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Abstract

The R/V METEOR M 66 cruise was carried out primarily in support of the "SFB" 574 (Volatiles
and Fluids in Subduction Zones), a Cooperative Research Center dedicated to understanding the
budget, reactions, and recycling of volatile elements in subduction zones and their role in climate
forcing. To address the short- and long-term variability of the Earth’s climate, the geochemical
evolution of the hydrosphere and atmosphere, and related processes that are all connected to the
return flow of volatiles and fluids from subduction zones, the SFB 574 is studying the Central
American forearc off Costa Rica and Nicaragua (Fig 1).

The goals of the initial, oceanographic leg of cruise M 66 were to obtain part of a 2-year time
series of the transport of southern hemispheric water through the passages into the Caribean, to
study the circulation and variability of the flow in the deep western boundary current and in the
interior of the basin, and to calculate time scales of deep water spreading from the Labrador Sea
to 16°N.

Zusammenfassung

Die Reise M 66 von FS METEOR wurde in erster Linie zur Klarung von Fragestellungen des
Sonderforschungsbereichs SFB 574 (Fluide und Volatile in Subduktionszonen) durchgefunhrt.
Das Hauptziel des SFB 574 ist es, das Budget, die Reaktionen und die Ruckfihrung volatiler
Elemente in Subduktionszonen und ihre Wirkung auf das Klima zu verstehen. Fir das Studium
der kurz- und langfristigen Klimavariabilitat, der geochemischen Evolution der Hydro- und
Atmosphére sowie verwandter Prozesse, die mit dem Recycling von Volatilen und Fluiden aus
Subduktionszonen verbunden sind, fokussiert der SFB 574 seine Untersuchungen auf den
zentralamerikanischen Kontinentalrand vor Costa Rica und Nicaragua (Abb. 1).

Das Ziel des ersten, ozeanographischen Fahrtabschnitts von M 66 war die Erhebung von
Daten im Rahmen einer 2jahrigen Zeitserie des Transports von Stidhemispharen-Wassermassen
durch Passagen in die Karibik, die Untersuchung der Wasserzirkulation und Variabilitat im
"Deep Western Boundary Current™ und im Inneren des Beckens, sowie die Abschdtzung von
Zeitskalen der Tiefwasserausbreitung von der Labrador-See bis 16°N.

Research Objectives
SFB Objectives

The RV METEOR M66 cruise is of central importance to the “Sonderforschungsbereich 574”.
The multi-disciplinary analysis of the volatile phases (water, carbon, sulfur and halogens) and
their complex effects on the exosphere is an ambitious task, and one of the highest priority
objectives of today’s geoscience.

Volatiles are mainly introduced into subduction zones via the sediments, the altered products
of oceanic crust, and the trench fill from down-slope mass wasting. The output is via fluid
venting at the deformation front, by gas hydrate formation/dissociation, and by volcanic
degassing at the forearc. Inside the subduction zone the incoming material is transformed,
mobilized or fractionated into different volatile reservoirs and phases. These phases are either
ejected into the exosphere through the upper plate, accreted to the leading edge of the continental
plate, or are transported into the lower mantle. The tectonic style of subduction, the structure of
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the margin wedge, and the properties and configuration of the downgoing plate all exert a first
order control on volatile budget, its transformation, and return pathway.

The basic data acquisition for the investigations aboard RV METEOR was done by geophysical
surveys, multibeam and side scan sonar surveys, sediment coring, water column sampling for
methane, video-guided sea floor observations and lander deployments.

Fic. 1: General structure of the seafloor at the Costa Rica/ Nicaragua Pacific margin.
Objectives of Leg 1

The objectives of Leg 1 of M66 were unrelated to the SFB 574. It was an oceanographic leg
focussing on upper ocean circulation. The goal was to obtain a 2-year time series of the transport
of southern hemispheric water through the passages into the Caribbean. Further objectives were
to determine the variability of the fraction of South Atlantic water east and north of the islands
and to estimate the transport of southern hemispheric water east of the islands across 16°N.

With regard to deep circulation the goal was to study the circulation and variability of the
flow in the deep western boundary current and in the interior of the basin and to calculate time
scales of deep water spreading from the Labrador Sea to 16°N.

For this purpose, CTDO sensors were used to determine the distribution of water mass
characteristics (pressure, temperature, salinity, oxygen) and analyses were performed to trace
chlorofluorocarbon components CFC-11 and CFC-12 in water samples from 10L bottles. In
addition, measurement of the velocity field were performed with ADCPs (Acoustic Doppler
Current Profilers) attached to the CTDO system and with the vessel-mounted ADCPs (75kHz
and 38.5kHz). A further objective was the recovery of the CARIBA mooring array instruments,
i.e. acoustic current meters, T/S sensors and Inverted Echo Sounders (PIES) east of the
Caribbean.
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Objectives of Leg 2

Leg 2a was primarily dedicated to the transit to the working area off Central America. After the
ship had passed the Panama Canal, a geophysically oriented program was carried out in the
SFB574 working area off Costa Rica, with deployments of OBS/OBH stations and recovery of
previously deployed stations.

The scientific program of Leg 2b comprised several detailed investigations of sites where
active fluid venting occurs. The ROV Quest operated by the University of Bremen was used to
sample and monitor mud extrusions, slides, and scarps generated by seamount subduction off
Costa Rica and Nicaragua. The work complemented earlier work using standard and towed
video-guided equipment. In addition, 2 different lander systems were deployed and several
CTD/Rosette casts were performed to extend time series of the methane inventory at several
stations and to quantify the inventory of the vent-derived methane at the shallow, very active
Quepos Slide.

Obijectives of Leg 3

The foremost objective of the work performed during Leg 3 was deep sampling of mud diapirs
and carbonate mounds, large numbers of which have been found off Costa Rica and Nicaragua.
These structures are considered to be a major element in the recycling of volatiles and fluids in
this erosive continental margin — for this reason they are the focus of work for several
subprojects of the SFB 574. Clear evidence has been found that fluids are transported upwards
from deep sources as well as shallower sources.

Previous SFB work resulted in a differentiation between several types of authigenic
carbonates: chemoherms and crusts associated with fluid expulsion at the sediment surface, gas
hydrate — associated carbonates as well as limy and dolomitic concretions. Complete cores of all
depths of these carbonate caps would enable a high-resolution temporal reconstruction of the
devolatilisation history and fluid drainage. In addition, the pore water chemistry of the sediments
can be expected to be less contaminated by sea water below the carbonate caps, as suggested by
earlier samples from the marginal areas of mounds. This would allow for a better assessment of
the source depth of fluids by geochemical and isotope geochemical methods, providing answers
for one of the central SFB 574 objectives. Coring was performed by a portable drilling device,
the BGS Seabed Rockdrill and Vibrocorer, which was deployed via METEOR's A frame.

Mound Culebra, Mound 10, Mounds 11 and 12 as well as a group of large mounds off
Nicaragua discovered during SONNE cruise SO173 are already well known by preliminary SFB
sampling using gravity corers and piston corers as well as OFOS surveys performed on cruises
SONNE 163 and SONNE 173. For Leg 3a, representative profiles from the top of each structure
as well as two further cores from the flanks were recovered in order to examine if potential
earlier phases of stagnation during the formation of the mounds are documented within the
carbonate layers.

Obijectives of Leg 4

The major aim of Leg 4a was to understand the processes occurring in the other rise. To study
the impact of outer rise faulting on the hydration of the oceanic crust approaching the Central
American trench offshore Nicaragua two different techniques were used.
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(i) a network of ocean bottom seismometers and hydrophones were left on the seafloor to
record the natural seismicity in the outer rise area during leg M66/2a. The aim of this approach is
to define active faults and the depth down to which they are active. This depth may provide an
initial assessment of the depth down to which fluids can penetrate into the upper mantle.

(i) active seismic wide-angle and refraction work was used to test the hypothesis that the
mantle is hydrated or serpentinized. Typically, the upper mantle has velocities between 8.0 to 8.2
km/s. If the mantle is hydrated or serpentinized, seismic velocities are much lower. A
serpentinization of 20 % would change the seismic velocities in the mantle to 7.6 km/s.

Furthermore, high resolution active seismic profiling was applied along three profiles to
support deep-towed seismic streamer data analysing the structure and formation of mound
structures along the continental margin. Cruise SO173-1 mapped a large number of mound
locations by deep-towed sidescan and multichannel seismic streamer recordings. Seismic images
of the structures indicate that they are related to faults or ridge-like tectonic features. A BSR has
been mapped within the entire area of investigation with varying amplitude strength. Additional
seismic data are to verify the variability of the BSR reflectivity and investigate the causes of
BSR uplift or disappearance underneath the various mound structures and the relation to the
tectonic setting.

Leg 4b was entirely dedicated to testing a new CPT (cone penetration testing) free fall lance.
The overall objective when studying active convergent margins is to unravel the complex fluid
processes and their ramifications for natural hazards such as submarine landslides and
earthquakes. The understanding of such processes may be severely deepened if the crucial
controlling parameters are measured in situ. For that purpose, a free fall CPT lance has been
built. This device allows a time- and cost-effective characterization of both pore pressure and
sediment strength in the uppermost ocean floor sediments. CPT measurements are usually
carried out with a cylindrical lance, either motor-driven or as a free fall instrument. Penetration
depth is controlled by sediment composition/grain size as well as the weight of the lance. In our
case, it is a few meters. During penetration, frictional forces at the tip and along the sleeve of the
lance are measured. The amount of frictional resistance allows for a classification of the
sediment. In addition to these first order strength measurements, a piezometric cell is measuring
pore pressure in the sediment.
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1.1 Participants
Name Discipline Institution
1. Rhein, Monika, Prof. Dr. Chief scientist IUPHB
2 . Bulsiewicz, Klaus CFC-analysis IUPHB
3. Fraas, Gerhard Moorings IUPHB
4 . Fraas, Karin CTD/ADCP watch IUPHB
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7. Bislich, Oliver CTD/ADCP watch IUPHB
8. Kirchner, Kerstin CTD/ADCP IUPHB
9. Krisponeit, Jon-Olaf CTD/ADCP watch IUPHB
10. Aschmann, Jan CTD/ADCP watch IUPHB
11. Kreutzmann, Christian Meteorology DWD
12. Mertens, Christian, Dr. vm-ACPs,moorings IUPHB
13. Drews, Reinhard CFC watch IUPHB
14. Oschmann, Michael oxygen analysis, dust sampling IUPHB
15. Grahlmann, Jann CTD/ADCP watch, dust sampl. IUPHB
16. Steinfeldt, Reiner, Dr. CTD/Salinometer IUPHB
17. Walter, Maren, Dr. LADCP IUPHB
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19. Brentfiihrer, Ramon LADCP IFM-GEOMAR
20. Stober, Uwe CTD/ADCP watch IUPHB
20. Torsten Truscheit Meteorology DWD
*21. Klugel, Andreas, Dr. Geology IFM-GEOMAR
*22. Ksienzyk, Anna Geology IFM-GEOMAR
*23. Hansteen, Thor, Dr. Geology IFM-GEOMAR
*participants from August, 12. to 15. 2005.
IUPHB Universitat Bremen, Institut fir Umweltphysik, Abt. Ozeanographie, Otto-
Hahn-Allee, NW1, 28359 Bremen, Germany
DWD Deutscher Wetterdienst, Geschéftsfeld Seeschifffahrt, Bernhard-Nocht-Str. 76,

20359 Hamburg, Germany
IFM-GEOMAR Leibniz Institut fur Meeresforschung, Wischhofstrasse, 24105 Kiel, Germany
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1.2 Research Program

The warm branch of the Atlantic meridional overturning circulation is important for the role of
the North Atlantic in European climate and climate change. Yet, no time series has been made so
far of the transport of southern hemispheric water after crossing the Atlantic. In this project, we
have obtained a 2-year time series of the transport of southern hemispheric water through the
passages into the Caribbean and determined the variability of the fraction of South Atlantic water
east and north of the islands. Moreover we have estimated the transport of southern hemispheric
water east of the islands across 16°N. The deep circulation encompasses the major part of the
cold path of the overturning circulation. We have studied the circulation and variability of the
flow in the deep western boundary current and in the interior of the basin and calculated time
scales of deep water spreading from the Labrador Sea to 16°N.

CTDO sensors were applied to determine the distribution of water mass characteristics
(pressure, temperature, salinity, oxygen), and water samples from 10-L bottles were analyzed for
the chlorofluorocarbon components CFC-11 and CFC-12. The velocity field was measured with
ADCPs (Acoustic Doppler Current Profilers) attached to the CTDO system and with the vessel-
mounted ADCPs (75kHz and 38.5kHz). The Bremen mooring array CARIBA, which had been
deployed east of the Caribbean equipped with acoustic current meters, T/S sensors and Inverted
Echo Sounders (PIES), was recovered. The moored time series was combined with the shipboard
measurements.

The data set complemented by our measurements from recent years and by historical data
allows estimating the strength and the pathways of the warm path of the Atlantic meridional
overturning at the inflow into the Caribbean between the Windward Islands and east of the
Islands across 16°N in the western Atlantic.

1.3 Narrative of the cruise

RV METEOR departed on August 13, 9 UTC from Las Palmas and headed towards the Henry
Seamount at 27°18.5’N, 17°47.0’W. Dredging began at August 14, 1 UTC, and ended at August
15, 1 UTC. The weather was favourable for dredging in the southern section of the seamount.
The METEOR reached Hierro at August 15, 6:30 UTC, and the three geologists and one
technician departed while METEOR stayed near Puerto de la Estaca.

At August 15, 7:30 UTC, the METEOR headed towards the easternmost CTD station (51°W)
of the 16°N section. With the trade winds from the back the speed of the METEOR was around
12 kn most of the time. During the transit of about 2000nm, a CTD test station was carried out
successfully at August 17, 15:30 UTC. The CTD was lowered to 2000m depth. At August 20, 16
UTC, the 22 Niskin bottles were tested for CFC contamination by closing them all in the CFC
minimum zone at 2500m depth. In the eastern Atlantic, very small concentrations are expected at
this depth level. The test was successful, all bottles closed and no contamination could be found.
This result was supported by the oxygen analysis. A second test was done on August 21, 17
UTC.

The 16°N section began at August 22, 15 UTC at the flank of the Midatalantic Ridge (CTD 4,
15°15°N, 51°20°W) at a water depth of 4000m. In order to resolve the flow-field of the Antarctic
Bottom Water (AABW) at the bottom of the flank, the station spacing was at first 10nm, and
then increasing to 20nm. The chosen spatial distance allows the resolution of the flow field with
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the LADCP profiles measured parallel to the CTD casts. The LADCP profiles had good quality
throughout the water column, but the expected northward flow of the AABW was not observed.
The subsequent stations also showed the tidal velocities in the order of 3-4cm/s. The weather and
sea remained calm and provided excellent working conditions. In the early morning (5UTC) of
August, 25 the METEOR reached the longitude of 55°W, which on former cruises was the
boundary between a net southward flow of North Atlantic Deep Water west of 55°W and a more
sluggish and uncoordinated flow east of that longitude. Between 55°30°’W and 57°40°’W (Aug
25, 11UTC - Aug 26, 20UTC) we encountered an eddy. These eddies are called NBC rings,
because of their creation at the retroflection of the North Brasil Current (NBC) into the North
Equatorial Counter Current off the coast of Brazil. These rings are crucial for the transport of
water from the South Atlantic across 16°N. The ring was subsurface intensified with highest
velocities of 25-35cm/s between 400m and 600m depth, the fraction of South Atlantic water
(SAW) was higher than 70% in the intermediate and central water masses. The signal at the
surface was weak, so that most likely the ring cannot be seen by remote sensing.

During CTD 27 on August 27, one of the LADCP workhorses from RD Instruments (San
Diego) failed, so that unfortunately we were unable to measure the deep velocity distribution in
the western boundary region, where we expected the strongest signals. This instrument was sent
to RD Instruments (RDI, San Diego) for refurbishment in February 2005. It failed after 20
profiles in June 2005 during our cruise with N/O Thalassa . The instrument was then sent back to
RDI at July, 12 and after repair was delivered to RV METEOR to Las Palmas. Presumably, the
instrument was not properly repaired. Due to the many parallel research cruises we were unable
to take a backup instrument with us. For the remaining work in the deep western boundary
current no deep velocity measurements could be carried out. With one instrument remaining,
only velocity profiles to water depths shallower than 3000m are possible.

The 16°N section was finished with CTD 38 at August, 29, 4:30UTC. The METEOR headed
south to carry out CTD stations every 9nm on the way to the mooring position B10 east of Saint
Lucia and then to B8 north of Tobago. B10 was reached at August 30, 12 UTC (CTD 54), and
B8 at September 1, 2UTC. Near that position, the surface water was murky and down to about
5m very fresh with salinities of about 27.0. Both features indicated the presence of river outflow
from the Amazon and/or Orinoco. Although low salinities are frequently observed in that area
especially a few months after the maximum of the river outflow, they are usually not below 32.

The METEOR turned towards Barbados, i.e. to the position of mooring B9 on the western side
of Barbados. After finishing the CTD section, the remaining time was used to repeat the northern
part of the section from Tobago to Barbados down to 12°35’N, 60°0’W with the two vessel
mounted ADCPs. In the early morning of September, 2 (9:40UTC), CARIBA mooring B9 was
released. 7 minutes after release the top float was seen and at 11 UTC the mooring was
completely recovered. The top element, moored in 70m depth, showed severe signs of fishing
activities but fortunately was not lost.

The CTD section from Barbados to St. Lucia began at September 2, 11:50 UTC, the station
spacing was like on the last section about 9nm. When finished, a transport section to 13°40.0’N,
60°30.0°W was carried out. At September 3, 8:34 UTC the PIES at 13°47.50’N, 60°41.82°’W
was released. The instrument didn’t respond. The release-code was repeatedly sent, but no
acoustic nor radio or visual (flashlight) signals were received, although the flashlight should be
easily seen in the darkness. Most likely, the PIES was not released. The search was interrupted at
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10:25 UTC. CaARIBA mooring B10 at 13°48.00’N, 60°41.50’'W was released. Both releasers
responded immediately, and the mooring was sighted 7 minutes later. The complete mooring was
on board about at 11:30 UTC. This mooring showed also signs of fishing activities. The
construction of the top float was damaged and the mooring contained several pieces of fishing
gear. It turned out that a few months after deployment, the mooring had been hauled several
100m nearer to the shore, where the bottom was 30m shallower. The top float was then located
in 35m depth instead of 70m.

Afterwards the search for the PIES was continued. Several items were found, but not the
PIES. The search was abandoned at 12:20 UTC, and the METEOR headed towards Tobago. Early
at September 4, 7:15 UTC the PIES was contacted and after several attempts the releaser worked
at 8:45 and the PIES surfaced. It was dark, the flashlight of the PIES made it very easy to find
the instrument at 9:20. After the PIES was brought on board (9:30), CARIBA mooring B8 was
released at 9:35, detected at 9:40 and recovered completely. The releasers were on deck at 10:50.
At the former mooring position B8 a CTD (CTD 91) was carried out at 11:30 UTC.

This (CTD 91) was the first station on the way to St. Vincent, the station spacing was 10.5nm.
The section was finished with CTD 102 at September 5, 12 UTC. After 11nm, the work in the
passage between St. Vincent and St. Lucia began. The CTD section (CTD 103-108) was
complemented by several ADCP transects to study the influence of the tides on the velocity
distribution. The vessel mounted ADCP reached down to the bottom so that we received velocity
data in the passage with full continuous coverage. After finishing the passage work, the METEOR
was on her way to 13°47.50’N 60°41.80°W, the PIES position off St. Lucia. The METEOR drifted
towards the PIES, and the instrument was acoustically released. It took about an hour from
September 6, 6 UTC to 7 UTC before the PIES responded, and the instrument surfaced
30minutes later. The PIES was brought on deck at 7:54 UTC. Both PIES carried out the
measurements successfully.

The METEOR continued her track to the passage between St. Lucia and Martinique. After 5
CTD stations (CTD 109-113), the 12nm wide passage was also studied with several shipboard
ADCP transects. The METEOR left the passage at September 6, 20 UTC and sailed leewards of
Martinique to the passage between Martinique and Dominica. Unfortunately Dominica refused
the research within the 3nm zone, so that we could not achieve full coverage of the passage. The
work in the passage was finished at September 7, 15 UTC. In order to reach deeper well mixed
water needed to calibrate the moored MicroCats with the CTD, a CTD station was carried out in
the Caribbean at 15°N, 61°23’W with a water depth of 2356m at 17UTC. Only 4 10L bottles
were attached at the carousel, the others were replaced by the MicroCats.

Work continued when the passage between Dominica and Guadeloupe was reached at Sep. 7,
23 UTC with CTD stations (CTD 121-125) followed by ADCP transects. The 3nm zone of
Dominica has been left out. At September 8, 13 UTC the METEOR stopped near Pointe a Pitre
(Guadeloupe) to obtain the replacement for the leaking ADCP workhorse. The Leibniz Institute
for Marine Research in Kiel, Germany was able to provide us with an instrument with short
notice. The instrument was brought at 11:30 UTC and the METEOR set course to the 16°N section
to repeat the stations in the Deep Western Boundary Current with 2 ADCP workhorses attached
to the CTD/carousel. The station work started at 19 UTC and was finished at September 9, 13
UTC. In order to study deep mixing in the western boundary current, a CTD/LADCP YoYo
station was carried out at 16°17°N, 60°35’W which lasted for 12 hours and 6 complete profiles
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22°N RV-Meteor Cruise 66/1
13.08.-19.09.2005
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FiG.1.1: Stations between Tobago and Antigua, METEOR cruise M66/1.

(CTD 132-137) could be taken in that time period. The results will be compared to
microstructure measurements of K. Polzin, Woods Hole, USA, taken at about the same position.

Whether water from the South Atlantic also flows through the passages north of Guadeloupe
was studied with CTD stations and ADCP transects in the passage between Guadeloupe and
Antigua as well as between Anguilla and Anegada (Sombrero Passage) The latter is more than
2000m deep. The measurements in the Guadeloupe-Antigua passage (CTD 138-145) were
finished at September 10, 21 UTC. The water between the two passages is very shallow, so that
only ADCP sections were carried out. The work in the Sombrero Passage lasted from September
11, 9 UTC to September 12, 17:30 UTC (CTD 146 — 162). No CFC data have been taken in the
Sombrero Passage. Several valves of the analysis system failed and through the unusual high
failure rate the CFC sampling was stopped to be able to cover the following deep western
boundary section. The velocity field in the passage was strongly influenced by tides. The detided
total transport through the relatively large Sombrero Passage was small with 0.9 Sv inflow.

At September 12, 19 UTC, the CTD 163 marked the beginning of the meridional boundary
section from Anegada across the Puerto Rico Trench to 23°N, 64°W. The measurements stopped
at 5700m depth, although the trench is much deeper. The station spacing was at the slope 2.5 -
5nm, and further offshore the distance increased to 22nm. The deep water was devoid of
scatterers leaving not enough signals for the LADCPs. The two instruments were removed after
reaching water deeper than 5200m.

The last station of the boundary section at 23°36°’N 64°06’W (CTD 181) was finished on
September 16, 11:30 UTC, Shortly before the CTD was back on board, the CFC analysis system
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had to be shut down because of problems in the gas supply line, and the CFC samples were taken
‘offline’. The glass ampoules were flame sealed and will be analysed in our lab in Bremen.

The METEOR set course to Curacao, where we arrived at September 19, 11 UTC. During the
entire cruise, the METEOR always experienced weather and sea conditions suitable for work.

1.4 Preliminary Results

14.1 CTD-O, Measurements
(R. Steinfeldt)

Measurements of conductivity, temperature, pressure and dissolved oxygen were performed with
a Sea-Bird 911 plus system. The CTD was operated on a water sampler carousel together with 22
10 | Niskin bottles and 2 LADCPs. CTD data quality was good throughout the whole cruise.
Some of the Niskin bottles, however, showed leakages at the bottom or the outlet. CTD data
were calibrated by minimizing the difference between CTD values and salinity and oxygen
samples from the Niskin bottles measured on board. The number of direct measurements was
1047 for oxygen and 498 for salinity, i.e about 6 and 3 samples per profile.

Oxygen measurements were carried out by the Winkler titration method. The standard did not
show a remarkable drift, and the mean standard deviation between double samples was 0.020
ml/l. The difference between the directly measured and calibrated CTD oxygen data is 0.048 ml/I
(0.046 mi/l) for all (below 1000 dbar) samples. At the beginning, the CTD oxygen sensor
showed temporal fluctuations, but from profile 13 on identical calibration coefficients were used.

Salinities of the water samples were determined by means of a Guildline Autosal salinometer
of type 8400A. The rms differences between the measured and calibrated CTD values amounted
to 0.0029 (0.0024) for all (below 1000 dbar) samples. The mean deviation between
measurements of substandard was in the range of 0.001.

IAPSO Standard Seawater of batch 145 was used for calibrating the salinometer. The
salinities in the Antarctic Bottom Water (AABW) are in good agreement with former cruises if
an offset of 0.003 is subtracted as was also done for salinity calibrations with batch 141.

FiG. 1.2: Calibration of the conductivity sensor.
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FiG. 1.3: Calibration of the oxygen sensor.

The oxygen values in the deep water are low compared with older data (differences between
0.05 and 0.1 ml/l). The surface oxygen saturation, on the other hand, is about 104 % and thereby
in the same range as was measured the years before. An anomal large amount of samples (about
one third) could not be used for the calibration routine both for oxygen and salinity, as the
difference against the CTD values was too large. One reason could be the leakage of some of the
Niskin bottles and/or problems at the oxygen sampling.

1.4.2 Analysis of Chlorofluorocarbons
(K. Bulsiewicz)

During cruise M66/1 water samples have been collected from 10l Niskin bottles for the analysis
of the chlorofluorocarbons CFC-11 and CFC-12. Measurements of the CFC concentration in the
water samples have been performed on board using a gas chromatographic system with capillary
column and Electron Capture Detector (ECD). CFC sampling has been performed on 125
stations. A total of 1300 CFC data have been obtained.
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FiG. 1.4: CFC-11 distribution at 16°N, 2000 — 2005. Distributions 2000-20004 published in Rhein et
al., 2004. Left column from top to bottom: 2000 — 2004; right column: 2005.

On the last station, CFC samples were sealed in glass ampoules for later measurements on
land, as the remaining amount of pure nitrogen was not sufficient to run the automatic extraction
system.

The sampling blank for CFC-11 and CFC-12 was estimated at a test station where all bottles
were tripped at the same depth. This water is 'old’, exhibiting zero CFC-concentrations. For
CFC-11 and CFC-12 the resulting sampling blank was 0.005 pmol/kg. Accuracy was checked by
analysing 33 water samples at least twice. It was found to be 0.6% for CFC-11 and 0.4% for
CFC-12. The CFC concentration of the gas standard used to calibrate the water samples are
reported on the S1098 scale.

1.4.3 Lowered Acoustic Doppler Current Profiler LADCP
(M.Walter)

Most of the hydrographic stations were accompanied by current measurements with a lowered
acoustic Doppler current profiler (LADCP) system attached to the CTD and water sampling
carousel. Throughout the cruise, three instruments (RDI 300 kHz Workhorse Monitor) were
used, partly two together or one as a single instrument.

Two instruments were used in a synchronized Master-and-Slave mode, with the upward
looking as Slave and the downward looking as Master. When only one instrument was used, it
was mounted downward looking. The instruments were powered by an external battery supply,
consisting of 35 commercial quality 1.5V batteries assembled in a pressure resistant Aanderaa
housing. The system was set to a ping rate of 1 ping/s and a bin length (= vertical resolution) of
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10 m with a nominal range of 200 m for both operating modes, Master-and-Slave as well as
single.

In total, 160 LADCP profiles were obtained during the 181 CTD stations of the cruise. The
profiles from 132 to 137 were taken at the same position as a time series station.

During profile 26 on the 16° N transect, a water leakage (probably through the transducers)
occurred in the upward looking instrument. Two of the transducers were damaged and severe
corrosion was evident on one of the electronic boards of the unit. Unfortunately, there was no
backup instrument on the ship at the time. With a water depth greater than 5000 m and very clear
water (= few backscatterer), the data from a single instrument were not sufficient for a good-
quality profile. Thus, the ensuing profiles up to CTD cast 33 were done without an ADCP. From
cast 34 onwards, in the shallower and more productive waters close to the Antilles, a single
instrument was used for profiling. A backup instrument shipped to Guadeloupe from the IFM-
GEOMAR was available from profile 126 onwards, and was used for the rest of the cruise as a
Slave.

From profile 114 onwards, beam 1 of the downward looking instrument started switching on
and off. When the beam was working, it worked fine (normal range etc, no signs of any
problem), but it stopped working for large stretches of time (several minutes) during profiles.

The problem occurred mainly in shallow water, and we suspect an electronic connection
problem related to outside pressure. After profile 117, the instrument was dismounted and
checked for leakage, but everything was fine (except the occasional beam failure), therefore the
instrument was remounted for profile 119 and used for the rest of the cruise. 3-beam solutions
were used for the velocity calculation for the periods where beam 1 failed.

The stations from 169 up to the end of the cruise (a transect across the Puerto Rico Trench)
were again deeper than 5000 m and extremely scarce in backscatterers for depth greater than
2000 m, so that even the range of the combined instruments was to small to obtain velocity
profiles.

The different types of environments lead to large differences in instrument range during the
cruise. For the shallower (up to 2500 m water depth) stations close to the Antilles and in the
passages, there was a vast amount of backscatterers, and the range of the instrument (Master
only) was up to the nominal 200 m in the upper 1000 m, and scarcely falling below 60 m (again
for the single instrument). With lowering and heaving velocities between 0.8 and 1.2 m/s of the
instrument package this resulted in at least 200 shear estimates per depth bin and very good
quality profiles.

