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PREFACE 
 

Investigations of natural gas emission sites and gas hydrates within sediment deposits were the 
scientific mission. This expedition was based on former results of earlier cruises and on the 
experiences of our cooperating partners in Russia and Ukraine. Methane emission sites from the 
seabed are well known from sediments in the Black Sea, and we intended to define the emission 
rates of the methane using different methods. Methane emissions in the water column are 
connected to the presence of near-surface gas hydrate deposits. The quantification and the 
dynamics of gas hydrates are very important for geoscientists because methane as a greenhouse 
gas reaching the atmosphere can also be relevant for climate change. From sediments of the 
Black Sea the first gas hydrates ever had been recovered. 
 

 
Fig. 1: Research areas in Turkey, Ukraine and Georgia of the Black Sea visited during R/V METEOR 
Cruise M84/2 from Istanbul to Istanbul. 
 
The cruise and the research program were planned, coordinated, and carried out by the Earth 
Science Department and MARUM of the University of Bremen. We thank all participants and 
persons who contributed to this cruise. We thank the “Leitstelle” in Hamburg for all support in 
advance, during and after the cruise. The shipping operator (Reederei F. Laeisz GmbH) provided 
technical support on the vessel. We thank the captain Michael Schneider and his crew for the 
outstanding support. The German embassies in Tbilisi, Ankara and Kiev and the Ministry of 
Foreign Affairs in Berlin helped in obtaining the permission necessary to work in Ukrainian, 
Turkish and Georgian waters.  

 

 
Fig. 2: Research vessel METEOR on mission in the Black Sea (left). Launching of the mobile drilling 
system from R/V METEOR during M84/2 (right). 
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Fig. 3: View inside the control container during drilling a MeBo drill site (left). The Dynamic Autoclave 
Piston Corer during the deployment onboard R/V METEOR (right). 

 
 
Personnel aboard R/V METEOR M84/2 
 
Table 1: Scientific crew 
 

Name Working group Affiliation Participation 
Gerhard Bohrmann Chief Scientist GeoB, Bremen Leg 2a & b 
Emine Akasu Observer MTA, Ankara Leg 2b 
André Bahr Sedimentology IFG, Frankfurt Leg 2a & b 
Markus Bergenthal MeBo MARUM, Bremen Leg 2a 
Klaus Dehning DAPC, Corers MARUM, Bremen Leg 2b 
Volker Diekamp  Sediments MARUM, Bremen Leg 2a & b 
Bettina Domeyer Pore water IFM-GEOMAR, Kiel Leg 2a 
Christian d. Santos Ferreira Mapping  MARUM, Bremen Leg 2b 
Ralf Düßmann MeBo MARUM, Bremen Leg 2a 
Tim Freudenthal MeBo MARUM, Bremen Leg 2a 
Matthias Haeckel Pore water IFM-GEOMAR, Kiel Leg 2a & b 
Kenji Hatsukano Sedimentology IFG, Frankfurt Leg 2b 
Oliver Herschelmann MeBo MARUM, Bremen Leg 2a 
Hans-Jürgen Hohnberg Autoclave tools GeoB, Bremen Leg 2a & b 
Daniel Hüttich DAPC MARUM, Bremen Leg 2b 
Kai Kaszemeik MeBo MARUM, Bremen Leg 2a 
Thorsten Klein MeBo MARUM, Bremen Leg 2a 
George Komakhidze Observer BSMC, Batumi Leg 2a 
Eberhard Kopiske AUV MARUM, Bremen Leg 2a 
Jan-Hendrik Körber Parasound MARUM, Bremen Leg 2a 
Ulrike Lomnitz Pore water IFM-GEOMAR, Kiel Leg 2b 
Tatiana Malakhova Observer IBSS, Sevastopol Leg 2b 
Gerrit Meinecke AUV MARUM, Bremen Leg 2a 
Doris Meyerdierks Media HWK, Bremen Leg 2b 
Dimitry Nadezhkin Sedimentology MSU, Moscow Leg 2b 
Stefanie Oelfke Multibeam GeoB, Bremen Leg 2b 
Asli Özmaral Parasound ITU, Istanbul Leg 2a 
Thomas Pape Gas analyses GeoB, Bremen Leg 2a & b 
Elena Pi�ero Pore water IFM-GEOMAR, Kiel Leg 2a 
Vlad R�dulescu Multibeam MAREXIN, Bucharest Leg 2a 
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Participating Institutions 
 
BSMC National Environmental Agency, Black Sea Monitoring Center, 51 Rustaveli 

Str., 6010, Batumi, Georgia 
DWD Deutscher Wetterdienst, Seeschifffahrt, Bernhard-Nocht-Str. 76, 20359 

Hamburg, Germany 
GeoB Fachbereich Geowissenschaften, University of Bremen, Klagenfurter Str., 

28334 Bremen, Germany 
HWK Hanse-Wissenschaftskolleg, Lehmkuhlenbusch 4, 27753 Delmenhorst, 

Germany  
IBSS A. O. Kovalevsky Institute of Biology of the Southern Seas, Ukrainian 

Academy of Sciences, 2 Nakhimov Av., 99011 Sevastopol, Ukraine 
IFG Institut für Geowissenschaften, Goethe-Universität, Altenhöferallee 1, 60438 

Frankfurt, Germany 
IFM-GEOMAR Leibniz-Institut für Meereswissenschaften an der Universität Kiel, 

Wischhofstr. 1-3, 24148 Kiel, Germany 
ITU Istanbul Technical University, Department of Geophysical Engineering; 

Ayazaga Kampusu, Maden Fakultesi, 34469 Maslak Sariyer/Istanbul, Turkey 
MAREXIN Marine Resources Exploration International, 301-311 Barbu Vacarescu Blvd., 

020276, District 2, Bucharest, Romania 
MARUM MARUM Zentrum für marine Umweltwissenschaften, University of Bremen, 

Leobener Str., 28334 Bremen, Germany 
MSU Geology and geochemistry of fuel minerals, Geological faculty 
 Moscow State University, Leninskie Gory, 119992 Moscow, Russia 
MTA General Directorate of Mineral Research & Exploration (MTA); Üniversiteler 

Mahallesi Dumlupinar Bulvari No.139, 06800 Çankaya, Ankara, Turkey 
 
 

Andreas Raeke Meterology DWD, Hamburg Leg 2a & b 
Anja Reitz Pore water IFM-GEOMAR, Kiel Leg 2b 
Jens Renken AUV MARUM, Bremen Leg 2a 
Michael Reuter MeBo MARUM, Bremen Leg 2a 
Miriam Römer Flare mapping GeoB, Bremen Leg 2a & b 
Uwe Rosiak MeBo MARUM, Bremen Leg 2a 
Heiko Sahling Mapping/interpretation GeoB, Bremen Leg 2a 
Marten Schmager Multibeam GeoB, Bremen Leg 2b 
Adrian Stachowski MeBo MARUM, Bremen Leg 2a & b 
Michal Tomczyk Parasound MARUM, Bremen Leg 2b 
David Wangner Gas analyses GeoB, Bremen Leg 2b 
Jiangong Wei Sedimentology GeoB, Bremen Leg 2a & b 
Paul Wintersteller Maps MARUM, Bremen Leg 2a & b 
Tingting Wu Parasound GeoB, Bremen Leg 2b 
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Fig. 4:  Groups of scientists and technicians sailed during Legs M84/2a (left) and M84 /2b (right). 
 
 
Table 2: Crew members onboard 
 
Name Work onboard Name Work onboard 

Michael Schneider Master Kai Rabenhorst Seaman 
Heike Dugge Chief officer Erdmann Wegner Seaman 
Helge Volland Officer Alexander Wolf Seaman 
Moritz Langhinrichs Officer Evg. Drakopoulos Seaman 
Volker Hartig Chief engineer Hans-Joachim Behlke Seaman 
Paul Dölling Engineer Manfred Gudera Seaman 
Ralf Heitzer Engineer Rainer Götze Chief steward 
Frederic Tardeck System manager Hans-Jürgen Gaude Steward 
Michael Reiber SET Torsten Dibenau Steward 
Olaf Willms Chief electronics Klaus Hermann Cook 
Eduard Fabrizius Electronics Mike Fröhlich Cooks mate 
Sebastian Frank Locksmith Gou Min Zhand Laundry 
Manfred Schröder Motorman Christian Otto Meyer Trainee 
Nils Clasen Motorman Allan Seemann Naut. trainee 
Klaus Kudrass Motorman Jan Erik Wilhelm Trainee 
Peter Hadamek Bosun Johann Anger Trainee 
Rainer Schaller Seaman Klaus Rathnow Doctor 
 
 
 
Shipping Operator 
 
Reederei F. Laeisz GmbH “Haus der Schiffahrt”, Lange Str. 1a, D-18055 Rostock, Germany 
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1. Introduction and Geological Background 
 (G. Bohrmann) 
 
1.1 Objectives 

Recent drilling campaigns and quantification approaches of natural methane hydrate in 
marine sediments showed that we generally have to count with an inhomogeneous distribution 
of gas hydrates. This is relevant for both, the question of quantitative estimation of global 
methane hydrate concentration, and for the dynamics of formation and decomposition of 
methane hydrates, and processes in this connection (seepage, cementation of marine 
sediments, etc.). While the lowermost depth level of gas hydrate deposits is indicated by the 
presence of a BSR (Bottom Simulating Seismic Reflector), the uppermost depth level is 
hardly known although this would be of high relevance for the estimation of the total volume. 

By means of the seafloor drilling device MeBo developed at the MARUM in Bremen, drill 
holes were planned to be used in order to understand the downhole distribution of methane 
hydrates in gas hydrate areas of the Black Sea. The use of newly developed autoclave 
technology for quantification of even small methane hydrate quantities was planned in 
addition. These analyses will deliver robust data which will generally contribute to a better 
understanding of the methane origin, the structure of gas hydrate and the fluid flow between 
sediment and water column. Emphasis of the analyses is the distribution and dynamics of gas 
hydrate deposits below the seafloor, in the upper 50 metres of the sedimentary column, from 
where methane can reach very fast the seafloor and also the sea water column and possibly 
the atmosphere. We are interested in understanding the methane flux and the gas hydrate 
distribution for the global carbon cycle. The anoxic Black Sea is highly suitable for those 
investigations because it is a marginal sea with the highest dissolved methane concentrations 
which are fed by several hundreds to thousands of methane seeps. With the drilling device 
MeBo and the autoclaves deployed on different positions of the drill string (similar to the 
ODP pressure core sampler) we will be able to sample the upper 50 metres in order to 
quantify the gas hydrate distribution.  

 
Fig. 5: Cruise track of R/V METEOR M84/2 within the Black Sea. Research areas in Turkey, Georgia, 
and Ukraine.  
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In detail we addressed  the following questions: 
- How much gas hydrate can be detected near the surface in and outside the seep areas, and 
how much gas hydrate appears in deeper areas? 
- Which textures, which fabrics and which gas hydrate structures (sI, sII, sH) can be found 
from gas hydrates, which relations in the depth distribution occur? Are there any rock veins or 
cemented tracks, or is the gas hydrate dispersed or enriched in layers? 
- In which depth generally upper level of gas hydrate deposits are to be found, which mainly 
should be governed by dissolution processes?  
- Can the pore water gradients give answers regarding the establishment or the dynamics of 
this upper level? 
- Can we prove a fast gas rise with a formation of gas hydrate and salt concentration in the 
seep areas? Which fluid flows occur? Transport of a free gas phase versus dissolved gas in the 
fluid? 
- Which hydrocarbons are to be found in gas hydrates? How is the interaction with the gas 
hydrate phase? What are the differences between seep and non-seep locations? 

The main program were the gas hydrate drill sites with MeBo which were planned to be 
accomplished down to a depth of 50 resp. 70 metres in the sediments of the Black Sea. 
Preliminary investigations had been accomplished during the past 10 years in the Black Sea 
during several expeditions and contained multichannel-seismic and Parasound records, 
sidescan sonar profiles, partly AUV micro-bathymetric maps, data from ROV dives and 
sediment sampling from upper layers. MeBo drill sites allowed now deeper insight in 
sediments and gas hydrates down to tens of meters. The pore water was analysed in several 
ways (nutrients, inorganic species and stable isotope measurements) both, on board and at 
home labs of the working group IFM-GEOMAR. Gases and other hydrocarbons and their 
isotope relations were analysed, as well as the sediments and carbonate precipitates. 

Gas hydrate samples were preserved in liquid nitrogen and will be examined by CT-
analyses regarding their structure, as well as mineralogical, petrological, geochemical work 
(cryo-XRD, gas chromatography, cryo-SEM, synchrotron measuring, etc.). Supplementary to 
the MeBo drill sites, also gravity cores, DAPCs, and AUV micro-bathymetrical mapping 
(AUV SEAL) were accomplished. Flare imaging and sediment-stratigraphic analyses with the 
ship’s own Parasound device have been quite succesfull. The cruise leaded through the 
territory of three countries (Fig. 5) to the areas of Eregli at the western and Samsun at the 
eastern Turkish margin (Turkey), to the Caucasian Continental Rise (Georgia) and the Sorokin 
Trough (Ukraine). For exchange of observers we had a stopover in Trabzon (Turkey). 

 
 

1.2 Black Sea Overview 
 
The Black Sea is located north of Turkey and south of Ukraine and Russia. To the West it is 
bordered by Romania and Bulgaria and to the East by Georgia. It is a marginal ocean with a 
water depth of 2-2.2 km. The Black Sea is surrounded by Cenozoic mountain belts like the 
Great Caucasus, the Pontides, and the Balkanides (Fig. 6; Robinson, 1997). Two deep basins, 
the western and eastern Black Sea basins, are underlain by oceanic or thinned continental 
crust with a sediment cover of 10-19 km thickness (Tugolesov et al., 1985). 

The area changed to a compressional regime during the Eocene, and the tectonic evolution 
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of the basin is characterized by a subsidence history that resulted in the separation of the two 
basins (Nikishin et al., 2003). Modern stress field observations from structural data, 
earthquake foci, stress field measurements onshore in the Crimean and Caucasus regions, and 
GPS data show that the Black Sea region is still in a dominantly compressional environment 
(Reilinger et al., 1997; Nikishin et al., 2003). The general source of compression is the 
collision between the Arabian, Anatolian, and the Eurasian plates (Fig. 6). 

 

 
Fig. 6: Simplified tectonic map showing the major tectonic elements of the Black Sea (from 
Çifçi et al., 2003). 

 
The basins are separated by the Andrusov Ridge which is formed from continental crust 

and overlain by only 5-6 km of sediment. The origin of the Black Sea is interpreted as a back-
arc basin evolved during late cretaceous times (Nikishin et al., 2003). The Sorokin Trough is a 
foredeep basin of the Crimean Mountains belonging to the eastern basin of the Black Sea. It 
forms a large depression, which is 150 km in length and 50 km in width, southeast of the 
Crimean Peninsula (Tugolesov et al., 1985). A large number of its mud volcanoes evolved 
from diapiric zones in a compressional regime between the Cretaceous to Eocene blocks of 
the Tetyaev Rise and the Shatsky Ridge (Tugolesov et al., 1985). The sediments extruded in 
the mud volcanoes are clay-rich deposits from the Maikopian Formation that forms an 
Oligocene-Lower Miocene sequence of 4-5 km in thickness. The Maikopian Formation is 
overlain by at least 2-3 km thick Pliocene to Quaternary sediments. A second foredeep basin 
specially filled with thick Maikopian sediments forms the Tuapse Trough which strikes 
parallel to the northeast coast of the Black Sea. Similar to the Sorokin Trough, the basin was 
compressed between the Shatsky Ridge and the Greater Caucasus (Nikishin et al., 2003). 
Sediments from the Caucasus fold belt are overthrusting deposits of the Tuapse basin to the 
west. 
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2. Cruise Narrative 
 (G. Bohrmann) 
 

On Saturday 26 February, 2011 R/V METEOR left at 1 p.m. local time her place situated on 
Ahirkapi roads, south from the Golden Horn of Istanbul and reached the Black Sea after crossing 
the Bosphorus. Before sailing the R/V METEOR had a demurrage of only 4 days in the port of 
Istanbul while scientists and scientific devices for the legs 1 and 2 were exchanged. New devices 
on board are the seafloor drill rig MeBo and the autonomous underwater vehicle AUV SEAL 
5000. In total 10 containers were loaded which had been sent from Germany to Istanbul with our 
scientific working materials. The scientists from Germany, China, Austria, Spain, Georgia, 
Romania and Turkey embarked between 22-24 February, and used the time for the necessary 
work on deck together with the ship’s crew, and also to set up the labs. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Location map from area 
Eregli at the western continental 
margin from Turkey. 

Entering the Black Sea we first of all were surprised by the heavy swell and the strong wind. 
But according to the forecast the wind turned down in the second half of the night, and at 
breakfast time everyone seemed to be quite healthy again. During the night we also reached the 
first working area at Eregli, and we started to record the data from the multi-beam EM122 and 
the PARASOUND systems. Due to scientific information from former cruises we could find 
acoustic anomalies in the water column very fast with the PARASOUND, which showed us strong 
emissions of free gas into the water column.  

During the second week of our cruise first of all we investigated methane emissions in the 
western working area of the Turkish sector (Fig. 7). If free methane escapes from the seafloor 
deeper than 750 m water depth the emission of gas is always associated with methane hydrate 
occurrence in the sediments. The 750 m water depth at 9° C marks the upper stability boundary 
for methane hydrate of structure I within the Black Sea. For different reasons we wanted to 
examine more in detail those methane hydrate occurrences during our 5-weeks expedition in the 
Black Sea. Earlier samplings could prove methane hydrates down in the sediment to about 3-4 m 
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below seafloor, and with the portable drilling system MeBo we can penetrate the sediments even 
deeper, to understand also there the methane hydrate spreading.  

 

 

Fig. 8: Overview map of the 
Samsun area (above). Box is 
showing the location of Ordu 
Ridge (see details in Fig. 9). 
 
 
 
 
 
 
 
 
 
Fig. 9: Sampling locations on 
Ordu Ridge, which was newly 
named after the city Ordu at 
the coast of Turkey. 

There is the imagination that a relatively high quantity of methane hydrate occurrences exists 
in the oceans - thus there are only few quantitative measurements available which could give a 
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solid estimation on this. With our drillings we want to give a contribution regarding the 
distribution and quantification of methane hydrates in the Black Sea. For this we took advantage 
of any preliminary investigation, and we plan drilling profiles with the Bremen seafloor drill rig 
in two areas of Turkey (Eregli and Samsun), in Georgia and towards the end of the cruise also in 
Ukraine. 

The acoustic systems of R/V METEOR, the multibeam echosounders EM122 and EM710 and 
the PARASOUND system were the most important tools we applied during our search for methane 
hydrate occurrences. For instance we intensively applied these echo sounders in the western 
Turkish work area of Eregli in water depths around 1000 m on a plateau-like ridge, framed by 
two canyon systems. We had in hands a sidescan sonar map from a former cruise of R/V 
POSEIDON showing round structures on the seafloor of about 350 m in diameter and giving a hint 
on gas and gas hydrate. These round gas ascent zones in the sediments could be traced in the 
backscatter signals of the new EM122 mapping whereas we found more than twice as many of 
those structures. The result was really amazing, and we could say that the EM122 system 
installed last year on RV METEOR enables a highly expanded application compared with the 
former EM120 system. Further for the first time also gas emissions in the water column could 
systematically be detected, which up to now could only be visualised directly under the ship with 
PARASOUND. Drilling with MeBo at Eregli (Fig. 7) showed only a drilling result of a few meters, 
at least it sampled young sediments of the classic Black Sea sequence which we could not have 
sampled with the gravity corer in this area with considerably higher sedimentation rates. Further 
drillings in this area we saved for our way back to Istanbul. 

The further course of the expedition followed the Turkish Black Sea coast to the East into the 
next working area near the city of Samsun. Also there, in the later process of the cruise, drillings 
shall be accomplished at Archangelsky Ridge (Figs. 8 and 9). The side trip was only short, and 
our course led us to the Georgian continental margin - our main work area (Fig. 10). We arrived 
there on Thursday, 3 March, and also here we started with the acoustic systems to map known 
seep structures whose activity is documented for several years already, in order to understand the 
dynamic of a methane hydrate area over a longer period. For instance we have an area at Batumi 
seep of half a square kilometre size whose gas hydrate presence in the upper 2.5 m of sediments 
was quantified to represent 5,000-10,000 tons of methane. Alone the gas flow of free methane in 
the water column is in the range of 55 x 106 mol per year and seems considerably increased 
during our actual mission. The weekend brought us fantastic weather which did not only give 
good conditions for the deployment of our devices but also a spectacular view on the 
surrounding snow-covered mountains in the southeastern-most corner of the Black Sea. About 
50 m from the coast, in the South, we could see the mountain chain of the Eastern Pontides in 
Turkey, whereas the eastside gave a free view on the as well deeply snow-covered mountain 
chain of the Caucasus. In between we saw the more than 5,600 m high twin peak of the Elbrus 
Mountains. 

The third working week was entirely dedicated to the investigation of gas hydrates off 
Georgia, and we wanted to investigate in the depth the earlier well pre-investigated seepage areas 
of Batumi seep and the Pechori Mound by MeBo drillings. Yet on Saturday evening we started 
the drilling at Pechori Mound. The Pechori Mound is an active, relatively high in seafloor 
morphology seep structure overtopping the seafloor by several tens of meters. We could core a 
sediment sequence of about 20 m providing in the majority massive gas hydrates. Above all the 
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thickness of the gas hydrate layers were surprisingly high. The gas hydrates were associated with 
natural oil so that the originally white gas hydrates were stained in yellowish brown. Big pieces 
of gas hydrate were frozen in liquid nitrogen for further analyses in our lab. Altogether this 
drilling was highly important to understand the formation of the Pechori Mound. This is one of a 
few structures in the Black Sea releasing constantly oil drops up to the water surface which can 
be observed for years already as thin oil slicks in satellite imaging analyses. We used those 
satellite imaging analyses to even find the seepage areas like Pechori Mound. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.10: Overview map from the Georgian sector with sample locations on Kobuleti Ridge (two boxes 
shown in detail in Figures 11 and 12), Adjara and Kulevi Ridges.  
 

During the following nights we mainly performed profiles with the ship’s own acoustic 
systems where we measured repeatedly the already known gas seeps in order to understand the 
time variability of the gas emissions. Monday night we investigated a so far unknown area at 
Kulevi Ridge (Fig. 10), and also there we detected massive gas flares in the water column whose 
emissions almost reached the water surface. At this occasion we learned to combine the single 
beams of the echo sounder EM122, which often show due to the narrow overlapping of the water 
column, and to compose them in a 3-D-illustration to a very realistic image of the single gas 
plumes in the water column. Much to our surprise we now could see that the upper ends of the 
gas plumes are clearly influenced by the flow conditions in the water. This might explain why in 
the 2-D-profiles view normally the gas plumes are cut to the upper end. It is an important 
conclusion that this is not true, but that the gas definitely migrates towards the water surface. 

On Thursday March 3 we started the MeBo drillings at Batumi Seep (Fig. 11), our most 
important seep area. During a 20-hours deployment we could proceed only very slowly as the 
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soft sediments of the Black Sea lead to a heavy sinking of MeBo, and therefore the motors of the 
drill rig constantly had to be cooled before continuing the drilling. Up to a drill depth of 10 m we 
could drill plenty of gas hydrates which are very valuable for our scientific examination in 
Bremen. Unfortunately, due to damage at the drill rig we had to cease our drilling activities for 
this cruise. Also the second hydraulic pump was broken during the drilling procedure so that we 
did not have further replacement parts in order to repair the drill rig by ship’s means. Probably 
the heavy load of the engine caused to a repeated breakdown of the pumps. This means that 
despite of the high efforts of the MeBo drill team we could not further deploy our very important 
tool for this expedition. During an emergency meeting in the afternoon we discussed the 
consequences for our scientific program. After an intensive discussion we decided that it will be 
possible to successfully continue the last part of our expedition also by means of the remaining 
devices. We therefore decided to disembark the MeBo team and the drill rig on the occasion of 
our port stay in Trabzon at the forthcoming Thursday/Friday in order to continue the M84/2 
expedition without drilling activities for the last 1.5 weeks. First of all this is a good opportunity 
to use more intensively than originally planned the echo sounder and PARASOUND systems in 
order to study gas and gas hydrate occurrences. Since Friday we accomplish an intensive core 
sampling program in Georgia.  
 

 
Fig. 11: Map showing the Batumi and Poti seep areas on Kobuleti Ridge and sites sampled during M84/2 
(for location see Fig. 10). 
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At the beginning the fourth week of the cruise was related to an intensive sampling program 
at the different seep locations in Georgia. On this occasion for the first time during this cruise the 
dynamic autoclave piston corer (DAPC) could be deployed for sampling the upper 250 cm of the 
sediments. Besides the sediments also gases and gas hydrates were sampled under in-situ 
pressure of the seafloor in the pressure-tight autoclave. While during the normal sampling using 
the gravity corer the gas fractions get lost in high quantity and the gas hydrates decompose 
because of the pressure reduction during heaving, the gases and gas hydrates in the autoclave 
survive and allow a quantitative determination. The DAPC deployment at Poti Seep (Fig. 11) 
was successful, more than 230 litres of gas could be determined corresponding to 15-25 % of an 
average gas hydrate concentration. This average concentration which was confirmed in further 
measurements can be well integrated by an estimation of the area based on our backscatter map, 
so that we can develop a pretty precise estimation on the gas hydrate content in the entire seep 
area. In the further course we could recover gas hydrates from all the seeps we know in the 
working area in Georgia and also at three completely new locations, and will analyse them in our 
labs onshore for their composition and structure. These new seeps we had discovered by their oil 
slicks are shown in satellite imaging (Fig. 12). The hydro-acoustic measurements of these oil 
seeps showed that they are connected to gas emissions, and the sampling proved that near the 
seafloor gas hydrates can be encountered. The gas-chromatographic analyses we made on board 
with regard to the gas composition showed that we already now have quite different sources, 
whereas the deep thermogenic gas sources can clearly be distinguished from the biogenic 
generated methane sources. According to the different gases also different gas hydrate structures 
should exist which we will only be able to examine at home. 

 
Fig. 12: Location map including the seep areas of Colkheti Seep and Pechori Mound on the nortwestern 
flank of Kobuleti Ridge (for location see Fig. 10).  
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After this intensive deployment of our devices we left the working area in Georgia on 
Tuesday and arrived at the Samsun working area in Turkey after a 7-hour transit. Also here 
several areas with a higher backscatter signal on the seafloor in 1,200-1,400 m water depth were 
known from former expeditions, and we had the suspicion that also these were gas emissions on 
the seafloor. Here again we used the EM122 and tried to compare the backscatter pattern 
measured with the deep-towed Sidescan Sonar with the backscatter images of the EM122 
mapping. We were surprised to find identical figures of structures in the areas of the overlapping 
measurements, which made us map the entire ridge during the first night. We found that we 
could trace 22 areas with higher backscatter signals along the approx. 25 km ridge, half of the 
patches showing active gas emissions to the water column. A sampling program with the gravity 
corer on five of these patches with higher backscatter proved that everywhere gas hydrate was 
abundant so that we could clearly document the rise of gas from the underground. The gas 
emissions seem to follow a tectonic line. As the ridge up to now was unnamed, and we intend to 
publish our investigations, we named this ridge in accordance with our Turkish colleagues on 
board Ordu Ridge (Fig. 9). The ridge can be morphologically clearly separated and is situated in 
a South/North prolongation of the provincial town Ordu, so that we think to have found a 
suitable name for our subject matter of investigation. 

On Thursday, March 17 R/V METEOR entered the port of Trabzon in order to embark part of 
the scientific crew and also the expedition equipment on Thursday and Friday. On Saturday we 
moved back to the Samsun working area where we accomplished our final investigations. After 
that we planned to accomplish further scientific work in the Ukraine. 

 
Fig. 13: Micro topography of Kerch Flare area measured during AUV deployment 35 (MSM 15/2) with 
locations of samples taken during M84/2. 
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During week 5 of our cruise we completed the work in the Turkish working area Samsun. 
This work was first limited to the Ordu Ridge but could be expanded to two parallel running 
ridges by using multi beam echo sounder and PARASOUND mappings. Furthermore, by 
registration of very clear backscatter signals, active gas seeps at the hilltops and plateau-like 
ridges could be mapped. A large part of the seep areas showed both, active gas emissions in the 
water column and gas hydrate occurrence in the sediments. After a final measurement up to the 
edge of the Turkish area we started the transit to Ukraine. The transit to that working area was 
very exhausting as under strong wind around 8 Beaufort the METEOR could proceed only very 
slowly. With just 4-5 knots METEOR fought through the waves of up to 4 m, and this was 
especially for the scientists who had embarked in Trabzon a first practical test at sea. After 
passing the Ukrainian border we switched on again the acoustic systems on board the METEOR in 
order to obtain sufficient geophysical data during our trip to the Kerch deep sea fan. 
Unfortunately the quality of data also suffered due to the strong swell so that we had to be a bit 
patient with our mapping until the sea calmed down. But this is easy in the Black Sea because of 
its limited water volume and if the wind ceases a bit. 

