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1. Introduction

The 129" expedition of RV SONNE started on 31 January 1998 in Muscat
(Sultanate of Oman) and ended on 8 March 1998 in Dubai (United Arab Emirates).
The expedition was dedicated to the research programmes ,Biogeochemical
Transports of Matter and Energy in the Deep Sea“ (BIGSET) and German Joint
Global Ocean Flux Study - Arabian Sea (German JGOFS-Arabian Sea).

BIGSET is a joint programme of two research institutes and five university
institutions (coordination, GEOMAR, Kiel) within the new national research focus
,Deep Sea Research“ sponsored by the Bundesministerium fir Bildung,
Wissenschaft, Forschung und Technologie (Table 1). BIGSET is concerned with the
biogeochemical processes in the ecosystem of the deep sea. Main objective is the
fate of sedimenting organic matter. Investigations concentrate to the abyssopelagic
and benthic realm with the benthic boundary layer (BBL) as a focal point. The BBL
is operationally defined as a zone extending from the clear water minimum (about
500 m above the sea floor) to about one metre into the sediment, containing the
nepheloid layer, the bottom contact water and the bioturbated sediment horizons
(Fig. 4). The activity of various groups of organisms inhabiting the BBL from the
bacteria to the megabenthos and the nekton acts as a generator of the chemical
fluxes and partly also for the physical mixing processes. The quantification of
biochemical and geochemical fluxes (esp. carbon compounds, opal) within the
BBL, the identification of the role of different ecological groups and their interactions
are key questions. The results will enlarge our knowledge of deep ocean fluxes and
of the early diagenesis of pelagic sediments, thus also being important for a better
interpretation of the geological record.

Main objectives of BIGSET are:

l. Investigations on the functional interrelations within the ecosystem deep sea

. Parameterization and quantification of the bentho-pelagic coupling to describe
the net fluxes of inorganic and organic matter, esp. carbon compounds and
opal, on different time and space scales within the benthic boundary layer

Il.  Enhancement of our knowledge and modelling of diagenetic processes of
deep-sea sediments

IV. Development and use of advanced deep-sea technologies

V. Modelling of benthic fluxes on different scales (small scale, basin wide)
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Tab. 1: BIGSET programme. The joint programme is coordinated by GEOMAR and
is comprised of the following subprojects (SP):

Coordination joint programme BIGSET (O. Pfannkuche, GEOMAR)
SP-1 Fluxes of matter through the benthic community (GEOMAR)

S P -2 Benthic resuspension, bioturbation and irrigation (Universitat Rostock)

SP-3 Microbial early diagenetic processes (Institut flr Ostseeforschung,
Warneminde)

S P-4 The preservation potential of primary climatic and environmental signals in
the deep sea (Universitat Hamburg)

SP-5 Near bottom particle flux, habitat demands and early diagenetic processes in
the benthic deep sea foraminiferal community (Universitat TUbingen)

SP-6 Interactions between the seasonality in benthic turn over rates and the
distribution of trace elements in deep-sea sediments (Universitat Bremen)

S P -7 Reactions and fluxes in surface sediments: Geochemical measurements and
modelling of the biogeochemical system (GEOMAR)

S P-8 Biogenic, lithogenic, aeolic and hydrothermal signals of trace elements in
deep sea sediments (Universitat Oldenburg)
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2. Objectives
The expedition SONNE SO129 aimed to assess carbon, nutrient and trace metal
fluxes in the benthic boundary layer of the deep Arabian Sea, an oceanic area with
episodically largely enhanced biogeochemical fluxes by the monsoon system.

Cruise SO129 was dedicated to the study the NE monsoon situation. BIGSET
investigations were executed at 5 permanent stations in the central basin of the
Arabian Sea since 1995 (Fig 1).
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Fig.1: BIGSET main stations (Arabian Sea)
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Since a couple of years investigations of vertical particle flux with sediment traps
were carried out at stations WAST, CAST and EAST by a joint Indian/German
project. The area of WAST and CAST was also a focal point of international JGOFS
research in 1995 and of German JGOFS in 1995 and 1997. JGOFS will provide
data mainly on the processes and fluxes in the upper mixed layer.

