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controlled by subsurface temperature rather than pressure
since the BSRs are observed at water depths of between
750 and 1950 m in the study area, which already provides
high pressures for the gas hydrates to be stable.

This situation is also evident in the analysis given in
Figure 5, which shows stability curves for two different
zones in the area for different gas compositions. Stability
conditions for the gas hydrates from the NE of the study
area (Figure 5a) correspond to a stability curve for pure
methane hydrates (IP in Figure 5b). The stability conditions
for the central part of the area (Figure 5c), however,
coincide with the stability curve for a mixed gas hydrate
(IP in Figure 5d). This may indicate that the gas hydrates
in different places in this area might be formed by different
gas compositions depending on the local conditions where
they occur.

5.4.3. Change in geothermal gradient

Another factor that results in an irregular BSR formation is
local changes in the heat flow and hence in the geothermal
gradient. The heat flow may be affected by several factors,
such as sediment lithology, existence of cold/hot fluids
within the subsurface, or local undulations of the basement
(e.g., Ganguly et al., 2000; Liidmann et al., 2004; Satyavani
etal., 2008; Pecher et al., 2010; Shedd et al., 2012). However,
regional MCS data do not indicate regional undulations,
such as ridge structures along the continental rise of the
study area. Although we observe much smaller and local
ridge structures in the shallow subsurface, such as the one
shown in Figure 9, their connection to much deeper and
regional structures is not known. Therefore, this situation
should be verified with local heat flow measurements
along a BSR reflection.

5.5. A conceptual model

Following the analysis of available acoustic data, we hereby
suggest a model quite similar to those observed in the other
margins of the world’s oceans for gas hydrate formation
in the area (Figure 10). Considering the gas hydrates
containing mixed gas of both thermogenic and biogenic
origin, we propose that thermogenic fluids from deeper
gas sources migrated into the GHZ at shallower sediments.
When the gas hydrates formed in the GHZ, their base (BSR)
acted as a cap rock for the subsequently migrating gas, and
the gas moved in the porous sediments laterally (Figure 10).
Whenever these free gas-bearing porous (possibly sandy)
layers were crosscut by the BGHZ due to irregularities on
the seafloor (such as levees) that led to a sudden downward
shift in the BSR, the free gas accumulated below the BSR
and formed acoustic anomalies of high-amplitude and low-
frequency reflections in the MCS data. However, we still do
not know the characteristics and lithology of the sediments
in both hydrate and gas-bearing zones. Therefore, the
model should be tested by ground truth data by means of
both rock properties such as lithology and porosity, and gas
types in both gas hydrates and free gas below the BSR.

6. Conclusions

In the western Black Sea margin, high-resolution MCS
lines show BSR reflections in the continental rise area at
water depths between 750 and 1950 m, lying between 70 to
350 ms below the seafloor, and they are interpreted as the
base of the gas hydrate stability zone. They show the general
characteristics of BSR reflections, such as high amplitudes,
opposite polarity with respect to the seafloor, mimicking of
the seafloor, and acoustic turbidity within the underlying

Figure 10. A conceptual model for the gas hydrate formation in the area. See text for details.
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sediments indicating free gas accumulations. Seismic
attribute analyses reveal that the BSRs and acoustic
turbidity zones show the typical characteristics of gas
hydrate accumulations with free gas zones under the BSRs.
We therefore conclude that free gas accumulations exist
beneath most of the BSRs in the area.

Due to the lack of ground truth data, we do not know
the exact composition of the gas forming the gas hydrates.
However, existence of hydrocarbon production wells
nearby, the analysis of shallow sediment samples close to
the study area, and thermobaric stability analysis of the
gas hydrates indicate that a thermogenic gas component
might exist in the gas hydrate composition forming the
mixture gas hydrates.

In some cases, BSRs in the area do not mimic the
seafloor. We conclude that the reasons for this are (i)
seabed erosion along the Sakarya Canyon, (ii) change
in the gas composition forming the BSR, and (iii) local
changes in the geothermal gradient. We hereby suggest
that, depending on the stability conditions for the
gas hydrates in the study area, the depths of the BSRs
may vary according to the required local thermobaric
conditions if the gas composition changes laterally
within the GHZ.
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