In Ukraine our first destination was a strong gas emission site in a water depth of 900 m 
which is well-known by the name Kerch Flare. South of Kerch Strait, in the exit of the Sea of 
Azov, in the prolongation of the Kerch Peninsula the Kerch deep sea fan is developed, which is 
an area of considerable high sediment accumulation with a high potential of methane production. 
This situation is similar to the Danube and Dnieper deep sea fan. At water depth shallower than 
700 m above the gas hydrate stability zone hundreds of gas emissions were found whereas below 
this zone gas flares in the form of acoustic anomalies in the water column occur only 
infrequently. Nevertheless these gas emissions are of a certain importance - a good portion of gas 
is bound in gas hydrates - but the emission of free gas also means that there is a spill-over of gas 
that cannot be bound in hydrates any more. Kerch Fan is such a highly active system, and we had 
been able to quantify the gas emissions during several ROV dives during MSM15/2 expedition 
by means of optical methods. We did not succeed with a gas hydrate sampling then, although gas 
quantities had been quantified from two autoclave piston corer samplings which clearly gave hint 
of the presence of hydrates (Fig. 13). This time at once the sampling of a sediment core rich in 
gas hydrate succeeded as we could locate the emissions more exactly. An extensive sampling 
program was executed until Thursday evening. The night as well as the entire Friday we used for 
mapping on the continental slopes of Kerch deep sea fan, development of the mountains as well 
as the Crimean Peninsula. These showed how dependant on the landward side the continental 
ridge shows completely different morphologies. For instance we found very much and closely 
lying canyon systems below the Crimean mountains which considerably furrowed the slope by 
downward transport of rocky material. On the slope of the delta, however, we can see single 
sliding bodies, especially in the high resolution bathymetry of EM710 multibeam echo sounder, 
which give a completely different structure to the continental slope. 

A further peak waited for us at the weekend when we visited a bit more in the West at 
Sorokin Trough the closely related mud volcanoes Dvurechenskii and Helgoland. Both were fed 
with mud from the underground by the same diapir structure whereas Dvurechenskii is filled up 
to the edge with mud, and Helgoland shows a caldera-like depression whose mud filling is just in 
the beginning. During our last year’s expedition both were active and showed strong gas 
emissions whereas this time only Helgoland mud volcano showed activity. Also here we could 
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sample gas hydrates for the first time in the closer edge of Helgoland whereas the direct emission 
point is too warm for the hydrate generation according to our temperature measurements in the 
sediment. The gas hydrate pieces we recovered showed a pervasive structure which during closer 
examination turned out a typical bubble structure. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14: Sample locations in the 
centre of Helgoland mud volcano. 

 
On Sunday we had already visited the two mud volcanoes Dvurechenskii MV and Helgoland 

MV and had recorded gas activity by acoustic analyses as well as we had sampled sediments of 
the mud volcanoes. With this we wanted to continue next day. But meanwhile our little post-
processing group on board had completely processed the multibeam echo sounder data measured 
so far along the Ukrainian continental slope, and we looked amazed at the brilliant maps. Though 
there were unfortunately several blanks in the data due to the lack of time which we would rather 
have liked to fill in by reproduced measurements.  

 
  

 
 
 
 
 
 
 
 
 
 
Fig. 15: Sample locations on 
Dvurechenskii mud volcano and 
background stations. Locations on 
Helgoland mud volcano are shown in 
Figure 14. 
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Furthermore we found a couple of gaps in the backscatter intensity maps which we liked to 
fill by further measurements. We therefore quickly decided to plan a further measuring day in 
the area of Kerch Fan in order to substantiate the pressing questions with further data. So far we 
had left behind an area in the North on the Ukrainian Shelf, which had been restricted for us 
because of military exercises for several days from 7:30 a.m. until 11:30 p.m. We had hoped 
now to have another chance to measure those parts of the shelf by this new measurement. But on 
Monday morning the vessel received another message which restrained us from doing so. We 
had to give way once again. But in the end we could fill in the gaps during the measurements on 
the upper continental slope, and so we could achieve a complete detailed image from this highly 
interesting slope morphology giving us an important insight into the geological processes. We 
were astonished about the highly detailed structures which are characterized by the down-slope 
transport. The overlaying areas with high backscatter intensity turned out as areas with stronger 
gas emissions which strengthens our work hypothesis of quantifying these emissions. 

On our way back to the West to the two mud volcanoes we crossed numerous mud volcanoes 
among which the Tbilisi MV, the Odessa MV, Vodianitskii MV as well as the NIOZ mud 
volcano clearly showed activities in the form of flares. Also the Dvurechenskii mud volcano now 
showed a definite gas flare in its centre. The mud volcanoes of the Sorokin Trough in general are 
related to the zone of diapirs formed by the Maikop Formation in the underground. In the cap 
area of the mud diapirs, due to the higher gas pressure, often appears break-through of relatively 
liquid and gas bearing mud channelling upwards along discontinuities and developing cone-like 
structures on arrival at the seafloor which we consider the virtual mud volcanoes. The Sorokin 
Trough itself is characterized by crustal compression supporting the diapir-like uplifting of the 
mud formation and which had been shaped in the course of the Caucasus mountain’s 
development. Back to the two mud volcanoes, the Dvurechenskii and the Helgoland MV, both 
turned out active whereas two days ago the Dvurechenskii seemed to be in a calm phase. A 
precise analysis of echo sounder data taken two days ago thus showed that the Dvurechenskii 
MV had already been active, however, we could not see this in the proximate profile below the 
vessel. An 18-hours long sampling program followed up mainly at Helgoland mud volcano, and 
we could take highly interesting sediment cores (Fig. 15). One gravity core was very near to the 
conduit of the mud volcano where we measured temperatures of about 20° C and we could 
directly sample fluids rising from very deep. The extremely high ammonium concentrations of 
the pore waters give a hint on special diagenesis conditions occurring in greater depth. Ten 
meters beneath we could sample gas hydrates with a gravity corer, i. e. there the temperature is 
already lower than 16° C. A bit deeper in the area of the edge of the inner volcano structure we 
had already 9° C corresponding to the normal bottom water temperature in the deep Black Sea. 
After further measurements at Ukraine and in Turkey we finished our station and profile work of 
this cruise on Friday, 1 April at 10:37 a.m.  

The cruise finished on Saturday April 2, when RV METEOR finished the passage through the 
Bosphorus and reached the berth of Haydarpasa (berth 13) at 19:12. This was around one day 
later than planned, because of the intensive fog in the channel which strictly limited the passage 
and as many other ships RV METEOR was forced to wait at the entrance of the channel.  
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3. Sound Velocity Profiles (SVP) 
 (P. Wintersteller, M. Roemer, J. Körber, H. Sahling) 
 
Investigations on the oceanography of the Black Sea over the last 30 years show complex 
coastal to open water-body interactions, based on major and minor eddy-like structures linked 
to meandering rim currents (e.g. Tolmazin, 1985; Oguz et al., 1996). 

The related seasonal and local variability of the sea surface temperatures of the Black Sea 
(Oguz et al.1993, Ginzburg et al., 2004) is affecting the sound velocity of this water masses 
remarkably. Since a proper sound velocity is essential for accurate acoustic underwater 
distance measurements 14 sound velocity profiles (SVP’s) have been taken during this cruise. 
SVP8 failed due to problems with the power supply cable. Two profiles, one off Turkey, near 
Eregli (SVP1) and one off Georgia (SVP3) are complete profiles through the water column. 
These profiles show just minor change of <0.5m/s in sound velocity below 300-400m water 
depth. The highest variability in sound velocity can be observed in the uppermost 200 m of 
the water column (Fig. 16; Cruise Report MSM15/2, Bohrmann et al. 2011). 

 A shipside SvPlus 3453 probe was used to acquire the SVP’s. The probe is rated to a 
maximum of 2000 m water depth. It is measuring sound velocity directly and additionally 
records pressure and temperature. SVP1, 2 and 14 were taken off Eregli. One can clearly see 
an exchange of water masses and temperature within this month, comparing the three curves. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16:  Sound velocities of the 
uppermost 200 m water column. 
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After every SVP acquisition the profile has been applied to the Kongsberg’s acquisition 
software SIS in order to collect corrected multibeam echosounder (MBES) data. Beside the 
MBES, the sound velocities have been used for ultra short base line (USBL) IXSEA 
POSIDONIA and the ATLAS PARASOUND sub bottom profiler. The later has just two 
values to be given, a mean SV and the SV at transducer. To be as accurate as possible the 
MBES are supplied with real time SV from a shipside mounted SV-Probe. This probe is 
located within the ships salt water supply station, next to the thermosalinograph. It turned out, 
that the temperature of the water pumped into vessel is about 0.5-1° C above the temperature 
at the transducers. Also, the water measured in the vessel comes from 2-3 m below sea surface 
where else the MBES-transducers are at a depth of about 5.8 m. The measured SV in the 
vessel shows an offset of 2-3 m/s to the expected SV at transducer. We decided to use the SV 
at transducer from the SVP’s taken during this cruise. This setting can be done in the 
acquisition software SIS. 
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4. Underwater Navigation 
(H. Sahling, P. Wintersteller) 

 
The POSIDONIA ultra short baseline system (USBL) is available at METEOR for sub-positioning of 
underwater tools (GC, MIC, DAPC, LDP). It consists of a permanently mounted antenna on the 
ship’s hull, the ships powering and processing unit and three underwater transponders that can be 
mounted on the tools. These are the minitransponders with the serial numbers 069 and 070 and a 
releaser combined with a transponder (serial number 413). During the Cruise M84/2a two of the 
transponders (070, 413) were deployed several times but did not work. The only transponder that 
worked well was mounted on MeBo but became available for mounting on other tools after the 
MeBo operations stopped (069). Those stations where POSIDONIA positions are available are 
marked with (P) in the station list. In this case, the POSIDONIA position is given in the station list. 
This position was estimated by reading out the POSIDONIA positions from the DSHIP database 
and averaging over some positions. To ensure that the transponder positions are recorded in the 
DSHIP database POSIDONIAS acquisition software ABYSS must give a transponder ID between 1 
and 3 to the used transponder. The ID can be changed by the order of the configuration files 
given for each transponder. 

For the MeBo deployments, the POSIDONIA transponder (069) was used and worked very well. 
During the deployment phase POSIDONIA is useful to land the drill rig on or close to the given 
position. Before recovery the underwater navigation system in addition with the DP-system is 
used to guide the ship A-frame directly above the drill to maintain minimum torsion and tension 
on the cable and drill rig.  

In general, the quality of the sub-positioning depends on the quality of the ship position. The 
later was reduced during the leg M84/2a as d-GPS was often not available due to technical 
problems. It is difficult to estimate, however, how much the imprecise ship’s position 
contributed to the uncertainty of the underwater positioning. In addition, it is not clear how well 
POSIDONIA itself is calibrated. The last calibration was conducted in June 2010. Actual sound 
velocity profiles were used during the Cruise M84/2. Technically the accuracy of POSIDONIA is 
limited to about 1-3 % of the slant range. 

Due to the fact that POSIDONIA transponder had technical problems, some stations (GC, MIC, 
DAPC, LDP) were deployed without POSIDONIA. In addition, several gravitycorer (and DAPC) 
stations were conducted without POSIDONIA as we made the experience when heavy tools are 
directly under the ship it is possible to accurately position them horizontally without POSIDONIA. 
However, for this procedure it needs to account for the offset between the ships reference point, 
when using SEAPATH as GPS, or the antenna position (mainly the main antenna mast), when 
using e.g. CNAV-GPS and the point where the tool is lowered to the water (below the block of 
the movable side crane “Schiebebalken”). This is illustrated in Figure 17. From the ship’s 
reference point the tools location is about 15 m towards the aft and 10 m to starboard. The mates 
on the bridge were positioning this point to the desired target position, which worked very well 
for the heavy tools. They are regularly less than 5 m away from the target position. This 
procedure did not work, however, for not so heavy tools MIC and LDP, which were shifted 
probably due to currents, as seen in Figure 17. 

Due to the fact that the gravitycorer could be precisely positioned at the target position we 
deployed it several times without POSIDONIA as this allows faster access to the samples, which is 
relevant when recovering gas hydrates. As the target position described better the actual position 
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of the ship (at the reference point) this target position is given in the station list marked with (T). 
In case POSIDONIA was not available for the other tools, such as MIC and LDP, this position is 
also given.  

 

 
 
Fig. 17: Screenshot of the ECDIS navigation monitor on the bridge. The ship is seen at actual scale. The 
tool lowered at the side frame (Schiebebalken) is located about 15 m backward and 10 m to starboard 
side. This location is subsequently positioned over the target position (shown as red circle on the barbed 
line). In green the position of POSIDONIA mounted on the MIC is shown. 
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5. Multibeam Mapping 
(P. Wintersteller, C. S. Ferreira, H. Sahling, A. Özmaral, M. Schmager, S. Oelfke, 
V. Radulescu, E. Akarsu, M. Römer, J. Körber) 

During Cruise M84/2 multibeam surveys were made using the vessel mounted echosounders. 
Since one aim of this cruise was related to hydroacoustic water column investigations, the 
equipment and settings of the echo sounders used for surveying are described in detail in chapter 
6: Subbottom Profiling. A few statements according to problems during the acquisition are 
pointed out here. 

 
 
Fig. 18: Multibeam mapping in the area off Eregli (western part of the Turkish margin). 
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5.1 Methods 

The deep sea KONGSBERG EM122 echosounder was used at all surveys during the whole cruise, 
meaning either designated bathymetry surveys or flare imaging-surveys. Meanwhile, the shallow 
to medium water echosounder EM710 was switched on only at shallower areas, with depths up to 
max. 1200 m. The swath coverage during bathymetric surveys was kept around 110-130° at both 
echosounders to avoid loss of data (due to system malfunctions) and data artifacts (like spikes 
and wobbling). As mentioned above the settings of both systems are shown in Table 3 and Table 
4 in Chapter 6. Both systems run in dual swath mode.  
 

 
 
Fig. 19: Lines of multibeam mapping off Georgia. 
 

During the cruise, maps were produced from the main working areas mainly using the data 
from the EM122 echosounder. This choice was based on the fact that this echosounder was the 
only one able to cover the full range at all areas surveyed. Nevertheless, the bathymetric maps 
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done with EM710 evidenced much more fine/smaller geological structures and the dataset from 
the Kerch area turned to be a remarkable achievement of this cruise. 

The processing of the data has been done with the open source package MB System (Caress 
and Chayes, 2001) and/or CARIS 7.0 HIPS&SIPS. In comparison to the named software IVS 
Fledermaus has been used for backscatter and sidescan data as well. Currently the water column 
data of both echosounders can only be processed in Fledermaus. 

 
 

5.2 Acquisition and Related Challenges 

As described in chapter 3, 14 SVP’s were taken and applied to the KONGSBERG SIS, the 
software for acquisition, right after recording to avoid acoustic ray tracing problems during beam 
forming. Nevertheless problems occurred during Leg 2a doing proper bottom detection on 
EM122. The inner swath-segment formed a u-shape profile on a flat bottom, port and starboard 
side of the nadir. It looks like a typical tube-form profile that appears usually on the whole swath 
when having sound velocity problems. But this time only the inner approx. 60 beams were 
bordered. Many beams had to be erased and left big gaps in an otherwise good and high 
resolution grid. Overcoming this problem the Leg 2a surveys where done mainly with >120% 
overlap. After investigations from both sides, scientists and KONGSBERG technicians, we 
decided to reinstall the PU-software of EM122 during the port time at Trabzon. 

Wobbling is another problem bordering both systems EM122 and EM710. Due to the 
commonly used SEAPATH/MRU5 motion sensor, which still has difficulties producing accurate 
output at high sample rates and probably too large lever arms for the accuracy needed, there is a 
strong wobbling at the outer beams visible. The problem is described and sent to IFM Hamburg, 
the shipping company and KONGSBERG in detail and is ongoing to find a solution. The 
workaround meanwhile is to narrow the swath-width to max. 120-130°. 

 
 

5.3 Results 

The high resolution of the data allows 20-5 m grids and accurately highlights even small 
morphologic features. Commonly an N-NE illumination and a 4-8 times exaggeration is used to 
hillshade the grids for a more interpretative view. The following maps show the compiled data 
from the Black Sea (with working areas, and trackline for M84/2 cruise). The morphology 
surveyed in this areas show various structures and types of sedimentation from shelf to 
continental rise. Figure 18 shows huge mass transportation and refill of a canyon in the western 
part, cutting sharply the pervious formed side-canyons. The main working area off Eregli is 
situated on an exposed oblique, table-mountain-like platform that clearly shows the only slightly 
elevated patches of autigenous carbonates.  

The northern area off Georgia (Fig. 19) is dominated by recently developed, meandering 
submarine rivers and canyons where else steeper canyons with clearly high energy deposits are 
formed in the centre of the mapped region. Towards the west, at depths of about 1500 m an 
oblique abyssal plain affiliates the deep-sea fan. The working area of Batumi is situated similar 
to the Eregli working area where else the areas of Colkheti Seep and Pechori Mound are 
outstanding morphologic features at the north western rim of Kobuleti Ridge, shown in the 
centre of the mapped region. 
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Fig. 20: Data from Kerch area and Sorokin Trough. 
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The continental slopes off Kerch and north of the Sorokin Trough are shown in Figure 20. 
The western part is dominated by sharply contoured canyons with steep incline that fits to the 
southern Crimean range as hinterland. Towards the east, off the Strait of Kerch, the continental 
slope flattens and a large shelf is developed. Slumps and slides, mud and debris flows can be 
seen clearly, as well as partly undercutting of slope by contour currents which accounts for soft 
and semiconsolidated slope sediments. 

Likewise Eregli and Batumi, the centre part off Samsun, shown in Figure 21, is an oblique 
platform. Here only bordered with a steep western slope it is dipping softly towards NE. Patches 
of very low elevation but with high backscatter, similar to Eregli and Batumi were found all over 
in the area but outstanding in contrast to the soft sediments on the platform. 
 

 
 
Fig. 21:  Multibeam mapping in the Samsun & Ordu area (eastern part of the Turkish margin). 
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6. Subbottom Profiling and Plume Imaging 

(H. Sahling, M. Römer, J.-H. Körber, P. Wintersteller, C. dos Santos Ferreira, M. 
Tomczyk, T. Wu, V. Radulescu, A. Özmaral, M. Schmager, S. Oelfke, E. Akarsu) 

RV METEOR is equipped with a suit of excellent hydroacoustic techniques including the 
KONGSBERG multibeam echosounder EM 710 and EM122 as well as PARASOUND sediment 
echosounder. These techniques provide images of the sub-seafloor, the seafloor, and the water 
column above the seafloor giving detailed insight into processes related to fluid seepage. The 
multibeam systems are routinely used to obtain bathymetry of the seafloor. Seafloor properties 
such as seabed roughness, sediment density, or seafloor inclination may be obtained using the 
backscatter information of the beams or sidescan-sonar like images of the seafloor. Gas hydrate, 
gas, or authigenic carbonates at shallow sediment depths may be identified in backscatter maps 
due to the fact that these fluid seepage related features alter the physical properties of the 
seafloor. This has been especially well documented with data from deep-towed sidescan sonar, 
where gas hydrates and carbonates are clearly visible due to increased backscatter (Klaucke et 
al., 2006). 

In addition, the multibeam systems allow to record acoustic signals from the water column, 
which can be used to map gas bubble emissions (Nikolovska et al., 2008). Gas bubbles have very 
different acoustic impedance due to the large differences in sound velocity between water and 
gas and, therefore, bubbles strongly reflect and scatter sound waves. As bubbles rise upward in 
the water column, their appearance in echosounder records resembles a flare that is why these 
features are commonly termed as such. Flares can be identified in the water column record of the 
multibeam systems. Flares can also been identified in the 18 kHz signal of PARASOUND sediment 
echosounder but at lower resolution compared to the multibeam system (Nikolovska et al., 
2008). PARASOUND has the advantage of providing a composite view of the water column (19 
kHz signal) as well as the sub-surface (4 kHz signal). The 4 kHz images provide evidence for 
seep-related features such as gas in sediments leading to signal absorption (blanking) or 
enhanced reflections due to deposition of gas hydrates and/or carbonates (Nikolovska et al., 
2008). 

The main intention of using the hydroacoustic systems during M84/2 was to obtain 
bathymetry and to map cold seep-related features in the working areas, such as gas and gas 
hydrates in the sediments as well as gas emissions from the sediments into the water column. A 
summary of all hydroacoustic surveys is given in Appendix 3. 

 
 

6.1 Methods 

The EM 122 KONGSBERG multibeam echosounder operates at 12 kHz. The transducers have a 
nominal opening of 1° in along track direction, which corresponds to ~1.7% of the water depth 
(e.g. 14 m at 800 m water depth). The opening in across track direction is 2°. Despite this 
physical limitation, the multibeam echosounder is capable to record up to 432 individual beams 
across track within a swath of up to 150°. However, due to insufficient data quality in the outer 
beams, the maximum swath width used during this cruise was 110°. The multibeam system 
settings were optimized for the different purposes of bathymetric mapping and flare imaging. 
These settings are given, together with annotations, in Table 3. Actual sound velocity profiles 
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were recorded with the ships sound velocity probe and inserted as basis for optimized 
performance (see Chapter 3). For the purpose of flare imaging, the swath width was regularly 
reduced to 70° while for bathymetry/backscatter mapping a swath of 110° was chosen. Data of 
the water column and the seafloor were recorded in one *.all file. 
 
 
Table 3: Settings (runtime parameters) of the EM 122 for water column flare imaging. Highlighted settings 
need to be adjusted according to the depth and actual sounder performance. 
 

Tab Parameter Setting Comment
Sounder Main Sector coverage 35° / 35° 55°-65° for bathymetry mapping 
 Max Coverage 5000 / 5000 7k / 7k in deep water for bathy. map. 
 Angular Mode Auto  
 Beam Spacing HDENS EQDIST  
 Force Depth Real Depth  
 Min 6  
 Max 2500  
 Dual Swath Mode Dynamic  
 Ping Mode shallow At speed > 6kn “auto”, depends on 

weather & water depths 
 FM enable Not checked  
 Pitch Stab checked  
 Along Div 0  
 Yaw Stab Rel Mean Heading  
 Heading filter Medium  
 External Trigger Not checked  
Filters & Gains Spike filter strength Medium  
 Range Gate Large Helps to decrease noise in nadir 
 Phase ramp Normal  
 Penetration filter strength Medium  
 Slope Checked  
 Aeration No / Checked Maybe checked in rough sea 
 Tx power level max  
 Angle from nadir 15  
Data cleaning Rule Set Standard  

 
 
The EM 710 KONGSBERG multibeam echosounder operates at 70 to 100 kHz. The opening 
angle of the transducer array is 1° by 1°. The swath is composed of up to 400 beams. Maximum 
swath width for bathymetric mapping was 90° due to insufficient data quality of the outer beams 
at wider opening angles. The swath was regularly reduced to 70° for water column flare 
mapping. The actual sound velocity profile obtained by the ships sound-velocity-probe (SVP) 
was used. Settings of the runtime parameter are summarized in Table 4. Data of the water 
column and the seafloor were recorded in one *.all file. 
 
 
Table 4: Settings (runtime parameters) of the EM 710. Highlighted settings need to be adjusted according 
to the depth and actual sounder performance. 
 

Tab Parameter Setting Comment
Sounder Main Sector coverage 35° / 35° 45°-60° for bathymetry mapping 
 Max Coverage 2000 / 2000  
 Angular Mode Auto  
 Beam Spacing HDENS EQDIST  
 Force Depth Real depth  
 Min Real depth -100 m  
 Max Real depth +100 m  
 Dual Swath Mode Dynamic  
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 Ping Mode shallow Auto to greater depths and/or bad 
weather cond. 

 FM enable Checked  
 Pitch Stab checked  
 Along Div 0  
 Yaw Stab Rel Mean Heading  
 Heading filter Medium  
 Max Ping Frequency 20  
 External Trigger Not checked  
Filters & Gains Spike filter strength Medium  
 Range Gate Large Helps to decrease noise in nadir 
 Phase ramp Normal  
 Penetration filter strength Medium  
 Slope Checked  
 Aeration No / Checked Maybe checked in rough sea 
 Interference Checked  
 Tx power level max  
 Angle from nadir 10  
Data cleaning Rule Set Standard  

 
PARASOUND echosounder uses two high frequencies (primary high frequency PHF and 
secondary high frequency (SHF) of ~19 and ~42 kHz, which can be recorded and used for 
imaging of gas bubbles in the water column. Non-linear interference of the high frequencies 
produces a secondary low frequency (SLF) of about 4 kHz. This SLF is used for sub-seafloor 
imaging. Opening angle of the transducer is ~4°, which corresponds to a footprint size of about 7 
% of the water depth. 

In order to image gas emissions those settings given in Table 5 were chosen in PARASOUND 
Hydrocontrol. The program PARASTORE is used for storing and displaying echographs. The 
settings applied in PARASTORE for PHF and SLF displaying are variable and dependent on the 
actual performance influenced by, e.g., water depth, water and weather conditions. Generally the 
filtering in the PHF window has been used to image gas emissions in the water column: Low 
pass: on, Iteration: 2, High cut: 1. The amplitude scale is also important for this purpose: Clip: 
between 1000 and 1500 mV, no Threshold, negative Flanks Suppression or Gain. For SLF 
subbottom imaging no filtering has been used. Amplitude scale with a Clip between 5000 and 
10000 mV, no Threshold and Negative Flanks Suppression, but sometimes a Gain: Bottom TVC 
of 0.1 to 0.25 was chosen to get a deeper bottom penetration. 

Three file formats are recorded during PARASOUND operations: *.asd files, which can be 
replayed in PARASOUND contain data of the entire water column as well as the sub-seafloor. 
PARASTORE also produces *.ps3 and *.sgy-files recorded along with the auxiliary data. The depth 
range of the *.ps3 files was set identical to those of the online display window. While *.sgy-files 
are not used by us, *.ps3-files were plotted in the program SENT for interpretation. *.ps3 and 
*.sgy-files can also be produced by replaying the *.asd files in PARASTORE.  

There have been error messages when for the storage of the PHF a window scale over 1000 m 
was chosen, so the window scale has been set always to 1000 m and not for the entire water 
column have been stored in the case the water depth was deeper than 1000 m. For storage mode 
the option “with phase and carrier” has been selected. 
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Table 5: Settings in PARASOUND Hydrocontrol optimized for flare imaging. 
 

Tab Parameter Setting
Basic settings:   
Transmission sequence: Single Pulse  

Transmission Source level: 
Manual 

Max TX Voltage: 145.00 V  

Pulse characteristics: Pulse length: manual 
 

 

 Manual Pulse length: 0.500 ms  
 No. of periods: 2  
 Pulse Type: Continuous wave  
 Pulse Shape: Rectangular  
Frequencies: Desired PHF: 20 kHz  
 Desired SLF or PLF: 4.00 kHz  
Advanced settings:    
Transmission Beam Width: standard (8*16 Elements)  
Reception shading 
(for PHF+SHF and SLF+PLF): 

Mode: Shading Table:  No Shading 

Receiver Band Width: PHF+SHF:  Mode: manual 
 PHF: output sample rate:12.2 

kHz 
Band width: 33% 

 SHF: output sample rate: 6.1 
kHz 

Band width: 66% 

 SLF+PLF: Output sample rate: 
6.1 kHz 

Mode: manual Band width: 66% 

Receiver Amplification: PHF:  Mode: Automatic Gain shift: 30.00 dB 
 SLF:  Automatic 
Sonar Target Settings: Correlation: yes  
 Targets in the water column: 

no 
 

 S/N Ratio:  20.00 dB for 1 m below Transducer 
 Automatic Transmission 

Termination:  
OFF 

 Stave Data Recordings:  no 
Sounder Environment: System Depth Source: Controlled by PHF, manual if needed 
 Blanking Output:  no 
 C-Mean:  Source: Manual Manual: 1485 m/s 
 C-keel:   Source: Manual Manual: 1467 m/s 
 Desired Bottom Penetration:  150 m 
 Mode: Variable Min/Max Depth 

limit  
(Min. Depth: 200 m, Max. Depth: 
2500 m) 

Operation:   
 Trigger: autonomous 

Operation 
 

 Data recording: all: Full Profile  
 
Two legs later, during Cruise M84/4 it turned out, that the settings for the lever-arm X-value in 
Parastore on RV METEOR were wrong. The effect can mainly be seen in shallow water, less than 
400 m depth. To change and replay the data one needs to enter hidden “Advanced Parameters” in 
the “Echogram Window”. To display this parameters setting in the registry of the program must 
change: 
 

1. Open the registry with “regedit” 
2. Go to “hkey_local_machine � software/atlashydrographic/parastore” 
3. Add a “string” of the type “REG_SZ”, name it “HiddenFunctions” and give it the value “1” 
4. Open the Echogram Window and put an X-value of “-36” at the “Motion Sensor Location” 
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During post processing of multibeam data, water column data of EM 710 and EM 122 were 
imported in the program Fledermaus, which has a special sub-program the FM Midwater for 
replaying and analyses of water column data. With this program, flares can be visualized in three 
dimensions (Fig. 22). The program does not allow, however, to quickly pick the positions from 
flares, which is therefore a task that will be conducted after the cruise. 
 

