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Introduction

Continental transform boundaries cross heavily popu-
lated regions, and they are associated with destructive earth-
quakes, for example, the North Anatolian Fault (NAF)
across Turkey, the Enriquillo-Plantain Garden fault in Haiti,
the San Andreas Fault in California, and the El Pilar fault in
Venezuela. Transform basins are important because they are
typically associated with 3-D fault geometries controlling
segmentation—thus, the size and timing of damaging earth-
quakes—and because sediments record both deformation
and earthquakes. Even though transform basins have been
extensively studied, their evolution remains controversial
because we don’t understand the specifics about coupling
of vertical and horizontal motions and about the basins’
long-term kinematics. Seismic and tsunami hazard assess-
ments require knowing architecture and kinematics of faults
as well as how the faults are segmented.

A four-day workshop, 13-16 June 2011 at Istanbul
Technical University, Istanbul, Turkey, focused on the
seismo-tectonic evolution of the Marmara Sea, which is
150 km long and includes three ~1200-m-deep subsiding

basins (Figs. 1, 2). The submerged Marmara segment of the
NAF is considered a seismic gap presenting high risk to
Istanbul and its surroundings. The workshop was sponsored
by the Integrated Ocean Drilling Program (IODP) to lay the
groundwork for a proposal in the Marmara Sea.

The NAF extends east-west for over 1600 km across
Turkey (Fig. 1). The northern branch of the NAF crosses
the Marmara Sea and now accommodates most of the
21-25 mm y-! motion between the Anatolian block and the
Eurasian plate (Reilinger et al., 2010). Since 1939, a sequence
of seven M>7 earthquakes ruptured the NAF progressively
westward across Turkey but to the east of Marmara Sea. The
most recent two in 1999 were just east of the sea and particu-
larly destructive (~17,000 deaths). West of the Marmara Sea
an My7.4 earthquake ruptured the NAF’s Ganos segment in
1912. The only unruptured segments of the NAF in the last
century are within the Marmara Sea. They have been identi-
fied as a seismic gap with as much accumulated elastic strain
as was released in the 1999 sequence (Parsons, 2004).

Details regarding the fault system beneath the Marmara
Sea are challenging traditional models for transform
tectonics. Some authors account for structural complex-
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Figure 1. Bathymetry and topography of the Marmara Sea region (bathymetric data from Rangin et al., 2001) showing
its basins from east to west: Cinarcik (Ci), North Imrali (NI), Kumburgaz (K), Central (Ce), Tekirdag (T). These basins
are separated by the Central Marmara Ridge (CMR) and Western Ridge (WR). The main faults are shown as black
lines (Sorlien et al., 2012); those in red are from several published sources as explained in Sorlien et al. (2012): Izmit
fault (If), Main Marmara fault (MMf), and Ganos fault (Gf). The red stars mark the locations of the proposed drill sites.

Inset shows the topography of the eastern Mediterranean with plate tectonic configuration and GPS-derived vectors
(Reilinger et al., 2010). Red box locates Marmara Sea. Also shown are the North Anatolia Fault (NAF), East Anatolia
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tion of the gap and the size and number of future earthquakes
and the hazard facing Istanbul.

Other large metropolitan regions are threatened by conti-
nental transforms. This workshop was held to discuss the
research opportunities presented by drilling in the Marmara
Sea.

Scientific Presentations

Forty scientists and fifteen graduate and undergraduate
students from Europe, Turkey, and the USA attended the
IODP Marmara-Trans workshop. The presentations covered
the evolution of the plate boundary from subduction to strike
slip. Thermal models of the Marmara Sea basins focused on
whether the growth was steady, or whether the basins grew
initially and passively rode along the transform later.
Structural evidence suggests asymmetric fault-bend basins
subsiding steadily into the present (Seeber et al., 2004).
Unconformities were identified, tentatively dated, and cor-
related in all the Marmara Sea basins from seismic profiles
(Sorlien et al., 2012). Constraining the age model would be
critical for evaluating the basins’ structural evolution. Large
earthquakes and tsunamis have been known for 2000 years
from the historical record, and into the upper Holocene from
the geological record. Historical and geological data overlap
and correlate. Earthquake-triggered deep-water sedimenta-
tion in Haiti and Marmara Sea are remarkably similar. They
suggest “turbidite-homogenite” units with characteristic
structures and chemistry (McHugh et al., 2006; Beck et al.,
2007) that could be recognized in the stratigraphy and pro-
vide an earthquake record through the growth of the basin.
Better understanding of how seismogenesis relates to other

geologic observables would improve earthquake forecasting
and hazard assessment along the North Anatolian Fault and
other continental transforms.

Reconnections between the Black, Marmara, and Aegean
Seas in response to eustasy and climate have been much
debated in recent years. These freshwater and saltwater
exchanges were accompanied by dramatic transitions in
flora, fauna, and geochemistry that have been recorded in
the sediments of Marmara Sea. But, available piston and
gravity cores extend back for only ~130 ka (Cagatay et al.,
2009). A longer sedimentary record would recover repeated
eustatic and climate cycles and thus distinguish the role of
tectonics from sea-level fluctuations.

