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1 Introduction

The Hellenic Arc in Greece and the Lesser Antilles Island Arc that comprises French Departments are the two
European active subduction zones prone for major Earthquakes. The major earthquake (EQ) and Tsunami catas-
trophe of the December 26, 2004 North-Sumatra-Andaman subduction zone recalls that even ”quiet” subduction
zones may have been wrongly considered as being mainly aseismic and unable to generate large EQ’s and may
indeed be the place of major telluric risk. More basically, 90% of the worldwide seismic energy release and 9/10
of the largest EQ’s on record and the major tsunamis occur in subduction zones.

This project presents a scientific measurement approach for the detection of new types of seismic signals, as well
as deep structural images that are relevant to the problem, being possible heralds of mega-thrust earthquakes.
This will be applied in the Lesser Antilles Arc, that may be prone for M>8 EQ’s as it shares characters of
the Sumatra-Andaman case. These water-related phenomena, deep seismic tremor and silent EQ, were recently
discovered in Japan and NW US subduction zones, where advanced technologies and methods have been applied.
These transients are instead low-frequency signals of still unknown seismic activity, involving fluids and the ductile
domain at depth. They were reported to have their source region close to the inter-plate subduction boundary;,
the mega-thrust fault plane, where possible water content has been revealed by deep structural seismic images.
Importantly these transient signals are observed in advance of major M>8 EQ’s expected there. They might in
case be considered as possible silent heralds of mega-thrust EQ’s and monitored. This scientific measurement
approach, for detection of signs of place and time of major subduction EQ’s may open the way to monitoring
evolution, with high-yield /high-risk possible societal impact for hazard preparedness and mitigation.

Bathymetric mapping along the plate boundary is conducted where no previous data exists and along the forearc
north of 17° N and south of 14 ° N. Existing high-resolution data is combined with the data acquired by FS Maria
S. Merian to achieve full coverage of the plate margin. Bathymetric mapping of the forearc to the north and south
of the seismic working area will as a first indicator unravel lateral changes in the structure of the forearc (e.g.
variation in the frontal taper or changes in the compressional setting manifested in tectonic structures visible at
the seafloor (i.e. folds and surface traces of faults)). These investigations are crucial to understand the entire
margin segment, even in the absence of seismic investigations.

The main goal of the work using FS Maria S. Merian is the mapping of the location, size and spatial variation
of the potentially seismogenic megathrust fault on the Antilles subduction boundary interplate. This will bring
the Antilles subduction zone out of the unknown ”white areas” on the map. It results from a dense network of
approximately 50 ocean bottom instruments (OBH/OBS) to be deployed for a period of 4-6 months in conjunction
with an onshore array. In addition, high-resolution mapping will yield information of the surface traces of potential
fault zones and areas prone for submarine landslides. The multi-scale/multi-method work schedule (high-resolution
multibeam bathymetry, reflection seismic imaging of the crustal portion of the margin, deep-penetrating wide
angle seismic-profiling, earthquake monitoring) is essential for the complete comprehension of these new classes of
seismic signals, which must be interpreted in the framework of morphological information, deep seismic imaging
from active reflection/refraction seismics and seismology.



2 Geological settings of Lesser Antilles Arc

The Lesser Antilles arc is a ~850 km long island arc formed by the subduction of the Atlantic seafloor under the
Caribbean plate. The Caribbean plate is bounded to the north and to the south by two systems of strike-slip faults
(Bl, [, B8, [64], |86, [0], |87, [136]); with a strongly curved subduction zone in between forming its eastern
boundary (Fig. EZl). This subduction zone absorbs the ENE motion between the American and the Caribbean
plates, that converge at a rate of ~2 cm/yr ([33], B4, [35]).
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Fig. 2.1: Geodynamic setting of the Lesser Antilles arc [A4]. Subduction rates from
DeMets et al. [33] and Weber et al., 2001. CT: Cayman Trough, OF:
Oriente Fault zone, EPGF: Enriquillo-Plantain Garden fault zone; BR:
Beata Ridge; MT: Muertos trough, PRT: Puerto Rico trench, EPF: El
Pilar Fault zone. Black circles: major historical earthquakes (I VIII-IX, M
> 7) in the Lesser Antilles arc with dates after [I3]; [£3]; [I04]. The patch
ruptured by the 1843 earthquake is indicated.

The island arc is situated around 200 and 400 km to the west of the trench, parallel to it. Its history is
rather complex and two main volcanic fronts can be seen (Bouysse [I6]). An early Eocene volcanism constitutes
the older arc whereas the recent and still active arc settled several millions years after the older arc ceased its
activity. South of Martinique, the recent volcanism re-occupied the same position than the older arc. However,
from Martinique northwards, the recent arc is offset progressively from the older one to the west (Fig. EZ2). As
a result of this, the eastern (Grande Terre) and western (Basse Terre) parts of the island of Guadeloupe are of
different volcanic origin. This separation of the recent and older arcs is proposed to be the result of kinematic
changes in the subduction processes (Bouysse and Westercamp [I7]). The trench of the subduction is filled mainly
with sediments coming from South American rivers as the Amazon and Orinoco. The consequence of this huge
sedimentary input is the presence of an important sedimentary prism. The accretionary prism width increases
to the south and shows a maximum thickness of 20 km (Westbrook, [I39], [I40]) at the Barbados accretionary
prism. It is a strong negative magnetic anomaly (Bowin [I8]), observed at 150 km to the east of the present
volcanic front, that indicated the location of the contact between the Caribbean and the subducted Atlantic crust.
This subduction zone is characterized by a slow convergence rate and the subduction of a relatively old oceanic
crust (Lower Campanian-Maestrichtian). Another characteristic of the subducting plate is the presence of several



fracture zones initiated at the Mid-Atlantic ocean ridge. Three WNW-trending ridges of the Atlantic oceanic
crust are presently being subducted beneath the Lesser Antilles. The 450 km long and 30-50 km wide Barracuda
and the 150 km long and 30-40 km wide Tiburon ridges have a bathymetric expression seaward of the Barbados
accretionary complex. They are gravimetrically uncompensated and interpreted as fracture zones related to the
segmentation of the mid-Atlantic spreading centre. To the South, the St Lucia ridge is buried beneath a blanket
of sediments but has been recognized by seismic reflection. The interaction of these Atlantic bathymetric features
with the leading plate margin has induced a series of effects on the evolution of the island arc. The frontal collision
of the ridges with the facing arc crust may produce a horizontal compression, a change in the topography of the
contact between the two lithospheres (interplate contact) and possibly a change in coupling between the plates.
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Fig. 2.2: Bathymetric map of the Lesser Antilles arc [44]. Bathymetry from Smith
and Sandwell [TT2], contour interval, 500 m. Continuous black line, recent
volcanic arc; dotted black line, ancient arc. Volcanic islands (on recent arc)
in black; coral reef islands (on ancient arc) in white. Black dashed lines
mark Barracuda (BR) and Tiburon ridges (TR).

Another particularity of this region is the presence here of the limit between the North American plate (NAM)
and the South American plate (SAM). First, the Barracuda ridge was thought to be the boundary limit (Bowin
[18]). Later, Bouysse and Westercamp [I'7] propose a diffuse boundary as large as the Lesser Antilles arc. Recently,
GPS measurements (DeMets et al.[33]) and mapping of active faults (Feuillet et al.[d4]) at sea show a deformation
North of 16°N, with a trench parallel component of sinistral shear that decreases south-eastward from 15 to
4 mm/yr seaward of Guadeloupe. South of Guadeloupe, if the SAM/CAR plate motion vector (Weber et al.[I36])
is used, no slip partitioning exists in the southern part of the arc, consistent with the vanishing of the observed
sinistral slip partitioning (Feuillet et al.[44]). The central part of the eastern Caribbean subduction is known for
its volcanic activity. In 1902, an eruption of the Montagne Pelée in Martinique killed 30,000 people. Since 1996,
the Montserrat volcanoe is active and devastated a part of the island.

2.1 Seismic hazard in the Antilles Arc

The seismicity level of the Lesser Antilles is rather low for an active margin, and it is at least partly due to the
slow convergence rate (ca. 2 cm/yr). Nevertheless the Caribbean arc experienced several large (M>7) historical
earthquakes : 5 April 1690, Nevis, 8 February 1843, Guadeloupe, 18 November 1867, Virgin Islands, 8 October
1974, Antigua (Fig. EZ3)); some of them apparently rupturing the plate interface.
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Fig. 2.3: (a) 1950-2001 seismicity in Lesser Antilles arc. (b) Distribution of re-
gional seismicity recorded by Guadeloupe and Martinique regional networks

(IPG), after (Feuillet et al.[d4]).

