AMaMETBP C LbNO0UNHM
0T NO-Manko OT eduH O MoBeye OT [eceT meTpa. Te ca
OTKPUTWM W HaumeHoBaHu npe3 1970 Ha KOHTUHeHTamHus
wend Ha Kanapa, (King & MacLean, 1970) u B nocneg-
CTBMe HabniogaBaHu B peauua MecTa B LENNsS CBETOBEH
okeaH (Hovland & Judd, 1988). Te ce cpeluat B obnacti Ha
rasoocoboxgaBaHe, W Ce HyxaasT oT ApebHO3bpHECTH
yTalkn 3a MOAAbpXKaHe Ha TAXHaTa CTPYKTypa M AbIro
cblyecTByBaHe. [lHeC e AoKayaHo, Ye rasoBuTe kpaTepw
NpoM3XoXaaT OT U3PMBU Ha ra3 OT MAWTKW ra3oBn gxobose,
KOMTO W3XBBPASA U pa3celiBa yTalnkata BbB BOAHMSA CTbNO
ochopmsimkn camus kpatep (Hovland & Judd, 1988) unm ot
WHTEH3MBHO, HernpekbCHaTO 0cBoDOXAaBaHe Ha ras3
npeyewlo Ha yTalkuTe Ja ce [enoHupaT OKOMo W3Bopa.
la30BMTE KpaTepu MoraT fa OCTaHaT aKTWBHW, CbC criabu
NepMaHEHTHM ra3oBW W3BOPM 3a ObNTM NEpuoau, Ui aa e
HeaKTUBEH MeXAY enu30aN4HUTE U3PUTBAHNS.

Mpe3 1988 rasosu KpaTepu ca OTKPUTK 3a MbPBU MbT B
YepHO MOpe Mo MPOTEXEHWETO Ha rpaHuuata Luend-
KOHTWHEHTaneH CKIMOH B oXHaTa aksatopus Ha bbnrapus
pokymeHTMpaHu ot [dumutpoB u [onuesa (1994). Cnen
TOraBa [pyru 4se obnactv Ha pasBuTHE Ha rasoBW Kpatepu

ca OTKpWUTH, B NepudepHaTa LWendosa Tepaca Hrou3TouHo
Ha Hoc Kanwakpa (Dimitrov, 1998) u B Hait-ropHaTa vacT
KOHTUHEHTaNMHUS CKMOH B W3TOYHWUTE TYPCKA aKBaTOPUM
(Kruglaykova et al., 2002).

Mupeata obnact obxawa nrow ot okoro 100 km? ¢
ObixuHa noseyve oT 41 km 1 wupoymnHa ot 2 4o 5 km npu
abnbounHmn ot 160-240 m o 230-350 m (dpur. 2C). [oky-
MeHTMpaHn ca 305 ras3oBu KkpaTepu 4acT OT KOMTO
CbBPEMEHHO aKTuBHM (cur. 3).

Queypa 3. CnapkepeH hpoghun om eopHama Yacm Ha
KOHMUHEHMaTHUSI CKITOH 0m K0XHOobb/leapckama
KpamepHa 30Ha Ha kolimo V-06pasHusm um npochurs e
SICHO 8UOUM

Btopata 30Ha nog Hoc Kanuakpa e CbLy0 Taka yabikeHa
nokpait pvba Ha wenda u okono 160 rasosu kpatepu ca
HabniogasaH B Hes. KpaTepHaTa 30Ha B TypCku BOaW €
rokanuavpaHa no Bpeme Ha MpoyyBaHeTO Ha TpaceTo 3a
rasonpoBoga no npoekra “CuH Motok” npe3 1996. 3oHaTa €
pasnonoxeHa npu gbndounHn ot 220-400 m (cpur. 2D)
MHOMO rasoBM CTPyM W3MM3AlLM OT rbpfiata Ha OTAemHu
KpaTepu ca HabniofaBaHu, ykas3Bally 3a TsxHaTa CbBpe-
MeHHa BMCOKa aKTMBHOCT.

[pyrv pokasaTtencrea 3a OTAensHe Ha ra3 OT MOPCKOTO
ABHO Ca Taka HapeyeHnTe MeTaHo-reHepupann kapboHaTHM
nocTpoiku. Te ce hopmmupaT OKOMO MbTH Ha MUrpauns Ha
ras, KbeTo MeTaHa Ce OKWUCNsBa OT METAHOTPOHM BakTe-
pun 1 oceoboXOaBaHNa aT TAX kapboHaTeH LMMEHT nnTu-
cduumpa yTainkara, kato ce dopmupa cTbnboBa CTpyKTypa.
Hsakou ofrmacth C¢ MHOXeCTBO MeTaHOBW kapBoHaTHW
MOCTPOWKK JOCTUraLLM A0 3.5 M Ha BUCOYMHA Ca OTKPUTYU Ha
MOPCKOTO ObHO B FOPHWUTE YacTW Ha CEBEPHUS W CeBepo-
3anafHusi KOHTUHEHTamNHW ckroHoBe - cour. 2F (Gevorkyan et
al., 1991; Treude et al., 2002), a Cblo Taka W kapbOHATHN
Kopaw Ha HSKOMKO MecTa B paiioHa Ha naguHata COpoKuH.

