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Abstract: During the first leg of R/V Meteor cruise M44 in February 1999, geoscientific studies in two areas in
the Sea of Marmara were carried out. The studies mainly focused on cool fluid and gas (mainly methane)
emanations in the deepest zones of the Sea of Marmara along the northern strand of the North Anatolian Fault
Zone, which were particularly expected because of the availability of fault zones as a preferential pathway for fluid
migration. Fluids and gases both within the pore water and the benthic water were investigated through long cores
and water samples to reveal their relationship with the solid substance of the sediments. In order to determine the
coring, water sampling and video stations, bathymetric charts of the study areas A and B were obtained by using
the HYDROSWEEP mapping system. The first multibeam bathymetric maps at 1: 50.000 scale of the Sea of
Marmara revealed E–W-trending strike-slip faults cutting the basins and the ridges, adding new insights to
previous studies which reported ridges and basins bounded by NE–SW-trending strike-slip faults and E–Wtrending normal faults.
Key Words: Sea floor morphology, methane emanations, active faulting, Tekirda¤ ridge, Ç›narc›k basin, North
Anatolian Fault Zone, Sea of Marmara

Marmara Denizi’nde R/V Meteor Leg M44/1 Araﬂt›rma Seferi (ﬁubat 1999):
‹lk Çok›ﬂ›nl› Batimetri Çal›ﬂmalar› ile Sediment ve
Su Kolonlar›nda Metan Analizleri
Özet: R/V Meteor araﬂt›rma gemisinin M44 seferinin ilk aya¤› ﬁubat 1999 tarihinde yap›lm›ﬂ, bu sefer s›ras›nda
Marmara Denizi’nde iki ayr› alanda jeolojik incelemeler gerçekleﬂtirilmiﬂtir. Çal›ﬂmalar esas olarak, özellikle derin
kesimlerde, ak›ﬂkan göçü için uygun zemin oluﬂturan Kuzey Anadolu Fay Zonu’nun kuzey kolu boyunca beklenen
so¤uk ak›ﬂkan ve gaz (esas olarak metan) ç›k›ﬂlar› üzerinde yo¤unlaﬂt›r›lm›ﬂt›r. 13 metre uzunlu¤a ulaﬂan sediment
kolonlar› ve toplanan su örnekleri yard›m›yla gözenek suyundaki ve ayr›ca bentik sudaki ak›ﬂkanlar ve gazlar
incelenmiﬂ; bunlar›n iç iliﬂkileri ortaya konulmaya çal›ﬂ›lm›ﬂt›r. Sediment, su örnekleme ve video çekimi yerlerini
belirlemek için HYDROSWEEP sistemi kullan›larak her iki alan›n batimetrik haritas› yap›lm›ﬂt›r. Marmara
Denizi’ndeki ilk çok ›ﬂ›nl› batimetri haritalar› olan bu 1: 50 000 ölçekli haritalar, D–B yönünde uzanan do¤rultu
at›ml› faylar› belirleyerek, havzalar›n KD–GB yönlü do¤rultu at›ml› ve D–B yönlü normal faylarla s›n›rland›¤›n› öne
süren önceki çal›ﬂmalara yeni bir anlay›ﬂ getirmiﬂtir.
Anahtar Sözcükler: Deniz taban› morfolojisi, metan gaz› ç›k›ﬂlar›, aktif faylanma, Tekirda¤ s›rt›, Ç›narc›k havzas›,
Kuzey Anadolu Fay Zonu, Marmara Denizi

Introduction
The Sea of Marmara, located on the western part of the
1500-km-long North Anatolian Fault Zone (NAFZ), forms
a 270-km-long and 80-km-wide intracontinental marine
basin between the Mediterranean Sea and the Black Sea.

