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Introduction
Understanding the relationships between fluid origin and migration, fault dynamics and the
seismicity of the Marmara Region involves answering key questions. Amongst them,
questions on earthquake cycles, seismic event occurrences, gas emission distribution at locked
or creeping fault segments, as well as the fate of fluids in both the sedimentary and water
columns systematically arise. The occurrence of cold seeps at the seafloor is a clear visual
expression of shallow fluid migration, which are widely observed in the Sea of Marmara
(SoM). Cold seeps are mostly located along the North Anatolian Fault (NAF) system and
inherited faults (Zitter et al., 2008). They were first detected during the R/V Meteor Cruise
Leg M44/1 in February 1999 (Halbach et al., 2002) but visually observed for the first time
during the Marmarascarps cruise (2002) using the ROV (Remotely Operated Vehicle)-Victor
6000. However, the Marmarascarps expedition was devoted to the investigation of the
submarine morphology of the SoM, without specific attention to fluid seepage (Armijo et al.,
2005). Since this expedition, the idea of possible links between fluid expulsion from the
seafloor at cold seeps and the functioning of the Marmara Fault System became apparent
(Zitter et al., 2008), and two fluid-oriented scientific cruises, Marnaut in 2007 and
MarmEsonet in 2009, were consequently undertaken.
The Marnaut expedition, with the manned submersible Nautile, was conducted in May-June
2007 onboard the R/V Atalante (http://dx.doi.org/10.17600/7010070). It was dedicated to the
mapping of gas emissions, and the sampling and analysis of fluids and carbonate crusts along
the submerged NAF system. The main objective was to study the origin of the fluids and the
possible relationships between fluid emissions and fault activity (Bourry et al., 2009; Burnard
et al., 2012; Dupré et al., 2012; Dupré et al., 2015; Géli et al., 2008). Three active venting
sites were sampled at which the collected gases were significantly different in their
composition and origin. The gases were of thermogenic origin on the Western and Central
highs and genetically related to the Thrace hydrocarbon Basin, whereas microbial gases were
predominant in the easternmost Çınarcık Basin (Bourry et al., 2009; Ruffine et al., 2012). Gas
hydrates were discovered and recovered for the first time on the Western High, the analysis of
which revealed s-II structure with a high content of heavy hydrocarbons. The recovered
samples were the most propane-enriched hydrates ever collected (Bourry et al., 2009; Ruffine
et al., 2012). The pore fluids were very diverse and complex in composition, reflecting mixing
of fluids from different sources (Ruffine et al., 2015; Tryon et al., 2010; Zitter et al., 2008) as
well as variations with time (Tryon et al., 2012). Such fluid emissions favored the
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development of microbial chemosynthetic communities (Ritt et al., 2010); especially those
involved in the anaerobic oxidation of methane (AOM) and other heavier hydrocarbons. The
AOM at the cold seep sites was also associated with deposition of carbonate crusts (Crémière
et al., 2013; Crémiere et al., 2012).
Two years later, the MarmEsonet (http://dx.doi.org/10.17600/9020040) cruise was conducted
in November-December 2009 on board the R/V Le Suroit. Given the multitude of gas seeps
observed during the Marnaut-cruise dives, priority was given to (1) the mapping of gas
plumes for the entire Sea of Marmara by both shipborne multibeam and AUV-driven acoustic
surveys of the water column, and (2) the characterization of the plumbing system by 3D
seismics. The main results of the cruise were fittingly summarized in Dupré et al. (2015) as:
“Gas emissions are spatially controlled by a combination of factors, including fault and
fracture networks in connection to the Main Marmara Fault system and inherited faults, the
nature and thickness of sediments (e.g., occurrence of impermeable or gas-bearing sediments
and landslides), and the connectivity between the seafloor and gas sources, particularly in
relation to the Eocene Thrace Basin. The relationship between seepage and fault activity is
not linear, as active faults do not necessarily conduct gas, and scarps corresponding to
deactivated fault strands may continue to channel fluids. Within sedimentary basins, gas is
not expelled at the seafloor unless faulting, deformation, or erosional processes affect the
sediments. On topographic highs, gas flares occur along the main fault scarps but are also
associated with sediment deformation.” Thus, undoubtedly, the occurrence of seeps in the
SoM is influenced by the dynamics of fault networks and geological processes affecting the
sedimentary column. These factors control their inception, intensity and lifetime as well as the
chemical composition of fluids via source mixing.
Based