Since 1995 the benthic system of the deep Arabian Sea has been studied on four
expeditions:

BIGSET Pilotphase

Cruise METEOR M31/3, 6 March - 22 March 1995 (HEMLEBEN et al. 1996)
Cruise METEOR M33/1, 9 September - 31 October 1995 (LocHTE et al. 1996)
BIGSET Programme

Cruise SONNE SO118, 31 March - 11 May 1997 (PFANNKUCHE & UTECHT 1998)
Cruise SONNE SO129, 31 January - 8 March 1998 (this report)

Besides the five main stations (Fig. 1) the deep basin (<3000 m) of the Arabian Sea
was covered by a grid of intermediate stations in order to enlarge the data base for
basin wide extrapolation of biogeochemical fluxes. All stations investigated during
the BIGSET Pilotphase and the BIGSET Programme are shown in Fig. 2.
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List of all benthic stations / Arabian Sea
BIGSET Pilotphase and BIGSETProgramme

A 14°58.23'N/ 54°22.25'E
B 15°49.56'N / 56°59.63'E

C 16°10.09'N / 59°46.31'E NAST 20°00.00'N / 65°35.00'E
D 17°45.06'N / 58°09.02'E WAST 16°13.00'N / 60°16.00'E
E 16°32.00'N / 55°19.86'E CAST 14°25.00'N / 64°34.00'E
WAST-S 16°03.04'N / 60°16.10'E EAST 15°35.00'N / 68°34.00'E
WAST-T 16°10.49'N / 59°46.00'E SAST 10°02.00'N / 65°00.00'E
SW 13°05.00'N / 62°45.00'E .
WC 15°20.00'N / 62°20.00'E l o
NW 18°00.00'N / 62°49.00'E

WS 14°27.00'N / 61°39.23'E

SE 12°50.52'N / 66°48.02'E A

EC 15°02.49'N / 66°42.79'E R 7@\

®\/
NC 17°45.00'N / 65°44.97'E \
\\
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Fig.2: Benthic stations in the Arabian Sea investigated during BIGSET Pilotphase
and BIGSET Programme.
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The main driving force for hydrographical and biogeochemical processes in the
Arabian Sea is the activity of the monsoon winds. The strong winds of the
SW monsoon  (June-September) and the NE monsoon (November-March)
enhance new production in the euphotic zone resulting in an increased particle
export from the upper mixed layer into the deep ocean.

A second production maximum appears during the NE monsoon (Fig. 2), with the
NE winds induced by the winter cooling of the northern hemisphere playing an
important role for thermohaline mixing. Because of this highly seasonal variability
and the enhanced particle fluxes during the monsoon periods, which belong to the
highest known sedimentation rates into the deep sea, the Arabian Sea represents a
key area for our understanding of global biogeochemical fluxes into the deep sea.
Samples from moored sediment traps (JGOFS-Indik, Indian/German cooperation)
collected in time series provide us with information of the seasonal distribution and
the amount of material transported into the deep sea. Above that, they reflect mixed
surface layer processes (variations of the primary production, terrestrial entry) with
little temporal delay and high temporal resolution. A comparison between primary
productivity, export productivity, flux rates in different water depths and
accumulation rates on the sediment surface therefore facilitates estimating the
deposition at the sediment/water intetface.

BIGSET benthic investigations of early diagenetic processes mediate between
short time scales of oceanic surface layer processes and the long time scales of
processes in sediment layers beneath the bioturbated and bioirrigated sediment
surface. Besides benthic remineralisation rates, bioturbation, bioirrigation and pore
water fluxes; the following aspects are of special interest in the BIGSET programme:
The amount of trace elements in the organic material, the knowledge of steering
mechanisms of the elements’ contribution between solid phase and pore water.
Another important aspect is the reconstruction of the sedimentation entry paths
(aeolic-seasonal, fluvial-seasonal up to episodic, turbidical-episodical) which can
be quantified by the trace element relations.

Below the biologically active sediment layer the remaining material is buried for
geological time scales. In consequence deep-sea sediments represent the largest
carbon storage of our planet. They also preserve the record of past climatic
changes. Evidence has increased in the last years that global environmental
changes happened much more rapidly and in the order of decades to centuries. In
consequence the interpretation of carbon deposition under paleo-oceanographic
and paleo-climatic conditions must consider the knowledge of the modification of
the sedimentation signal by the ,benthic filter”.
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Regarding the carbon flux bathy- and abyssopelagic zooplankton and nekton
inclusive its benthopelagic components act as a mediator between the productive
oceanic surface layer and the benthos. This objective is investigated by the
zooplankton subproject of German Indian Ocean JGOFS. Plankton organisms use
carbon, fixed in sinking particles through ingestion, assimilation and in metabolic
processes. Through ingestion and defecation of particles zooplankton contributes
with a specific pathway to the transport processes. To estimate the influence of
zooplankton and nekton organisms on the carbon flux a quantification of its carbon
requirements in relation to the measurable carbon entry (from sediment traps) and
in relation to the other fauna components is necessary.
The following three basic particle fluxes were investigated in the near-bottom
interface in the benthic boundary layer, which is defined as a region reaching from
the clear-water minimum zone (CWM) across the nepheloid layer down to app. 1 m
depth into the sediment:

The particle flux into and in between the benthic boundary layer

The remineralisation and solubilisation of particles in the BBL

The deposition/accumulation below the BBL

The deep-sea floor is especially suitable for the investigation of oceanic material
fluxes because of various reasons. The sediment/water interface is a stable
physical boundary, at which mass fluxes can be measured by different techniques.
Two different methods are used in the BIGSET programme:

Modelling of pore water fluxes through measurements of nutrient concentration
gradients and in situ measurements of benthic oxygen consumption rates in
benthic chambers. The transport of dissolved material at the sediment/water
interface originates from a combination of degradation processes of fast and slow
decomposable organic material. The measured exchange rates can integrate
variations of deposition rates, which facilitates estimating intermediate flux rates.
The sum of all carbon transport processes in the water column determines the rate
of benthic deposition and mineralization. These processes include vettical and
lateral transport of particles by physical properties as well as by organisms.

The main scientific objectives of the SONNE cruise 129 were:

l. Particle transport in the lower water column and the near-bottom interface
determination of the vertical particle flux 500m above ground
modification of the horizontal particle flux in the sediment-close bottom water
modification of the resuspension in the sediment-close bottom water
comparison of vertical and horizontal particle entries in the surface sediments
modification of controlling factors regulating the particle fluxes and their changes

10
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V.

Deposition and Degradation of particulate organic substance
measuring of in situ respiration rates of the sediment community
microbial degradation of particles in the lower water column and in the surface
sediments (aerobic degradation, nitrate reduction, sulfate reduction, methano-
genesis)
determination of qualitative and quantitative interrelations between POM-
deposition rates and biochemical activity parameters (ETS, ATP, hydrolysis-
enzyme-activities)
investigation of the POM composition in sinking particles and surface sediment
(POC, N, DOC, aminoacids, carbohydrates, HEXOSAMINE, C/N, d"*N, d'°C)
investigation of the relation between POM deposition rate and POM composition
formulation of kinetic rules for the POM deposition (rate as a function of POM-
age, POM-composition, electronacceptor availabilty, POM-flux at the
sediment/water interface, sedimentation rate)

Carbonate- and opal-solution
determination of the carbonate and opal solution rates at particles from the lower
water column and surface sediments
review and if necessary a new formulation of the kinetic rules of the carbonate
and opal solution

Biogenic transport processes in the surface sediment
quantification of the particle mixing by benthic organisms in the surface
sediment (bioturbation, bioresuspension)
quantification of the pore water and bottom water motion by benthic organisms
(bioirrigation)
review and if necessary a new formulation of the mathematic models of
bioturbation and bioirrigation (Fick'sche Gesetze, nonlocal mixing)

Biology of the deep sea ecosystem
analysis of structure and distribution of organisms in the lower water column
(zooplankton and nekton) and in surface sediments (megafauna, macrofauna,
meiofauna, bacteria)
analysis of the trophic relations between selected groups of organisms
description and quantification of biogenic structures and their role as
intermediator of particle fluxes

11
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VI. Paleo-oceanographic proxies and tracers

determination of the trace element transports in particles from the water column
into the sediment

modification of the interchange between particulates bound and dissolved trace
elements in the water column as well as in the surface sediment

determination of the preservation potential of proxies during their transport
through the water column and the early diagenesis in surface sediments
formulation of a model, that quantifies the preservation and resolution of trace
elements in the sediment under different milieu-conditions and therefore
facilitating an improved interpretation of the paleo-signals in the sediment

VII. Assessment and modelling of biogeochemical processes in surface sediments

assessment of material flux and turnover rates in the surface sediment

analysis of the functional relations between the important physico-chemical
factors, reactions and material transport in the surface sediment

formulation of a kinetic model for the biogeochemical processes in the surface
sediment based on the beforehand determined reaction kinetics and the
beforehand achieved mathematic formulation of biogenic material transport