 
 
Fig. 22: Three-dimensional visualization of flares recorded by EM 122 using the FM Midwater and 
Fledermaus. The flares rise from water depth of ~500 m to depth of about 100 m. Currents lead to 
deflection of the bubble streams in the water column. 
 
PARASOUND, EM 122 and EM 710 were used for flare mapping during cruise. The opening 
angle of PARASOUND is about 4° (corresponding to ~7% of the water depth). Thus, gas emissions 
can be recorded as flares when they are within this sound coil. In contrast, the multibeam 
systems can detect gas emissions across the entire swath regularly set to 70° with an along-track 
resolution of 1° (corresponding to ~1.7 % of the water depth). Therefore, the EM multibeam 
systems have, compared to PARASOUND, a higher spatial resolution and, at the same time, a 
larger coverage. 

The different frequencies of the KONGSBERG multibeam systems result in significant 
differences in imaging gas emissions. We found that EM 122 is much more sensitive and shows 
many more water column signals that can be attributed to gas bubbles in the water column. EM 
122 showed always more flares than EM 710. We hardly ever observed a flare in EM 710 that 
was not seen in EM 122. The higher sensitivity of EM 122 is accompanied by more noise that is 
caused by gas bubbles in the water column as illustrated in Figure 23. The prominent flare in EM 
122 is seen at the same time in EM 710 but appears more intensive and larger in EM 122 
compared to EM 710. However, around the main flare in EM 122 are additional anomalies in the 
water column that have the same shape as the main flare but are less intensive and smaller in 
size. We interpret these as artefacts. There might be, however, a second flare in EM 122 that is 
not seen in EM 710. Careful interpretation of the EM 122 water column image is needed when 
using this multibeam system for mapping of gas emissions. 
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Fig. 23: Comparison of EM 122 (left) and EM 710 (right) online water column data taken at the same time 
showing the seafloor and flares. 
 

We explain the higher sensitivity of the EM 122 as a result of the operation frequency around 
12 kHz. This frequency is exactly the resonance frequency of typical 2.5 mm radius gas bubbles 
(e.g. Sahling et al., 2009) in 900 m water depth, which can be calculated according to the 
equation (Ulrick, 1975): fr = 3.25 * (1 + 0.1 * d) 0.5 * r-1 with water depth (d) in meter and 
bubble radius (r) in mm. Due to the resonance of the bubbles, the sound scattering is 
significantly increased at 12 kHz (EM 122) compared to the scattering at frequencies of 75-100 
kHz (EM 710) well above the resonance frequency. This fact can explain the sensitivity of EM 
122. 

 
 

6.2 Georgia 

The working area offshore Georgia has been studied during several proceeding cruises before, 
namely P317/4 (Sahling et al., 2004), M72/3 (Bohrmann et al., 2007), TTR-15 (Akhmetzhanov 
et al., 2007), and MSM 15/2. Swath bathymetry, deep-towed sidescan sonar data, and seismic 
data are available (Klaucke et al., 2005; Klaucke et al., 2006; Wagner-Friedrichs, 2007). Gas 
hydrates as well as authigenic carbonates have been sampled and the geochemical signature of 
gas and gas hydrates have been intensively studied (Bahr et al., 2010; Klapp et al., 2010; Pape et 
al., 2010). 

The working area offshore Georgia was the focus of the first leg during M84/2 cruise in order 
to complement earlier studies. Due to the excellent performance of the hydroacoustic systems the 
area was extensively mapped in order to obtain additional information on the bathymetry, 
backscatter, and the occurrence of gas emissions. Many MBPS surveys were conducted with 
different objectives. A summary of all hydroacoustic surveys is given in Appendix 3. 

One objective of the cruise was to search for flares in areas where oil slicks occur. In an 
ongoing PhD project, oil on the sea surface has been mapped using SAR satellite images, which 
show higher reflectivity due to the smoothing of the surface by oil. Systematic mapping of oil on 
the sea surface allows to pin-point the location of the oil source at the seafloor. This point is 
named oil slick origin (OSO) in the maps shown here but in reality, it is a calculated location 
taking into account several oil slick observations at different times. The oil slick origins have 
been surprisingly accurate in guiding us to locations with gas emissions. Following the finding 
by Solomon et al. (2009) and De Beukelaer et al. (2003), oil is mainly transported from the 
seafloor to the sea surface by oil-coated bubbles. The oil-coating prevents methane from 
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diffusing out of the bubble into the water column. As a consequence, methane might reach the 
atmosphere. Therefore, we were interested to, firstly, confirm the presence of gas emissions at 
the locations with oil slicks and, secondly, investigate how high bubble streams rise in the water 
column. The latter question can be answered by thorough analyses of the EM 122 water column 
data, which will be conducted after the cruise. At first glance, it seems as if bubbles rise very 
high in the water column, rising at least above the permanent pycnocline at ~160 m depth (Fig. 
22). 

In summary, we found several new flare locations during M84/2, some by chance but most 
based on dedicated surveys in areas with known oil slick origins as summarized in Figure 24. 
The map shows all flare locations that we have preliminary identified. However, many more 
individual flare locations have been recorded by EM 122 and EM 710 but this information has 
not been extracted from the data yet. Furthermore, the locations of most flares mapped by the 
multibeam systems are not exact and need further refinement. Flares that have been found based 
on known oil slick origins are: Adjara Ridge with the three flare clusters A1, A2, A3 and flares 
at the locations G1 and G2 at the western and eastern Kulevi Ridge, respectively. The dedicated 
flare surveys in these areas are shown in detail in the maps Figures 25-27. In general, we found 
that the oil slick origin from satellite data is a very reliable way of predicting gas bubble 
emission sites. The location of the oil slick origin was found to coincide strongly with the 
observed gas emissions, which suggests that oil is either transported with the gas bubbles or 
raised from the same locations as the bubble emissions from the seafloor. A further observation 
is that flares occur usually in cluster. Due to the large coverage of the multibeam systems, we 
were able to observe many flares in those areas that we studied in detail. From the summary 
Figure 24 it is evident that most flares are found at ridges, either at the crest of the main ridges or 
at the secondary smaller ridges. 

Detailed flare surveys have been conducted at Pechori Mound and Colkheti Seep, as these are 
the structures at which the most significant oil slicks were observed. The exact location of almost 
all gas emission sites were extracted from the EM 122 data and are plotted in Figure 25 showing 
that most flares occur close to the central part of the features. Several dozens of individual flares 
have been picked illustrating the high activity with respect to gas emission. In addition, we 
observed oil at the sea surface while being on sites. The oil slicks were large, covering hundreds 
of meters on the sea surface. Sometime, the air on the ship had a faint smell of gasoline 
illustrating that significant amounts of oil are released and rise to the surface. In order to study 
the temporal variability of flares, a dedicated MBPS survey was conducted. We crossed Colkheti 
Seep about seven times always along the same track in order to estimate how continuous the 
emission sites are. These data will be analysed after the cruise. A compilation of all flare sites is 
given in Figure 27. 

Further focuses for mapping were the seep structures Batumi, Kobuleti, and Poti Seep located 
at Kobuleti Ridge. Based on the preliminary documentation of flares, it appears as if gas 
emissions are not limited to areas of high backscatter but also occur outside. This finding is 
certainly a result of the great sensitivity of the EM 122 system. The sensitivity may also have 
disadvantages that require further investigation after the cruise. It may well be that a few bubbles 
in the water column cause a similar acoustic anomaly in EM122 as vigorous bubble streams due 
to the fact that the EM 122 operates at frequencies that lead to bubble resonance. It should be one 
task after the cruise to carefully compare EM 710 data with EM 122 data in order to distinguish 
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between major and minor flares. Seafloor observations of significant bubble streams have been 
recorded with EM 710 data before, thus providing independent information on the amount of 
bubbles required to cause flares (Nikolovska et al., 2008). 

 

 
 
Fig. 24: Flare positions in the working area offshore Georgia plotted on top of the bathymetry. Several 
flare sites have been recorded during previous cruises. Flares by the multibeam systems are only roughly 
positioned. Many more flares exist but have not been analysed in the EM 710 and EM 122 data. 
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Fig. 25: Flare positions at Adjara Ridge. 
 

 
Fig. 26: Flare positions of various systems located in the area of Pechori Mound. 
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Fig. 27: Flare positions in the area of Colkheti Seep measured by the different systems onboard 
RV METEOR. 
 
 
6.3 Samsun 

Two regions have been studied within the working area Samsun: the Archangelsky Ridge and 
the much smaller ridge, named during this cruise Ordu Ridge, running parallel to it. Seismic and 
hydroacoustic evidence for methane seepage at shallow water depth at Archangelsky was 
published earlier (Çifçi et al., 2003). In addition, long-range Okean sidescan sonar, deep-towed 
sidescan sonar using the MAK system and coring has been conducted in the deep part of the area 
during the Cruise TTR-15 with R/V LOGACHEV (Akhmetzhanov et al., 2007). 

Gas emissions and pockmarks were observed at Archangelski Ridge at water depth of ~430 m 
as shown in Figure 28. The pockmarks are ~10 m deep. Similar to the finding by (Çifçi et al., 
2003), the pockmarks were found to be circular or elongated in outline. The circular pockmarks 
are 250 m and more in diameter; the elongated are less than 100 m wide and ~800 m long. The 
central part of the circular pockmark is characterized by higher backscatter compared to the 
surrounding, which suggests a change in sediment properties such as gas or authigenic carbonate 
precipitation. Acoustic turbidity was observed below the pockmarks. In addition, active gas 
bubble emission was observed by PARASOUND as well as EM 122 showing that the gas is emitted 
through the pockmarks. 
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Fig. 28: Pockmarks and gas emissions at Archangelski Ridge imaged by 19 kHz PARASOUND (upper left), 
4 kHz PARASOUND subbottom profiler (lower left), bathymetry (upper right) and EM 122 backscatter (lower 
right). 
 

Several gas emissions have been recorded also at the Ordu Ridge, which in contrast to the 
emissions along the Archangelski Ridge are located in deeper water depth over 1000 m and 
instead of a relation to negative morphological features as pockmarks they are connected to 
slightly mounded structures (Fig. 29 left).  These positive elevations could be detected as well by 
higher backscatter values and the amplitude map of the area shows clearly distinguished dark 
patches (Fig. 29 right).  
 

 
Fig. 29: Mounded structures on top of the Ordu Ridge (left), which are characterized by high backscatter 
(right). The PARASOUND subbottom signal recorded blanking zones (white lines). Some of the structures 
are actively degassing into the water column. 
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PARASOUND observations by crossing the patches show acoustic columnar blanking zones 
below the patches in the subbottom (Fig. 30 left) and some of the patches also emit gas into the 
water column as clearly indicated by gas flares on top or at the rim recorded with the PHF signal 
(Fig. 30 right). The gas bubbles sometimes rise about 500 m up from the seafloor into the water 
column. 
 

 
 
Fig. 30: PARASOUND echograms for SLF (left) and PHF (right) recorded by crossing the high reflectivity 
patches. They show clear columnar blanking in the sediments indicating high gas contents. Some have 
gas flares emanating on top or at the rim of the elevated structures. 
 

During several surveys the Ordu Ridge as well as the four following smaller ridges to the east 
had been mapped. It becomes obvious that high reflectivity patches and gas emissions are 
generally located above the flat platforms on top of the different ridges running from south to the 
deep basin northwards (Fig. 31). Additional surveys have been conducted to observe the activity 
of the numerous patches, what resulted that only a small part has been active during our 
observation time. By using the water column information of the EM122, gas emissions had been 
detected at 15 of the in total about 60 high reflectivity patches (Figs. 31 and 32). In the south-
eastern edge of the working area a circular structure with a flare emanating from its center was 
found (Fig. 31). Together with acoustic turbidity in the subbottom recorded by PARASOUND (4 
kHz) the observations suggest that the structure is a mud volcano. 
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Fig. 31: Several surveys covered Ordu Ridge on the western side and four smaller ridges eastwards. 
Patches of high backscatter have been found on top of each ridge. In total about 60 patches have been 
mapped of which 15 are recently active degassing. 
 

 
Fig. 32: 3-D image of the surveyed area showing the flare emanating from the seafloor. 
 
 
6.4 Eregli 

Work in the area offshore the Turkish town Eregli (Kozlu High) was based on bathymetry and 
backscatter maps from deep-towed sidescan sonar DTS 1 that had been obtained during 
POSEIDON Cruise 317/4 in 2004 (Sahling et al., 2004). During that proceeding cruise, seep-
related backscatter anomalies were found at the seafloor and flares were recorded by sidescan 
sonar in the water column as described in Klaucke et al. (2005). 

During Cruise M84/2 the bathymetry could be significantly extended (Fig. 33). We found 
several new flare locations in the area using PARASOUND. In addition, EM122 recorded flares of 
which some are shown in Figure 33. For a complete inventory of all flares the EM122 data need 
to be replayed and analysed, which we were not able to do during the cruise. Therefore, it is 
likely that more flares exist in the area than shown in Figure 33. The data quality of the novel 
EM 122 multibeam echosounder is very high resulting in good bathymetric resolution but also in 
very useful backscatter information. As shown in Figure 34, major morphological structures such 
as erosive features or sediment hosted plains can be seen in the backscatter. In addition, 
backscatter anomalies related to fluid seepage can be detected. To illustrate the great scientific 
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potential of the EM 122 echosounder especially with regard to cold seep studies, several data 
sets obtained at Eregli Ridge are shown in Figure 35. 

Eregli Ridge is characterized by a plateau-like top bordered by flanks that are subject to 
erosion, which leads to the typical fish-bone like pattern caused by gullies and channels. These 
are seen in deep-towed sidescan (Fig. 35A), bathymetry (Fig. 35B, D), and EM 122 backscatter 
(Fig. 35C). The deep-towed sidescan shows that the plateau-like top of the ridge is generally 
characterized by low backscatter indicative for soft sediments. In certain areas, however, circular 
patches of high backscatter exist as highlighted by the arrows in Figure 35A, which are seep-
related features (Sahling et al., 2004). In contrast to the deep-towed sidescan backscatter images, 
the backscatter obtained by EM 122 show additional circular backscatter anomalies on top of 
Eregli Ridge (Fig. 35C). We attribute these remarkable differences in the two backscatter images 
to the different frequencies of the systems. The sound waves of the DTS sidescan sonar 
operating at 75 kHz do not penetrate as deeply into the sediments as those emitted by the EM 
122 using 12 kHz. (Please note that the lowermost deep-towed sidescan survey line in Figure 
35A has to be shifted a few hundred meters to the SW for being at the correct position). In 
general, we interpret the high backscatter patches as sediments being influenced by fluid 
seepage, i.e. the presence of gas hydrates, gas bubbles, or authigenic carbonates. The observation 
that some backscatter anomalies are only seen in EM 122 and not in deep-towed sidescan may 
indicate that the gas hydrates, gas, or carbonates occur deeper in the sediments. However, 
whatever the cause of the high backscatter is, it also influences the seafloor morphology as 
shown in the high resolution bathymetry of EM 122 in Figure 35B. We were surprised to see that 
the high backscatter patches are associated with a smoother seafloor surface as well as slight 
elevations (Fig. 35B). We interpret this as a result of gas hydrate deposits in the sediments 
leading to a more distinct upper surface reflection as well as up-doming of the sediments. 

Along the track, we mapped the occurrence of gas in the sediments (blanking) as well as gas 
bubble emissions with PARASOUND (Fig. 35D). The map shows that all of the areas of high 
backscatter in EM 122 are characterized by gas in the sediments. Gas emissions were mapped 
using two different methods: with PARASOUND we were able to detect gas emissions below the 
ship (along the ship track) as seen in Figure 35D. With EM 122 we were able to map the 
distribution of gas emissions in greater detail in a larger area. For example, while PARASOUND 
shows that gas emissions are somehow related to the high backscatter patches, EM 122 reveals 
that at some patches, the gas emissions occur within the high backscatter whereas in others the 
gas mainly escapes around at the fringes of the high backscatter (Fig. 35C). This further 
illustrates the high scientific potential of the EM 122 swath echosounder for cold seep studies. 

After analysing the distribution of gas emissions by PARASOUND and EM 122, it is worth 
discussing the differences between the backscatter of the deep-towed sidescan sonar and EM 
122. It seems as if deep-towed sidescan sonar images better those sites that are actively emitting 
gas bubbles compared to EM 122 showing more sites of high backscatter that appear to be 
presently inactive. For example, three of the five backscatter anomalies in sidescan sonar are 
presently active while EM 122 shows more areas of high backscatter but none of them is active 
with respect to gas emission at present.  
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Fig. 33: Cruise track of M84/2 along which swath bathymetry obtained by EM 122 echosounder. The map 
shows also the location of gas bubble emissions recorded as flares in the echosounder systems EM 122 
and PARASOUND during this cruise. 
 

 
Fig. 34: EM 122 backscatter map obtained during Cruise M84/2. The map shows the same area as the 
bathymetric chart in Figure 33. Major morphological features can be seen along with backscatter 
anomalies caused by fluid seepage. 
 

The distribution of backscatter patches and gas emissions is mainly above the flat platform-
like tops of the ridges (Fig. 35). Nevertheless, there are two areas with high activity at the foot of 
the ridges to the incised valley (Fig. 33). The abrupt contact indicates that the valley evolved 
along a fault zone, that probably also could lean to a pathway for fluid migration to the seafloor. 
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Fig. 35: Eregli Ridge. (A) DTS sidescan sonar. (B) EM 122 shaded bathymetry. (C) EM 122 backscatter 
and flares picked from EM 122 water column data. (D) EM 122 bathymetry (colour coded and shaded), 
outline of EM 122 high backscatter, blanking in the sediments (yellow) and flares (red) from PARASOUND. 
 
 
6.5 Kerch 

A large part of the Kerch fan has been covered for bathymetry and backscatter mapping as well 
as flare imaging using multibeam EM122, EM710 and PARASOUND. Three areas of the margin 
may be distinguished showing very different morphological characteristics, as the distance to the 
Kerch strait increase to the west. The westernmost area is a very steep margin, continuing the 
mountain belt of the Crimean peninsula. Erosional processes lean to deeply incised valleys and 
the fishbone-like ridges. In contrast to this part, the easternmost area is a smooth margin segment 
characterized by intensive sliding processes. The fan of the Kerch strait has a shallow shelf with 
water depths of 80 to 120 m and shows a flat sea bottom surface. Along the shelf edge scarps 
indicate the uppermost surface expressions of numerous sliding events. There are no deep 
incised canyons in this area as in both other surveyed regions. The area in between shows several 
deeply incised canyons but the ridges are not affected by erosional processes as intensively as 
has been observed in the western area.  

In all three areas numerous flares have been recorded by EM122, EM710 and PARASOUND. 
The entire margin shows a strong activity in gas emission. The huge dataset of the multibeam 
systems needs to be analysed later on land, but the recorded flares by PARASOUND have been 
picked onboard and plotted (Fig. 36). In total, about 1400 flares have been counted in all three 
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areas. Remarkably is, that in the western area only few flares have been found in contrast to the 
very high amounts in the other two areas in the eastern part, that is related to the Kerch fan.  

Already during surveying, it became obvious, that most flares are located along the crests of 
the ridges. To give a better impression of the intensities of the gas emissions and their 
distributions, all flares have been classified into weak and strong flares and plotted in different 
colours. Weak flares are generally a lot more abundant than strong flares. And at least in the 
central area, the shallow part is covered only by weak flares whereas strong flares only appear in 
the deeper part. 
 

 
Fig. 36: Flares detected by PARASOUND (19 kHz) along three surveys margin areas at the Kerch fan. With 
only few outliers, flares are located above the GHSZ, which has been calculated to begin in about 700 m 
water depth. In contrast to the middle and eastern part of the margin, the western area shows a lot 
weaker gas emission activity. 
 

The abundance of flares is also related to the gas hydrate stability zone, which upper limit has 
been calculated for this area to be at ~700-710 m water depth. Only a very few flares have been 
found below this water depth. One example is Kerch Flare, which is located in about 890 m 
water depth and a very intense seep area. It is known from former cruises and was always 
observed to be highly active. During MERIAN cruise MSM15/2 this site has been investigated in 
detail with hydroacoustics as well as by coring. Three ROV dives have been conducted 
additionally which have proven the seep areas also visually and allowed further sampling and 
measuring at the bubble sites found at the seafloor. Two AUV dives over the area resulted in a 
high-resolution bathymetry map that first showed circular and subcircular elevated patches (Fig. 
38) and flare activity seems to be connected to these patches as flares and also blanking zones 
plot together with these areas. 

During this cruise the activity and intensity have been investigated during a detailed survey 
crossing all known flare areas detected in former cruises (Fig. 37). Although Kerch Flare is still 
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highly active, the gas emissions are recently concentrated in less areas and the location of the 
most intense gas emissions changed as well. In 2010 during MSM15/2 the most intense area was 
located north of the smaller southern patch whereas during this cruise in that area only weak 
activity has been observed and the strongest flares are located at the western rim of the bigger 
northern patch (Fig. 37). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 37: The location of Kerch Flare is clearly indicated by high backscatter areas. Areas where flares 
have been recorded in former cruises scatter around the smaller southern patch and west of the bigger 
northern patch. PARASOUND observations of this cruise show also flares in that areas but the strongest 
gas emissions are located at the rim of the northern patch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 38: The high resolution bathymetry map from an AUV-dive performed during MSM15/2 shows the 
elevated areas that are also characterized by elevated backscatter visible in Figure 37. The picked center 
points of EM122 flares also plot at these structures. This flare positions are more accurate than flares 
estimated by PARASOUND recordings. 
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North of Kerch Flare a very pronounced backscatter patch has been found, that has been 
crossed another time in two directions to prove whether it is related to stronger gas emissions or 
an inactive site. It is located in almost 700 m water depth and therefore almost at the boundary to 
the GHSZ. Above the structure a high activity has been found and several flares have been 
recorded in the water column (Figs. 39 and 40). In the subbottom record from the PARASOUND 
are also several blankings documented that indicate high gas content in the sediments below the 
structure. 

 
Fig. 39: Backscatter anomaly found north of Kerch-Flare that is related to intense flares observed with 
PARASOUND. The location is just above the boundary of the GHSZ. In that case the bathymetric map does 
not show a morphologic expression of the seep site. 
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Fig. 40: PARASOUND echograms of PHF (above) and SLF (below) recordings by crossing the BS-
anomaly.  
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6.6 Sorokin Trough 

Gas emission in the Sorokin Trough is related to mud volcanism. Numerous mud volcanoes are 
known in this area in water depths of around 2000 m (Tab.6). During M84/2 a survey crossing 
most of the mud volcanoes in the northern part of the Sorokin Trough has been conducted in 
order to proof if they are recently active and to compare the results with former observations. 
The cruise track and flare observations are shown in Figure 36. In this figure, the Sorokin 
Trough is located in the south-western part. Table 6 summarizes the flare observations. 
 
Table 6: Flare observations related to seafloor structures within the Sorokin Trough during M84/2 and for 
comparison also during MSM15/2. 
 

Mud volcano/structure Flare observation Intensity Activity in 2010 (MSM15/2)
Dvurechenskii MV yes weak yes 
Helgoland MV yes strong yes 
Vodianitskii MV yes strong yes 
Nioz MV yes weak yes 
Odessa MV yes weak yes 
Tblisi yes weak yes 
NFS yes strong yes 
Istanbul MV no  no 
M12 no  yes 
M16 yes weak Not passed 

 
At Helgoland Mud Volcano (HMV) and Dvurechenskii MV additional detailed surveys have 

been conducted for best localisation of each flare center. The flares observed with EM122 have 
been mapped and the distribution is shown in Figure 41. Both gas emission areas are in the 
central parts of the mud volcano structures. Flares have been recorded with the PARASOUND 
system as well and confirm the position located by using the EM122 data. The flare at 
Dvurechenskii MV is a lot weaker in comparison to the one recorded at Helgoland MV.  

 
Fig. 41: Dvurechenskii MV and Helgoland MV were both active degassing during M84/2. The red points 
show the center points of each recorded flare with EM122, whereas the yellow points mark the outer 
boundary of each flare observation.  
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7. Station Work With the Autonomous Underwater Vehicle (AUV) SEAL 5000 
(G. Meinecke, E. Kopiske, J. Renken) 

 

7.1 Introduction 

In the year 2006 the MARUM ordered a deep diving autonomous underwater vehicle (AUV), 
designed as a modular sensor carrier platform for autonomous underwater applications. The 
AUV was built in Canada by the company International Submarine Engineering (I.S.E.). In June 
2007 the AUV “SEAL” was delivered to MARUM and tested afterwards on the French vessel 
N/O SUROIT (June 2007) and the German R/V POSEIDON (November 2007) in the Mediterranean 
Sea as extended Factory Acceptance test. Since then, the AUV was prepared to be set step by 
step in operational mode, which is in fact much more complicated due to missing technical 
maturity of autonomous systems in general. 

 
7.2 SEAL Vehicle: Basics 

The AUV Seal is No. 5 of the Explorer-AUV series from the company I.S.E. Two other very 
similar AUVs are operated by IFREMER (La Seine sur Mer), one by University New Foundland 
and one by Memorial University Mississippi. Recently, the Canadian Government also bought 
two 5000 vehicles, being the largest ones together with the SEAL vehicle. 

The AUV is nearly 5.75 m long, with 0.73 m diameter and a weight of 1.35 tons. The AUV 
consists of a modular atmospheric pressure hull, designed from 2 hull segments and a front and 
aft dome. Inside the pressure hull, the vehicle control computer (VCC), the payload control 
computer (PCC), 8 lithium batteries and spare room for additional “dry” payload electronics are 
located. Actually, the inertial navigation system PHINS and the RESON multibeam-processor 
are located as dry payload here. The tail and the front section, build on GRP-material, are 
flooded wet bays. In the tail section the motor, beacons for USBL, RF-radio, flash light, 
IRIDIUM antenna, DGPS antenna and the pressure-sensor are located. In the front section the 
Seabird SBE 49 CTD, the Sercel MATS 200 acoustic modem, the DVL (300kHz), 
KONGSBERG Pencil beam (675kHz), the RESON MBES 7125B (400kHz) and the BENTHOS 
dual frequency (100/400kHz) side scan sonar are located. The SEAL AUV has a capacity of 
approx. 15 kWh main energy and additional capabilities for 4.0 – 6.0 kWh more main energy 
without design change. 

For security aspects, several hard- and software mechanisms are installed on the AUV to 
minimize the risk for malfunction, damage and total loss. More basic features are dealing with 
fault response tables, up to an emergency drop weight, either released by user or completely 
independent by AUV itself. 

MARUM put special emphasis on open architecture in hard- and software design in order to 
be as much as possible modular and flexible with the vehicle after delivery. Therefore the VCC 
is based to large extend on industrial electronic components and compact PCI industrial boards 
and only very rare proprietary hardware boards. The software is completely built QNX 4.25 – a 
licensed UNIX derivate, to large extend open for user modifications. The payload PC is built on 
comparable hardware components, but running with Windows and/or Linux on demand. 

On the support vessel, the counterpart to the VCC is located on the surface control computer 
(SCC). It is designed as an Intel based standard PC, also running with same QNX and a Graphic 
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User Interface (GUI) to control and command the SEAL AUV. Direct communication with the 
AUV is established by Ethernet-LAN, either by hardwired 100 mb LAN cable plugged to AUV 
on deck, or by Ethernet-RF-LAN modem once vehicle is on water. The typical range of RF-
communication is around 1 – 2 km distance to vehicle. Within this range the user has all options 
to operate the AUV in Pilot-Mode, e.g. to manoeuvre the AUV on water or change settings. 
Once the AUV is under water, all communication links were shut down automatically and the 
AUV has to be in Mission-Mode, means it is working based on specific user-defined mission. 

Despite being in mission-mode it is necessary to communicate with the AUV when it is under 
water, for instance asking for actual position, depth and status. To achieve this, onboard the 
support vessel an acoustic underwater modem with dunking transducer has to be installed (Sercel 
MATS modem) communicating with the counterpart on the AUV, on request. Due to limited 
acoustic bandwidth only rare data sets are available. 

 
7.3 Mission Mode 

The AUV as dedicated autonomous vehicle has to be pre-defined operated under water. As 
mentioned, only at sea surface a manoeuvring by the pilot is possible - once it dives, it will loose 
communication and therefore must be in a mission-mode. Initialized correctly, fault prevention 
mechanisms should prevent the AUV for damage/loss in that case. 