HeoTgaBHa MHOrO WHTepeceH (heHOMEH HapeyeH
‘noABogHO 6nato OT KUNAWWM yTamkatn’ e OTKpUT B
W3TOUHNS AbNOOKOBOAEH OaceliH OT ekun pycku cneuu-
annctn ot uHetuTyTa B leneHmxuk (Kruglyakova et al,
2002). O6wwupHa obnacT ot okoro 3,600 km? ¢ Bucoka
WHTEH3MBHOCT Ha pasceiiBaHe € perucTpupaHa Ha mosaii-
kaTa OT oOTpaxarenHata 6atumetpusi (cwur. 2E). [o-
AETalrnHWs norneq ¢ noMoLUTa Ha AbnbOoKOBOAHWS XWAPO-
nokatop MAK-1 u npocdunorpad nokasea, Ye NpugbHHUTE
yTalku B obrnactra ca CUHO ra3oHaCUTEHM U MOPCKOTO
ObHO € MHTEH3MBHO rpanaeo OT W306unMeTo Ha Manku
“TPUOHU" — N3OMETPUYHM XbAIMOBE, 5-6 M B AaMeTbp
OKOMO AiBa METpa Ha BUCOYMHATA OT KOUTO 13BMpa ras.

FOANIHMK Ha MurHo-eeonoxkus yHugepcumem “Ce. MeaH Purncku”, mom 46 (2003), ceumnk |, FTEOTIOMMA Y TEOOUSUKA

5



Lumumpos /1. u 0p. CYBMAPUHHW TA30BU M3BOPU U ...

KanHu Bynkanu

KanHute BynkaHu ca reonoXkum CTPYKTypu 0hopMeHM KaTo
pesyntaT Ha emucuaTa Ha (OUH TMHECT MaTepuan Ha
MOBBLPXHOCTTA Ha 3eMsiTa UMK MOPCKOTO bHO. [JocTaTbyHO
BOJA 1 ra3 ca BKIMKYEHN B Te3n (DMHHOIBPHECTW yTauku,
KOETO T MpaBKW MOMYTEYHM M W C Manka MITbTHOCT,
CnocobHM Aa Tekat “Harope” Mo AbArM TECHW KaHanu v aa
Ce W3NesT Ha MNOBBLPXHOCTTA, (DOPMUPANKM T. H. KarHo-
ByNnkaHnyHa 6pekya. OcHoBaTa AencTBalwa cuna 3a
obpasyBaHeTO WM, auckyTupaHa nogpobHo ot Hedberg
(1980), Brown (1990) u Dimitrov (2002), e BWUCOKOTO
BaTPELUHO HansiraHe B yTalKuUTE 3HAYNTENHO NpeBNLLaBALLO
XMOPOCTaTUYHO HansraHe, MPUYMHEHO OT KOMOMHALWS Ha
Obp30 yTailkoHaTpynBaHe 1 norpabBaHe CbC 3anasBaHe Ha
dpynga, reHepupaHe Ha ras in Situ u CTPYKTYpHO unn
TEKTOHCKO KOMMpecupaHe. B sasucumoct oT Tuna Ha
KanHuTe BYyNKaHW, Te CrIOpaguyHO WNM  HEMpeKbCcHaToO
OTAENsT 3HauMTeNHM 06em OT ra3 B aTMocdepaTta, KoTo e
CbCTaBEH MaBHO OT MeTaH - A0 99% (Dimitrov, 2002).

46 KanHu BynkaHa ca WM3BECTHM Ha KepueHckus nony-
0CTPOB W 42 Ha TamaHckus NonyocTpos U noseye oT 50 B
CbCefHUTE MNAUTKM BOAM Ha A30BCkO W YepHo MopeTa
(Dimitrov, 2002), kaTo MHOrO OT TSX Ca aKTUBHMU.

[MpUCLCTBIMETO Ha KaNHM BYIKaHW B LIEHTParHUTE YacTu Ha
YepHo mMope B Ab16OKOBOLHATA paBHUHA € BUro npeanoxeHo
OT Kpas Ha 1970, koraTo KOMMMEKC OT CeM3MUYHU [aHHW ca
nonyyeHn ot "KOxmopreonorus”, Pycus. Kannute BynkaHu B
LieHTpanHaTa abucanHa paBHMHA Ca HEPaBHOMWPHO pasnpe-
[eneHu Ha nnowy ot 6,500 km? npu gbnGo4mMHY nog 2 km Ha tor
ot Kpumckus nonyoctpos. Ot 1988 Hskonko excreavumm ca
MPOBEAVHN C MEXLYHAPOAHM EKvnW B Ta3n obnacT v 9 ronemm
KarHu ByrikaHa ca u3yqeHn nogpobHo (lvanov et al., 1989)