Literature
HEMLEBEN Ch., W. ROETHER and P. STOFFERS (1996) OsTLICHES MITTELMEER, ROTES MEER, ARABISCHES

MEeeR, CRuUISE No. 31, 30 DECEMBER 1994 22 MARCH 1995. METEOR-BERICHTE, UNIVERSITAT
HAMBURG, 96-4, 282PP,

LOCHTE K., P. HaLLBACH and B. FLEMMING (1996) Biogeochemical fluxes in the deep sea and

investigations of geolocigal structures in the Indian Ocean, Cruise No. 33, 22 September - 30
December 1995. Meteor-Berichte, Universitdat Hamburg, 96-5, 160pp.

PFANNKUCHE O. and C. UTECHT (1997) Cruise report SONNE 118. GEOMAR Forschungszentrum fur
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3. Participants and participating institutes

Participants SONNE 129, scientific crew

Pfannkuche, Dr. Olaf

Bayer, Katharina
Boetius, Dr. Antje
Cremer, Axel
Cummerow, Svenja
Dittert, Lars

Grandel, Sibylle
Janf3en, Felix

Kéahler, Anja
Koppelmann, Dr. Rolf
Kurbjeweit, Dr. Frank
Lochte, Prof. Dr. Karin
Lunau, Angela
Phillip, Eva
Queisser, Wolfgang
Rickert, Dirk

Schafer, Dr. Petra
Schale, Holger
Schroll, Gunnar
Setzkorn, Dorothea
Springer, Dr. Barbara
Treude, Tina
Turnewitsch, Robert
Viergutz, Thomas
Witte, Dr. Ursula

GEOMAR, Kiel

(chief scientist)

IGP, Universitat Tlbingen, Tlbingen

IOW, Institut flir Ostseeforschung, Warneminde
GEOMAR, Kiel

IHF, Universitat Hamburg, Hamburg

Universitat Bremen, Bremen

GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel

IHF, Universitat Hamburg, Hamburg

IGP, Universitat Tubingen, Tibingen

IOW, Institut fiir Ostseeforschung, Warneminde
GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel

IBM, Universitat Hamburg, Hamburg

ICBM, Universitat Oldenburg

IBM, Universitat Hamburg, Hamburg

IOW, Institut flir Ostseeforschung, Warnem(inde
GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel

GEOMAR, Kiel
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Addresses of participating research institutes:

GEOMAR, Forschungszentrum fiir marine Geowissenschaften
WischhofstraBBe 1-3
D-24148 Kiel, Germany

IBM, Institut fiir Biogeochemie und Meereschemie der Universitat Hamburg
GrabenstralBe 27
D-20357 Hamburg, Germany

ICBM, Institut fiir Chemie und Biologie des Meeres der Universitat Oldenburg
Carl-von-Ossietzky-Straf3e 9-11
D-26111 Oldenburg, Germany

IGP, Institut und Museum fiir Geologie und Paléontologie der Universitat Tlbingen
Sigwartstraf3e 10
D-72076 Tubingen, Germany

IHF, Institut fir Hydrobiologie und Fischereiwissenschaft der Universitat Hamburg
Zeiseweg 9
D-22765 Hamburg, Germany

IOW, Institut fir Ostseeforschung, Warnemiinde
SeestraBe 15
D-18119 Rostock-Warneminde, Germany

Universitat Bremen, Fachbereich Geologie
Klagenfurter StralBe 17
D-28359 Bremen, Germany

Universitat Rostock, Fachbereich Meeresbiologie

FreiligrathstraBe 7/8
D-18055 Rostock, Germany
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Participants SONNE 129, ship’s crew:

Kalthoff, Dierk. (master)
Angermann, Rudolf
Baade, Stephan
Blohm, Volker
Bosselmann, Norbert M.J.
Both, Michael

Hartwig, Karl-Heinz
Hoedl, Wolfgang
Hoffmann, Hilmar W.
Hoppe, Jan

Huxol, Werner H.