It is connected to the low-salinity (S: 18 ‰) Black Sea via
the ‹stanbul (Bosphorus) Strait and to the marine (S:
38.5 ‰) Aegean Sea via the Çanakkale (Dardanelles)
Strait (Figure 1). The two straits have sill depths of 65 m
and 35 m, respectively. The Sea of Marmara is a very
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Figure 1. The three deep basins, Tekirda¤ Basin (TB), Central Marmara Basin (CMB) and Çınarcık Basin (ÇB) and the two intervening ridges, Tekirda¤ Ridge (TR) and Central Marmara
Ridge (CMR) in the Sea of Marmara. The study areas A and B of the research cruise Leg M44/1 of R/V Meteor are also shown in the map.
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active tectonic zone which is separated into three small,
but deep (max. 1280 m) basins (Tekirda¤, Central
Marmara and Çınarcık, from west to east) and two
intermediate ridges (Tekirda¤ and Central Marmara
ridges, from west to east) which were generated by shear
strength and transpression controlled by the overall
strain of the North Anatolian Fault Zone (ﬁengör 1979;
ﬁengör et al. 1985; Barka 1992). In such a tectonic
situation cool fluid and gas (mainly methane) emanations
can be expected, particularly in the deepest regions of the
basin, due to active fault movement where the fault
planes can act as conductors for fluid migration. Likewise,
open fracture systems and saucer-shaped depressions on
the seafloor (pockmarks), which occur along the fault
lines in areas of active fluid discharge, can act as
migration pathways for the gassy fluids which reach the
seafloor. Here we show and discuss results from the first
evidence of upward methane flow in the deep Sea of
Marmara.
As part of a joint research programme prepared by
the MTA (Turkey) and Freie Universität Berlin (Germany)
a multi purpose research was planned in the Sea of
Marmara and conducted as the first leg (Leg 44/1) of the
R/V Meteor cruise in the Mediterranean Sea between
January 31, 1999 and February 13, 1999. The scientific
goals of the research were to produce a bathymetric map
of this area, to study the sea floor micromorphology to
find gas emanation sites, sampling and geochemical
analysis of tectonically influenced solid and fluid budgets,
study of the pore water and near-bottom water
geochemistry and to investigate the Quaternary evolution
with the help of long sediment cores.
Two study areas were defined as Area A and Area B in
the Sea of Marmara (Figure 1). Area A, selected based on
the multichannel seismic profiles acquired on board R/V
MTA Sismik-1 in September 1997 (Okay et al. 1999),
falls between coordinates 40° 52´ N, 27° 40´ E; 40° 52´
N, 28° 10´ E; 40° 45´ N, 27° 40´ E and 40° 45´ N, 28°
10´ E in the western part of the North Anatolian Fault
Zone in the Sea of Marmara (Figure 1). Area B is located
in the eastern Sea of Marmara and falls between the
following coordinates: 40° 45´ N, 28° 40´ E; 40° 52´ N,
28° 40´ E; 40° 52´ N, 28° 58´ E; 40° 45´ N, and 28° 58´
E (Figure 1).