Queypa 4. Kanrus eynkaH Manuwes (¢ue. 2F).

a ) CoHoepama om 0b16okogodHus xudporiokamop MAK-1
CbC CbOmeemHama My IUHUST Ha NoOOBbHHUS Npogburiozpach
(b) u ceusmuyeH paspes (c). ScHo ce ovepmasa dobpe
pasgUMUSIM KynoJt Ha KanHusi 8yyikaH Kamo U KarHume
nomouyu Ha caHoepamama. Hsakorko spku nemna ce guxdam
okoro dobpe oyepmaHus nodxpaHeall, KaHan Ha Ceu3MUYHUS
paspe3

Obnactv Ha KaneH Auanupu3bM W KamHu ByrkaHu ca
W3BECTHW CBLLO MO tOrOM3TOYHUS! KOHTUHEHTAEH CKIOH Ha
WatoueH Kpum B nagmHata CopokuH, kbaeto 11 kamnHu
BYynkaHu ca nokanuaupanu (Bouriak & Akhmetjanov, 1998;
Bhorman et al, 2002). Hskonko kanHu BynKaHW ca
YCTAHOBEHN Ha KOHTWHEHTAIHWS CKMOH Mpeq KaBKasKus
Opsr (Korsakov et al, 1989), B toxHaTa Obnrapcka
aKkeaTopus M Ha M3TOYHWUS! TYPCKM KOHTWHEHTANEH CKITOH.
Bcumukm Te3n nosick ca CBbp3aHmM ChC 30HW HA HaBnM4aHe
C pasBMTME Ha ONUrOLEH-MUOLIEHCKM BaceiHn B KOUTO ca
Cce OTNOXWNW ApebHO3bPHECTH yTanku ¢ febennHa 2-5 km -
T.H. Mailkoncka cepusi. Tean yTaiiku ce CMTaT 3a KOPEHM U
OCHOBEH MW3TOYHWK Ha KarHWTe ByNKaHW, nogobHo Ha
KepyeHCo-TamaHckaTa 0bnacT Ha karneH ByrnkaHU3bM.

HeotgaBHa, aBa rasosu dakena ca Ounu perucTpupanm
Haf kanHus BynkaH [iBypedveHcks B maguHata COpOKMH
uagurawy ce Hag AbHoTo okono 700 m (cur. 2L). Cbaeitku
Mo M3MepeHUTe BUCOKW reOTEPMUYHN TPaZANEHTM U NPUCHC-
TBMETO Ha ra3oBW XWApaTM B MPUABHHUTE YTalkn Ha
JpYyruTe KanmHW BYMKaHW, MOXe Aa Ce npegrnorara egHa
CbBpPEMEHHA aKTMBHOCT Ha kanmHute BynkaHu TPELMAP,
Ogeca, Bacoesuy, Manuwes (¢ur. 4) u gpyru.

MPUHOC KbM ATMOCOEPHWA METAH

MpeauiHUTe NOKaMHU OLEHKW HampaBeHW oT [umnTpoB
(Dimitrov, 2002) 3a 6bArapckus KOHTWHEHTaNeH Lend
coYaT TOAMWHM CTOMHOCTM  Ha MOTOKA OT METaH Ha
MOpCKaTa MOBbPXHOCT Bapupaly o 6rm3o 3,600 m® Ha
km? no noseye ot 18,000 m*km? oueHkuTe Ha Eropos u
cbTpyaHuum (Egorov et al., 2002) HanpaBeHn 3a obnacT Ha
WHTEH3WBHO rao0TAENsHE B YKPalHCKM BOAW OTBaps
avanasoHa ot 9,100 m*km? go 630,000 m¥%km? (okono
90,000 m*km? cpeqHo); ¥ ekcTpeManH1Te OLEHKN OT BNn3o
400,000 m¥km? po 1,225,000 m*km? wu3umcrieHu 3a
rpysuHckust wend (Tkeshelashvili et al., 1997). Ako ce
B3eMe efBa CpedHa KoHcepsaTtuBHa cTonHoct ot 10,000
m3km?, ToraBa KonM4ecTBOTO OTAENALLO Ce OT aKBaTopUsTa
camo Ha Lenda (okorno 132,200 km?) moxe fia ce OLeHM Ha
1.3x10° m® unm 6nm3o 1 Tg meTaH..