Klein, Andreas
Ladewich, Norbert
Lange, Gerhard H.
Lindemann, Erhard W.
Neitzsch, V. Bernd
Osterhues, Wilfried
Prechtl, Hans-Jurgen
Priebe, Roland
Reichmacher, Wolfgang
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Tiemann, Frank E.
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Address:

Reederei Forschungsgemeinschaft GmbH
Postfach 330660
D-28336 Bremen
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4. Narrative

The scientific party of SONNE cruise No. 129 boarded the ship in the morning of 30
January 1998 at Port Sultan Quaboos (Muscat, Sultanate of Oman). The group
consisted of 25 scientists, technicians and students representing the research
programmes BIGSET (Biogeochemical Transports of Matter and Energy in the
Deep Sea) and G-JGOFS-Indic (German Joint Global Ocean Flux Study- Indic).
Both programmes are sponsored by the Bundesministerium fur Bildung,
Wissenschaft, Forschung und Technologie.

In the course of the day six containers of equipment were unloaded and two
laboratory containers were installed on the RV SONNES’s working deck. Until the
evening of 31 January all major sampling gear was assembled and all laboratories
were prepared. At 19.18h (31 Jan.) RV SONNE left Port Sultan Quaboos and
headed towards our first station WAST at 16°13'N/60°16°E (Fig. 1).

After a smooth passage we arrived at WAST at 16.00h of 2 February. Station work
started with a deep CTD/rosette water sampler cast. In the next days sediment
samples were taken with a multiple corer and a maxi corer, a new sampling device,
which can sample with three liners of 30 cm diameter. Water samples were
retrieved with the CTD/rosette water sampler and with the bottom water sampler. A
fluorescence probe was incorporated into the CTD/rosette at shallow hauls (250 m)
to measure chlorophyll profiles. Meso-zooplankton distribution of the whole water
column was studied by employing a 1 m?-double-MOCNESS. An Agassiz trawl was
towed to sample megafauna. A sediment trap was moored 500 m above the
seafloor programmed for sampling intervals of three times during seven days. Three
different free falling vehicles were deployed: a new version of the GEOMAR
chamber lander (FFR), an observation system (FFB), and a fish trapping system
(FFF). The FFR consists of a basic tripod system that can carry four autonomous
benthic chamber systems for the measurement of respiration and pore-water fluxes
at the sediment/water interface. The FFB is based on the same basis lander as the
FFR. The FFB carries a baited tray/trap (tuna fish carcass) to observe large food fall
degradation by megafauna organisms, a stereo-camera system for the observation
of benthic activity and an ADCP to record near seabed current velocities. The FFF of
rectangular construction is deployed on the sea floor. It carries two baited weir
baskets to catch demersal necrophagous fish and crustaceans.

On February 6 RV SONNE steamed to the next sampling station WAST-T a
seamount which is located about 30 nm west of WAST. Sediment samples were
taken in 1920 m water depth and the two water sampler devices were employed to
sample the BBL up to 500 m above the seabed. Station work at WAST-T was

16




Cruise report SONNE 129

finished at midnight of February 8. Following we steamed back to WAST where we
continued our investigation programme until midnight 08.02.

RV SONNE headed in southeastern direction to our next main station SAST at
10°N/B5°E. En route we stopped at 14°27'N/61°39'E (09.02.) to take sediment
samples with the multiple corer. SAST was reached in the evening of 10.02. The
sampling programme (without the use of the MOCNESS system) followed the
scheme of WAST. The assignment of the new OFOS system, a towed near seabed
observation system carrying a still camera, two video cameras and a CTD, failed
due to water penetration into the pressure housing of the telemetry. Station work at
SAST was completed after the successful recovery of the three freefall systems and
of a three days deployment of the sediment trap (500 m above the seabed). In the
evening of February 14. RV SONNE sailed in northeastern direction to station EAST
at 15°35°'N/68°34 E. Another multiple corer sample was taken en route on February
15 at 12°50'N/66°48 E. Station EAST was reached at mid day February 16. The
same investigation programme as at SAST was conducted. Additionally we
produced a bathymetric map of the EAST area after several tracks with HYDRO-
SWEEP-System covering an area of about 50 nm?®. At EAST, the OFOS system was
towed successfully for the first time. Station work at EAST was finished in the
evening of February 18.

Following we steamed in western direction to station CAST at 14°24'N/64°34'E. En
route we took another sediment sample with the multiple corer at 15°02'N/66°42E.
Being a focal point of plankton investigations several MOCNESS-hawls were towed
at station CAST, whereas all other activities followed the scheme of the previous
stations. Station works at CAST were conducted from the evening of February 19
until early morning of the 25th. Following we visited stations WAST and WAST-T
again. From morning of February 26 until the morning of the 28th we repeated our
sediment sampling from our first visit, retrieved our sediment trap mooring and
conducted a shortened water-sampling programme. The FFR and FFB were
deployed and three MOCNESS hawls were towed again.