Until recently the Benioff zone of the Lesser Antilles arc was poorly defined. The hypocenter depths increase
westward, from a few kilometers near the trench down to 200 km in the subducted slab beneath the western arc
(Dorel [36]). The plate interface dips at a low angle west of the trench and much more steeply under the arc with
a marked flexure offshore the outer islands (Fig. Z3]). The seismicity level is higher in the northern part of the
arc where some historical earthquakes of large magnitude (M>7.5) have been recorded (Robson [104]; Sykes and
Ewing [127]; Dorel [B6]; Stein et al. [124]; Feuillard HE3]; Bernard and Lambert [I3]; Dziewonski et al.[38]). This
has probably to be correlated to the interaction of the Barracuda and Tiburon ridges (asperity effect) with the
subduction zone. Whether these ridges, and especially the Barracuda Ridge, generate mainly interplate thrust
fault earthquakes or only intraplate normal faulting events still remains a matter of debate. Based on general
considerations seismic coupling is supposed to be weak, in spite of the occurrence in 1843 of a large earthquake,
north of Guadeloupe Island, that destroyed Pointe-a-Pitre city. This event was probably a mega-thrust earthquake
(M>7.5) located at the interplate. The subduction segment of North Sumatra has also been considered by experts
as largely aseismic up to 1993 but nevertheless the M=9 mega-thrust earthquake of 26/01/2004 occurred in this
area.

2.2 Previous experiments

Many studies were conducted in the southern part of the Lesser Antilles arc but only few were conducted in
the central and northern part of the arc. In 1999, during the Aguadomar cruise on-board R/V Atalante, swath-
mapping bathymetry, single channel seismic reflection and gravity was acquired on the Lesser Antilles island arc
from Antigua to Martinique (Fig. 24, e.g. Le Friant et al.[82]). The Institute for Geophysics of the University
of Texas at Austin conducted a first seismic experiment, involving multichannel seismic acquisition and OBS
deployments in 1998 (Bangs et al. [§], Christeson et al. [26]).

e SISMANTILLES I: Elements of the Seismic Structure and Activity of the Lesser Antilles Subduction Zone
(Guadeloupe and Martinique Islands) from the SISMANTILLES Seismic Survey

The SISMANTILLES I project was carried out at a regional scale for a first reconnaissance of the seismic structure
and activity from northern Guadeloupe to Martinique islands. The project focused more particularly on the



detection, mapping and characterization of the potentially seismogenic part of the interplate subduction fault.
The french N/O Nadir vessel acquired 2500 km of deep-penetration multichannel reflection seismic (MCS) profiles
(Dec 01- Jan 02). Up to 37 3-component Ocean Bottom Seismometers (OBS) from ISV-Hokkaido and Géosciences
Azur were deployed offshore over several weeks together with a set of 3-component broad-band stations on the
islands (Martinique, Dominica, Guadeloupe and Antigua). These instruments recorded continuously both the
MCS shots that provided wide angle reflection and refraction (WARR) data as well as the local, regional and
teleseismic earthquakes. On MCS profiles, reflections from the top of the subducting oceanic crust and decollement
can be followed down to several kilometers depth beneath the thick accretionary prism. Detailed velocity analysis
provided depth structural sections that are used as an input for the forward modeling of WARR data. Thanks to
these data, we can constrain on 3 transects to the arc, the part where the forearc deep crust is in contact with
the subducting oceanic plate, considered as a proxy for the seismogenic part. Its location with respect to the
deformation front and the volcanic arc and its downdip size appear significantly variable along the arc. The local
earthquakes now reliably located in map and depth thanks to the high-quality P and S observations of the OBS
network can be discussed with respect to these imaged structures. Local earthquake P & S tomography as well as
receiver functions analysis which are in progress will bring more constraints on the deeper structure beneath the
arc crust and thus on the downdip limit of the seismogenic portion of the subduction interplate. The Antilles have
the worldwide thickest accretionary wedge blanketing the objective, which is the interplate boundary beneath,
and has the most heterogeneous and complex lower plate. This may have been a handicap.
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Fig. 2.4: Bathymetric map acquired during the Aguadomar experiment 2003. Earth-
quakes located during previous experiments (Sismantilles, Obsismer) are
shown by red dots. Location of MCS lines shot during the Sismantilles 1
experiment are shown in black.

However the feasibility study SISMANTILLES I has shown examples of acceptable penetration and imaging
with MCS reflection and OBS refraction, though not for all the lines of course. Also, an efficient recovery of high-
quality earthquake signals obtained by OBS has been demonstrated, but seismic activity is moderate. Earthquake



data that will be recorded also during SISMANTILLES II that is targeted on artificial source recording, will be
a complement to this previous one.

e OBSISMER: project of continuous observation of the earthquakes at sea

In the framework of a contract between the French government and Martinique, the IPG Paris and Géosciences
Azur conducted the deployment of OBSs for continuous observation of the earthquakes at sea offshore Martinique.
It aims at following the variability of the seismicity over a long period but then necessarily in a limited area.
A network of 8 OBS (Ocean Bottom Seismometers) was deployed since November 2005 in the North-East of
Martinique for periods of 4 months.

2.3 Aims of the project

Subduction earthquakes constitute the greatest seismic and tsunami hazard in the Antilles. A quantitative ap-
proach of hazard assessment requires a seismological, geophysical and geological observation experiment. In order
to fulfill a gap of observations in this field several experiments were programmed at sea during 2007 to improve
the estimation of the potentially interplate seismogenic zone, the existence and the time of return of the very
large past earthquakes and on the state of constrain of the seismogenic zone. The main goals of the Sismantilles
2007 project are to map the location, size and spatial variation of the potential seismogenic zone, by a grid of
reflection-refraction profiles, whose location and parameters are defined with the help of the first reconnaissance
(Sismantilles T) experiment. MCS reflection seismics can resolve the updip limit of the contact between the forearc
crust and the downgoing plate, that is a proxy to the updip limit of the seismogenic zone. Here a sampling of the
variability along the arc by 14 dip-lines of 90 km length is planned. OBS refraction can penetrate to the forearc
mantle and thus provide Pn waves with which to define the downdip limit of the contact between its crust and
the incoming plate, which is a proxy to the downdip limit of the seismogenic zone. 4-5 strike-lines 180 km long,
with OBS at crosspoints with the dip-lines are planned. Surveying along the arc will add to the estimate of the
location and downdip size of the seismogenic zone and its spatial variability, that is its segmentation and hence
complement the assessment of potential size of quakes. The distribution of seismic activity with respect to these
structures will allow to improve the model. The present experiment MSM-04/2-OBSANTILLES consists in the
shooting of two dense refraction profile across the island arc and the accretionary prism and the deployment of
dense networks of marine seismometers (OBS). During the Sismantilles IT experiment, on-board the R/V Atalante,
deployment of some extra OBSs in the north of the area, shooting with a large seismic source and finally MCS
data acquisition was conducted in February 2007. The OBS network will then be recovered from the R/V Antea
(IRD) in April 2007 and in June from a rented vessel. The project is supported by the French Agence National
de la Recherchej in the framework of the call “Catastrophe Tellurique et tsunamis” (project Subsismanti) and
by the European STREP “Thales Was Right” (FP6-2004-NEST-C-1 INSIGHT : Transients in the Hellenic and
Antilles Loci of Earthquakes of European Subductions: Water Activity, Structure and Seismic Risk Illuminated
by Geophysical High-Technology).
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Fig. 3.1: Participants of the Merian Cruise MSM 04/2



4 Agenda

The cruise MSM04/2 started on January 03, 2007 in Fort-de-France, Martinique. All together 22 scientists
embarked on Maria S Merian, comprising the international group of scientists from Bulgaria, Costa Rica, France,
Germany and Norway. The ship left port at 10:30 03.01, and after a short transit of only 3 hours the deployment of
50 Ocean Bottom Seismometers and Hydrophones (OBS/OBH) began. Instruments were deployed at a spacing of
2.5 nm on average; all 50 instruments were deployed within 24 hours. Subsequently, across the 150 nm long spread
of instruments an airgun array consisting of three 16 liter and two 32 liter guns were fired with a triggerintervall
of 60 s at a ship’s speed of 4.0 kn on average, resulting to a shot spacing of 100 m. For the second half of the
profile the streamer was also deployed. Shooting terminated at 06:00 on 06.01., and subsequently instruments
were recovered. The Cruisetrack can be seen in FiglIl Four instruments remained at the seafloor for earthquake
monitoring. Instrument recovery lasted until the morning of 08.01., and was interrupted for a few first trials to
test the pore pressure device.
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Fig. 4.1: Cruisetrack MSM 04/2

After profile 01 was completed, altogether ten OBS were deployed for earthquake monitoring, and two were
recovered for maintenance from the existing network. On Tuesday, 09.01., the pore pressure device was finally
tested successfully at water depth of nearly 2000m. Thereafter, 44 instruments (OBH61 to OBS104) were deployed
along the second profile north of the Republic of Dominica. Shooting was started at 13:30 10.01. with four airguns
in operation, a fifth airgun was deployed five hours later. The streamer was deployed for the western part of the
profile only. The profile was shot at a speed of 3.7 kn on average, again with a 60 s trigger interval. At 06:00
on 12.01. this was terminated, and instrument recovery started imedeately afterwards. Six instruments, that



also formed part of the long term seismological network were not recovered. Recovery was finished midday on
14.01., but was interrupted by several GCPP samples at different water depths, including a location on a mud
volcanoe in 5000 m water depth. We then started to deploy the instruments for the seismological network north of
profile 02. During this deployment another GCPP measurement was made on the mud-volcanoe sampled before.
Further on, we realized that a broad band seismometer had been deployed with a recorder that only allows high
frequency energy to be digitized. It was decided to pick up and redeploy this instrument (OBS111). However,
upon the interrogation with the release command the instrument responded well, but did not rise from the seafloor
and remained at 5200 m depth. After several tries this instrument was abandoned. In the morning of 16.01 all
instruments in the northern part had been deployed. Attempts to find a suitable location for the pore pressure
long time monitoring lander failed.