In the deep stations of the 16°N and the Puerto Rico Trench sections, there were virtually no
backscatterers below 2000 m, and the range was reduced to 2 bins (20 -30 m) for each
instrument (50 m total for the package) in those parts of the profiles. With less than 100 shear
estimates per depth bin no reliable velocity profile was obtained.
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FiG. 1.5: Velocity d istribution f rom LADCP m easurements i n t he p assages be tween T obago an d
Guadeloupe for the water masses as defined in Rhein et al., 2005. The colour denotes the
fraction of South Atlantic Water. The vertical and horizontal distribution of the SAW fractions
in all passages measured during M66/1 are presented in Fig.1.6.

Post processing of the raw data was done using an inverse method which incorporates the
measured velocity shear, the surface drift of the ship during the cast, and the bottom track
velocities measured by the downward looking instrument to produce profiles of velocity and
shear. This resulted in high quality velocity profiles, even for profiles with very weak current
velocities (<0.05 m/s) and zero mean. Larger errors occur in the profiles deeper than 4000 m
with few backscatterers and weak velocities, where not enough information is available for a
good inversion.
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Fic. 1.6: a) Distribution of the SAW fraction in the pas sages. b) the mean S AW distribution in the
FLAME model. The passage width is shown proportional except for Anegada Passage (twice
as wide). The topography is derived from echosounder data (a) or the model grid (b). Fig.
from Kirchner et al., 2008.

1.4.4 Shipboard Acoustic Doppler Current Profiler SADCP
(C. Mertens)

Simultaneous single-ping data were recorded from two RD Instruments Acoustic Dopplers
current profilers: A 75 kHz and a 38 kHz Ocean Surveyor (OS) model, both with flat phased-
array transducers. The 75 kHz OS was mounted into the hull of the ship in July 2004, and the 38
kHz instrument was lowered in the ship's well at the beginning of the cruise.

Both instruments were configured to collect narrow bandwidth water-profile data throughout
the cruise. The data from the 75 kHz OS was recorded in 8 m bins to get high vertical resolution
data in the upper water column. To achieve maximum range the 38 kHz OS data were collected
in 32 m bins. Both systems operated flawless throughout the cruise. The ship's 78 kHz Doppler
log is known to cause strong interference with the 75 kHz Ocean Surveyor which results in a
reduced range of about 250 m and a deterioration of the data quality. During station work the
Doppler log was needed for navigational purposes, but it was switched off when the ship was
underway.

Navigation and heading information were recorded together with the velocities. Both ADCPs
used the synchro version of the Fiber Optic Compass (FOG) heading connected directly to the
chassis of the ADCP to transform the measured velocities into earth coordinates although it has
been found on an earlier cruise (M47/1) that the FOG has a heading dependent error. Because of
this error the data were corrected by substituting the syncro-FOG heading values of each single
ping with heading values from the Ashtech receiver. The Ashtech receiver operated continuously
throughout the cruise, delivering reliable heading data.



1-12 METEOR-Berichte 09-2, Cruise 66, Leg 1, Las Palmas - Willemstad

A water-track calibration of the angle between the transducers and the Ashtech antenna
system has been carried out for both instruments. For the 38 kHz OS a misalignment angle of -
1.03° and an amplitude factor of 1.004 were determined. For the 75 kHz OS the calibration
resulted in a misalignment angle of -1.27° and an amplitude factor of 1.008, which is very close
to the calibration carried out during Meteor cruise M62/1.

The range of the 75 kHz OS was of about 700 m, and the 38 kHz OS achieved ranges of 1200
to 1400 m. The sea state was generally calm throughout the cruise and most of the time the ship
didn't had to steam against the waves which resulted in a very good quality of shipboard ADCP
data for this cruise.

Fic. 1.7: Upper panel: distribution of SAW fraction at 16 °N during M 66/1. L ower panel: m eridonal
velocity component from shipboard ADCP measurement. T he conspicuous feature centred
at about 56°W is a North Brazil Current ring, transporting SAW to the north, especially in the
Intermediate Water and the lower central water range. The black and blue lines are
isopycnals, used t o s eparate t he water m asses. The NBC rings seem tobe afrequent
feature at 16°N and we observed these rings on all our cruises.
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145 Preliminary Results From the Bremen Moored CARIBA Array
(C. Mertens)

The Bremen CARIBA array consists of 2 Inverted echo sounders with bottom pressure sensors
(PIES) which have been deployed for 2 years. The southernmost instrument was located north of
Tobago and the northern instrument east of St. Lucia, both in about 1000m depth (Table 1, more
details see Table 3). The PIES encompass the major inflow paths of South Atlantic Water
(SAW) into the Caribbean and thus measure the integral transport through Grenada passage as
well as St. Vincent passage. The acoustic travel time measured by the PIES were converted into
T/S profiles, using our shipboard CTD measurements and the moored Microcats, which were
deployed near the PIES and additionally south of Barbados (Table 1).

TaB.1.1:  CARIBA Moorings on cruise M66/1.

Name Latitude Longitude Depth  Deployment Date Retrieval
B8 11°21.70'N 60°24.00°'W 1130m  17.7.2004, 14:48 4.9.2005
PIES75 11°21.70‘N 60°23.60'W 1123m  17.7.2004, 15:15 4.9.2005
B9 13°01.60‘N 59°47.60‘'W 1007m  21.7.2004, 18:57 2.9.2005
B10  13°48.00°‘N 60°41.50‘W 1002m  22.7.2004, 11:00 3.9.2005
PIES56 13°47.50‘N 60°41.80'W  993m  22.7.2004, 13:50 6.9.2005

PIES: Inverted Echo Sounder with Pressure sensor Time in UTC
Bold dates: work done during M66/1 cruise

Both time series show an increase in the SAW fraction by about 10-20%, especially in the
Intermediate Water and the lower central water (Fig.1.9). Since the total transport did not
change, the transport of SAW into the Caribbean did increase within these tow years.

Fic. 1.8 Two-year transport time series of SAW into the Caribbean through Grenada and St. Vincent
passage, inferred from the PIES. Positive: inflow into the Caribbean. The gray shaded areas
denote periods of elevated energy: black: total transport, the transport relative to 1000nm is
red. From Mertens et al., 2008.
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Fic. 1.9: Fraction of South Atlantic Water (SAW) at St. Lucia (upper figure) and Tobago (lower figure),
Inferred from the T/S data of the Microcats. The depth of the Microcats are shown by the
white lines. The data gap at St. Lucia in the first year was caused by a loss of the top buoy
by fishing activities.

1.4.6 Sampling of Henry Seamount
(Andreas Kligel, Thor H. Hansteen)

Henry Seamount, an 8-km wide and 660-m tall volcano rising from 3700 m deep seafloor
southeast of El Hierro (Fig. 1.10), was sampled by six dredge hauls:
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TAB. 1.2 Dredge stations during M66/1
on bottom: off bottom:
Date Station Dredge Latitude Longitude Depth |Latitude Longitude Depth
type

14.8.05 392 Chain bag |27°18,50N 17°47,01W 3460 |27°18,7IN 17°46,78W 3330
14.8.05 393 Chain bag |27°18,89N 17°46,78W 3270 |27°19,32N 17°46,62W 3160
14.8.05 394 Chainbag [27°17,82N 17°45,05W 3600 |27°18,26N 17°45,07W 3350
14.8.05 395 Drum 27°17,97N 17°45,18W 3500 |27°18,62N 17°44,78W 3410
14.8.05 396 Drum 27°19,80N 17°47,75W 3540 |27°20,17N 17°47,49W 3380
14.8.05 397 Drum 27°19,85N 17°45,92W 3050 [27°20,39N 17°45,96W 3160

Overall, dredging bites were extremely scarce confirming the previously inferred meter-thick
sediment coverage (Gee et al., 2001). Only the drum dredge recovered hard rocks but all dredge
hauls yielded soft silty to sandy sediment. The southern slopes of Henry Seamount apparently
show thicker sediment coverage than the steeper northern slopes, which may be the result of
deep-sea currents from northern directions. The dredged samples include:

e Trachytic rock fragments and pebbles with few phenocrysts (plagioclase, amphibole, titanite).
The samples range from fresh to strongly altered and are covered by thin Mn-crust.

e Vesicular fragment of glassy basalt.

¢ Volcaniclastic sandstones with abundant Globigerina foraminifers.

e Fragments of cm-thick layered Mn-crusts.

e Fresh porous fragment of almost pure barite underlying a deep-sea coral stem (Fig. 1.10).

e Small fragments of porous biogenic or abiogenic carbonates.

e Abundant shell fragments of vesicomyid clams up to 15 cm in size that are mildly corroded
(Fig. 1.11)).

The presence of shells from vesicomyid clams is surprising since this species is always
associated with active hydrothermal vents or seep areas. To our knowledge, this is the first
reported finding of vesicomyid clams and also the first direct or indirect evidence of submarine
venting activity within the Canary Archipelago. Their preservation state suggests that the shells
are not very old, probably less than 100.000 years. Texture, porosity and extreme freshness of a
barite fragment recovered from the summit plateau also indicate a recent origin. The fragment is
considerably larger than other marine or diagenetic barites suggesting that it originated by some
focussed fluid flow.

As a preliminary interpretation, Henry Seamount may represent a recently active volcanic
system related to the present location of the hotspot near EI Hierro. This would be supported by
the small degree of alteration of the freshest dredged trachytes. Alternatively and more likely,
fluid discharge at the seamount may be related to seawater recharge at the neighbouring island of
El Hierro followed by lateral flow and heating in the warm and permeable crust (Harris et al.,
2004). But how can recent venting be reconciled with the presence of some meters of sediment
drape? Does Henry Seamount currently show some kind of rejuvenated activity? Geochemical
investigations and age determinations of rocks and shells will be carried out to resolve these
questions.
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Fic. 1.10:  Detailed bathymetric map (50 m  Fic. 1.11:  Fresh b arite fragment with coral stem (left)
contours) of Henry Seamount. and shell of vesicomyid clam (right).

15 Ship’s Meteorological Station
(C. Kreutzmann)

First section from Las Palmas de Gran Canaria (Spain, August 13™) to Hierro (Spain, August
15™)

Weather was dominated by the subtropical high west of Bay of Biscay with a ridge to the
southeastern Azores and a later connection to a new predominant high to the southsouthwest of
Azores. The dynamic counterpart was a heat low near Mauritania, shifting to South-Algeria with
a trough to Portugal. In between METEOR was under strengthening gradient of atmospheric
pressure with persistent north to northeasterly trade wind and corresponding sea (increasing from
Bft 5, sea 1.5m to Bft 6, sea 2.5m). It was modified by local effects near Canary Islands, so plus
Bft 1 in the nozzles between islands, veering wind around Bft 3 in the lee as well as northerly Bft
7 with gusts up to Bft 11 and rough sea around 3m close southeast to steep coast of Hierro.
Water temperature was about 22 to 23°C.

Transit to 15.2°N 51.2°W until August 22"

The strengthening subtropical high shifted northeast to the outer Bay of Biscay with later return
to the Azores. A ridge of high pressure turned to northwest from 20°N 40°W to Florida. The
cruise area was along its south-eastern side in the regular trade wind, starting with north-north-
easterly Bft 6 at August 15", abating to east-north-easterly Bft 4 until August 19" and then
veering to east-southeast. Sea started with 2.5m from north-northeast and finished with 1 to 1.5m
from easterly direction. A weak easterly wave left Senegal at August 16", Fringes of an upper
level low entered the cruise area with freshening wind and scattered showers in the early August
19™. From then there was some tendency to local trade wind showers in the course of the
following days. The easterly wave reached METEOR at August 22™. During the transit there was a
rise in water temperature from 23 to 28°C. The ITCZ was continued to lying between 9 and
12°N.



METEOR-Berichte 09-2, Cruise 66, Leg 1, Las Palmas - Willemstad 1-17

Section to 16.3°N 60.8°W until August 29"

The steering subtropical high near Azores weakened along its way to 31°N 40°W. The ridge to
the Bahamas did the same and was replaced by a connection to a new high southeast of Nova
Scotia from August 27" on. Weather conditions around METEOR was made by a second ridge,
slowly shifting from 15°N 47°W to METEOR at August 24™ and farther to the Greater Antilles.
Firstly wind blew with moderate force (Bft 4 to 5) from the east and decreased down to variable
Bft 3 in the course of the section with temporary backing to northeast at August 26" and later
veering to southeast. From August 24™ some weak and scattered showers with gusts up to Bft 5,
poor visibility and cooling down to 25°C occurred in the ship environment on the back side of
the second ridge. Swell up to 2m veered from east to northeast with a decrease down to 1 - 1.5m.
Water temperature showed further warming nearly up to 30°C. Tropical waves remained east of
the cruise area, one weak system with embedded cyclonic circulation (close upper level trough
prevented stronger development) approached MeTEOR up to 200 nm until August 29" Branches
of the ITCZ were situated far away between 9 and 11°N with decay from August 25™.

Section between Guadeloupe (France), St. Lucia (France), Barbados and Tobago until
September 4"

The centres of subtropical high southeast of Newfoundland and southwest of Azores united to
one extensive core close to the northwest of Azores. METEOR sailed along its southern flank with
a regular change of easterly waves and weak ridges - in each case with an north-south axis. First
easterly wave crossed the cruise area early in the August 29™ with showers and gusts up to Bft 5.
At August 30" the formerly Tropical Depression No.13 passed north of the cruise area, the
accessory trough stretched out to Tobago and touched METEOR with showery gusts up to Bft 7.
The Tropical Depression No.14 was also leaded by subtropical high and was upgraded to
Tropical Storm MARIA north of METEOR at September 2" (further upgrade to Hurricane No.5
near 28°N 55°W at September 4™). Only its trough reached far to the south and at September 1°
a separated and westward moving cloud cluster nearby a 15°N ITCZ-branch touched the cruise
area with showers, gusts to Bft 7 and temporary poor visibility. Completely dry conditions
without any trade shower activity you could only expect directly in front of and under a strong
ridge of high pressure. Variable south-easterly winds around Bft 3 turned to eastnortheast from
August 30" on and showed a temporary rise up to Bft 5 during night to September 1%. The swell
came always from east to northeast with about 1.5m and a maximum of 2.5m at September 1%,
Water temperature was between 29 and 30°C.

Section from Tobago along Windward and Leeward Islands to Anegada (British Virgin Islands)
until September 12"

Subtropical high started northwest of Azores and finished the section west of Cape Finisterre. A
wide ridge stretched out across eastern Caribbean Sea, shifting northwest to Cuba with following
stationarity due to three tropical storms MARIA, NATE and OPHELIA to the north. At
September 10™ a further high pressure core developed north of METEOR near 27°N 60°W. Until
September 12™ a steering upper level high close east of low-level high shifted to cruise area and
finished shower activity: During this section four easterly tropical disturbances with showers and
sheet lightning crossed METEOR, namely in the night to September 6™, daytime at September 6™,
in the night to September 9™ (with frontal upper-level low and following ITCZ-cluster) and
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finally at September 11" with surrounding cloud of Saharan dust. Easterly trade winds blew with
Bft 3 to 4, in combination with passing waves there were increasing winds up to Bft 5 as well as
veering and backing. In lee of the islands you found calm regions. Southern nozzles showed no
increasing winds due to the weak mean wind of about Bft 3. Nozzle-effects of plus Bft 1 were
found only under more windy conditions in the Guadeloupe- and Anegada-Passages with further
increases in its southern parts parallel to the steep coasts. Gusts up to Bft 7 occurred during
passages of first three waves. From September 6™ branches of ITCZ moved up to 15°N in
connection with crossing waves. Sea around 1.5m came from northeast to east with maximum up
to 3m in connection with swell of Ex-Hurricane MARIA during night to September 10"™. Water
temperature was unchanged near 30°C.

Section to 23.6°N 64.2°W until September 16™

First, an upper level high crossed cruise area with dry air masses and very good visibility, wind
blew with Bft 3 to 4 from northeast to east with sea of about 1.5m. Simultaneously a strong
stationary cyclone developed across Central Atlantic southeast of Newfoundland. A huge trough
on its back moved unusually far to the south down to Puerto Rico and divided low level
subtropical high into one part across southeastern North Atlantic and a second part between
Bermudas and Gulf of Mexico. From September 14" METEOR approached low level trough with
following passing cold upper level trough with strong vertical wind shear. Direction of low level
trade winds was further predominated by the north-western subtropical high. Wind from easterly
directions subsequently increased up to Bft 5 to 6 until September 15", at the same time sea state
was rougher with wave heights up to 3m from northeast. There were cloudy skies, heavy
showers and thunderstorms with gusts up to Bft 9 as well as partly poor visibility. Water
temperature declined a little to 29°C.

Transit to Willemstad/Curacao (Netherlands) until September 19"

Until early September 17" cruise area remained nearby an upper-level low at 23°N 66°W with
easterly Bft 4 to 6, thunder showers, gusts to Bft 9 and wave heights around 2.5m. During further
transit METEOR sailed into more dry conditions between subtropical high to the north between
Gulf of Mexico as well as northeast of Bermudas and low pressure across the south-western
Caribbean Sea. Easterly to south-easterly trade winds of around Bft 4 brought a weak tropical
wave to the cruise area until September 18". Wave heights decrease to 1.5m, Water temperature
reached again 30°C.
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FiGc.1.12:  Meteorological conditions at September 9, 02:15 UTC.

1.6 List of Stations
List of moored instruments

TAB.1.3: Recovered CARIBA Mooring B8/Tobago.

Instrument Number Depth Comments
Releaser AR517 1055m
Releaser AR798 1055m
MicroCat C, T 2476 953m
MicroCat C, T 2454 753m
MicroCat C, T 2438 552m
RCM11 93 350m
MicroCat C, T 2377 352m
MicroCat C, T 2277 195m
RCM11 91 93m
MicroCat C, T 2051 78m

Sampling rate for all instruments : 30min.
RCM: Anderaa Acoustic Current Meter, +P: with pressure sensor
MicroCat C,T : SBE, measurement of temperature and conductivity

no radio transmitter, no flashlight
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TAB. 1.4: Recovered CARIBA Mooring B9/Barbados.

Instrument Number Depth Comments
Releaser RT520 985m

Releaser RT521 985m

MicroCat C, T 2050 952m

MicroCat C, T 1943 751m

MicroCat C, T 1931 550m

RCM11 89 449m

MicroCat C, T 1933 342m

MicroCat C, T 1915 193m

RCM11 94 90m no data
MicroCat C, T 1888 73m

RCM: Anderaa Acoustic Current Meter, +P: with pressure sensor
MicroCat C,T : SBE, measurement of temperature and conductivity

no radio transmitter, no flashlight

TAB. 1.5: Recovered CARIBA Mooring B10 / St. Lucia.
Instrument Number Depth Comments
Releaser RT531 955m

Releaser AR810 955m

MicroCat C, T 3199 949m

MicroCat C, T 3198 748m

MicroCat C, T 3197 547m

MicroCat C, T 1936 346m

RCM11 92 344m

MicroCat C, T 1934 189m

RCM11 95 87m

MicroCat C, T 1932 71m

Sampling rate for all instruments : 30min.

RCM: Anderaa Acoustic Current Meter, +P: with pressure sensor
MicroCat C,T : SBE, measurement of temperature and conductivity
Radio frequency: 160.785 MHz



METEOR-Berichte 09-2, Cruise 66, Leg 1, Las Palmas - Willemstad 1-21

Lists of CTD/ LADCP stations

Prof: Profile, Sta: station, Water depth and Profile depth in m, CFCs: chlorofluorocarbons,
LADCP: Lowere Acoustic Doppler Current Profiler, Time in UTC.
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2.1.1 List of Participants M66/2

2.1.2 List of Participants Leg M66/2a
Name Discipline Institution
1. Rehder, Gregor, Dr. Chief scientist IFM-GEOMAR
2 . Bannert, Bernhard Lander/ electronics OKTOPUS
3. Bialas, Jorg, Dr. Geophysics IFM-GEOMAR
4 . Bigalke, Nikolaus CH, chemistry IFM-GEOMAR
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9. Gossler, Jurgen, Dr. Geophysics KUM
10. Hattich, Daniel ROV QUEST MARUM
11. Klar, Steffen ROV QUEST MARUM
12. Linke, Peter, Dr. Lander IFM-GEOMAR
13. Mason, Pete ROV QUEST IFM-GEOMAR
14. Pieper, Martin SFB 574 IFM-GEOMAR
15. Queisser, Wolfgang Lander/ TV MUC IFM-GEOMAR
16. Ratmeyer, Volker, Dr. ROV QUEST MARUM
17. Schleicher, Tina Biology SFB 574
18. Schmidt, Werner ROV QUEST MARUM
19. Seiter, Christian, Dr. ROV QUEST MARUM
20. Stange, Karen CHjanalytics SFB 574
21. Steffen, Klaus-Peter Geophysics IFM-GEOMAR
22. von Neuhoff , Holger Press documentation NDR
23. Westernstroer, Ulrike Pore water geochemistry CAU
24. Zarrouk, Marcel ROV QUEST MARUM
25. Quintanilla Mendoza, E. Observer UCR
26. Aguilar Chavarria, Jorge E.  Observer UCR
27. Rojas Solano, Eduardo E. Observer UCR

2.1.3 List of Participants Leg M66/2b
Name Discipline Institution
1. Rehder, Gregor, Dr. Chief scientist IFM-GEOMAR
2 . Beier, Viola Microbiology MPI
3. Bigalke, Nikolaus CH, chemistry IFM-GEOMAR
4. Brentfiihrer, Ramon CH, chemistry SFB 574
5. Buhmann, Sitta ROV QUEST MARUM
6 . Corrales Cordero, Emelina  Observer NGO
7 . Domeyer, Bettina Pore water geochemistry IFM-GEOMAR
8. Omoregie, Enoma Microbiology MPI
9. Fromm, Tanja Mapping/ documentation SFB 574
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10. Garbe-Schonberg, Dieter, Dr. Pore water geochem./ carbonates CAU
11. Huttich, Daniel ROV QUEST MARUM
12. Klar, Steffen ROV QUEST MARUM
13. Linke, Peter, Dr. Lander IFM-GEOMAR
14. Mason, Pete ROV QUEST IFM-GEOMAR
15. Niemann, Helge Mikrobiologie MPI
16. Pieper, Martin SFB 574 IFM-GEOMAR
17. Queisser, Wolfgang Lander/ TV MUC IFM-GEOMAR
18. Ratmeyer, Volker, Dr. ROV QUEST MARUM
19. Schacht, Ulrike Pore water geochemistry SFB 574
20. Schleicher, Tina Biology SFB 574
21. Schmidt, Werner ROV QUEST MARUM
22. Seiter, Christian, Dr. ROV QUEST MARUM
23. Stange, Karen CHjanalytics SFB 574
24. Turk, Matthias Lander IFM-GEOMAR
25. von Neuhoff , Holger Press documentation NDR
26. Wallmann, Klaus, Dr. Pore water geochemistry IFM-GEOMAR
27. Westernstroer, Ulrike Pore water geochemistry CAU
28. Zarrouk, Marcel ROV QUEST MARUM
29. Seibold, Jorg TV documentation DWTV
30. Kassube, Hans-Jurgen TV documentation DWTV
31. Cee, Dagmar TV documentation DWTV
CAU Institut fur Geowissenschaften der Christian-Albrechts-Universitat zu Kiel,
Ludewig-Meyn-Str. 10, 24118 Kiel, Germany
DWD Deutscher Wetterdienst, Geschéftsfeld Seeschifffahrt, Bernhard-Nocht-Str.
76, 20359 Hamburg, Germany
DWTV Deutsche Welle TV, Voltastr. 6, 13355 Berlin Germany
GEOB Fachbereich Geowissenschaften; Universitdt Bremen Postfach 330440, 28334
Bremen, Germany
IFM-GEOMAR Leibniz Institut fur Meeresforschung, Wischhofstrasse, 24105 Kiel, Germany
KUM Umwelt- und Meerestechnik Kiel GmbH, Wischhofstr. 1-3, Geb. D5, 24148
Kiel, Germany
MARUM Zentrum for marine  Umweltwissenschaften der Universitdt Bremen,
Leobener Str., 28359 Bremen, Germany
MPI Max-Planck Institut fur Mikrobiologie, Celsiusstr. 1, 28359 Bremen,
Germany
NGO Escuela de Ciencias Biologicas, Facultad de Ciencias Exactas y naturales,
Universidad Nacional Heredia, Costa Rica
OKTOPUS Oktopus GmbH, Kieler Str. 51, 24594 Hohenweststedt, Germany
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SFB 574 Sonderforschungsbereich 574, Christian-Albrechts-Universitat zu Kiel,
Wischhofstrasse 1-3, 24148 Kiel, Germany

UCR Universidad de Costa Rica, San Pedro de Montes de Oca, 2060-1000

2.2 Research Program

Leg 2a was primarily dedicated to the transit to the working area off Central America. After
passing the Panama Canal, a geophysically oriented program was carried out in the SFB574
working area off Costa Rica, with the deployment and recovery of various OBS/OBH stations.

The scientific program of Leg 2b comprised several detailed investigations of sites where
active fluid venting occurs. The ROV Quest operated by the University of Bremen was used to
sample and monitor mud extrusions, slides, and scarps generated by seamount subduction off
Costa Rica and Nicaragua. The work complemented earlier work using standard and towed
video-guided equipment. In addition, 2 different lander systems were deployed and several
CTD/Rosette casts were performed to extend time series of the methane inventory at several
stations and to quantify the inventory of the vent-derived methane at the shallow, very active
Quepos Slide.

2.3 Narrative of the cruise

2.3.1 Narrative of the Cruise Leg M66/2a

After all scientific material had been installed, R/VV METEOR left the port of Curacao at 09:00 on
September 22"™. During the transit to Cristobal, five shallow (1000 m) CTD/rosette stations at a
spacing of 120 nm along the southern rim of the Columbia Basin were completed. The samples
were taken to determine the concentrations of nutrients as well as the trace gases methane and
N,O. The programme was completed by continuous monitoring of methane concentrations
within surface waters and the marine atmosphere. We found an oversaturation by 10-20 percent
which, according to the data from the CTD samples, can be attributed to methane concentration
maxima at water depths between 30 and 100 m.

At 09:00 in the morning of September 25" we arrived in Cristobal. The scientific crew of
M66/2a was completed by five members of the Bremen ROV team and 3 students from Costa
Rica joining us. The passage through the Panama Canal started on September 25™. The passage
ended on September 26™ at 04:00 local time. Another one and a half days of transit later, around
noon of September 27", we started recovering some of the OBS/OBT (Ocean Bottom
Seismometers/ Pressure Samplers) that had been deployed west of Osa Peninsula in April 2005.
They are part of a teleseismic transect across the southern part of Costa Rica that has been
designed with the objective of studying the relationship between fronts of metamorphic fluid
venting and seismicity on the one hand and the seismic structure of crust and upper mantle on the
other hand. The instruments serve as the seaward prolongation of an on-land transect that is
currently being monitored by an array of 16 seismometers.

The teleseismic transect passes the immediate vicinity of Mound 12, a mud diapir on the
summit of which several fluid samplers were deployed by US colleagues in cooperation with the
SFB 574, using the ALVIN submersible. These instruments are recording the activity of fluid
vents and the composition of the fluids venting from Mound 12. Two OBS were deployed
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immediately next to fluid samplers with the aim of establishing correlations between
microseismic activity and the extent of fluid flow. Within 8 hours, 7 instruments were recovered
and 2 OBS were deployed 20 nm away at Mound 12.

FiG. 2.1: Cruise track of Leg 66-2a with positions as 0:00 UTC indicated. Most of the geophysical
work was performed in the area north of Corinto, ~ 29-30. September.

Afterwards, R/V METEOR went on a 213-nm-transit for our next working area off the
Nicaraguan coast, where 24 OBH/S were deployed in a symmetric rectangular pattern to form a
seismological network at 10°40'N and 80°W above the summit of the Outer Rise. This
experiment focuses on recording local earthquakes taking place in the oceanic crust below this
area. Previous studies have shown that a large number of local earthquakes are triggered in the
area of the Outer Rise. This network was designed to constrain the distribution of depth and the
source area of these earthquakes.

As the geophysical program went extraordinarily well, we were able to schedule a first 13-
hour QUEST dive above Mound Iguana at 11°12'N;087°09'W at a water depth of about 1200m.
Mound Iguana's topographic elevation above the surrounding seafloor is not very pronounced,
yet it is characterized by a large carbonate-dominated area. The carbonates are partly exposed
and partly covered by sediments. Due to a failure of the GAPS subpositioning system, mapping
of the seafloor could not rely on exact positioning. In the southwestern part of the structure
several bacterial mats were found as well as fields of calyptogenae and some accumulations of
mytilidae. QUEST observation added a completely new dimension to our understanding of the
spatial distribution of active areas along faults and rupture zones. In addition, some first water
and sediment samples were taken.

The scientific programme of leg M66/2a was complemented by a CTD/rosette station on
September 30™ at 23:50. After an 8-hour transit, the leg ended in the port of Corinto, Nicaragua
in the morning of October 1%,

2.3.2 Narrative of the Cruise Leg M66/2b

After leaving Corinto in the morning of October 2nd, we headed straight back for Mound
Iguana. Due to the swell caused by Hurricane "Stan", the ROV dive scheduled for the evening
had to be postponed. The TV-MUC was deployed for 6 hours, yet samples were not taken, as the
seafloor was mainly covered by carbonates. After detailed PARASOUND mapping and
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sampling of one CTD station, QUEST was deployed for a 24-hour-dive at Mound Iguana.
Extensive mapping of the mound showed that mytilidae are far more common in this region than
bacterial mats, the latter being mostly small and sometimes growing directly on the carbonates.
At the end of the dive, however, a large bacterial mat was found and identified as a target for the
following deployment of the Benthic Chambers. In addition, further push cores and water
samples were taken. On October 4™, first the DOS lander and, after sampling of another CTD
station, the Benthic Chamber mooring were deployed. Unfortunately, one of the floats was torn
off during the deployment. In the evening of October 4", QUEST was deployed for Dive 66 with
the aim of getting samples from a line of sites crossing a bacterial mat in order to complement
our standard set of samples. The dive was successful, yet in the morning of October 5", after a
very fruitful sampling programme it showed that the chambers had toppled over because the
seafloor was carbonated and very hard and thus, did not allow the chambers to penetrate to full
sediment depth (12cm). Two of the chambers could be recovered and placed into the mooring
with its reduced buoyancy. The third was latched into a shackle that had been lowered on the
winch rope and could thus be recovered using the ROV and the ship, The subsequent attempt to
retrieve the mooring failed in spite of a double release.

