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VARIABILITY OF OXIC/ANOXIC CONDITIONS OVER THE FIELDS
OF METHANE SEEPS AT THE NW BLACK SEA SHELF SLOPE

CTD data, H,S water column samples and detailed bathymetric survey of the underwater Dnieper paleo-delta were
analyzed to study of temporal and spatial fluctuations of oxic/anoxic interface over the gas seepage area, where
methane-related microbial mats and carbonate reefs are highly developed. Time-series CTD measurements have
allowed to estimate temporal variability of the isopycnal surfaces with sigma-theta (op)values 15.4 (oxycline
encased with the permanent pycnocline) and 16.2 (oxic/anoxic interface). In the investigated region quasi-periodical
vertical fluctuations of the H,S-waters upper boundary (op = 16.2) between 130 and 165 m depths, i.e. up to 35
meters, have been observed. At the area of massive microbial reefs within this depths range a seabed slope angles
have been changed from 1.5° to 13.0°. Accordingly, a specific belt—like zone of periodic near-bottom water redox-
changes could to cover a great distance across the shelf slope — up to 1100 m. In view of fact that microbial control
of methane oxidation and control of CH,-fluxes it can be both aerobic or anaerobic process, it should to influence on
the type, pathways and activity of microbial oxidation of methane within the gas seep fields.

Keywords: The Black Sea, oxic/anoxic interface, temporal and spatial variability, gas seep microbial mats and reefs,

control of oxidation of methane.

The purpose of presented work was an
assessment of a temporary and spatial variability
of oxic/anoxic interface over the NW Black Sea
shelf slope in the methane seeps areas where
methane-controlling microbial reefs are highly
developed.

As it is known, in the deep-water part of
the Black Sea a density structure is supported with
low-saline waters (~18 °/,,) within thin (0 — 50/
70 m) surface layer and more saline remaining
water column (~22 °/,,). These layers are divided
by the halocline (permanent pycnocline) with
significant density gradients situated at the depths
50 — 150 m. Such sharp stratification inhibits
vertical water mixing and is the main reason of the
anoxic conditions below 100 — 150 m. [1, 9].

The general circulation of the Black Sea
consists of a basin-scale cyclonic boundary current
— Rim Current, with smaller scale circulations
structure inshore of the main current and also an
intense anticyclonic gyre in the easternmost corner
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of the basin (Batumi Gyre). Interconnecting series
of cyclonic eddies and sub-basin scale gyres form
the interior circulation. All investigators indicate
that the circulation is more clearly defined and
intense during winter than in summer. In summer,
eddy activity is more pronounced at different
scales, which range from quasi-stationary gyres to
small and shallow eddies. Some of these eddies are
associated with the meandering Rim Current,
while others are produced by atmospheric forcing
and buoyancy fluxes either over a short-time
period or on a seasonal basis. The strong Rim
Current limits water and material transfer across
the current zone while jet-like instabilities,
mesoscale  eddies, filaments, mushroom-like
structures and similar phenomena play important
roles in shelf-deep water interactions. Spatial (10 —
100 km) and temporal (1 — 10 days) scales of these
phenomena are synoptical or quasi-synoptical [1,
3, 10, 13].
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Besides the seasonal variability, strong
inter-seasonal changes of the Black Sea circulation
structures (and current speed) are observed
sometimes. These processes predominantly are
driven by wind activity. Their indicator is
variability (or fluctuations) of the isopycnal
surfaces depth. The fluctuations can be non-
periodical or periodical short-period internal
waves, inertial and topographic oscillations,
Kelvin and Rossby’s waves [13].

It is widely accepted [12] that in the Black
Sea the depth of oxic/anoxic interface is closely
correlated with sigma-theta (co) value 16.20+/-—
0.05 and situated below high-stratificated part of
permanent pycnocline. Due to general cyclonic
Black Sea circulation, isopycnal surfaces have
dome-like shape and isopycnal surface 16.2
situated at the depths approximately 100 m in the
Central Black Sea Basin and approximately 150 m
in the Rim Current area.

Earlier, we had investigated distribution
and the temporal dynamics both picnocline and
chemocline (oxic/anoxic interface) at near to the
Dnieper underwater paleo-delta transects. The
chemocline rise effect, from approximately 170 m
to 130 m at the upper continental slope has been
discovered [7].