[MY3MOHHUAT MOTOK M CNabo MHTEH3WUBHUTE ra30BM
n3Bopu OT AbBNOKOBOAHUTE akBaTOPUM Ha YepHO Mope He
ca B3eTW NOA BHUMaHWe nopaau dakTa, Ye YacT oT rasa ce
3agbpxa nog opmata Ha xugpaT B NpUAbHHUTE yTaiiku
WWnM HanpaBo Ha MOPCKOTO AbHO, Apyra YacT ce OK1CrsBa
nvnu KoHCcymmpa OT METaHOTPOo(HM OakTepumn, a ocTa-
Hanata Manka 4YacT Ce pa3TBapsi HambfHO BbB BOAATa.
EAMHCTBEHHO ra3bT CbCpedaToyeH B MOLUHW M3pWBY Mpw
ﬂeCTa6VIJ'II/I3aL|I/Iﬂ Ha rasoxuapaTti Unu U3pureaHe Ha KanHu
BYNKaHW MOXe Aa AOCTUTHe MopckaTa MOBBbPXHOCT U [fa
HaBnese B aTMoceparta.

CyMapHUWAT TOAMULIEH NMPUHOC OT ra3 MeTaH HaBnuaaly B
atMocdepata OT BCUYKM KamnHM ByNkaHu Mo CBEeTa (OKOMOo
1,900 egeHnum) e oueHeH Ha 5.1 go 30.5 Tg Dimitrov 2002;
Milkov et al., 2002). B yepHoMOpCKMsl peroH ca Habposisat
okoro 200 kanHW BynkaHa W crefjoaTenHo Te Ou Tpsbeano
[a oT1aensaT He no-manko ot 10% OT CymapHOTO CBETOBHO
konuyecTBo, unu okono 0.5-3.0 Tg MeTaH roguLLHo.
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3AKMIOYEHNA

KpaTkus nperneg Ha OTKpUTUTE U JOKYMEHTUPAHWU ra3oBm
13BOPM M Ta300TAENSLM CTPYKTYPU HA MOPCKOTO ABHO U B
cbcedHu obnactu Ha YepHo Mope ACHO NokasBsaT: LenusT
PaloH € eauH OT Hal-MHTEH3UBHWUTE ra300TAEnsLLM
obnactm B cBeTa, koeTo npubaBs gpyrata yHWKarHa
xapaktepuctuka Ha 0OaceiiHa - pasHooGpasveTo U
1306MNMeTO Ha ra3oBM U3BOPM W ra300TAENSLLM CTPYKTYPU.

OueHKaTa Ha KonM4YecTBOTO OT ra3 METaH OTAENALO Ce OT
TE3WN eCTECTBEHW, TEONMOTMYHN WM3TOYHWLM MOKa3ea, Ye Te
“MaT 3HauMTemNeH MPMHOC KbM BbrTepoda B aTMocdepata.
CyMapHOTO rouLLIHO KONMYECTBO OTAENSLLO Ce OT paroHa Ha
YepHO MOpe ¥ HaBnusalo atMmocdepata € OLEHeHO B
avanasoHa ot 1.5 0o 5.5 Tg (2.0-6.0x10° m®) — u ToBa ot
00nacT KoSATO He MpeBWLLaBa eAuH NPOLEHT OT akeaTopusiTa
Ha CseToBHus OkeaH, a KakBO 0CTaBa 3a Cyx03eMHaTa YacT
Ha CBeTa, KbeTO HsMa 3arybu BbB BOAHO TSNO U rasbT
cBob0oaHO HaBnm3a B aTMocepata?
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INTRODUCTION

Greenland and especially Vostok (Antarctica) ice core
records for the last few hundred thousands of years
clearly show the saw-shaped character of changing in
atmospheric methane concentrations  with  rapid
increasing to peaks higher than today one and extend
irregular restoring to about the initial values with similar
but short lagging temperature curve (Chappellaz et al.,
1993; Petit et al, 1999). These indicate that Global
warming and Global cooling are mutually depended
natural processes repeated already several times during
the Late Quaternary, which unknown mechanisms are
waiting to be revealed. The authors believe that the
present ongoing Global warming is the subsequent
climbing to the next fang of the saw, dramatically
accelerated by the human activities since the industrial
age.

The data also evidenced that the past changes of atmo-
spheric methane concentrations of magnitude more than 400
ppbv happened without any anthropogenic influences, which
force scientists to look for natural sources of not only methane
but all the greenhouse gases and the pathways of their
escape. Only recently the international scientific community
started to pay more attention of such natural, geological
sources as submarine gas seepages and mud volcanoes and
realized that they are significant sources of atmospheric
methane. The few existing estimations of global atmospheric
methane flux from these “minor” sources vary from a few terra
grams (1 Tg = 1x10" grams) (Lacroix, 1993; Cranston, 1994;
Judd, 2000) to 65 Tg CH, (Hovland et al., 1993) per year
coming from submarine gas seepage and from 5.1 Tg
(Dimitrov, 2002) to 30.5 Tg CH,4 (Milkov et al., 2002) from mud
volcanoes world vide.

Among the great number of publications describing
individual gas seep sites and related seabed features offshore
the Black Sea countries, mud volcanoes in the deep basin and
number of gas hydrate discovering there are only two of them
devoted on quantification of methane flux in the Black Sea
(Tkelashvili, et al., 1998; Dimitrov, 2002). Both papers present
regional estimations of the flux from gas seepage only for
Georgian and Bulgarian shelves, respectively and do not
include other gas venting features, as mud volcanoes etc.