Afterwards, we performed a CTD sampling and a long OFOS track 2 nm away at Mound
Quetzal. Mound Quetzal is a circular mound with a distinct topography and steep downslope
flanks, while the upslope flanks are markedly less steep. CTD samples taken above the south-
eastern part of the structure show a strong CH,4 plume. The OFOS survey revealed that in a small
area in the north-east of the structure, scattered between massive and sometimes piled-up
carbonates, there are larger accumulations of pogonophora and single fields of bacterial mats and
calyptogenae. Following a successful deployment of the TV-MUC and CTD sampling above
Mound 12, QUEST was deployed for dive 67, during which first of all the benthic chamber
mooring was freed and recovered. The first deployment of a new system for in-situ measurement
of sulfate reduction (N'Sync) designed by the Bremen MPI that had been fixed to the mooring
turned out to have been successful. Afterwards, further sampling was performed on Mound
Iguana. The work in the northern study area was preliminarily completed by one more CTD
sampling in the morning of October 7", after which we headed for Mound 12 in the southern
working area.

The data from Mound Iguana, including a total of 11 pore water profiles, indicate some
interesting results. A strong decrease of sulfate concentrations and production of sulfide indicate
active AOM. In addition, the distribution of nutrients and chloride does not suggest a transport of
deep fluids, so that it can be assumed that methane ascends in the form of a free gas phase,
analogous to the situation found, for example, at Hydrate Ridge off Oregon. Furthermore, three
cores show a slight enrichment of chloride and bromide concentrations in depth, corroborating
the suspicion of near-surface gas hydrate formation.

After a transit of almost one day to Mound 12, two of our long-term CTD stations that we
have been revisited consistently for years were sampled. Afterwards, a deployment of the bottom
water sampler was performed, followed by a QUEST dive above the already well-studied Mounds
11 and 12. A mass spectrometer of our Hawaiian colleagues, which was positioned on the
seafloor was checked as we had promised to recover it within the next days. Subsequently,
several extended bacterial mats located in the south-west of Mound 12 along a central fault were
mapped. We then went on to Mound 11 and some sediment cores along a bacterial mat. First
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results show a clear zoning of geochemical parameters along a gradient, which will serve as data
basis for two-dimensional modelling of the fluid venting. October 9™ was used for OFOS
mapping along the north-western flank of Parrita Scarp, which is located 20 nm away from Mds
11 and 12. However, we did not find a location that seemed suitable for an ROV dive, although
single communities of calytpogena were found in the area between 1400m and 1700m water
depth.

In the evening of October 9™, we resumed our work with QUEsT Dive 69 at Mound 12. The
sampling program was preceded by the successful recovery of the in situ mass spectrometer that
had been deployed in April during an ATLANTIS/ALVIN leg with participation of the SFB 574.
For this manoeuvre, a second rope was lowered and the ROV was used to attach the instrument
to a shackle directly at the seafloor. Following some further mapping of Mound 12, several push
cores were taken from a bacterial mat. Additional cores were taken away from the mat for
reference. Fluid sampling was performed along a longish bacterial mat. Three stations were
additionally used for sampling with a newly developed pressure-retaining water sampler that
worked successfully.

On October 10", a CTD cast was performed directly above the active south-western part of
Mound 12, yet the enrichment of methane in the near-bottom water column was markedly less
than found in the bottom values of the seemingly much less active north-western station. The
Benthic Chamber shuttle was deployed with three chambers, again complemented by the sulfate
measuring device N'Sync, and in the evening the next QUEST dive (70) was performed. The BC
chambers were deployed at the beginning of the dive to be recovered at the end, a manoeuvre
that was a great challenge for the ROV team. Two of the chambers worked flawlessly, but in the
third one the program controlling the penetration of the chamber into the sediment failed. Again,
a push core was taken for the N'Sync tracer addition, complemented with a second push core
taken next to it. In both cases, coring was accompanied by an ascent of free gas from the
sediment, which was a confirmation of our assumption from the geochemical data that we are
dealing with a system controlled by the ascent of gas. Further coring and sampling of
fluids/water with the KIPS fluid sampler was designed to form a transect from the centre of a
bacterial mat to its edge. The retrieval of the BC mooring meant a preliminary conclusion of our
work at Mound 12 in the afternoon of October 11" and we headed for Quepos Slide.

Quepos Slide is a slide in the upper area of the continental slope. It resulted in the formation
of a plateau at a water depth of approximately 400m that had already been sampled extensively
during cruise SO 173. The presence of bacterial mats and venting of deep, salt-depleted fluids
has been documented here. Its geochemical environment is distinct. Due to the hydrographic
conditions, active fluid venting meets an almost anoxic water column. In the afternoon, the
Quepos Slide scientific program started with CTD deployments at three successive stations.
They were part of an extensive sampling program from October 11" to 14", comprising a total of
14 CTD stations on Quepos Slide in order to make a survey of the methane emitted into the
water column from this structure. In the evening of October 11", QUEST was deployed for its
first dive (71) at Quepos Slide. Mapping the slide, we found that especially in the north-western
part of the plateau, some areas are almost completely covered with bacterial mats. In north-
eastern direction towards the slope, there is a slight depression filled with sediments where there
are no bacterial mats. Above 400 m, there are only single spots of bacterial mats, especially in
the direction of the north-western slope, which is less steep. White and orange mats alternate,



METEOR-Berichte 09-2, Cruise 66, Leg 2, Willemstad — Caldera 2-7

with the orange ones often concentrating in the centre. Therefore, sampling focused on a 1.5-m-
broad extended bacterial mat that was transected by a series of sediment cores and water
samples. The zoning of the bacterial mats from orange (inner area) to white (outer area) was
given attention as well. After the dive had ended in the morning of October 12", the day was
used for further CTD sampling and a deployment of the DOS lander. The latter is used to record
currents within the water column as a basis for later interpretation. Apart from a camera directed
at the seafloor, it is equipped with an array of ADCPs with various frequencies, providing for a
whole range of different coverages and resolutions. The BC lander was deployed on a bacterial
mat on Quepos Slide as well. It was equipped with two chambers, yet as we were encountering
very soft seafloor, one of the chambers was completely filled with sediment. In the night of
October 12", a long OFOS survey was run on Parrita Scarp, yet apart from some single
calyptogenae there was no indication of active fluid venting, so that Parrita Scarp was no longer
considered as a potential QUEST site. On October 13", the water column program was continued
during daytime, the BC lander was deployed once more with two chambers as well as an
additional oxygen optode and the subbottom of Quepos Slide was mapped with PARASOUND.

A subsequent dive above Quepos Slide was first used for further mapping of the active area in
north-western direction. It showed that, starting from the longish bacterial mats, the active
structures found here show a transition to round, sometimes slightly elevated structures that often
show black depressions in their centre, which are not covered by bacterial mats but rather
enclosed by centric rings of bacterial mats. Again, we took bottom-near water samples using
KIPS and push core samples along a transect across a bacterial mat with a breadth of just under
one meter. Special attention was paid to the gradient into the marginal area and the surrounding
sediments.

In the course of October 14™, the CTD program was continued. It now covers the entire active
area. The BC lander and the DOS lander were recovered and the deployments were found to be
successful. After a transit of 40 nm a QUEST dive at Jaco Scarp was scheduled in the evening.
Jaco Scarp is a slide that originates from subduction of a seamount on the subducting plate. Dive
73 was focused on detailed mapping and sampling of an area known from previous cruises. Here,
large fields of Pogonophora have accumulated around the faulted area, the water column above
which also shows a strong emission of methane. The dive started 700 m to the north-west. More
active areas were found here, smaller but often showing large outcrops of calyptogena and also
bacterial mats. On this occasion, we were able to retrieve the first sediment samples taken from
this area ever. The rest of the dive was mainly dedicated to measuring the depth range of the
pogonophora field and video mapping. Numerous water samples were taken directly within the
field using the KIPS system, and some specimens were taken from the vent fauna, among them
pogonophora of more than 1m in length.

October 15™ was used for CTD sampling at a site above Jaco Scarp that had already been
visited several times in earlier years, and deploying the DOS lander at the debris fan south of the
active area. In addition, CTD data were collected in order to search for indications of fluid
venting at a circular, crater-like structure of about 500 m in diameter 10 nm west of Parrita Scarp
that we call "mud pie"” so far. The structure does not show strong bathymetric characteristics,
however, in the DTS data it stands out for its high backscatter. The CTD showed a clear
elevation of methane concentrations in the bottom water. In the evening of October 15", QUEST
was launched for Dive 74 above Jaco Scarp, with the main objective of mapping the horizontal
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extension of the pogonophora field. The program was complemented by recording detailed video
mosaic pictures and finding additional fields in the north-west. While the sediment was too
compact to allow for further push coring, samples could be taken with the pressure-retaining
system. The sample was taken directly from the field of pogonophora, and on sampling there was
a spontaneous degassing that stressed the importance of pressure-retaining sampling. Our
scientific program in this area was concluded when QUEST surfaced in the morning of October
16™ and the water column had been sampled at our second long —term station at Jaco Scarp by
CTD/rosette.

After finishing our work on Jaco Scarp, we returned to the Quepos Slide working area for two
more days. The first day was dedicated to a concerted program with the aim of finding out if
there is a physiological necessity for bacterial mats that are found in an almost anoxic
environment (< 2umole of oxygen in the bottom water) to produce oxygen. This question had
come up due to observations made during a lander deployment on SO173 and from the data
gained by the oxygen optode a few days earlier during our expedition. It was approached by
taking some CTD profiles and bottom water samples followed by ROV Dive 75 in the evening
of October 16™, which was mainly used for a deployment of the oxygen consumption chamber
“ELINOR” and for taking 10 sediment cores for incubation experiments. A deployment of the
Benthic Chamber Lander performed on the next day was also dedicated to this question. Yet, the
results remained contradictory.

On October 17", a three-person television team from the Deutsche Welle joined us in order to
document our onboard “everyday life”. Further CTD stations were sampled above Quepos slide
to extend our coverage of the methane plume of this area. In the night of October 17" a last dive
(76) was performed above Quepos Slide. During the dive, a structure was examined that shows a
black center encircled by bacterial mats in an almost concentrical pattern. Again, we made a
transect across the gradient with a series of fluid samples and sediment cores. In addition, a
video mosaic was recorded for visual documentation of a larger area to enable a better spatial
understanding. The BC lander was then recovered from its site at Quepos Slide and the DOS
lander from Jaco Scarp, 49nm away. The rest of the night was used for a long OFOS survey of
the “mud pie” (8:59.6N; 84:43.7W). At the northern margin of the area, we mapped a steep flank
covered by carbonates. Larger areas showing fields of calyptogena and pogonophora were
documented. The work was completed at two o’clock in the night, and we set course for the last
site of investigation of this cruise, Mound Culebra, which is located 130 nm in the north-west.
We arrived there in the afternoon of October 19". Mound Culebra is a mound with a strong
morphological expression, about 100 m high and 1.6 km x 1 km wide, and it is crossed by a fault
in NW-SE direction. We started by taking samples from two long-term stations with the
CTD/rosette, followed by QUEST Dive 77. Mound Culebra is especially interesting because here,
vent-specific and ordinary deep-sea fauna exist simultaneously. Sampling turned out to be
difficult. Bacterial mats were not found, and the abundant calyptogenae often sat on hard,
carbonated ground. However, we managed to use the pressure-retaining water sampler and to
position “ELINOR” above a field of calyptogenae for a long-term deployment. The course of the
last two days made us change our plans for the remaining time of the cruise and we made a
transit back to the the “mud pie” in the south-west, where on the basis of the data collected
previously, a final dive was made in the evening of October 20". As documented by OFOS
before, we found large fields of calyptogena and pogonophora. The most important discovery
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was a depression similar to a pockmark, several meters large and located on the southern
extension of the carbonate flank. Its sides as well as its bottom were covered by bacterial mats.
The area was mapped by a video mosaic, water samples were taken with the KIPS system as
well as with the pressure-retaining sampler. The sediment showed to be rich in water, yet we
managed to take some samples. The program was complemented by further samples of bacterial
mats and an “ELINOR” deployment. In the morning of October 21%, a last CTD was run directly
above the “pockmark”, and in the afternoon the DOS lander was deployed on mound 12 to sit for
a few weeks in the immediate vicinity of the SCRIPPS fluid samplers and our seismometers that
had been placed there at the beginning of M66 Leg 2a. During this period, rates of fluid venting,
seismic events, and hydrographic parameters will thus be recorded simultaneously at the site.
After a 14 hour HYDROSWEEP survey to close some gaps in our high-resolution bathymetric data
of the Costa Rican continental margin we reached the roadstead of Caldera on October 23" at
07:00 am.

FIG. 2.2: Cruise track of Leg 66-2b in the target area of SFB 574. Dots indicate known sites of active
fluid seepage.

2.4 Preliminary Results

241 Dive Mission Protocols and ROV Sampling

Mound lguana: Dive # 64 (St. 37 ROV), Dive # 65 (St. 42 ROV), Dive # 66 (St. 45 ROV),
Dive # 67 (St. 51 ROV)

Dives #64 through #67 explored the seafloor and sampled successfully a number of bacterial
mats, authigenic carbonates, and biota at Mound Iguana. From the first test dive (#64) during leg
M66/2a samples of Bathymodiolus and Calyptogena were recovered along with a large piece of
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authigenic carbonate. Water samples above a bacterial mat, and above clam fields were taken
with Niskin bottles (Niskin-3, -4 and —portside), the same spots were probed with pushcores PC-
1 (bacterial mat) and -2 (Calyptogena). The first regular dive #65 during leg M66/2b sampled
bacterial mats with 5 push cores and 8 water samples and recovered another piece of authigenic
carbonate. The sampling program during dive #66 escorted the deployed BCL lander: push cores
PC-19 to -24, and KIPS-9, sampled the bacterial mat close to the West BCL chamber, and PC-25
to -28, and KIPS-11, close to the East chamber, with PC-29, -30, and PC-31, -32 representing
background stations in barren sediment remote from chambers East and West, respectively.
KIPS-1 and -3 sampled bottom water close above patches of white bacteria on authigenic
carbonates. A patch of greyish bacteria could be sampled with the shovel. The beginning of dive
#67 was dedicated to the recovery of the BCL elevator. An attempt to transfer to Mound Quetzal
had then to be cancelled because of a strong bottom current. KIPS-1 and -3 sampled bottom
water close above patches of white bacteria on authigenic carbonates, the latter being sampled
with the manipulator. Push cores PC-2 to -4 sampled sediment with bacterial mats.

FIG. 2.3: ROV-tracks and sampling stations at Mound Iguana.

Mound 11 & Mound 12: Dive # 68 (St. 58 ROV), Dive # 69 (St. 60 ROV), Dive # 70 (St. 64
ROV)

The seafloor at Mound # 12 was searched for a suitable landing site for the BCL lander. Small
and medium sized patches, some with “blackened” areas, are common. ELINOR is deployed
within a grey bacterial mat (EL-1), another mat is sampled with PC-1 and -2 and KIPS-1. After
recovery of ELINOR the ROV transfers to Mound #11. Large bacterial mats with white and
orange colors are abundant. ELINOR is dispatched on a white mat (EL-2). Push cores PC-3 to -10
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sample the center part of an orange bacterial mat, PC-11 to -16 and PC-7 form a transect towards
N. Bottom water 1-3 cm above seafloor along this transect is sampled with KIPS-3 to -9.

The first task of Dive # 69 was the recovery of the Deep Ocean Mass Spectrometer (DOMS,
built by the Scripps Institution of Oceanography (SIO) and School of Ocean and Environmental
Science and Technology (SOEST) which had been positioned during the ALvIN dive in May
2005. A huge field of bacterial mats with dead clams overgrown by bacteria was found (sampled
with the shovel), being replaced at the SW end by pure bacterial mats with only a few dead
clams. Sampling of a bacterial mat-transect, in close distance to the flow meter of Kevin Brown,
with PC-17 to -28. Seeping fluids/ bottom water were sampled across another mat in the vicinity
with KIPS-1 to -17 and autoclave sampler (PFS -1 to -3).

Dive #70 complemented bottom chamber station 63-1 BCS. All three incubation chambers
were removed from the elevator and placed within a bacterial mat, at a clam site near the border
of the first bacterial mat, and within another bacterial mat. Next task was the positioning of the
MPI-Bremen in-situ incubation module (INSINC) within a bacterial mat. A massive release of
gas bubbles was observed during the insertion of the device into the sediment. This gas release
was repeatedly observed during sampling with push cores (PC-1 and -2) at this site. The same
mat was then extensively sampled with push cores PC-3 through -16, and, later, with a bottom
water transect (KIPS-1 to -11). The dive ended with the retrieval of all three bottom chambers
and recovery of the elevator.

Quepos Slide: Dive # 71 (St. 68 ROV), Dive # 72 (St. 81 ROV), Dive # 75 (St. 97 ROV), Dive #
76 (St. 99 ROV)

Dive # 71 had first bottom sight in an area where the seafloor was largely covered with both
clam fields and yellowish bacterial mats. Further to the N, bacterial mats were elongated and
parallel to the walls of outcropping sediments, with some massive carbonates. Few mats had
black patches with expulsed material in the center. Gradients across a large color-zoned bacterial
mat (10m long, 2 m wide) with orange to yellowish colors in the centre and white colors in the
outer rims was sampled with a 6 points high-resolution transect (10-40 cm) with push cores PC-
17 to PC-32 and KIPS-1 to -13. Video mosaicing documents the spatial distribution of the mats.
The dive ended with further exploration of the headwall area to the N.

Dive # 72 started with 2 deployments of the MPI-Bremen ELINOR incubation experiment (EL-
1, EL-2) within bacterial mats. Special morphological features first seen here were dome-like
elevations covered with bacterial mats and, sometimes, with crater structures on-top. Another
feature was a knoll-like structure, some 5 m high, completely paved with bacterial mats. Further
up-hill to the N no bacterial mats were observed in water depths shallower than 400 m. A
reference background sediment was sampled with PC-1, followed by detailed sampling of a
transect across an orange-white zoned bacterial mat with PC-2 to PC-16 (microbiology,
porewater chemistry) and KIPS-1 to -11. EL-3 was deployed for 5 hours within an orange mat. A
rat fish could be catched with the NET sampler.

Data on dissolved oxygen from earlier BCL lander deployments surprisingly suggested that
oxygen was produced in the benthic chamber rather than being consumed from biological
activity. Objectives of dive # 75 focused on this theme “oxygen depletion vs. oxygen
production” by bacterial mats. Dense white and orange-yellow bacterial mats were sampled in
high-resolution transects (20-30 cm resolution) with push cores (PC-1 to -9) and KIPS (1-9),
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complemented by ELINOR incubations on white and yellow mats. For reference, a background
station was sampled with EL-4, KIPS-11, and push cores PC- 13, -14, -34. The spatial
distribution of bacterial mats was mapped with video mosaicing. Towards the end of the dive a
small cave formed by a overhanging thin carbonate crust was sampled with KIPS (#9) and push
core (PC-28). Carbonate and the floor inside the cave were covered with white filamentous and
white/yellow-orange bacterial mats, respectively.

The beginning of dive # 76 was dedicated to monitoring the deployment site of the BCL
lander (St 98 BCL). New results from BCL Lander and ELINOR deployments during the previous
stations on this site seemed to prove that oxygen in benthic chambers was not depleted during in
situ incubations on bacterial mats but showed an increase. In order to validate these observations,
and to test the optode oxygen probe, a series of bottom water profiles going from 10 m above
seafloor down to 0.5 m was performed with ELINOR. Two other deployments of ELINOR were on
a dense white, and a thick orange-yellowish bacterial mat, respectively. Transects across a white-
orange-black zoned bacterial mat were sampled with KIPS (1-7) and push cores (PC-17 — PC-
26). The site was covered by video mosaicing, as well as two other areas with abundant bacterial
mats. Bacterial mats again were sampled with PC-28, and a massive carbonate sample was taken.
The third deployment of ELINOR was on a background site.

FIG. 2.4: Bathymetry, station positions, and ROV tracks at Quepos Slide. Color code of tracks
indicated coverage by bacterial mats (red 50-100% coverage, green 0-10%). Grey shaded
areas indicate positions where sediment core sections have been sampled. Green dots show
positions of the BCL deployments referred to in Figs. 2.13 & 2.14. Thick blue line indicates
methane concentration section shown in Figure 2.19.
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Jaco Scar: Dive # 73 (St. 88 ROV), Dive # 74 (St. 92 ROV)

Main objectives for the two dive stations at the Jaco Scar site were (i) to map the area and to
possibly identify new active seeps in the E part of the structure formerly located by methane
anomalies in numerous CTD casts, and (ii) to comprehensively sample known active seeping
areas, characterized by large fields of vestimentiferan tube worms (Lamellibrachia sp.), with
high spatial resolution. ROV dive # 73 explored the ‘target box’ with known active seeps
coming from NW. Towards the northern end of the box a large field with thousands of dead, and
few living, vesicomyid clams (Calyptogena sp.) was sampled with KIPS (# 1), and push cores
PC-17 and -18. Net #1 was filled with living Calyptogena. At another place a microbial mat was
sampled with PC-19 to PC-21. Further towards the south, large fields with clams and very
abundant tube worms were encountered. Leaving the field and uphill again were many boulders
overgrown with serpulid polychaetes and tube worm bushes, the latter with a high diversity of
other species living within these bushes (crabs, snails, shrimp, fish, brittle stars, octopus,
bathymodiolin mussels etc.). A sample with serpulid polychaetes was taken, two giant sea
spiders (approx. 80-100 cm) were observed. Ambient water from within a tube worm bush was
taken with KIPS-3 and -5 and Niskin bottle #3, and sediment from the same spot was sampled
wit PC-23 and -24. Specimens of Lamellibrachia sp. were sampled successfully. Niskin bottle
#4 was a background reference water sample.

ROV Quest dive #74 landed besides the DOS lander deployed during St. 90 DOS and
explored the area with a transect to NW, later changing course to NE (see Figure 3.8.1.x). In a
tube worm thicket a transect through a tube worm bush was sampled with both KIPS (#1 - #5)
and the autoclave sampler (PFS-1 to -5). Serpulid polychaetes and vesicomyid clams nearby on a
steep wall (KIPS-7) were sampled with NET. One spot was sampled covered with bacterial mats,
bathymodiolin mussels, and tube worms. The clam field was sampled with KIPS-11, and the
base of a tube worm bush with KIPS-13. Push core sampling failed due to the softness of the
sediment. Another bacterial mat was successfully sampled with PC-1, taking also a polychaete
sample with the manipulator. Mapping revealed extremely rough terrain in the north-eastern area
of the investigation box, with almost vertical walls and abundant talus, as well as many dead
vesicomyid clam fields.

Mound Culebra: Dive # 77 (St. 107 ROV)

The landing site was on a crater rim with abundant massive carbonate and vesicomyid clams
covering the seafloor. ELINOR was deployed on a clam field (Calyptogena sp.) for 7 hours (EL-
1). Another clam field was sampled with both KIPS fluid sampler and PFS autoclave sampler
(PFS 1, KIPS 1). The seafloor has a rough morphology here with steep carbonate cliffs. Clam
fields are abundant but only a few living clams were observed within huge numbers of dead
ones. Dark brown to black sponge-like organisms were observed quite frequently, a few of these
were sampled with the manipulator at several occasions. From another clam field living
specimen were sampled with the NET sampler. From within the same clam field push cores (PC
17, 18) were taken. Bottom sea water between the clams was sampled with the autoclave sampler
(PFS 2, 3). At 0750 UTC an unusual red tube of approx 3-5 m length and 20 cm diameter
appeared in front of the ROV floating in the water (video sequences from 0750 — 0800 UTC).
The genus of the animal/s is unknown to us (probably a colony of radiolarians). A second
deployment of ELINOR was conducted for 3 hours in background sediment (EL-2). Massive
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carbonates, usually more or less sediment-covered, with abundantGorgonaria sponges,
vesicomyid clam beds, echinoderms, and few serpulid polychaetes are characteristic for this site.

Parrita Mud Pie: Dive # 78 (St. 108 ROV)

Dive 75 focused on the exploration of the northern rim area of the “Mud pie” structure. Landing
site was in between carbonate rocks and tube worm bushes, clam fields with Calyptogena sp.
close by. An attempt to place ELINOR on the mussel field failed, but was successful on a small
bacterial mat (EL-1). Push cores were taken from this site. A new morphological feature not seen
on any location before was the occurrence of circular, crater-like depressions with steep walls
which closely resemble “pock marks”. This was documented by video mosaicing. White
bacterial mats near the wall of this pock mark were extensively sampled with KIPS (KIPS-1 to -
9) and push cores (PC 21-26). ELINOR was then transferred to an area remote from the active
area (EL-2). A larger 4x4 m white bacterial mat with adjacent black spot was sampled with KIPS
and push cores (PC 27-30), and ELINOR was deployed on this site (EL-3). Massive carbonate was
sampled nearby. Biology highlights from this dive were sightings of a 1.5 m long fish nicknamed
“clown shark (Chimera monstrosa)”, very abundant Gorgonaria, tube worms, vesicomyid clams,
and floating colorless, transparent organisms of unknown genus. During ascent, a water profile
was sampled with KIPS-11to -17.

FiG. 2.5:

Crater-like depression at
“Mud Pie” discovered
during dive 78, with
bacterial mats at the
bottom. Pockmark-like
structures had not been
reported in the area before.

24.2 Pore Water Geochemistry

Phosphate, nitrate, nitrite, silica, ammonia, and sulphide were determined in pore water and
water samples using standard photometric procedure described in previous cruise reports (i.e.
GEOMAR-reports 111, 115). Sub-samples for nutrient analysis were taken, acidified with HCI
and purged with N2-gas for 90 minutes to remove dissolved sulphide prior to analysis. Nitrate,
chloride, bromide, and sulphate concentrations were measured using ion chromatography (IC).
Total alkalinity (TA) was determined by titration with 0.02 N HCI and dissolved oxygen via
Winckler titration. Selected samples were also analyzed for dissolved chloride using
argentometric titration in order to control the IC results.
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Bottom water samples were taken during ROV-deployments using the KIPS system (IfG
Kiel), a pressurized fluid sampler (PPS), and a bottom water sampler (BWS) while the entire
water column was sampled during CTD deployments. Surface sediments were taken during
ROV-deployments using push corers (PC) provided by the MPI Bremen. Additional surface
sediments were recovered using the TV-guided multi-corer (MUC). The benthic chamber lander
(BCL) recovered both water samples taken with syringes from the enclosed chamber and surface
sediments. Porewater was separated from surface sediments recovered during PC, MUC and
BCL deployments by squeezing with Argon gas at 1 - 4 bar in the cold room at 4 - 6°C as
described in previous cruise reports. The different sample types were analyzed for a large range
of chemical parameters according to the sample size and the recovery mode.

Samples were recovered and analyzed at Mound Iguana, Mound 11, Mound 12, Quepos Slide,
Jaco Scarp, and a newly discovered pockmark site. Several sections of sediment core sampling
were achieved across active cold vent sites, indicated by the surface expression of bacterial mats.
They allow for the first time an insight into small scale 2-dimensional flow patterns through the
sediment fluid flow expression on convergent margin systems, a major achievement of this
expedition. Selected results are highlighted in this section.

Mound Iguana

A total of 11 push cores and one TV-guided MUC were taken at Mound Iguana (s. Tab. 2). All
cores taken in bacterial mats showed clear signs of anaerobic oxidation of methane (AOM).
Considering the decrease in dissolved sulphate with depth, the AOM intensity increased in the
following order:

ROV67PC2 < ROV67PC3 < ROC66PC30 < ROV67PC4 < MUC49 < ROV65PCY9 <
ROV66PC32 < ROC66PC22 < ROV65PC2 < ROV66PC31 < ROV66PC28 < ROV64PC1

Methane fuelling the AOM in surface sediments is produced by the decay of organic matter in
deeper sediment layers. During this process, ammonia and other nutrients are released into the
porewater. Hence, fluids from the methanogenic zone are usually enriched in dissolved nutrients.
Low concentrations of nutrients were however found at the base of all studied sediment cores (5
— 40 pM ammonia) clearly indicating that methane is not transported to the surface with
ascending fluids but rather as free gas. Gas bubbles from below the BSR are apparently rising
through the sediment column at Mound Iguana. Similar pore water signatures were previously
found at Hydrate Ridge where independent observations clearly indicate that methane bubbles
formed at depth are expelled at the seafloor.

In three cores (ROV65PC2, ROV66PC32, ROV67PC3) dissolved chloride increased with
sediment depth suggesting gas hydrate formation at depth. The increase was however small and
close to the resolution of the analytic methods. In one core the increase in dissolved chloride
with depth was confirmed by additional argentometric chloride measurements and by a coeval
increase in dissolved bromide (Fig. 2.6). It seems to be likely that gas hydrates are formed in the
upper few m of the sediment column at site ROV65PC2 from ascending methane gas bubbles.

Dissolved chloride did not decrease with depth in any of the cores suggesting that chloride-
depleted fluids from the subducted slab are not ascending to the surface at the locations sampled
on Mound Iguana. Alternatively, a shallow hydrological system may be active at this Mound
mixing bottom waters into the surface sediments so that the chemical signature of the deep fluids
is overprinted by the bottom water signature.
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FiG. 2.6:

Pore water composition in
surface sediments taken
at Station 42 during ROV
dive 65 with push core 2
in a bacterial mat on
Mound Iguana.