In the evening of 16.01 the first of the remaining 8 instrumnets south of Profile 02 was deployed. On 17.01 the
remaining OBS were deployed , and recovery of six French instruments deployed before the Merian Cruise was
attempted. Unfortunately, one instrument did not respond and was also abandoned.. The pore pressure lander
was also deployed for a five to six month long observation period.

On 18.01 another attempt was made to recover OBS111, but again although the instrument did respond, it
did not rise to the surface. In the morning of 19.01 at 08:00 the pilot entered the Merian, and soon after Merian
birthed in Martinique, terminating cruise MSMO04-2.
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5 Scientific Equipment

5.1 OBH/OBS Seismic Instrumentation

The Ocean Bottom Hydrophone (OBH)

The first IFM-GEOMAR, Ocean Bottom Hydrophone was built in 1991 and tested at sea in January 1992. This
type of instrument has proved to have a high reliability; more than 4000 successful deployments were conducted
since 1991. A total of 5 OBH and 25 OBS instruments were available for MSMO04-2. Altogether 60 sites were
deployed for refraction seismic profiles and additionally 20 stations for the long-term seismological network during

the MSMO04-2 cruise. The principle design and a photograph showing the instrument upon deployment are shown
in Fig. Bl The design is described in detail by Fliith and Bialas [A8].

release hydrophone.

acoustic relea:

Fig. 5.1: Principle design of the IFM-GEOMAR OBH (right panel, after Flih and
Bialas [8]) and the instrument upon deployment (left panel).

The system components are mounted on a steel tube, which holds the buoyancy body on its top. The buoyancy
body is made of syntactic foam and is rated, as are all other components of the system, for a water depth of 6000
m. Attached to the buoyant body are a radio beacon, a flash light, a flag and a swimming line for retrieving
from aboard the vessel. The release transponder for the acoustic release is also mounted here. The sensor is an
E-2PD hydrophone from OAS Inc., or a HTI-01-PCA hydrophone from HIGH TECH, and the recording device is
an MBS, MES, MLS or MTS recorder of SEND GmbH, which is contained in its own pressure tube and mounted
below the buoyant body opposite the release transponder (see Fig. Bl). The different recorder systems are
developed to serve a variety of seismic recording and power consumption requirements. Therefore, the available
recording sampling rate reaches from 0.1 Hz for seismological observations to the 50 Hz range for refraction seismic
experiments and up to 10 kHz for high resolution seismic surveys. For the purpose of low-frequency recordings
such as seismological observations of earthquakes during long-term deployments the deployment period can be
extended to about one year.

The IFM-GEOMAR Ocean Bottom Seismometer 2002
The IFM-GEOMAR Ocean Bottom Seismometer 2002 (OBS-2002) is a new design based on experiences gained

with the IFM-GEOMAR Ocean Bottom Hydrophone (OBH; Flith and Bialas [A8]) and the IFM-GEOMAR Ocean
Bottom Seismometer (OBS, Bialas and Flith H9]; see Figlh2l). The basic system is constructed to carry a hy-
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drophone and a small seismometer for higher frequency active seismic profiling. However, due to the modular
design of the front end it can be adapted to different seismometers and hydrophones or pressure sensors. For the
seismological network 3 stations were equipped with gimbaled Spahr Webb seismometers and one station with a
gimbaled PMD sensor. For these stations, the hydrophone was replaced by a differential pressure gauge (DPG) as
described by Cox et al [27]. The sensitive seismometer .

is deployed between the anchor and the OBS frame,
which allows good coupling with the sea floor. The
three component seismometer (KUM), usually used for
active seismic profiling, is housed in a titanium tube,
modified from a package built by Tim Owen (Cam-
bridge) earlier. Geophones of 4.5 and 15 Hz natural
frequency were used during MSM04-2. While deployed
to the sea floor the entire system rests horizontally on
the anchor frame. After releasing its anchor weight the
instrument turns 90° into the vertical and ascends to
the surface with the floatation on top. This ensures : S

a maximally reduced system height and water current Fig. 5.2: IFM-Geomar OBS (2002 Design)
sensibility at the ground (during measurement). On the other hand the sensors are well protected against damage
during recovery and the transponder is kept under water, allowing permanent ranging, while the instrument floats
to the surface.

The <Hippocampe>> OBS of Géosciences Azur

The study of continental margins, subduction zones and oceanic basins as well as the quantitative assessment

of seismic hazard near densely populated coastal areas request the deployment of a large number of Ocean Bottom
Seismometers (OBS) during a period of several weeks

for active tomography, and up to several months for
passive experiments. Geosciences Azur (joint IRD1,
CNRS2, UPMC3 and UNSA4 laboratory) developed
a new, easy-to-use, 4-components OBS named Hip-
pocampe (Figh3l). The Hippocampe OBS exists in a
short period version based on 3 gimbaled, 4.5 Hz, geo-
phones installed in their own, 150 mm diameter, glass
sphere. The broadband sensor was designed in cooper-
ation with Guralp System, on the basis of a CMG-40T
seismometer gimbaled in a similar glass sphere, with a
magnetometer and tiltmeter for position on the bottom
(option). The data logger developed at Geosciences
Azur consists in a 24 bits analog/digital converter syn-
chronized by a high accuracy Seascan clock (2 10-8).
Data are buffered in a 128 Mb to 1 Gb flash memory
then stored on a 40 Gb hard disk. Power consump-
tion is 500 mW for continuous recording of 4 channels
at 200 samples per seconds allowing 6 to 12 months
recording autonomy on the sea bottom. The data log-
ger and batteries fit in a 432-mm diameter glass sphere.
A second sphere is used to increase the floatability dur- Fig. 5.3: Hippocampe OBS

ing long-term deployment.
For recovery an acoustic code trigger simultaneously an electro-mechanical release system, developed in coop-

eration with Guralp System) and an electrolytic, burn-wire, release. At the surface flash lights and radio beacons
allow an easy recovery of the instrument at sea. These new instruments were used for the first time during the
Esmeraldas experiment (2005) to study the 3-D structure and seismic activity of Ecuador subduction zone, a
network of 20 Hippocampe OBSs was deployed, together with 7 OBSs from the previous generation and 30 land-
seismometers during more than 3 months. This network recorded successfully shot of the 128-liter airgun source
towed by R/V Atalante and numerous earthquakes. For this first deployment the new Hippocampe OBS provide
excellent results, with 100% recovery, and an excellent coupling with the sea bottom especially for horizontal
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components. Since that time several active (e.g. Encens in the Gulf of Aden, 2006) and passive (Rosmarin in the
Ligurian sea and OBSISMER offshore Martinique) experiments were conducted at sea. 10 extra Hippocampe OBS
were built for permanent monitoring of seismicity offshore Martinique and successfully deployed since November
2005. The OBS operated by Geosciences Azur is part of the French OBS pool supported by IFREMER, CNRS

and IRD which allow to share the 80 instruments available in the French community.

Tab. 5.1: <Hippocampe > OBS Characteristics

External Sensor

3 geophones 4,5Hz gambled
3 components 30 s type CMG-40T
Hydrophone Hightech 1 Hz

Band Pass

4,5 - 100 Hz
0,033 Hz - 100 Hz

A /D converter

24 bits high dynamic range with wide range sampling rates

Sampling rate

1 to 255 ms by step of 1 ms

Number of channels

1to4

Clock accuracy

1 Seascan SISMTB clock - 2 10-8
GPS synchronization before and after immersion

OBS position

10 m, Water wave computing.
Acoustic positioning (12 kHz) possible

OBS orientation

1° using water wave propagation
triaxial magnetometer and tiltmeter need to be validate (Guralp CMG-40T)

Processor

1 CPU persistor CF1, CF2

Buffer memory

128 Mo to 1 Go flash memory card

Acquisition Mode

Continue

Acquisition Storage

40 Go IDE (interface USB2.0 for data back-up from outside the sphere)
4 Go flash memory card

Electrical consumption Autonomy

~500 mW 4 channels at 200 samples per second
6-10 month in continuous acquisition mode

Batteries

Function of acquisition length: for 3 months:
16 DD cells (NB: twice D size capacity ), 6 C cell lithium
4 cell C size - 2 * 9V and 24 AA alkaline

Container

Main container

17 glass sphere diameter (432 mm).