Simplified, an AUV mission is a set of targets, clearly defined by its longitude, latitude, and a 
given depth/altitude the vehicle should reach/keep by a given speed of AUV in a distinct time. 
The AUV needs to be in a definite 3-dimensional underwater space to know exactly its own 
position over mission time in order to actively navigate on this. To achieve this basic scenario, 
the AUV is working at sea surface with best position update possible, e.g. DGPS position. Once 
it dives, it takes the actual position as starting point of navigation, looks for its own heading and 
the actual speed and calculating its ongoing position change based on the last actual position, e.g. 
method known as dead reckoning. To achieve highest precision in navigation, a combination of 
motion reference unit (MRU) and Inertial Navigation System (INS) is installed on the SEAL 
AUV – the PHINS inertial unit from IXSEA Company. Briefly, the MRU is “feeling” the 
acceleration of the vehicle in all 3 axis (x,y,z). The INS is built on 3 fibre-optic gyro’s (x,y,z) 
and gives a very precise/stable heading, pitch and roll information, based on rotation-changes 
compared to the axis. Even on long duration missions, the position calculating by the AUV 
should be very accurate based on that technique. 
 

7.4 Mission Planning 

In principle and very briefly, it would be accepted by the vehicles VCC to receive a simple list of 
waypoints as targets for the actual mission, in a specific syntax. In order to arrange it more 
efficient and convenient a graphical planning tool is used for this mission planning. The 
MIMOSA mission planning tool is a software package, developed by IFREMER, specially 
designed to operate underwater vehicles (AUVs, ROVs). The main goal of this software is to 
plan the current mission, observe to AUV once it is underwater and to visualize gathered data 
from several data sources and vehicles. 
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MIMOSA is mainly built on 2 software sources, e.g. an ArcView 9.1 based Graphical 
Information System (GIS) and a professional Navigation Charting Software offered by Chersoft 
UK. 

In order to plan a mission the user has to work on geo-referenced charts with a given 
projection (MERCATOR), either GIS-maps, raster-charts or S-57 commercial electronic 
navigational charts (ENCs). These basic charts set could easily be enlarged with user specified 
GIS projects, enhanced with already gathered data, e.g. multibeam data, points of interest. Once 
installed in MIMOSA, one can create AUV missions by drawing the specific mission by mouse 
or using implemented set of tools (MIMOSA planning mode). Missions created in that way are 
completely editable, movable to other geographical locations and exportable to other formats. In 
order to be interpretable by the SEAL AUV, the created mission will be translated in the I.S.E. 
specific syntax; a set of targets, waypoints, depth informations and timer will be created and 
written into an export path. From here the mission file can be uploaded via the SCC (support 
vessel) into the VCC (AUVs control PC); the AUV has its mission and is capable to dive based 
on mission plan. 

 
7.5 Mission Observing/Tracking 

The MIMOSA planning tool is also used to monitor the vehicle at sea surface, more interesting 
under water (MIMOSA observation mode). The MIMOSA software is client based, means one 
dedicated server is used for planning, while the others are in slave/client mode, picking up actual 
missions. Therefore, position data strings from the AUV are being sent to local network and fed 
into the MIMOSA software to display actual vehicle position, e.g. DGPS signal once it is on sea 
surface. During dive the AUV can be tracked automatically via ultra short baseline systems 
(USBL), e.g. IXSEA GAPS or POSIDONIA, using the on-board AUV installed USBL 
transponder beacon (deliver position where the vehicle “actually” is). 

In addition to this independent position source vehicles own position (deliver where the 
vehicle “thinks” it is) can be displayed also. This position is based on transmitted data strings 
from MATS underwater acoustic modem, only coming from AUV on user request. 

To summarize, usually you have displayed in tracking mode: 
- position of support vessel 
- either DGPS of AUV during surface track, or 
- USBL position (GAPS or POSIDONIA)  
- and MATS position (underwater acoustic on request)  
 

7.6 Operational Aspects 

The SEAL AUV was used at least 6 times on field cruises so far (2 times for technical trials). 
Thus, several different vessels have been in operation and on each vessel the handling of the 
AUV is quite a bit different. In principle, the A-frame seems to be the best position to launch and 
recovery the AUV, because the tendency to hit ships wall is minimized compared to sideward 
operation, based on experiences.  

On R/V METEOR the launch and recovery was planned with the recently installed crane No.1 
at starboard side of vessel, because the gear boom was used not appropriate for AUV operations 
and the A-frame was blocked by MeBo operations. 
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In principle the AUV can be operated out of the lab, based on simple PC-console racks. On 
METEOR M84/2a cruise, the AUV operations were run out of a 20” operation/workshop van, 
located on the main deck. The consoles, file-server and printer are installed in the container, 
workbench, tools and spares also. 

Prior to launch of AUV, the PHINS on-board the AUV needs to be calibrated. Therefore, the 
PHINS needs to be reset and the vessel has to be still standing for at least 5 minutes. After that 
initial phase (coarse align), the vessel needs to run a rectangular course of 5 minutes times 3 
knots each line (fine align). At the end of that time span and course, the PHINS is in so called 
“normal mode”, means it has it highest position quality. 

 
7.7 Station Work on M84/2a Cruise 

During installation of AUV on-board METEOR in Istanbul harbour it was obvious that the vehicle 
was damaged during transportation. The nose of the vehicle showed a crack in the GFR wet-bay, 
resulting from a hard hit against the inside container wall during shipping/loading of container.  

Prior to cruise, the AUV was neutrally trimmed in Bremen test tank at approx. 4 ‰ salinity. 
Thus, it was necessary to adjust the AUV to ambient salinity conditions at Black Sea. Therefore, 
the first operation was a trim or balancing test with the AUV at station. Due to specific salinity 
situation at Black Sea, the uppermost 130-150 m of water column are at only 18 ‰ salinity, 
while the deeper part of water column are at approx. 21 ‰ salinity. The trim has to be the 
balance between a just floating, deep lying heavy vehicle (negative trim) at sea surface and more 
light vehicle at depth (positive trim), in more dense water columns. The more light the vehicle is 
on sea surface the more the vehicle has to fight against the more uplifting force in denser deep 
water. 

The first test was performed during more rough sea state conditions in around 5-6 bft. During 
first test at Dive 39, it was obvious, that the vehicle was too heavy, it was deep lying in the 
waves. Lot of wash over at the stern plane took place and strongly influenced the remote RF 
communication with vehicle. During operation in rough sea state plane no. 5 stopped working 
with a fault, therefore the vehicle had to be recovered, anyway. Finally, we decided to remove 
some ballast weights from the AUV. The plane could be fixed in repair of mechanics. 

On dive no. 40 the vehicle was trimmed lighter and behaved a bit better in waves. 
Nevertheless, RF communication restrictions have been recognized several times during test. 
First initial test (so called Label 20, dive down to 30 m, circle 5 minutes on depth) failed with a 
present indication of a ground fault on 48V main power bus of vehicle, detected by the very 
sensitive groundfault detection system (GF), which is installed on AUV in order to ensure the 
vehicle is in optimal electronic condition – all sensors in the flooded sections are connected to 
several channels of the GF system. For security reasons, it is not possible to set the AUV in 
mission mode if the GF system indicates a fault – except really hard-coded overriding of the GF 
response in the Fault Response Table (FRT), which inhabits the potential to ignore a complex 
fault of the system at depth, occasionally resulting in a total loss of vehicle. 

Once on deck, the vehicle hull was opened, in order to check whether the hit during container 
transport damaged some parts of main electronics inside. Opening of hull under sea conditions is 
not really appropriate, because the vehicle hull is evacuated and therefore very humid and even 
salt ballasted air is venting the inner hull and electronics during opening procedure. No visible 
damages have been recognized during visible inspection. Afterwards, several potential fault 
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sources have been checked afterwards on deck, in order to solve the problem. Finally, we 
changed the main thruster unit as most potential fault source. 

On dive no. 41 the GF on 48V channel was persistent, without no chance of diving. The 
vehicle had to be recovered again. Finally, we had to open the main hull of the vehicle again, in 
order to change the main bulkhead on thruster connection. In addition, the main switch was 
removed and the bulkhead was changed, as well. 

On dive no. 42 the GF on 48V channel was not active, means we solved the problem. During 
label 20 test, a next GF appears on depth. Now, the GF system recognized a GF on different GF 
channels – mainly related to the steering planes, but also related to the main vehicle control 
computer VCC, the Paroscientific depth sensor and the GPS system. The consequence was the 
same – no chance e to dive with the AUV. 

In the following days it was tried to isolate the very wide-ranged potential fault source. The 
several tests have been done, with the planes, lost of connectors, replacements of different 
sensors. None of these maintenance actions solved the problem. During the next dives 43 and 44 
the vehicle performed well on sea surface, without no indication on GF problems, even the test 
labels run all smooth. Once the vehicle was set to mission mode and the vehicle started to 
descend to target depth, on different depth levels in around 100 - 120 m waterdepth the vehicle 
stopped working with a fault response. Each time, the fault response was related to persisting GF 
on the cumulative GF channels 1, 3 and 4, triggering the planes, VCC , Paro and the GPS.  

Finally, we decided to cancel the AUV work, because further investigation especially on 
planes and main electronics are extremely necessary to solve the strange vehicle behaviour on 
depth. Due to humid and rainy weather conditions, we have been unable to open the hull again, 
in order to run electronic tests on deck. 

 
7.8 Results 

Despite the lack on scientific results on AUV operations during the cruise, several operational 
aspects could be proven during the AUV operations on M84/2a cruise. Launch and recovery 
worked very well and smooth. Operations with the new crane no. 1 have been absolutely fine. 
For recovery, the first time the lock-latch was used to connect the floating AUV to ships crane. 
The system runs very reliable and simplified the critical zodiac operation near ships hull to great 
extent. 

As result for AUV team itself, a long list on electronic modifications has been written during 
cruise in order to be better prepared for complex faults, active during the M84/2a cruise.  
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8. Coring with the Sea Floor Drill Rig MeBo 

(T. Freudenthal, M. Bergenthal, R. Düßmann, O. Herschelmann, K. Kaszemeik, 
T. Klein, M. Reuter, U. Rosiak, W. Schmidt, A. Stachowski) 

 
8.1. Introduction 

During R/V METEOR Cruise M84/2, the seafloor drilling rig MeBo was used for getting long 
sediment cores (Fig. 42). This device is a robotic drill that is deployed on the sea bed and 
remotely controlled from the vessel (Fig. 42). The complete MeBo system, including drill, 
winch, launch and recovery system, control unit, as well as workshop and spare drill tools is 
shipped within six 20’ containers. A steel armored umbilical with a diameter of 32 mm is used to 
lower the 10-tons heavy device to the sea bed where four legs are being armed out in order to 
increase the stability of the rig. Copper wires and fiber optic cables within the umbilical are used 
for energy supply from the vessel and for communication between the MeBo and the control unit 
on the deck of the vessel. The maximum deployment depth in the current configuration is 2000 m. 

 
Fig. 42: The sea floor drill rig MeBo during the first deployment of expedition M84/2 (picture. 

 
The mast with the feeding system forms the central part of the drill rig (Fig. 43). The drill 

head provides the required torque and rotary speed for rock drilling and is mounted on a guide 
carriage that moves up and down the mast with a maximum push force of 4 tons. A water pump 
provides sea water for flushing the drill string for cooling of the drill bit and for removing the 
drill cuttings. Core barrels and rods are stored on two magazines on the drill rig. We used wire-
line core barrels (HQ) and hard metal drill bit with 55 mm core diameter (push coring). The 
stroke length was 2.35 m each. With complete loading of the magazines a maximum drilling 
depth of about 70 m can be reached. Station time can reach more than 24 hrs per deployment.  
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Fig. 43: Schematic overview on the MeBo drill rig (left) and its deployment from a research vessel (right). 
 

The MeBo was deployed 6 times. In total the MeBo was operated nearly 76 hrs. The main 
goal of the deployments was the investigation of the occurrence of gas hydrates in the Black Sea 
sediments. Altogether 52.15 m were drilled and about 40 m core was recovered. Muddy 
sediments as well as gas hydrate bearing sediments and massif hydrates were drilled. Detailed 
information on deployment of MeBo and recovery of sediments is summarized in the station list 
(Table 7). Optimal recovery rates for the massif hydrates were achieved by rotary drilling 
technique while push coring technique was better suited for the soft sediments.  

The extremely soft upper sediments at the sea floor were a major challenge for the 
deployment of MeBo at all sites besides of GeoB15227-3. Since the electro-hydraulic drive of 
the drill rig is mounted at the bottom of the drill rig it was covered by mud immediately after 
landing the system on the sea floor. This resulted in an inefficient cooling of the electric motors 
and the pumps. The drive had to be switched off after short periods of drilling operations in order 
to prevent the system from overheating. We supposed that the repeated switches of the drive in 
combination with the inefficient cooling of the pumps resulted in the failure of the hydraulic 
pumps during the first and last deployment. An efficient cooling of the electro-hydraulic drive is 
mandatory for future deployments of the drill rig on these kinds of extremely soft sediments. 

 
Table 7: Station list for MeBo deployments. 

Station 
GeoB No. 

Deployment 
duration 
[hrs:min] 

Latitude 
[N] 

Longitude 
[E] 

Water 
depth 

[m] 

Drill 
depth 
[cm] 

Recovery 

[cm/ ] 

Remarks 

15208-1 13:49 41°27.412 30°51.138 975 800 598/75% 
Stopped due to 
failure of hydraulic 
pump 

15220-3 3:42 41°57.159 41°16.842 878 0  Failure of Can-Bus 

15220-5 17:15 41°57.156 41°16.842 878 1415 1090/77%  

15226-2 6:28 41°58.938 41°07.587 1025 505 376/74%  

15227-3 14:01 41°59.000 41°07.540 1027 1910 1317/69%  

15236-2 20:38 41°57.590 41°17.350 838 985 596/61% 
Stopped due to 
failure of hydraulic 
pump 
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8.2 Prototype Tests of MDP-Pressure Core Barrel 
(H.-J. Hohnberg) 

Within the joint BMBF/BMWI project SUGAR I, a novel pressure core barrel, the MeBo-
Druckkern-Probennehmer (MDP), was developed for the use with the sea floor drill rig MeBo to 
recover deep hydrate-bearing sediments under in situ pressure. The MDP is to be used similar to 
a conventional MeBo wire-line inner core barrel, but additionally allows for quantitative 
sampling of gas within the sediments. The MDP consists of (a) a cutting shoe or drill bit for 
cutting the sediment core with the required core diameter, (b) an upper piston using hydrostatic 
pressure to force the penetration of the core into the core barrel, (c) a pressure housing and a 
lower valve that is closed subsequent to the coring process in order to keep the in-situ pressure 
within the core barrel, (d) a core catcher that prevents loss of sediment before the valve is closed, 
and (e) a latching device that ensures correct positioning of the MDP within the MeBo drill 
string and that activates the closing of the valve when the MDP is hooked up by wire inside the 
drill string.  

During M84/2 the main goal of the MDP prototype experiments was to test the patent pending 
piston system, which is based on the pressure gradient between the pressure enclosed in the core 
barrel housing and the in-situ pressure. This system controls the movement of a piston that forces 
the sediment core into the core barrel while the core barrel is pushed into the sediment. The 
piston is locked mechanically until a touch sensor hits the sediment at the bottom of the drilled 
hole during the start of the coring process. 

During M84/2 the MDPs could unfortunately not be tested as a functional part of MeBo, since 
the hydraulic-pump of MeBo failed few days after the first MeBo deployment. Therefore, the 
tests were conducted with a modified MDP-prototype (‘Lotvariante’-MDP, the LDP) that was 
deployed on the ship’s wire similar to a conventional piston corer (Fig. 44). The LDP is a 
complete MDP additionally equipped with pilot-plates. The LDP was lowered towards the sea 
bed with a speed of 1.0 m/s until contact with the sea floor activated the sampling. After a few 
seconds of holding time, the LDP was lifted off the sediment and recovered on the ship’s deck. 

 

 
Fig. 44: Deployment of the LDP from board the R/V METEOR during M84/2. 
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Aspects investigated during the LDP/MDP tests were: 
Is there an influence of the sea motion and of the descending speed on the locking of the piston? 
Is the sensitivity of the touch sensor sufficient during contact with the sediment? 
How fast is the piston activated during contact with the sediment? 
Has the dynamic of the piston to be damped after releasing? 
How much nozzles and which nozzle diameter are necessary for damping the piston at different 

water depths and sediment types? 
How reliable is the function of the handmade breaker plates (carbon-fiber-reinforced plastic) at 

different pressure levels and their ‘snapping through’ -behavior during the activation of the 
piston? 

Does the tool need for penetration kinetic energy depending on freefall-distance and its own 
mass? 

How much force is required to overcome the friction between liner-retraction system and O-
rings?  

How deep does the tool penetrate into the sediment? 
Does the core length correspond to the penetration depth? 
Is there any obvious core disturbance attributable to the sampling procedure? 
How reliable is the core catcher? 
Is the stability of the different materials used sufficient at different pressure gradients and at 

maximum deployment depth? 
What are the dynamic loads during the unlocking of the piston? 
Is it important to have a piston retaining system that shall impede a backward movement of the 

piston after the coring? 
Does the piston retaining system work properly? 
Does the sealing-flap work properly? 

 
Table 8: Station list for LDP deployments. Note: Because the LDP is not equipped with an active core 
cutting mechanism, the flap could not be closed properly at the seabed and, thus, the in situ pressure was 
always lost. 
 

GeoB No. Ship 
station 

No. 

Date 
2011 

Deployment 
start UTC 
[hrs:min]  

Latitude 
[°N] 

Longitude
[°E] 

Water 
depth 
[m]  

Recovery 
[cm]  

15211 145 01.03. 9:40 41°28.075 30°52.392 996 140 

15220-2 155 04.03 05:23 41°57.145 41°16.851 878 140 

15227-4 169 07.03. 08:59 38°10.43 41°58.981 1026 140 

15235-2 180 09.03. 05:54 41°52.278 41°17.237 878 140 

15503-2 238 20.03. 12:40 41°32.440 37°36.890 1521 100 

15512-3 255 24.03. 12:10 44°37.419 35°42.357 895 140 

15529 274 29.03. 04:48 44°16.950 34°58.670 2054 000 

15533-3 283 29.03. 23:30 44°18.166 34°59.162 2054 000 

 

During M84/2 the LDP prototype was deployed for the first time and at eight stations (Table 
8). Down to 1500 m water depth the entire system worked properly, although the flap could not 
be closed because of the lack of an active core cutting mechanism below the core-catcher which 
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is an integral part of the MeBo system. The last two deep-sea deployments at 2000 m water 
depth failed because the friction force between the liner retraction system and the O-rings was 
too strong. As a result the breaker plates did not break as intended, the piston did not release, and 
the liner retraction system could not be pulled. 

 
Results obtained during LDP deployments were: 
The motion of the sea did not influence the locking of the piston. 
The touch sensor worked properly and the piston is activated during contact with the sea floor on 

impulse. 
The breaker plates worked reliably down to a water depth of about 1500 m. 
Not much kinetic energy is required for penetration of the LDP. 
The penetration depth and the relation between core length and penetration depth could be 

evaluated during M84/2.  
The vertical movement of the piston is very fast if not damped. Damping of the piston-speed is 

achieved by water fillings in combination with the introduction of water flow-jets in the liner. 
The core catcher with blade strength of 0.2 mm was suitable for keeping the sediment inside the 

core barrel. The dynamic load during the activation of the piston caused no damage of the 
blades during damped deployments. 

The evaluation of the core structure will be based on the results of geochemical investigations 
(typical porewater profiles). 

 
In conclusion the MDP/LDP system is working according to the expectations. Modifications 

that have to be realized after the cruise and should improve the functionality are according to the 
test results: 
The maximum speed of the piston can be controlled and adjusted to the coring speed by 

controlling the size of the water pathways. 
The piston retaining system requires a slight technical modification. 
Some O-ring-sealings have to be changed to sliding ring sealings. 
A core cutter has to be designed and added to the system. 
The core catcher in combination with the lower liner-end requires a technical modification. 
In order to avoid contamination of the flap mechanism by sediment the upper liner release 

mechanism has to be modified to install a pressure equilibration system. 
 
 

8.3 Results of MeBo Cores 
 (A. Bahr, J. Wei, D. Nadezhkin) 

8.3.1 MeBo-63, Eregli Patch 1 

This site targets a high-backscatter patch found in the Eregli Area which is related to gas seep 
activity. With a total drilling depth of 800 cm a total of 598 cm of sediment have been recovered 
belonging to Unit 1, 2, 3. Unit 1 and 2 reach down to ca. 6.30 drill depth, the Holocene 
sedimentation rate at this site is therefore much higher than in comparable cores from the NW 
Black Sea but similar to that of the adjacent cores MD04-2760/2788 and GeoB 7622-2 located 
off the Sarkarya River mouth (Lamy et al., 2006; Kwiecien et al., 2008). As described from 
GeoB 7622-2 numerous homogeneous clay layers of up to 1 cm thickness are intercalated 
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between the darker laminae in Unit 2 and light laminae (coccolith)/dark laminae of Unit 1. These 
clay layers have been interpreted to represent riverine transported suspended matter related to 
high-discharge events rather. Notably, the surface salinity at the GeoB 15298-1 site is 17.5 PSU 
(shipboard sensor) which is lower than the common 18.5 in Black Sea surface waters, indicating 
freshwater influence. While moderately strong H2S smell was observed, some parts of sediment 
have been affected by degassing but no indication of gas hydrate presence is evident. 
 
Table 9: Overview of drilling depth and core recovery of MeBo station GeoB 15208-1. 
 

Core 
Nr. 

Start of 
drilling 
(cmbsf) 

End of 
drilling 
(cmbsf) 

Sections Recovery 
(cm) 

Whole round 
samples (cm) 

Samples 

1P 0 270 1 137 127-137 Porewater 
   CC 15   
2P 270 505 1 97 87-97 Porewater 
   CC 15   
3P 505 740 1 118 108-118 Porewater 
   2 91 81-91 Porewater 
   CC 13   
4P 740 800 1 96 86-96 Porewater 
      CC 16     
   Total recovery (cm) 598     

 
 
8.3.2 MeBo-64 and 65, Batumi Reference Site 

These drill locations were intended to drill a representative profile of the background 
sedimentation in the Batumi area. While MeBo Station 64 (GeoB 15220-3) has been abandoned 
due to technical problems, MeBo-65 (GeoB 15220-5) reached a total drilling depth of 1415 cm 
and a total of 1090 cm of sediment have been recovered. The upper 1.16 m comprise the marine 
Units 1 and 2 while Unit 3 is characterized below 5.8 m by a regular succession of dark, slightly 
sandy layers (likely turbidites) alternating with lighter, clayey intervals. Red layer intervals 
known from the western part of the Black Sea have not been found. Based on the shipboard data 
reliable information on the maximum age of the recovered sediments could not be obtained, 
however, the regular intercalation of turbiditic material suggests high glacial sedimentation rates. 
Moderate H2S smell was noticed from the core and some parts of sediment have been affected by 
degassing but indications for the presence of gas hydrates were not recognized. 

Additional information regarding the recovery and core quality can in this case be obtained by 
the comparison of the reflectance data from the MeBo drill site and the parallel gravity core 
GeoB 15220-1. Figure 46 shows the proposed correlation between both sites, indicating that, 
first, the MeBo did not lose much sediment at top, and, second, the MeBo core seems to be 
compressed during drilling and core retrieval relative to the gravity corer. Furthermore, the data 
seems to suggest that voids between incompletely recovered segments are relatively minor. 
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Fig. 46: Correlation of MeBo Site GeoB 15220-5 and parallel gravity core GeoB 15220-1. Lightness is 
shown as black line, red/blue ratio as red line with respective correlations. 
 
 
Table 10: Overview of drilling depth and core recovery of MeBo-65 (GeoB 15220-5). 
 

Core Nr. Start of drilling 
(cmbsf) 

End of drilling 
(cmbsf) 

Sections Recovery (cm) 

1P 0 270 1 121 
   2 89 
   CC 17 
2P 270 505 1 95 
   CC 18 
3P 505 740 1 121 
   2 90 
   CC 16 
4P 740 975 1 96 
   CC 13 
5P 975 1210 1 120.5 
   2 94 
   CC 14.5 
6P 1210 1415 1 120 
   2 50 
      CC 15 
   Total recovery (cm) 1090 
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8.3.3 MeBo-66 and 67, Pechori Mound 

In Pechori Mound an attempt was made to drill oil-stained, hydrate-rich sediments. MeBo-66 
(GeoB 15227-1) was drilled down in the push-core technique to 505 cmbsf, when drilling 
operation was stopped due to the encounter of a hard substrate. The core recovered mostly oil-
stained clay with gas hydrates. In the uppermost section 1P-1 relatively stiff clay with dark 
lamination and light coccolith-layers has been cored, while below the sediment is generally 
characterized by moussy to soupy consistency. Only in some parts that were less affected by gas 
hydrate decomposition, degassing and oil staining, distinguishable coccolith-bearing layer were 
found. It might therefore be assumed that the sediment is a mixture of extruded clayey sediment 
and more or less homogenized hemipelagic sediment belonging to Unit 1. Except section 1P-1, 
all sections contained gas hydrates in abundance with sizes exceeding 1 cm in thickness. 
Notable, authigenic carbonates have not been found. Due to the highly disturbed sediments no 
color scanning has been performed. 
 

 
 
Fig. 47: Gas hydrates in oil-stained sediments (GeoB 15227-1, section 1P-2A). 
 
Table 11: Overview of drilling depth and core recovery of MeBo (GeoB 15227-1). 
 

Core Nr. Start of drilling 
(mbsf) 

End of drilling 
(mbsf) 

Sections Recovery (cm) 

1P 0 270 1 42 
   2 94 
   CC 0 
2P 270 500 1 121 
   2 119 
   CC 0 
3P 500 505   
   Total recovery (cm) 376 
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This drill site is a parallel core to GeoB15227-2, which was abandoned due to hard hydrate 
layers accounted. With rotary drilling, a total drill depth of 19.10 m was reached. No 
hemipelagic sediments were accounted, the entire core consists of expelled mud from the mound. 
The sediment is characterized by thoroughly oil-stained brownish silty clay with fine sand 
components that are constituted of indurated clay (fine grained “mud breccia”). Otherwise, the 
core contains abundant, massive oily hydrates. Some sections (in particular 5R-2, 4R-1, 8R-1, 
9R-1) were entirely filled with hydrates, leaving only water, oil and very few sediment particles 
after decomposition. When comparing recovery and the drill log it seems that the recovered 
intervals represent hydrate-rich layers while hydrate-poor or barren sediments where lost during 
drilling. 

 
Table 12: Overview of drilling depth and core recovery of MeBo-67 (GeoB 15227-3). 
 

Core Nr. Start of drilling 
(mbsf) 

End of drilling 
(mbsf) 

Sections Recovery 
(cm) 

Remarks 

1P 0 245 1 120  
   2 126  
   CC 15 gas hydrate, 

length estimated
2R 245 270 --   
3R 270 505 1 100  
4R 505 740 1 120  
   2 118  
   CC 15 gas hydrate, 

length estimated
5R 740 975 1 65  
   2 65  
   CC 15 gas hydrate, 

length estimated
6R 975 1210 1 50  
7R 1210 1445 1 61  
   CC 15 gas hydrate, 

length estimated
8R 1445 1680 1 120  
   2 125  
   CC 15 gas hydrate, 

length estimated
9R 1680 1910 1 120  
   2 37  
   CC 15 gas hydrate, 

length estimated
     Total recovery (cm) 1317   
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8.3.4 MeBo-68, Batumi Seep 

This MeBo site (GeoB 15236-2) targeted gas hydrate-bearing sediments but in contrast to 
Pechori Mound without association to oil. The top of the recovered sediments belong to Unit 2, 
thus, missing the overlying coccolith ooze. Unit 2 shows no influence of hydrates, the underlying 
Unit 3 in section 1P-1 displays some degassing structures, however, finely dispersed hydrates 
appear in section 1P-2 and below. In contrast to earlier gravity cores which retrieved disperse 
clathrates, massive gas hydrate layers of at least 10 cm thickness have been encountered in 
sections 2P-1 and 3P-1 below a drill depth of 2.70 m (Fig. 48). Unit 3 in the gas hydrate bearing 
parts has also a slight sandy component which seems to derive from indurated clay particles of 
uncertain origin. 
 

.  
Fig. 48: Gas hydrate from GeoB 15236-2, from the top of section 3P-1. 
 
 
Table 13: Overview of drilling depth and core recovery of MeBo-68 (GeoB 15236-2). 
 

Core 
Nr. 

Start of drilling 
(cmbsf) 

End of drilling 
(cmbsf) 

Sections Recovery 
(cm) 

Remarks 

1P 0 270 1 137  
   2 126  
   CC -  
2P 270 565 1 72 discarded (massive gas 

hydrate, stored in liquid 
nitrogen) 

   CC 10 gas hydrate, stored in liqu. 
N2 

3P 565 740 1 120  
   2 126  
   CC 5 gas hydrate, stored in liqu. 