Within and in the vicinity of Dnieper
paleo-delta a massive carbonate reefs with a thick
microbial mats were detected in the areas of
methane seeps in anoxic waters. Reefs consist of
up to 4 m high and 1 m wide coral-like build-ups.
Mats are located mainly on the upper parts of
carbonate structures. Biomass of living matter,
concentrations of organic carbon, which are
produced by methane-oxidizing bacteria, was a
very high [8, 11].

Microbial control of oxidation of methane,
the control of CH,4-fluxes, it can be aerobic process
or another way, anaerobic process [2, 4, 14]. In
contrast to the sulphate-methane transition zone
(SMT2Z) in marine sediments [5], it is important to
know hydrochemical water conditions in the near-
bottom layer which surround microbial reefs.
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Materials and methods. Bathymetric,
hydroacoustic and CTD data were collected over
the NW Black Sea shelf and slope during cruises
of RVs «Prof. Vodyanitskiy» (October 1993, June
1994 and December 2000), «Prof. Logachev»
(July 2001) and «Poseidon» (October 2004). The
following ship-board scientific equipment were
used for the researches: GPS-navigators (all ships),
CTD Katran and Mark-3 (Vodyanitskiy), CTD
SBE (Logachev), 38/120-kHz scientific echo-
sounder SIMRAD-EK500 (Vodyanitskiy), 12-kHz
deep-sea echo-sounder (Poseidon). Hydrogen
sulphide determinations were performed with
using the iodine-titrometric standard method.
Water samples have been collected by a rosette
with twelve Niskin bottles. Final stage of the
explorations was carried out during the METROL
cruise aboard RV "Poseidon" in October 2004.
Multibeam echo-sounder and motion sensor were
used for detailed sea floor observations. The high-
resolution bathymetrical maps were developed by
Jens Greinert. On the basis of these data,
calculations of slope angles and sea floor
extension were performed with the help FUGAWI
navigation software.

Results and discussion. Time-series CTD-
profiles which were obtained in summer 2001 are
shown in Fig. 1la. In summer the Black Sea
hydrological structure of water column consists of
thin surface mixed layer situated at the depths
approximately 0 — 10 m, the seasonal thermocline
with significant density gradients situated at the
depths approximately 10 — 40 m and the halocline
(permanent pycnocline) with significant density
gradients situated at the depths 50 — 150 m. So, the
main contribution in the density stratification
introduces a salinity, exception is the upper layer ~
50 m during the warm season of the year, where
density is determined primarily by temperature.

The profiles had allowed estimate a
temporal variability of isopycnal surfaces 15.4 and
16.2 depths (Fig. 1b). Examination of the time-
series profiles had shown that during observation
period depth of o4 = 16.2 changed from 147 m to
164 m, i.e. the amplitude reached a value of 17 m.
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Fig. 1 Temporal variability of vertical
hydrological structure over the NW

Black Sea shelf slope (a) and depths of

the sigma-theta values (cp) 15.4 and
16.2 vs time (b) (03 — 08 Jul 2001,
bottom depth 187 — 226 m, ¢ ~ 44°47T'
N, A ~ 31°59'

Puc. 1 BpeMenHas U3MEHYMBOCTH
BEPTUKAJILHON TUAPOJIOTHYECKOH CIpy-
KTypbl HaJl KOHTHMHEHTAJIbHBIM CKIOHOM
ceBepo-3amaHol yactu YEpHoro Mops
(@) u ryOuusl 3aneranus Gy 15.4 u 16.2

B 3aBHCHMOCTH oT BpeMeHH
nabmoxaenuit (b) (03 — 08 urons 2001 r.,
ry6uHa gHa 187 — 226 M, ¢ ~ 44°47' N,
% ~31°59' E)

Also, CTD data were
collected in summer 1994 at the
many-days station with time interval
between CTD-casts from 19 to 25
hrs [7]. During observation period a
depth of isopycnal surface 16.2
changed from 132 m to 167 m, i.e.