A second 177 glass sphere can be added to increase buoyancy and to
encapsulate extra batteries for long-term deployment.

Sensor container

6~ glass sphere diameter (150 mm)

Weight

100 kg before deployment: 45 kg at recovery

Maximum depth

7 km

Recovery

Release command

Edgetech acoustic (2 encoded channels with transducer and ranging mode)
Benthos acoustic (Receive only hydrophone)

Main and Back up programmed clock.

Release function

Electrical release mechanism (Guralp)

Mechanical electrolytic (Burn wire) Release

Recovery Aids

VHF radio Beacons

Strobe lights

5.2 GCPP (Gravity Corer Pore Pressure)

Introduction
During MSM04-2 a newly developed tool for measuring in situ pore pressure was tested for the first time. The
so called Gravity Corer Pore Pressure tool (GCPP) was developed within the framework of the Cooperative
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Research Center (SFB574) in Kiel (FiglEdl). Intended for use in areas with high rates of fluid advection the
GCPP combines a standard geological corer for sediment sampling with a highly sensitive device for measuring
differential pore pressures. The technical concept of the pore pressure component is based on earlier designs such
as the PUPPI (Pop Up Pore Pressure Instrument, Schultheiss [IT5]) which have employed a throw-away bottom
assembly combined with recoverable data packages. In the GCPP a Keller differential pore pressure sensor with

a battery package and a data logger is integrated into the weight package of the gravity corer (Fig 5.5(d))).

Fig. 5.4: GCPP deployment, the bottom of the corer weight houses the electron-
ics package; rings visible around the corer provide guidance for the pipe
connecting the pressure sensor to the tip of the corer;

The differential pore pressure sensor is connected to a specially formed head above the cutting shoe of the corer,
which displaces a defined volume of sediment, generating a spike in pore pressure. The dissipation pattern and
decay rate of this pressure peak can be used to approximate permeability and residual pore pressure over the
sediment interval near the tip of the tool.

GCPP Deployments during MSM04-2

The advantage of using the GCPP tool is that the depth interval over which pore pressure is measured is also
cored and recovered, so that the sediments from this interval can be subjected to geotechnical and hydrological
testing. Therefore, during MSM04-4 most cores recovered from successful test were not split to retain sufficient
amounts of undisturbed material for hydrological and geotechnical testing in shore based laboratories.

5.3 PWPL (Porewater Pressure Lance) Lander

Introduction

To better understand the fluid dynamics of mud volcanoes and other fluid release features the PWPL (Porewater
Pressure Lance) Lander was designed and built within the framework of the Cooperative Research Center (SFB)
574 in Kiel. The PWPL is able to monitor variations in fluid expulsion and possible correlation with local
seismicity. It detects pore pressure changes along a profile in the shallow subsurface using a 2m long stinger with
4 pressure ports (Fig . Using a standard IFM-GEOMAR lander the tool can be precisely positioned
on and slowly pushed into the seafloor. It can remain on the seafloor for several weeks or months in autonomous
mode before being retrieved. Previous deployments from a few days to 2.5 months were carried off Central America
and in the Gulf of Cadiz.

Deployment and tool configuration
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Normally the PWPL is deployed by a standard video-guided GEOMAR deep sea lander, by which it can be
positioned on very small fluid expulsion features (e.g. bacterial mats of m-scale). During MSMO04-2 the PWPL
was deployed using a wire release (free fall) system, The PWPL was lowered by wire to about 25m above the sea
floor at the intended position when the releaser was activated and the system released.

The PWPL measures with two parallel sensors differential pressure between a reference port about 10cm above
the sea floor and one of four ports on a 25mm diameter stinger at 50, 100, 150, and 200cm below the sediment-
water interface (Fig. . After deployment of the lander on the sea floor the stinger is slowly pushed into the
sediment at a rate of 50 mm/minute. Pressure data are collected at 1 second intervals.

The PWPL was deployed on 16. January 2007 [UTC 21:28:16] at a water depth of 2685m about 75nm E of
Martinique in an area with intense seismicity according to previous experiments (Sismantilles, Obsismer). The
battery pack supplied is sufficient for 100 days of pore pressure measurements, logging will end on the 31. May
2007, the recovery of the PWPL is scheduled for early June 2007.
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Fig. 5.5: (a) Deployment of PWPL Lander during MSM04/2;
(b) Schematic of internal tool control and data flow. Note that all pore pressure measurements are
duplicated with two independent pressure sensors. The pressure ports are located at 50, 100, 150, 200cm

below sea floor;
(c) Schematic of PWPL Lander in 3-D sketch; the lower two figures show the PWPL with extended

measurement lance in perspective view;
(d) Differential pore pressure sensors, the center flow line is connected to the lance ports.
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5.4 Airguns

GEOPHYSICAL EQUIPMENT:

e GUNCO gun controller (Figs BT and [5.7(a)))

Ashtech GPS Mod. GG24

60 sec. shot-point interval

4.5 kn

5 single air-guns (Fig.7(b))

6 m air-gun depth for Bolt 800-CT
10 m air-gun depth for Bolt 1500 LL

Distance from GPS antenna to centre of source: 47 m

ACQUISITION:

The survey was planned as two Profiles (Profile 01 and 02)

Profile 01:

From shot #1-101 the shot-point interval was 40 sec. For the rest of the line the shot-point
interval was 60 sec. In the Field Data Log (FDL) it is remarked: Green (ok); normal fire.
Yellow; the limit for out-of-range more then + /- 2 ms. Blue; manual tuning, gun set to fixed
delay. Red; no sensor signal detected. From shot #329 gun #4 and #5 became yellow on
the monitor. Decided to set both guns to manual tuning. Channel 5 on GUNCO (gun #5)
did not accept the command.

Profile 02:

Before start of profile 02 the signal cable for gun #5 was replaced with a new one. At
start/end of profile 02, a 20 min. test was performed, see remarks in (FDL). At start of
line Gun #4 stopped shooting after one shot. Decided to bring the gun on deck. Due to a
broken signal cable , gun #4 was replaced with the spare one from Bergen (1500 LL). From
shot #371 all guns ok. There was no downtime due to bad weather conditions or errors in
the seismic and navigation system.

Airgun Configuration:

Offset from GPS antenna to airguns = 47 m.

| Gun #3

Om
o
3

Gun #1

Fig. 5.6: Airgun Setup
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Profile 01 Profile 02

Gun #1 = 20 liter Gun #1 = 20 liter
Gun #2 = 20 liter Gun #2 = 20 liter
Gun #3 = 20 liter Gun #3 = 20 liter
Gun #4 = 32 liter Gun #4 = 20 liter
Gun #5 = 32 liter Gun #5 = 32 liter
Total = 124 liter Total = 112 liter

Gun #1,2,3 = Bolt 1500 L. Gun #1,2,3,4 = Bolt 1500 LL
Gun #4,5 = Bolt 800 CT Gun #5 = Bolt 800 CT

Fig. 5.7: (a)GUNCO gun controller (right). Lap Top for recording GPS (left).
(b)Bolt 1500 LL (in front) and Bolt 800 CT

18



6 Preliminary Results

6.1 Bathymetry

The EM120 system is a multibeam echosounder (with 191 beams) providing accurate bathymetric mapping up
to depths exceeding 11000 m. This system is composed of two transducer arrays fixed on the hull of the ship,
which send successive frequency coded acoustic signals (11.25 to 12.6 kHz). Data acquisition is based on successive

emission-reception cycles of this signal. The emission
beam is 150 ° wide across track, and 2 ° along track di-
rection. The reception is obtained from 191 overlapping
beams, with widths of 2° across track and 20° along
it. The beam spacing can be defined as equidistant or
equiangular, and the maximum seafloor coverage fixed
or not. The echoes from the intersection area (2°*2°)
between transmission and reception patterns produce a
signal from which depth and reflectivity are extracted.
For depth measurements, 191 isolated depth values are
obtained perpendicular to the track for each signal. Us-
ing the 2-way-travel-time and the beam angle known
for each beam, and taking into account the ray bending
due to refraction in the water column by sound speed
variations, depth is estimated for each beam. A combi-
nation of phase (for the central beams) and amplitude
(lateral beams) is used to provide a measurement accu-
racy practically independent of the beam pointing an-
gle. The raw depth data need then to be processed to
obtain depth-contour maps. In the first step, the data
are merged with navigation files to compute their geo-
graphic position, and the depth values are plotted on a
regular grid to obtain a digital terrain model (DTM).
In the last stage, the grid is interpolated, and finally
smoothed to obtain a better graphic representation.
Together with depth measurements, the acoustic sig-
nal is sampled each 3.2ms and processed to obtain a
cartographic representation, commonly named mosaic,
where grey levels are representative of backscatter am-
plitudes. This data thus provides information on the
sea-floor nature and texture; it can be simply said that
a smooth and soft seabed will backscatter little energy,
whereas a rough and hard relief will return a stronger
echo. On the cruise MSM04-2 Bathymetric data were
collected in the region 17,5/14,5° N and -62,5/-59° W
in proximity to Martinique and Dominica (the lesser
Antilles). The EM120 was used continuously during