Mound 11

A large bacterial mat located close to the top of Mound 11 was sampled in detail during ROV
Dive 68 (M66-58). The mat had an elongated shape being approximately 3 m long while the
width of the mat varied in between 0.2 and 1.5 m. A transect of push cores was taken
perpendicular to the orientation of the mat across its most narrow part where the bacteria formed
a particularly thick mat with an intense orange colour. The first sample was taken directly in the
centre of the orange patch. The second core taken 20 cm away from its centre was already
located outside of the mat. The following three cores were taken at an increasing distance to the
mat centre (40, 60, and 80 cm) in soft background sediments. Distances to the mat were
measured by two parallel laser pointers attached to the ROV creating two green light spots at the
seafloor at a well-defined distance of 20 cm.

The core from the mat centre (M66-51-PC10) had very low concentrations of dissolved
chloride at the base indicating the ascent of deep fluids originating from the subducted slab (Fig.
2.6). The chloride profile had a rather complex structure deviating from the simple exponential
decay previously observed at other sites on Mound 11 where chloride is transported by upward
advection and downward diffusion, only. The chloride plateau observed between 3 and 9 cm
depth indicates that the upper 9 cm of the sediment column are affected by additional transport
processes such as the lateral inflow of bottom waters. The rising deep fluids have a lower density
than the overlying bottom water so that a convection cell may be established spontaneously in
response to this unstable density layering. Hence, high-density bottom waters may penetrate into
the sediment while low-density fluids are expelled into the overlying water column. The data
suggest that the convection cell extends down to a sediment depth of 9 cm. The shape of the
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bromide and ammonia profiles also suggest inflow of bottom water through the upper 9 cm of
the sediment column. Sulphide and TA reach a maximum at 7 cm depth indicating that AOM
proceeds at a high rate within the surface sediment. At that depth methane rising to the surface
with the ascending fluids is mixed with sulphate which is delivered to the surface sediment by
downward diffusion and convection of bottom waters. The core taken at 80 cm distance to the
mat centre has higher chloride and lower ammonia concentrations indicating that the upward
flow of deep fluids depleted in chloride and enriched in ammonia is restricted to the mat area.
The chloride concentrations in the upper 7 - 9 cm are very close to bottom water values
confirming the presence of a shallow convection system (Fig. 2.7). The AOM zone is shifted to
larger depth as shown by the downward displacement of the sulphide and TA maxima.

FiG. 2.7:

Transect through a
bacterial mat on Mound
11. The x-axis gives the
distance to the centre of
the mat. Open dots mark
the positions were push
core samples have been
taken and analyzed.

Fig. 2.7 shows - to our knowledge - the first 2-D-distribution of dissolved species over a mat-
covered cold seep at the deep-sea floor. It illustrates the structure of the convection cell
indicating that the inflow of seawater is focussed at a lateral distance of 20 cm from the mat
centre while the outflow occurs mainly through the mat-covered sediments.
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Jaco Scarp

Only two sediment cores were taken at Jaco Scarp because the steep morphology and the lack of
soft sediments inhibited further sampling. Push core 21 taken during ROV Dive 73 within a
bacterial mat proved to contain deep fluids most likely originating from the down-going slab
(Fig. 2.8). The low chloride concentrations and very high dissolved silica value clearly point
towards a deep origin. The extremely high N - P ratios in the fluids confirm that the fluids ascend
from deep strata where phosphate is almost completely removed from solution by authigenic
mineral formation. Fluids originating from clay mineral dewatering have been shown for several
vent sites off Costa Rica (Hensen et al., 2004), but have been demonstrated here for the first time
for a scarp created by seamount subduction. This type of geological setting is the other major
group of fluid emitting sites which have been demonstrated to occur off Costa Rica.

FiG. 2.8:

Composition of pore fluids at
Jaco Scarp. Core PC-21 was
taken during ROV Dive 73 at the
centre of a small bacterial mat
located on the steep hanging wall
of the scarp.

Quepos Slide

A total of 17 push cores and numerous KIPS samples were taken at Quepos Slide during 4 ROV
dives. Sediment core sections to derive 2-D sections of geochemical properties were sampled at
3 locations. In addition to this extensive coring program, samples from 3 successful deployments
of the benthic chamber lander (BCL) and 2 bottom water sampler deployments (BWS) were
analyzed.
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Quepos Slide is located at shallow water depth (400 m) in a very productive upwelling area.
Consequently, background sediments not affected by fluid ascent show strong gradients in
dissolved sulphate and high concentrations of nutrients, alkalinity and sulphide reflecting the
rapid degradation of organic matter via microbial sulphate reduction. In contrast, sediments from
below bacterial mats are strongly depleted in dissolved chloride due to the ascent of deep fluids.
They are dominated by AOM rather than sulphate reduction. In the evaluation of the mat data, it
should however be considered that sulphate is not only reduced by AOM but also by the
microbial degradation of particulate organic matter. Ammonia concentrations are higher below
the mats while the phosphate concentrations are depleted compared to the reference site. The
unusually high N : P ratios of the pore fluids below the mats reflects the loss of phosphate in the
deep source region of the ascending fluids.

During ROV Dive 72 (St. M66-81), a transect of push cores was taken across a large bacterial
mat. The mat had an elongated shape broadening towards the south. The transect was located
across the more narrow northern part of the mat. The mat’s diameter was 80 cm; the mat being
orange in the centre and white at the rim. The transect was oriented perpendicular to the strike of
the mat going from the centre to the east. The cores selected for pore water analysis were located
at the following distances to the centre of the mat:

Bacterial mat PC 2: Centre of the mat (orange)
\ / PC 6: 30 cm to the east of the mat centre in
orange . .
white white Whlte fm .
PC 8: 60 cm to the east of the mat centre in
l . s 3 soft sediment _
N 7 8 53t [as® PC 11: 90 cm to the east of the mat centre in

soft sediment
PC 13: 120 cm to the east of the mat centre in
soft sediment

Push Cores (=)

Surprisingly, the minimum in dissolved chloride was found below soft sediments 1 m away
from the mat’ centre in the transect taken during Dive 72 (Fig. 2.9). The distribution of alkalinity
and sulphide show, however, that AOM rates were highest below the mat’s centre where the
ammonia concentrations also reached a maximum. Dissolved phosphate was again depleted
below the mat and enriched in the surrounding background sediments. The distribution of
chloride and sulphate in surface sediments suggests that bottom waters penetrate the upper few
centimetres of the soft sediments in the immediate surrounding of the mat.
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FIG. 2.9: Transect through a bacterial mat on Quepos Slide (ROV Dive 72). The x-axis gives the
distance to the centre of the mat. Open dots mark the positions were push core samples
have been taken and analyzed. The vertical bar cutting the x-axis indicates the outer
boundary of the mat.

During Dive 76, a large patch of black sediment covered with a thin greyish bacterial mat was
observed at the inclined flank of an extended ridge. The patch was at least 20 m long and 10 m
wide. The upper two centimetre of the surface sediments recovered from this patch were
cemented by a black mineral while the underlying sediments were soft and greyish. The patch
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was surrounded by an inner orange rim and an outer white rim both being 30 cm wide. The
colouring was caused by thick layers of orange and white bacterial mats. The cores were taken in
an east — west transect starting within the black sediments:

Dive # 76 PC 17: In black patch 50 cm to the east of the

Bacterial mat inner orange rim
PC 19: In black patch 20 cm to the east of the
5037 3 inner orange rim
PC 21: In the centre of the inner orange rim
PC 23: In the centre of the outer white rim
2 ) 2|3 |, 2 PC 25: In soft sediment, 30 cm to the west of
“* the white rim’s centre

+u

Soft
sediment white orange hlack

03m 03m 05m 0.8m
03 m 0.2m
Push Cores (- ) KIPS Fluid Sampler (<)

FIG. 2.10:  Locations of the sampling positions for the sediment section recovered during Dive 76. (a):
setting with the black patch to the left, (b) sampling close to the rim, (c) prior to sampling in
the orange rim, and (d) samling west of white rim.

The lowest chloride concentrations and steepest chloride gradients during the entire sampling
program at Quepos slide were found below the dark coloured sediments sampled during Dive 76
(Figs. 2.10a, 2.11). The black surface sediments were covered with a thin and greyish mat and
were cemented by a dark-coloured authigenic mineral of unknown composition, while the
underlying sediments were soft and attained a greyish colour. The nutrient contents of the
chloride-depleted fluids ascending to the surface were much lower than at the other mat sites.
AOM rates were low below the black sediments and high below the orange and white rim
indicating an astonishing degree of decoupling between fluid flow and AOM.
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FiGc. 2.11: Transect through a bacterial mat on Quepos Slide (ROV Dive 76). The x-axis gives the

distance to the core taken within the most inner part of the mat. Open dots mark the

positions were push core samples have been taken and analyzed. The vertical bar cutting
the x-axis indicates the outer boundary of the mat.
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2.4.3 Methane Oxidation Rates, Sulphate Reduction Rates, and Sampling for
Microbiological Investigations

In ocean sediments, up to 80% of methane is consumed before reaching the water column
(Reeburgh, 1996). The oxidation of methane under aerobic conditions by methanotrophic
bacteria can hardly account as the major methane sink because the majority of methane is
consumed under anoxic conditions. Although thermodynamically unfavourable, anaerobic
oxidation of methane (AOM) with sulphate as the terminal electron acceptor is performed by a
microbial consortium of sulphate reducing bacteria and methane oxidizing archaea (Boetius et
al., 2000; Elvert et al., 2001; Hinrichs et al., 1999; Orphan et al., 2001). So far, three
uncultivated archaeal lineages (ANME-1, ANME-2 and ANME-3), which are related to the
Methanosarcinales, are known to mediate AOM (Boetius et al., 2000; Michaelis et al., 2002;
Niemann and Lésekann unpubl.). The end products of AOM CO; and H,S may be sequestered in
carbonates or consumed by thiotrophic organisms, respectively. The thiotrophs may consist of
giant bacteria such as Beggiatoa and Thioploca or megafauna organisms such as pogonophoran
worms and certain bivalves such as Calyptogena and Bathymodiolus. These megafauna species
harbour symbiotic, thiotrophic bacteria, which profit from the motility of the host. Free-living
thiotrophs are commonly found in mat-like aggregates covering sediments with comparably high
sulphide concentrations where the hot spot of AOM is located just some centimetres below sea
floor. Often, the metabolic activity of these bacteria, which use nitrate and/or oxygen as the
terminal electron acceptor, leads to a total consumption of sulphide and thus to steep sulphide
gradients. In contrast, megafauna with symbiotic thiotrophs are usually found where sulphide
concentrations are lower (Sahling et al., 2002). The high concentrations of sulphide found below
the microbial mats are probably too toxic for these organisms. On a final level in these geo-eco-
systems, megafauna species such as crabs and some fish appear to feed on the mat systems and
perhaps on AOM biomass.

Well-constrained estimates of the magnitude of methane oxidation and sulphate reduction, as
well as oxygen consumption are of particular importance to assess the biogeochemical dynamics
in the different habitats of a given seep system. Furthermore, the identity of seep associated
organisms and their potential for certain metabolic pathways, as well as the importance of seep-
derived biomass in the food web are preliminary for the seep systems at the Costa Rican
subduction zone.

The goals of this work were to assess turnover rates of methane and sulphate and to identify
participating, free living and symbiotic microorganisms as well as to point out major microbial,
metabolic pathways.

Sediment samples from Push Cores (PC) were incubated for microbially mediated methane
oxidation and sulphate reduction rates as well as benthic oxygen consumption and sampled for
cultivation experiments, FISH, DNA, biomarker and QPCR analysis. Several seep-related mega
fauna species were collected and prepared for identification studies of microbial symbionts.

The majority of samples taken during cruise M66-2b were preserved for subsequent
biological and/or chemical analysis in the home laboratory.

A total of ca. 400 AOM as well as SR rate samples were taken in triplicates during cruise
M66-2. The target of push coring was to cover the range of putatively methane seeping spots
such as bacterial mats and sites populated by seep megafauna species. Each sediment interval
was also sampled for FISH, DNA and RNA analysis for estimations of microbial abundance,



2-24 METEOR-Berichte 09-2, Cruise 66, Leg 2, Willemstad - Caldera

community structure and expression of specific genes. In addition to sediment samples, seep
megafauna species were preserved for subsequent analysis of symbiotic microorganisms. Several
KIPS samples taken just above bacterial mats were analysed for methane turnover mediated by
aerobic methanotrophic bacteria. Aerobic methane oxidation rates (MOXx) were ranging between
0.08 and 4.5 pmol I d™.
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FiGc. 2.12: AOM/SR results from a sedimentary section across a bacterial mat (for details see Figure
2.8 and referring text). The deeper layer of maximum SR/AOM is consistent with a
penetration of seawater into the sediment close to the rim of the bacterial mat.

AOM and SR rates were measured on cores taken in immediate proximity to the cores taken
for geochemical analysis. As an example, the data analysed for the sediment transect sampled at
Quepos slide during Dive 72 is shown (Fig. 2.12), together with the chloride and sulphate results
from the geochemical data. The results support the interpretation of the penetration of bottom
water into the sediment close to the rim of the bacterial mat, in accordance to deeper horizon of
the AOM/SR zone.

Previous oxygen consumption measurements on cruises of the SFB 574, indicated a potential
oxygen net production in sediments of Quepos slide. One dive (Dive 75) was therefore dedicated
for verification or falsification of the previous production measurements. A benthic chamber
equipped with an optode was placed on several locations (orange Beggiatoa, white Beggiatoa, a
close background and a far background). The sensor measured a slight oxygen production from
roughly 2 nM to 2.3 nM (data not shown). However, because the oxygen sensor was not cross



METEOR-Berichte 09-2, Cruise 66, Leg 2, Willemstad — Caldera 2-25

calibrated against sea water solutes other than oxygen and the overall concentration change was
very low and close to the detection limit, we could neither verify nor falsify the previous results.
Furthermore, ex situ oxygen consumption measurements performed in hole push cores, did not
show concentration changes which can be interpreted as a net oxygen production (data not
shown).

244 Trace Elements

The chemical composition of fluids sampled during leg M 66/2b - pore water, seeping fluid
above bacterial mats, bottom seawater — is the result of variable mixtures of fluid components
from different sources and origins, e.g.,: (i) low-salinity/ high alkalinity fluids from deep
sources, rich in sulfide and methane assumed to represent ascending fluids formed by heating of
the sediments and basalt of the subducted slab; (ii) fresh water from in-situ gas hydrate
destabilization, (iii) a local fluid source essentially pore water that interacted with local
sediment; (iv) normal seawater. The distribution of selected trace elements is characteristic for
the different fluid components and can be used for the identification and discrimination of the
fluid components and their sources. Another aspect is the identification and quantification of one
or more tracer elements in the bottom-near water column above active seeps which can be used
as a (conservative) fluid tracer for mass balance calculations.

Fluid sampling during leg M 66/2b focused on evolved carbonate mounds (Mound Iguana,
Mound Culebra, Parrita Mud Pie), sites with abundant bacterial mats (Mounds #11, #12), and
large slides (Quepos Slide, Jaco Scarp) where active seeping of fluids is manifested by abundant
bacterial mats and rich vent communities. Large methane anomalies were observed in the bottom
water and overlying water column. By now, deeply sourced fluids characterized by e.g., low
chlorinity, high alkalinity and sulphide concentrations could be proven at almost all sampled
active sites.

The ROV Quest with the tools push corer and in situ-fluid sampler (KIPS) enabled us to
sample fluid transects across bacterial mats with cm resolution allowing previously unknown
spatial resolution of the hydrodynamic fluid regime. Redox processes occurring along gradients
between anoxic, deep-sourced fluids and normal seawater overprint the original chemistry of the
rising fluid, and the characterization and understanding of these processes will be one aspect of
our study.

Results from previous cruises indicate that there exist systematic differences in the trace
element chemistry of fluids from the northern area off Nicaragua above the subducted smooth
surface plate segment when compared to fluids from the southern area off Costa Rica with
seamounts and a rough surface of the subducting plate. One of the major aims for this campaign
is to prove our hypothesis that the observed differences in fluid chemistry are a function of the
local subduction mechanism.

Fluid samples were obtained by means of (i) pressing pore water (PW) from sediments
obtained with ROV operated push corers, or from benthic chambers of landers (BCL), (ii) the
ROV operated in situ-fluid sampler (KIPS) or the pressurized fluid sampler (PFS, autoclave
sampler) sampling seeping fluids 1-3 cm above bacterial mats or from within pogonophera
bushes (fluid); (iii) lander-operated bottom water sampler (BSS). In addition, (iv) time-series
samples (INC) were taken from incubation experiments with ROV-handled benthic chambers
(BCS) or with autonomous lander (BCL).
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A total of 631 samples (pore water, fluids, bottom seawater, incubations) was taken. After
return to the home labs in Kiel a selection of samples will be analysed for trace element
composition (e.g., I, Br, B, Li, Al, Ti, Cs, Ba, Sr, Y-REE, Fe, Mn, Cr, V, Cu, Co, Ni, Pb, U, Mo,
As, Sb, W) by ICP-mass spectrometry using both collision-cell quadrupole, and high resolution
sector-field based instrumentation.

245

Investigations Based on Lander and Video-Guided Equipment

Numerous deployments of video- and ROV-guided instruments were conducted during cruise

M66/2b (Tab. 2.1).

TAB. 2.1:

List of video- and ROV-guided instruments deployed and recovered during M66/2. OFOS:

Ocean Floor Observation System; DOS: Deep-Sea Observation System; BCL: Benthic

Chamber Lander; BCS Benthic Chamber Shuttle; BWS: Bottom Water Sampler;
PFS:Pressure-retaining fluid sampler; ELINOR: Benthic flux chamber.
Instrument / | OFOS DOS BCL BCS BWS PFS ELINOR
Working area #deploy./#recov. deploy./#recov. | #deploy./#recov.
Mt. |guana St. 43-2/52: St. 44-2 & Dive Dive 64
Data/pictures retrieved 66/ St. 46:
Chambers fell
over, no samples
Mt. Quetzal St. 48
Parrita scarp |St. 59
Mound 12 St. 55: St. 61: St. 63-1 & Dive|St. 57:
Failure due to release |Failure due to|70/St. 63-2: 16 water
malfunction release 2 chambers samples
St. 110/198 malfunction successfully
Deployed until 3 leg deployed
Data/pictures retrieved 1 chamber
2 water samplers
Quepos slide St. 70/86: St. 72177 St. 94: Dive 72:
Data/pictures retrieved |1 chamber 16 water 3 depl.
1 water sampler samples
St. 80-2/83 St. 96: Dive 75:
2 chambers 16 water 6 depl.
2 water samplers samples
St. 98/101 Dive 76:
2 chambers 2 profiles,
2 water samplers 3 depl.
Jaco scarp St. 75 St. 90/103: Dive 74
Data/pictures retrieved
Mound Dive 77 |Dive 77:
Culebra 2 depl.
Mud Pie St. Dive 78 |Dive 78:
104 2 depl.
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FiG. 2.13:

DOS-Lander and Benthic Chamber Shuttle, which were deployed during M66/2. Upper left:
DOS-Lander ready for video-guided deployment. Upper right: Sensor packages in the lower
part of the lander. Not visible are the 3 ADCPs mounted on the back and inside of the lander.
Lower frames: Benthic chamber shuttle during recovery (right), at the seafloor, and
immediately before individual positioning of one of the chambers by the ROV
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In the following, some of the results of the benthic chamber lander (BCL) are shown. The
instrument was successfully deployed at three different bacterial mat sites in the Quepos Slide
area. Both, water samples from the enclosed bottom water and the underlying incubated
sediments were retrieved by the BCL. The former are shown here for the deployment at station
77 (Fig. 2.14), while the latter is shown for all three deployments in composite graphs (Fig.
2.15).

FiG. 2.14:
Change in  bottom  water
concentrations of various

chemical species during the
deployment of a benthic chamber
on a bacterial mat at Quepos
Slide (St. 77). Concentrations at
time zero are taken from KIPS
samples.

During the first deployment (St. 77) dissolved oxygen was already depleted after 5 minutes
incubation time (Fig. 2.14). Nitrate, sulphate, and chloride concentrations decreased rapidly over
time while the concentrations of nutrients and AOM metabolites increased during the incubation.
The decrease in dissolved chloride can be used to calculate the fluid outflow velocity into the
chamber. The chamber penetrated deeply into the sediments so that the volume of enclosed
bottom water was as small as 0.4 dm®. Hence, the products of AOM and the fluids were
accumulated rapidly in the chamber water.
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FiG. 2.15:

Composition of pore fluids
in sediments retrieved by
the BCL after in-situ
incubation. Sediments
were taken from chamber
one at each station located
in the Quepos Slide

The third deployment (St. 101) showed the smallest rates of nitrate and oxygen consumption
and nutrient release (Data not shown). The underlying sediments were less reactive than the
sediments retrieved during the two previous deployments (Fig. 2.15). The low fluxes recorded at
station 101 may thus reflect lower rates of AOM and fluid ascent in the incubated sediments.

2.4.6 Water Column Work and Methane Distribution

The investigation of methane in the water column provides valuable insight in the processes of
dewatering at active continental margins, because methane belongs to the cycled key
components. Methane injection into the water column is just one process of the carbon cycle at
active seep sites. Due to its generally low background in deep water this injected methane is
ideally suited to locate currently active vent sites and the dimensions of the generated methane
plumes. Methane concentration in the water column and investigations of its isotopic
composition yield information about its escape from the sediments, its inventory, and further
development in the water column. It proves particular helpful at sites where sedimentary work is
difficult because of steep morphology (i.e. scarps) or because of authigenic mineral formation
hampering coring. During M66/2b, the two most important research targets of the water column
methane survey were (a) the revisited sampling of stations at which interannual variability has
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been observed during earlier surveys (Mau et al., 2007), and a detailed mapping of the methane
inventory at Quepos slide, with the aim of quantifying the excess methane due to seepage at this
morphological structure. Several deployments in order to get a first hint at methane seepage were
also performed, but data are not shown here.

(a) Repeated stations

Mound 12: To investigate the inter-annual variability of seep venting over time, three CTD casts
were taken at positions matching stations 99, 150 and 169 of cruise M54 (Fig. 2.16) at Md 12,
which has been extensively investigated during M54 an SO 173. Highest values were found near
the bottom of station 78 which corresponds to station 150 of M54 with methane concentration
reaching more than 25 nmol/l (100nmol/L during M54). There is a sharp decline towards lower
water depths interrupted by a positive anomaly at a water depth of 790m. This might result from
a second source further up the continental slope. Station 62 (station 169 of M54) revealed values
of up to 9nmol/l in the first 30m above the seafloor and a second enrichment in the upper water
column ranging between 2 and 5nmol/l. This matches well with measurements during M54. A
nearly homogenous profile was sampled at station 54 (station 96 of M54), with 4nmol/L and a
depletion to 2nmol/l in a water depth between 750 and 800m. All profiles show an enrichment of
4 to 5nmol/l in water depths around 400m as a result of production of methane in the well-
pronounced oxygen minimum zone.
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FiG. 2.16: Methane concentrations at stations repeatedly sampled over several years at Mound 12.

Jaco Scarp: This scarp was extensively sampled with a CTD program during SO 163 and M54.
The aim of the reinvestigation during SO173 was to determine the time variability of two sites.
One is situated at the edge of the slide, the other at the SE rim. Methane concentrations changed
within a year, but the plumes were observed within the same depths. During M66, these two sites
were revisited to expand the time series (station 89 and 93) (Fig. 2.17). The profiles show a
maximum in 1800m with a concentration of 140nmol/l (station 89) and 25nmol/I (station 93).

An intense temporal variability is observable with concentrations varying between 280 nmol/l
in April 2002 and 100 nmol/l in September 2003 within 3 years at Station 89. The values at
station 93 show a strong decrease of methane content from 100nmol/l in August 2002, 70nmol/I
in September 2003 to 25nmol/l in October 2005. Further investigations are required to get more
information about the time scale for the changing methane inventory at these locations and their
causes.
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Jaco Scarp, edge of the slide Jaco Scarp, SE-rim
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FiGc. 2.17:  Methane concentrations at stations repeatedly sampled over several years at Jaco Scarp.

Mound Culebra: Two sites were revisited during M66 at the same positions as during SO163,
S0173 and M54 at the top and the NW-flank of the mound (Fig. 2.18) to extend the investigation
of temporal variability at this site. Slightly enriched methane concentrations of 3nmol were
found at station 105 close to the bottom at the north western flank. Maximum values with
7nmol/l were measured 100m above the seafloor. During cruise SO173, no increased methane
concentration had been measured, in contrast to 16nmol/l in May and 45nmol/l in August 2002.
Station 106 indicates a bottom source at the summit with values up to 6nmol/l. A second increase
of methane concentrations was observed at 1370mbsl with values up to 5nmol/l. The latter
finding indicates a second source on the higher slope not detected before. In comparison to May
and August 2002, the concentrations near the bottom seem to be reduced, but increased with
respect to September 2003. Mound Culebra shows distinct temporal variability. The interannual

changes of the methane emission at the active vent systems off Costa Rica have been attributed
to seismological activity (Mau et al., 2007).
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FiG. 2.18: Methane concentrations at stations repeatedly sampled over several years at Mound
Culebra.
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(b) Methane survey of the water column above Quepos Landslide

Quepos slide was the main working area of the CTD sampling program during M66. 17 CTD
casts starting from 5m to 100m above the sea floor yielded a so far not comparable resolution of
the methane plume identified during previous cruises (for locations in detail, see Fig.2.4). The
survey was done laying three transects of 3-4 stations around the headwall to cover an area
inside the slide structure on the slide mass. Seven stations were added later to complete a sample
grid on the research area. The investigations were completed by a DOS-Lander deployment to
assess information on current speed and directions. Highest values (250nmol/l) were measured
close to the bottom at the most northern station (station 67). The analysis reveals a continuous
decrease of methane concentrations from the northern rim of the slide to the southeast and
southwest (Fig. 2.19). All stations reveal two distinct maxima in 360 and 370m depth. In all
profiles methane concentrations decrease to background values of 1 to 3 nmol/l in water depths
less than 300m. All profiles show a sharp decline of methane concentrations in water depths
between 330 and 350 m.

Station 65 74 66 67 102 104

Fig. 2.19: Methane section along the headwall of Quepos Slide. All stations at approximately 400 m
water depth.

2.5 Ship’s Meteorological Station

While several hurricanes and tropical storms occurred over the Caribbean and the Gulf of
Mexico during the cruise, some of them with devasting consequences like the hurricane Rita,
which hit New Orleans on September 22" and 23", the scientific work during M66/2-ab was
nearly unaffected by the weather conditions during the cruise. The only exception was the 2" of
October, where the first ROV Dive of Leg 66/2b had to be postponed for 24 h because of the
swell caused by the tropical storm “Stan”, at that time centred over the Gulf of Campeche. The



METEOR-Berichte 09-2, Cruise 66, Leg 2, Willemstad — Caldera 2-33

work close to or within the ITCZ frequently led to strong rainfall within the working area, which
however did not affect the scientific program of the cruise.

FiG. 2.20:  Satellite image of the first day of M66/2a showing hurricane “Rita” close to the coast of New
Orleans
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2.6 List of Stations
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3.2 Research Program

The RV METEOR M 66 cruise was of central importance to the C ooperative R esearch Center
“SFB” 574. All subprojects were involved and participated in various aspects of the cruise. The
main obj ective of SFB 574 isto unde rstand t he bud get, r eactions, a nd r ecycling o f vol atile
elements in subduction zones and their role in climate forcing. In this way the SFB addresses the
long- and s hort-term de velopment of t he E arth’s ¢ limate, t he geochemical e volution of t he
hydrosphere and atmosphere, and the caus es of na tural di sasters. These pr ocesses ar e al |
connected in one way or another with the return flow and impact of volatiles and fluids from
subduction zones.

Fic. 3.1: The working areas of M66/3

The m ajor vol atile i nput into s ubduction zones consists of s ediments, the altered pr oducts
oceanic crust, and the trench-fill from down-slope mass wasting. The output is via fluid venting
at the deformation front, by gas hydrate formation/dissociation, and by volcanic degassing at the
fore-arc. Inside t he s ubduction z one t he i ncoming m aterial i s t ransformed, m obilized or
fractionated into different volatile reservoirs and phases. These phases are either ejected into the
exosphere through the upper plate, accreted to the leading edge of the continental plate, or are
transported into the lower mantle. The tectonic style of subduction, the structure of the margin
wedge, and the properties and configuration of the down-going plate all exert a first order control
on volatile budget,its transformation, and return pathway.

The area of investigation, the Central American fore-arc o ff Costa Rica and Nicaragua (Fig
3.1), is well suited for such an investigation be cause of small-scale changes of features which
influence the vol atile cycling; i.e. the composition and age of the incoming oceanic crust, the
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morphology of continental slope, and the accretionary tectonic style. Equally important are the
composition of the volcanic rocks on land as well as in submarine outcrops to trace the history of
volcanic emissions.

3.2.1 Specific Cruise Objectives Leg M66/3a

The primary objective of the work performed on this leg was deep sampling of mud diapirs and
carbonate m ounds, | arge num bers of w hich ha ve be en found of f C osta R ica and N icaragua.
These s tructures are a major e lement in the r ecycling of vol atiles and fluids on this e rosive
continental margin, therefore they are in the focus of the work of several subprojects of the SFB
574. Clear evidence has been found that fluids are transported upw ards from deep sources as
well as shallower sources.

Near-surface gas hydrates have been found as well as extensive "carbonate caps" of varying
thickness. They render sampling of the mounds difficult or even impossible. Thus, on t he past
cruises of the SFB 574, when c onventional c oring s ystems such as piston corers and gravity
corers were used, it was not possible to recover cores form the carbonate-covered tops of these
mounds. Y et, information from the central parts of these structures, which are likely to expell
volatiles, fluids and s ediments from large d epths, would be of special importance for a b etter
understanding of their genesis.