Methods
A HYDROSWEEP mapping system was used to acquire
detailed data on the bathymetry of the study areas.
Vertical resolution of the system was 5 to 10 m whereas
the horizontal resolution was 10 m. The navigation was
guided by DGPS positioning. Combined with the
HYDROSWEEP mapping system, another subbottom
profiler system, PARASOUND (3.5 to 4.5 kHz, 60 km
profile length) was used to measure the sediment
structures and thickness in order to distinguish between
the pelagic and turbiditic sequences prior to sediment
sampling. The penetration of this system reaches up to
100 m depending on the physical parameters of the
sediments, the slope angle, and the ship velocity and sea
conditions. Undisturbed surface sediments were
recovered by using multicorers from the uppermost 10 to
30 cm. Long cores were recovered by gravity corers (up
to 13 m) and piston corers. Water-column surveys were
done using a standard CTD (conductivity-temperaturedepth) probe (Seabird 911) with a rosette water sampler
equipped with twenty-four 10 L Niskin bottles. The
‘Hydro Bottom Station’ (HBS), a lander system specially
designed for sampling diffuse hydrothermal fluids
(Halbach et al. 2000), which can be positioned directly
above the sampling site via video-control with the
research vessel, was used to recover samples near the
seafloor. The sea floor was video surveyed along the
prominent furrow structure that is cut through the
Tekirda¤ Ridge by the North Anatolian Fault Zone. For
visual seafloor observations we used the launcher that is
normally used to deploy the lander. In addition to its
standard equipment we fixed an additional Xenon light to
the launcher frame.
The water samples collected by the CTD or by the HBS
water sampling device were analyzed for volatile
hydrocarbon content by applying a purge and trap
technique. Gases were stripped from the sample by precleaned He, concentrated in traps and subsequently
released into a gas chromatograph (CARLO ERBA GC
6000) equipped with a packed (activated Al2O3) stainless
steel column and a flame ionization detector (FID) to
separate, detect and quantify individual components. All
analytical procedures were performed on board, directly
after sampling. The pore waters of the sediments
collected both by piston corer and multicorer were
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obtained using a gas pressure pore water squeezer. The
all-PTFE device with a volume of cm3 for each sample
compartment allows one-step pore water squeezing and
microfiltration (0.2 µm). In order to prevent oxidation of
sub- or anoxic pore waters, sediments were squeezed in
an inert gas (Ar) atmosphere at a room temperature of
10 °C. For determination of the concentration and
vertical distribution of methane and hydrogen in the
sediments, sub-samples were collected by cut-off 5 ml
syringes from piston cores immediately after opening.
These sub-cores were injected into 25 ml vials filled with
5 ml of double saturated NaCl solution, which were
quickly sealed afterwards. The vials were intensively
shaken until the sediment was homogeneously suspended
and left for equilibration with the headspace for at least
two hours. Due to high salt concentration microbial
activity was inhibited and the solubility of the gases was
reduced almost completely. Methane and hydrogen in the
headspace were separated by gas chromatography on a 3
m x 1/3’’ Porapak Q, 80–100 mesh column at room
temperature, using nitrogen as the carrier gas. The gases
were detected using a FIGARO TGS 711 solid state
detector. Gas contents per sediment volume were
correlated for water content to give gas concentrations in
the pore water.

Results

Sea Floor Morphology
The bottom morphology of the Sea of Marmara is shaped
by the interaction of the right-lateral strike-slip tectonics
of the North Anatolian Fault Zone and the N–S
extensional Aegean regime prevailing in northwestern
Anatolia (ﬁengör et al. 1985; Barka & Kadinsky-Cade
1988; Barka 1992; Gazio¤lu et al. 2002). As a result of
the N–S extension, the North Anatolian Fault Zone has
bifurcated in the Sea of Marmara region onshore and
formed three basins (Tekirda¤, Central Marmara and
Çınarcık, from west to east) and two intervening
bathymetric ridges (Tekirda¤ and Central Marmara
ridges, from west to east) along its northern branch in
the deep Sea of Marmara (Barka & Kadinsky-Cade 1988;
Wong et al. 1995; Armijo et al. 2000; Le Pichon et al.
2001).

Area A. In order to position the sediment and water
sampling and video stations, a bathymetric chart of the
study area was obtained by using HYDROSWEEP
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mapping system in Area A. The 1: 50 000 scale
bathymetric map (Figure 2A), which is the first
multibeam bathymetric map in the Sea of Marmara,
revealed the sea floor morphology of the Tekirda¤ Ridge
(Halbach et al. 2000, 2002). The map included the
Tekirda¤ Basin, the Tekirda¤ Ridge and the Central
Marmara Basin from west to east. The Tekirda¤ Ridge
(max. elevation –440 m b.s.l.) rises between the basal
plain topographies of the Tekirda¤ (average depth –1150
m b.s.l.) and the Central basins (average depth –1280 m
b.s.l.). The slope facing the Tekirda¤ Basin is steeper than
that facing the Central Marmara Basin. Submarine
canyons debouching into the Central Marmara Basin are
located on the southern section of the ridge. The
basement topography of the Tekirda¤ and Central
Marmara basins is remarkably flat-lying and featureless in
contrast to that of the Tekirda¤ Ridge.
The most prominent morphologic features in the area
are a well marked E–W-striking furrow at –770 m b.s.l.
(Figure 2B) and the rugged relief, with transpressive
structures along the ridge. The E–W-striking furrow
marks the trace of the North Anatolian Fault Zone in the
western part of the Sea of Marmara, which is the eastern
continuation of the offshore Ganos Fault mapped by Okay
et al. (1999). The fault clearly displaced the ridge
dextrally and cut the Central Marmara basin, as shown by
PARASOUND profiles C and B taken during the study
(Figure 3; Inthorn 2000). Profiles E and F (Figure 4),
taken in the western part of the Central Marmara Basin,
show the eastern continuation in this basin of the fault,
which is here divided into two shorter and shallower
faults.