MSMo4/2

-B1.5" 81" 805" —&o" —5@.58"

f T T T T T ] Depth (Meters)
G000 5000 4000 -2000 -2000 -1000 O

Fig. 6.1: Joint Bathymetry of Cruises Ewing and
MSMO04-2 and Seismological Network

cruise. Bathymetric data were processed partly on board during the survey and also after the cruise, using the
academic software MB-System from Lamont-Doherty Earth Observatory. The data collected during MSMO04 Leg
2 were merged with data collected during the cruises “Ewing”, “France”, SO154 and M35. Grids were computed
with a grid-spacing of 30m. Corresponding maps are shown in Figs 1l and The high resolution bathymetry
collected on this cruise was also used to close gaps in the data of preceding cruises. Last but not least the data
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were crucial to find locations to deploy the Lander and GCCPs.

6.2 Seismic Work

The main focus of the work during MSMO04-2 was devoted to seismic work. Two wideangle seismic profiles across
the island arc were acquired. In addition 50 OBS were deployed as a seismological network to be operational for
four to six months, augmenting a dense array of landstations on the islands. In addition, 8 instruments that were
already in operation had to be picked up and partially redeployed. In Fig. 61l a location map of the stations for
the seismological network is shown. Fig. shows the locations of the stations for the two wide-angle lines.

-a2 -61.5" 61" -80.5' 0" 528" -5a*

16.5"

155

-@2* -&1.5° -&1" —&0.5" -0 -5o.5 —5a
) Depth (Meters)
-E000 5000 4000 3000 2000 1000 o

Fig. 6.2: Profiles 01 (S) and 02 (N)
6.2.1 Profile 01

A total of 50 Ocean Bottom Seismometers and Hydrophones (OBS/OBH) were deployed at a spacing of 2.5 nm
on average on 03/04.01. Subsequently, extending for about 12 nm to both sides, across the 130 nm long spread
of instruments an airgun array consisting of three 16 liter and two 32 liter guns were fired with a trigger interval
of 60 s. With a ship’s speed of 4.0 kn on average, the resulting shot spacing is just above 100 m. For the second
half of the profile the streamer was also deployed. Shooting terminated at 06:00 on 06.01., and subsequently
instruments were recovered. Four instruments remained on the seafloor for earthquake monitoring. Instrument
recovery lasted until the morning of 08.01., and was interrupted for a deployment of the pore pressure device. The
data are of excellent quality on average, with signal penetration up to 160 km. Only in the easternmost part, on
the accretionary wedge, attenuation seems to be very high and seismic signals can rarely be seen in excess of 40
km. Two data examples are shown in Figs. and B4 A four channel streamer was deployed for the western
part of the line.
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Fig. 6.3: Record Section from OBS 17, Profile 01

6.2.2 Profile 02

For Profile 02 all together 44 instruments (OBH61 to OBS104) were deployed along the second profile north of
the Republic of Dominica (see Fig. E2). Shooting started at 13:30 10.01. with four airguns in operation, a fifth
airgun was deployed five hours later. The streamer was deployed for the western part of the profile only. The
profile was shot at a speed of 3.7 kn on average, again with a 60 s trigger interval. At 06:00 on 12.01. this was
terminated, and instrument recovery started immediately afterwards. Six instruments, that also formed part of
the long term seismological network, were not recovered.
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Fig. 6.4: Record Section from OBS 82, Profile 02
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6.2.3 Preliminary Interpretation

The wide-angle-reflection refraction profile 01 is a 285 km long line. For this profile, 42 OBH or OBS have been
deployed with a spacing of about 5 km. An inversion using the software FAST has been conducted (FigsEBDl and

E9).

Picks Profile 1 Geomar
35 T T T T

time - Dist/8 [sec]

0 500 1000 1500 2000 2500
shot number

Fig. 6.5: Picks on Profile 01

OBHO02, OBS05, OBS08 and OBS11 located on the first western 1/3 part of the profile exhibit refracted waves
in the sedimentary layers, then refracted waves through the crust of the Caribbean plate. The arrivals of refracted
waves through the crust are affected by the sharp seafloor topography. On the seismic section of OBS 05, for
offsets greater than 40 km to the west, Moho reflections have been identified, these Moho reflections are clearly
observed on the seismic section of OBS08 for offsets ranging between 40 and 70 km as well as on the seismic
section of OBS11 for offsets ranging between 40 and 80 km.

On the seismic section of OBS17, refracted waves through the crust are clearly seen with offsets ranging from 5
to 60 km to the West and Moho reflections from 60 to 100 km. To the West, refracted waves through the crust are
seen between km 5 and 60 km offset. Reflected waves are identified from offsets ranging between 40 and 80 km.
On the seismic section of OBS22, about 23 km to the east, the Caribbean-Moho reflection (PmP) is identified for
offsets greater than 80 km. (reflected waves are also identified from offsets between 20 and 40 km). To the east,
reflected waves are clearly identified with a topography effect for offsets ranging between 50 and 80 km. Seismic
section of OBS25 shows clear reflected waves on the Moho of the Caribbean plate to the West. The reflected
waves between the offsets 35 and 55km are also observed. To the East, reflections are well-identified from offsets
ranging from 40 to 65 km.

Seismic section of OBS28 to the West exhibits reflected waves for offsets ranging from 50 to 75km and for
offsets ranging from 90 to 155 km. The first ones correspond to reflected waves of the first layers and the latter
ones correspond to reflected waves of the Caribbean-Moho discontinuity. The seismic section of OBS29 shows the
clearest Caribbean- Moho reflections from offset ranging from 95 km to 160 km.

It seems that the Caribbean-Moho becomes deeper underneath the Island Arc with increasing offsets for the
critical reflection.

On the seismic section of OBS33, the first arrivals are more chaotic with diffractions suggesting that we began
to sample the accretionary prism. The seismic section of profile 47 shows also some chaotic arrivals with a clear
reflected wave from offsets ranging from 35 to 80 km corresponding to the Caribbean Moho reflection. This OBS
is the last one on which the Caribbean Moho reflections are observed.

A possible explanation for the vanishing of energy for OBS 36, 38 and 43 could be the exceptional thickness of
the accretionary prism in this area.
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Fig. 6.6: Velocity Model Profile 01, created with FAST by Mikael Evain

6.2.4 Lander
GCPP Deployments on MSM 04/2

Deploy.# Lat. Long. Date ‘Water Deploy. in Sed. ex Sed. Rec.on Pore Sed.
Depth mbsl hh:mm Start Stop Deck Presssure Recovered
hh:mm hh:mm hh:mm Measurement [cm]
GCPP-01 15°17,520° N 60° 30,300 W 1/7/2007 3040 9:45 11:50 12:05 12:45 NO 367
GCPP-02 15°19,680° N 60° 25,600 W 1/7/2007 3380 13:48 15:08 15:23 16:17 NO 100
GCPP-03 15°23,880° N 60° 16,150 W 1/7/2007 3568 19:40 20:37 21:00 21:51 NO 179
GCPP-04 15°39,475 ‘N 61° 40,172° W 1/9/2007 1885 12:30 13:00 13:30 14:10 YES 133
GCPP-05 15°43,482° N 61° 23,950 W 1/12/2007 955 16:54 17:10 19:10 19:28 YES 0
GCPP-06 16°18,000" N 60° 17,999° W 1/13/2007 4875 21:21 22:34 0:35 1:45 YES 174
GCPP-07 16°17,924° N 60° 17,113° W 1/14/2007 4950 0:44 2:02 3:02 4:00 YES 267
GCPP-08 16°02,181° N 60° 49,078° W 1/16/2007 1023 15:03 15:35 17:34 17:53 YES 0
GCPP-09 16°01,000° N 60° 50,000 W 1/16/2007 1062 19:50 20:05 20:25 20:43 YES 0
GCPP-10 14°58,000" N 60° 23,000 W 1/17/2007 2685 17:37 18:18 18:48 19:27 YES 380

Coring Results A total of 10 GCPP deployments were carried out during MSMO04-2, the first three of which did
not correctly measure pore pressure due to a faulty pressure sensor, the remaining 7 measurements were successful,
providing high resolution pressure data (sampling rate of 18 samples/sec.).