Previous S FB w ork r esultedi na di fferentiation be tween s everal t ypes of authigenic
carbonates: chemoherms and crusts associated with fluid expulsion at the sediment surface, gas
hydrate — associated carbonates as well as limy and dolomitic concretions. Complete cores of all
depths of these carbonate caps would enable a high-resolution t emporal r econstruction of the
devolatilisation history and fluid drainage. In addition, the pore water chemistry of the sediments
can be expected to be less contaminated by sea water below the carbonate caps, as suggested by
earlier samples from the marginal areas of mounds. This would allow for a better assessment of
the source depth of fluids by geochemical and isotope geochemical methods, providing answers
for one of the central SFB 574 objectives. Coring was performed by a portable drilling device to
be deployed via METEOR's A frame, the BGS Seabed Rockdrill and Vibrocorer (description see
below).

Mound C ulebra, M ound 10, M ounds 11 and12aswellasa group of 1arge m ounds of f
Nicaragua discovered during SONNE cruise SO173 are already well known by preliminary SFB
sampling using gravity corers and piston corers as well as OFOS surveys performed on cruises
SONNE 163 and SONNE 173. For Leg 3a, representative profiles from the top of each structure as
well as 2 further cores on the flanks were recovered in order to examine if pot ential ear lier
phases of stagnation during the formation of the mounds are documented within the carbonate
layers.

Geochemistry

A m ajor goal of Leg 3aw ast heinvestigation of sediment di agenesis in the f ore-arc of
subduction z ones a nd t he s ampling of cold vents. T he qua ntification of or ganic m atter
mineralization, secondaryr edox r eactions, seawater-mineral int eractions, asw ell a s the

determination of fluid flow and accumulation rates of volatile species in fore-arc sediments is of
central importance for the submarine cycling of carbon, nitrogen, sulfur, water, and halogens.
Anaerobic o rganic m atter de gradation c oupled with s ulfate r eduction a nd m ethane f ormation
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releases dissolved volatiles (SCO2, NH4+, Br-, I-, SH2S, CH4) into the pore fluids and produces
important ¢ arbon a nd s ulfur r eservoirs ( e.g. ga s h ydrates, ¢ arbonates, p yrite). O ther r edox
reactions are involved in the formation of ¢ arbonate pr ecipitates a nd ha logen e nrichments in
surface s ediments. A Iteration and submarine w eathering of vol canic ashes, biogenic opal, and
clay minerals further contribute to the water cycling and solute flows in sediments. The spatial
variability and distribution of processes and compounds in the fore-arc area will help to define
the vol atile input into subduction zones and to constrain the submarine volatile e missions via
diffusive and focused fluid flow.

Sedimentology and Physical Properties

Lithological core de scriptions a nd ph ysical p arameter p rofiles are t he basis for any further
investigations on sediment cores of the SFB 574 study area off Central America. The lithological
characterization w ill be ba sed on core de scriptions a nd s ediment ph ysical pr operties. T he
sediment-physical w orking s chedule i ncluded t he non -destructive lo gging p art and sampling
based determination of the sediment physical index parameter: water content, wet bulk density
and g rain de nsity. T he whole-core | ogging pr ogram i ncludes t he f ollowing pa rameters: ¢ ore
diameter, p-wave velocity, density (GRAPE) and magnetic susceptibility. Aim of the sediment
physical w orking p rogram w as to establish coherent litho -physical s ediment pr ofiles b y
integrating descriptive and measured parameters.

3.2.2 Specific Cruise Objectives Leg M66/3b
Tephrostratigraphy

In C entral A merica and ot her r egions on E arth, hi ghly explosive, pl inian vol canic e ruptions
generate buoyant eruption columns consisting of solid particles (Pumice Lapilli, ash, lithics) and
gases, penetrating 20-40 km high into the atmosphere up to the level of neutral buoyancy where
they spread laterally in the prevailing wind directions. Eruption clouds drift with the wind and
gradually drop their ash load over areas larger than 100000 km . Due to their wide distribution
and the prevailing westerly winds, ashes from Central American volcanoes can reach the Pacific
Ocean where they are incorporated in the marine sediments. Their wide aerial distribution across
sedimentary facies boun daries, their ne ar-instantaneous em placement and chemical s ignatures
facilitate stratigraphic correlations with deposits on 1 and. Ash layers are best preserved in non-
erosive marine or lacustrine e nvironments and t herefore p rovide the m ost c omplete record of
explosive vol canic a ctivity o fone r egion. Additionally t he eruption vol umes, w hich g row
significantly with the portion of the widely distributed distal part of the Tephra deposits, can be
recalculated using the marine distribution. For this purpose, gravity cores were collected along
the Central American subduction zone (El Salvador and Guatemala) through M66/3B, promising
a good recovery of ash layers and complementing the former record o f marine ashes in this
region. C ore | ocations were picked out w itht he PARASOUND to prevent ir regularities in

sedimentation ( mass w asting pr ocesses, t urbidites, s lumps), a nd w hich pr omise undi sturbed
stratigraphy. A dditionally core 1 ogging techniques he lped to identify bo th di stinct 1 ayers, and
dispersed a shes i n m arine s ediment cores, prior t o c ore d escription. S tandard core | ogging
parameters i ncluded P-wave ve locity, density from gamma at tenuation and magnetic
susceptibility. Later, c ompositional da ta, including m ineral as semblages, m ineral a nd glass
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compositions obt ained by electron m icroprobe, as well as bul k r ock ¢ hemistry, are used for
correlations between marine and on-land tephras.

3.3 Narrative of the Cruise

3.3.1 Narrative of the Cruise Leg M66/3a

Cruise M 66/3a be gan with a call to the port of Caldera, C osta R ica, which was oc cupied by
numerous log istical ta sks. After the University of B remen Q UEST c ontainer had gone from
board, | aboratory c ontainers, r eefer ¢ ontainers, a 40 -foot ¢ ontainer a nd t he w inch f or t he
Rockdrill s ystem w ere placed on t he w orking deck. O n 25 O ctober t he 1 oading w ork w as
finished by transferring the R ockdrill system, which had been pre-assembled on t he pier, onto
the ship. R/V METEOR left the port of Caldera on 26 October at 10:00 sharp. After a short "wet
test" of the R ockdrill s ystem in Nicoya Bay, we headed for our working area of f Nicaragua,
where we arrived in the morning of 27 October.

The first runs of the British R ockdrill s ystem took place at a water de pth of 880m on t he
summit of M ound B aula, a 200 -m-high s tructure w ith a di ameter of 2.5 km that c onsists o f
massive carbonates. While the first trials in "rotary" mode did not produce much core material,
the subsequent runs in "vibrocore" mode were very successful. From the saddle region of Mound
Baula we were able to retrieve cores with clastic sediment, part of which showed an extensive
gas hydrate cementation. 24-hour-Rockdrill deployments were carried out on 29 and 30 October,
sampling M ounds Iguana, Q uetzal and C arablanca. T he ni ghts w ere us ed for the m ore time-
consuming operations in rotary mode and the days for the vibrocore mode. In addition, we took
gravity cores and performed PARASOUND mapping on the extended Massaya slide that is located
directly b eneath the Nicaragua M ounds and consists of several phases. The newly de veloped
PWP lander for long-term measurements of pore pressure variations in active venting areas was
deployed for the first time.

One of the highlights of the first days was the discovery that M ound Carablanca, wich had
hitherto been classified as a carbonate mound due to its acoustic signature, is clearly of a young,
diapiric origin, and t hat ar eas of hi gh backscatter a re cha racterised by clay cl asts t hat w ere
emplaced through diapiric transport. A further highlight was the recovery of core M66/129 the
first c ore with authigenic c arbonates, sampled from M ound Iguana using the BGS R ockdrill.
Three main zones could be identified during the first examinations: The upper layer is about 16
cmt hick and shows p rimary aut higenic car bonates w ith fractures f illed with secondary
authigenic c arbonate. The s econd zone (about 24 ¢ m t hick) c onsists o f a uthigenic c arbonate
containing a | ot of shells, with crystalline, layered palisade carbonate in cavities and cemented
foraminifera and crystals. The lowermost zone (about 12 ¢m thick) consists of clay clasts and a
matrix of authigenic carbonates.

The second week was again dedicated to the northern part of the working area off Nicaragua.
Efforts were made to get BGS Rockdrill cores from massive carbonates, yet only at some of the
sites in the Perezoso Mound area and the Baula massive they were successful. Here, cores of up
to 100 cm in length could be recovered.

In a ddition, t he s edimentological and geochemical w ork w as continued. V arious m ound
structures w ere s ampled w ith the B GS vi brocorer and the gravity corer. Pore w aters were
examined with regard to an ascent of deep fluids which are characterised by negative chloride
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anomalies, i.e. a depletion in salt in comparison to sea water. So far, such fluids have only been
detected in the southern part of our working area off Costa Rica, where they can de finitely be
attributed to de watering of clay minerals in the sediments of the subducting oceanic plate. In
total, 8 of t he 10 s tructures s ampled of f N icaragua s howed ne gative ¢ hloride a nomalies.
However, the anomalies found here are usually less significant, and there are clear differences in
the c oncentrations of nutrients compared to the pore waters of the southern w orking area o ff
Costa Rica. These differences may indicate s hallow circulation systems transporting sea w ater
deeper into the sediments and thus weakening the original fluid signal. Considering all the data,
only low ascent rates can be assumed for the whole area. P reliminary modelling of the pore
water data from Mound Culebrita suggests ascent rates of clearly less than 1 cm per year.

The important role the explosive volcanism that is characteristic of subduction zones plays in
marine s edimentation i s pr oven by a sh 1 ayers a nd a sh I enses f ound i n t he num erous c ores
sampled of f N icaragua. B ased ont heir s tratigraphic pos ition w ithin t he ¢ ores a nd t heir
appearance they were preliminarily matched to eruptions on land. As an example, the photograph
in Fig. 3.2 s hows an ash layer of 9 ¢ m in thickness which we assume to be correlated to the
Chiltepe e ruption of the A poyeque vol cano ne ar the Nicaraguan capital M anagua w hich took
place about 2000 years ago.

Another main object of study were the mechanisms triggering submarine landslides. Gravity
cores were taken from three submarine landslides located in the deeper part of the continental
margin off Nicaragua. We were able to retrieve an exemplary core, core no. M66-3a-151, from
Hermosa Slide. It penetrated right through the consolidated, clayey slide plane and the discordant
slided mass above it.

It is a noteworthy fact that the two sedimentary zones are separated by a thin layer of ash,
which pr esumably was a w eak i nterval a nd t hus a n i mportant f actor in t he de stabilisation.
Already on previous cruises, ash layers w ere identified as zones of instability at the base of
slides, so that these results fit well into our previous observations.

The first por e w ater a nalyses p erformed on boa rd s how a m arked 1 eap of the gradient of
alkalinity and thus support the results of the core classification.

Our work of f Nicaragua was concluded by recovering the P WP lander, a new in situ tool
developed by the SFB 574. The second deployment was very successful. Over a period of three
days high-resolution pore pressure profiles have been recorded from depths of up to 2 m.

A further deployment of the PWPL is planned in the area of Mound 12 off Costa Rica, where
there are already several flow meters belonging to an US group that were deployed by ALVIN as
well as IFM-GEOMAR ocean bottom seismometers (OBS).

On Saturday, 5 November, R/V METEOR left the northern working area off Nicaragua. In the
morning of 6 November we arrived off Costa Rica and started Rockdrill sampling at the base of
the Jaco Scar slide.

In the third week of leg M66/3a we concentrated our work on the southern working area off
Costa Rica. Corresponding to the northern working area off Nicaragua, we mainly focussed on
drilling carbonate mounds, which are an important element in the process of volatile and fluid
recycling a t thi s e rosive ¢ ontinental ma rgin off C entral A merica. It w as our aim to sample
authigenic carbonates from the summits of the mounds studied during our previous cruises. They
were to serve as the basis for a high-resolution reconstruction of the history of devolatilisation
and de fluidisation. U nfortunately, ou r a ttempts t o dr ill ¢ arbonates f rom t he be st-examined
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mounds in this area, mounds 11 and 12, were unsuccessful as we did not find carbonates that
were sufficiently massive to be cored by the BGS rockdrill.

Two cores with a clear signal of deep fluids were taken from the central area of mound 12.
They indicated a direct connection to the fault running NW-SW and thus to Mound 11 which is
located further to the south-east. The site work on mound 11 and 12 was completed by retrieving
the PWP lander developed by the SFB. Again, it was successful in collecting high-resolution in
situ pore pr essure pr ofiles w hich are t o be cor related with the da ta of s everal f low m eters
(Scripps, San Diego) and ocean bottom seismometers (IFM-GEOMAR, Kiel) that are currently
deployed at the same site.

Our examinations of Jaco Scar, a large erosive s tructure c reated by s eamount s ubduction,
turned out a great success. Several cores were sampled from the basis of Jaco Scar using the
BGS vibrocorer. They were taken in the immediate vicinity of extensive fields of tube worms.
Pore water chemistry showed clear signs of deep fluids.

Above Jaco Scar, the continental slope is bulged upward by the subducting seamount. Here,
we were able to observe and core thick layers of carbonate. Core M66-215 (Fig. 3.2), which is
317 cm long, is the greatest highlight of the BGS Rockdrill drilling programme.

FIG 3.2: Overview photography and detail of M66-215.

We would like to stress the unusually good quality of the cored material: few fractures, complete
core segments of up to 42 cm. The core is composed of two sequences recurring troughout the
whole thickness of the material sampled: Medium grey to dark grey primary carbonates with a
high content of sediments and cemented tube worms and shells alternate with light beige to white
secondary carbonates ( Fig. 3.2). It should be noted that this is a fossil analogue to the faunal
community found recently at the basis of Jaco Scar. Thus, the core serves as a document of a
dewatering process caused by s eamount subduction that has not be en included in quantitative
assessments so far.

Leg METEOR M66/3a ended in the morning of 11 November when R/V METEOR berthed in
the por t of C aldera, C osta Rica. 11 m embers of t he s cientist ¢ rew | eft t he s hip. T he B GS
rockdrill was demobilised and taken from board, three containers left the ship. Four containers
had arrived with the equipment for leg M66/4a and were unloaded. A new, 8000-m-long coaxial
cable was spooled onto winch W 12. Our two-day, busy port call was accompanied by an event



METEOR-Berichte 09-2, Cruise 66, Leg 3, Caldera — Corinto 3-9

for presentation and representation that had be en or ganised in collaboration with the G erman
embassy inS anJ osé. A part fromt he e mbassador, amongt he p articipants t here w ere
representatives of uni versity i nstitutes, a uthorities a nd t he m edia. T he s cientist group was
completed by 10 ne wly a rrived m embers, and R/V METEOR left the p ort of C alderain the
morning of 13 November, heading north in order to start the working programme of leg M66/3b
off Nicoya peninsula.

3.3.2 Narrative of the Cruise Leg M66/3b

The pr ogramme fo r the 1 ast w eek of M 66/3 m ainly comprised s ampling a sh I ayers a nd
performing heat flux measurements in the northern working area off Nicaragua, El Salvador and
Guatemala. T he first task of the final, s hort leg M 66/3b w as t he de ployment of a C anadian
ADCP mooring which is to record flow velocities and flow directions in the vicinity of ODP site
1255 (Leg 205) off Nicoya Peninsula, Costa Rica, over a period of several years. The resulting
information will be impor tant for interpretation of the data collected by the CORK drill hole
observatory, which has been installed at site 1255.

A series of gravity cores was taken during the first days of leg M 66/3b from a total of six
positions parallel to the deep sea trench off El Salvador and Guatemala. All cores showed several
layers of mafic and felsic ashes. Mafic ashes in the cores taken from the sites further towards the
north showed an enrichment in biotite indicating an increasing alkalinity of the erupted material
corresponding to the observations on land. In addition, many graded layers show characteristics
that a re i nterpreted a s a n i ndication of e ruptions t hat w ere s tronger t han t hose obs erved of f
Nicaragua. The tephrastratigraphy covers more than 70ka, which is the age of the Arce ashes of
Coatepeque Caldera in northern E1 Salvador. This layer was found in all cores at approximately
the same depth, which will facilitate stratigraphic correlation. All ash layers were sampled for
further chemical and petrographic examinations, especially for thermoluminescence dating.

Surprisingly, in spite of the great distance of the sampling sites to the Central American deep
sea trench, all cores showed indications o f num erous s lides t hat w ere p resumably c aused by
tectonic events on the flexural bulge of the Pacific plate before subduction.

In addition, leg M 66/3b gave us the opportunity to e xtend s ome heat flow profile s ections
across t he de ep sea t rench towards t he o ceanic cr ustin t he w est. Heat f lux m easurements
performed during METEOR M54 to assess the s eismic hazard potential w ere extended for the
areas of fC ostaR ica ( CR1)and Nicaragua (NIC1). Hardly any m easurements ha ve be en
performed in the area north of Nicaragua so far. So we took the chance and mapped a profile,
albeit short, off Guatemala (GUAL1) as an extension of earlier DSDP 84 drilling. The comparison
of the thermal structure of different segments of the Pacific plate will contribute to understanding
variations of seismicity along the Central American continental margin, as it is already known
that the rigidity of the subducting plate to a certain de gree is determined by its t emperature.
Unfortunately, the work on profile GUA1 had to be finished early on 18 November because the
new coaxial wire was damaged so that further measurement became impossible.

Leg M 66/3b ended on 19 N ovember w hen FS METEOR entered t he por t of C orinto,
Nicaragua.
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3.4 Preliminary Results
3.4.1 Coring techniques and sample analysis

3.4.1.1  British Geological Survey (BGS) Vibro corer and Rockdrill

The coring programme used the BGS rockdrill with the option of vibrocoring by exchange of
barrels and s election of di fferent dr illing p arameters. D eployment w as over t he s tern of RV
METEOR via a combined signal/power/hoist umbilical cable on a dedicated winch system. All
functions were P C controlled and two TFT monitor displays allowed the operators to observe
progress and vary the coring parameters. The data on seabed operation were recorded for each
coring site.

In rockdrilling mode, the tool collects a core of 49 mm diameter and a maximum length of
about 5 m in a double-walled core barrel. The speed of rotation can be varied from 0-600 rpm,
the bit weight control can be adjusted and either one or two flush pumps can be used. A real time
video c olor c amera gives t he a dvantage t o obs erve and e valuate t he s eafloor and search for
desired drilling targets. P enetration, oil pressure and rpm are normally monitored, as being the
most useful for interpretation of the drilling process. Additional sensors fitted include pitch and
roll to check the stability of the frame on the seabed. The maximum possible drilling angle of the
BGS r ockdrill de vice is 25 de grees. Two di fferent bits w ere us ed on t his c ruise: a s tepped
profile, surface set bit and a s oft m atrix i mpregnated di amond bi t. U pon full pe netration or
refusal to drill further, the drill function is switched off and the barrel is retracted into the frame.
Within the inner core barrel, the core is retained by a core spring during recovery. The core is
extracted b y r emoving the bit a nd r eaming s hell f rom t he bot tom e nd of t he outer ba rrel,
withdrawing t he t op w ater s wivel and di sconnecting t he i nner c ore b arrel. T he core is t hen
removed from the inner barrel into labelled plastic guttering (A (BASE), B, C, D, E, F (TOP) -
each individually sub-labelled with BASE and TOP) using controlled water pressure.

Gravity Coring

Sediment cores of 2 to 8 m total length where taken with a standard gravity coring system during
M66 cruises in the Costa Rica, Nicaragua, El Salvador and Guatemala for-arc area. The gravity
coring device was equipped with a 1.5 to weight attached to the top of a 3 to 9 m steel tube barrel
surrounding an inner 3-9 m PVC-tube acting as the core liner. A valve situated at the to end of
the c oring ba rrel a llows w ater t o e scape dur ing s ediment pe netration. S tandard out er liner
diameters are 12.5 cm and average liner thickness is around 2.5 mm.

Core handling of BGS vibrocorer & Gravity Cores

Following the arrival of the cores on de ck and retrieval of the PVC liner from the core barrel
either from B GS vi brocorer or from Gravity C orer they where cutinto 1 m segments. E ach
segment end was sampled for gas-analysis with syringes. After numbering the segments from
bottom to top and marking the bottom and top ends the segments where sealed with end caps and
stored in the 4°C METEOR Lab for further labeling.
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Multi Sensor Core Logging (MSCL)

Geotechnical logging with the GEOTEK Ltd. (UK) multi sensor whole core logger consisted of
standard parameters — core diameter, p-wave attenuation, gamma ray attentuation, and magnetic
susceptibility - taken at a 2 cm sampling interval (for details on methods see Blum, 1997).

Core handling after logging

The liner of the logged core segments were opened with a saw on d eck whereas splitting into
archive and working halves was done in the cold lab. Still in the cold room the working halves
were imme diately sampled for further geochemical analysis. Following geochemical s ampling
the w orking halves w here us ed up f or ge otechnical i ndex m easurements and undr ained s hear
strength determination and further sub-sampling.

Core description and core imaging

Core de scription included grain s ize e stimates, a ddressing color values b ased on t he M unsell
Color Chart and the description of s edimentological and tectonic s tructures. S mear s lides and
acid testing aided in the de tection of a shes, or ganic r esidues and ot her exceptional particles.
Digital core photos were made on a mobile rack with scale illuminated by 2500 Watt lamps set
up to produce shadow free high resolution images. The digital camera was set up in timer mode
to avoid camera motion resulting from manual triggering.

3.4.2 Gravity coring

About 200 m of s ediment w as r ecovered of fshore C osta R ica, N icaragua, E 1 S alvador a nd
Guatemala at the Pacific Continental M argin during METEOR cruises M6 6-3a and b. 31 c oring
stations were sucessfully conducted during M66-3a using the BGS-vibrocoring device primarily
in c onsolidated or ¢ emented s eafloor areas ( carbonate m ounds, s lides, s cars). About 90 m of
sediment was recovered by using this method. Gravity coring was used during M66-3a and b in
areas were soft sediment was expected. Overall 110 m of sediment cores were recovered in 26
stations. Results are described in the context of specific studies on tephrostratigraphy, submarine
slides, carbonate mounds, and with respect to geochemistry (see below).

3.4.3 Authigenic carbonates

Previous work shows that authigenic carbonates are excellent archives for reconstructing ancient
fluid flow activity at active continental margins. The cruises SO144, SO163, SO173, M54 and
M66/2 of RV SONNE and RV METEOR along the Middle American subduction zone discovered
and s ampled authigenic ¢ arbonates ¢ overing m ud m ounds, s carpsa nd f aults w itha n
impenetrable cap offshore Nicaragua and Costa Rica (Weinrebe and Flith 2000; Bohrmann et al.
2002). T he s ample te chniques w ere limited to relatively thin surface s amples obtained video
controlled by T V-Guided Grab and R OV, or randomly s elected by Gravity C orer and M ulti
Corer. As a result of this insufficient controlled sampling the chronological knowledge and the
geochemical history of the formation of authigenic carbonates is poorly understood.

During c ruise M 66/3 t he m ain obj ective w as t o r ecover p reviously identified ¢ arbonate
mounds and —structures and actively drill these with the video controlled BGS rockdrill. The aim
was t o obt ain | ong coherent carbonate coresto geta continuous r ecord of t he a uthigenic
carbonate origin. The second approach was to obtain carbonate cores from different geological
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settings ( e.g.: Nicaragua: s mooth East P acific R ise P late, Costa R ica: r ough Galapagos R ise
Plate) and various depth ranges.

Authigenic ¢ arbonate ¢ ores w ere ¢ ollected du ring M 66-3A w ith t he BGS r ockdrill. T he
working program of the cruise started in the working area offshore Nicaragua and lasted for 2/3
of the total expedition time. This was followed by another week o f working of fshore S Costa
Rica. The drill sites were chosen considering interpreted geological and geophysical data from
previous scientific cruises. At every drilling locality the BGS rockdrill was deployed and stopped
approximately 5Sm above seafloor. While hovering, the seafloor surface was evaluated with the
help of the live video pictures t o s earch for a pos sible 1 anding area. If n ecessary t he B GS
rockdrill was moved laterally by drifting of RV METEOR. Desired locations on the seafloor were
indicated, where carbonate was visible on/in the sediment or hardground. At promising spots the
BGS rockdrill was put down while watching closely to the pitch and roll angle. A rest period of
several minutes was applied to see if the whole BGS rockdrill unit is still moving, sliding or
tilting. If the conditions were stable the drilling was started. During the drilling penetration vs.
time, rotation value (rpm = rotations per minute) and oil pressure were constantly moniored by
telemetry. Rpm, bit weight and flush pumps were manually modified to get an ideal penetration
of 1 -5cm/min. W ith increasing drilling e xperience a rpm of 280 to 300 and a high flush rate
turned out to be an optimum value for carbonates. After several drilling attempts with low or no
core r ecovery ( gravel a nd/or hi ghly fractured material) w e changed our s trategy. Instead of
approaching the maximum penetration depth of Sm we stopped the drilling immediately if the
penetration rate per time was getting too high (>8-10cm/min; drilling into soft sediments instead
of hard material) to recover core material so far drilled.

Continuous authigenic carbonate cores were drilled successfully for the first time ever. Also
carbonate cores were achieved from different geological settings and depths:

-Offshore Nicaragua: Md.Congo is the northernmost-drilled mound whereas Md.Culebra, the
deepest (1527 mbs) recovered drill site, is located at the southern end of the Nicaraguan working
area. Md.Baula V with a water depth of 796m is both, the most shallow and with a total recovery
rate of 172cm carbonate, the most successful drilled Nicaraguan mound.

-Offshore C osta Rica: Jaco Scarp is situated at the northern edge of the working area and
represents with 815m water depth also the most shallow drill site. Mound 12 (979 mbs) is the
deepest drilled mound station of f Costa Rica and marks also the southern border of the Costa
Rican working area.

During our B GS r ockdrill a ttempts w e no ticed m ainly t hree di fferent ki nds of s eafloor
structures resulting in three types of drillings:

I)onl ys ofts ediment vi sible ons eafloor s urface - We de ployed t he B GS r ockdrill
nevertheless. Most of the drilling was characterized by a hi gh penetration rate (>8-10cm/min)
and no ha rdground or carbonate rocks/stones/clasts were visible in the drilling log. No sample
recovery.

2) soft sediment and carbonates occur on t he seafloor - low penetration rate of 1-5cm/min,
repeated intervals of increased penetration rate of >8-10cm/min. Sample recovery rare.

3) carbonate blocks and —boulders - we observed at this drilling basically very low to low
penetration rates only. Intervals of increased penetration rate are rare. Core s ample r ecovery
abundant.
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A slightly fractured 317 cm long coherent carbonate core and a total recovery rate of 387cm
carbonate accomplished at Jaco Scarp are the highlights of the BGS rockdrill campaign.

Regarding both working areas, a total of 38 BGS rockdrilling attempts were carried out with a
total carbonate core recovery of 835cm. The total drilling recovery related to carbonate mounds
is the following:

Md.Baula V: 7 drilling attempts, 172cm carbonate core
Md.Perezoso: 2 drilling attempts, 80cm carbonate core
Md.Iguana: 2 drilling attempts, 73cm carbonate core
Md.Culebra: 4 drilling attempts, 44cm carbonate core
Md.Quetzal: 6 drilling attempts, 36¢cm carbonate core
Md.Baula: 5 drilling attempts, 21cm carbonate core
Mound 12: 1 drilling attempt, 13cm carbonate core
Md.Congo: 1 drilling attempt, 9cm carbonat core

FiG. 3.3:

Location m ap of
Nicaragua Mo und
Province.

Many of t he r ecovered c ores a re hi ghly fractured (up to a dr illing br eccia) a nd pos sess
therefore a hi gh amount of gravel and ot her b roken m aterial. T he m ost parts of the s tations
M66/3-129, -156, -157, -184, -185, -210 and -214 are only slightly to moderately fractured and
the best drilling results with a fair to good carbonate core sample quality.

The r ecorded da ta of p enetration vs . time of the B GS r ockdrilling r esult in an a dvanced
knowledge a bout t he t hickness and di stribution of know n c arbonate coverage. T he c arbonate
thickness is less than expected from OFOS and ROV observations. In addition the distribution of
carbonate pavements is much smaller than indicated by geophysical data.
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Looking at the BGS rockdrill localities we notice that we recovered less fractured and more
continuous ¢ ore s amples from s hallow s tations 1ike t he N icaraguan M ounds P erezoso ( 80cm
core) and Baula V (90cm core) as well as the 317cm core from Jaco Scarp (Costa Rica area). All
these s tations have a similar de pth of about 80 0m bs1. O nly e xception from a d eeper s tation
where we recovered one continuous core sample is M ound Iguana (65cm core) at 1225m bsl
water d epth. From previous O FOS observations we know that mounds offshore Nicaragua are
generally larger than those off Costa Rica. This fits with our investigations from Nicaraguan drill
sites compared to Mound 11a,b and Mound 12 from Costa Rica. So chances to recover carbonate
cores seems to be much higher offshore Nicaragua. Although we have to take into account that
we drilled 9 s itesin N icaraguaand 4 C osta R ican s ites onl y. T he s hallower m ounds a nd
carbonate structures seem to be more dense and solid and more suitable for the BGS rockdrilling
device.

The c arbonate ¢ ore M 66/3-210 and -214 were bot h drilled atthe t op of the Jaco S carp
formation. W e f ound fossil ve stimentiferan t ubeworms ¢ emented i nside t he grey ¢ arbonate
layers. T hese tubeworms are the fossil ancestors of 1iving tubeworm fauna c olonies from the
deeper part of the Jaco Scar formation. The tubeworm colonies were observed during previous
Alvin dives and also at coring attempts with BGS vibrocorer. C onsidering this observation we
are ableto show forthe firsttime thatJaco Scaris apreviously unaccounted s ite of fluid
dewatering caused by seamount subduction.

