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Geological settings

TTR-6 cruise discovered a “mud pie” MV on the
top of a diapiric ridge in the Sorokin Trough on 31
July 1996 (fig. 1, 2). This MV was named Dvurech-
enskii (Woodside et al., 1998), and it has a crater in
the form of an elongated circle ~1 km across and a
minimum water depth of 2061 m. The MV has been
formed by the local movement of the Tetyaev Rise in
N-direction (fig. 2).

The only important difference in the structure of
the adjacent M Vs is the large offset (~75 m) between
N and S seismic reflectors, probably by a large fault
zone (Krastel et al., 2003). But high changeable flares
on echosounders characterized the DMV as the most
active scalable geological object in the basin.

Aims of this study are to evaluate: i) the crater
age; ii) the number of eruptions, and their average
period; iii) dates for the last 3 eruptions; iv) erup-
tion parameters according to the model of Murton
and Biggs, 2003.

Materials

Data from the EC CRIMEA project include swath
bathymetry grid with a step of 5 geographical sec-
onds (~154 m in N-S direction — courtesy of J. Grein-
ert, GeoMar) and a gravity core from station CRI03-
3-517-BGC-24 (fig. 2A, 3). In addition, other data
used refer to: i) tsunamis (44 events starting in 800
BC with maximum and average level rises of 4.5 and
2.1 m (NOAA site); ii) earthquakes (2 650 — regis-

Fig. 1. A. MVs, earthquake epicenters and DMV location on the Black Sea bathymetric map. B. MVs and areas
with boundaries at 20 and 25 km from epicenters. All named and studied MVs are out of 40 km zone. Almost all
potential MVs are out of 20 km zone (only 4 potential MVs are closer than 20 km; other 8 are at distances of 20—
25 km).

Legend: The isobaths starting from the coast are 50, 100, 200, 500, 1000, 1500, 2000 and 2100 m.

MVs — total 139 objects: 1. Named MVs; 2. Potential MVs; 3. Epicenters of earthquakes registered during the past
century; 4. Tsunami related epicenters from historical records; 5. Main fault system.

Note: Epicenter signs’ diameter is proportional to earthquake magnitudes: i) registered — 1—6.1 M; i) tsunami —
49—7.5M.
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Fig. 2. MVs, earthquake epicenters and general tectonic of the studied area. A. Shaded relief map of DMV area
from the swath bathymetry (courtesy of J. Greinert). A flag shows location of BGC-24 core. B. Side scan sonar
record of the DMV crater (after 6) with contours of recent mud outflows.

Legend: See fig. 1.

Fig. 3. Photo of core BGC-24. Layers H, andH, consist hemipelagic sediments. The
rest of core is presented by mud breccia from the last 3 eruptions.

tered between 1900 - 2005); iii) BS bathymetry (GEO-
DAS 2’ grid); iv) a side scan sonar record (Krastel et
al., 2003); v) main BS faults — 54 lines.

Number of eruptions

The DMV size, shape, and its thinner upper breccia
layers show similarity with the model of Murton and
Biggs (2003) characterized by a short eruption time
and thicker breccia layers in the crater base. Ac-
cording to this model, a 50 m-high MV (the average
for the DMV) with a conduit diameter of 10 m and
an average eruption time of 10 h is formed by ~20
erupted flows 3.5—0.5 m in thickness.

Last 3 eruptions and the DMV crater age

The most informative core BGC-24 (fig. 2A, 3) con-
sists of 3 generations mud volcanic breccia, separat-
ed by 2 undisturbed hemipelagic layers. An addi-
tional ~2 cm layer of unconsolidated hemipelagic
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Fig. 4. Five variants of the last 3 eruptions of the DMV
and the historical earthquakes and tsunamis in the Black
Sea

sediments, covers the bottom on the OFOS photos
(Bohrmann, Schenck, 2002). Thus the layers’ thick-
nesses are 2, 44, 10 (H, on fig. 3), 66, 8 (H,) and
>17 cm.



Table 1. The DMV: five scenarios of eruptions from published sedimentation rates.
' The DMV age is determined from the number of eruptions (20) and the average period;
2 — Eruption interval is partly out of tsunami historical data; 3? — Eruption — out of
tsunami data; * Five tsunamis are observed during 1927 (3 in 1 month; 2 in 1 day).

Eruption Time

t:finglsg';e Previ Before First Average Period (yr)
(cm/ka) Last (yr) ra/;;)us Previous (MV Age?) g y
(yr) (ka BP)

6.25 1680 150 -1200 25.0 1,210

10 1800 800 0 18.0 900
28.5 1935 1580 1290 6.4 320
40 1950 1700 1500 4.5 225
70 1975 1835 1720 2.6 130

Roughly 5 scenarios about the last 3 main erup-
tions could be dated, based on sedimentation rates
in the area: i) 6.25 cm/ka (Shnyukov et al., 2003); ii)
10 cm/ka (Ross, Degens, 1974); iii) 28.5 cm/ka
(Wooside et al., 1998); iv) 40 cm/ka (Shnyukov et al.,
2003); v) 70 cm/ka (Wooside et al., 1998) — tbl. 1,
fig. 4.