N2 
4R 740 975 - - No recovery 
      CC -   
5P 975 985 - - No recovery 
   CC -  
     Total recovery (cm) 596   
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9. Sediment Sampling 
(A. Bahr, H. Sahling, M. Haeckel, T. Pape, J. Wei, D. Nadezhkin, K. Hatsukano) 

Near-surface sediments have been sampled (Appendix 1) with a gravity corer (GC), a minicorer 
(MIC), the Dynamic Autoclave Piston Corer-I (DAPC I), and the Lotvariante Druckkern Proben-
nehmer (LDP). The GC was deployed in order to (1) sample gas hydrates, (2) obtain geo-
chemical and geothermal gradients, and (3) sample sediments for sedimentological studies. The 
MIC was deployed in order to sample surface sediments for porewater and gas investigations. A 
list of all GC and MIC deployments with station specifics is given in the Appendix 2. 

The working principle of the autoclave tools, the Dynamic Autoclave Piston Corer-I (DAPC–
I) and the LDP, which were built to recover, preserve, and analyze sediment cores under in situ 
hydrostatic pressure are explained in detail in Chapters 8.2 and 9.2. During incremental 
degassing of the cores, subsamples of the released gas were taken for analyses of their molecular 
composition (Chapter 12). 
 
9.1 Gravity Corer (GC) and Mini Corer (MIC) 
The gravity corer (GC) from MARUM was regularly deployed with a 6 m steel barrel. The total 
weight was about 1250 kg (28 slices of 40 kg weight each plus ~130 kg frame and barrel). Two 
types of core catcher, a classical one with steel lamella (core catcher – lamella) and another type 
with robust steel lids (core catcher – lids; Fig. 49, left), were used. Deployment of the GC was 
done by the ship’s crane and winch W11 on the starboard side (Fig. 49, right). Due to the 
onboard handling procedure, the maximum length of the barrel was limited to 6 m. At selected 
stations, autonomous temperature loggers (T-logger) were mounted as outriggers on the steel 
barrel (Chapter 10). Usually, lowering and hoisting the tool were done with rope speeds of 1 m/s. 
Maximum rope speeds were restricted to 1.2 m/s due to technical problems with the winch 
becoming intolerably loud at higher rope speeds. Typical rope speed for lowering the tool into 
the sediment was 0.5 to 1.2 m/s. Gravity cores were either collected with plastic foil or solid 
plastic (PVC) liner. 

After recovery, gravity cores in PVC liners were cut into 1-m-segments and capped. 
Subsequently, core segments were cut lengthwise yielding a ‘work half’ and ‘archive half’. 
Archived cores were stored in D-Tubes at 4° C. Gas hydrates extracted from gravity cores in 
plastic foil were either preserved in liquid nitrogen (ca. –196° C) or subject to preparation of 
hydrate-bound gas (Chapter 12). 

Fig. 49: The core catcher with lids and the lowermost T-Logger (left). Deployment of the gravity corer 
equipped with a 6 m long steel barrel and T-loggers (right). 
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The MIC from MARUM allows to sample up to four 60 cm long cores of 62 mm in diameter. 
It was lowered with the winch W2, which is commonly used for CTD deployments, over the 
starboard frame. Typical rope speeds for lowering the tool into the sediments were 0.4 to 0.6 
m/s. 

Sediment samples were taken for porewater extraction (Chapter 11) and methane 
concentration analyses (Chapter 12). Near-surface sediments obtained by MIC were stored for 
analysis of lipid biomarkers. After sampling, sediments were described, and photographs were 
taken of cores that were archived afterwards. In some cases smear slides were prepared, to e.g. 
check for the presence of coccoliths. 

For suited cores (i.e. those with sufficient core recovery and undisturbed surface), the light 
reflectance was measured with a GretagMacbethTM Spectrolino hand-held spectrophotometer. 
For this, the sediment surface was smoothed and covered with a purpose-made foil avoiding the 
formation of air bubbles on the foil-sediment interface. The spectral reflectance was measured 
over a wavelength spectrum ranging from 380 to 730 nm in 10 nm intervals. Routine 
measurements were made at 1 cm-intervals and automatically recorded using the KeyWizard 
software. Calibration of the instrument was done before measuring each segment. L, a, and b 
CIELAB colors are automatically calculated by the software. Processing of the raw color 
scanning data included the correction for outliers and sections where the instrument had poor 
surface contact due to voids or very coarse sediment. The resulting lightness (L) and red/blue 
ratios (= 700 nm / (700 nm + 450 nm)) were correlated with lithological core descriptions. 

 
 

9.2. DAPC-Autoclave Sampling 
(H.-J. Hohnberg, T. Pape, K. Dehning, D. Hüttich) 

The Dynamic Autoclave Piston Corer I (DAPC-I) was developed and built in the frame of the 
BMBF-funded joint project OMEGA (2000 – 2003) with the aim of recovering, preserving and 
analyzing hydrate bearing sediment cores from the deep sea under in-situ hydrostatic pressure 
(Abegg et al., 2008). It was designed to cut sediment cores from the shallow sediments to a 
maximum length of 2.65 m and preserve them at in situ pressure corresponding to water depths 
of up to 1500 m. It can be released from variable heights (1–5 m) and enters the seafloor in free 
fall. The cutting pipe, which is relatively short (2.7 m), hits the seafloor with a very strong 
impact. Therefore, it is especially suitable for sampling gas-hydrate bearing sediment. The 
pressure chamber is 2.6 m long and weighs about 180 kg. The DAPC-I total length is 7.2 m and 
its total weight ca. 500 kg. The DAPC pressure chamber is made of stainless steel (1.4571), 
aluminum bronze (CuAl10Ni) and a glass-fiber reinforced plastic (GRP) pipe. The pressure 
barrel consists of GRP, aluminum alloys, seawater resistant steel and aluminum bronze. The 
balls of the ball valves are made of stainless steel (1.4404). The cutting system, consisting of a 
cutting-shoe and an outer cutting-pipe, is made of steel (St52). Further materials used are ball-
bearing-steel, stainless steel 1.4301 and PVC. All parts of the pressure chamber exposed to sea 
water are suitable for long-term storage of cores under pressure for several weeks. The DAPC-I 
is to be deployed from a research vessel on the deep sea cable. The pressure chamber was 
checked and approved by the Berlin TÜV (Technischer Überwachungsverein, technical 
inspection authority of Germany). 
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The DAPC-I was deployed during several studies in recent years (Heeschen et al., 2007; Pape 
et al., 2010a, 2010b; Pape et al. 2011) and is in routine use nowadays. 

 
DAPC deployment 
The deployment of DAPC-I from board the R/V METEOR was similar to that of conventional 
piston corers, pushed by a weight and released by a release mechanism connected to a trigger 
weight (see Abegg et al., 2008). Prior to seafloor deployment, the pressure inside the DAPC-I 
accumulator was always adjusted to a value surpassing the hydrostatic pressure at the sampling 
depths. The deployment-speed was 0.5 m/s. 

 
During M84/2 the DAPC-I was deployed at ten stations (Table 14). 
 
Table 14: Details of DAPC-I deployments during M84/2. 

Deployment 
No. 

GeoB No. Site Date Position at seafloor 
contact (N; E) 

Water 
depth (m) 

DAPC-01 15244-4 Poti seep 13.03.11 41°57.871; 41°18.312 870 

DAPC-02 15244-5 Poti seep 14.03.11 41°57.874; 41°18.331 868 

DAPC-03 15268-1 Ordu Ridge patch 02 16.03.11 41°32.661; 37°37.449 1,534 

DAPC-04 15268-4 Ordu Ridge patch 02 20.03.11 41°32.678; 37°37.440 1,536 

DAPC-05 15268-5 Ordu Ridge patch 02 21.03.11 41°32.670; 37°37.460 1,536 

DAPC-06 15513-2 Kerch flare 23.03.11 44°37.386; 35°42.164 878 

DAPC-07 15516-2 Kerch flare 24.03.11 44°37.230; 35°42.282 889 

DAPC-08 15518-2 Kerch flare 25.03.11 44°37.180; 35°42.270 885 

DAPC-09 15526-1 Dvurechenskii MV 27.03.11 44°16.970; 34°58.670 2,054 

DAPC-10 15530 Helgoland MV 29.03.11 44°17.300; 35°0.040 2,080 

 

Stations conducted with the DAPC 
DAPC-1: The first deployment of the DAPC on M84/2 was successful with a recovery pressure 
of 98 bar maintained in the pressure chamber. The gas content in the core was determined by 
quantitative degassing and the degassed core of about 262 cm in length was used for porewater 
analyses and sedimentological descriptions. 

DAPC-2: The second DAPC core lost pressure entirely during recovery because of leakage of 
the ball valve. By means of hydroacoustic imaging a strong degassing during hauling through the 
water column could be followed. During removal from the pressure chamber some part of the 
core was lost from the core liner. The remaining core material was subject to core descriptions. 

DAPC-3: The third deployment of the DAPC was successful with a retrieval pressure of 145 bar 
and a core length of 145 cm. Upon recovery, the core was degassed quantitatively and used for 
subsequent analyses (Chapter 12). 

DAPC-4: Due to technical problems with the ball valve adjustment no core was torn into the 
pressure chamber at the seafloor. 
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DAPC-5: Leakage of the system occurred during recovery and no pressure was left in the 
pressure chamber. The core was about 110 cm in length and subject to core descriptions. 

DAPC-6: This station was successful with the recovery pressure being 82 bar. The core of about 
199 cm in length was degassed, removed from the pressure chamber and subject to porewater 
sampling and sedimentological descriptions. 

DAPC-7: A small leakage of the system caused a pressure loss down to about 27 bar. The core 
was 247 cm in length and used for quantitative degassing, porewater and sedimentological 
analysis. 

DAPC-8: This station was successful with the recovery pressure being 57 bar and about 200 cm 
of sediment recovered with this core. The core was degassed, sampled for porewater analysis and 
used for sedimentological descriptions. 

DAPC-9: During this DAPC station about 260 cm of sediment were recovered and the pressure 
inside the pressure chamber was about 118 bar. The core was degassed quantitatively and used 
for subsequent analyses. 

DAPC-10: The last DAPC deployment during M84/2 was successful as well. The recovery 
pressure was about 115 bar and the core length was about 257 cm. This core revealed the highest 
gas volume ever obtained with the DAPC. The core was degassed, sampled for porewater 
analysis and used for sedimentological descriptions. 
 
Development and design of the DAPC-I    H.-J. Hohnberg 
Degassing and scientific program    T. Pape 
Preparation and deployment during Leg 1    H.-J. Hohnberg 
Preparation and deployment during Leg 2    K. Dehning, D. Hüttich 
 
 
9.3 Core Descriptions 

Sediments retrieved during the METEOR 84/2a cruise mostly reflect the common sedimentation 
in the Black Sea basin, overprinted to different degrees by diagenetic processes related to 
hydrocarbon seepage. Exceptions are deposits from sites where deep-rooted sediments are 
expelled due to diapiric activity and/or fluid seepage. A complete overview over the lithologies 
of cores retrieved with GC, MIC, and DAPC is given in the Appendix. 

Typical Black Sea sediments from a non-seep area have been recovered in GeoB 15220-1 
from a location close to the Batumi seep area (Fig. 50). These sediments comprise from top to 
bottom: a finely laminated coccolith ooze (Unit 1 according to the scheme proposed by Ross and 
Degens, 1974), followed by a finely laminated sapropel (Unit 2) with distinct light laminations 
rich in needle-shaped authigenic aragonite towards the base. Both, Unit 1 and 2, represent the 
marine stage of the Black Sea. The underlying grayish mud is of lacustrine origin and represents 
the lake stage of the Black Sea during the last glacial. During this time, the global sea level fell 
below the sill depth of the Bosphorus, leading to disconnection of the Black Sea from the Sea of 
Marmara and Mediterranean Sea. The reconnection of the Black Sea with the Sea of Marmara 
occurred at around 9.4 kyrs (Major et al., 2006). The inflow of saline marine water caused the 
formation of the present stratification of the Black Sea water column and the manifestation of 
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anoxic conditions below ca. 160 m water depth. These anoxic conditions lead to the 
accumulation of the organic-rich sediments of Units 1 and 2. The base of the sapropel (Unit 2) 
has been dated to 7.5 kyrs by Jones and Gagnon (1994), an age that has later been refined to 8.0 
kyrs (Lamy et al., 2006). The first prolonged invasion of coccolithophorides occurred at 2.7 kyrs 
(Jones and Gagnon, 1994) marking the base of Unit 1.  

 

 
An often recurring feature of Unit 3 is a distinct black interval (in 280-360 cm core depth in 

GeoB 15220-1) rich in amorphous Fe-sulfides (Neretin et al., 2004), termed „hydrotroilite“ in 
the Russian literature (Limonov et al., 1994). These black horizons are related to the migration of 
a sulfidization front. The black color is lost within a few hours if the core is opened, since these 
Fe-sulfides are instable and oxidize rapidly. Seep-influenced cores often show disturbed bedding 
due to degassing (particularly during core retrieval), making exact assignment of unit boundaries 
difficult. Additionally, these sediments often contain carbonate-cemented intervals (Bahr et al., 
2010). These seep-carbonates are common at seep sites and relate to the increase of alkalinity 
caused by the microbial activity during the anaerobic oxidation of methane. 

The dissociation of gas hydrates leaves characteristic sediment textures termed „soupy“ 
(sediment with very high water content) and „moussy“, referring to heavily degassing sediment, 
rich in small gas bubbles, stiffer than soupy sediments. In both cases the primary structure of the 
sediment is almost completely destroyed. Especially in sediments with soupy sediment textures 
the exact determinations of stratigraphic boundaries is difficult and might have an uncertainty of 
at least ±5 cm. 

In the following a more detailed description of the sediments found at the various research 
areas will be given.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 50: Core description of Batumi reference site 
GeoB 15220-1 (GC-4) with typical Black Sea 
sediments. Indicated are the Units 1-3 after Ross 
and Degens (1974) as well as lightness (black) 
and red/blue ratio (red) from the reflectance data. 
For legend see Appendix 6. 



R/V METEOR Cruise Report M84/2  Sediment Sampling 

67 

Working Area Eregli 
Areas of high backscatter were found in the working area Eregli offshore Turkey. Sediments 
were sampled by GC GeoB 15203 and GeoB 15204 in order to check for the causes of such 
backscatter anomalies. Samples were taken at a high backscatter patch termed Eregli 1 that is 
identifiable in DTS sidescan sonar images as well as in the backscatter map of EM122.  

Cores from Eregli (including the MeBo drillsite GeoB 15208) are characterized by unusual 
high sedimentation rates for the Holocene Units 1 and 2, as both gravity cores exclusively 
comprise Unit 1 sediments (Fig. 51). Similar high sedimentation rates have been described from 
other cores from this area (Lamy et al., 2006, Kwiecien et al., 2008), which is due to the 
influence of terrigenous material delivered by the Sakarya River to this area. Typical for the 
sediments in this area is the regular intercalation of homogenous clay layers presumably derived 
from suspension load brought in by the river.  

The recovered 2.5 and 3.1 m sediments, respectively, have been gas-rich but did not contain 
visible pieces of hydrate or seep-related authigenic carbonates. It may be concluded that gas 
hydrates occur either disseminated or deeper in the sediments, and that these cause the 
backscatter anomalies. 

 

Fig. 51: Gravity core taken at the Eregli working area. 
For legend see Appendix 6.

 
 
Working Area Samsun 
Initially it was planned to drill with the drilling device MeBo on top of the Archangelski Ridge 
in the working area Samsun offshore Turkey. In order to sample the sediments prior to the 
drilling, GC GeoB 15216 was taken and 5.76 m sediments were recovered. The core has only 
~20 cm of Unit 2 recovered and consists otherwise of Unit 3 sediments (Fig. 52). A preliminary 
stratigraphic constraint might be the occurrence of slightly reddish sediments between 370-430 
cm core depths (increased red/blue ratio). If this interval corresponds to the “red layer” interval 
found in the north-western Black Sea this might indicate an age of approx. 14.5 to 16 ka. 
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However, this preliminary age assignment needs confirmation by radiocarbon dating. If this 
holds true, this site did not show unusual low sedimentation rate as contrarily was observed at a 
deeper site on Archangelsky Ridge (~1200 m) which reached down to the Eemian sapropel 
(unpub. data by Helge Arz, IOW). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 52: Core descriptions of gravity core GeoB 15216 
(GC-3) from Archangelski Ridge. Color reflectance 
results are displayed on the right with the lightness L in 
black and the red/blue ratio in red. 

 
Working Area Georgia 
Several GCs and MICs were taken in the area offshore Georgia with different intentions 
(Appendix 2: gravity corer and mini corer deployments). 

At the Batumi seep area, a set of samples was taken to accompany the drilling by MeBo 
(Chapter 8): At a reference site 600 m southwest of the Batumi seep area at a water depth of 850 
m, GC-4 (GeoB 15220-1) and MIC-1 (GeoB 15220-4) complement MeBo-65 (GeoB 15220-5). 
GC-7 (GeoB 15236-1) complemented MeBo-68 (GeoB 15236-2) at the Batumi seep area. 
Additionally, a series of GC and MIC were sampled in order to model geochemical processes. 
For this purpose, GCs and MICs were deployed in areas characterized by different backscatter as 
imaged by DTS deep towed sidescan sonar (Fig. 53).  
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Fig. 53: Location of GC and MIC stations taken in the Batumi seep area. The stations are plotted on a 
sidescan sonar image obtained by DTS sidescan sonar (75 kHz) published in Klaucke et al. (2006). 
 

Sediments from the Batumi seep area basically show the common sedimentary sequence of 
the deep Black Sea (Fig. 54). Seep-influence is manifested in the presence of platy carbonates, 
commonly as cemented Unit 1 layers, less frequently also cemented Unit 2. Unit 1 and 2 were 
missing in GeoB 15251-1. Similar to observations during previous cruises (Pape et al., 2010; 
Pape et al., 2011) gas hydrates were found below the sapropel of Unit 2 either at the base of Unit 
2 or slightly deeper below 150 cm in the limnic sediments of Unit 3. Peculiar features were 
observed in core GeoB 15249-1 (GC-15) which showed a highly disturbed sequence below ~90 
cm with sapropel clasts interbedded in the Unit 3 pointing at reworking processes active at this 
location. GeoB 15251-1 (GC-16) directly located on the main fault running through the Batumi 
seep area did not recover hydrates but showed a soupy to moussy texture below 100 cm, 
indicative of the former presence of finely dispersed hydrates. 



R/V METEOR Cruise Report M84/2  Sediment Sampling 
 

70 

 
Fig. 54: Core descriptions of gravity cores taken from the Batumi seep area divided into the reference site 
GeoB 15220-1 and the seep-locations (other cores). 
 

Poti Seep is located half a nautical mile northeast of Batumi seep area on Kobuleti Ridge. 
Similar to the Batumi seep area, Poti Seep is characterized by high backscatter in the deep-towed 
sidescan sonar (as well as in the EM 122 backscatter) and gas emissions. In contrast to the 
Batumi seep area, the backscatter is very intensive but smaller in size. Sampling with GC 
revealed the presence of gas hydrates at depth of ~150 cm (Table 15 and Appendix 2). At one 
location (GC-11, GeoB 15244-2), the hydrate formed a massive layer up to ~10 cm in thickness 
with some sediments in between while at the other (GC-9; GeoB 15243) very small hydrates 
were restricted to the core catcher (Fig. 55). Two pressure core stations (DAPC-1 and -2) were 
deployed at the positions of GeoB 15244-4 and GeoB 15244-5. All cores taken showed the Unit 
1 and 2 succession as observed in the Batumi Seep area. A reference core for sedimentological 
studies was taken close to Poti Seep and archived (GC-14; GeoB 15248). 

 
 
 
 
 
 
 
 
 
 
 
Fig. 55: Core descriptions of gravity cores taken 
from the Poti seep site at locations of high 
backscatter. 
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At Pechori Mound (Fig. 56), two MeBo deployments took place: MeBo-66 (GeoB 15227-1) 
and MeBo-67 (GeoB 15227-3) with the positions being close to each other. There was no GC 
taken before the MeBo deployment during this cruise because cores taken during M72/3 and 
TTR-15 already revealed the presence of gas hydrates in oily sediments. Later, GC-18 (GeoB 
15227-5) was deployed to complement the MeBo-67 drilling. In contrast to the hydrate-rich 
MeBo cores, the shallow sediments recovered by GC-18 did not contain any hydrates but were, 
similar to MeBo-67 sediments and gravity cores recovered during earlier cruises, heavily oil 
impregnated. GC-19 (GeoB 15254) outside the rim recovered the regularly found near-surface 
Black Sea sediment sequences, whereas GC-20 (GeoB 15255) at the rim and GC-21 (GeoB 
15256) in the center have been oil-rich with gas hydrates at the base of the cores. The gas 
hydrates were white, in contrast to those drilled by MeBo at Pechori Mound, which were 
yellowish-brownish. This may indicate different hydrate structures at different sediment depths. 
In addition, the hydrates at site GC-21 have been unique with respect to their porous appearance 
and behavior (Chapter 9.4). They were composed of individual aggregates of about half a 
centimeter in size. They made sounds similar to ice breaking apart or “popcorn”. When breaking 
apart, fragments flew away. 

Sediments from the inner part of the mound consisted of extruded brownish mud, different 
from the common hemipelagic sedimentation. Interestingly, core GeoB 15226 (GC-5) from the 
rim of the structure showed a ca. 30 cm thick interval of brownish mud within the limnic 
sediments. From this mud layer oil-stained fractures originated (Fig. 57) which suggests that the 
brownish mud contained some oil migrating upward along the fractures after deposition.  

 
 
Fig. 56: Locations of GC- and MeBo-stations at Pechori Mound. 
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Fig. 57: Left: Lithological 
description of selected gravity 
cores from Pechori Mound 
(without reference station). 
Right: Photograph of core 
section from GeoB 15226 (GC-
5) from the rim of Pechori 
Mound showing brownish mud 
within the limnic sediments. Oil 
is seeping out of the core 
along cracks and faults above 
this interval which presumably 
represents mud expelled from 
the mound. 

 
 

Several GCs were taken in addition to those from Pechori Mound at sites where SAR satellite 
images showed oil slicks on the sea surface. During this cruise we could confirm the emission of 
gas that may accompany oil seepage at all of these sites. At all of the station oil impregnated 
sediments were found (Fig. 58). These include the Flare Cluster 3 at Adjara Ridge (GC-6; GeoB 
15235-1), which showed some oil stained sediment in Unit 3. The oil slick sites G2 at Kulevi 
Ridge-East (GC-22; GeoB 15258) and G1 at Kulevi Ridge-West (GC-23; GeoB 15259) were 
quite different in terms of their sedimentology. At site G2 a fine-grained mud breccia has been 
recovered with bigger-sized mud clasts, thus, active expulsion of mud seems to take place here. 
In contrast, at the G1 flare (GeoB 15259) hemipelagic sediments heavily affected by presumably 
slump-related deformation have been found. Below just one meter of Unit 3 sediments another 
finely laminated and deformed sapropel is preserved, underlain by non-deformed calcareous 
sand which is interrupted by fine layers of bituminous clay with slight oil-staining. These 
deposits might tentatively be related to the Eemian sapropel deposition. Notably, both, the 
sapropel as well as the calcareous sand, are rich in coccoliths, pointing at a marine origin. 

Moreover, Colkheti Seep was sampled at a position where gas bubble emissions were 
detected with EM122. At that site, no gas hydrates were found but the sediments have been rich 
in oil and carbonates (GC-25; GeoB 15261).  
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Fig. 58: Core descriptions of 
selected cores from Kulevi Ridge, 
Adjara Ridge and Colkheti.

 
Working Area Turkey 
Towards the end of the M84/2 Leg A and at the beginning of Leg B a reconnaissance study of 
newly discovered flare sites has been performed on Ordu Ridge in the Samsun Area (Fig. 59). 
While GC-26 (GeoB 15267; patch 18) showed some bubbling in the water column during 
retrieval, no hydrates were observed in the core. A further flare site (patch 02) was investigated 
with GC-27 (GeoB 15268-2) and DAPC-3 and 5 (GeoB15268-1, -4, -5). In case of GeoB 15268-
2 massive hydrates have been found in a certain depth interval assigned to Unit 3 (Figs. 60 and 
61). Gas hydrate occurrence terminates at a depth of ca. 250 cm, where stiff sediments 
containing clasts of sapropel-like material are present (Fig. 62). This basal layer seemed to be 
derived from extruding mud that transported underlying strata to the surface. The entire sediment 
in this core is thoroughly deformed, which might be related to the intrusion of the mud. 
Interestingly, a similar lithology was found in DAPC-3 (GeoB15268-1) and MIC-12 
(GeoB15268-3) but not in DAPC-5 (GeoB15268-5) from the same location, evidence of spatially 
highly variable geology. The other cores from the Ordu Ridge (GC-27 to 31, i.e. GeoB 15268-2, 
15503-1, 15504, 15505-1, 15507, 15508) showed a similar pattern with a mud breccias-like 
inclusion of sapropelic fragments. Cores GeoB 15504, 15205-1 from Patches 5 and 7 contained 
light sandy material such as found at the base of GeoB 15259 at Kulevi Ridge. However, 
distinctly lacking are clasts of deeper routed strata such as those belonging to the Maikopian 
formation. This might point to a shallower origin (i.e. at maximum a few hundreds of meters) of 
the diapirically extruded sediment.  

Different from the hydrate-bearing sites on Ordu Ridge, the flare site investigated at “New 
Ridge” (not shown in Fig. 59) lacked mud breccia and gas hydrates, although the sediment 
showed distinct signs of degassing. As hydrates usually occur at the base of Unit 2 and below, 
hydrates might occur deeper in the sediments beyond the sampled interval. 
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Fig. 59: Bathymetric map indicating positions of cores taken on Ordu Ridge. 
 
 

 
 
Fig. 60: Lithological descriptions of cores from the Samsun Research Area (Ordu Ridge and New Ridge). 
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Working Area Ukraine  

 Fig. 61: Thick gas hydrate layers in 
core GC-27 (GeoB 15268-2).  

Fig. 62: Mud with clasts of pre-Holocene 
sapropel below the hydrate-bearing 
lacustrine clay in GC-28 (GeoB 15268-2). 

 
Based on results (flare mapping and gravity coring) from previous cruises several GCs and 

MICs have been taken in the research area south of the Kerch Strait (Fig. 63). As shown in 
Figure 64 mainly two different types of targets can be discerned: 1) those on top of small mound 
structures and 2) those retrieved at the margin of these sites. 

 
Fig. 63: Bathymetric map of the working area south of the Kerch Strait. 
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Cores from the summits of the mounds (GC-33, -35, -39; i.e. GeoB 15512-1, -2; 15520) have 
been relatively short in length (max. 170 cm), retrieved gas-rich sediment but no hydrates. Unit 1 
and 2 were mostly present, but all sites showed clear evidence for reworking and the presence of 
carbonate precipitates. Since these locations are not situated at the flank of a mound, slumping is 
unlikely to have caused the hiatuses and discontinuities. Alternatively, diapiric activity may have 
led to the tilted hemipelagic layers followed by subsequent erosion. The cores obtained from the 
marginal sites (GC-34, -36, -37; i.e. GeoB 15513-1, 15516-1, 15518-1) were much longer and 
contained hydrates in high abundances, especially in GeoB 15513-1 and 15516-1. As for the 
parallel DAPC-6 to 8, the retrieved lithology consists of Unit 1-3 sediments, strongly affected by 
degassing. These hydrates occurred parallel to the bedding, particularly in the hydrotroilite 
intervals, but in GeoB 15516-1 also in vain-fillings. Carbonate cementation, potentially a 
limiting factor for penetration and, thus, hydrate retrieval at the summit of the mounds, has not 
been observed at the marginal sites. 
 
 

Fig. 64: Lithological 
descriptions of representative 
gravity cores retrieved from 
the flare sites south of the 
Kerch Strait. 

 
In the Sorokin Trough south of the Kerch Strait working areas, the neighboring Dvurechenskii 

and Helgoland mud volcanoes (MVs) have been sampled (Figs. 65 and 66). Both are part of a 
chain of MVs and mound structures situated at water depths between about 1,700 and 2,100 
mbsl. In contrast to the cores obtained on the continental slopes off Georgia, Turkey and the 
Ukraine, the background sedimentation in the Sorokin Trough, slightly over 200 m deep, is 
characterized by turbidite deposition, particularly during the lake stage of the Black Sea. This 
dominance of reworked, allochthonous material is evident at the reference site GeoB 15533-1 
(GC-46) which is dominated by frequent layers of sand and shell hash layers, particularly below 
200 cm core depth. Especially massive shell debris horizons were observed (Fig. 67). In this 
interval between 420-430 cm pockets of shell debris are intercalated with clay patches and 
folded sand layers giving the impression of a slump-related transport rather than in-situ 
deposition by turbidity currents. Notable is the general increase in grain size and shell content in 
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the limnic sediments compared to the marine Units 1 and 2. This might be related to the low sea 
level stand during the last glacial enabling direct transport of sediments into the deep Black Sea 
basin without being trapped on the shelf.  