The length of core recovered varied from 100 to 380cm, depending on the lithology encountered. Three GCPP
stations did not recover any sediment, traces of material in the corer showed that the sea floor in these cases
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consisted primarily of coarse grained carbonate material.

Lithological overview and lithologs

GCPP-01(see Fighiy)

367cm core recovered; silty clay with sandy intercalations, bioturbation, shell fragments, ash particles
GCPP-02(see Figlhd)

100cm core recovered; silty clay matrix, shell fragments, sandy spots, dark lenses

GCPP-03(see FiglE1M)

179cm core recovered; silty clay matrix, shell fragments, lenses containing minerals (Amph, Plag?)

GCPP-04

133cm core recovered; core to be opened in onshore lab for geotechnical testing; cylinder sample (10cc) taken at
Ocm, 34cm (2x) and 133cm core depth

GCPP-06

174cm core recovered; core to be opened in onshore lab for geotechnical testing; cylinder sample (10cc) taken at
76cm and 170cm (2x) core depth

GCPP-07

267cm core recovered; core to be opened in onshore lab for geotechnical testing; cylinder sample (10cc) taken at
68cm, 168cm and 260cm core depth

GCPP-10

366cm core recovered; core to be opened in onshore lab for geotechnical testing; cylinder sample (10cc) taken at
364 and 264cm core depth

GCPP-05,08 and 09

no recovery

Results of pore pressure measurements

The 7 differential pore pressure records obtained showed in all cases a similar pattern during lowering and pene-
tration of the GCPP. Typical results are shown using GCPP-07 as an example (Figl5T]).

GCPP-O7

i i i e L R e
4000 ©000 8000 1107 1,210'1,410‘1,51[“

A

Fig. 6.7: Differential pore pressure vs time (seconds of the day), GCPP-07 test on a
deep water mud volcano (4950m).

The differential pressure sensor shows nearly constant values immediately before and after deployment, during
descent and ascent of the GCPP pressure values are varying over a broad range of 2000-3000 Pascal. The
penetration into the sediment is marked by a pressure peak and slowly decaying differential pressure that is
related to in situ sediment permeability.
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Lithol.

Struct. Color

Description

0-34cm Pale
J.3 b |grayish orange
b 10YR7/3

41-148cm Light
yellowish brown
10YR6/4

148-300cm
Grayish orange
10YR7/4

300-322cm
Grayish yellow-
ish orange
10YR6/5

322-338cm
Pale grayish
orange
10YR7/3

338-367cm
Grayish yellow-
ish orange
10YR6/5

0-367cm silty clay with sandy interculations
0-13cm mm-sized brachiopods, shell fragments of mussels and
other reef biota

34-41cm color gradually changes

[80-86cm interval with dark cm-wide ashy patches

07 single cm-wide silt-sized ash accumulations

124-125cm light-colored bioturbation
132-148cm cm-sized bioturbation; light spots (10YR7/4)
148cm erosive contact

149cm sandy lens (3x2cm) with dark and light carbonate sand
lgrains

181cm cm-sized bioturbation
>181cm finely dispersed dark silty ash particles
184cm silt-sized ash

[225¢cm light gray sand
>225cm bioturbation

1243-248cm sandy ash layer

(UBERGANGE? --> siehe Skizze

End of core: 367cm

Fig. 6.8: Lithology GCPP-01
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Lithol.

Struct.

Color

Description

Ky

Pale grayish
orange
10YR8/3

0-100cm silty clay; shell fragments
[8-10cm sandy layer (coarser grains); shell fragments

[28cm brachiopod

36-38cm black sandy spots

48-52cm black sandy spots

58-64cm black sandy spots

183-88cm interval with frequent dark lenses; coarse grained,
more shell fragments; core disturbance?
88cm erosive contact?

End of core: 100cm

Fig. 6.9: Lithology GCPP-02
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Lithol.

Struct. Color

Description

0-6¢cm Yellowish
brown 10YRS5/5
8-179cm Pale
Green 10G7/2

0-179cm silty clay matrix, silt-sized shell fragments
6-8cm color gradually changes

40cm sand-sized shell fragments

64-66cm lens (2x6¢cm) containing Amph (Hbl?), Plag; sandy clay

90-118cm dark cm-sized black spots of organic matter; clay
sized; bioturbation

134-136cm sandy clay

144cm clayey sand lens (4x1cm)

End of core: 179cm

Fig. 6.10: Lithology GCPP-03
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A Profile 01

Tab. A.1: Profile 1

station lat (N) long (W) de i
pth dist to deploy. recov 1
la : . releaser ant. recorder
M D:M (m) l(\;xt date date code chan. senser ?Efsv;
OBH 01 14" 50,060 61°32,080 2702 3 lm) 03.01.2007 06.01.2
OB 05 14051,343 PP e i 3,1 .01. .01.2007 145240 D MLS 040805 OAS 4
o o ooyt 61026,233 T 3, 03.01.2007 06.01.2007 430274 D MLS 000713 HTI -3
peaici 14053,926 61023,447 i 3,2 03.01.2007 06.01.2007 435610 C MLS 951258 HTI 21
oo 14055,266 61020,433 o 2,6 03.01.2007 06.01.2007 133770 C MLS 991242 HTI 0
o o 14056:331 61018,076 2290 2,6 03.01.2007 06.01.2007 134123 C MLS 991236 HTI -2
ons o Vool 18 s 03.01.2007 06.01.2007 133563 D MLS 040807 HTI O
s 61°15,680 1820 2,6 03.01.2007 06.01.2 e ’
o or oomise . s .01. .01.2007 143175 D MLS 010406 HTI + O
,46 61713,228 1507 2,6 03.01.2007 06.01 L "
ons oo Lienoaos o s .01. .01.2007 430232 D MLS 040803 HTI O
s 61°10,884 810 2,6 03.01.2007 06.01.2007 e :
oo Taopoos 1 s .01. .01. 145331 C MLS 020601 HTI + O 4,5 H
s 61~ 08,444 502 2,6 03.01.2007 06.01.2 wen 4, ; '
oBs 10 1oonr e o s .01. .01.2007 427260 D MLS 991244 HTI O 4
o 15002,742 61006,067 1091 2,6 03.01.2007 06.01.2007 31139 C 05-09 4,5 H+ v 49 1z ;
s 61°03,662 1032 2,6 03.01.2007 06.01 : : ., ;
OBS 13 15°03,802  61°01,260 1105 2 01, 012007 20015 i on 0% e ;
6 03.01.2007 06.01.2007 29 : 3
OBS 14 15°04.873  60°58.858 870 : 01 o3 5 0005 s
2,6 03.01.2007 06.01.2007 302 : :
OBS 15 15°05,968 60° 74 . o1, I B o001 P
OBS 1o 15907023 60°34038 843 26 03012007 ocoLz007 allae D 0503 pore 2
OBS 17 15°08,033 60°51,744 986 : 01 o1 50011 o on01 s
2,6 03.01.2007 06.01.2007 290 : 1
OBS 18 15°09,117 600497259 1239 2, o1, 1o c oe 08 P y
6 03.01.2007 06.01.2007 29 :
OBS 19 15°10,217 600467811 1425 : 01 016 5 om0 g !
2,6 03.01.2007 07.01.2007 290 : i
OBS 20 15°11.257  60°44.461 1619 2 o1, 1 5 0e10 P o
5 6 03.01.2007 07.01.2 ' ?
OBS 21 15°12,350 60°41,998 1953 2’6 04.01.2007 07.01 007 Ta97 c LS e ’
OB a5 12 15431 o0 oo o 2,6 04A0 . .01.2007 133736 C MLS 040102 HTI + 4,5 Hz -8
ons 22 Ioo1e 503 60037,231 e 2,6 044 1.2007 07.01.2007 131245 C MLS 040806 HTI + 4,5 Hz 2
ops s 15915 280 60034,837 e 2,6 04012007 07.01.2007 427430 D MLS 991257 HTI + 4,5 Hz 4
ops 15010038 60032,436 e 2,6 440142007 07.01.2007 134037 D MLS 010404 HTI + 4,5 Hz 12
ops o, 12015 %04 60030,044 e 2,6 8401‘2007 07.01.2007 131351 D MLS 991233 DPG ' 8
ops e 18915 766 60027,635 a0 2,6 04A81A2007 07.01.2007 133664 D MLS 001253 HTI + 4,5 Hz 14
ons ot el 27 s .01.2007 07.01.2007 131203 D MLS 001235 HTI
,854 60~25,249 3392 2,6 04.01.2007 07.01.2 T P B
ops 18920/907 pROSiiee i 2,6 04A01A .01.2007 250177 C MLS 010408 HTI + 4,5 Hz -2
ons o L2031 980 60020,430 oo 2,6 044 .2007 07.01.2007 435656 C MLS 991234 HTI + 4,5 Hz 6
ops 30 12033/039 et 18,063 e 2,6 040}‘2007 07.01.2007 427226 C MLS 010403 HTI + 4,5 Hz 4
ops s 12954 137 pnes 15,647 o 2,6 04AO .2007 07.01.2007 131317 A MLS 991243 HTI + 4,5 Hz 3
ons a2 15095170 P 13,248 a0 2,6 0440142007 07.01.2007 427623 C MLS 040603 HTI + 4,5 Hz 0
ops s 12050276 pes 10,804 o 2,6 .01.2007 07.01.2007 427737 D MLS 050810 HTI + 4,5 Hz 28
ons e 10, s 04.01.2007 long-term 31143 B T4M82 CMG40 '
27,323 60~ 08,425 4917 2,5 04.01.2007 07.01.2 o
oS 18 15098 400 60°06.030 gl 2,5 04A01A2007 .01.2007 131415 D MTS 050816 HTI + Owen 4,5 Hz 1
OBS 37-D3 15°29,453 60°03,593 5157 2’5 04‘01‘2007 ?&01;;2007 ;i‘ig;o 5 o006 0% s e e 192
OBS 46 15°30,522 60°01,189 5 : o1, )8.01.200 o s e
ons s 15031:598 59058,808 5882 ;,g 8181;007 08.01.2007 145206 C MLS 040304 H’TI + Owen 4,5 Hz -4
o o 12093050 59056,415 Ppived 2,5 .01.2007 08.01.2007 430067 D MES 030902 HTI + Owen 4,5 Hz 33
OBS 35 15°33,731 590537965 4160 2’6 8381388; a0 113e c e prasial |
oBs 35 15033781 59953,965 , .01. 08.01.2007 31138 C 05-11 4,5 Hz -2
OBS 41-D5  15°35.855  59°49,244 ;‘33; gg 81‘81‘388; ?8‘012007 e X 0501 45 Ha 1
OBS 38 15°36,924 59°46,805 3622 : 01, 801,200 59007 5 o011 g
2,5 04.01.2007 08.01.2007 2901 :
OBS 39 15°37,970 590447423 3999 2, o1, o o 06-04 e :
5 04.01.2007 08.01.2007 311 :
OBS 42 15°39,052 590427082 3775 2’ o1 o o 06-10 s
5 04.01.2007 08.01.2007 311 ' 5"
OBS 48 15°40,124 590397606 : 01 1 c NS et ’
ons 15041:185 59037,226 gggé 3,2 8248143007 08.01.2007 445122 C MES 031002 PiTI + Owen 4,5 Hz -11
OBS 50 15042.264  59°34.836 4266 25 04A01A288; 838;388; iﬁ;? G NES 030005 HTI & Omen o 05
ons o S, . s .01. .01. 0 C MES 030905 HTI -
5743,313 59732,428 4571 04.01.2007 08.01.2007 31140 D 06-03 4,5 Ht Owen 4.5 1z é?”?
, -
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B Profile 02