Area B. Area B was also mapped using the
HYDROSWEEP mapping system (Inthorn 2000). The
map covers the remarkably flat and more or less
featureless floor of the western section of the Çınarcık
Basin (Figure 5A, B) at an average depth of –1100 m
b.s.l. The eastern part of the Central Marmara Ridge,
which bounds the basin in the west, displays gentler
slopes in the western section of Area B. The sea floor
shows submarine fault valleys opening toward the basin
(Figure 6). In the north-eastern corner of the area, a
section of the steeply dipping submarine slopes bounding
the Çınarcık Basin was observed. The Northern Boundary
Fault passes through the intersection line of the basin and
the slope (Figures 5A, B; Inthorn 2000).
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A

Sea Floor Observations

E

In order to detect gas or fluid emanation sites, the sea
floor was observed by a video tape camera recorder along
the prominent furrow cut by the North Anatolian Fault
Zone on the Tekirda¤ ridge. The sea floor along the fault
is completely covered by sediments and displays abundant
marks and traces of benthic fauna. Closely spaced
pockmarks over 10 cm wide and about 10 cm deep are
the most prominent features of the sea floor (Figure 7).
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1

1

Central Marmara Basin

Water depth (m)

1

1

B

F

Several methane emanation sites, characterized by
greyish mats covering several square metres and
probably consisting of bacteria, were detected along the
fault. In the central parts of the patches dark sulphide
precipitates were observed (Figure 7). The bacteria are
probably sulphide-oxidizing organisms which obtain
reduced sulphur from the methane-oxidation. The latter
likely takes place in the sediment pore space directly
below the surface. Outside the fault zone such bacterial
mats were not observed (Halbach et al. 2000, 2004).
Around active venting of methane gas elsewhere in
other areas of the world, such as the Hydrate Ridge
(offshore Oregon), the Black Sea and the Norwegian Sea,
similar chemosynthetic communities composed of various
sizes of sulphide-oxidizing bacterial mats and clams, and
authigenic carbonates were reported in the marine
environment (e.g., Torres et al. 2002; Boetius & Suess
2004; Lein 2005; Treude et al. 2005).

Fluid Chemistry
Methane in Water Column
Area A. Methane anomalies in the water column were
measured at 12 CTD stations located approximately
above the areas with bacterial mats along the E–Wstriking furrow on the Tekirda¤ Ridge. In the western
part of Area A, the stations were selected on the northern
and southern slopes of the furrow and immediately on
the fault (Figure 8). Table 1 shows the locations of the
CTD stations, coring sites and related data.

Figure 4. The PARASOUND profiles E and F in the Central Marmara
Basin.

The methane concentrations versus water depth
below –500 m are shown in Figure 9. The methane
-1
concentrations are very high (< 1 nmol L ) at most
stations with regard to background conditions. Highest
concentrations of about 45 nmol L-1 were found at
stations CTD 34 and CTD 36 at a water depth of 700 m.
The similar distribution patterns observed at these
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Figure 7. Photograph showing the bacterial and sulphur mats and pockmarks on the sea floor of the Sea of Marmara along the North Anatolian
Fault Zone on the Tekirda¤ Ridge. The width of the bacterial mat is about 2.5 m. The mat probably marks the methane emanation site.
The pole was used as a scale: the distance between the two red marks is one metre.

stations imply a common source responsible for the
enrichment of methane. However, station CTD 35,
located between these two stations reveals a completely
different distribution of dissolved methane. Moreover,
the water depths where higher methane concentrations
were observed and the distribution patterns of dissolved
methane at the distinct stations are quite different,
despite their close spacing. Apparently, the western part
of Area A is characterized by multiple methane-rich seeps,
whereby the observed small spatial extension of the
distinct methane anomalies argues for a restricted
quantity of fluid delivered from the individual sources.
Three other CTD stations, i.e. CTD 57, CTD 64 and
CTD 65, were selected on the eastern slope of the
Tekirda¤ Ridge directly above the sea floor where the
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trace of the fault is observed before it enters into the
Central Marmara Basin (Figure 8). All three profiles
reveal strongly unchanged methane concentrations
(Figure 10A). The highest methane concentration (70.3
nmol L-1) observed in the deep Sea of Marmara comes
from the CTD 64 at -1094 m b.s.l. The size and extent
of the methane anomaly show the presence of a
considerable methane rich vent near these stations.