ABSTRACT

Only recently the international scientific community started to pay more
attention of such natural, geological sources as submarine gas seepages
and mud volcanoes and realized that they are significant sources of
atmospheric methane. In this work the Black Sea is considered to be one of
the most prolific areas in the World. Here we present a detail overview of
the gas seepage areas documented offshore along the Bulgarian coastline,
on the Georgian, Russian, Ukrainian and Turkish shelves as well as seabed
gas venting structures as pockmarks, mud volcanoes, methane derived
carbonate chimneys etc. Some speculations about massive gas outburst
due to destabilization of gas hydrates are commented. The attempt to
evaluate the annual quantities of gas methane venting from the seafloor,
passing trough the water column and entering the atmosphere from gas
seepage and venting structures shows values form 1.5 to 5.5 Tg (2.0
6.0x10° m*) released from the Black Sea area, an area no exceeding one
percent of the World Ocean aquatory.

The purpose of this paper is to evaluate the annual
quantities of gas methane venting from the seafloor, passing
trough the water column and entering the atmosphere from
gas seepage and venting structures on the seabed from whole
area of the Black Sea including some terrestrial mud volcano
areas as Kerch and Taman peninsulas and wetlands in the
mouth of Danube delta.

GENERAL GEOLOGY OF THE BLACK SEA

The Black Sea is large semi - enclosed marine basin having
area of 423,000 km?, volume of 534,000 km?, and maximum
depth of 2,248 m. It is connected to the Mediterranean Sea via
Bosporus, a narrow strait that has a sill depth of about 50 m.
At the same time the Black Sea has a gigantic catchment
basin which includes the river discharge of half of Europe and
part of Asia, its drainage area of 2,290,200 km? exceeds by
more than 5 times the area of the Black Sea basin itself.

Geologically, the Black Sea is located to the south of the
European craton and occupies a complex position on several
structural zones. It is surrounded to the north, north-east,
south and south-west by Alpine folded systems of Crimea,
Caucasus, East and West Pontides and Southern Balkans. To
the north and north-west it is bordered by the epihercynian,
Mesozoic and Cenozoic formations, the Moesian and Scytian
platforms. The deep Black Sea basin itself is formed by two
basins separated by a ridge (the Mid-Black Sea Ridge)
andrepresents a large depression infilled by up to 16 km thick,
sedimentary series burying the pre-existing relief (Finetti et al.,
1988). The little-disturbed sedimentary strata lie almost
horizontally in the whole deep basin. The basin fill consists of
very thick from (3 to 5 km) Paleogene, mainly Eocene
sediments, followed by Oligocene (about 3.5-4 km thick),
covered by more than 2 km Miocene sediments. Pliocene and
Quaternary are characterized by thick Danube fan deposits.
The present sediment distribution pattern is a mixture of
terrigenous sediments along the shelf and flanks of the basin,
turbidites in the basin apron, and biogenic carbonates in the
deep portion of the basin.

There are various views on the reason and timing of the
formation of the Black Sea; area of resent oceanization,
remnant part of Paleo Thetis ocean etc. From the view of plate
tectonics the Black Sea may represent a remnant of back-arc
marginal basin (Finneti et al., 1988). According to this, during



the geodynamic process, initiated in the upper part of Lower
Cretaceous and terminated at the end of Paleocene (110-55
million years BP.), the opening of the Black Sea took place as
a consequence of the formation of two back-arc basins behind
the W and E - Pontides. The W-basin evolved to the stage of
complete crustal opening with a basaltic basement, while E-
basin evolved to the stage of a very thin continental crust
affected by numerous listric faults and tilted blocks. In the
Middle Eocene, the first compressive tectonic phase occurred
and generated most of the orogenic belts surrounding the
Black Sea. These compressive movements with overthrust
deformation continue to the present day on the offshore
Caucasus, and in the Crimea.

With respect to the water body, until the late Miocene the
Black Sea was a shallow marine basin which, but subsidence
during the latest Miocene to earliest Pliocene time (5 million
years BP) transformed it into a deep marine basin. Since then,
during the eustatic sea-level changes and because of the very
narrow and shallow sill, the Black Sea became connected with
or disconnected from its marine source. Thus it changed back
and forth from marine to brackish to freshwater environment.
During the last glacial period the Black Sea was a deep
isolated fresh water lake. As the sea level rose at the end of
the glacial the high salinity and dense waters from Marmara
Sea were introduced into the Black Sea (about 7,000 years
ago). Thus stratified the water column which caused the
bottom waters to became anoxic.

GAS SEEPAGE AND VENTING STRUCTURES

Data on shallow gas, mud volcanoes, gas seepage and
related seabed features suggest that the Black Sea may be is
one of the most prolific areas in the World. Here we will
present a short review on all these features based on
published information and own data. Most of the information is
summarized on figure two illustrated with the major and most
spectacular findings in the Black Sea area.

