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Introduction

The gas hydrates (GHs) are most important geologi-
cal objects at present. Only one percent of their meth-
ane could decides the global energy problem for cen-
turies or makes the planet climate unbearable.

This work aims to create optimistic and pessimis-
tic (O&P) models of the BS GHSZ:

— Make a better model of GHSZ;

— Create O&P input data sets and run the model
twice;

— Assess GHs deposits, GHs structures, methane
contents and multiple BSRs;

— Analyze the connection GHSZ — gas seepages
(GSs).

Model

The presented GHSZ model is initiated in 1999 and
developed consecutively for the projects CESUM-
BS, GASHYDAT, CRIMEA, GEO-HYDRATE and
ASSEMBLAGE.

The first program (Vassilev, Dimitrov, 2002) im-
plements Gornitz and Fung’s (1994) approach ad-
ditionally accounting for the two main theories of
GHs formation — in situ bacterial and pore fluid
expulsion. The next version (Poort et al., 2005) adds
i) catastrophic flood model (Ryan et al., 1997) —
7,150 ybp (years before present) the Mediterranean
flooded the BS — then partially evaporated fresh
water lake with a level of 150 m below the present; ii)
modeled time period — the Valdai glaciations (du-
ration of 60,000 a — Kutas et al. (1997).

The program results are 19 maps with a horizon-
tal step of 2 km.

Database

It was significantly expanded during the last 5 years
projects ASSEMBLAGE, BLASON, CRIMEA,

GHOSTDABS and MARGASCH. The database in-
cludes:

— Heat flow measurements at 568 stations (Vassi-
lev, Dimitrov, 2002);

— Grid of 2,320 points of bottom water tempera-
ture for the last 100 years — the IO-BAS archive;

— Main 17 basin’s faults and Quaternary sedi-
ment thickness (Finetti et al., 1988);

— BSRs (Popescu et al, 2006 — 5 areas and 11
seismic segments;

— Gas seepages (275 — BlaSON and ASSEM-
BLAGE projects; 42 — 10-BAS; 1,774 — CRIMEA).

Effect of the fault system

The main faults divide geological volumes with con-
siderably different evolution and parameters. There-
fore the separate data gridding at two sides of every
fault gives visualization closer to reality than the tra-
ditional contouring resulted in anomalies gradation
— fig. 1.

The BS heat flow shows a “zebra” type distribu-
tion, started and ended (from E to W) with the high-
est values (50-60 mW/m?) and with parallel NW-SE
belts axes.

O&P assessments

The difference is that the optimistic approach does
not use nitrogen data and the normalized gas con-
tent consists mainly methane.

Thickness of GHSZ (BSR depth). Figure 2 pre-
sents the O&P (A and B) depths of the bases of
GHSZs. The value of the deepest GHSZ base is
mapped because more than one GHSZ could exist
in the cross-section. The general parameters of the
GHSZ are given in table 1.

In the optimistic model (O-model — fig. 2A), the
larger W BS part has a GHSZ which covers only the
half of its area, while the smaller E part is 80-90%
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Fig. 1. The Black Sea heat flow (mW/m?; thin black lines with values) and fault system map

Legend: 1. BSR areas boundaries or seismic lines (thick black lines); 2. Gas seepages (black points); 3. Local
structures — potential oil and gas fields (black clear circles); 4. Faults (thick white lines with black axes in this
figure and thick 50% black lines on next); 5. Isobaths (thin 50% black lines). The depths presented by isobaths
starting from the coast are 50, 100, 200, 500, 1000, 1500, 2000 and 2100 m.

covered by its GHSZ. The ratio of the E to the W
GHSZs areas is approximately 2/3 but their thick-
nesses ratio is 3/2.

In the P-model (fig. 2B) the main differences are:
i) the average and maximum thicknesses are much
smaller (tbl. 1: 40 and 160 m against 270 and 780 m);
ii) appearance at shallower water depths (in average
500 m against 750 m for the O-model); iii) only half
of the E and 1/3 of the W GHSZs are thicker than
50 m; iv) structure I GHs appears in the uppermost
part of the cross-section and the upper half of the
continental slope.

Number of GHSZs/BSRs. Double, triple and
quadruple (and probably quintuple) BSRs are found
in the W BS continental slope (Popescu et al., 2006)
at water depths of 2-2.3s TWT.

The maximum obtained number of GHSZs in the
cross-sections of the O&P models is respectively 7
and 4 (fig. 3).

The pure GH layer and methane quantity as-
sessment. The maps on fig. 4 visualize the calculat-
ed thicknesses of the pure GH layer (if all dispersed
GHs are collected together) for O&P models (A and
B). The maximum thickness “optimistically predict-
ed” is 165 m. The general description is the same as
for GHSZ thickness (fig. 2) but with significantly
low magnitudes. The reason is that the average O&P
fillings with GHs are 8.5 and 0.9%. The BS methane
deposits volume from the P-model is 1.2% from the
optimistic.