Area B. Water samples were collected at only one CTD
station (CTD 91) in Area B (Figure 5). Methane
concentrations were mostly found to be low throughout
the water column below 25 m depth (Figure 10B), but at
depth the concentration was observed to reach 2.83 nmol
L-1 just above the seafloor. Though this concentration
appears to be quite low compared to the data from Area
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Table 1. Locations of the CTD and coring stations.

Stations

Latitude
N

Longitude
E

Water
Depth (m)

Length
(m)

Equipment
Used

Sampling
Date

12 KL

40°50.21´

27°40.77´

1078

12.76

Piston Corer

2.2.1999

20 KL

40°50.51´

27°45.79´

566

10.61

Piston Corer

3.2.1999

23 KL

40°48.83´

27°43.99´

731

9.15

Piston Corer

3.2.1999

72 KL

40°48.84´

27°43.99´

728

10.65

Piston Corer

9.2.1999

22 CTD

40°48.87´

27°44.00´

730

_

CTD

3.2.1999

34 CTD

40°48.82´

27°42.49´

771

_

CTD

4.2.1999

35 CTD

40°48.83´

27°43.28´

727

_

CTD

4.2.1999

36 CTD

40°48.84´

27°43.67´

730

_

CTD

4.2.1999

37 CTD

40°48.85´

27°44.28´

727

_

CTD

5.2.1999

38 CTD

40°48.78´

27°44.93´

668

_

CTD

5.2.1999

39 CTD

40°48.75´

27°45.74´

647

_

CTD

5.2.1999

43 CTD

40°48.94´

27°46.01´

642

_

CTD

6.2.1999

44 CTD

40°49.34´

27°42.20´

709

_

CTD

6.2.1999

45 CTD

40°48.96´

27°43.48´

714

_

CTD

6.2.1999

46 CTD

40°48.71´

27°43.97´

691

_

CTD

6.2.1999

47 CTD

40°48.22´

27°44.80´

593

_

CTD

6.2.1999

57 CTD

40°49.13´

27°55.94´

1175

_

CTD

8.2.1999

64 CTD

40°49.27´

27°55.33´

1076

_

CTD

9.2.1999

65 CTD

40°49.17´

27°56.19´

1190

_

CTD

9.2.1999

91 CTD

40°45.46´

28°46.33´

1169

_

CTD

11.2.1999

A, it indicates recent input of methane from the
sediments into the water column in this part of the Sea of
Marmara also.

Methane in the Sediment Column
The methane concentration in the sediments was
measured only in Area A (Figure 1) through the pore
water of the sediments. Several long sediment cores
(max. 12.76 m) were retrieved along the fault on the
Tekirda¤ ridge and its surroundings. The locations of the
coring stations are shown in Table 1. The main goal in
sampling these cores was to analyze the interaction of
rising gas and/or fluid fronts within the sediment column.
The sediments in general consist of greenish grey silty
clay with occasional greyish olive clasts. The sediment
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surface is characterized by an olive-brownish, oxic layer.
Some sediments are finely laminated. Occasionally the
cores show thin, blackish sulphide layers. In deeper
sections of the sediments emanated gas bubbles of
several mm-size were observed, often combined with a
significant H2S smell. The sediments recovered along the
fault are rather homogenous and the decision for the site
of the pore water samples was made on the basis of Eh
measurements carried out by penetration electrodes.
Of the 15 long profiles recovered from the study area,
only three of them are shown in Figure 11. Cores 23 KL
and 72 KL were recovered immediately from the fault
zone at a water depth of –730 m. The pore water
samples from deeper core sections generally showed high
methane concentrations (up to 4.3 mmol/l in core 23 KL,
up to 10 mmol/l in core 72 KL). The maximum values in
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Figure 10. (A) Methane concentrations vs water depth immediately above the sea floor in the Central Marmara Basin along the fault in
Area A. (B) Methane concentration vs water depth in Area B.