Tab. B.1: Profile 2

station lat (N) long (W) depth dist to deploy. recov. releaser ant. recorder sensor skew
D:M D:M (m) next date date code chan. (ms)
(Nm)
OBH 61 15934,794 61745,724 2065 2,92 09.01.2007 12.01.2007 134123 D MLS 040805 HTI 2
OBH 62 15°39,975 61°42,943 2030 2,93 09.01.2007 12.01.2007 133770 C MLS 000713 HTI -2
OBS 63 15°37,181 61°40,191 1905 2,93 09.01.2007 12.01.2007 444760 D MES 030902 HTI 4+ Owen 4,5 Hz 15,8
OBS 64 15°38,365 61°37,468 1734 2,93 09.01.2007 12.01.2007 143133 C MES 030905 HTI 4+ Owen 4,5 Hz -7,7
OBS 65 15°39,598 61°34,659 1462 2,93 09.01.2007 12.01.2007 445122 C MES 030903 HTI 4+ Owen 4,5 Hz 121,1
OBS 66 15°40,798 61°31,855 1400 2,93 09.01.2007 12.01.2007 427226 D MES 030904 HTI 4+ Owen 4,5 Hz 6,3
OBS 67 15°41,992 61°29,112 1157 2,93 09.01.2007 12.01.2007 131203 C MES 031002 HTI 4+ Owen 4,5 Hz 3,7
OBS 68 15°43,210 61°26,30 282 2,93 09.01.2007 12.01.2007 250177 D MLS 991258 HTI 4+ Owen 4,5 Hz 18
OBS 69 15°44,416 61°23,515 826 2,93 09.01.2007 12.01.2007 435656 D MLS 010408 HTI 4+ Owen 4,5 Hz -3
OBS 70 15°45,625 61°20,729 672 2,93 09.01.2007 12.01.2007 131317 C MLS 010403 HTI 4+ Owen 4,5 Hz 4
OBS 71 15°46,812 61°17,937 567 2,92 09.01.2007 13.01.2007 145206 C MLS 040806 HTI 4+ Owen 4,5 Hz -627
OBS 72 15°47,951 61°15,213 477 2,92 09.01.2007 13.01.2007 430067 C MLS 020601 HTI 4+ Owen 4,5 Hz 12
OBS 73 15°49,183 61°12,449 487 2,92 10.01.2007 13.01.2007 427623 D MLS 991253 HTI 4+ Owen 4,5 Hz 10
OBS 74 15°50,382 61°09,712 600 2,92 10.01.2007 13.01.2007 427737 D MTS 050810 HTI 4+ Owen 4,5 Hz 6,2
OBS 75 15°51,592 61°06,928 697 2,92 09.01.2007 13.01.2007 433715 D 06-01 4,5 Hz -13
OBS 76 15°52,824 61°04,143 810 2,92 09.01.2007 13.01.2007 231754 D 05-08 4,5 Hz n.d.
OBS 77 15°54,030 61°01,316 908 2,92 09.01.2007 13.01.2007 433601 C 05-05 4,5 Hz -3
OBS 78 15°55,190 60° 58,590 1291 2,92 09.01.2007 13.01.2007 433753 B 06-12 4,5 Hz 4
OBS 79 15°56,402 60°55,814 1306 2,80 09.01.2007 13.01.2007 231625 D 05-11 4,5 Hz 7
OBS 80 15°57,619 60°53,177 1233 3,64 09.01.2007 13.01.2007 253223 C 06-02 4,5 Hz -17
OBS 81-GO 15°59,141 60°49,793 982 3,17 10.01.2007 long-term 445225 B MCS 060746 HTI 4+ CMG
OBS 82 16°00,367 60° 46,739 744 2,83 10.01.2007 13.01.2007 133664 D MLS 991243 HTI 4+ Owen 4,5 Hz -17,5
OBS 83 16°01,506 60°44,048 724 2,83 10.01.2007 13.01.2007 134037 A MLS 991234 HTI 4+ Owen 4,5 Hz 2
OBS 84-G1 16°02,581 60°41,321 1054 4,18 10.01.2007 long-term 444632 D MCS 060710 HTI + CMG
OBS 85 16°03,992 60°37,234 1643 3,38 10.01.2007 13.01.2007 427430 C MTS 050816 HTI 4+ Owen 4,5 Hz 0
OBS 86 16°05,305 60° 34,008 2772 3,23 10.01.2007 13.01.2007 131245 C MLS 040603 HTI 4+ Owen 4,5 Hz 0
OBS 87-G2 16°06,553 60° 30,920 3754 2,73 10.01.2007 long-term 444573 B MCS 060716 HTI + CMG
OBS 88 16°07,872 60° 28,420 4674 3,02 10.01.2007 13.01.2007 133736 D MLS 040102 HTI 4+ Owen 4,5 Hz -7
OBH 89 16°09,043 60°25,517 4719 2,64 10.01.2007 13.01.2007 131351 D MLS 991233 DPG 9
OBS 90-G3 16°10,080 60° 22,986 4723 2,55 10.01.2007 long-term 444674 B MCS 060714 HTI 4+ CMG
OBS 91 16°11,326 60° 20,636 4582 2,41 10.01.2007 13.01.2007 427260 D MLS 991244 HTI 4+ Owen 4,5 Hz 2
OBS 92 16°12,264 60°18,340 4606 2,02 10.01.2007 13.01.2007 145331 C MLS 991257 HTI 4+ Owen 4,5 Hz -127
OBS 93-G4 16°13,092 60° 16,400 4615 2,68 10.01.2007 long-term 445036 D MCS 060708 HTI 4+ CMG
OBS 94 16° 14,209 60°13,834 4979 3,25 10.01.2007 14.01.2007 430232 D MLS 040602 HTI 4+ Owen 4,5 Hz -2
OBS 95 16°15,517 60°10,770 5006 2,30 10.01.2007 14.01.2007 143175 C MLS 010404 HTI 4+ Owen 4,5 Hz 14
OBS 96-G5 16°16,472 60°08,578 5091 2,13 10.01.2007 long-term 444535 D MCS 060732 HTI 4+ CMG
OBS 97 16°17,299 60° 06,322 4915 3,70 10.01.2007 14.01.2007 133563 C MLS 040803 HTI 4+ Owen 4,5 Hz 1
OBS 98 16°19,002 60°03,095 4974 2,32 10.01.2007 14.01.2007 131415 C MLS 040304 HTI 4+ Owen 4,5 Hz -4
OBH 99 16°19,761 60°00,812 4951 3,53 10.01.2007 14.01.2007 435610 C MLS 010406 OAS 2
OBH 100 16°21,7 59°56,6 5074 2,92 10.01.2007  14.01.2007 430274 D MLS 991242  HTI 0
OBH 101 16°22,596 59°54,848 5192 2,16 10.01.2007 14.01.2007 145240 C MLS 991236 HTI -1
OBS 102 16°23,419 59°52,800 5008 3,68 10.01.2007 14.01.2007 445070 C MLS 040807 HTI 4+ Owen 4,5 Hz 1
OBH 103 16°24,988 50°49,283 5069 2,92 10.01.2007 14.01.2007 3679 A MLS 060737 HTI 6,1
OBS 104 16°26,162 59° 46,564 5321 10.01.2007 14.01.2007 253124 C 06-10 4,5 Hz 6
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C Seismology