 

Fig. 65: Bathymetric map of 
Helgoland MV indicating 
location of cores retrieved 
during M84/2. 

Coring activity in this region concentrated mainly on the Helgoland MV which has been 
surveyed before in particular during MSM15/2, but has not been sampled as extensively as for 
instance the Dvurechenskii MV. Although situated close to each other, both MVs are very 
different in terms of their morphological expression and their sedimentological characteristics. 
Material extruded from the Dvurechenskii MV typically consists of mud breccia, which is rich in 
sand to gravel-sized rock fragments derived from the deep subsurface, as e.g. the Maikopian 
Formation (GC-42, GeoB 15527; DAPC-9, GeoB 15526-1). While the crater of this MV has a 
mud pie-like surface expression, the Helgoland MV displays a complex circular structure (Fig. 
65). The sediments retrieved lack the mud breccia characteristics of the Dvurechenskii MV but 
consist of a clayey to sandy material with tiny shell fragments such as found at the common 
background sediments. Based on that observation it might be inferred that the Helgoland MV is 
not as deeply rooted as the Dvurechenskii MV but is recycling liquefied Pleistocene sediments. 
Particular attention has been paid to sample mud pools observed during ROV dives on cruise 
MSM15/2. Two deployments of gravity cores (GC-41 and 44; i.e. GeoB 15525-1, 15531) 
equipped with T-loggers aimed to retrieve a deep temperature profile similar to experiments 
performed during MSM15/2. However, during both attempts we did not succeed in penetrating 
several tens of meters into the sediment, potentially because massive hydrates blocked the 
descent of the GC (cf. the hydrate-rich core GeoB 15525-1). A relatively deep penetration has 
been achieved with GC-45 (GeoB 15532), probably down to ~35 mbsf. This core retrieved warm 
(ca. 21° C in the lowermost segment directly after retrieval) gaseous, shell bearing sandy mud. 
Hydrate-bearing sandy mud without shell fragments has been found in DAPC-10 (GeoB 15530). 
Remarkably, shallow hydrates have also been found in MIC-19 (GeoB 15525-2) while MIC-20 
(GeoB 15525-4) targeted for the same position did not retrieve hydrates but an intact surface 
with coccolith ooze above a layer of shell-bearing sandy clay. Hence, small scale variability is 
characterizing the central region of the Helgoland MV. 
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Fig. 66: Lithological descriptions 
of cores obtained in the Sorokin 
Trough on a background station, 
on the Dvurechenskii MV (DMV) 
and on the Helgoland MV. 

 
 

 
 
 
 
 
 
 
 
Fig. 67: Photograph of the 
interval with massive 
layers of shell debris in 
GeoB 15532 (420-454 cm 
core depth). 

 
 

9.4 Gas Hydrate Sampling 
(T. Pape, H. Sahling, J. Wei, D. Wangner, A. Bahr, K. Hatsukano, G. Bohrmann) 

During M84/2 intact gas hydrates have been sampled by use of a gravity corer and the seafloor 
drill rig MeBo. Hydrate samples were either prepared for onboard analysis of hydrate-bound 
gases (Chapter 12) or stored in liquid nitrogen (ca. –196° C) immediately upon recovery for 
onshore analysis (Table 15, Appendix 4). These samples will be analyzed for their texture, 
crystallographic structure, microstructure, and the molecular and isotopic composition of 
hydrate-bound gases. 
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Table 15: List of gas hydrate samples taken during Cruise M84/2 and stored in liquid nitrogen for onshore 
analysis. 

Tool Sample code Area MeBo core barrel 
MeBo-67 GeoB 15227-3 Pechori Mound 1P 
MeBo-67 GeoB 15227-3 Pechori Mound 3R 
MeBo-67 GeoB 15227-3 Pechori Mound 4R 
MeBo-67 GeoB 15227-3 Pechori Mound 5R 
MeBo-67 GeoB 15227-3 Pechori Mound 7R 
MeBo-67 GeoB 15227-3 Pechori Mound 8R 
MeBo-67 GeoB 15227-3 Pechori Mound 9R 
MeBo-68 GeoB 15236-2 Batumi Seep 2P 
MeBo-68 GeoB 15236-2 Batumi Seep 3P 
GC-7 GeoB 15236-1 Batumi Seep  
GC-24 GeoB 15260-1 Batumi Seep  
GC-12 GeoB 15244-2 Poti Seep  
GC-13 GeoB 15244-3 Poti Seep  
GC-27 GeoB15268-1 Ordu Ridge, patch #02  
GC-28 GeoB15503-1 Ordu Ridge, patch #03  
GC-29 GeoB15505-3 Ordu Ridge, patch #05  
GC-31 GeoB15507 Ordu Ridge, patch #07  
GC-34 GeoB15513-1 Kerch flare  
GC-36 GeoB15516-1 Kerch flare  
GC-37 GeoB15518-1 Kerch flare  
GC-41 GeoB15525-1 Helgoland MV  
GC-43 GeoB15525-3 Helgoland MV  

 
 
 

Selected photographs of gas hydrates from different sampling areas are shown in Figures 68 - 82. 
 
Working area off Georgia 
 

 
Fig. 68: Oil stained massive gas hydrate from 
Pechori Mound drilled by MeBo (MeBo-67; GeoB 
15227-3 9R-1A; photo: _VD14074). Core diameter 55 
mm. 

Fig. 69: Massive gas hydrate from Pechori 
Mound drilled by MeBo (MeBo-67; GeoB 15227-
3 8R-2A 96-106cm; photo: _VD14033). Core 
diameter 55 mm. 
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Fig. 70: Internal structure of gas hydrate from Pechori 
Mound drilled by MeBo (MeBo-67; GeoB 15227-3 8R-
2A 96-106cm; photo: _VD14055). 

Fig. 71: Porous gas hydrate from Pechori Mound 
recovered with GC-21 (Geo B15256; photo 
_DSC2268). 

  

  

Fig. 72: Gas hydrate from the Batumi seep area 
drilled by MeBo (MeBo-68; GeoB 15236-2 3P-1A; 
photo: _VD14360). Core diameter 55 mm. Oil 
impregnations do not occur at this site.  

Fig. 73: Gas hydrate drilled by MeBo at the 
Batumi seep area (MeBo-68; GeoB 15236-2 2P-
1A; photo: _VD14355). Core diameter 55 mm. 

  

 
Fig. 74: Finely laminated hydrates in core GC-16 
from the Batumi seep area (GeoB 15251-1; photo: 
_VD14763). 

Fig. 75: Dispersed hydrates in core GC-17 taken 
at the Batumi seep area (GeoB 15252; photo 
_DSC2206). 

  

  
Fig. 76: Massive 10 cm-thick gas hydrate at the base 
of GC-11 (~130-140 cm) taken at Poti Seep (GeoB 
15244-2; photo: _VD14412). 

Fig. 77: Massive gas hydrates recovered with 
GC-11 from Poti seep (GeoB 15244-2; photo: 
_VD14416).  
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Working area off Turkey 
 

  
Fig. 78: Massive ~2cm thick layer of pure white gas 
hydrate at depth (~168-170 cm) at backscatter 
patch 02 Ordu Ridge (GC-27; GeoB15268-2 photo: 
_DSC2396) stored in liquid nitrogen. 

Fig. 79: Dispersed hydrates recovered with 
GC-28 from Ordu Ridge patch 03 (GeoB15503-
1; photo: _VD15382). 

 
 
Working area off Ukraine 
 

 
Fig. 80: Plates of hydrate recovered from Kerch 
Flare at station GC-34 (GeoB15513-1) (photo 0-74 
GH (12)). 

Fig. 81: White gas hydrate plates in black 
sediments at Kerch flare (GC-36; GeoB15516-1; 
photo: 74-104 GH 7). 

  

 

 

Fig. 82: Very porous, white gas hydrate with 
sediment of Helgoland MV (GC-41; GeoB15525-1; 
photo: SL_GeoB_15525_1_VD15910.JPG). 
Length of aggregate about 3 cm. 
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10. In Situ Temperature Measurements 

(H. Sahling, J. Wei) 

The seepage of fluids (liquids and gas) often leads to elevated temperatures in the sediments. 
While the regular geothermal gradient is around 26° C/km in the Batumi area offshore Georgia 
(derived from BSR depth, Minshull and Keddie, 2010), it may be elevated in areas influenced by 
fluid seepage. Elevated temperature gradients may be expected in gas driven seep systems. 
However, even stronger temperature gradients may be expected at sites with clear evidence for 
pore water advection or mud volcanisms, such as the Dvurechenskii Mud Volcano (Feseker et 
al., 2009). At Dvurechenskii Mud Volcano, not only elevated temperatures were measured but a 
gravity corer penetrated more than 50 m into the feature during a former cruise (Feseker et al., 
2009). The intention during the present cruise was to study gas and fluid seepage dominated 
systems in the different areas. Furthermore, temperature profiles from gravity corer that deeply 
penetrate into Dvurechenskii and Helgoland Mud Volcanoes were longed for in order to compare 
the temporal evolution of these systems.  

Autonomous temperature loggers, so-called miniturized temperature data loggers (MTL) from 
Antares Datensystem GmbH were mounted as outriggers on the steel barrel of the gravity corer 
in order to measure temperature gradients in the sediments. The T-loggers were programmed to 
record one temperature reading every second. The resolution of the sensors is 0.6 mK allows 
highly accurate relative temperature measurements. However, the absolute precision is low as 
the loggers were not calibrated. 

 
Fig. 83: Schematic drawing of the Antares T-loggers deployed as outriggers on the gravity corer. This 
set-up was used from GC-18 until the end of the cruise. 
 

T-loggers were mounted either 60 cm or 125 cm apart from each other, depending on the 
expected GC penetration depth. The distances of the lowermost T-logger to the lower sides of 
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the gravity corer were: 42 cm to core catcher with lids, 31 cm to classical core catcher, 25 cm to 
end of steel barrel. Numbering of the loggers started with 1 for the lowermost one and ends with 
4 or 5 for those closer to the weight. In order to allow the T-loggers to equilibrate with the 
surrounding sediments, the gravity corer was left in the sediments for about 10 minutes after 
penetration. 

The preliminary data analyses included plotting of temperature versus time for all loggers. 
The temperature difference (delta-T) between the loggers shortly before penetrating the 
sediments and at the end of the measurement period (shortly before the gravitycorers were taken 
out of the sediments) were calculated. Delta-T was plotted versus the relative depth of the 
loggers to each other. The absolute depth of the loggers was then shifted such that the profiles 
(when linear) would theoretically intercept with the interception of the graph (delta-T=0; 
depth=0). This shift is given in the table as uppermost logger depth, which is the depth of the 
uppermost logger in the sediments. 

 
Eregli 
In the area of Eregli, two gravitycorers with T-loggers were deployed. Due to the facts that 
logger number 2 did not register and that the penetration depth was small (<3m) only the deepest 
logger measured the sediment temperature. As only one data point is available, it is impossible to 
estimate the penetration depth based on the temperature gradient. Judged from the amount of 
sediments in the core barrel and the sediments attached to the outside of the barrel, temperatures 
of 70 to 100 °C/km may be estimated, which are rather high. 
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Fig. 84: Temperature profiles (Georgia area). 
 
Georgia 
Batumi Seep is a gas driven seep system at which gas hydrates occur in the sediments. Due to the 
fact that we recovered several times only ~2 m of sediments at Batumi, a T-logger spacing of 60 
cm was chosen. After analysing the data, however, it became apparent that all loggers of the 
gravity corer penetrated the sediments and that depth corrections had to be applied. This is an 
interesting observation as it has influence on our understanding of how deep gas hydrates occur 
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in the sediments. Two of the Batumi Seep temperature profiles are linear (Fig. 84, left) and have 
a similar gradient of about 60° C/km, which is twice that of the regular background value 
(Minshull and Keddie, 2010). 

Pechori Mound and Colkheti Seep are deeply rooted seep systems, as indicated by seismic 
studies and geochemical data. At these structures, oil impregnated sediments occur along with 
gas hydrates. For these reasons, fluid advection may be expected. The obtained temperature 
gradients are linear (Fig. 84, right), indicating that fluid advection is too slow at the measurement 
sites to cause the typical concave-upward profiles. Four profiles were obtained at Pechori 
Mound, in order to study the distribution of hydrates and temperature gradients. In general, a 
trend is seen that the central crater is characterized by the highest temperature gradient with 
about 170° C/km (GC-21) that decreases to 90° C/km at the rim (GC-18) and 57° C/km (GC-19) 
outside of the rim. At one station (GC-20), however, the temperature gradient is extremely low 
with 10° C/km. The fact that only 70 cm of sediments were recovered may suggest that the 
gravity corer did not penetrate vertically into the sediments. It may hit a hydrate layer as there 
were hydrates in the core catcher and then felt to the side, which could explain the low 
temperature gradients and the short core recovery. 

At Colkheti Seep an elevated temperature gradient of 66° C/km was recorded, which fits to 
the view that this is a deep-rooted system with elevated heatflow. On the other hand, the corer 
did not contain any gas hydrates, that may indicate that the measurement sites has not been 
strongly influenced by fluid seepage. 
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Fig. 85: Temperature profiles (Kerch Flare area and Helgoland MV). 
 
Kerch Flare 
Six temperature profiles were measured at Kerch Flare. GC38 was deployed to calculate the 
background temperature gradient in the Kerch Flare area which is 0.02° C/m. The penetration 
depth at the background site was very high; the uppermost logger penetrated about 6 m below 
the surface. The other five stations were deployed at or very close to the gas emissions at Kerch 
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Flare and show higher temperature gradients that range from 0.026° C/m to 0.067° C/m indi-
cating elevated heatflow caused by fluid advection. 
 
Helgoland Mud Volcano and Dvurechenskii Mud Volcano 
Seven deployments of gravity corer were performed at Helgoland Mud Volcano (HMV) to 
measure the in-situ temperature in order to better understand the thermal structure of this mud 
volcano. The stations and the corresponding results of the measurement are listed in Table 16, 
while the temperature profiles are shown in Figure 85. 

GC40 was deployed with a speed of 0.3 m/s into the sediment. 25 seconds after the lower 
most T-logger touched the seafloor, the temperature became stable for 2.5 minutes in all the 
three loggers with an extraordinary high geothermal gradient of 0.477°C/m. After a phase of 
stabiltiy, a sharp increase of temperature indicates that the gravity corer farther sunk into the 
sediments for about 60 seconds. 

GC41 was conducted in order to deeply penetrate into the mud volcano, which had been done 
at the same position about one year ago intending to study the evolution of the geothermal 
structure over time in HMV. Unfortunately, the sharp decrease of the rope tension showed that 
the gravitiycorer did not penetrate deeply. However, the non-linear profile and a geothermal 
gradient as high as 0.61°C/m indicate the unusual temperature structure at this position. A 
second attempt was carried out by heaving the core to 1980 meters and moving the ship 20 
meters SW. Again, this attempt failed. We speculate that the gravity corer lied on the seafloor 
based on the low temperature in all three T-loggers. The unstable temperature might have some 
relationship with massive gas hydrate which was recovered from the bottom of the gravity corer 
after it was on deck. GC43 and GC44 were also deployed in order to deeply penetrate into HMV, 
but neither was successful. The four failures in penetrating deep into the mud volcano illustrate 
the high spatial heterogeneity. 

After four attempts that failed, GC45 was a real success of deep penetration, the lower most 
sensor reached as deep as about 45 m estimated from the rope tension and the rope length. The 
gravity corer penetrated with a speed of 1.2 m/s, and the final rope length was 2115 m (Fig. 90). 
Then it was left in the sediment with this rope length to allow the T-logger to equilibrate with the 
sediments. The gravity corer was then pulled up with a constant speed of 0.1m/s (Fig. 90). The 
profile (Fig. 86) shows a sharp increase from the bottom water temperature which is about 9°C to 
27°C in the first 10 mbsf, followed by a relatively slow increase from about 27°C to 33°C in the 
other 35 m. Based on the previous geochemical data, Aloisi et al. (2004) concluded that the 
temperature at the source of the DMV is around 100°C, corresponding to a depth of about 2.5-3 
km at regular geothermal gradients around 30°C/km. The seismic data shows the mud flow of 
DMV and HMV rooted in the same source (Krastel et al. 2003). If the speculation is right, then 
the high temperature might be caused by hot upflow mud fluid and nearly 65% of its initial heat 
has lost when it reaches the depth of 40 meters below seafloor. The high geothermal gradient 
indicates the mud flow of HMV is extraordinary robust and was cooled down sharply by the cold 
sea water when in contact with the bottom water near the sea floor. 

GC46 is deployed for measuring the temperature gradient outside of the fluid seepage 
influenced area. The geothermal profile shows a perfect liner shape and 0.034°C/m, which 
indicates a quite normal geothermal gradient regularly found in the Black Sea. 
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In DMV (Dvurechenskii MV), only one deep penetration was performed to compare the 
temperature data that were obtained last year in order to better understand the evolution of the 
geothermal structure at DMV. Based on the rope length and the rope tension (Figs. 88 and 89), 
about 78 m is estimated as the maximum depth of the lowermost sensor. The gravity corer was 
heaved every ten minutes for 5 or 10 meters with a speed of 0.2 m/s, until the gravity corer left 
the seafloor. The temperature profile (Fig. 87) was almost constant at 16.7°C below about 32 
mbsf. Feseker et al. (2009) discussed this as a result of a “gas hydrate thermostat”. In sediments 
within the GHSZ at the DMV, an increase in fluid seepage will cause the dissociation of gas 
hydrates, which may compensate changes in heat flow. The dynamic system will keep the 
temperature stable at 16.7°C which is the maximum temperature needed for the existence of gas 
hydrate in this area.  

 

 
Fig. 86: Temperature-depth profiles at Helgoland MV. 

 
The temperature shows a sharp increase from about 32 to 23 mbsf, followed by a zigzagging 

between 20.3° and 22° from about 23 mbsf to 8 mbsf. This pattern was discussed by Feseker et 
al. (2009) as a result of frictional heat, which may develop at these sites without gas hydrate 
deposits.  
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Fig. 87: Temperature-depth profiles at DMV. 
 

 
 
Fig. 88: Temperature versus time at DMV (GC-42). 
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Fig. 89: Rope characteristics (rope length, rope 
speed and rope tension) versus time during GC 
42 deployment at DMV.  

Fig. 90: Rope characteristics (rope length, rope 
speed and rope tension) versus time during GC 
45 deployment at HMV. 

 
 
Table 16: In situ temperature measurements during gravity corer deployments during Cruise M84/2. 
 

Station 
Number 

Area T-logger Technical description Results Gradient 
°C/m 

GC - 1 
Stat. 137 
GeoB 15203 

Eregli 1 
Turkey 

Logger 1-5 (SN 
1854330, 1854333, 
1854335, 1854336, 
1854339) 

Spacing: 125 cm 
T- Logger SN 1854333 
no recording, logger SN 
1854339 lost. 

Only one logger penetrated into 
the sediment. Exact depth of 
penetration difficult to estimate, 
probably somewhere around 3 
m. 

~ 0.068 

GC - 2 
Stat. 138 
GeoB 15204 

Eregli 1 
Turkey 

Logger 1-5 (SN 
1854330, 1854333, 
1854335, 1854336) 

Spacing: 125 cm 
T-logger SN 1854336 
nearly lost 

Only one logger penetrated into 
the sediment. Exact depth of 
penetration difficult to estimate, 
probably somewhere around 2.5 
m. 

~ 0.1 

GC-16 
Stat. 207 
GeoB15251-
1 

Batumi 
Seep 

T-ogger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 60 cm 
 

All four loggers show increased 
temperature, non-linear profile, 
when taking the uppermost 
logger steep temperature gra-
dient, uppermost logger depth 
1.6 m. 

0.087 
 

GC-17 
Stat. 209 
GeoB15252 

Batumi 
Seep 

T-logger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 60 cm 
 

All four logger in sediment, 
linear profile, depth correction: 
uppermost logger depth 27 cm. 

0.061 

GC-18 
Sta. 211 
GeoB15227-
5 

Pechori 
Mound 

T-logger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 125 cm 
 

Three loggers in sediments, 
linear profile, uppermost logger 
depth 0.69 cm. 

0.090 

GC-19 
Stat. 212 
GeoB15254 

Pechori 
Mound – 
outside rim 

T-logger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 125 cm 
 

All four loggers in sediment, 
linear profile, uppermost logger 
depth 5.3 m! 

0.047 
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Station 
Number 

Area T-logger Technical description Results Gradient 
°C/m 

GC-20 
Stat. 213 
GeoB15255 

Pechori 
Mound –rim 

T-logger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 125 cm 
 

All four loggers with slight 
temperature increase, no linear 
profile, probably GC fallen 
aside. 

0.010 

GC-21 
Stat. 214 
GeoB15256 

Pechori 
Mound – 
center 

T-logger 1-4 
(SN1854330, 
1854335, 1854404, 
1854407) 

Spacing: 125 cm 
 

Only 5 min in sediments, tip of 
logger 1 (SN1854330) broken, 
no data of that logger, linear 
profile, sediment depth of logger 
2 about 1.2 m. 

0.173 

GC-24 
Stat. 218 
GeoB15260-
1 

Batumi 
Seep 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 60 cm 
 

All four loggers in sediment, 
linear profile, uppermost logger 
depth 1.55 m 

0.058 

GC-25 
Stat. 220 
GeoB15261 

Colkheti 
Seep 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm 
 

Only two loggers in sediment, 
uppermost logger depth 1 m. 

0.066 

GC-33 
Stat.248 
GeoB15512 

Kerch Flare T-logger 1-4 
(SN1854335, 
1854406, 1854334, 
1854407) 

Spacing: 125 cm 
 

Two t-loggers are in sediment, 
the penetration is about 2.5 m, 
uppermost logger depth -1.3 m. 

0.03 

GC-34 
Stat.249 
GeoB15513-
1 

Kerch Flare T-logger 1-4 
(SN1854335, 
1854406, 1854334, 
1854407) 

Spacing: 125 cm 
 

All four loggers in sediment, 
nearly  linear profile, uppermost 
logger depth 6 m! 

0.026 

GC-36 
Stat.256 
GeoB15516-
1 

Kerch Flare T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm 
 

All four loggers in sediment, 
nearly  linear profile, uppermost 
logger depth 4 m! 

0.036 

GC-37 
Stat.260 
GeoB15518 

Kerch Flare T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm Only three loggers in sediment, 
nearly  linear profile, uppermost 
logger depth 0 m. 

0.067 

GC-38 
Stat.261 
GeoB15519-
1 

Kerch Flare 
(back 
ground) 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm All four loggers in sediment, 
nearly  linear profile, uppermost 
logger depth 6 m! 

0.020 

GC-39 
Stat.262 
GeoB15520 

Kerch Flare T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm Only three loggers in sediment, 
nearly  linear profile, uppermost 
logger depth -0.5 m. 

0.046 

GC-40 
Stat.268 
GeoB15524-
1 

Helgoland 
MV 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm The upper two loggers were 
almost lost, no data logger 
1854407, linear profile, 
uppermost logger depth 3.7 m. 

0.477 

GC-41(1) 
Stat.270 
GeoB15525 

Helgoland 
MV 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm No data logger 1854407, curved 
profile, uppermost logger depth 
9 m. 

0.6-1 

GC-41(2) 
Stat.270 
GeoB15525 

Helgoland 
MV 

T-logger 1-4 
(SN1854334, 
1854335, 1854406, 
1854407) 

Spacing: 125 cm No data logger 1854407, the 
temperature is varied, massive 
GH occurred in the bottom of 
the core. 

 

GC-42 
Stat.272 
GeoB15526-
2 

Dvurechens
kii MV 

T-logger 1-4 
(SN1854332, 
1854334, 1854335, 
1854406,) 

Spacing: 125 cm Deep penetration up to about 70 
m. 

 

GC-43 
Stat.276 
GeoB15525-
3 

Helgoland 
MV 

T-logger 1-4 
(SN1854332, 
1854334, 1854335, 
1854406,) 

Spacing: 125 cm Nearly  linear profile, uppermost 
logger depth 0.7 m. 

0.1 

GC-44 
Stat.279 
GeoB15530 

Helgoland 
MV 

T-logger 1-4 
(SN1854332, 
1854334, 1854335, 
1854406,) 

Spacing: 125 cm The change of the temperature 
indicate that the corer lied on 
the seafloor. 
 

 

GC-45 
Stat.280 
GeoB15531 

Helgoland 
MV 

T-logger 1-4 
(SN1854332, 
1854334, 1854335, 
1854406,) 

Spacing: 125 cm Deep penetration, upper most t-
logger 40 m. 

 

GC-46 
Stat.281 
GeoB15532-
1 

Background T-logger 1-4 
(SN1854332, 
1854334, 1854335, 
1854406,) 

Spacing: 125 cm Linear profile, uppermost logger 
depth 4.5 m. 

0.034 
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11. Porewater Geochemistry 
(M. Haeckel, A. Reitz, B. Domeyer, E. Pinero, U. Lomnitz) 

 
11.1 Introduction 

The geochemical analyses of the porewaters and sediments of seepage sites in the Black Sea, 
offshore Georgia, Turkey, and Ukraine, aim to quantify methane fluxes and turnover rates of 
associated biogeochemical processes as well as the investigation of gas and fluid sources 
emanating in these areas. 

Therefore, a comprehensive geochemical dataset has been collected on this cruise. 
Onboard, the collected samples were analysed for their content of NH4

+, PO4
3-, SiO4

4-, H2S, 
Cl-, and alkalinity. In addition, sub-samples were taken for further shore-based analyses: DIC 
content and its �13C isotope ratio, dissolved metal cations, SO4

2-, Br-, Cl-, and I- concentrations, 
isotopic ratios of Sr, Cl, Li, H, and O in the porewater, porosity and carbonate, POC, PON, and 
sulfur content of the solid phase (Appendix 7). 

In total, 782 samples from 57 cores were collected. The sampling locations were primarily 
chosen based on backscatter information and gas flare observations from this and previous 
cruises (e.g., POS317, TTR-15, M72/3, and MSM15/2) that suggested potential fluid and gas 
seepage. 

 
11.2 Materials and Methods 

Sediment and porewater sampling 
Surface and subsurface sediment samples were retrieved using a mini-corer (MIC), a gravity 
corer (GC), a dynamic autoclave piston corer (DAPC), and mobile seafloor drilling device 
(MeBo). The sediments were extruded out of the MIC plastic liners with a piston and cut into 1-3 
cm thick slices, whereas GC, DAPC and MeBo cores were cut in half and 3-5 cm thick slices 
were taken in approximately 20-40 cm (for MeBo up to 100 cm) intervals. Subsequently, the 
porewater was extracted in the ship’s cold room (4 °C) using a low pressure-squeezer (argon at 
3-5 bar, sometimes up to 7 bar). While squeezing, the porewater was filtered through 0.2 μm 
cellulose acetate Whatman filters and collected in recipient vessels. Alternatively, from DAPC 
cores (except for DAPC 9 and 10, which were squeezed) the porewater was extracted via Rhizon 
technique (Seeberg-Elverfeldt et al., 2005), i.e., porewater was sucked into an evacuated 20-ml 
syringe through a porous (0.2 μm pore diameter) hydrophilic polymer tube. Several Rhizons 
were placed directly into the sediment in the core liner in 20-40 cm spacing. 

About 5 ml of wet sediment of each sediment slice was collected for porosity, carbonate and 
CNS element analyses at home. Aliquots of the extracted porewater were sub-sampled for 
various onboard and further shore-based analyses (Appendix 7). Subsamples for ICP-AES 
analysis were acidified with 30 μl of conc. suprapure HNO3 per 3 ml of porewater sample (i.e, 
pH<1) and subsamples (~1.9 ml each) for �13C and DIC were treated with 10 μl of HgCl2 to 
inhibit further microbial degradation. All samples for home-based analyses were stored 
refrigerated. 

 
Porewater analyses 
Analyses for the nutrients NH4

+, PO4
3-, SiO4

4- as well as H2S were completed onboard using a 
Hitachi UV/VIS spectrophotometer. The respective chemical analytics follow standard 
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procedures (Grasshoff et al., 1999), i.e. ammonium was measured as indophenol blue, phosphate 
and silicate as molybdenum blue, and sulfide as methylene blue. Since high sulfide contents (> 
1 mM) interfere with the reactions of NH4

+, PO4
3-, and SiO4

4-, these sub-samples were acidified 
with 30% suprapure HCl (10 μl per 1 ml of sample) and bubbled with argon to strip any H2S 
prior to the analysis. 

The total alkalinity of the porewater was determined by titration with 0.02 N HCl using a 
mixture of methyl red and methylene blue as indicator. The titration vessel was bubbled with 
argon to strip any CO2 and H2S produced during the titration. The IAPSO seawater standard was 
used for the calibration of the method. The porewater content of chloride was determined by ion 
chromatography. Again, the IAPSO seawater standard was used for calibration. 