these two cores occur at about 6 m or 5 m, respectively
below the sea floor with a decrease above that depth
(Figure 11). The sulphide maxima occur slightly above the
methane peaks. Obviously the rising methane is
quantitatively oxidized at the depth of the reaction zone
by pore water sulphate (Niewöhner et al. 1998). The
sulphate concentrations above the reaction zone vary
between 28 mmol/l (23 KL) and 31 mmol/l (72 KL).
Immediately above the reaction zone it decreases rapidly
down to values of only 2 mmol/l. On the other hand,
Halbach et al. (2004), analyzing the CH4, SO2-4, total
dissolved sulphide (TH2S), total alkalinity (TA), Ca2+, as
well as pH, showed that, based on the concentration
curves of the pore water geochemistry, the core 72 KL
can be subdivided into four different sections (Figure 12):
1. A relict steady-state diffusion zone in the upper
part of the core (SSZD),
2. A transition zone where sulphate decreases with a
steeper gradient (TZ),
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3. A sulphate-methane reaction zone (SMRZ), and,
4. A methane bearing zone (MBZ).
Similarly, based on the pore water profiles it is
obvious that the sediments collected along the fault zone
(cores 23 KL and 72 KL) have much higher methane
concentrations than those taken outside the fault zone
(core 12 KL) (Figure 13).

Discussions and Conclusions
Barka & Kadinsky-Cade (1988), using seismic data
acquired by Marathon Oil Company, suggested that the
deep Sea of Marmara basins (A, B and C) developed as
pull-apart basins between splays of the North Anatolian
Fault Zone. According to these authors, there are two
fault systems comprising northeast-southwest trending
strike-slip faults and NNW–SSE- or east–west-trending
normal faults. Associating the pull-apart basins with
bathymetric lows, clusters of microseismicity and
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Figure 11. Core logs of some cores collected during the cruise M44. Note that the core 12
KL is rather homogenous compared to the other two cores. Marks of gas
bubbles are observed in the deeper parts of the 23 KL and 72 KL.
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Figure 12. Concentration profiles of SO2-4 (1), CH4 (2), TH2S (3), Ca2+ (4), TA (5) and pH (6). (1) SSZD specifies
the relict steady-state diffusion zone of sulphate from the seawater into the pore water environment;
TZ is the transition zone, which is characterized by a steeper sulphate gradient; SMRZ indicates the
sulphate – methane reaction zone (grey area); MBZ is the methane-bearing zone in the deeper
sediments (after Halbach et al. 2004).

extensional focal mechanisms, the authors stated the
need for new and extensive data to verify this hypothesis.
Following this research, Ergün & Özel (1995) and Wong
et al. (1995), on the basis of the same set of shallow
seismic reflection data acquired by R/V Piri Reis, modified
this pull-apart model to include compressional and
tensional rhombohedral blocks bounded by short and
discontinuous strike-slip faults to explain the three deep
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basins and two intervening transpressional push-up
structures aligned oblique to the North Anatolian Fault
Zone in the Sea of Marmara. Wong et al. (1995) also
emphasized the role of the two northeast–southwest
push-ups as dextral transfer zones causing deformation
within the basin between the extensional northern and
southern margins.
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Figure 13. Methane concentrations in pore water of three sediment cores. Note that the methane concentration in core 23 KL (recovered
along the fault) is much higher than that in core KL 12 (recovered away from the fault zone). At a sediment depth of 400 cm
the methane concentration in the pore water increases rapidly with increasing depth. For core locations see Figure 8.

