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In-situ measurements of temperature, geochemical
porewater composition, and microbial activity suggest
that methane emission and turnover at Dvurechenskii
mud volcano is controlled by upward fluid flow
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The ascent of warm methane-rich fluids at cold seep systems creates temperature
anomalies close to the seafloor and leads to the evolution of methanotrophic com-
munities. Sulfide is produced in near-surface sediments through anaerobic oxidation
of methane with sulfate that diffuses downward from the seawater into the sediment.
The flux of sulfate into the sediment is limited to diffusion, as mixing by benthic ani-
mals is absent due to the anoxic bottom water. The emission and microbial turnover of
methane at Dvurechenskii mud volcano in the Sorokin trough, Black Sea, was investi-
gated in detail during the M72/2 and M72/3 cruises of RV Meteor and the ROV Quest
4000. In-situ temperature measurements using a short temperature lance operated by
the ROV allowed to quickly identify a small area with high temperature gradients of
up to 11◦C/m in the near-surface sediments, pointing to high rates of fluid seepage.
Away from this hotspot, the temperature gradients decreased rapidly to around 0.3
◦C/m at the upper flanks of the mud volcano. Close to the center of the temperature
anomaly, an in-situ measurement using a benthic chamber revealed a methane emis-
sion of around 450 mmol/(m2 d) from the sediment into the water column. While
sediment samples from push cores and gravity cores showed high methane concen-
trations throughout the mud volcano, in-situ incubation experiments (INSINC) and



ex-situ laboratory analyses yielded the highest microbial activity close to the flanks
and very low activity at the hotspot. Furthermore, in-situ microprofiler measurements
indicate that the sulfide efflux from the sediments into the water column is inversely
correlated to the temperature gradient, suggesting that high rates of fluid flow at the
hotspot hinder the microbial turnover of methane by limiting the diffusive input of
sulfate from the seawater into the sediment.

This work contributes to the BMBF/DFG Geotechnologien program "Methane in the
Geo/Bio System", projects MUMM and METRO.