the amplitude reached a value of 35
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m (Fig. 2). These fluctuations were
more considerable in comparison
with 2001 observations. Moreover,
fluctuations of isopycnal surface
16.2 had quasi-periodical character.
The obtained results had allowed
assuming that fluctuation period
constitutes approximately 5 days.
This period is very close to a period

of so-called inertial oscillations,
which have in the summer Black Sea
E water column period 4 — 6 days and
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Besides observed fluctuations of the
isopycnal surfaces, H,S determinations at the shelf
slope transect (Fig. 3) have shown rise of the Black
Sea chemocline to shallower stations in comparison
with deep-water station. So, to station with bottom
depth 550 m H,S not detected at sampling depths
less than 145 m, to following stations the depth of
the H,S-waters upper boundary sequentially
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caused by wind activity changes and
large-scale currents instability [1].

decreased — up to 125 m at 170 m bottom depth
station. Also, to sampling depths 170 — 175 m H,S
concentrations sequentially decreased: 37.0 — 28.6
— 27.2 — 12.0 uM (Fig. 3). Indicated patterns
testified about active water dynamics to shallow
station and as well as about anticyclonic vorticity of
general water mass circulation to deep-water stations.
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The detailed bathymetric survey of the
Dnieper paleo-delta (Fig. 4) at the region of a reef
consisting of up to 4 m high and 1 m wide
microbial structures [8] has allowed correctly to
estimate the slope angles and sea floor extension
within 130 — 165 m depths. At this area two types
of shelf slope have been observed: "steep” shelf
slope with slope angles 8° — 13° and "gentle" shelf
slope with slope angles 2° — 3°. Thus, sea floor
extensions within 130 — 165 m depths have been
varied from approximately 150 — 250 m up to 600
— 1100 m (Fig. 4).
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Consequently, within indicated spatial
scales of the Black Sea shelf slope which
represented as belt—like zone, 150 — 1100 m in
width, the high-variability —of  oxic/anoxic
conditions took place in the near—bottom layer. As
the main result, in the near-bottom waters it can to
exert influence on O,/H,S, Mn4/Mn2, NO,/NH,
correlations [7] and on another chemical
parameters. Within the gas seeps fields it should
influence on the type and activity of microbial
oxidation of methane.
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Fig. 4 Bathymetric map of the Dnieper paleo-canyon region, NW Black Sea. White belt indicates sea floor extension
within 130-165 m isobaths — zone of near-bottom variability of the oxic/suboxic/anoxic conditions (OSA-Z)

Puc. 4 batumerpuueckas kapta JIHEIPOBCKOro IajeoKaHbOHA, CeBepo-3amajgHas 4dacth UépHoro mops. benoii
MOJIOCOH IMOKAa3aH ydYacTOK MOPCKOTO IHA B mpexenax n3o0ar 130 — 165 M — 30HA U3MEHYMBOCTH OKUCIATEIHHO-