Evidences of shallow gas occurrences have been found
almost everywhere within the Black Sea basin: from around
the nearshore, shelf, especially the shelf breaks, continental
slopes and abyssal plain. They include both geophysical
(echo-sounder, seismic, subbottom profilers and side-scan
sonar records) and (geo) chemical data.

The huge terigenous flux with relatively high content of fresh
organic matter derived in the Black Sea is an excellent source
for methane generation. There are two main patterns for
discharging of this material. The first one, working in the
largest NW and Western Black Sea shelf is the South density
current - the major lythodinamic factor in this part of the sea.
This anti clockwise current carry the terigenous material
derived from Danube, Dneper and Dnester rivers (almost 80%
of the total Black Sea flux) and discharge it mainly on the
Bulgarian shelf. The second way is the discharging of the
material derived from all other rivers. Because of very narrow
shelf as in the southern par (all Turkish shelf), as in the

Crimea region, as well as whole eastern part of the sea, the
sediments are loaded directly at the slope base and abyssal
plain passing the shelf and slope. This pattern have been valid
many times for all Black Sea basin in the past, when the sea
level have been about 100 m below present, because of
eustatic changes. During that times have been deposited a
series of organic rich sapropel layers, because of dramatic,
sharp change of the living environment. Because of these, the
scale of generating and retaining of "shallow gas" are larger in
the Holocene muds of the shelf due to the relatively high
content of fresh organic matter, and in the Pleistocene
sediments in the deep waters.

Gas seepages

The seepage of natural gas is known to be widespread in
both land and marine environments (Hovland & Judd, 1988).
Gas seeps are known to be associated with leakage from gas
reservoirs and shallow gas accumulations, and from gas
hydrates; consequently, they occur in all the oceanic environ-
ments: coastal environments of deposition (bays, estuaries
etc.); major deltas; hydrocarbon-bearing sedimentary basins
on the continental shelf and slope etc.

Figure 1. A SIMRAD EK - 500 echogramm of double-seep,

nicknamed "Two Captains" in the NW Black Sea at a depth

of 593.5 m. The plume rises some 400 m into the water column
(courtesy of V. Egorov/S. Gulin, Sevastopol, Ukraine)

50 long existing gas seepage areas are described in
Bulgarian coastal waters with more than 6,000 individual
seeps and 482 water column targets representing gas seeps
are identified offshore Bulgaria (Dimitrov, 2002a). Some ten
thousand of seepage are reported to exist within the Georgian
shelf (Tkelashvili et al., 1998). Several areas of active gas
venting are also known in Romanian (modern Danube delta
preferably), Ukrainian (Geodekyan et al., 1991) and Turkish
waters as well as oil seeps (Iztan, 1996). More than 500 gas
plumes are documented by echo-sounding (fig. 1) along the
shelf break of the Western and North-Western part of the
Black Sea (Shnukov et al., 1999). Abundant gas seepage
have been found around the edge of the basin in water depth
down to 800 m along the shelf break and active faults in the
shelf areas, especially along the frontal lines of Balkanides,
Crimea and Great Caucasus, in the NW shelf where several
oil and gas fields in the Ukrainian and Romanian shelves are
exploiting, in the area of the Danube, as well as other delta
and submarine fan complexes.
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Figure 2. Map of the documented Black Sea gas seepage, seabed venting structures and mud volcanoes. 1. Gas seepage o venting sites; 2. Areas with abundance of gas seepage; 3. Offshore and terrestrial mud
volcanoes; 4. Seabed pockmarks; 5. Area of seafloor gas boiling swamp. A~ Pictures of gas seepages offshore Bulgaria; B Echograms of gas plumes fiom sheff break in the NW part of the Black Sea; C—
Sparker profiles showing seabed pockmarks offshore Southem Bulgaria; D— Side-scan sonar image and coresponiding subbottom profiler section with pockmarks on the uppermost Turkish sIope;lE — Deep tow
side-scan sonar mosaic with the area of seafloor gas boiling swamp; F — Methane derived carbonate chimneys at water depth of about 250 m in the Northem Danube deep sea fan; G - Deep tow side-scan sonar
mosaic of the MSU and Yuzhmorgeologia mud volcanoes; H~ Composite Image (sonogram above, profiler and seismic sections bellow) of the Malishev mud volcano in the Black Sea abyssal plain; K- The same
ofthe TREDMAR mud volcano; L — Swath bathymetry of the seafloor in the Sorokin trough wit several mud volcanoes and high infensity double vents on Dvurechenski mud volcano

Seabed gas venting structures

Except, plumes from free gas bubbles in the water column,
there are prominent features on the seafloor originated by the
escape of the gas from seabed, i.e. pockmarks, carbonate
chimneys, cold reefs, “boiling seafloor swamp” etc.