The t hickness a nd di stribution of ¢ arbonate ¢ overage on m oundsisnotasabundantas
interpreted by OFOS and ROV seafloor observations. Previously collected and interpreted side-
scan sonar data show extensive high reflectivity (backscatter) on or around the topography of the
outcropping mounds. During all of our drilling attempts we selected sites inside these backscatter
anomalies and drilled every time several meters deep (up to the max. penetration depth of 5m).
We never found hardground, massive carbonate or buried carbonate layers where soft sediments
were visible on t he seafloor only. We came to the conclusion that attype 1 s tations the high
backscatter i s not caus ed by o rne cessarily a ssociated with the oc currence of ( massive)
authigenic carbonates hidden under a thin layer or inside the sediment.

At T ype 2 dr illings w e obs erved a 1 ow pe netration r ate w ith r epeated i ntervals of hi gh
penetration. T his | eads t o t he i nterpretation t hat t here are c arbonate | ayers w ith intermediate
layers of soft sediment or extended voids. Also possible are bigger carbonate rocks and -stones
inside the soft sediment that got hit by the drilling bit. An alternative e xplanation is drilling
through soft sediments with intermediate layers of consolidated clay clasts. But because of the
rare ¢ arbonate s ample r ecovery and t he t otal missing of m ixed c onsolidated/soft s ediment
samples as well as continuous ¢ ore s amples, op en que stions remain. W e found s oft s ediment
with intermediate layers of semicemented to hard carbonate granules and pebbles in some of the
BGS vibrocores. But these granules and pebbles formed not coherent solid layers instead these
were loosly connected. Also observed were the semi consolitated/compacted clay clasts in some
of the vibrocores and Gravity Cores.

Summarising all the observations we come to the conclusion that the carbonate coverage on
mounds is not as continous, solid and thick as interpreted before. The carbonates consist mostly
of blocks/rocks and stones, highly porous material with voids and cracks. Only at type 3 stations
the carbonate material, consisting of bigger blocks and boulders, is dense and solid enough to be
drilled and recovered.
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344 Marine Tephras offshore Southern and Central Middle America -
preliminary results from METEOR cruise M66/3

In C entral A merica and ot her r egions on E arth, hi ghly explosive, pl inian vol canic e ruptions
generate buoyant eruption columns rising 20-40 km high into the atmosphere up to the level of
neutral buoyancy w here t hey spread | aterally (Kutterolf et al. 2006). The C entral A merican
Volcanic Arc (CAVA), an area with one of the largest densities of active volcanoes in the world,
cause eruption clouds drifting to the West with the prevailing wind and gradually drop their ash
load over areas up to 10° km?” in the Pacific Ocean (Fig. 3.4). The CAVA formed in response to
subduction of the Cocos plate beneath the Caribbean plate since the late Cretaceous.

Fic. 3.4: Overview map of Middle and Central Middle America with core locations of M66/3, M54/2
and SO173/3.

Ash layers are best preserved in non-erosive marine or lacustrine environments and therefore
provide t he m ost ¢ omplete r ecord of vol canic a ctivity. W ide a erial di stribution a cross
sedimentary facies boundaries, near-instantaneous emplacement, chemical signatures, facilitating
stratigraphic correlations and the presence of minerals suitable for radiometric dating make ash
layers ex cellent s tratigraphic m arker be ds f or m arine geoscience (Kutterolfet al.2006) .
Therefore m arine a sh 1 ayers of M 66/3a are us ed t o da te s ubmarine e rosion a nd de position
processes, s ubmarine m ound s tructures, a nd s ubmarine | andslides. M arine t ephrostratigraphy
also provides constraints on t he temporal evolution of both, the volcanic source region and the
ash-containing s ediment facies, and s hould be a good feature to correlate di fferent s ediment
successions from on-land and marine environments of the whole Central American region with
each other. The latter was the major goal of the second leg of the M66/3 cruise.

Due to sedimentation conditions gravity cores of 6 to 9 m length reach only up to 7 m depth
in soft sediments. Therefore, tephrostratigraphy is limited to ages of around 10° years concerning
evaluated sedimentation rates of €. 6 ¢ m/ka atthe incoming plate and c.20c matthe slope
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(Kutterolf et al. 2006). At the first part of the cruise (M66/3a) only slope sediments have been
sampled, whereas in the second leg (M66/3b) mainly the sediments from the incoming plate have
been the targets.

Visual identification of ash layers is easy when the ash forms mm to c¢m thick distinct and
undistorted | ayers. In slope s ettings, how ever, mass w asting pr ocesses r edistribute a shes a nd
therefore visual recognition in core sections can be difficult and many ash lenses oc cur within
the core. Ifthese are ash lenses that are concentrated in confined areas of the core and the
compositions are unique, insitu reworking of ash layers can be assumed with nearly no o ffset
regarding the stratigraphic location of the primary ash layers.

Core logging techniques allow identifying both, distinct layers, and dispersed ashes in marine
sediment c ores, pr ior ¢ ore de scription. S tandard ¢ ore I ogging p arameters i nclude P -wave
velocity, density from gamma a ttenuation and magnetic s usceptibility. Logging the m agnetic
susceptibility of a shes c ould c losely be linked t o de nsity v alues of m arine a shes. B ulk s lice
samples are easily cut from ash layers with thickness in the cm-range whereas samples from very
thin ash layers are us ually mixed with s ediment. E ven primary fallout 1 ayers us ually ¢ ontain
some biogenic and clastic debris. Thus Laboratory techniques need to be employed to separate
the volcanic material before geochemical analyses.

FiG. 3.5: Detail picture of prominent ash layer from core M66/3-179 with sharp base and diffuse
top. T he 8 -cm-thick as h | ayer s hows gr adation from coarse ashto fine ashand an
interbedded horizon with grayish ash material
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Petrographic, s tructural studies a nd ¢ ompositional da ta - including min eral a ssemblages,
mineral and glass compositions obtained by electron microprobe and LA-ICP-MS - as well as
bulk r ock chemistry, are us ed f or ¢ orrelations between m arine a nd on I and t ephras. M icro
analytical methods of glass shards may also allow detecting components of compositional zoning
of m agma ¢ hambers o r of ash be ds ¢ ontaining m aterial f rom di fferent e ruptions mixed b y
reworking. P otassium-bearing minerals c an be used for single-crystal *“°Ar/*’Ar dating at a ges
greater than 10* years. Dating of younger ash layers is based on constraints from the interbedded
sediments, or '*C-ages as determined from organic material of correlated tephra on land. Another
possibility f or da ting i s t hermoluminescence dating, w here t he a mount of r adiation from
background s ediment t hat a ffected t he glass s hards dur ing t he t ime of s torage a t t he oc ean
bottom, 1s de termined and transferred t o de positional ages. A 1l ash layers w ere s ampled for
further chemical and petrographic examinations, and especially for thermoluminescence dating.
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TaB. 3.1:  Smear slides description
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3.45 Sediment Analyses and Seismic Investigations on submarine
Landslides offshore Nicaragua and Costa Rica (Pacific)

Since bathymetry data, collected by former cruises M54 and SO173, revealed many individual
slope failures along the erosive continental margin off Costa Rica and Nicaragua, a major goal of
METEOR cruise M66/3 was the investigation of submarine landslides.

Slides a long t he C entral A merican ( CA) s ubduction z one s hould be p redominantly
characterized by th e di fferent geological s ettings. Nicaragua with a mo rphologically smooth
incoming plate, penetrating deeply into the lithospheric mantle, should have different effects on
slope stabilities and therefore the formation of slides, than the area offshore Costa Rica with a
rough, seamount dominated subducting plate and a flat subducting angle. Another driving force
for slope failures is an overloading by sediments. Since the geological settings in the study area
are di fferent, sediment i nput ont he s lope of Nicaragua and C osta Ricais variable as well.
Explosive volcanism in Nicaragua produces large amounts of ashes that are rapidly deposited on
the s lope. In ¢ ontrast C osta R icas r ecent vol canism i s 1 ess e xplosive a nd s ediments a re
dominated by terrigenous input from the continent. Comparing the slides of these different areas
and a Isoi ncorporatingt he ¢ hanging geological s ettings (input,s lope a ngle, t ectonic,
morphology, seismic activity) in our considerations is therefore one major goal of this study.

FiG. 3.6a: Continental margin along Costa Rica and Nicaragua: Numbers and crosses mark core
stations (see Table 1).

Fic. 3.6b: Inset: Masaya S lide(little ar row) at w ater depth around 200 0-3000 m and u nnamed
neighbouring slides to the north west.

Another focus will be the identification of weak layers within the sediment successions that
can act as sliding planes and the e valuation of their relevance for slope destabilization during
earthquakes or volcano activities. T herefore the work is going to include analyses of physical
and sedimentary properties from sediments of the slide areas and their undisturbed surroundings.

For this purpose a total of four submarine landslides on t he continental slope of Costa Rica
and Nicaragua were chosen during the cruise M 66 3a/3b. PARASOUND data of each slide were
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recorded and 13 gravity cores were taken. D etermination of some physical properties, analyses
of pore water chemistry as well as core photography and core description were done immediately
on board. From locations offshore Nicaragua in the north to the south off Costa Rica the slides
were named Telica, Masaya, Hermosa and Lira Slide (Fig. 3.6, Tab. 3.2).

TAB. 3.2: Locations of slides with extension, headwall sizes, core numbers and water depths.

Name L ocation Station No. |Size Headwall |Water depth

Telica 11:39.19/87:49.49 162-164 |1.5x 1. 5km 40m 2400-2600m
Nicaragua

Masaya 11:09.07/87:13.22 131-133, 12x6km 100-150m | 1600-3700m
Nicaragua 220

Hermosa | 10:12.35/86:18.07 151-153 9x3km 25m 1900-2500m
Costa Rica

Lira 9:12.18/84:44.03 204-206 3.5x1.5km 30m 500-700m
Costa Rica

The continental slope off Nicaragua differs from Costa Rica not only in tectonic setting, but
also in average slope angles. Especially within the critical water depth of 1000 to 3000 m where
the majority of slides occur one can find a typical decrease in the angles from Nicaragua to Costa
Rica (Fig. 3.7).

Slope angles 1000-3000m waterdepth
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FiG. 3.7: Average s lope angles of fshore N icaragua and C osta Ricain water d epths between
1000-3000m. Numbers in red are slope angles in the nearest surrounding of the slides.
Dotted line marks the geographic border from Nicaragua to Costa Rica.
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3.45.1 Masaya Slide

This slide 1s the 1argest one investigated ( Fig. 3.8). M asaya Slide is located in 2000 -3000 m
water depth on t he steep continental slope offshore Nicaragua in association with several other
slides of the same size and shape (inset of Fig.3.6). The headwalls of these neighboring slides are
placed i nt he s ame w ater de pth. In contrastt ot he ot her s lides, ba thymetry d ata s how a
conspicuous fresh shape with sharp distinct edges.

Upslope of Masaya Slide, c. 6 km to its northwest, there are two mud mounds that have been
named Mound Iguana and Quetzal in former cruises .

Fic. 3.8:

Bathymetric data of Masaya Slide. Vertical line
shows the PARASOUND profile at the he adwall
and the location of coring stations.

Masaya slide appears to be generated by multiple slide events since bathymetry data shows
some smaller steps and headwalls on different levels all over the collapsed area (e.g. Fig.3.8).

The average angle of the slope in the area of the headwall is around 5.5°. The headwall is up
to 200 m high and the slope angle is about 25°, respectively. Since the data acquisition with the
PARASOUND system is difficult on surfaces with an angle greater than 4°, we did not deliver good
data f or t he he adwall area. N evertheless t he sonograph i n Figure 3. 9 s hows t he s urface
morphology of the slide and some meters within the sediment succession in vertical resolution.

Four Gravity cores were taken (cores 131-133, 220; see Fig. 3.8) but none of them reached a
mélange horizon or a consolidated layer, which indicate a slide plane, respectively.



3-24 METEOR-Berichte 09-2, Cruise 66, Leg 3, Caldera — Corinto

Fic. 3.9: PARASOUND image of Masaya Slide and core stations 131-133, 220. The main morphological
features are shown on the left side. (Ship velocity + 2 knots; 5 Minutes of UTC time on the x-
axis are = 300 m).

The cores mainly consist of reworked brown to greyish silty clays with few intercalations of
mafic or felsic ash layers. The tephras are more mafic near the top of the core and more felsic
near the bottom. In general felsic ash layers are thicker than the mafic ones. Often, they are also
associated with an accumulation of foraminifers within the layers. Since, the cores 131-133 and
220 from M asaya S lide 1 ook s imilar only core 132 is shown here in detail. Logging datain
Figure 6 show, that the density of the material is increasing typically with depth throughout the
core. The only significant change in the gradients is between 2,18 m and 2,30 m concerning
values of porosity and shear strength. It can be seen, that shear strength and porosity are acting
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inversely proportional to each other. When shear strength is decreasing with depth, porosity is
increasing, respectively.

As a first approximation the alkalinity gives information how long digenetic processes have
been a ctive i n t he s ediments of t he c ores. S trong ¢ hanges w ithin a lkalinity s uggest a r apid
change in sedimentation conditions lik e it w ill happen when younger s ediment material slides
onto ol der. T ogether with a sharp change regarding the density gradient, it gives information
about pos sible m ovements, |l inear s tratification and non -linear s tratification, respectively. The
cores taken from Masaya Slide did not show any significant gradient changes within alkalinity
and s hows a c ontinuous increase w ith de pth. This is the usual c ase in s ediments, w hich are
vertically affected by diagenetic processes. The only anomaly which can be observed concerns
the gradient for H,S, NH4 and Chloride between 2.18 cm -2.30 cm (bsf). This is within the same
depth interval where changes in the values of shear strength, porosity and p-wave velocity can be
seen in the logging data.

3.45.2 Hermosa Slide

This slide located in 1900 to 2500 m water depth (Fig. 3.10). Its headwall is about 25 m high
with a slope angle of 12,7°. The surrounding area of the continental slope has an average angle
of 5,7°. E leven kilometers to its northwest, at around 1500 m w ater depth, there are two mud
mounds, called Md. Culebrita and Md. Culebra.

On a larger scale its morphology 1ooks more like an erosion channel caused by terrigeneous
sedimentation than a distinct triangle shaped collapsed area comparable to Masaya, Hermosa or
Telica Slide. The relatively long and narrow shape as well as the water depth is similar to its
neighbouring BGR and GEOMAR slides in the southeast. Lira slide is located on the top of a
plateau, which is in the extension of Jaco Scarp, nine kilometres to the southeast.

PARASOUND data f rom Lira s lide s how parallel r eflectors in the area of t he undi sturbed
layers.

Fic. 3.10:
Bathymetry data of Hermosa Slide. The
redl ines hows the ¢ onducted

Parasound pr ofilean dt hec oring
stations. S chematic ¢ ontour of
Hermosa Slide.
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The PARASOUND image s howed di sturbed | ayers i n w ater de pths g reater t han 2000 m .
Sediment layers above the headwall have more parallel reflectors. Nevertheless, in a bigger scale
they have a w avy character and can be divided in three units with amplitudes of 300 — 400 m.
Core Number 151 was taken in front of the headwall. Cores 152 and 153 were taken from the
neighboring areas and are supposed to be reference cores and therefore not described in detail
here. Core 151 ¢ onsists of olive gray silty and clayey 1 ayers w ith e mbedded a sh 1 ayers and
intercalations of ashe lenses. A unconformity at 147 ¢ m below s eafloor is remarkable. In the
subjacent bed, a zone of reworked material occurs, which consist of consolidated carbonate mud
clasts in a silty to clayey matrix. At the depth of 156 cm this zone is limited by an ash layer
having vol canic pa rticles of fine-sand grain size. Inthe following units a r apid i ncrease i n
density occurs, which is obvious in the core description as well as in the physical properties.

3.45.3 Telica Slide

Telica slide has the most indistinct appearance in the bathymetry data, since it is really small and
the resolution of the bathymetric data is limited. Nevertheless, it is possible to look for smaller
slides like Telica by scanning the continental slope from different points of view. It is reasonable
to investigate also these smaller slides since there is a better chance to penetrate a slide plane in
smaller slides than in the larger ones, because the overlying sediments are thinner. At M asaya
Slide it w as i mpossible to break t hrough the thick overlying de posits. It is also important to
understand the processes that cause slides are operating over a variety of scales.

Fic. 3.11:

Bathymetry data of Telica Slide with the
PARASOUND profile at the headwall and
appliedc ores tations. Schematic
contour of Telica Slide.

The core location is an approximation since the exact position is difficult to determine due to
the m ovements of the ship and the 2.5 km long rope ofthe gravity core. Thisisa common
problem with locations situated in water depth greater than 2000 m . N evertheless, from w ater
depth, 1ithology, po re water chemistry and 1 ogging datait can be assumed thatcore 1641 s
located near the headwall.

3454 Lira Slide

This was the last slide to be sampled during the M 66-3 cruise. It is the only one, which had
been taken from the erosive continental slope off middle Costa Rica. The continental slope is
rough in contrast to Nicaragua and is marked with scars from seamount subduction. M aximum
water depths and the deepest parts of the trench respectively are much shallower than offshore
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Nicaragua. Average slope angles next to Lira Slide (3 °)are much smoother than in the north of
the working area. Lira Slide is located on the upper part of the slope between 500 and 700 m of

water depth (Fig. 3.12 a and 3.12 b).

Fic. 3.12:

Bathymetry data of the headwall area of Lira
Slide w ith PARASOUND profilea ndc ore
stations. Schematic contours of the headwall
area of Lira Slide.

On a larger scale its morphology looks more like an erosion channel caused by terrigeneous
sedimentation than a distinct triangle shaped collapsed area comparable to Masaya, Hermosa or
Telica Slide. The relatively long and narrow shape as well as the water depth is similar to its
neighbouring BGR and GEOMAR slides in the southeast. Lira slide is located on the top of a
plateau, which is in the extension of Jaco Scarp, nine kilometres to the southeast.

PARASOUND data from Lira slide show parallel reflectors in the area of the undisturbed layers

(Fig. 3.13).

FiG. 3.13:

PARASOUND profile over Lira Slide and core
stations20 5a nd 206 witht hem ain
morphological features described on the left
side. Data of the h eadwall ar e i ncomplete,
due to an slope angle of > 2° .(Ship velocity
1 3 knots. 5 Mi nutes of UTC time on t he x-
axe are £ 450 m.)
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FiG. 3.14: Sediment s uccession bet ween 300 to 3 40c mbs fof C ore 205f rom Lira S lide. An
unconformity can be seen that is well developed throughout the whole core showing normal
faulting in the sediment layers.

A major result of cruise M 66-3a/3b concerning slides is that slide c haracteristics along the
Costa R ican slope di ffer f rom s lides of fshore N icaragua s imilarly tot he va rying s lope
morphology and tectonic settings. T he water depth, where the slides occur is in average much
shallower of f Costa Rica than at the Nicaraguan slope and in addition, the sediments and their
bedding are also more variable. This implicates also, that the trigger mechanisms and pre-failure
history of a slide could be different as well. In the following results for each slide are discussed
in detail.

Masaya Slide

Masaya Slide shows no anomaly regarding the alkalinity gradient, which would represent a
discordance in t he ¢ hronology of the s ediment s uccession a nd t herefore ¢ ould i ndicate s lide
deposits. In contrast, M asaya Slide has typically values for alkalinity regarding the increasing
depth, a nd r epresents a di agenetic pr ocess i n undi sturbed 1 ayers i n de eper parts of the c ore
sediments.

Only from bathymetry data it is obvious, that these sediments are not undisturbed. The reason
for the relatively inconspicuous physical and chemical properties could be that a gravity core of
only about 6 m records no remarkable ch anges within the s ediment s uccession since M asaya
slide deposits are too thick and were not able to be intersected. It can be assumed, that the core
caught a t hick layer, which collapsed at t he he adwall and slided as a relatively undisturbed
sediment package downslope.

Hermosa Slide

Hermosa S lide ha s a s imilar mor phology like Masaya but is muc h smaller. Within the
PARASOUND profile it is conspicuous that in contrast to M asaya, H ermosa has no s lide plane
exposed at the surface. Since slide deposits at Hermosa Slide are thinner, they were caught with
gravity core 151 and one can see a sharp bend in the gradient for alkalinity. This is an evidence
for a slide e vent, w hich br ought t wo di fferent s ediment uni ts t ogether. In this case alkalinity
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increased with a relatively sharp bend and relatively young deposits have been slided over older
deposits.

Interpretation of the lithology and physical properties support this assumption. A dditionally
an ash layer marks the point where density and alkalinity are increasing rapidly. This ash layer is
likely to be the slide plane with smaller values in shear strength and higher values for porosity.
In the superposed area, intercalated between the ash layer and less denser younger material, a
horizon w ith r eworked sediments oc curs, m arking a m elange where bo th s ediment pa ckages
have been mixed during sliding.

3.455 Telica Slide

Bathymetry d ata of Telica Slide seem to indicate a slide structure with a short run outand a
relatively vast headwall area. Physical properties of core 164 show a peak in shear strength and a
decreasing por osity s imultaneously at around 3 50 cm bs f. T his m arks the boarder to a much
younger, subjacent sediment body. This interpretation is supported by the alkalinity gradient that
also shows a bend with a following reversal of values in that horizon. The explanation for this
result could be, that some old material from the slides vertical truncated headwall area dropped
in an “after slide event” over fresh and young slide deposits lying in deeper parts of the slide
scar. Remarkable are the concentrations for chloride and POy, which also show a break in their
normal di agensis gradients in the similar ho rizon w here the anomalies in ph ysical p roperties
occur. T his might represent the exchange of young sediments with salt water be fore a f ailure
happened. In this core a mafic ash layer between 170 cm to 173 cm bsf has higher shear strength
and lower porosity values than its surrounding clayey to silty sediments.

3.45.6 Lira Slide

Lira slide is situated at much shallower water d epth and had a com pletely di fferent s ediment
succession in its cores recovered. M any small discordances were common within the deposits.
As the whole structure is smaller and has a more elongated appearance it might be assumed that
it is more likely an erosion channel, being highly dependent on terrestric sedimentation.

There are no slides at the continental slope of Costa Rica, which are com parable with the
morphology o f those found of f Nicaragua. S hapes and sizes are 1ess reminding of avalanches
than t hey do of fshore N icaragua. Its eemst hats edimentation of fC ostaR icai s m ore
inhomogeneous and therefore facilitates more frequent smaller collapse events without creating a
triangle shaped large slide scar. In average, the carbonate content is higher within the cores 204-
206 offshore Costa Rica compared with cores from Masya, Hermosa and Telica Slide.

3.4.6 Sedimentology of Mounds (General physical properties)

In general, t he obs ervations m ade f rom t he material of M 54 and S O 173 ha ve be en
corroborated: Material extruded off the north of Nicoya Peninsula and Nicaragua is more rigid
than material ex truded off s outhern Costa Rica (see cores from Carablanca, Costa Rica). This
indicates that the source of the material is deeper in the north.

Information on the thickness of massive carbonate covers on the mound can only be obtained
indirectly. On the mounds, the maximum drilling depth achieved was <1.5 m, while Jaco Scar
yielded a ~4-m-long core. An indirect conclusion is that the carbonate cover on t he mounds is
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only partial and that — as far as can be judged from the drilling p rotocols — softer s ediment
follows quite soon.

There i sno clear t rench-parallel t rend ¢ oncerning a ge a nd a ctivity. In t he s outh, a ctive
structures were only found at Mound 11 (Alvin dives), while in the north there is a close vicinity
of more active structures and rather passive structures. For example, Mound Culebrita has almost
no hemipelagic cover above extruded material while the cover on Mound Culebra is already ~
100 cm thick. A nother example is M ound B aula, the 1 argest m ound of f N icaragua and C osta
Rica. None of the cor es t aken here cont ained material ex truded from de eper s ources, while
nearby Mound Carablanca is characterized by only thin or no carbonate and sediment covers.

The assumed correlation between carbonate cover, size and activity of the mounds appears to
be supported by the new data. Large, heavily “carbonated” mounds are less active than s mall
structures with only a thin or no carbonate cover.

3.4.7 Pore Water Geochemistry
Sampling, processing, and analyses

Surface sediments were taken using a TV-guided vibrocorer (RDV) from BGS (Edinburgh) and
a gravity cor er (GC). To preventa w arming o f't he s ediments after r etrieval al | cores w ere
immediately placed in a cooling room and maintained at a temperature of about 5°C. Each core
was cut lengthwise after recovery. Sample intervals between 10-50 cm were taken for pressure
filtration. A t s ampling l ocations w here m ethane w as e xpected to be present, s yringe s amples
were taken on deck from every cut segment surface. Occasionally, higher resolution sampling for
methane analysis was carried out in the cooling laboratory. Syringe samples of 3 m 1 sediment
were i njected i nto 24 m | 's eptum vi als ¢ ontaining 9 m 1of a c oncentrated NaCl-solution.
Porewater w as separated from the sediments using PE-squeezers. The squeezers were operated
with argon ata p ressure gradually increasing upto 5 ba r. D epending on t he po rosity and
compressibility of the sediments, up to 30 ml of pore water were received from each sample. The
pore water was retrieved through 0.2 um cellulose acetate membrane filters.

Dissolved phosphate, silica, ammonia, and sulphide were determined in pore water samples
using standard photometric procedures (i.e. Grasshoff, 1997). Sub-samples for nutrient analysis
were t aken, a cidified w ith H Cl and pur ged w ith N ,-gas for 90 m inutes to r emove di ssolved
sulphide prior to analysis. T otal alkalinity (TA) was determined by titration with 0.02 N HCL
Most samples were also analysed for dissolved chloride using argentometric titration in order to
control t he IC r esults. M ethane ¢ oncentrations w ere m easured us ing standard G C m ethods.
Acidified sub-samples (35ul suprapure HCl +3 ml sample) were prepared for ICP analyses of
major ions (K, Li, B, Mg, Ca, Sr, Mn, Br, and I) and trace elements. Sulfate, DIC, 5'%0 and 8"C
of CO, will be determined on selected sub-samples in the shore-based laboratories.

Results and Discussion

In total, 47 RDVs and GCs were processed and investigated for pore water processes. The results
shown be low are subdived into 4 s ubsections w ith regard to the m ajor goals in the di fferent
working areas: (1) Nicaragua Mounds, (2) Costa Rica Mounds, Jaco Scar and Parita Mud Pie, (3)
Slide Cores, and (4) Ash cores.
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3.4.7.1 Nicaragua Mounds

The m ajor focus on M 66/3a w as t o pe rform an i ntense s ampling p rogram in t he N icaragua
Mounds area and in the vicinity of Mound Culebra off Nicoya Peninsula, northern Costa Rica. In
total, 25 ¢ ores w ere t aken at M ound B aula, Iguana, C arablanca, C ongo, Q uetzal, P erezoso,
Colibri, Mosquito, and the Mound Ridge off Nicaragua as well as Mound Culebra and Culebrita
off nor thern C osta Rica. T he m ajor intention w as to identify and sample 1 ocations of intense
fluid s eepage and/or to drill through authigenic carbonate c rusts, which were known to occur
widespread in the northern M ound areas, in order to get clear information on t he specific fluid
composition. In particular, it should be tested, if a similar type of deep fluids as unequivocally
determined at Mound 11 and Quepos Slide is also expelling and driving mud volcanism in the
northern part of the studied area. D ata obtained on e arlier c ruises w ere not suitable to e ither
prove or disprove this hypothesis.

Deep fluid signatures as known from the sites of f southern Costa Rica (Hensen et al. 2004)
are typically depleted in chloride and strongly enriched in nutrients, s pecifically in phos phate
and ammonia. Methane fuelling the anaerobic methane oxidation (AOM) in surface sediments is
generally produced by the de cay of or ganic m atter i n de eper s ediments. D uring t his pr ocess
nutrients are released into the pore water. Hence, fluids from the methanogenic zone are usually
enriched in dissolved nutrients. In most cases, these sites represent active upward migration of
methane-enriched fluids. This is documented by high levels of methane and peaks of alkalinity
and hydrogen sulphide within the zone of AOM. Unfortunately, sulphate data are not available
yet so that the location of the AOM could not be determined precisely, where plots of alkalinity
and hydrogen sulphide are too scattered to allow a good approximation. Gas hydrates could be
sampled onl y at M ound B aula, s pecifically at stations 134 a nd 1351 arger pi eces c ould be
sampled from the cores. In addition, w e suspected that small amounts of finely dispersed gas
hydrate must have been present at station 139 at Mound Carablanca.

In total, negative chloride anomalies could be observed at all structures with the exception of
Mound Iguana and Mound Colibri (Table 1). Considering the potential occurrence of gas hydrate
at a some sites, artificial freshening of pore fluids by decomposing gas hydrate cannot be ruled
out as reason for these observations. Overall, clear evidence for the advection of nutrient-rich,
deep fluids could only be from Mound Perezoso and a couple of locations on the Mound Ridge.
At all other sites, low concentrations of nutrients were found indicating that either methane is not
transported t ot he s urface w ith a scending f luids but r ather asf ree g as or t hats hallow
hydrological systems may be active at those locations, mixing bottom w aters into the surface
sediments so that the chemical signature of the deep fluids is overprinted by the bottom water
signature. The latter h ypothesis seems to fit better to the observations for two reasons: (1) Gas
bubbles e scaping from the s ediment w ere not observed at any of t he locations and (2) the
chloride depletions are less pronounced (i.e. compared to many sites in southern Costa Rica) and
appear as continuous curves in the depth plots. Usually, inherent signatures, as for example the
chloride de pletions, appear as cont inuously decreasing cu rves ast hey reflect t he adv ective
upward flow of the fluid and the mixing with seawater by diffusion as they approach the very
sediment surface. In contrast, the dissociation of gas hydrates causes more scattered profiles as it
may be suggested for some sites at Mound Baula and Carablanca.
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Since t he m ajority of t he c ores s how m ore or | ess ¢ ontinuous ¢ hlorinity pl ots, we m ay
preliminarily conclude t hat t he obs erved m ineralization pr ocesses are largely drivenb y t he
advection of deep, chloride-depleted fluids.