BOCCTaHOBHTENbHBIX ycioBuid (OSA-Z) B IpHIOHHOM cloe

Conclusions. Vertical fluctuations of the

upper border of deep H,S-waters (cs = 16.2)
between 130 and 165 m depths, i.e. up to 35 m
were detected. Also, periodical synoptic temporal
fluctuations of the chemocline have been
observed. Within indicated depths range the
periodical changes of oxic/anoxic conditions took
place in the near-bottom layer of the Black Sea
shelf slope and could to cover a distance from 150
m up to 1100 m of the sea floor. At the fields of
the gas seeps, this is a specific belt-like zone,
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where can be alternated oxic, anoxic as well as
suboxic methane control by the microbial mats of
the carbonate reefs.
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M3MeHYMBOCTh  OKHCJINTE/IbHO-BOCCTAHOBUTE/IBHBIX YCIOBHIi B IPUIOHHOM cJ0e HaX MOJISIMH MeTAHOBBIX
CHUIIOB HA KOHTHHEHTAILHOM CKJIOHe ceBepo-3amanHoii yactu Uépnoro mops. M. B. I'ymun, H. A. Croxo30B.
B cTtaThe mpoaHaIM3UPOBAHBI I'HAPOIOTHUECKUE JAHHBIE, PE3yNbTaThl ONPEIeNeHNUs] KOHIEHTPALUH CEpOBOIOPOIa U
JIaHHBIE MOAPOOHON OaTHMeETpHYecKOH ChEeMKH MOABOJHOW mNayieonenbTsl JlHempa il M3y4YeHHUs BpEeMEHHOW W
MPOCTPAHCTBEHHON M3MEHUYMBOCTH MOBEPXHOCTH pasfesa MeXIy KHCIOPOAHBIMH U CEPOBOIOPOIHBIMU BOJAMU HAJ
HNOJMIMM  Ta30BBIX CHIIOB, TIJ€ Pa3BUTBl MAaKPOKOJOHMH METAHOKHUCIAIOIIMX OakTepuil u  KapOOHaTHbIE
KOpaJyIOBUJHBIE MOCTPONKM. MHOTroCyTOYHBIE H3MEPEHMs THAPOJOTUYECKUX MapaMeTpoB MO3BOIMIM OLEHHUThH
BPEMEHHYIO H3MEHYMBOCTb M30MMKHHUUECKHX MOBEPXHOCTEH CO 3HAUEHMSIMU curMa-mTa (op) 154 (OKCHUKIMH B
npejenax MOCTOSIHHOTO MHUKHOKIMHA) M 16.2 (IOBEPXHOCTh paszena MEXOy KHCIOPOIHBIMH M CEpOBOJOPOJHBIMU
BoJamu). B wucciemoBaHHOM paiioHe HaOMOJAIMCh KBAa3HUIEPHOJWYECKHE KOJNCOAHHMs BEPXHEH TpaHMIbI
cepoBojopoaHoro ciost (op = 16.2) B mmamazone rayoun ot 130 mo 165 M, T. e. g0 35 m. B mpenenax storo
Juana3oHa NIyOMH B 00JacTH MACCHBHBIX OaKTepHaJbHBIX MOCTPOEK YTl HAKIOHA MOPCKOTO JHA U3MEHSIIHCH OT
15° no 13.0°. CoOTBETCTBEHHO, MOJOCOBAs 30HA MEPUOMYECKIX MU3MEHEHUI OKHCIMTEIbHO-BOCCTAHOBHUTEIILHBIX
yCIOBUH B MPUIOHHOM CJIO€ CIOCOOHA MOKPHIBaTh 3HAYMTEIbHBIE PACCTOSHHUS KOHTUHEHTAIBHOTO CKIOHA — JIO
1100 M. DTO NODKHO BIMATH HAa THII, HANPABICHHOCTh U aKTUBHOCTH MPOIECCOB 0aKTEpPHAIBLHOTO METAHOKHCICHHS
B IIpeJieliaX Mol ra30BbIX CHIIOB, IPUHUMAs BO BHUMaHHE, YTO MUKPOOHOIOTHYECKUH KOHTpOoIb okucieHust CHy u
€ro IIOTOKOB MOJKET UMETh KaK a3pOOHbIH, TaK ¥ MM aHa3pOOHBII XapakTep.

KimoueBble cioBa: UépHOE MoOpe, MOBEPXHOCTh pa3fiesia MEXIy KHCIOPOJHBIMH M CEPOBOIOPOIHBIMU BOJAMH,
IPOCTPAHCTBEHHAas M BpPEMEHHas H3MEHUUBOCTb, OaKTepHaibHBIC OOpacTaHUs BOJHM3M Ta30BBIX CHIIOB, KOHTPOIb
OKHCIICHHSI METaHa.