Tab. C.1: Seismology

station lat (N) long (W) depth deploy. releaser ant. recorder sensor

D:M D:M (m) date code chan
OBS 34-D2 15°26,276 60° 10,804 4461 04.01.2007 31143 B T4M82 CMG40T
OBS 37-D3 15°29,453 60°03,593 5157 04.01.2007 31137 D 06-06 4,5 Hz
OBS 40-D4 15°32,650 59°56,415 4327 04.01.2007 29019 B T4M80 CMG40T
OBS 41-D5 15°35,855 59°49,244 3925 04.01.2007 31145 A 05-01 4,5 Hz
OBS 53-B5 15°11,895 59°35,395 3848 08.01.2007 29010 C 06-04 4,5 Hz
OBS 52-B4 15°08,619 59942571 4025 08.01.2007 29016 A T4M98 CMG40T
OBS 113-B3 15°05,377 59°49,990 4657 17.01.2007 29018 C 06-03 4,5 Hz
OBS 54-C5 15°25,749 59°42,539 3669 08.01.2007 29014 B T4L84 CMG40T
OBS 51-C4 15°22,198 59°49,970 4378 08.01.2007 29011 B T4M99 CMG40T
OBS 123-C3 15°18,941 59°56,936 5163 17.01.2007 30235 C 06-12 4,5 Hz
OBS 55-E5 15°49,309 59°54,398 4281 09.01.2007 31136 D T4MI7 CMG40T
OBS 56-E4 15°45,923 60°02,420 4256 09.01.2007 31142 A 05-07 4,5 Hz
OBS 57-E3 15°42,802 60°08,843 4796 09.01.2007 30236 B T4L52 CMG40T
OBS 58-E2 15°39,150 60°17,045 5078 09.01.2007 29012 A 05-09 4,5 Hz
OBS 59-E1 15°34,287 60°27,965 3035 09.01.2007 31139 C T4M83 CMG40T
OBS 156-F6 16°03,142 59°51,893 4581 17.01.2007 31128 A T4N0O0 CMG40T
OBS 155-F5 15°59,619 59°59,768 4401 16.01.2007 31140 D 06-02 4,5 Hz
OBS 154-F4 15°56,158 60°07,725 3815 16.01.2007 31141 B T4L85 CMG40T
OBS 153-F3 15°53,169 60°14,361 3822 16.01.2007 29009 D 05-11 4,5 Hz
OBS 152-F2 15°49,658 60°22,103 4222 16.01.2007 31138 C 06-01 4,5 Hz
OBS 151-F1 15°44,729 60°33,138 1926 16.01.2007 29007 D T4L53 CMG40T
OBS 60-F0 15°40,743 60°44,413 2108 09.01.2007 31132 D 05-04 4,5 Hz
OBS 81-GO 15°59,141 60°49,793 982 10.01.2007 445225 B MCS 060746 HTI 4+ CMG
OBS 84-G1 16°02,581 60°41,321 1054 10.01.2007 444632 D MCS 060710 HTI 4+ CMG
OBS 87-G2 16°06,553 60° 30,920 3754 10.01.2007 444573 B MCS 060716 HTI + CMG
OBS 90-G3 16°10,080 60° 22,986 4723 10.01.2007 444674 B MCS 060714 HTI 4+ CMG
OBS 93-G4 16°13,092 60°16,400 4615 10.01.2007 445036 D MCS 060708 HTI + CMG
OBS 96-G5 16°16,472 60°08,578 5091 10.01.2007 444535 D MCS 060732 HTI 4+ CMG
OBS 105-G6 16°19,760 60°00,878 4965 14.01.2007 427430 A MLS 991234 HTI 4+ Owen 4,5 Hz
OBS 106-G7 16°23,475 59°52,805 5011 14.01.2007 145206 C MLS 991243 HTI 4+ Owen 4,5 Hz
OBS 107-H7 16° 35,562 59°58,936 5805 14.01.2007 430067 D MLS 040807 HTI 4+ Owen 4,5 Hz
OBS 108-H6 16°31,944 60° 06,988 5437 14.01.2007 131351 D MLS 991236 HTI 4+ Owen 4,5 Hz
OBS 109-H5 16°28,626 60°14,748 5406 14.01.2007 444760 B MCS 060709 HTI 4+ CMG
OBS 110-H4 16°25,060 60°22,552 5199 15.01.2007 445122 B MCS 060745 HTI 4+ CMG
OBS 111-14 16° 40,644 60° 30,640 5270 15.01.2007 143133 C MLS 991244 DPG + Webb
OBS 112-15 16°43,797 60°22,959 4942 15.01.2007 427226 C MLS 040102 HTI 4+ Owen 4,5 Hz
OBS 113-16 16°47,115 60°15,042 4847 15.01.2007 427623 C MLS 000713 HTI 4+ Owen 4,5 Hz
OBS 114-17 16°50,382 60°06,474 5153 15.01.2007 131203 C MLS 010408 HTI 4+ Owen 4,5 Hz
OBS 115-K7 17°14,098 60° 18,804 4836 15.01.2007 435656 C MLS 010404 HTI 4+ Owen 4,5 Hz
OBS 116-L5 17°16,982 60°40,585 4786 15.01.2007 131245 C MLS 991257 HTI 4+ Owen 4,5 Hz
OBS 117-K5 17°06,666 60°34,784 5120 15.01.2007 250177 D MLS 040803 HTI 4+ Owen 4,5 Hz
OBS 118-J4 16°52,212 60°36,043 5435 15.01.2007 133664 C MLS 010410 DPG + Webb
OBS 119-J3 16°49,092 60°43,095 5482 15.01.2007 427737 C MLS 991253 HTI 4+ Owen 4,5 Hz
OBS 120-K3 17°00,046 60°48,758 5617 15.01.2007 134123 D MLS 040805 DPG + Webb
OBS 121-K2 16° 56,438 60°56,228 4912 15.01.2007 133563 C MLS 991258 HTI 4+ Owen 4,5 Hz
OBS 122-K1 16°53,914 61°04,913 2473 15.01.2007 145331 D MLS 010403 HTI 4+ Owen 4,5 Hz
OBS 123-J1 16°41,691 61°01,621 4705 15.01.2007 427260 D MLS 991242 HTI 4+ Owen 4,5 Hz
OBS 124-12 16° 34,689 60°45,150 5754 16.01.2007 145240 D MLS 010410 DPG + Webb
OBS 125-H-1 16°08,027 61°03,350 456 16.01.2007 430274 D MLS 040806 HTI 4+ Owen 4,5 Hz
OBS 126-HO 16°12,579 60°53,419 572 16.01.2007 131317 D MLS 040603 HTI 4+ Owen 4,5 Hz
OBS 127-H1 16°15,845 60°44,926 912 16.01.2007 445070 A MCS 060737 HTI 4+ CMG
OBS 128-H2 16° 18,840 60°36,838 2769 16.01.2007 445164 A MCS 060717 HTI + CMG
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