on

the

outcomes

of

these

two

cruises,

the

MarsiteCruise

expedition

(http://dx.doi.org/10.17600/14000500) was scheduled in November 2014. The main objective
was to improve our understanding of the relationships between fault activity, fluid migration
and seismicity in the Marmara region. This marine expedition was divided into three legs with
three scientific aims. The first was devoted to the deployment of submarine instrumentation to
collect long period series of geodetic and geophysical data to determine correlations between
fault motion, intermittent fluid discharge and micro-seismicity (Sakic et al., 2016). The
second leg was dedicated to ROV-Victor 6000 dives to investigate the geochemical dynamics
of selected cold-seep sites. The third leg allowed the recovery of long-gravity cores for dating
some seismic reflector surfaces to establish chronostratigraphy for the last few thousand years
and obtain fault slip rates.
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The present Special Issue, entitled “Fluids and processes at the seismically active fault zone in
the Sea of Marmara”, provides new insights into the aforementioned topics. The questions on
the links between fluids, faults and seismicity in the SoM are debated in the 10 contributions
composing this special issue. The first article summarizes the earthquake geological studies
carried out since the Mw 7.4 and 7.3 1999 eastern Marmara earthquakes under collaborative
studies between Italian and Turkish scientists (Gasperini et al., 2018). The main objectives
were to map active faults and determine slip-rates, earthquake recurrence times, and possible
relationships between fluid emissions and fault activity. The average slip-rates for the last ~
10 kyrs were found to be 10 mm/yr on the northern strand and 3–4 mm/yr along the middle
strand of the NAF (Gasperini et al., 2018). Submarine paleoseismological studies in the Gulf
of İzmit suggested an average recurrence time of 300 years over the late Holocene. The work
of Grall et al. (2018) deals with the gas distribution in relation to geological characteristics of
the sea such as geomorphology and stratigraphy of the sedimentary column. This study
demonstrates that gas seeps appear to be localized within 1–2 km of the active fault zones,
fault intersections between subsidiary faults and main faults, along basin edges that cross
updip gas migration pathways and topographic highs, where the fault appears to be creeping.
On the contrary, the seeps are rare along active fault segments crossing basin depocenters and
the Central High segment which appears to be locked (Grall et al., 2018).
MarsiteCruise provided the opportunity to develop a new strategy for gas-seep detection, and
this is described in detail in the Special Issue (Ruffine et al., 2018b). Such a strategy allowed
us to detect and sample 18 gas seeps. It has been shown that the gas bubbles emitted at the
seafloor are mixtures of primary and secondary microbial gases with thermogenic and mantlederived gases with very asymmetric contribution of each source (Ruffine et al., 2018a). The
sediments in the vicinity of the seeps host living benthic Foraminifera, and a study from
samples collected on the Central High and the Çınarcık Basin show that Bolivina vadescens
and Globobulimina affinis are the two dominant species at the study areas (Fontanier et al.,
2018). Three articles (Akhoudas et al., 2018; Çağatay et al., 2018; Teichert et al., 2018) deal
specifically with the texture, mineralogical and isotopic compositions and genesis of
authigenic carbonate crusts associated with cold seeps in the SoM. These studies demonstrate
the use of crusts as archives of past fluid activity and possibly of earthquake activity. The
study by Çağatay et al. (2018) shows that the authigenic carbonates and black sulfidic
sediments were formed by the AOM at or near the seafloor during less than 1 kyr BP to 9.6
kyr BP, as a result of high methane flux, possibly associated with high seismic activity and
gas hydrate destabilization due to global warming. Çağatay et al. (2018) also discuss the
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problems using authigenic carbonate crusts as archives of paleoseismic activity. However, the
high-resolution multi-proxy study carried out by Teichert et al. (2018) provides a promising
example of the use of authigenic carbonates as archives of past seismic activity. Iron has also
been investigated as proxy for tracing the migration of fluids within the sedimentary column
and their discharge at the seafloor (Yang et al., 2018). The presence of metastable
ferromagnetic iron sulfide minerals on the Western High indicates a more reducing
environment resulting from the degradation of heavy hydrocarbons and organic matter. The
last article (Henry et al., 2018) links fluid emission and fault activity. It has been shown that
most of the gas emissions are located within a distance shorter than 750 m from the faults, and
irrespective of creeping or locked segments.
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