Seafloor gas emissions and fluid expulsions, observed
with ROV and manned submersibles, appear to be focused
along active faults in the Marmara Sea (Zitter et al., 2008;
Géli et al., 2008). Surveys based on multichannel seismic
reflection profiles, chirp, and multibeam data found a wide-
spread distribution of gas in the sediment and the strongest
gas discharge in the water column above the topographic
highs between basins (Shillington et al., in press). Conduits
along the main transform on the Western High expel ther-
mogenic gas and associated brines. 3-D high-resolution
seismic data in the same area document the interplay of sedi-
ment deformation and formation of fluid conduits (Bourry
et al., 2009; Tryon et al., 2010). Authigenic carbonates and
associated biogeochemical communities were recently dis-
covered in Marmara Sea. These findings reveal that hydro-
logical and biogeochemical activities along continental
transforms are as intense as in other plate boundaries.
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Figure 2. Multichannel seismic reflection (MCS) line MTA97 line 2 across Tekirdag Basin (white A-A' line on Fig. 1; data from Parke et al., 2003).
The red rectangles show the locations of potential drilling sites. Tek-03: this SW location was targeted to reach Pleistocene to Holocene strata
deposited at high sedimentation rates at the deepest part of the basin (1200 m of water depth). Tek-02 (projected 2.7 km from the SE): targeted to
reach Pliocene to Pleistocene strata. Tek-01 (projected 2.6 km from the SE): targeted at the condensed margin of the basin to reach Miocene to

Inset showing available high-resolution MCS data. Gray lines: TAMAM-2008 and PirMarmara Leg a4 (Sorlien et al., 2012). Orange lines
are PirMarmara 2010 Leg a2 (P. Henry, G. Cifci, and others, unpublished). Red lines are PirMarmara 2010 Legs al, a3 (G. Cifci and others,
unpublished). The dense cyan grids are from Carton et al., 2007. Magneta are Marathon industry lines (C&K Petroleum, 1974). Green lines are from
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Links to Other Programs

Several seafloor observatories, which monitor seismic
hazards long-term, and continental drilling programs are
being carried out in Marmara Sea and surroundings by
Turkey and international groups. Observatories have been
deployed in Marmara Sea for understanding the long-term
relationship between fluids and seismicity as part of the
Marmara Demonstration Mission project funded by the
European Seafloor Observatory Network and the European
Multidisciplinary Seafloor Observatory. The International
Continental Scientific Drilling Program (ICDP) project
GONAF (a deep Geophysical Observatory at the North
Anatolian Fault) plans to drill two boreholes in the Princes
Islands, Turkey. Representatives of this program presented
their preliminary results on seismotectonics. Future pro-
grams include the development and implementation of sub-
marine geodetics as part of seismic risk assessment in col-
laboration with Istanbul Technical University and the
Turkish Navy. Deployment of seafloor drilling rig MeBo is
also being considered to investigate the interactions between
sediment deformation and fluids.

Outcome of the Workshop

The working group participants selected locations for
drilling sites based on existing data. These were recorded
from geophysical investigations (multichannel seismic
reflection profiles, multibeam bathymetry, high-resolution
sub-bottom profiles, side scan sonar), sediment sampling
(piston cores up to 30 m long and many gravity cores), and
explorations by manned and unmanned submersibles.
The data were acquired during the following cruises and
research vessels: Seismarmara, Marmarascarps, Marnaut,
Marmesonet, R/V Marion Dufresene, R/V Urania (2002,
2009), and R/V Piri Reis (project TAMAM: 2008, 2010)
(Rangin et al., 2001; Le Pichon et al., 2001; Polonia et al.,
2004; Armijo et al., 2005; Cormier et al., 2006; Steckler et al.,
2008; Géli et al., 2008; Goriir and Cagatay, 2010).

These proposed drilling sites target the main Marmara
Sea basins with the following goals.

1. Their deepest parts are intended to recover an
expanded Holocene to Pleistocene strata with high
sedimentation rates.

2. The condensed margins of the basins could reach
older, possibly Miocene, strata.

3. They are located at and near fluid emission sites
within the main fault zone to characterize the nature
of the conduits and the timing of past activity, and to
install borehole monitoring systems for fluid pres-
sure and chemistry.

4. Additional plans for borehole instrumentation include
monitoring of strain rates and seismic activity. These
objectives would address major issues, such as the
partitioning between fluid from deep sources possi-
bly relevant to earthquakes and fluid from the com-
paction and dewatering of sediments.

These scientific and drilling objectives target the new
International Ocean Discovery Program focusing on the
“Earth’s driving tectonics which reveal its inner workings
and cause major geological hazards”.
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