The analytical precision and accuracy of each method are given in Table 17. 
 

Table 17: Analytical methods of onboard geochemical analyses. 
 

Parameter Method Detection 
limit 

Analytical 
precision/accuracy 

H2S Photometer 3 μmol/l 3 %  
NH4

+ Photometer 5 μmol/l 5 %  
PO4

3- Photometer 1 μmol/l  5 %  
SiO4

4- Photometer 5 μmol/l  2 %  
Cl- Ion chromatography <1 mmol/l 5 %  
Alkalinity Titration 0.1 meq/l 2 %  

 
 

11.3 Results 

In all research areas (see maps with coring locations in Chapter 2) porewater was collected from 
sediment cores and analyzed, however, the primary areas of interest of our group were the seeps 
in the Samsun area (Ordu Ridge), offshore Georgia (Batumi, Poti, Pechori), in the Kerch fan 
area, and the Helgoland mud volcano in the Sorokin Trough. Surface sediments collected with 
the MIC will allow to calculate methane fluxes and AOM rates (anaerobic oxidation of methane) 
at seep sites, whereas longer cores (GC and MeBo drillings) provide information on fluid and 
gas sources of these environments. 
 
General Black Sea Sediment Geochemistry 
In all of these areas, background sediments were sampled that are not influenced by methane gas 
and oil seepage or mud expulsion and fluid flow. Since those sediments are overlain by 
completely anoxic bottom water – in the Black Sea oxygen and nitrate are typically consumed 
within the upper 100-150 m of the water column – sulfate reduction and methanogenesis 
dominate early diagenetic processes. In fact, the upward diffusing methane completely consumes 
the dissolved sulphate that is diffusing into the sediment within the upper 300-350 cm of the 
sediment. This anaerobic oxidation of methane (AOM) leads to an increase in total alkalinity and 
hydrogen sulphide. The produced hydrogen sulphide then reacts with dissolved iron in the 
porewater forming FeS that is readily recognized as black spots and layers in the sediment and 
often builds up a continuous zone of several decimeters to a meter in thickness (Chapter 9.3). 
Similarly, dissolved phosphate is consumed by mineral formation with e.g., dissolved iron, 
roughly 1-1.5 m below the depth of H2S depletion. Dissolved ammonium and phosphate are 
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released during the microbially mediated degradation of organic material in the sediment, 
primarily via sulphate reduction and methanogenesis. In contrast to phosphate, ammonium, 
however, is not involved in any mineral formation or other reactions and hence continuously 
accumulates in the porewater leading to concentrations of a few milli-moles. Likewise, 
concentrations of methane, one of the final products of organic carbon degradation, are also 
increasing with sediment depth. This can be witnessed on deck by a downcore increasing 
intensity of degassing of the sediment, since methane solubility drops drastically due to pressure 
reduction during core retrieval. 

 
 
Fig. 91: Reference cores at the different research areas. Depths are given with respect to the top of the 
recovered core and are not corrected for any sediment loss that has occurred.  
 

These well-known basic biogeochemical reactions and their manifestations are also nicely 
documented in the porewater profiles of all reference cores (Fig. 91). Despite the fact that the 
investigated areas are located in different water depths (400-2000 m) and geographically in 
different regions of the Black Sea, differences in porewater profile shapes and concentrations are 
strikingly similar. This is most likely due to the strong stratification and laterally homogeneous 
chemistry of the water column in the entire Black Sea. Obvious deviations in phosphate and 
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hydrogen sulphide depletion depths are due to differences in surface sediment losses during 
MeBo drilling and GC coring and recovery. Depth corrections will be attempted based on a 
combination of porewater and sediment variables as well as geological information, such as 
color scans and core descriptions (Chapter 9.3). 

Another peculiarity of Black Sea porewaters that is well documented in the investigated cores, 
are the linearly decreasing chloride concentrations in the surface sediments (Fig. 91). Chloride 
and other sea salt ions are still diffusing from the overlying, marine and thus, saline, water body 
into the salt-depleted lacustrine sediments from before 10,000 years ago. Minimum Cl 
concentrations of 25-30 mM are reached in 20-25 m sediment depth (Manheim and Schug, 1978; 
Soulet et al., 2010), which could, unfortunately, not be reached during the MeBo drilling. 

Geochemical porewater profiles at the methane seeps and mud volcanoes, presented below, 
will be discussed with respect to this background situation. 

 
Georgia (Batumi Seep area, Pechori Mound, Poti Seep, Kulevi Ridge, Adjara Ridge) 
Offshore Georgia, the prime interests were to finalize the geochemical sampling campaign at the 
Batumi Seep area that had been started on TTR-15 and M72/3 and getting deep cores from 
Pechori Mound.  

 

 
 
Fig. 92: Total alkalinity profiles of MIC cores taken at sites of different seep activity. High methane fluxes 
correlate to shallow occurrences of maximum/asymptotic TA values. Consequently, vigorous degassing 
was observed, particularly in MIC 2 and 9.  
 

The Batumi Seep area has been visited on previous cruises and sediment cores had been 
collected from different sites with gas bubble emissions. Based on these data it was established 
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that the area is a pure gas seep, i.e. upward fluid flow does not occur (Haeckel et al., 2008). 
Consequently, porewater profiles show a mixing of bottom water concentrations into the 
sediment on a meter-scale. This irrigation-like process is induced by intense and spatially 
frequent rise of gas bubbles through the surface sediments (Haeckel et al., 2007). Further effort 
is necessary, however, to achieve a solid and area-wide methane budget for the Batumi Seep 
area. Therefore, on this cruise several more MIC and GC cores were collected to complete the 
spatial coverage, particularly with respect to different gas ebullition intensities (Nikolovska et 
al., 2008) as well as acoustic backscatter intensities (Klaucke et al., 2006). In total, cores from 20 
spots exist, covering a large range of porewater-derived methane fluxes. Figure 92 shows a 
selection of data from this cruise, showing total alkalinity profiles ordered from high to low 
upward methane fluxes (upper left to lower right plot; a steep TA increase correlates to high CH4 
flux and more intense AOM). Dissolved methane profiles, measured on the same cores (Chapter 
12), correlate very well with the other geochemical profiles. In general, high dissolved methane 
fluxes (and hence high AOM rates) occur along a W-E-striking line that coincides with the 
occurrence of more intense gas flares and shallow gas hydrate appearances.  

The porewater profiles measured at Poti Seep seem to be similar to those of Batumi Seep 
area, also indicating methane gas seepage. 

 

 
 
Fig. 93: Porewater TA, Cl, and NH4 profiles of a MeBo drilling (168 MeBo 67) at Pechori Mound.  

 
In contrast, at Pechori Mound not only methane is seeping, but also oil. Here, upward fluid 

flow is observed, leading to upward concave porewater profiles. The pore fluids carry signatures 
from diagenetic processes occurring at large sediment depths and elevated temperatures (Reitz et 
al., 2011): Li and B are enriched, Cl and K are depleted, pointing at clay mineral dewatering 
(smectite-illite transformation); Sr isotope ratios indicate that fluids originate from late 
Oligocene strata. Hence, Pechori Mound was chosen as drill site with MeBo to retrieve 
sediments from deeper strata than is possible by conventional GC coring. MeBo cores retrieved 
several thick layers of massive gas hydrate leading to freshening of porewater due to hydrate 
dissociation upon core retrieval. This is very obvious in the many spikes in TA, Cl, and NH4 
(Fig. 93). Nevertheless, the chloride profile shows increasing concentrations down the core. This 
might be due to in situ active hydrate formation or old (and more saline) sediments which have 
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been transported up by the diapir beneath Pechori Mound, but is not evident in the data from 
shallower GC cores. 

Sediments from Kulevi and Adjara Ridge were also heavily oil-stained and further 
geochemical and isotope analyses will show if here also deep fluids are advecting upwards 
bearing signals from higher temperature processes. 
 
Turkey (Eregli, Samsun, Ordu Ridge) 
In the Turkish waters, sediment cores were taken in the area of Eregli and Samsun. In Eregli, 
some methane seep activity could be observed in the porewater profiles, but gas hydrates were 
out of reach for gravity coring and MeBo drilling. 

In Samsun, an extensive sediment sampling program was conducted, particularly at Ordu 
Ridge, where new sites of acoustic high backscatter intensities and gas flares had been found 
during initial surveys (Chapters 5.3 and 6.3). Three of these patches (#2, #3, and #7) were 
investigated geochemically. Here, methane fluxes appear to be significantly higher than in 
Eregli, potentially consuming dissolved sulphate within the top 20 cm of the sediment (estimated 
from the depth where maximum total alkalinity values (~23 meq/l) are achieved). Degassing of 
sediments was already observed in MIC cores and gas hydrates occurred within the top 100-200 
cm of GC cores. Porewater profiles hint at gas seepage rather than upward fluid advection of 
methane-rich fluids, because bottom water concentrations are mixed down into depth.  

 
Ukraine (Kerch Flare, Helgoland MV, Dvurechenskii MV) 
At the Ukrainian shelf the area of the Kerch gas flare field was investigated. This site is one of 
the few gas seeps at the Kerch fan that is situated within the thermodynamic stability field of gas 
hydrates. Most of the other seeps are at shallower water depths where gas hydrates cannot form 
anymore. Porewater profiles exhibit similar characteristics as in the Batumi Seep area, i.e. the 
Kerch Flare is a pure gas seep and fluid flow is not evident. Upward methane fluxes seem to be 
of comparable intensity, leading to an increase in total alkalinity up to ~23 meq/l within the 
upper 10-15 cm of the sediment and hydrate formation close to the sediment surface (i.e., 50-100 
cm; see Figs. 80 and 81, Chapter 9.3).  

In the Sorokin Trough the Helgoland (HMV) and Dvurechenskii (DMV) mud volcanoes were 
investigated. While the DMV has been studied on previous cruises in much detail, only limited 
geochemical data has been collected from the HMV so far. Within the central most active mud 
pool of HMV GC coring with temperature logging was performed, even lowering the GC down 
to several tens of meters. Geochemical data from these deployments as well as surface 
deployments show very high concentrations of ammonium of up to 13-14 mM and a steep 
increase in total alkalinity up to values of >35 meq/l (Fig. 94). While TA values are almost twice 
as high as at the adjacent DMV, in the deep GC deployment at DMV >40 mM of NH4 were 
found. These tremendously high amounts of ammonium are likely released from thermal 
degradation of organic material at very large depths. A GC taken SW of the mud pool penetrated 
about 1 meter into the sediment, where the core was stopped by a layer of porous gas hydrate 
(see Fig. 82 in Chapter 9.3). Cl concentrations at HMV (~580 mM) and DMV (~835 mM) are 
elevated and at DMV it is suggested that the saline fluids might be generated by subcritical phase 
separation (Reitz et al., 2007). Since, the same diapiric structure is feeding both mud volcanoes, 
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similar processes, though eventually at different rates and fluid/mud expulsion activities also 
determine the fluid composition at HMV. 

 

 
 
Fig. 94: Porewater TA and NH4 profiles at Helgoland MV (top row: 277 MIC 20; bottom row: 280 GC 45). 
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12. In Situ Gas Amounts and Gas Composition 
(T. Pape, T. Malakhova, D. Wangner) 

During previous cruises to the Eastern Black Sea (POS317/4, TTR-15, M72/3, MSM15/2) 
shallow gas hydrates associated to numerous hydrocarbon seepage sites (gas seeps, oil seeps, and 
mud volcanoes) located within the gas hydrate stability zone were discovered. Hydrate-related 
investigations considered the molecular and isotopic composition of venting gas and hydrate-
bound gas, the crystallographic structure of shallow hydrates and their thermodynamic stabilities, 
and the relevance of geochemical processes controlling hydrate distributions in near-surface 
sediments. 

In addition, for selected cold seeps and mud volcanoes the amounts of shallow hydrate could 
have been quantified by use of autoclave technique. However, due to the lack of adequate 
sampling techniques, gas chemical and crystallographic properties of hydrates in the deep 
subsurface and driving factors affecting their distributions remained unknown, so far. 
Therefore, primary works performed during M84/2 aimed at investigating 

� quantities of gas and methane in pressured sediment cores collected with the Dynamic 
Autoclave Piston Corer (DAPC), 

� the chemistry and crystallography of hydrates present in deep sediments of known 
seepage sites drilled with the Meeresboden-Bohrgerät (MeBo; Chapter 8), 

� the physico-chemical properties of near-surface hydrates collected with the gravity 
corer (GC) in order to broaden the existing data set of Black Sea hydrates in known areas 
and at newly discovered sites, 

� vertical methane concentration profiles in near-surface sediments recovered with the 
mini corer (MIC) for calculations of fluxes and conversion rates of methane. 

 
12.1 Samples and Methods 
 
12.1.1 Sampling 

In order to collect pressurized near-surface sediment cores and to quantify gas in situ amounts 
(Chapter 12.3.) autoclave technology was used during both legs of M84/2 to prevent gas hydrate 
dissociation and loss of gas induced by pressure decrease. Functionalities of the Dynamic 
Autoclave Piston Corer I were described elsewhere (e.g. Abegg et al. 2008, Heeschen et al., 
2007; Pape et al. 2011; Chapter 9.2). Briefly, the DAPC consists of a cutting barrel and a 
pressure chamber which allows preserving sediment cores of up to 2.65 m in length under in situ 
hydrostatic pressure. 

Pieces of gas hydrates were extracted from both MeBo cores and gravity cores. For long-term 
storage and onshore analysis, hydrates were immediately soaked into liquid nitrogen (– 196° C). 
For onboard gas chemical analysis, the hydrate pieces were cleaned in ice-cooled water and 
placed in plastic syringe for immediate dissociation. The liberated gas was transferred with a 
canule into 20 ml glass vials prefilled with supersaturated sodium chloride solution. 

For vertical profiling of methane concentrations, sediment samples were taken from cores 
recovered with the MIC and the GC. For mini cores, sediments were extracted out of the liner 
with a plastic piston. 3 ml of sediment were taken from selected depths (typically 1–3 cm 
resolution for MIC, 10–20 cm resolution for GC) using cut-off syringes and transferred into 20 
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ml glass vials prefilled with 5 ml of 1 M NaOH. Prior to gas chromatographic analysis, the 
samples were left for 24 h at 4°C and occasionally shaken.  

 
12.1.2 Analytical Methods 

For analysis of the molecular composition of gasses collected, a two-channel gas chromatograph 
was used (Pape et al., 2010). Separation and quantification of C1- to C6-hydrocarbons was 
achieved by using a capillary column connected to a Flame Ionization Detector. Concentrations 
of oxygen, argon, nitrogen and carbon dioxide as well as methane and ethane were 
simultaneously determined with a packed mole sieve column coupled to a Thermal Conductivity 
Detector. 

 
12.2 Preliminary Results and Discussion 

During M84/2, in total 272 samples of hydrate-bound gas from 23 GC stations and four MeBo 
stations, 81 samples from degassing of seven sediment pressure cores, and 731 samples of 
headspace gas from 20 MIC and 16 GC stations were collected. 
 
12.2.1 Gas and Gas Hydrate Quantification 

Stations with the DAPC were conducted for obtaining information on gas contents in newly 
explored areas (e.g. Poti seep, Ordu Ridge) or for expanding pressure core data sets for sites 
investigated already during previous cruises (e.g. Kerch Flare, Dvurechenskii MV, Helgoland 
MV). 

Ten stations with the Dynamic Autoclave Piston Corer were performed during M84/2a+b for 
quantification of gas and gas hydrates in sediments (Chapter 9.2; Table 18). Seven pressure cores 
could be recovered under in situ hydrostatic pressure, while for two cores (DAPC-2; DAPC-5) 
leakages resulted in considerable pressure loss. At one station (DAPC-4) the DAPC was not 
released at the seabed and, thus, no core could be recovered. 

 
Table 18: Overview of stations performed with the Dynamic Autoclave Piston Corer (DAPC) including 
accumulated gas volumes and calculated gas-sediment ratios. 
 

GeoB 
No. 

Station 
no. 

Area Recovery 
pressure 

Core 
length 

Core 
volume 

Gas 
volume 
released 

Gas volume / 
volume wet 

sediment 
   [bar] [cm] [L] [L] [L / L] 

Offshore Georgia        
15244-4 DAPC-1 Poti seep 98 243 13.0 256.4 19.8 
15244-5 DAPC-2 Poti seep n.a. 104 5.6 n.a. n.c. 
Offshore Turkey        
15267-4 DAPC-3 Ordu Ridge patch #2 83 145 7.7 1.7 0.2 
15268-5 DAPC-5 Ordu Ridge patch #2 n.a. 110 5.9 n.a. n.c. 

Kerch Flares        
15513-2 DAPC-6 Kerch Flare 82 164 8.8 85.7 9.8 
15516-2 DAPC-7 Kerch Flare 27 243 13.0 13.0 1.0 
15518-2 DAPC-8 Kerch Flare 57 200 10.7 40.9 3.8 
Sorokin Trough        

15526-1 DAPC-9 Dvurechenskii MV 118 260 13.9 129.1 9.3 
15530 DAPC-10 Helgoland MV 115 257 13.9 297.5 21.6 

n.a. = not analyzed; n.c. = not calculated 
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Two stations (DAPC-9, -10) achieved nearly full recovery, while for other stations either 
shorter cores were recovered or voids spanning over several decimeters became apparent 
subsequent to the degassing procedure. Compared to results for gas from pressure cores obtained 
during former expeditions, a high volumetric gas-sediment ratio (19.8) was determined for core 
DAPC-1 from the Poti seep. However, the highest gas volume collected with the DAPC so far 
was obtained during station DAPC-10 at the center of the Helgoland MV. This site appeared to 
be characterized by the presence of ‘fresh hydrates’ in high density (see also Chapter 9). 

 
12.2.2 Molecular Composition of Gas Samples 

During M84/2, the molecular gas composition was analyzed for samples prepared from gas 
hydrates (GC, MeBo) and from sedimentary gas (DAPC). Results are illustrated in Figure 95. 
 

 
Fig. 95: Overview of hydrocarbon compositions expressed as C1/C2+ ratios in hydrate-bound gas (GC, 
MeBo), and sedimentary gas (DAPC) sampled at the different working areas during Cruise M84/2. 
Results for gas hydrates recovered from the Pechori Mound were not included in this overview due to 
heavy contamination by oil-derived volatiles. Error bars denote the limits of deviation during the DAPC 
degassing procedure. For the pressure core recovered from Ordu Ridge no error bar is given because 
only a single gas sample could be collected due to pressure loss during the recovery procedure. 
 
Batumi seep area 
The Batumi seep area has been in the focus of intense research during several former expeditions 
(Pos317/4; TTR-15, M72/3, MSM15/2). It appears that the Batumi seep area is exclusively 
driven by hydrocarbon migration without recognizable upward fluid flow. Gas and fluid 
chemistry (Pape et al., 2010; Reitz et al., 2011) as well as abundances of hydrate in shallow 
sediments (Pape et al., 2011) have already been reported. During M84/2 more than 350 gas 
samples were recovered from the Batumi seep area (Table 19). 
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Table 19: List of samples recovered from the Batumi seep area considered for gas chemical analysis 
during M84/2. 
 

GeoB Instrument Hydrate-
bound gas 

Headspace 
gas 

15236-1 GC-7 6  
15241-2 GC-8  9 
15247-2 GC-12 3 12 
15249-1 GC-15 8 12 
15251-1 GC-16 11  
15252 GC-17 7  
15260-1 GC-24 5 10 
15220-5 MeBo-65  6 
15236-2 MeBo-68 20  
15220-4 MIC-1 (reference site)  18 
15237 MIC-2  28 
15239-2 MIC-4  27 
15239-2 MIC-5  28 
15242 MIC-6  30 
15247-1 MIC-7  29 
15249-2 MIC-8  26 
15251-2 MIC-9  22 
15253 MIC-10  30 
16260-2 MIC-11  27 

 Total 46 314 
 

The molecular compositions of hydrate-bound gas in hydrate pieces collected with GC from 
near-surface sediments and that of hydrates drilled at greater depths with MeBo were similar 
(Fig. 95). Hydrate-bound gas consisted of methane (99.43–99.69 mol-%), carbon dioxide (0.28–
0.55%), and ethane (0.02–0.04%). While propane (<0.01%) occurred in all gas samples 
investigated, iso-butane and n-butane were only found in two out of six hydrate samples drilled 
with MeBo. These molecular compositions of hydrate-bound gas are similar to those already 
published for hydrates collected during M72/3 (Pape et al., 2010). 

 
Pechori Mound 
In a previous study gas discharge coupled to fluid flow was proposed for the Pechori Mound 
(Reitz et al., 2011). In addition, strong impregnations of oil in surface sediments and of hydrates 
were already observed during earlier sampling campaigns. During M84/2 gas samples were 
collected during three GC stations and two MeBo stations (Table 20). Such hydrates were 
impregnated by oil on a mm-scale which hampered manual preparation of pure gas hydrate 
pieces (see also Chapters 8 and 9). 

 
Table 20: List of samples recovered from the Pechori Mound considered for gas chemical analysis 
during M84/2. 
 

GeoB Instrument Hydrate-bound 
gas 

Oil-stained 
sediment 

Headspace 
gas 

15226 GC-5   26 
15255 GC-20 4   
15256 GC-21 5   
15227-1 MeBo-66 2   
15227-3 MeBo-67 26 3  

 Total 37 3 26 
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Hydrates collected during GC-20 and -21 as well as MeBo-66 and -67 were often found as 
massive hydrate layers of several decimeters in thickness. Molecular compositions of gas from 
hydrates recovered with GC-20 and -21 resembled each other with 87.50–89.48 mol-% methane, 
10.39–12.01% carbon dioxide, 0.09–0.43% ethane, and about 0.01% propane. In agreement with 
earlier assumptions, the resulting C1/C2+ ratios < ca. 700 clearly indicated a predominance of 
thermogenic hydrocarbons at this site. C2/C3 ratios were 3.0 and 8.9, respectively. 

In contrast to gas compositions of GC-collected hydrates, those of hydrates drilled with the 
MeBo varied considerably with methane contributing 77.79–90.30 mol-%, carbon dioxide 4.71–
14.25%, ethane 0.18–0.64%, and propane 0.27–11.17%. Despite these variances in the gas 
chemical composition of hydrate-associated volatiles, C1/C2+ ratios were <310 and propane 
exceeded ethane concentrations for all samples (C2/C3 ratios <0.9). A depths correlation for those 
ratios became not apparent. 

The molecular composition of hydrates recovered with MeBo-67 (GeoB15227-3) was 
investigated in detail with respect to the origin of volatiles associated to hydrates forming at the 
Pechori Mound. For this, the concentrations of propane, which can be incorporated into the large 
crystal cages of sII hydrates, was followed with the concentrations of higher hydrocarbons, 
which due to their molecular sizes do not fit into any of the hydrate crystal cages (Sloan and 
Koh, 2007). As an example Figure 96 illustrates the positive correlation between propane and an 
unidentified C6-hydrocarbon in eleven hydrate pieces. 

 

 
Fig. 96: Positive correlation between concentrations of propane and an unidentified C6-hydrocarbon in 
gas released by dissociation of oil-impregnated gas hydrates drilled by MeBo (GeoB 15227-3) at the 
Pechori Mound. 

 
The correlation between propane and higher hydrocarbon homologues indicates that the 

chemical composition of gas released during decomposition of such hydrates originated from 
hydrate-bound volatiles plus components associated to oil impurities. This assumption is 
supported by results from headspace analysis of warmed, oil-stained sediments that showed 
volatilization of low-molecular hydrocarbons (propane, butane, etc.) and carbon dioxide during 
oil degassing. Hence, precise determinations of hydrate-bound volatiles from oil-impregnated 
hydrate pieces solely by use of techniques available on-board are problematic. 
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Poti seep 
At Poti seep gas hydrates could be sampled at three GC stations, while sedimentary gas was 
collected at an individual DAPC (DAPC-1) station (Table 21). 

 
Table 21: List of gas samples recovered from the Poti seep. 
 

GeoB Instrument Hydrate-bound 
gas 

Headspace 
gas 

Sedimentary 
gas 

15243 GC-9 2   
15244-2 GC-11 7 9  
15244-3 GC-13 14   
15244-4 DAPC-1   20 

 Total 23 9 20 
 
The molecular compositions of both, hydrate bound-gas and sedimentary gas from Poti seep 

were very similar. The gas was strongly dominated by methane (99.51–99.66 mol-%), followed 
by carbon dioxide (0.27–0.47%), ethane (0.01–0.02%), and propane (<0.01%). iso-butane was 
only found in traces in gas released from DAPC-1. The resulting C1/C2+ ratios >4,400, which 
were the highest values measured during M84/2 (Fig. 95), indicate a strong dominance of 
microbial hydrocarbons at this site. The virtual lack of oil-droplets in the sediments, which are 
present in high density at the oil seep sourced by more thermogenic hydrocarbons (e.g. Pechori 
Mound) supports this assumption. 

 
Kulevi Ridge 
From Kulevi Ridge two oil-stained cores bearing gas hydrates below 110 cmbsf were recovered 
(Table 22). 

 
Table 22: List of gas samples recovered from the Kulevi during M84/2. 
 

GeoB Instrument Hydrate-bound 
gas 

Headspace 
gas 

15258 GC-22 2 6 
15259 GC-23  19 
 Total 2 25 

 

Hydrate-bound gas extracted from core GC-22 contained 99.22 mol-% methane, 0.69% 
carbon dioxide, 0.07% ethane, <0.01% propane, and 0.01% iso-butane. The C1/C2+ ratio � 1,080 
suggests considerable admixture of thermogenic hydrocarbons at this site. In contrast to oil-
stained hydrates from the Pechori Mound oil seep those from the Kulevi Ridge did not show a C3 
over C2 prevalence. Hence, hydrates at the Kulevi Ridge appear less affected by oil 
impregnations in comparison to those at Pechori Mound. 

 
Ordu Ridge 
Several patches of high backscatter intensity were discovered on the Ordu Ridge off the Turkish 
coast close to the city of Samsun (Chapter 6). Gas hydrates were collected at four of these 
patches (#2, #3, #5, #7) by use of GC (Table 23). In addition, a single pressure core was 
recovered from patch #2. 
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Table 23: List of samples recovered from the different patches at the Ordu Ridge considered for gas 
chemical analysis. 
 

GeoB Instrument Patch Hydrate-
bound gas 

Sedimentary 
gas 

Headspace 
gas 

15268-1 GC-27 #2 23  10 
15268-1 DAPC-3 #2  1  
15268-3 MIC-12 #2   28 
15503-1 GC-28 #3 9  3 
15503-3 MIC-13 #3   29 
15504 GC-29 #5 17   
15505 GC-30 #7 28   
15507 GC-31 #7 15   
15505-2 MIC-14 #7   23 
Total   92 1 93 

 
All gas samples obtained from the four patches on Ordu Ridge showed relatively uniform 

molecular compositions. Methane was the predominant hydrocarbon (99.53–99.69 mol-%), 
followed by carbon dioxide (0.26–0.42%) and ethane (0.03–0.05%). Propane and iso-butane 
were detected in almost all samples with <0.01%. C1/C2+ ratios ranging between about 1,840 and 
2,820 suggest that mainly microbial-mediated processes lead to generation of light hydrocarbons 
present in surface sediments of the Ordu Ridge patches. 

 
Kerch Flare 
Although gravity cores and pressure cores at seep sites in the Kerch Flare area were already 
recovered during M72/3 and MSM15/2, gas hydrates could have been recovered for the first time 
during MSM15/2. During M84/2, hydrates were collected at three GC stations (Table 24). In 
addition, three DAPC stations were performed. 

 
Table 24: List of gas samples recovered from the Kerch Flare area during M84/2. 
 

GeoB Instrument Hydrate-
bound gas 

Sedimentary 
gas 

Headspace 
gas 

15513-1 GC-34 5   
15516-1 GC-36 10  3 
15518-1 GC-37 9  17 
15519-1 GC-38   38 
15513-2 DAPC-6  6  
15516-2 DAPC-7  6  
15518-2 DAPC-8  8  
15513-3 MIC-15   30 
15516-3 MIC-16   28 
15519-2 MIC-17   30 
 Total 24 20 146 

 
The gas samples contained 99.64 to 99.69 mol-% of methane, 0.25 to 0.31% of carbon 

dioxide, and 0.03 to 0.04% of ethane. Propane, iso-butane, and n-butane occurred only in traces 
(<0.01%), and n-pentane was only present in gas from pressure cores. Similar to observations 
during MSM15/2, enrichments in methane and depletions in ethane in hydrate-bound gas relative 
to sedimentary gas from pressure cores indicate preferential incorporation of methane into the 
hydrate phase, as already proposed for the Batumi seep area (Pape et al., 2010). 
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Helgoland MV 
The Helgoland MV was studied in detail for the first time during MSM15/2, but hydrates could 
not be sampled during that cruise. Remarkably, during M84/2 massive, near-surface hydrates 
could be recovered during two GC stations (Table 25) performed close to a site, where a GC 
could be driven more than 60 m deep into the sediment in the course of deep penetration 
experiments conducted during MSM15/2 (GeoB14341). Hence, it might be speculated that near-
surface hydrate formation in that area of the Helgoland MV preferentially took place in the time 
period from MSM15/2 (May 2010) to M84/2 (March 2011). With regard to considerable bubble 
texture of the hydrates with sized inclusions of free gas (see Fig. 82), they appeared to be 
relatively young in age. A DAPC station was conducted close to site GC-43 in order to 
determine the hydrate quantity. 