TAB. 3.3:  Chloride anomalies at various Mounds in the northern working area.

Mound Chloride Anomaly
Congo J

Carablanca J (Gas hydrate?)
Baula 3\ (Gas hydrate)
Quetzal W

Iguana no

Perezoso J

Colibri no

Mosquito J

Culebra W

Culebrita J

3.4.7.2 Costa Rica Mounds, Jaco Scar and Parrita Mud Pie

Due to the extensive preceding work in the southern working area off Costa Rica, only specific
targets were sampled on this cruise. Particularly, we aimed at getting more information on the
composition of the fluids expelling at the slide plain of Jaco Scar, a region which turned out to be
extremely di fficult to sample on pa st c ruises be cause of t he s teep s lope a nd out cropping
consolidated s ediments. O verall 4 ¢ ores ¢ ould be r etrieved us ing t he TV-guided vi brocorer.
Three of those cores consisted of extremely consolidated, outcropping sediments and could not
been sampled for pore water. Although they were located in the vicinity of areas ex tensively
covered by tubeworm and calyptogena associations, they contained no methane and no smell of
H,S w as not iced. O bviously, t he s ites of f luid e xpulsion a re ve ry d istinct a nd irregularly
distributed. Only core 190 was possible to sample and showed clear evidence for the advection
of deep chloride-depleted fluids.

The poc kmark ( Mud P ie) 1 ocated nor th of s eamount s ubduction of Parrita S car, w as
extensively s ampled dur ing ¢ ruise M66-2 and r evisited i n or der t o c ollect i nformation f rom
deeper layers by using the Rockdrill device (RDV). Two cores (191 and 199) were taken at this
structure. Whereas core 191 obviously failed to sample an active site, core 199 recovered about
4 m of gas hydrate bearing sediments. Although gas hydrate was present all over the core and
specifically enriched between 1-2 m, t he c hloride c urves s how an e xponential de crease w ith
depth, indicating - in combination with highly elevated ammonia concentrations — the advection
of a deep fluid. As observed at the Jaco Scar site, the exponential decrease of the chloride profile
clearly indicates increased levels of upward advection.

Two cores (197 and 213) were taken close to the summit of Mound 12. Up to this cruise, only
two cores from the NW-flank of Mound 12 r evealed evidence for the a dvection of chloride-
depleted, de ep fluids. T he w hole area s outhwest of the summit, w hich is largely covered by
bacterial mats and has been extensively studied by lander deployments and TV-multicorer, does
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not show any indications of pore water freshening. In contrast, all cores from the nearby-located
Mound 11 do show significant ne gative ¢ hloride anomalies. As Mound 121 s supposedtobe
connected by a NW-SE striking fault this has been extremely puzzling. Cores 197 and 213 were
supposed t o be 1ocated on t he e xtension of the M ound 11 f ault and o bviously exhibit c lear
evidence for the advection of chloride-depleted fluids. Inasmuch both types of venting areas at
Mound 12 are structurally connected needs to be clarified by future studies.

Slide Cores

Pore waters were analyzed from a total of 11 gravity cores taken in the vicinity of slope failures
of different dimensions in both, the northern and the southern working area. The slide areas were
named Massaya (132, 220), Hermosa (151, 153, 154), Telica (162, 163, 164), and Lira (204, 205,
206). At least in one core of each site, pore water profiles show slight discontinuities indicating
small-scale disruptions of the sedimentary sequence. M ost interestingly, the core 220 t aken on
M 663b clearly shows the rise of chloride-depleted fluids (deep fluid signature as at the Mound
sites), which allows the conclusion that at least some of the slide events have been triggered by
fluid advection as well.

Ash Cores

In total, pore water of all of the six cores from the incoming plate off El Salvador and Guatemala
was analysed. As they are located away from active seeping sites and do not receive significant
input of or ganic m aterial f rom e xport pr oduction, generally indi cate low mine ralization
intensities. Hence, no methane sampling and titration for chloride anomalies was performed on
these samples. At several locations, small kinks in the pore water profiles have been observed
(i.e. at ~300 cm). These were discussed of either being related to small scale slide events or were
caused by compression of the sediment sequence by coring.
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3.5 List of Stations
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4.1 List of Participants M66/4
4.1.1 List of Participants Leg M66/4a
Name Discipline Institution
1 . Bialas, Jorg, Dr. Chief scientist IFM-GEOMAR
2 . Biirk, Dietmar Side Scan Sonar SFB 574
3. Contreras-Reyes, Eduardo  Seismics IFM-GEOMAR
4 . Dannowski, Anke Seismics IFM-GEOMAR
5. Dinc-Akdogan, Aysun Nilay Seismology SFB 574
6 . Dzierma, Yvonne Seismology SFB 574
7 . Doormann, Ulrich Technician KUM
8 . GoBler, Jirgen, Dr. Geophysics KUM
9 . Grevemeyer, Ingo, Dr. Seismics IFM-GEOMAR
10. Ivandi¢, Monika Seismics SFB 574
11. Klaucke, Ingo, Dr. Side Scan Sonar IFM-GEOMAR
12. Lefeldt, Marten Seismics SFB 574
13. MeiBner, Karen Seismics IFM-GEOMAR
14. Perez, Pedro Technician INETER
15. Petersen, Jorg, Dr. Deep Tow Seismics SFB 574
16. Steffen, Klaus-Peter Airgun IFM-GEOMAR
17. Talukder, Asrarur, Dr. Seismics SFB 574
18. Thorwart, Martin, Dr. Geophysics SFB 574
19. Wellhoner, Jens Press documentation DLF
20. Sanchez Vega, Ricardo Technician I.C.E
4.1.2 List of Participants Leg M66/4b
Name Discipline Institution
1. Kopf, Achim CPT GEOB
2 . Stegmann, Silvia CPT GEOB
3. Diaz-Naveas, Juan CPT ucv
DWD Deutscher W etterdienst, G eschéiftsfeld Seeschifffahrt, Bernhard-Nocht-Str.
76, 20359 Hamburg, Germany
DLF Deutschlandfunk, c/o NDR 1 - Welle Nord, R edaktion Heimat und K ultur,
Am Wall 67, 24033 Kiel, Germany
GEOB Fachbereich Geowissenschaften; U niversitit B remen Postfach 33044 0,
28334 Bremen, Germany
ICE Instituto C ostarricense d e E lectricidad, Sismologia y Vulcanologia, A pdo.
10032-1000, San José, Costa Rica
IFM-GEOMAR  Leibniz Institut f iir Meeresforschung, W ischhofstrasse, 24105 K iel,

Germany
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INETER Instituto Nicaragiiense de E studios T erritoriales, Direccion General d e
Geofisica, Frente a la Policlinica Oriental, Apdo. 2110, Managua, Nicaragua

KUM Umwelt- und M eerestechnik K iel G mbH, W ischhofstrasse 1 -3, G ebidude
D5, 24148 Kiel, Germany

SFB 574 Sonderforschungsbereich 574, C  hristian-Albrechts-Universitit z u Kiel,

Wischhofstrasse 1-3, 24148 Kiel, Germany

ucv Escuela de Ciencias del Mar, Pontificia Universidad Catolica de Valparaiso,
Av. Altamirano 1480, Valparaiso, Chile

4.2 Research Program

4.2.1 Research Program of Leg M66/4a

The major aim of the cruise is to understand the processes occurring in the outer rise. To study
the impact of outer rise faulting on t he hyydration of the oceanic crust approaching the Middle
America trench offshore Nicaragua two different techniques were used. (i) a network of ocean
bottom seismometers and hydrophones was left on the seafloor to record the natural seismicity in
the outer rise area during leg M66/2a. The aim of this approach is to define active faults and the
depth down to which the faults are active. This depth may provide an initial assessment of the
depth down to which fluids can penetrate into the upper mantle. (ii) active seismic wide-angle
and r efraction w ork c anbe us edt ot estt he h ypothesist hatt he mantlei s h ydrated or
serpentinized. Typically, the upper mantle has velocities between 8.0 to 8.2 km/s. If hydrated or
serpentinized, s eismic v elocities a re m uch l ower. A s erpentinization of 20 % w ould c hange
seismic velocities in the mantle to 7.6 km/s. Three seismic lines were shot seaward of the trench
in the outer rise area. Profile 1 runs in the trench axis, profile 2 parallel to the strike of the trench
axis at a distance if 60 km from the trench, and profile 3 runs normal to the trench, intersecting
profile 1 and 2.

Further on high resolution active seismic profiling is applied along three profiles to support
deep towed s eismic s treamer d ata a nalysing the s tructure and formation of m ound s tructures
along the continental margin. Cruise SO173-1 mapped a large number of mound locations by
deep towed sidescan and multichannel s eismic s treamer r ecordings. Seismic 1 mages o f't he
structures indicate that they are related to faults or ridge like tectonic features. A BSR has been
mapped w ithin t he e ntire a rea of i nvestigation w ith va rying a mplitude s trength. Additional
seismic data should verify the variability o f the BSR reflectivity and investigate the causes of
BSR uplift or disappearance unde rneath t he various m ound s tructures and the relation to the
tectonic setting.

A short-term seismic network was deployed on the outer rise offshore Nicaragua (M66/2a) to
record the local seismicity generated by the bending of the Cocos plate prior to its subduction to
find pos sible f luid pa ths t hrough t he crust i nto t he uppe rmost m antle w hich a re bounding
conditions for serpentinization models. The network comprised of 22 O BH and O BS stations,
which were recovered during leg M66/4a.
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A long-term network of 20 short-period seismometers and hydrophones was installed offshore
Nicaragua in extension of the land stations that were deployed in October 2005. The stations will
be recovered in summer 2006. The data will be used for local earthquake tomography, with the
aim of exploring the detailed structure of the subduction zone in terms of v, v,/vs velocity ratio
and attenuation.

In addition to this, four broadband stations were deployed in continuation of the broadband
transect across southern Costa Rica, and will also be operating until summer 2006. A receiver
function analysis of the data will yield insight into the crustal and mantle structure by imaging
discontinuities and giving a second estimate of the velocity ratios.

The combination of the two experiments will help to create a more detailed picture of the
subduction pr ocess a nd m ay e xplain s ome ¢ hanges i n t he s ubduction z one a long t he pl ate
boundary, such as the jump in the volcanic chain.

4.2.2 Research Program of Leg M66/4b

Leg M 66/4b w as dedicated entirely to testing a new CPT (cone penetration testing) f ree fall
lance. The overall objective when studying active convergent margins is to unravel the complex
fluid pr ocesses and t heir r amifications f or na tural ha zards s uch as s ubmarine 1 andslides a nd
earthquakes. The und erstanding of s uch processes m ay be s everely d eepened if't he crucial
controlling p arameters are measured in Situ. For that purpose, a free fall-CPT lance has b een
built. This device allows a time- and cost-effective c haracterization of both pore pressure and
sediment s trength 1 n t he uppe rmost oc ean f loor s ediments. C PT m easurements a re u sually
carried out with a cylindrical lance, either motor-driven or as free fall instrument. P enetration
depth is controlled by sediment composition/grain size as well as the weight of the lance. In our
case, it is a few meters. During penetration, frictional forces at the tip and along the sleeve of the
lance ar e m easured. The am ount of frictional resistance al lows f or a cl assification of't he
sediment. In addition to these first order strength measurements, a piezometric cell is measuring
pore pressure in the sediment. The RCOM free fall CPT is a seagoing modification of a standard
industrial CPT tip (Geomil, NL). Pore pressure is measured in ul and u3 position.

During earlier r esearch cr uises, | andslide s cars and sedimentary t rench successions w ith
abundant turbidites have been found off Chile. As a result of these cruises, wide areas along the
Chilean continental m argin are geophysically well cha racterized. These da ta, namelyt he
bathymetric charts, have allowed researchers to measure in situ-heat flow al ong three profiles
using the Chilean vessel Vidal Gormaz in 2003. Along the northernmost of these profiles, CPT
experiments measuring sediment physical properties such as strength, pore pressure, as well as
tilt of the probe were conducted with the new device during Leg M66/4b.

4.3 Narrative of the cruise

4.3.1 Narrative of the cruise Leg M66/4a

RV METEOR docked in the port of Corinto Nicaragua on 19™ Nov. 2005 when Cruise M 66-3b
terminated. Two containers with research equi pment w ere unl oaded, while a container of the
seismic group was returned from stowage area to the vessel. Unfortunately the deep-sea cable,
which was replaced 10 days ago in Caldera was broken during the previous leg at 4000 m length
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and needed to be replaced during this port call again. The intensive support of the crew ensured
replacement without time delay.

The majority of the scientists arrived in time at Managua airport, apart from a group of three
members. These people are from non-European countries and had chosen to fly across Caracas
avoiding visa problems during the few hour transit that would have been necessary if they flew
across the USA. As their arrival was announced for 24 hours delay departure of the vessel was
not shifted to an earlier time as previously hoped. Nevertheless it turned out that the carrier Air
France did not guaranteed the continued travel of the p ersons and hence they hadto stayin
Caracas another day. Due to the dense time schedule METEOR left the port of Corinto on the 21%
Nov. 08:20. As the next working area of the cruise is located close to Corinto it was decided to
try l ater for a m eeting between a s huttle boat and METEOR, onc e the s cientist had arrived in
Managua.

RV METEOR used the time to deploy 7 OBH/S along the planned profile 1. T he instruments
were positioned between long term recording h ydrophones and seismometers d eployed during
leg M 66-2a, seven w eeks ago. Further on, t ime was used to start picking up i nstruments that
were not pl aned t o r ecord a ctive s eismic pr ofiling 1 ater on. D uring 2 2™ Nov. w e r eceived
message that our missing colleagues arrived in Managua and could welcome them in the evening
onboard. After a few hours transit we reached the starting point of our first airgun profile. After
14 hours of airgun shots we recovered all instruments from this line.

A second profile was deployed parallel to the trench on the outer rise on 24" Nov. All airguns
worked without problems during the 65 nm 1ong line. D uring O BH/S recovery two close by
instruments from the seismology network were picked up as well.

In t he m orning of t he 26™ Nov. w e s tarted t he de ployment of line 3 . T ogether with 5
instruments from the s eismology ne twork 13 additional O BH/S covered this N E-SW s triking
profile over a length of 75 N.M. Airgun shooting was completed on 27™ Nov. 12:00 without any
complications.

After recovery of all instruments METEOR set course towards the first DeepTow area at 12° N
ont he s lope of t he Nicaragua c ontinental m argin. A t 13: 40 hr s | ocal t ime S idescan a nd
Depressor w ere 1 owered t ot he w ater. A t 14: 00 hr s t he t elemetry s ystem s howed unus ual
amplitudes in the electric current consumption, followed by a power break down. The winch was
stopped immediately, and as a restart showed abnormal high currents the system was switched
off again. The winch was asked to retrieve the system onboard when a sudden drop in weight
measure of the winch indicated that we had lost at least the 2 tons depressor weight. Immediately
emergency release of the Sidescan indicated that the instrument sank to bottom (2300 m depth)
with the depressor. Exact positioning of the instrument showed that the system must be floating
30 m above ground. Consequently we started to dredge for the system using the 18 mm deep sea
working wire of METEOR. Two attempts using up to 7500 m of cable failed.

Following on METEOR headed for s ome s wath m apping c ourses i n or der t o c omplete t he
existing map in the regions of the upper terminations of the observed canyons cutting into the
slope. This course reached up to 12°19” N.

In the afternoon of Dec. 1* we returned to the ground position of the Sidescan and prepared
for another attempt to dredge the s ystem. T his time 9500 m of cable were used to circle the
estimated position. About 5000 m of cable had been dragged in when a flash light and the radio
signal verified the release and return to surface of the tow fish.
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FiG. 4.1:
DeepTow Streamer and Sidescan with 2-ton-
depressor weight.

After recovery of the Sidescan we continued our program with deployment of profiles 4 & 5
in the morning hours of 2™ Dec. These lines were dedicated to resolve high resolution data and
deeper s tructure o f M ound B aula M assive. T wo pe rpendicular pr ofiles were oc cupied by 22
instruments, which recorded shots from a 250 cinch GI gun and a 2080 cinch G-gun array of two
clusters. Besides one OBH all instruments were recovered until 4™ Dec. As the remaining unit
rests at 1014 m depth it was decided to try another dredge attempt. As the release replies clearly
verified internal motion of the motor drive it was assumed that the hook axis was not turned
simultaneously. T his a ssumption w as de rived f rom a uni t ke pt onb oard w itht he s ame
malfunction. U nfortunately this dredge did not resultin a recovery and due to time limits no
further attempts for recovery were undertaken. During the night hours of 4™ and 5™ Dec. a short
wide an gle profile was shot crossing a ridge s tructure i dentified by Sidescan sonar and deep
towed streamer during cruise SO173-1.

Int he afternoon of 5™ Dec.w es tarted d eployment of 201 nstruments f or long time
seismological observations off Nicaragua and Costa Rica in the vicinity of Nicoya peninsula. In
between a short PARASOUND profile was recorded crossing the Hermosa slide. Upon transit to
Mound 11&12 another PARASOUND profile was recorded above the Lira slide. In the morning of
the 7" Dec. we deployed one Tiltmeter station, an OBH and an OBS on M ound 12. P ositions
were chosen close to the locations of long-term water samplers deployed by US colleagues. The
afternoon hours were used for the deployment of four additional seismometers off Osa peninsula.
These i nstruments w ere e quipped w ith br oadband s eismometers a nd f ormt he m arine
prolongation of a land traverse across Costa Rica.

During pr eparations for deployments of a final high resolution seismic line a fishing boat
approached METEOR and reported about a small fishing boat which was about to sink some 20
N.M. away. Of cour se r esearch activities w ere s topped immediately and METEOR headed
towards the given location. The helpless fishing boat was found drifting on its side completely
washed ove r w hile a s econd boa tin s tandby rescued t he c rew. A fter t wo hour s METEOR
succeeded to move the boat in upright position again and pumps were installed to empty the
boat. A ta bout 20: 00 hr s t he f ishing boa t d eparted from METEOR towed b y a s upporting
colleague. As the remaining work time did not allow any seismic work METEOR left southwards
for HYDROSWEEP mapping courses, before transit to Guayaquil in the morning of 08™ Dec.
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FiG. 4.2:
Rescue operations.

4.3.2 Narrative of the cruise Leg M66/4b

Leg M66/4b was primarily dedicated to transit. However, there was an opportunity to deploy the
CPT in the afternoon of 21 December. Test runs were performed during the whole ni ght, until
the device was recovered in the early morning of 22 December. Cruise M66 ended in the port of
Talcahuano on 22 December.

4.4 Preliminary Results

441 Instrumentation

IFM-GEOMAR Ocean Bottom Hydrophone/Seismometer (OBH/S)

19 ocean bottom hydrophones (OBH) and 22 ocean bottom seismometers (OBS) were available
for the M66/4a project.

The instruments are deployed in a free falling manner and their exact seafloor position will be
deduced later by an L? approximation of the direct water wave records. Up to four data channels
are recorded on flash disks, with an accuracy oftime better than 0.05 ppm over temperature.
Setting and synchronising the time as well as monitoring the drift is carried out automatically by
synchronisation signals (DCF77 format) from a GPS-based coded time signal generator.

After recording the flashcards need to be copied to a P C workstation, where they will be
provided in standard SEG-Y format. Relocation, frequency filtering and deconvolution processes
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are applied. Next arrival times were picked and interactive MacRay code or inversion routines
(e.g. Corenaga code) were used to achieve first p-wave velocity depth models.

Seismic sources: G-gun arrays

During this cruise IFM-GEOMAR operated two 5 m long arrays with G-gun clusters. One gun
cluster is build by two 520 cinch G-guns which are offset by 1 m. All guns were synchronized
using the IFM-GEOMAR LongShot airgun source controller. The gun carriers were d eployed
through the inside of the A-frame, while towing was realized by the aft mooring winches, which
cables were guided through blocks on t he outside ends of the A -frame. For lifting purposes a
triangle shaped hoisting rope was attached to the ends of the carrier, while the towing cable was
attached to the front end where the support hoses of the guns were lead in as well. During the
first profile three guns need to be switched off. Their air hoses were leaking and avoided to build
up the requested 207 ba r pressure after a shot. During all other lines the deployed guns were
operated without further malfunction.

Seismic sources: Gl-gun

For M 66/4a cruise a GI-Gun ( Generator-Injector gun; manufactured by S ercel Marine Seismic
Sources, former Sodera) for high-resolution surveys, with a generator volume of 250 cinch and
an injector volume of 105 cinch was available.

TAB.4.1:  Gl-gun configuration.

Mode Generator Injector Delay (ms) |Discharge
Volume (in3) Volume (in3) Port

Harmonic |250 105 70 large

With the LongShot sensor display, the near field source wavelet was controlled and remained
constant over the entire survey. A single gun hanger towed the GI-Gun approximately 20 m
behind the ship's stern in a water depth of 2.5 m. Following the recommendation of the Sodera
handbook, the gun was operated at a pressure of 207 bar and an shot interval of 14 s, and worked
without problems.

Seismic Sources. External Trigger

For wide angle and surface s treamer profiling the trigger signal was supplied from the ship's
Glonas r eceiver ope rating in G PS m ode, w hich can providea 5V -TTL pul se at s electable
intervals. As the LongShot triggered on t he falling flank the ships trigger signal was inverted.
The s ource controller v erifies t hat al | guns are fired att he pr e-selected aim poi nt a fter the
external trigger is detected. The ignition pulse is sent out to each gun according to the trigger
delay time prior to this aim point. Exact position calculation for the shot time was done by post-
processing using shot time and UTC time values stored with D-GPS coordinates in the ship's
database. Time stamps of the coordinates were synchronized with GPS time receiver at all times
during the cruise.

TAB. 4.2:  Airgun configuration.
shot interval (s) aim point (ms) injector delay (ms)
G gun Array 60 60 N/A.
GI gun 14 60 70
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Sdescan sonar

The DTS-1 sidescan sonar is a dua I-frequency, chirp sidescan sonar (EdgeTech Full-Spectrum)
working with 75 and 410 kHz centre frequencies (giving a range resolution of 1.5 m and 1.8 cm).
In addition the DTS-1 contains a 2-16 kHz chirp subbottom profiler providing a choice of three
different pulses of 20 ms pulse length each. A Honeywell attitude sensor providing information
on heading, roll and pitch is connected via a serial RS232 port and a second port is used for a
pressure sensor. Finally, there is the possibility of recording data directly in the underwater unit
through a mass-storage option with a total storage capacity of 60 GByte.

The 2.8 m x 0.8 m x 0.9 m towfish houses two titanium pressure vessels containing the sonar
electronic and underwater part of the telemetry system (SEND DSC-Link) and the Linux-based
Bottom-PC (SEND) of the seismic streamer data acquisition system (cf. sect. 5.3.2). In addition,
a releaser capable to work with the USBL positioning system POSIDONIA (IXSEA-OCEANO)
and an emergency flash a nd r adio be acon (NOVATECH) a re i ncluded i n t he t owfish. T he
towfish is connected to the sea cable via the depressor through a 43-m long umbilical cable.

HydroStar Online, a multibeam bathymetry software developed by ELAC Nautik GmbH and
adapted to the acquisition of EdgeTech sidescan sonar data allows onscreen presentation of the
data, of the tow fish’s attitude, and the tow fish’s navigation when connected to the POSIDONIA
USBL positioning system. It also allows setting the main parameters o f the sonar electronics,
such as selected pulse, range, power output, gain, ping rate, and range of registered data.

Deep-Tow Seismic Steamer

The h ybrid multichannel di gital de ep-tow seismic streamer improves lateral in- and cross-line
resolution particularly in regions o f's pecial interest for gas h ydrate r esearch. In this c ontext,
hybrid system means that conventional marine seismic sources like air-, GI or waterguns shot
close to the surface are still used, whereas the streamer is lowered to the seafloor towed behind
the above described sidescan sonar system.

The streamer is a modular digital seismic array (HTI, High Tech, Inc.) which can be operated
in water depths up to 6000 m. It consists of a 50 m lead-in cable towed behind the sidescan sonar
fish a nd s ingle m odules f or e ach ¢ hannel. D igital a coustic m odules (AM) w ith as ingle
hydrophone a re us ed i n m ajority, w hile t hree engineering m odules (EM) w hich additionally
include a compass, a pressure and a motion sensor (Crossbow) provide information on the depth
orientation ( magnetic h eading) and oni tsr oll a nd pi tch dur ing t he survey. M odules a re
interchangeable and c an arbitrarily be connected by cables of 1 or 6.5 m length. The sample
interval is set to 0.25 ms.

All bottom and top side components as well as air gun shooting were synchronized by D-GPS
time-based trigger signals generated by the Linux Top-PC via the LPT10 link. Additionally, all
surface and underwater components controlling the deep-tow device are linked via ethernet with
the Linux Top-PC as gateway and form a small PC cluster.

Geometrics Stratavisor NX software i s us ed t o di splay t he ¢ omplete shot g athers, t heir
amplitude s pectraa nd a c ontinuous s ingle-fold pr ofile ons creen, t o pr intt he ¢ ontinuous
singlefold profile on a n online printer and to store the acquired d ata on ha rd disc or the two
connected DLT 8000 devices in standard seismic SEG-D, SEG-Y or SEG-2 format.

Due t o uns olved pr oblems w ithin t he s ynchronisation of t he di gital s treamer a nd t he
controlling PC it was decided that the sidescan was deployed without the streamer cable in the
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first working area. After the loss and successful recovery of the sidescan no further deployments
were undertaken.

Ultra Short Base Line (USBL) Positioning System POSIDONIA

Underwater navigation, depth and position measurement of the sidescan sonar tow fish is carried
out b y t he ul tra-short b ase line ( USBL) s ystem POSDONIA (IXSEA-OCEANO). It ma inly
consists of a deployable acoustic array (antenna) installed in the m oon-pool, and a responder
with remote receiver he ad mounted on t he sidescan s onar fish housing an additional pressure
sensor. The four reception hydrophones of the antenna receive the reply ping from the towfish,
and by measuring the phases and the reply time the geographical position of the transponder is
calculated. After lowering the moonpool a cal ibration run must be completed to calculate offset
angles between antenna and motion sensor.

During this cruise it turned out that the connection between the Abyss PC, running the control
software and t he pr ocessing uni t w as uns table. F urther t ests w ith a nother P C i dentified t he
processing uni tt o be u nreliable. Asno spare systems w ere av ailable POSDONIA was not
calibrated during this cruise.

4.4.2 Seismology: Outer Rise Seismic Network
Processing of Earthquake Data

The initial data processing o f earthquake data is identical to the processing sequence for wide
angle data, i.e., reading of the flashcards, c onversion into the P ASSCAL R eftek format, and
further on into a pseudo SEGY format (PASSCAL SEGY).

The occurrence of time slips (extra or missing samples) due to a mismatch of the desired and
actual sample rates has to be corrected. After unslipping, the PASSCAL SEGY files have to be
cut into 25 hours records with one hour overlap between adjacent records to reduce files sizes.
Next the timing of each 25 hour s SEGY record has to be corrected for the slow drift of the
internal c lock relative t o G PS time. T he data quality is c ontrolled us ing the pql (PASSCAL
Quick Look) seismogram viewer. Only those stations and channels were used for triggering that
were found to have sufficiently high data quality, see Table 4.3.

A s hort-term-average v ersus a | ong-term-average ( STA/LTA) tr igger algorithm is the n
applied to the data to search for seismic events. A 5-20 Hz band-pass filter must be applied prior
to triggering, because of strong long-period noise around 0.2-0.5 Hz that shows up not only on
broad-band sensors like DPG pressure sensors and Spahr-Webb seismometers, but also on many
hydrophone channels (Fig. 4.4). After finding event triggers the events are cut from the 25 hours
files with windows of 3 minutes, starting 60 s prior to trigger time. The SEGY traces in the event
directories are converted into SEISAN w aveform f ormat. After con version the da ta are
registered into the SEISAN database (Havskov and Ottemdller, 2001).

TAB. 4.3: Channels used for triggering the events of the Outer Rise Network (ORN).

channels used for triggering | station

Hydrophone OBH10,0 BHI11,0 BSI12, 0 BHI13,
OBH16,0 BHI17,0 BSI18, 0 BH20,
OBH23, 0 BH24,0 BH25,0 BH27,
OBH28, OBH33

Channel 2 OBS22, OBS28, OBS29




4-10 METEOR-Berichte 09-2, Cruise 66, Leg 4, Corinto — Talcahuano

TaB.4.4:  Trigger parameters as defined in the text to search the continuous recordings for seismic

events.
Parameter ‘ S 1 m t d S M
Value | 05s | 60s | 500s| 2.8 0.8 6 30's
FIG. 4.3: Seismogram example recorded by a hydrophone. The raw seismogram (top left) contains

strong long-period noise covering all higher frequency details. The noise frequency of ~ 0.1
Hz produces a large dominating peak in the raw spectrum (bottom left). On the 5-20 Hz
band-pass filtered seismogram (top right) a small earthquake can be identified, that can only
be detected by the trigger routine if a prefilter is applied. The filtered seismogram spectrum
(bottom right) does not contain low frequencies any more.

At last, P and where possible S phases are picked and events are preliminarily located with
the program H YP, w hich e mploys an iterative s olution t o t he nonl inear I ocalization pr oblem
(Lienert and Havskov, 1995). A 1-D velocity model, which is given in Table 4.5, is used for the
preliminary 1 ocation. W hen pi cking S ph ases o n h ydrophone c hannels i t m ust be carefully
figured out not to pick the water multiple (Fig. 4.4).
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TaB. 4.5: 1-D velocity model offshore Nicaragua derived from profile PO1 of this cruise.