The Leg 44/1 research cruise was carried out in
February 1999, about six months before the devastating
August 17, 1999 ‹zmit earthquake (Barka 1999; Barka

et al. 2000; Reilinger et al. 2000; Gülen et al. 2002). Our
bathymetric mapping was the first document to show the
presence of an E–W-trending strike-slip fault cutting the
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Tekirda¤ ridge in Area A instead of the NW–SE-trending
strike-slip faults bounding the ridge proposed by previous
researchers (e.g., Barka & Kadinsky-Cade 1988; Wong et
al. 1995; Ergün & Özel 1995), and the presence of a
strike-slip fault bounding the Çınarcık Basin in the
northeast in area B (Figures 1, 2 & 5). Ecevito¤lu (2000)
and Demirba¤ et al. (2000) displayed the complete trace
of the fault in the Sea of Marmara by making use of the
evidence obtained in this study.
High methane concentrations in the water column
were measured in Area A immediately on the fault. The
distribution pattern along the fault was observed to
change completely at adjacent stations. Complicated
currents due to the rough morphology can partly explain
the non-uniform distribution of methane in this area. The
concentration values are quite low in Area B compared to
those in Area A, which experienced a very recent output
of methane from the sediments into the water column in
this part of the Sea of Marmara.
The pore water of the deeper parts of cores 23 KL
and 72 KL contains particularly high methane
concentrations. The anaerobic methane oxidation in the
deeper sediments causes increased sulphate reduction
which is kinetically very efficient. Therefore, the pore
water sulphate, provided by diffusion from the water
column, hardly oxidizes any of the organic material. Thus,
degradation of organic material is mainly controlled by
methanogenesis and not by sulphate reduction. These
processes may lead to high methane concentrations in the
sediments of the deep Sea of Marmara and the faulted
seafloor may provide ideal pathways for the migration of
methane whereas the fine-grained sediments outside the
fault zone do not. At some locations along the fault the
methane even reaches to the seafloor, forming Fe
sulphides and bacterial mats and can also be detected in
the water column.
The gas fraction in one of the methane-enriched
sediment sections was investigated at the BGR
laboratories in Hannover (Halbach et al. 2000, 2002).
99 volume % of the gas is methane and approximately 1
volume % is ethane and propane. Delta 13C – isotope
analysis yielded values of –74 to –75 ‰ for methane but
–23 to –26 ‰ for ethane and propane, which indicates
that the methane is mainly of biogenic origin. The origin
of the biogenic methane might be a sapropel-like layer
that was first described by Ça¤atay et al. (2000). This
layer was found in cores 23 KL and 20 KL (Figure 8)
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recovered from the top of the ridge where the
sedimentation rate is lower.
It is worth mentioning that the methane content
analyzed for the surface water that amounts to 30.2
nmol l-1 represents a 15-fold supersaturation with respect
to the atmosphere. As methane concentrations of the
surface layer are not a target of this research, no
additional data were obtained from the uppermost water
body. However, our data indicate that, compared to other
oceanic regions, the Sea of Marmara represents a very
strong methane source for the atmosphere (Patzold et al.
2000).
It has been shown that rock and sediment movement
during earthquakes can cause gas migration by creating
new pathways through which gas can move (Cohen
1985; Dimitrov & Woodside 2003). The disturbance of
sedimentary packages through faulting, microfaulting,
fracturing and shearing of clay caps form conduits
through which gas previously trapped within the section
can travel and the role of earthquakes in triggering gas
seepage in marine environments has been reported by
various researchers (e.g., Clifton et al. 1971; Field 1980;
Field & Jennings 1987; Hasiotis et al. 1996). Conversely,
the increased tectonic strain before an earthquake can
increase the advective fluid – flux and cause the methane
to emanate into the free water column. The investigations
carried out during the M 44/1 cruise, particularly the
study of gas content and behaviour, are of great interest
for the study of earthquake precursors, as well.
Comparing the data collected before and after the 17
August 1999 ‹zmit earthquake, the interrelation between
the seismic event and the gas seeps was shown in the
eastern Gulf of ‹zmit (Kuﬂçu 2004; Kuﬂçu et al. 2005).
Long term monitoring of the methane flux in the area as
well as sites with similar nature elsewhere along the
North Anatolian Fault Zone in the Sea of Marmara should
be carried out to improve our knowledge about the
relationship between gas exhalation from the sea floor
and faulting activity in one of the most seismically active
regions of the Earth.
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