MiniMBicTL KHCHEBO-0e3KHCHEBHX YMOB Yy TMpPUIOHHOMY IIapi Haa JiAIHKUMM MeTaHOBMX CHIIB Ha
KOHTHHEHTAJIBbHOMY cXWwli NiBHiYHO-3axiqHoi 4yacTuHn Yopuoro mopsi. M. B. I'ymin, M. O. Croko30B. Y cratti
MpOaHai30BaHi TiAPOJIOTIYHI JaHi, pe3yJbTaTd BUMIPIOBaHb KOHLEHTpAlii CIpKOBOAHIO ¥ JdaHi peTenpHOI
OaTuMeTpuyHOI 3HOMKHM MiIBOJHOTO ManeonaesnbTd JlHimpa s BHBUYEHHS 4acoBOl il MPOCTOPOBOi MiHIMBOCTI
MOBEPXHI MOJUTy MDK KUCHEBUMH W CIPKOBOJHEBHMHM BOJAMHU HaJ AUISHKAMHM Ta30BUX CHIIB, Jie PO3BHHEHI
METAHOTCHHI OakTepiambHi MaTd il KapOOHATHI KOPAJOBHIHI CHOpPYymM. baratomoOoBi BHUMIpH TiIpOJIOTIYHHX
napameTpiB J03BOJIIM OIIHHUTH YaCOBY MIHJIMBICTh 130TMIKHHYHHUX MOBEPXOHb 31 3HAUEHHAMHU cirma-mTa (0g) 15.4
(OKCKIIMH Yy TOCTIfHOMY MIKHOKIHHI) 1 16.2 (IOBepXHS MOIUTy MDK KHCHCBHMH | CipKOBOJHEBUMH BOJaMH). Y
JOCTIDKEHOMY paloHi crocTepirajncsi KBa3ilepHoAMUHi KOJMBAHHS BEPXHBOI IPaHULI CIpKOBOJHEBOTO wIapy (Cp =
16.2) y miamazoni rmmbun Big 130 mo 165 M, T06T0 Mo 35 M. Y Mexkax [bOro Jiana3oHy MHMOWH B 00J1aCTi MaCHBHUX
GaKTepialbHEX CHOPYJ KyTH HAXMIy MOPCHKOTO aHa 3MiHmoBamuca Bin 1.5° mo 13.0°. Bimmosimmo, cmyrosa 3oHa
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MepioMIHUX 3MIiH KHCHEBO-OE3KHCHEBUX YMOB Yy TPHIOHHOMY IHapi MOKpHBajlia 3HAYHI BIICTaHI BIOTEPEK
KOHTUHEHTAJbHOTO cxuiny — 10 1100 M. Ile moBHHHE BIUIMBATH HAa THI TA aKTUBHICTh OAKTEPIaIbHOIO OKHUCIIFOBAHHS
MeTaHy, Oepydd 0 yBard, IO B MEXKax IOJIB ra30 BUX CUIIIB OaKTepialbHIA KOHTPOJIb OKUCITIOBAHHS METaHy 1 Oro
MOTOKIB MOJke OyTH aepoOHUM a00 aHAepPOOHUM.

KmouoBi cioBa: YopHe Mmope, MOBEpXHS MOAUTY MDK KUCHEBUMH i CIpKOBOJHEBHMH BOJAMU, 4acoBa il MpocTopoBa
MIHIMBICTb, OaKTepiaibHi CIOPYAM Ha Fa30BUX cimaX, KOHTPOJb OKHUCIIOBAHHSA METaHY.