Discussion

The first assessment of the BS GH methane of 6.5.10°
km? (Krason, Ciesnik 1988) is an optimistic process-
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Fig. 2. A, B The Black Sea GHSZ thickness (m)
Legend: See fig. 1. A Optimistic model B Pessimistic
model (Area with vertical lines is with thickness in the
range 0-5 m)

ing of pessimistic data — the base of GHSZ is at 322
m, assuming 100% methane.



Table 1. General parameters of the GHSZs (z; T; r; n; k — depth bsf;
temperature; density; porosity and conductivity of the base of the GHSZ)

z,m T,°C r, t/m® n k, W/(m K)

Optimistic

Min 0 7.22 1.69 0.42 1.09

Average 272 19.11 1.80 0.53 1.19

Max 1070 21.50 1.98 0.60 1.34
Pessimistic

Min 0 7.09 1.69 0.56 1.09

Average 32 9.61 1.71 0.59 111

Max 163 11.72 1.76 0.60 1.15

47

5o

Fig. 3. The Black Sea number of BSRs in the cross-
sections (Pessimistic model). The predicted maximum
is 4. Optimistic model is not shown, because less than
5% of the zone area shows multiple BSRs. See descrip-
tion in the text.

The raw O-estimated of Korsakov et al. (1989)
GH methane volume is (20-25).10° km?.

The detail O-model of Vassilev (2002) - (10-50).10°
km? methane, compared with Krason and Ciesnik
(1988) gives larger GHSZ area only with 2%, but
volume — with 20%. A recalculation of two estima-
tions for the same percentage of prospect area, de-
termines Vassilev as bigger pessimists than Krason
and Ciesnik.

The modeling of the regional response of the
MHSZ (O-model) to the BS flooding 7,100 years ago
suggests a drastic reduction of the reservoir volume
(15-62%) (Poort et al., 2005) after the LGM, but at
present GHs dissociation is started only at minimum
water depths where intensive GSs are observed.

The maps (fig. 2-4) show a zone of GSs in the
NW BS, started from the GHSZ and with width pro-
portional to the corresponding shelf width. The “tem-
perature engine” of the BS currents is the widest NW
shelf where the seasons and climate change form
the main water volume with contrast temperatures.
This is the area where we expect the full and low
tides of GHSZ. The most scalable methane seepages

Fig. 4. A, B The Black Sea pure GHs thickness (m).
“Red” areas: thickness > 50 m.

Legend: See fig. 1 A Optimistic model (biogenic HC gases
generation) B Pessimistic model (thermogenic). The
GHSZ boundary is presented with thick black line.

and wide areas with BSRs (Liidmann et al., 2004)
are found there.

Conclusions

GENERAL: The slope and abyssal show O&P “po-
larity” and respectively correspond to O&P models
but there is no reasons for these two GHSZs to exist
simultaneously in a cross section. The BS GHs de-
posits volume is estimated to 6,470 and 114 km3, and
methane of 44,000 and 500 km? SPT.

EXCEPTIONS: The expeditions from the last 25
years show pessimistic results searching for GHs on
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the bigger part of the optimistic area (~95%). Quite
the opposite, in the pessimistic abyssal area are found
enough optimistic objects (MVs, fault zones) shown
complex GHs structures and strong methane emis-
sions.
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CrnoaesieH ONTUMHCTAYHO-TIECUMUACTHYEH MOJIENT
Ha ra3oBuTe xuapaTu B UepHo Mmope

Amanac Bacunee!, Emanyua Koxcyxapos!, Kan-Iloa @ywe’, Kua Jlepukoaa?,

2

Jocegppu IMoypm?, An Kaeprc?, Mapk Jle bamuc?

AbcTpakT. MonenupaHa € 30HaTa Ha CTaOMIHOCT
Ha razosute xunapatu (3CI'X) 8 Uepuo mope (UM).
IIpenmmcTBaTa Ha MOIEJIa BKIFOYBAT: XOPU30HTAII-
Ha ¥ BepTHKaIHA CThIkM OT 2 km u 0,1 m; pasme-
JistHe Ha OaceifHa Ha re0JI0XXKH MPOBUHIIUHN OT OC-
HOBHHU pasyiiomy; 3D BXOOHU mapaMeTpu — coJie-
HOCT Ha IIOPOBY BOJM U CJIOKHU I'a30BU CMECH, KaK-
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TO W €IHOCTBIAJHA MOJEIN HAa U3MEHEHHETO Ha
KJIMMaTa ¥ MOPCKOTO HUBO. [ 1aBHU 3a71auu ca u3y-
yapane Ha 3CI'X M mo-cmenuasHO Ha KpaTHHUTE
BSRs; orienka Ha MOTEHIIUATHUTE 3aI1aCH OT METAH,
KaTO €HePTHEH N3TOYHMK U KpaTKa IMUCKYCHS BBPXY
creru¢puKkaTa Ha Bpb3kara ' X ¥ ra3oBu CHUIIOBE B
YM.