Pockmarks include isometric cone to saucer
shaped depressions on the seafloor varying in
size from a meter to more than a few hundred
meters across with depths of less than one to
more than ten meters. They were described
and named for the first time in 1970 as
morphological features formed on the
continental shelf off Nova Scotia, Canada,
(King & MacLean, 1970) and then observed
and reported in many places all over the world
ocean (e.g. Hovland & Judd, 1988). They
occur in areas of fluid discharge, and need
fine-grained sediments to support their
structure and long existence. Nowadays it is
widely accepted that pockmarks originated by
expulsion of gas from over-pressured shallow
gas pockets, dispersing the sediment into the
water column (Hovland and Judd, 1988) or by
intensive continuous fluid discharge hindering
sediment deposition around the seep.
Pockmarks may stay active, calmly seeping

gas for long periods, or lie dormant between
episodic eruptions.

In 1988 pockmarks were discovered for first
time in the Black Sea along the Southern
Bulgarian shelf break described by Dimitrov
and Doncheva (1994). After then other two
pockmark areas have been found in the
peripheral shelf terrace south-east of cape
Kaliakra (Dimitrov, 1998) and on the
uppermost eastern Turkish continental slope
(Kruglaykova et al., 2002)

The first area embraces about 100 km* zone
with length of more than 41 km and wide from
2 to 5 km at water depths from 160-240 m to
230-350 m (fig. 2C). There are 305
documented pockmarks within it part of which
active.



Figure 3. A high-resolution sparker section
from the upper part of southern
Bulgarian continental slope on
which V-shaped pockmarks are
clearly visible

The second one near cape Kaliakra is also elongated along
the shelf break and more then 160 pockmarks are observed
(fig. 3). The last one were localized during pipeline survey on
the “Blue Stream” project in 1996. It is situated at water
depths of 220-400 m (fig. 2D) and a lot of gas jets are
observed coming out from the mouths of the pockmarks
suggesting their present high activity.

Other evidences for gas leaking from the seabed are so
called methane derived carbonate buildups. These are formed
around gas migration path where occurs methane oxidation by
methanotrophic bacteria inducing precipitation of carbonate
which litifies the sediment. Cementation goes on around the
methane pathway, fills channel and the pillar structure grows
from outside.

Some areas with number of methane derived carbonate
buildups big up to 3.5 m in height are discovered on the
seafloor in the upper parts of north and north-western
continental slopes - fig. 2F (Gevorkyan et al., 1991; Treude et
al., 2002) as well as carbonate crusts in several places in the
Sorokin Trough.

Recently a very interesting phenomenon named seafloor
“boiling sediment swamp” was discovered in the Eastern Deep
Black Sea Basin by the Russian team form
Yuzhmorgeologiya, Gelendzhik (Kruglyakova et al., 2002). A
large spot of high intensity backscattering is observed on the
swath bathymetry mosaic of about 3,600 km? (fig. 2E). The
more detail look on the area by deep towed side-scan sonar
MAK-1 with profiler system shows that the seabed sediment in
the area is highly gas charged and seafloor is very hummocky
by abundance of small griphones — isometric hills about 5-6 m
in diameter and near two metres of height, continuously
venting gas.

Mud volcanoes

Mud volcanoes are geological structures formed as a result
of the emission of argillaceous material on the Earth’s surface
or the sea floor. Sufficient water and gas is incorporated within
this fine-grain muddy sediment to make it semi-liquid and to
force it up through long narrow openings or fissures in the
crust to produce an outflowing mass of so called mud breccia

on the surface. The main driving force for mud volcano
formation, discussed in detail by Hedberg (1980), Brown
(1990) and Dimitrov (2002), is abnormally high-pore fluid
pressure caused by a combination of rapid sedimentation, in
situ gas generation and structural or tectonic compression.
Depending of the activity of the mud volcanoes, they
sporadically or continuously emit considerable volumes of gas
to the atmosphere and it is mainly methane — up to 99%
(Dimitrov, 2002).

There are 46 mud volcanoes on the easternmost part of
Kerch peninsula and 42 on the Taman peninsula and more
than 50 in adjacent shallow waters of Azov and Black Seas
(Dimitrov, 2002) many of them presently active.

The presence of mud volcanoes in the central Black Sea
abyssal plain has been supposed since the end of 1970s,
when a set of multichannel seismic data was obtained by
"Yuzhmorgeologia" - Gelendzhik, Russia.

The Black Sea mud volcanoes are randomly distributed at
water depths below 2 km in an area of 6,500 km? south of
Crimean Peninsula known as Central abyssal mud volcano
area. Since 1988 to several expeditions was carried out by
international teams in this area and 9 large mud volcanoes
were studied in detail (Ivanov et al., 1989)

Belts of clay diapirs and mud volcanoes are situated along
the continental slope south-east of East Crimea in the Sorokin
Trough where 11 exposed on the seafloor mud volcanoes are
localized (Bouriak & Akhmetjanov, 1998; Bhorman et al.,
2002). Several mud volcanoes have been found on the
continental slope in the north-west Caucasian margin
(Korsakov et al., 1989.), southern Bulgaria part and in eastern
Turkish continental slope. All these belts are connected with
overthrust zones and with the development of Oligocene-
Miocene basins in which 2 — 5 km thick fine-grained
sediments of Maicopian Formation have been deposited.
These sediments are believed to be the root of mud
volcances, just as in the Kerch and Taman mud volcano
areas.