3AMETKA

beruok abicyn bara Pomatoschistus bathi (Perciformes, Gobiidae) — HoBbIE BHA XJsi HXTHO(AYHBI
KpbIMcKOro mnodepexxbss Uépnoro mopst [buuok Jsmcyn Bara Pomatoschistus bathi (Perciformes, Gobiidae) —
HOBMii BHI IJisi KpUMCbKOro ysoepessksi YopHoro mops; Bath’s goby Pomatoschistus bathi (Perciformes,
Gobiidae) is a new species for the ichthyofauna of the Crimean coast of the Black Sea]. Perysspubie Haxomaxku
Obluka JbicyHa bara Pomatoschistus bathi Miller, 1982 B y3ko-nmpubpekHO# 30HE roro-3amamHoro KpeimMa oT M.
Capeiu g0 M. Toucteiii, a Takke B Oyxrax CeBactomoiisi peructpupyrorcss Hamu ¢ Hadama 2000-x romos. B
koymekuorHoM ¢oune MHBIOM HAH VYxkpawnnsr Haxomares 5 ok3. Buaa (Ne AB-0161 — AB-0163), BEUIOBICHHEIX B
Kazauneit Oyxre B aBrycte 2008 u wurione 2009 rr. u B Cipenenxoii 0yxre B mMae 2009 r. MccnenoBaHHble 0coOU
uMerm clenyromue Moppomerpuueckue xapakrepuctaku: Dy VI, D, 1 (1) 7 - 9; A 1 (1) 8 — 9; P 15 — 17; umcio
NONEpPEUHbIX pAnoB dewmyd 34 — 35. Ilpu 3ToM Haimmuue JBYX HEPA3BETBIEHHBIX JIydell B aHaIbHOM U BTOPOM
CIIMHHOM IUTABHUKAX, UMEIOMUXCS Y TpEX ocoOei, 1T 3TOro BUIa HE OTMEUYEHO ¥, BO3MOJKHO, SBISCTCS aHOMaJei
passutus. JmHA BRUTOBNEHHBIX OBbrakoB: TL 21.5 — 33.1, SL 18.2 — 28.1 mM. Teno HEBBICOKOE, MOKPHITO KPYIHOMH
KTCHOWIHOH demnry&H, 3aTeIIOK, MEepemHss YacTh CIMHBI M TPyIb rosslie. [lon ria3oM mMeeTcss MPONOJIBHBIN P
MEJIKUX TeHUIIOp, OT HETO OTXOJWT JIMIIb OJWH KOPOTKHH NMOTEPEYHBIH psx y 3amHero kpas opoutsl. Temo cemioe,
BBIIIIE CEPEIMHBI OOKa >KENTO-KOPHIHEBOE CO CIA0BIM CeTIaThIM YEPHBIM PHUCYHKOM, HIDKE — JKEJTOBAaTO-0enoe.
Bronb CHHMHBEI MATH CBETIBIX IATEH, BIOJH CEPEIWHBI OOKa N0 MATH TPEYTONBHBIX YE€PHBIX, €mIé OTHO — HA KOHIE
XBOCTOBOTO CTEOJISI, pacIIMpseTCs Y OCHOBAHUS JIydel XBOCTOBOTO IUIaBHMKA. [ITAaBHUKM MpoO3pavHble, HA CIIMHHBIX
JIMarOHaJbHBIC TOJOCKW TEMHBIX IATHBIIIECK, HA XBOCTOBOM — BEPTUKAJBHBIC JMHUM U3 KOPUYHEBBIX. Ha xabGepHbIx
KpBIMIKaX y-00pa3HbIil KpacHO-KOPUYHEBHIH PHCYHOK. JlocTHraeT MakCHMalbHOW CTaHIAPTHOW MMHBI 32 MM H
SBJICTCS. CAMBIM MEJIKMM IIpeAcTaBHTeNeM ceMeirctBa Gobiidae B UépHoMm Mope. HaTuBHEIN apean BuIa BKIIOYAET
CpemmzemHoe, Oreiickoe 1 MpamopHoe Mops. B UépHoM Mope eauHHuHBIe Haxonku oTMedeHbl B 2003 r. Bozie
nobepexpst KaBkaza B paitone [arpsl, [Tunyamst u M. Y1pumn (Bacunmbesa, 2007; BacunseBa, boropozckuii, 2004).
BepostHo, Bun Bcemmica B UépHoe Mope B pesysbTaTe MPOHUKHOBEHHs depes mpoiuB bochop ¢ mocmemyronm
pacmmpenueM apeana Baoib OeperoB KaBkaza u roro-zamagHoro KpbeimMa  (ecTecTBeHHBIH mpolecc
Memuteppanuzanuu). Cylsi MO OTHOCHUTENIBFHO BBICOKOM YacTOTe BCTPEHYAEMOCTH pPazHOpPa3MEPHBIX IPYII UPOBOK
neicyHa bata, B mpuOpexnoit 30He KpbimMa cdopMupoBaiack caMOBOCHPOU3BOAIIASCS IMOMYJSALUSI 3TOr0 BHIA.
OcobenHocTr Ouoyormd Mayio u3y4deHbl. OOHWTaeT IpymnmamMd Ha [ECYaHOM M PAKyLIICYHOM JHE, B O CHOBHOM
moOIM30CTH OT KaMHe#W M ckan Ha riayoune mo 10 — 12 m. B ciyuae omacHocti moauumaetcs Ha 30 — 50 cm Hajg
JTHOM M JIOJITO€ BpEMSsl PHIBKAMH «IapUT» Ha OJHOM MECTe, HE ONyCKasCh Ha JHO. Ilepemeniaercs Takke pe3KUMHU
pbiBKamMu. M3BeCTHO, YTO BUJA NEPEHOCUT HEKOTOPOE ONMPECHEHHWE W 3aXOJUT B COJIOHOBATYIO BOJY; HaMH TakoKe
HaOJIOJaICs B ONPECHEHHBIX paloHax mpu conéHoctd 15.5 %o. A. P. Boaraué€B, xann O6uon wmHayk, 3aMm. jup.,
E. II. KapnoBa, sen. umx. (MHcTHTY T GHOTOTHE FOXHBIX MOpeit HAH Y kpaunsl, CeBacToross).
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