 
Table 25: List of gas samples recovered from the Helgoland MV. 
 

GeoB Instrument Hydrate-bound 
gas 

Sedimentary 
gas 

Headspace 
gas 

15524-1 GC-40   30 
15525-1 GC-41 31   
15525-3 GC-43 13   
15531 GC-45   30 
15532 GC-46   30 
15530 DAPC-10  23  
15524-2 MIC-18   31 
15525-2 MIC-19   11 
15525-4 MIC-20   24 
15533-2 MIC-21   22 
 Total 44 23 178 

 
Gas from hydrates consisted of methane (99.66–99.67 mol-%), carbon dioxide (0.29–0.31%), 

ethane (0.03%) and traces of propane, while gas from pressure cores contained a slightly smaller 
portion of methane (99.31%), and a significantly higher amount of carbon dioxide (0.65%). 
Portions of ethane, propane, and iso-butane in sedimentary gas were similar to those in hydrate 
bound gas. n-butane and n-pentane (<0.01% each) were only observed in sedimentary gas. 
Similar to results for samples obtained during expedition MSM15/2, the resulting C1/C2+ ratios 
(ca. 2,680–3,050) for all gas types suggest that the major proportion of light hydrocarbons 
originates from microbial generation. 

 
Dvurechenskii MV 
The gas hydrate system at the Dvurechenskii MV was already studied during cruises M52/1 and 
M72/3. During M84/2 a pressure coring station was performed at a site in the northwestern 
section of the DMV in order to expand the existing pressure core data set from M72/3 (Table 
26). 

 
Table 26: Number of gas samples obtained during degassing of a pressure core collected at 
Dvurechenskii MV. 

GeoB Instrument Sedimentary 
gas 

15526-1 DAPC-09 17 
 Total 17 
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Similar to results obtained for pressure cores during cruise M72/3 in 2007 at Dvurechenskii 
MV the gas released from DAPC-9 consisted mainly of methane (99.56 mol-%), amended by 
carbon dioxide (0.38%) and ethane (0.06%). iso- and n-butane as well as n-pentane were found 
in traces (<0.01%). The C1/C2+ ratios of gas released from this pressure core and previous cores 
taken during M72/3 at Dvurechenskii MV were slightly lower (ca. 1.730) than those determined 
for gas from the near-by Helgoland MV suggesting slightly higher proportions of thermogenic 
hydrocarbons. 

 
 

12.2.3 Vertical Methane Concentration Profiles in Surface Sediments of the 
Batumi Seep Area 

For determination of methane concentration profiles by use of the headspace technique sediment 
samples were extracted from gravity cores and mini cores. In the following results for the 
Batumi seep area are shown as an example. Backscatter anomalies at the Batumi seep area were 
previously attributed to the presence of near-surface authigenic carbonates and elevated gas 
concentrations (Klaucke et al., 2006) diagnostic for active seepage. In order to evaluate the 
relationship between backscatter intensity and methane concentrations, ten mini cores (MICs) 
were obtained from sites characterized by moderate to high seafloor backscatter signals. These 
stations were backed-up by a reference MIC station remote from the Batumi seep area and 
showing low backscatter intensity. 

 
 

 
Fig. 97: Methane concentration profiles (in mmol kg-1 and μmol kg-1 wet sediment, respectively) in six mini 
cores collected at the Batumi seep area. Sampling sites represent areas of different seafloor backscatter 
intensity (upper left: high upward CH4 fluxes, MIC-2; lower right: low upward flux, MIC 1 = background 
core). Like inorganic geochemical profiles discussed in Chapter 11 for the same mini cores, methane 
profiles precisely indicate the positioning of the SMTZ. 
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At the reference site (MIC-1), methane concentrations were comparably low (<5 μmol kg-1 
wet sediment) and decreased slightly with depth (Fig. 97) indicating methane diffusion into the 
seabed from the bottom water. 

For all other mini cores recovered from sediments characterized by moderate to high 
backscatter anomalies, a steep gradient with strongly increasing methane concentrations with 
depths were found. The upper limit of that gradient was located in depths between 8 and 38 
cmbsf which points to considerable methane flux from below at those stations. Above the 
gradient, methane concentrations are reduced due to the anaerobic oxidation of methane. The 
shallowest gradient was found at station MIC-2 at 8 to 13 cmbsf and highest ex situ methane 
concentrations were 15 mmol kg-1 wet sediment (41 cmbsf). Such gradients could be followed 
towards depth in longer gravity cores taken at close-by stations.  
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Appendix 2: Gravity Corer and Mini Corer Deployments during M84/2b 
 

Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

GC-1 
Stat. 137 
GeoB 15203 

Eregli 1 
Turkey 

Plastic foil 
Core catcher 
–lids 
5 T-Logger 

Logger 1-5 
(SN 1854330, 
1854333, 
1854335, 
1854336, 
1854339) 
Only 1 logger 
in sediment: 
~ 0.068 °C/m 

Sediment reconnaissance 
Lowering with 1 m/s, T- 
Logger SN 1854333 no 
recording, logger SN 
1854339 lost, too much 
wire out, no sediments at 
outside of barrel, Without 
Posidonia 

Core length about 3.1 m, 
strong sulphide smell, gas-
rich, only Unit I, no sign for 
gas hydrates, no sample 
taken, no porewater taken, 
sediment described and 
dumped 

GC-2 
Stat. 138 
GeoB 15204 

Eregli 1 
Turkey 

Plastic foil 
Core catcher 
–lids 
4 T-Logger 
 

Logger 1-5 
(SN 1854330, 
1854333, 
1854335, 
1854336) 
Only 1 logger 
in sediment: 
~ 0.10 °C/m 

Sediment reconnaissance 
Lowering with 1 m/s, T-
Logger SN 1854336 
nearly lost, too much wire 
out, no sediments at 
outside of barrel, without 
Posidonia 

Core length about 2.5 m, 
strong sulphide smell, gas-
rich, only Unit I, no sign for 
gas hydrates, no sample 
taken, no porewater taken, 
sediment described and 
dumped 

GC-3 
Stat. 150 
GeoB 15216 

Archangelsky 
Ridge, 
Working Area 
Sinop, Turkey 

Plastic liner 
core catcher-
lamella 
 

Without T-
Logger 

Sediment reconnaissance 
for planned MeBo drilling 
Lowered with 1 m/sec. 
Penetration too deep, 
sediment on and in 
weight without Posidonia 

5.76 m sediment recovery. 
Porewater taken, 
sediments described and 
archived. 

GC-4 
Stat. 154 
GeoB 15220-
1 

Reference 
south of 
Batumi Seep, 
Georgia 

Plastic liner, 
core catcher-
lamella 

Without T-
Logger 

Complementary to MeBo 
GeoB 15220-3 
Lowered with 0.5 m/sec, 
good penetration, without 
Posidonia 

4.83 m sediment recovery. 
Porewater taken, 
sediments described and 
archived. 

MIC-1 
Stat. 157 
GeoB 15220-
4 

Reference 
south of 
Batumi Seep, 
Georgia 

4 cores  Complementary to MeBo 
GeoB 15220-5 
Lowered with 0.6 m/sec, 
Good penetration, 
undisturbed surface with 
overlaying bottom water  

All 4 cores ~50 cm filled, 
porewater and methane 
samples taken. Sediments 
preserved for biomarker 
studies. Sediments 
described.  

GC-5 
Stat. 164 
GeoB 15226 

Pechori 
Mound 

Plastic liner, 
core catcher-
lamella. 

Without T-
Logger 

Sediment reconnaissance 
Lowered with 1 m/sec, 
good penetration, without 
Posidonia 

487 cm sediments, no gas 
hydrates, oil impregnated 
in lower part, porewater 
and methane samples 
taken. Sediments 
described and archived. 

GC-6 
Stat. 179 
GeoB 15235-
1 

Adjara Ridge, 
Flare Cluster 
3 

Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Sediment reconnaissance 
Deployed at high 
backscatter patch in EM 
122. Lowered with 1 
m/sec, gas emission and 
oil drops were released 
when core was close to 
the sea surface. 

~250 cm sediments, no 
gas hydrates, oil 
impregnated sediments 
below sapropel, sediment 
described and dumped. 

MIC-2 
Stat. 184 
GeoB 15237 

Batumi Seep, 
Georgia 

4 cores  Geochemical flux study 
Lowered with 0.6 m/sec, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
Posidonia did not work, 
but close to target 
position 41°57.498’N, 
41°17.462’E 

3 cores ~53 cm filled, 
degassing of lower 
sediments, porewater and 
methane samples taken. 
Sediments preserved for 
biomarker studies. 
Sediments described. 

GC-7 
Stat. 181 
GeoB 15236-
1 

Batumi Seep, 
Georgia 

Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Complementary to MeBo 
GeoB 15236-2 
Lowered with 1 m/sec, 
good penetration  

~ 225 cm sediment 
recovery, gas hydrate 
pieces, sediment 
described and dumped. 

MIC- 3 
Stat. 187 
GeoB 15239-
1 

Batumi Seep, 
Georgia 

3 cores  Geochemical flux study 
Lowered with 0.4 cm/s, 
not released, maybe too 
slowly lowered or not 
enough cable paid out, 
Posidonia did not work 
but close to target 
position 41°57.520’N, 
41°17.500’E 

Empty. 
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Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

MIC-4 
Stat. 188 
GeoB 15239-
2 

Batumi Seep, 
Georgia 

3 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
Posidonia worked 

2 cores filled 50 cm, 1 core 
~30 cm, sediments not 
degassing, porewater and 
methane samples taken. 
Sediments described. 

MIC-5 
Stat. 190 
GeoB 15241-
1 

Batumi Seep, 
Georgia 

4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
With Posidonia. 

4 cores filled ~50 cm, 
sediments not degassing, 
porewater and methane 
samples taken. Sediments 
described. 

GC-8 
Stat. 191 
GeoB 15241-
2 

Batumi Seep, 
Georgia 

Plastic foil 
Core catcher 
–lids 

Without T-
Logger 

Geochemical flux study 
Lowered with 1 m/sec, 
good penetration. With 
Posidonia, 

~ 208 cm sediment 
recovery, sediment 
described and dumped. 

MIC-6 
Stat. 192 
GeoB 15242 

Batumi Seep, 
Georgia 

4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
Posidonia did not work.  
1 liner lost 

2 cores filled ~50 cm, 1 with 
30 cm, sediments not 
degassing, porewater and 
methane samples taken. 
Sediments described. 

GC-9 
Stat. 193 
GeoB 15243 

Poti Seep, 
Georgia 

Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Sediment reconnaissance  
Lowered with 1.2 m/sec, 
good penetration. 
Posidonia not working. 

~ 146 cm sediment 
recovery, small hydrates in 
CC, 
sediment described and 
dumped. 

GC-10 
Stat. 194 
GeoB 15244-
1 

Poti Seep, 
Georgia 

Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Sediment reconnaissance  
Lowered with 1.2 m/sec, 
bad penetration, 
probably not enough 
rope released during 
penetration. Without 
Posidonia. 

No sediment recovery 

GC-11 
Stat. 195 
GeoB 15244-
2 

Poti Seep, 
Georgia 

Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Sediment reconnaissance  
Lowered with 1.2 m/sec, 
good penetration. 
Without Posidonia. 

~ 140 cm sediment 
recovery, massive hydrate 
at base; geochemical 
sampling, sediment 
described and dumped. 

MIC-7 
Stat. 198 
GeoB 15247-
1 

Batumi Seep 4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
With Posidonia.  
 

4 cores filled 30 to 48 cm 
with sediments 

GC-12 
Stat. 199 
GeoB 15247-
2 

Batumi Seep Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Geochemical flux study 
Lowered with 1.2 m/sec, 
good penetration. With 
Posidonia. 

Gas hydrates in core 
catcher and lowermost 10 
cm of core. Gas hydrate 
tabular shaped. 

GC-13 
Stat. 201 
GeoB 15244-
3 

Poti Seep Plastic liner, 
core catcher-
lamella 

Without T-
Logger 

Gas hydrate sampling 
Lowered with 1.0 m/sec, 
without Posidonia 

197 cm sediments, gas 
hydrates at lowermost 
sediments and in core 
catcher, no geochemical 
sampling, core described 
and archived. 

GC-14 
Stat. 202 
GeoB 15248 

Reference 
next to Poti 
Seep 

Plastic liner, 
core catcher-
lamella,  

Without T-
Logger 

Sedimentological studies 
Lowered with 0.5 m/sec, 
without Posidonia 

574 m sediments, core cut 
in 1 m segments, not 
opened, archived 

GC-15 
Stat. 203 
GeoB 15249-1 

Batumi Seep Plastic foil, 
core catcher-
lamella 

Without T-
Logger 

Geochemical flux study 
Lowered with 1.2 m/sec, 
With Posidonia. 

Some gas hydrates at 
base, dispersed, few 

MIC-8 
Stat. 205 
GeoB 15249-
2 

Batumi Seep 4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

4 cores filled with 45 cm 
sediments 

DAPC-1 
Stat. 206 
GeoB 15244-4 

Poti Seep   Gas quantification  
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Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

GC-16 
Stat. 207 
GeoB 
15251-1 

Batumi Seep Plastic foil, 
core catcher-
lamella 

T-Logger 1-4 
(SN1854330, 
1854335, 
1854404, 
1854407) 

Geochemical flux study 
Lowered with 1.2 m/sec, 
10 min in sea bottom, 
with Posidonia. 

 

MIC-9 
Stat. 208 
GeoB 
15251-2 

Batumi Seep 4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
with Posidonia 

Good sediment recovery 

GC-17 
Stat. 209 
GeoB 
15252 

Batumi Seep Liner, core 
catcher-lids 

T-Logger 1-4 
(spacing 60 
cm) 

Core catcher test 
Lowered with 1.2 m/sec, 
lids of core catcher 
bended, not closed, 
without Posidonia 

Strongly degassing at sea 
surface, ~80 cm of 
sediments, gas hydrates in 
core catcher, many hydrate 
chips in core, no porewater 
sampling, sediments not 
described and dumped 

MIC-10 
Stat. 210 
GeoB 
15253 

Batumi Seep 4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
with Posidonia 

3 cores filled 

GC-18 
Sta. 211 
GeoB 
15227-5 

Pechori 
Mound 

Liner T-Logger 1-4 
(spacing 125 
cm) 

Complementary to MeBo 
GeoB 15227-5 
With Posidonia 

~1.7 m sediments on outside 
barrel, 1.3 m sediments in 
liner, oily sediments, no gas 
hydrates, cores not opened, 
no geochemical sampling, 
not described, archived 

GC-19 
Stat. 212 
GeoB 
15254 

Pechori 
Mound-
outside rim 

Plastic foil T-Logger 1-4 Hydrate distribution 
Lowered with 1 m/sec, 
deeply penetrated, 
without Posidonia 

~6 m of sediments with 
typical Black Sea 
stratigraphy, difficult to 
remove sediments from liner, 
no geochemical sampling, 
sediments described and 
dumped 

GC-20 
Stat. 213 
GeoB 
15255 

Pechori 
Mound –rim 

Plastic foil T-Logger 1-4 Hydrate distribution 
Lowered with 1.2 m/sec, 
without Posidonia 

Strongly degassing at sea 
surface, hydrates lost to 
water, hydrate pieces in core 
catcher, white (frozen), ~70 
cm of oily sediments 

GC-21 
Stat. 214 
GeoB 
15256 

Pechori 
Mound-center 

Liner T-Logger 1-4, 
only 5 min in 
sediments, tip 
of logger 1 
broken 

Hydrate distribution 
Lowered with 1.2 m/sec, 
without Posidonia 

Strongly degassing at sea 
surface, big hydrate piece at 
bottom of core, white 
(frozen). Hydrates “pop-
corn”-like, making sounds 
when bursting, 2.03 m of oily 
sediments, cores not opened, 
no geochemical sampling, 
not described, archived 

GC-22 
Stat. 216 
GeoB 
15258 

G2, Kulevi 
Ridge-east 

Liner Without T-
Logger 

Sediment reconnaissance  
Lowered with 1.2 m/sec, 
without Posidonia. 

Only 1.3 m of sediments 
recovered. Gas hydrate 
expansion probably pushed 
sediments upward into 
weight. Mud clast in weight. 
Small pieces of gas hydrates 
in core catcher (sample for 
gas analytics taken). 
Sediments very dry. 

GC-23 
Stat. 217 
GeoB 
15259 

G1, Kulevi 
Ridge-west 

Liner Without T-
Logger 

Sediment reconnaissance  
Lowered with 1.2 m/sec, 
without Posidonia. 

Only weakly degassing at 
sea surface, no gas hydrates 
in core, sandy material, dry, 

GC-24 
Stat. 218 
GeoB 
15260-1 

Batumi Seep Plastic foil T-Logger 1-4, 
placed 60 cm 
apart 

Geochemical flux study 
Lowered with 1.2 m/sec, 
10 min in sea bottom, 
with Posidonia. 

240 cm sediment recovery, in 
lower section abundant 
layered gas hydrates, white. 
Some hydrates frozen. 
Geochemical sampling, 
sediments described and 
dumped. 

MIC-11 
Stat. 219 
GeoB 
15260-2 

Batumi Seep 4 cores  Geochemical flux study 
Lowered with 0.5 cm/s, 
with Posidonia 

Good sediment recovery, 4 
cores 
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Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

GC-25 
Stat. 220 
GeoB 15261 

Colkheti 
Seep 

Liner T-Logger 1-
4, placed 
125 cm 
apart 

Sediment reconnaissance 
Lowered with 1.2 m/sec, 
Without Posidonia. 

Only ~1.3 m sediments, 
some oil, not much, not 
degassing at sea surface, no 
hydrates, no porewater 
sampling, described and 
archived. 

DAPC-2 
Stat. 221 
GeoB 
15244-5 

Poti Seep   Gas quantification Pore water sampling, 
sediment documented. 

DAPC-3 
Stat. 229 
GeoB 
15268-1 

Ordu ridge 
patch#02 
 

  Gas quantification Pore water sampling, 
sediment documented. 

MIC-12 
Stat. 233 
GeoB 
15268-3 

Samsun, 
Ordu Ridge 
Patch 2, Flare 

4 cores  Lowered with 0.5 m/sec, 
Good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

All 4 cores 40-45 cm filled, 
porewater, methane and 
pollen/spore study samples 
taken. Sediments described.  

DAPC-4 
Stat. 234 
GeoB 
15268-4 

Ordu ridge 
patch#02 
 

  Gas quantification No pressure on core 

GC-28 
Stat. 235 
GeoB 15503 

Samsun, 
Ordu Ridge 
Patch 3, Flare 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 

Sediment reconnaissance 
Lowering with 1.2 m/s, , 
Without Posidonia 

Core length about 3 m, strong 
sulphide smell, gas-rich, 
massive hydrates, porewater 
and hydrate samples taken, 
sediment described and 
archived 

GC-29 
Stat. 237 
GeoB 15504 

Samsun, 
Ordu Ridge, 
high 
backscatter 
without flare 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 

Sediment reconnaissance 
Lowering with 1.0 m/s, , 
Without Posidonia 

Banana. 2.10 m of sediment 
recovered, gas-rich, signs of 
hydrate presence, 
carbonates, no sampling, 
sediment described and 
archived 

GC-30 
Stat. 238 
GeoB 
15505-1 

Samsun, 
Ordu Ridge 
Patch 7, Flare 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 

Sediment reconnaissance 
Lowering with 1.2 m/s, , 
Without Posidonia 

Core length about 240 cm, 
strong sulphide smell, gas-
rich, massive hydrates in core 
catcher, porewater and 
hydrate samples taken, 
sediment described and 
archived 

MIC-13 
Stat. 240 
GeoB 
15503-3 

Samsun, 
Ordu Ridge 
Patch 3, Flare 

4 cores  Lowered with 0.5 m/sec, 
Good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

3 cores 45-50 cm filled, 
porewater, and methane 
samples taken. Sediments 
described.  

DAPC-5 
Stat. 241 
GeoB 
15268-5 

Ordu ridge 
patch#02 
 

  Gas quantification Pore water sampling, 
sediment documented. 

MIC-14 
Stat. 242 
GeoB 
15505-2 

Samsun, 
Ordu Ridge 
Patch 7, Flare 

4 cores  Lowered with 0.5 m/sec, 
Good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

4 cores 40-50 cm filled, 
porewater, methane and 
radiocarbon samples taken. 
Sediments described.  

GC-31 
Stat. 243 
GeoB 15507 

Samsun, 
Ordu Ridge 
Patch 7, Flare 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, , 
Without Posidonia 

Core length about 157 cm, 
strong sulphide smell, gas-
rich, massive hydrates, 
porewater and hydrate 
samples taken, sediment 
described and archived 

GC-32 
Stat. 244 
GeoB 15508 

Samsun, 
New Ridge 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 

Sediment 
reconnaissance 
Lowering with 1.2 m/s, 
without Posidonia 

Core length about 300 cm, 
sulphide smell, gas-rich, no 
hydrates, porewater and 
hydrate samples taken, 
sediment described, color 
scanned and archived                                         
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Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

GC-33 
Stat. 248 
GeoB 
15512-1 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, 
with Posidonia 

Core length about 100 cm, 
sulphide smell, gas-rich, no 
hydrates, porewater and 
hydrate samples taken, 
sediment described and 
archived 

GC-34 
Stat. 249 
GeoB 
15513-1 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, 
with Posidonia 

Core length about 570 cm, 
overpenetrated, sulphide 
smell, gas-rich, small platy 
hydrates below 27 cm, 
porewater, hydrate, 
pollen/spore samples taken, 
sediment described and 
archived 

DAPC-6 
Stat. 250 
GeoB 
15513-2 

Kerch Strait, 
Flare  

  Gas quantification Pore water sampling, 
sediment documented. 

MIC-15 
Stat. 251 
GeoB 
15513-3 

Kerch Strait, 
Flare 

4 cores  Lowered with 0.5 m/sec, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

4 cores ~45 cm filled, 
porewater, methane samples 
taken. Sediments described.  

GC-35 
Stat. 254 
GeoB 
15512-2 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

without T-
Logger 
3 m barrel 

Gas hydrates 
Lowering with 1.2 m/s, 
with Posidonia 

Core length about 135 cm, 
sulphide smell, gas-rich, no 
hydrates, no sampling, 
sediment described and 
archived 

GC-36 
Stat. 256 
GeoB 
15516-1 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, 
with Posidonia (not 
working) 

Core length about 475 cm, 
overpenetrated, sulphide 
smell, gas-rich, small platy 
hydrates, porewater, hydrate 
samples taken, sediment 
described and archived 

DAPC-7 
Stat. 257 
GeoB 
15516-2 

Kerch Strait, 
Flare  

  Gas quantification Pore water sampling, 
sediment documented. 

MIC-16 
Stat. 258  
GeoB 
15516-3 

Kerch Strait, 
Flare 

4 cores  Lowered with 0.5 m/sec, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

4 cores ~45 cm filled, gas-rich, 
porewater, methane samples 
taken. Sediments described.  

GC-37 
Stat. 260 
GeoB 
15518-1 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, 
without Posidonia 

Core length about 357 cm, 
overpenetrated, sulphide 
smell, gas-rich, platy hydrates, 
porewater, hydrate samples 
taken, sediment described and 
archived 

GC-38 
Stat. 261 
GeoB 
15519-1 

Kerch Strait, 
Background 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Background 
Lowering with 0.8 m/s, 
without Posidonia 

Core length about 574 cm, 
slightly overpenetrated, 
sulphide smell, no hydrates, 
porewater, methane samples 
taken, sediment described and 
archived 

GC-39 
Stat. 262 
GeoB 15520 

Kerch Strait, 
Flare 

PVC Liner 
Core catcher 
–lamella 
 

with T-
Logger 

Gas hydrates 
Lowering with 1.2 m/s, 
without Posidonia 

Core length about 163 cm, 
overpenetrated, sulphide 
smell, gas-rich, no hydrates, 
no samples, sediment 
described and archived 

DAPC-8 
Stat. 263 
GeoB 
15518-2 

Kerch Strait, 
Flare  

  Gas quantification Pore water sampling, 
sediment documented. 

MIC-17 
Stat. 264 
GeoB 
15519-2 

Kerch Strait, 
Background 

4 cores  Lowered with 0.5 m/sec, 
good penetration, 
undisturbed surface with 
overlaying bottom water, 
with Posidonia 

1 core with 30 cm, 3 cores 
with ~45 cm filled, porewater, 
methane, coccolith samples 
taken. Sediments described.  
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Station 
Number 
M84/2 

Area Equipped 
with 

T-logger OBJECTIVES 
Technical description 

Sediment recovery 

GC-40 
Stat. 268 
GeoB 
15524-1 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Sediment, gas hydrates 
Lowering with 0.3 m/s, 
without Posidonia 

Core length about 457 cm, 
overpenetrated, sulphide smell, 
gas-rich, no hydrates, porewater 
and methane samples, sediment 
described and archived 

MIC-18 
Stat. 269 
GeoB 
15524-2 

Helgoland 
MV 

4 cores  Lowered with 0.5 m/sec, 
with Posidonia 

1 core with 40 cm, 3 cores with 
completely filled, porewater 
methane samples taken. 
Sediments described.  

GC-41 
Stat. 270 
GeoB 
15525-1 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Deep penetration T-
logging 
Lowering with 1.2 m/s, 
no deep penetration, 
without Posidonia 

Core length about 100 cm, 
sulphide smell, gas-rich, 
abundant and partly massive 
hydrates, porewater and methane 
samples, sediment described and 
archived 

DAPC-9 
Stat. 271 
GeoB 
15526-1 

Dvurechen
skii MV 
 

  Gas quantification Pore water sampling, sediment 
documented. 

GC-42 
Stat. 272 
GeoB 
15527 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Deep penetration T-
logging 
Lowering with 1.2 m/s 
until ~70 mbsf, without 
Posidonia 

Core length about 400 cm, 
sulphide smell, gas-rich, 
porewater and methane samples, 
sediment described and archived 

MIC-19 
Stat. 275 
GeoB 
15525-2 

Helgoland 
MV 

4 cores  Lowered with 0.4 m/sec, 
with Posidonia 

1 core with 40 cm, 3 cores 
completely filled but sediment lost 
during retrieval because of liquid 
sediment, GH in liner. Methane 
samples taken. Sediments 
described.  

GC-43 
Stat. 276 
GeoB 
15525-3 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Sediment,T-logging 
Lowering with 1.2 m/s, 
without Posidonia 

No sediment in liner, GH in core 
catcher, floating on sea surface. 

MIC-20 
Stat. 277 
GeoB 
15525-4 

Helgoland 
MV 

4 cores  Lowered with 0.4 m/sec, 
with Posidonia 

4 Liners with ~30 cm sediment 
and bottom water, methane, pore 
water samples taken, described.  

DAPC-10 
Stat. 278 
GeoB 
15530 

Helgoland 
MV  

  Gas quantification Pore water sampling, sediment 
documented. 

GC-44 
Stat. 279 
GeoB 
15531 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Deep T-logging 
Lowering with 1.2 m/s 
until 2099 m rope length, 
without Posidonia 

No sediment in liner, GH floating 
on sea surface. 

GC-45 
Stat. 280 
GeoB 
15532 

Helgoland 
MV 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Sediment, T-logging 
Lowering with 1.2 m/s 
until ~20 mbsf, stopped, 
lowering with 1.0 m/s 
until 35 mbsf, without 
Posidonia 

569 cm recovery, warm mud, 
methane, porewater samples 
taken. Sediment described, 
documented, archieved. 

GC-46 
Stat. 281 
GeoB 
15533-1 

Back-
ground 

PVC Liner 
Core catcher –
lamella 
 

with T-
Logger 

Sediment 
Lowering with 0.8 m/s, 
without Posidonia 

590 cm recovery, overpenetration, 
methane, porewater and 
pollen/spore samples taken. 
Sediment described, 
documented, archieved. 

MIC-21 
Stat. 282 
GeoB 
15533-2 

Back-
ground 

4 cores  Lowered with 0.5 m/sec, 
with Posidonia 

4 Liners with ~30 cm sediment 
and bottom water, methane, pore 
water samples taken, described.  
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Appendix 3: Survey List 
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Appendix 4: Gas Hydrate Sampling 
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Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Continuation: Appendix 5: MeBo Drillings 
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Appendix 6: Core Descriptions 
 
Lithological descriptions of gravity cores retrieved during M84/2  
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Lithological descriptions of DAPCs retrieved during M84/2  
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Lithological descriptions of Mini Corers retrieved during M84/2  
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Appendix 7: List of sampled cores and collected sub-samples 
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