Recently, tow big gas flares have been recorded by echo-
sounder at the vicinity of Dvurechenski mud volcano in the
Sorokin Trough rising some 700 m above the seafloor (fig.
2L). Judging by the measured high geothermal gradients and
presence of gas hydrates in the bottom sediments other mud
volcanoes are inferred to be active today as TREDMAR,
Odessa, Vassoevich, Malishev (fig. 4) etc.



Figure 4. The Malishev mud volcano (fig. 2F).
a) MAK-1 deep tow sidescan sonar image with
its corresponding subbottom profiler line (b)
and seismic section (c). The well developed
dome-like structure of the mud volcano is
clearly seen as well as mud flow patches on
the sonogram and several bright spots around
the well delineated feeder channel on the
seismic section

CONTRIBUTION TO ATMOSPHERIC METHANE

The previous estimations made by L. Dimitrov (2002) for the
Bulgarian continental shelf suggest an annual gas flux at the
sea-surface running from about 3,600 m*® per km? to more
than 18,000 m¥km?; the evaluation of Egorov and co-workers
(2002) for an area abundance of high-intensity gas seepage
set up these values between 9,100 m¥km? and 630,000
m3km? (about 90,000 m¥km? on average); and the extreme
values form about 400,000 m¥%km? to 1,225,000 m*km?
calculated for the Georgian shelf (Tkeshelashvili et al., 1997).
If take an average conservative flux of about 10,000 m*km?
than the quantity escaping to the atmosphere from the whole
shelf area of the Black Sea (about 132,200 km? can be
estimated on about 1.3x10° m? or near one Tg.

The diffusive flux and low intensity gas venting from mud
volcanoes in deep water environments are not taken into
account also because gas is partially converted into hydrate
(as much as 10 %), partially consumed by bacteria or oxidized
in the near bottom sediments, other parts are captured in a
hydrate form directly on the seafloor or consumed by diversity

of species in a chemosynthetic communities, and the amount
of the gases left dissolve totally in the sea water. The only gas
able to enter the atmosphere from deep water environment is
from very high-intensity plumes or blow-outs during the
eruption of mud volcanoes.

The total contribution to atmospheric methane by mud
volcanoes have been evaluated to be from 5.1 - 30.5 Tg per
year commimg from near 1,900 individuals (Dimitrov 2002;
Milkov et al., 2002). There are about 200 mud volcanoes in
the Black Sea and surrounding land areas, hence they should
emit 10% of the world total as a minimum which give about
0.5-3.0 Tg (0.7-4.2x10° m®) of methane annually.

CONCLUSIONS

This short review evidenced that shallow gas, gas seepage
and seabed gas venting structures are very common in the
whole Black Sea area, which add another unique
characteristic of the basin - the diversity and abundance of the
shallow gas events.

The evaluation of the quantity of the gas released trough all
these features shows that they are one of the significant
natural, geological sources of atmospheric carbon and
particularly gas methane. The total annual amount emitted
trough them is estimated in the range 1.5 to 5.5 Tg (2.0-
6.0x10° m’) methane enter the atmosphere every year from
gas vents of the Black Sea — an area no exceeding one
percent of the World Ocean aquatory shelves and what about
inland gas seepage and venting structures?

The released methane from the Black Sea area is
comparable with the totals of other “minor” natural sources
(Judd et al., 1993) as natural coal seam fires (~1 Tg CH, yr"),
hydrothermal sources (2.3+1.4 Tg CH, yr") and are as
significant as the anthropogenic emissions from total Industrial
sources (9.1 Tg CH, yr') (Judd et al, 1993) or
petrochemicals, petroleum refining and combustion of fossil
fuels all together (11.1£1.9 Tg CH, yr") (Lacroix, 1993).
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	   Greenland and especially Vostok (Antarctica) ice core records for the last few hundred thousands of years clearly show the saw-shaped character of changing in atmospheric methane concentrations with rapid increasing to peaks higher than today one and extend irregular restoring to about the initial values with similar but short lagging temperature curve (Chappellaz et al., 1993; Petit et al., 1999). These indicate that Global warming and Global cooling are mutually depended natural processes repeated already several times during the Late Quaternary, which unknown mechanisms are waiting to be revealed. The authors believe that the present ongoing Global warming is the subsequent climbing to the next fang of the saw, dramatically accelerated by the human activities since the industrial age. 
	Figure 3. A high-resolution sparker section from the upper part of southern Bulgarian continental slope on which V-shaped pockmarks are clearly visible