Secondary eruptions and activations

Recent mud flows from secondary eruptions, locat-
ed over older ones, are smaller in volume. A rough
estimation (constant mud flow thickness of 0.25 m)
shows (fig. 2B): 2 oldest mud flows with volumes of
~100 000 m?, 1 — 40 000 m?, 1 — 20 000 m? and 3
youngest — 5 000 m3,

Tongue-shaped mud flows from secondary erup-
tions shift counter clockwise (fig. 2B). Therefore,
geological record in core BGC-24 is possible to in-
clude only secondary events. From tbl. 1, the inter-
val between big secondary outflows is 45—420 yr;
between small ones — 2.5—25 yr.

Earthquakes and tsunamis

The map of MVs and earthquake epicenters show
that MV areas have been aseismic for the last 100 yr
(fig. 1). The closest to a MV epicenter for the whole
basin is at distance >20 km. Assuming that proba-
bly BS MVs have not erupted during the past centu-
ry and the existence of secondary eruptions, we could
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name the registered activity stage “snail eruption”. It
is characterized mainly by strong and variable gas
escapes and negligible mud flows. It is important to
account for this stage when evaluate the methane
contribution from MVs to the atmosphere.

Conclusions

— MVs areas have been aseismic in the course of the
last century. A BS MV “protects” from earthquakes
an area with a radius >20 km;

— As first approximation, the DMV crater is a result
of ~20 abating main eruptions;

— The last main eruption was followed by 7 or more
abating secondary activations and mud outflows
were generally shifted counter clockwise. It is possi-
ble that there were only secondary ones;

— Speculative correlation between the times of erup-
tions and tsunamis suggest next MV ages, arranged
in terms of probability (first — most probable): 6.4,
4.5,18,25,2.6 ka and the next eruption after >0.1 ka.;
— The times between consecutive main, biggest and
smallest secondary eruptions with mud outflows ap-
pear in the ranges: 130—1 200 yr; 45—120 yr; 2.5—
25yr.
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KaJjen ByJkan /IBypeyeHCKH — Bb3pacT ¥ Bapualiu
HA AKTHMBHOCTTA OT JaHHHU 34 3€eMETPECEHHUs, IyHAMU

U ceTUMEHTHHU NMPoou

Amanac Bacuaee, Emua bomees, Paiina Xpucmoesa

AbcTpakT. MamaOHU Ta30BU €MHCHH XapaKTepu-
3upatr kamaus Byiakan JIBypeuencku ([IKB) xato
€JIVH OT Hali-aKTUBHUTE reo-o0ekTu B UepHO MOpe
nuaec. Criopen mocieqHu U3CIeABAHUS aKTUBHOCT-
ta Ha KBu e cmiHO mpomemnmBa. Ta3u pabora e
IbpBa OII€HKAa Ha MapaMeTpU Ha aKTUBHOCTTA Ha
JAKB ¢ Hali- 1bJIBI IEPHUOT ¥ CHOTBETCTBAIINTE UM
ocobeHocTH Ha kpaTepa. V3nor3Bany ca JaHHU OT
EKCIIEAUIIMOHHN M3cieqBaHus mo mnpoekra Ha EC
CRIMEA (2003—2006); peructpupaHuTe 3eMeTpe-
CEHUS; ICTOPUYECKU CBEAEHUS 32 LIyHAMU U OIPO-
CTE€H MO/JI€JI Ha KOHUYEH KaJICH BYJIKaH.
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Ce3aMuUYHHATE TAaHHW MOKa3BaT, Y€ PAOHUTE C
KBu B Uepno Mope ca 6mii acem3MUYHY P e3 HOC-
JIemHWs BeK. AKTUBHOCTTA Ha evH ,,crisny KB npe-
JIOTBpAaTsIBa 3eMeTpeceHus: ¢ Marautyg Hag 1 M Ha
mwiomx ¢ paguyc 20—40 km. Cnopen mopena, reo-
JIOXKKHUSA ,,3aIIAC“ B CENUMEHTHUTE U IIpeamosarae-
MaTa Bpb3Ka ,,m3purBane Ha KB — mynamu®, kpa-
tepsT HA KB e pesynrat ot ~20 uspursanus, 3a-
MOYHAJIM CJIEN MOCJIEOHUS JIETHUKOB MaKCUMyM
(18 ka). OueHeHM ca IEpHOIUTE U MaIladUTe Ha TIOC-
JICMHUTE TJIaBHU U BTOPOCTENECHHU U3PUTBAHUS,
MPUIPYKEHU OT KAJTHU MMOTOIIH.