Depth [km] Vo Vs [km/g]
[km/s]
0.0 2.10 0.37
0.5 4.20 2.20
1.0 4.90 2.50
1.4 5.50 3.10
2.2 6.70 3.65
3.6 7.00 4.00
6.4 7.80 4.40
12.0 8.00 4.65
26.0 8.40 4.80
80.0 8.40 4.80
FiG. 4.4: Seismogram example of an OBS that shows the water multiple on the hydrophone channel

(top) at about 8 seconds (top scale). The S phase can be clearly identified on the
seismometer channels (2-4) at about 5.5 seconds .

The Outer Rise Network (ORN) offshore Nicaragua

A short-term seismic network was deployed on t he outer rise offshore Nicaragua to record the
local s eismicity generated by t he be nding of the C ocos pl ate prior to its s ubduction to find
possible fluid paths through the crust into the uppermost mantle which are bounding conditions
for serpentinization models. The network of 22 s tations operated for 2 months starting 28 S ep
2005 until 28 Nov 2005. Station locations and sensor types are given in Table 4.6.

In general data quality of the recordings was good. A major problem was the off-scaling of
the hydrophones and the generally low gain of the O wen sensors. Cleaning of the connectors
before d eployment i s s uggested, asi tappe arst o have de creased the of f-scaling of t he
hydrophones. Off-scaling still occurred in several cases, but lasted only for a number of days.

Because of the low gain of the Owen sensors, small earthquakes were often under-amplified
to allow phase picking (Fig. 4.5), especially on the vertical channels. For the deployment of the
new network offshore Nicaragua (see below), we therefore changed the resistors on four of the
preamplifiers of the MLS recorder to increase the gain. The data quality was checked on a one
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day test run and seemed to be improved. A further check will be done after the recovery of the
network and will help to decide whether more recorders should be changed.

TAB.4.6:  Station locations and sensor types of ORN. Hyd: Hydrophone; Seism: 3-C Seismometer;
PMD: Broadband Seismometer

Station Latitude (N) | Longitude (W) | Depth (m) Sensors
OBH 10 11°23.24° 87°46.98° 4840 Hyd
OBH 11 11°16.67° 87°40.75° 4984 Hyd
OBS 12 11°10.10° 87°34.49° 5296 Hyd + Seism
OBH 13 11°03.51° 87°28.22° 5091 Hyd
OBS 14 10°56.97° 87°22.02° 4892 Hyd + Seism
OBH 16 10°50.41° 87°15.71° 5077 Hyd
OBH 17 11°15.65’ 87°50.78’ 4863 Hyd
OBS 18 11°03.64° 87°40.85° 4202 Hyd + PMD
OBH 20 11°16.87° 88°05.96° 4170 Hyd
OBH 21 11°06.95’ 87°56.55’ 3771 Hyd
OBS 22 10°57.15° 87°47.20° 3445 Hyd + Seism
OBH 23 10°49.46° 87°30.17° 3880 Hyd
OBH 24 10°37.42° 87°28.50° 3292 Hyd
OBH 25 11°10.37° 88°12.36’ 3440 Hyd
OBS 26 11°00.47° 88°02.91° 3160 Hyd + Seism
OBH 27 10°50.67° 87°53.65° 2980 Hyd
OBS 28 10°44.10° 87°47,32° 2967 Hyd + Seism
OBS 29 10°30.93’ 87°34.88’ 2913 Hyd + Seism
OBS 30 10°57.32° 88°12.38’ 2820 Hyd + Seism
OBS 31 10°44.22° 87°59.95° 2894 Hyd + Seism
OBH 32 10°31.03° 87°47.45° 2996 Hyd
OBH 33 10°37.76’ 88°06.27° 3020 Hyd

The PMD seismometer of OBS 18 had very low gain on the vertical component. It was found
that the resistor in the input cable of this channel was different from the horizontal c hannels,
which may b e the reason for the 1ow gain. A fter ¢ hanging t he r esistor, the be haviour of the
vertical and horizontal channels appeared to be similar. Also a timing error occurred in OBS 18.
Since this mistiming w as present during the whole data recording period, therefore the traces
were shifted by 30 seconds in the positive direction to correct the timing error.

The h ydrophone ¢ omponents of O BS 22 a nd 30 w ere of f-scaled, s o t hat t he h ydrophone
traces were removed completely for station OBS 22 and for the days 279 to 295 for OBS 30. For
OBS 22 this was expected because of a bad pressure tube connector that could not be changed
before deployment.

Before t riggering, a 5 —20 H z ba nd-pass filter is a pplied t o r educe t he 1 ong-period noi se
between 0.03 and 0.5 Hz t hat of ten pr events t he s eismic e vents f rom be ing d etected. F or
triggering w e s elected 14 ¢ hannels from 13 s tations t hat pr oduced good da ta. J ustt hree
horizontal seismometer components were included because of the low signal-to-noise ratio. After
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triggering, a total of 1892 events were obtained on 58 days of recording, with an average of 33

events per day (Fig. 4.6).

FIG. 4.5: Example for a small local earthquake. Traces are normalized individually. While the S-phase
is visible on all seismometer components (trace 2-4), the P-arrival cannot be identified. The
gain of the seismometer channels is by a factor ~100 smaller than on the hydrophone.

After picking P- and S-arrivals the events were located using the 1-D velocity model defined
above (Table 4.6). A data example for an event inside the network is shown in Fig. 4.7. Clear P
onsets ¢ an be s een on t he h ydrophone components a nd ¢ lear S ons ets a re vi sibleont he

horizontal seismometer components.

a0
Triggerad evenis: 1Eaz
N e i | Located earthguakss: 123
(5]
T
ki
40
5
E ...... ‘ I

280 3:..:. 330
Day of ¥ ear

FIG. 4.6: Daily number of triggered events (grey bars) and located earthquakes (black). From 29 Sep
2005 (DOY 272) until 26 Nov 2005 (DOY 330) a total of 1892 events were detected, and 123

earthquakes have been located so far.
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FIG. 4.7: Data example from the 1% Oct 2005 earthquake at 11.033°N; 87.515° W within the network.
Where it was possible P and S first arrivals are indicated.

In Fig. 4.8 the seismicity recorded from the Outer Rise Network (ORN) is shown. Most of the
123 already located earthquakes occurred north of the network beneath the continental margin.
The 20 events that occurred within the network are the most interesting for the outer rise study.
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The focal depths of the located earthquakes vary between 0 km at the sea floor and 30 km in the
mantle, how ever an a ccurate h ypocentre de termination is prevented by the s till unknown 3D
velocity structure.

FiG. 4.8: Epicentres from earthquakes located so far by the Outer Rise Network. Most of the
seismicity happened outside the network. However, only a small fraction of the triggered
events have been evaluated so far.

4.4.3 Seismic Profiling in the Outer Rise

During the cruise three seismic wide angle and refraction lines were shot in the outer rise area
(Fig. 4.9) using the G-gun cluster array described above. Profiles PO1 and P02 run parallel to the
continental slope. P01 is located in the trench itself and line P02 roughly 50 km seaward of the
trench. The third profile runs perpendicular to the trench along Ewing Profile NIC80 shot in the
year 2000.

Data passed an anti-aliasing filter of 50 Hz and were continuously recorded with a sampling rate
of 200 H z on a 11 OBH and O BS stations. The data were played back and split into single s hot
records stored as a receiver gather in SEG-Y format. The instruments were deployed by free fall,
using G lobal P ositioning S ystem (GPS) f or dr op-point po sitioning; in strument loc ations w ere
further con strained u sing water-path t ravel tim es from the s hots collected w hile the s hip w as
navigated with GPS. Spectral analysis and filter tests show that the seismic energy is in a band
ranging from 5t o0 30 Hz. We ran this test for both near-offset and far-offset traces and chose a
time- and range-dependant bandpass filtering approach. In addition, amplitudes were multiplied by
distance to partly compensate the spherical divergence, simultaneously showing the level of both
seismic signal and ambient noise.
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Profile 01

During M 66/4a s everal seismic pr ofiles p erpendicular t o t he pr eviously e xisting in the area
offshore Nicaragua were acquired in order to investigate the process of serpentinization in the
incoming oceanic plate. The 68 nm long profile pO1 intersects the trench at 11°N ending in the
margin wedge at the northwestern part of the line (Fig. 4.9).

To determine crustal and upper mantle s tructure and provide a detailed velocity model 12
OBH/S i nstruments w ere us ed t o collectad eep seismic and wide a ngle d ataset. Seismic
velocities along the line will be used to estimate the amount of s erpentinization in the upper
ocean mantle. The instruments were deployed at intervals between 4.5 and 9 nm. Four GI-Guns
were used for shooting along the line. They were fired at intervals of 60 s, which at speed of 4.5
kn results in an average spacing of 130 m . Figure 4.10 a nd 4.11 show ex amples of the data
quality available for interpretation.

The preliminary velocity model (Fig. 4.12) has been constrained using MacRay 2.0 (Luetgert,
1992), an interactive conventional 2 D raytracing system, based on a trial and error approach.
The modelling has been done from top to bottom applying a layer-stripping strategy, w orking
towards the centre of the profile from both ends. Shipboard forward modelling suggests 1.2-1.3
km thick sedimentary layer at the margin wedge and 350-400 m at the trench (1.5-1.85 km/s),
underlain by app. 5 km thick oceanic crust with velocities ranging from 4.5-6.7 km/s. Best-fit
model yields mantle velocities ranging from 7.4 km/s at the Moho of the subducting plate and
7.5 km/s of the margin wedge, which is an indication for a serpentinized zone.

Profile 02

Profile P02 runs parallel to the continental slope ~50 km from the trench axis (Fig. 4.9). 12 OBS
and O BH stations op erated successfully (Fig. 4.13). A first seismic model was obtained from
forward modelling using travel time data from each second station. Crustal thickness is ~5 km.
Seismic velocities in the uppermost mantle are significantly reduced compared to normal oceanic
crust. Velocities are between 7.5 to 7.6 km/s and thus may indicated that bending related faulting
has affected the mantle structure by serpentinization.

Profile 03

15 seismic ocean bottom instruments provided data useful for geophysical interpretation. For the
on-board data analysis we ignored instruments sitting on t he lower slope and used 13 s tations
seaward of the trench. We picked crustal arrival (Pg), reflections from the crust mantle boundary
(PmP) and energy diving through the uppermost mantle (Pn). Unfortunately, the most seaward
seismometers provide only crustal phases of good quality. M ost ot her s tations have good Pn,
PmP and Pg arrivals. Examples of the seismic sections achieved are displayed in Figures 4.14
and 4.15.

In our approach to derived the velocity structure we used the joint refraction and reflection travel
time inversion method of Korenaga et al. (2000). This tomographic method allows to determine
a two-dimensional velocity field and the geometry of a floating reflector from the simultaneous
inversion of f irst a rrival a nd w ide-angle r eflection travel time s. The f loating r eflector is
represented a s a n i ndependent a rray of | inear s egments w ith onl y on e de gree of f reedom
(vertical) for e ach r eflector node . W e us ed t he f loating r eflector t 0 m odel t he ¢ rust-mantle
boundary, i.e., the M oho. Using normal oceanic crust as starting model (5 km thick crust, for
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layer 2, l ayer 3 a nd upp er mantle velocities of 4.5-6.5, 6.6-7.1, 8.1-8.3 km/s, respectively) we
obtained seismic ve locities w ithin the uppe r mo st mantle that are significantly reduced with
respect to the starting model and hence much lower than elsewhere in the ocean’s (Fig. 4.15)
However, it is interestingto note the seismic velocity in the mantle is reasonably low along the
entire line, even seaward of the outer rise. In the post-cruise data inversion we have to carefully
re-analyse the dataset. For the inversion we forced a constant crustal thickness along the profile.
The mis fit f or t he P mP ar rivals i ncreases s eawards and thus m ay s uggest t hat t he cr ustal
thickness increases. Therefore, due to a trade-off between seismic velocity and layer thickness
the low values for the upper mantle might be caused by an increase in crustal thickness and a
lack of reversed seismic Pn arrivals on the most seaward instruments. Nevertheless, a profound
feature from all three profiles is a cl early reduced seismic ve locity in the uppe rmost m antle,
suggesting that serpentinization is indeed an important process changing the seismic structure in
deep sea trenches and hence facilitates the flux of water into the deep subduction zone and the
Earth’s interior.

FiG. 4.9: Map of the three seismic profiles deployed for the active source outer rise study.
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FIG.4.10: Data example of station 34 observing the entire spread of profile 01. Refracted energy can
be tracked as far as 60 km offset. Within 30 km offset reflected energy is observed between
5.5 and 7 sec.
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Fic.4.11: Data example from the centre of profile 01.Reflection events are observed in the time
interval between 6 and 8 sec. Strong amplitudes between 40 km and 50 km offset argue for
Moho reflections
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Fic.4.12:  2-D velocity —depth profile derived by forward ray tracing.
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FiGc.4.13: Data example from station 27 located in the centre of profile 02. Refracted energy is
observed as far as 60 km offset. Reflection events at later traveltimes will support the
velocity model with good depth control.
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FiG.4.14: Data example from station 56 located right above the outer rise. Refracted energy observed
as far as 85 km offset wil provide good depth coverage for velocity-depth modelling.
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Fic. 4.15: Tomographic velocity model of profile 03

4.4.4 Seismic Profiling Across Mound Structures

During cruise SO-173 of RV SONNE a high resolution seismic survey was carried out using a
deep towed multichannel seismic streamer (DTMS) and sidescan (DTS) to image the numerous
submarine mud mounds and associated BSR in the continental slope off Nicaragua. Numerous
mud mounds and a widespread occurrence of BSR had been discovered. The proximity of the
streamer to the seafloor of the deep towed system allows recoding of wide angle reflection data
and permits imaging beneath the carbonate crusts. The data have shown that the BSR in many
cases c ontinued a long t he m ound ¢ himneys w ith or w ithout c onsiderable 1 oss of a mplitudes.
Another remarkable feature in the area is the occurrence of numerous mud mounds, which seem
to be controlled by the locations of the faults.
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It was planned to extend the existing profiles with additional cross lines in order to identify
the relation of faults in the process of the observed diapirism and mound formation. In addition
the use of a GI gun source with increased volume should enable to record seismic events from
below t he B SR t 0 m ake s ure t he di sappearance of the BSRisreal and not c aused by not
penetrated e nergy. D uet ot hel oss of t he s idescan (see ¢ hapter 4. 4.6 f or d etails) t hese
investigations were cancelled.

As an alternative O BS w ere de ployed along t hree pr ofiles ( Fig. 4.16) crossing pr ominent
mound structures. The first profile runs parallel to the slope of the margin, it starts at the Masaya
Slide a nd ¢ ontinues ups lope ¢ rossing M ound Baula. T his 1 ine s hould pr ovide wide an gle
information from the point of origin of the slope as well as slope parallel information about the
deeper structure o f M ound B aula. The next line was lead out along the M ound Baula massiv
perpendicular to the slope, on top of one of the older deep tow survey lines. The third profile was
chosen to cross a ridge like structure in the vicinity of Mound Morpho. Along these ridge several
mounds were identified by multichannel deep towed seismic and side scan sonar mapping. OBS
were d eployed with an overall of fset of 1 nm . In the vicinity o f t he m ounds t he of fset w as
reduced to 150 m in order to enable high resolution inversion at these sites. For high resolution
investigation all three profiles were shot with a 150/250 ci. GI gun, fired at 14 s interval (P4, P5
and P9; Fig. 4.17 and Fig. 4.19). In a second run 2 G gun clusters (1040 ci each) were used to
record seismic events from greater depth in order to investigate the deeper roots of the mound
structures (P6, P7 and P8; Fig. 4.17).

FiGc. 4.16:  Map of the high resolution seismic profiles.
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Fic.4.17: Wide angle seismic record of Gl airgun shots at station 78. The higher frequent GI guns
allow to identify near-vertical reflections up to 8 km offset, while refracted energy is very
weak.
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FiG. 4.18: Wide angle airgun shots of the G-gun array recorded at station 85. Increased source energy
of the G-gun array provides observations to up to 18 km offset, which will supplement the
high-resolution Gl gun data with additional depth coverage.
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Fic. 4.19: Wide angle airgun shots of the Gl-gun recorded at station 85. The GI guns with higher
frequency allow to identify near vertical reflections up to 8 km offset, while refracted
energy is very weak.
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4.4.5 Side Scan Deployment

The first deployment of the DTS-1 sidescan sonar was targeted at imaging the continental slope
offshore El Salvador. Here the orientation of the continental slope changes from roughly NW-SE
to an orientation more closely to WNW-ESE (Fig. 4.20). Bathymetric data show two different
segments of the slope separated by a broad canyon. The segment south of the canyon still shows
indications f or m ound-like s tructures w hile s uch s tructures a ppear t o b e a bsent nor th of the
canyon. The intention was to map this area with 75 kH z sidescan sonar in order to determine
whether indeed fluid-escape s tructures e xist s outh of the canyon but are absent north of it. In
addition sidescan sonar images together with subbottom profiler and PARASOUND records would
allow establishing the down slope sediment transfer in comparison with the continental slope off
Nicaragua and off Costa Rica.

FiG. 4.20: Map of the desired tracks for the sidescan survey.
Deployment and loss

The sidescan has been deployed in its usual configuration at Nov 28, 19:40 UTC with the ship
heading towards the current. At 19:52 UTC the depressor has been lowered into the water and
the winch ve ered with 0.2 m /s while the ship slowly turned t owards the c orrect c ourse. T he
sidescan was started from its dry unit and all systems worked. At 20:11 UTC the data connection
to the sidescan w as interrupted, but the sidescan was still under pow er. A fter checking for a
short-circuit, the sidescan was restarted. Shortly after restart at 20:13 UTC the power connection
to the sidescan failed (no more current). At the time the pull on the cable dropped from 22 kN to
5 kN and we expected the sidescan sonar to have fallen off the cable. A hydrophone was lowered
into the water as quickly as possible in order to release the towfish from the depressor. Range
data, however, indicated that the sonar was already lying on the ground. The cable was pulled in
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without its termination. Only four of the spirals of the cable stopper were still attached to the
cable (Fig. 4.21).

FiG. 4.21: The broken cable termination.

Recovery

Attempts to recover the sidescan sonar started with determining its exact position. The releaser
of the sidescan sonar answered perfectly allowing the determination of the range to the sidescan
sonar from different positions. These data together with the water depth yield the position of the
sidescan sonar on the seafloor using the law of Pythagoras (Fig. 4.22). The releaser appeared to
have freed the towing rope, but the sidescan sonar probably was still connected to the power
cable leaving it floating in 2270 metres water depth, some 40 metres above the seafloor.

Fic. 4.22:  Map showing the course of RV METEOR and estimated drop position of the fish.
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For the recovery attempts an improvised dredge gear was set up c onsisting of a 200 m long
precurser cable fitted with ,, search dr agons* and ot her hooks . T his precurser ¢ able w as t hen
attached to the 11 km long geology cable. Three attempts for dredging the sidescan sonar were
made (29.11.05at14:35U TC unt il 30.11.05a t01: 12 U TC; 30.11.05 atO01: 16 U TC unt il
30.11.05at 11: 54 UTC; 01.12.05 a t 22: 30 until 02.12.05 a t 13: 47 U TC). A fter the first t wo
unsuccessful attempts the precursor cable was extended to 400 metres and additional weight was
attached to the towing cable once 500 m etres of the cable had been paid out. During this third
attempt a spiral was laid out around the estimated position of the sidescan (Fig. 4.23). Then with
9500 metres of cable paid out the ship moved away from the estimated position by another 1500
metres in order to increase chances that the dredging cable will actually scratch over the seafloor.
Acoustic communication with the releaser on the sidescan sonar was no | onger possible during
the dredging attempts, but at 09:35 UTC a seaman spotted a blinking light on t he horizon and
soon | ater t he s hip received an a coustic s ignal from the s idescan s onar. At 14: 15 U TC the
sidescan sonar was back on deck with no other damage than a broken umbilical cable.

FIG. 4.23:
Map showing the tracks of RV
METEOR during the dredge
operation.

4.4.6 CPT Testing During Leg M66/4b

The CPT measurements at the Chilean continental slope focused on the northernmost profile to
complement the earlier heat flow transects (Fig. 4.25). A total of 8 individual tests were carried
out along the transect. The range of water depths was 1018 — 1824 meters below sea level. Initial
results indicate two things:
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1) The sediments along this section of the Chilean margin are well indurated, because the lance
penetrated the sedimentonlybyupt o 1-2 meters. In some cas es, repeated attempts w ere
required to penetrate at all since the instrument fell on its side upon seafloor contact.

2) Despite t he di fficulties t o penetrate t he s eafloor, por e pr essure s ignals s howed nice pe aks
upon impact, and a rapid decay. Measured tso-parameters ranged between 10 and 40 minutes.

FIG. 4.24:
Picture of the instrument during deployment from
RV METEOR.

FIG. 4.25:
Bathymetric map of the study area off Chile
including heat flow and CPT locations.



4-32 METEOR-Berichte 09-2, Cruise 66, Leg 4, Corinto — Talcahuano

4.5 Ship’s Meteorological Station

RV METEOR left the port of Corinto in the morning of November 21 on time, heading for the
investigation area off Nicaragua in fair weather with variable winds of Bft 2 to 3.

One day | ater t he w eather s ituation g ot w orse by m any c louds a nd i solated s howers. On
November 23 the wind from northeast to east increased up to 5 and 6 B ft and persisted in this
force forthe first week i nther esearch a rea. D uring t his pe riod several s mall t ropical
depressions m oved from C olumbia a nd P anama s outh of METEOR’s pos ition i n w esterly
direction. F rom N ovember 24 t he c louds be came s cattered, on s ome days no clouds w ere
observed. During the second week in the area up to 13° N 89°W the wind speed decreased to a
range b etween 1 and 3 Bft and the wind direction be came m ore nor therly, s ome spells were
calm.

From December 03 in the southern investigation area north of the peninsula ,,Nicoya“ (Costa
Rica) from December 03 the wind veered easterly and the speed increased to 5 and 6 B ft with
some peaks of 7 Bft. The clouds were mainly scattered with translucent Altocumulus and Cirrus.
On the last but one day of reasearch after passing the peninsula Nicoya a first short period of
shower activity began and continued south of the peninsula.

METEOR left the area off Costa Rica in fair weather with westerly winds of about 3 Bft and
steered for G uayaquil on D ecember 08. D uring the following ni ght and day the ITCZ ( Inter
tropical Convergence Zone) was passed with few and short but heavy showers and winds of Bft
3, backing from west to south. Until the arrival in Guayaquil (end of M 66/4a) on D ecember 11
the w eather was cloudy without precipitation and the winds encountered c ame from south to
southwest about 4 Bft.

After 1 eaving G uayaquil for l eg M 66/4b on D ecember 12 a nd dur ing t he ne xt da ys t he
weather was fair associated with southerly winds about 3 Bft, for a short time up to Bft 6 during
the following night due to orographical coastal effects. The further course was affected by few,
later variable mostly broken trade wind clouds.

The wind came from south to southeast with 3 to4 B ftand increasedto 5t o 6 B ft a fter
passing the 25™ degree of latitude. The voyage ended on D ecember 21 in Talcahuano/Chile for
repair in the shipyard.
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OBS: Ocean-Bottom-Seismometer

4.6 List of Stations

OBH: Ocean-Bottom-Hydrophone

INSTRUMENT LATITUDE (N) LONGITUDE (W) DEPTH (m)

D:Min D:Min

Nicoya
OBH 95 11: 08,380 86 : 48,560 188
OBS 96 10: 55,740 86 : 40,730 405
OBS 97 10: 49,770 86 : 54,000 2344
OBS 98 10: 42,550 86 : 40,830 1309
OBH 99 10: 45,580 86 : 28,990 210
OBS 100 10: 47,360 86 : 10,840 193
OBH 101 10: 34,200 86 : 15,600 255
OBS 102 10: 34,200 86 : 28,220 924
OBH 103 10: 29,940 86 : 40,970 3236
OBS 104 10: 29,950 86 : 54,060 4919
OBH 105 10: 13,760 86 : 48,130 4200
OBS 106 10: 12,570 86 : 28,880 3435
OBH 107 10: 23,360 86 : 28,840 2175
OBS 108 10: 23,370 86 : 15,610 904
OBH 109 10: 12,590 86 : 15,570 1668
OBS 110 10: 16,560 86 : 04,760 212
OBS 111 10: 07,220 85: 55,790 248
OBH 112 10: 01,210 86 : 06,040 1537
OBH 113 9: 49,260 85: 57,020 1762
OBH 114 9: 56,400 85: 49,190 317

Mound 12
OBH 115 8: 55,710 84: 18,850 1017
OBH 116 8: 55,710 84: 18,810 1012
OBT 117 8: 55,760 84 18,820 1008

Dominical
OBS 118 8: 38,260 84 : 13,610 1436
OBS 119 8: 43,280 84: 11,290 758
OBS 120 8: 48,200 84: 07,340 322
OBS 121 8: 33,050 84 : 17,410 2731




4-34 METEOR-Berichte 09-2, Cruise 66, Leg 4, Corinto — Talcahuano

INSTRUMENT LATITUDE (N) LONGITUDE (W) DEPTH

D:Min D:Min (m)
OBH 34 10: 47,210 87 : 12,380 4997
OBH 16 10: 50,410 87 : 15,710 5077
OBS 35 10: 54,040 87: 19,150 5070
OBS 14 10: 56,970 87: 22,020 4892
OBP 15 10: 57,010 87 : 22,250 4871
OBS 36 11: 00,260 87 : 25,170 5012
OBH 13 11: 03,510 87: 28,220 5091
OBS 37 11: 06,730 87: 31,280 5292
OBS 12 11: 10,100 87 : 34,490 5296
OBS 38 11: 13,410 87 : 37,590 5143
OBH 11 11: 16,670 87: 40,750 4984
OBS 39 11: 20,260 87: 44,070 4862
OBH 10 11: 23,240 87 : 46,980 4840
OBH 40 11: 26,060 87 : 50,290 4738
OBH 25 11: 10,370 88: 12,360 3440
OBS 41 11: 07,130 88: 09,060 3325
OBH 42 11: 03,750 88 : 05,800 3263
OBS 30 10: 57,320 88 : 12,380 2820
OBS 26 11: 00,470 88: 02,910 3160
OBS 43 10: 57,250 87: 59,800 2985
OBS 44 10: 53,940 87 : 56,700 3047
OBH 27 10: 50,670 87 : 53,650 2980
OBH 45 10: 47,490 87: 50,550 2591
OBS 28 10: 44,100 87: 47,320 2967
OBS 46 10: 40,850 87 : 44,390 2441
OBS 47 10: 37,530 87 : 41,130 2884
OBS 48 10: 34,260 87: 38,050 2932
OBS 29 10: 30,930 87: 34,880 2913
OBH 32 10: 31,030 87 : 47,450 2996
OSB 49 10: 25,910 88 : 17,960 3248
OSB 50 10: 28,960 88: 14,700 3264
OBH 51 10: 32,000 88: 11,810 3064
OBS 52 10: 34,910 88 : 08,920 2996
OBH 33 10: 37,760 88 : 06,270 3020
OBS 53 10: 40,960 88: 03,040 2918
OBS 31 10: 44,220 87: 59,950 2894
OBH 54 10: 47,500 87 : 56,620 2830
OBS 55 10: 50,710 87 : 53,610 2971
OBS 56 10: 53,900 87: 50,320 3046
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INSTRUMENT LATITUDE (N) LONGITUDE (W) DEPTH
D:Min D:Min (m)

OBS 22 10: 57,150 87: 47,200 3445
OBS 57 11: 00,000 87 : 44,000 3627
OBS 18 11: 03,640 87 : 40,850 4202
OBP 19 11: 03,810 87: 41,060 4011
OBH 58 11: 07,250 87: 37,280 4814
OBH 59 11: 10,120 87 : 34,580 5339
OBS 60 11: 13,130 87 : 31,640 4402
OBS 61 11: 16,230 87: 28,520 3439
OBS 62 11: 7,98 87: 12,06 2298
OBS 63 11: 8,88 87: 11,52 1981
OBS 64 11: 10,60 87: 10,37 1470
OBS 65 11: 12,09 87: 09,37 1248
OBS 66 11: 12,19 87: 9,30 1226
OBS 67 11: 12,26 87 9,22 1215
OBH 68 11: 12,33 87: 9,18 1217
OBH 69 11: 13,15 87: 8,66 1147
OBS 70 11: 14,07 87: 8,05 839
OBH 71 11: 14,22 87: 7,99 825,6
OBS 72 11: 14,24 87: 7,90 802,6
OBH 73 11: 14,31 87: 7,84 838,7
OBH 74 11: 15,17 87: 07,29 801,7
OBH 75 11: 16,32 87: 6,51 703,7
OBH 76 11: 16,26 87: 10,21 1031
OBH 77 11: 14,83 87: 8,83 927
OBH 78 11: 13,44 87: 07,360 861,3
OBS 79 11: 13,39 87: 7,30 871
OBS 80 11: 13,32 87: 7,26 874
OBH 81 11: 13,21 87: 7,18 902
OBH 82 11: 12,18 87: 6,14 1010
OBH 83 11: 10,74 87: 4,65 1130
OBH 84 11: 04,030 87 : 05,980 2087
OBH 85 11: 03,410 87: 05,120 2014
OBH 86 11: 02,710 87: 04,440 1985
OBH 87 11: 02,130 87 : 06,650 1950
OBS 88 11: 01,410 87 : 02,860 1866
OBS 89 11: 01,100 87: 02,440 1857
OBS 90 11: 00,750 87: 02,020 1814
OBS 91 11: 00,450 87 : 01,650 1807
OBS 92 11: 00,100 87 : 01,300 1825
OBH 93 10: 59,450 87: 00,510 1777
OBH 94 10: 58,790 86 : 59,760 1768
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