On February 28 we left WAST and headed Northeast to sample sediments at
another intermediate station at 17°45'N/65°45E. Following this station (01. 03.) we
headed north toward our last station NAST at 20°/65° 35°E, which was reached on
March 2. At NAST, we repeated the sampling scheme of EAST. In the morning of
March 5 we finished the station works and RV SONNE took course through the
Straits of Hormuz to Dubai.

RV SONNE docked in the afternoon of March 8 in Dubai. During the rest of the day
and in the morning of March 9 the scientific equipment of the cruise was loaded into
six containers. The scientific party left RV SONNE in the afternoon of March 9 thus
finishing SONNE cruise SO129.

17
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Favoured by good weather conditions and the calm sea state the cruise SONNE
129 proved to be extraordinary successful. In total 104 stations were sampled with
169 individual gear deployments comprising of: 42 multiple corers, 16 maxi corers,
6 boxgrabs, 6 oxygen profilers, 19 landers, 34 CTD/rosettes, 12 bottom water
samplers, 12 double 1m2-double-MOCNESSES, 3 Apstein nets, 4 Agassiz trawls,
10 OFOS and 5 sediment trap deployments.

10 SAST

55° 60’ 65 70° 75°

Fig.1: Cruise track and sampling stations SO129

18
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5.1 Bathymetry of EAST, HYDROSWEEP swathmapping

A bathymetric survey was carried out with the multibeam ,HYDROSWEEP*“-system
at EAST in order to complete mapping of all main sampling stations. Parallel tracks,
each surveying an area twice as wide as the water depth, were driven over the
EAST site to determine the bathymetry around central benthic sampling area. For a
successful determination the measured areas have to overlap which reduced the
net track width to a factor of about 1.5 of the water depth.

The bathymetric map shown in Figure 1 was prepared by the scientific technical
services on RV SONNE in different formats. It is stored in HPGL format, a vector
based picture format. The raw data are tape-recorded for further evaluation. Plots

with a scale of 1:100.000 are also available.

Toin

0}“ 0
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e
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SN
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68'%0

Bathymetry EAST; Contour interval 10m; Scale 1:25.000; Mercator Projection at 16 °N

Fig.1: Bathymetry of EAST
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5.2 Biological fluxes in the bathypelagic zone of the Arabian Sea
(JGOFS-Indic)

Rolf Koppelmann*, Svenja Cummerow* and Tina Treudg”
* Institut fir Hydrobiologie und Fischereiwissenschaft, Universitédt Hamburg
* GEOMAR Forschungszentrum fiir marine Geowissenschaften, Kiel

Research Programme

The deep-sea below 1000 m, the bathypelagic zone, is the largest and most poorly
known ecosystem on earth. Due to its vast volume of approximately 988 million km?®,
and hence, its enormous capacity of storing carbon (today approx. 38 000 Gt. C are
stored in the deep-water; SCOR 1992), the bathypelagic realm is very important for
balancing the carbon flow in the ocean. In the epi- and mesopelagic zones, carbon
is bound for several years or tens of years, in the sediments it is bound for millions
of years. However, the exchange time of water in bathypelagic zone is several
hundreds of years (see also LAMPITT & ANTIA 1997) - a time span which is relevant for
human life.

Particulate organic carbon, which is transformed from inorganic carbon by
biological activity in the epipelagic zone of the ocean, partly sinks into greater
depths. This pathway of particle flux will be analysed and quantified by the JGOFS-
Indic working group (see HAAKE et al. 1993). On the way through the water column,
these particles are re-mineralised, modified, or build up to new living biomass by
the activity of microorganisms, zooplankton and nekton. The modification and
transfer of biomass is influenced by trophic relationships; whereby parts the organic
carbon are released as CO, by the metabolism of the animals. The German JGOFS-
Indic working group 14 focuses on the role of the medium-sized zooplankton on
these processes. Only a small amount of the organic material reaches the sea
bottom and will be stored by biological and biogeochemical activity in the
sediments; these mechanisms are investigated by the project BIGSET.

There is a lack of quantitative data on processes and on the distribution of deep-sea
zooplankton in the Arabian Sea below 1000 m (see ANGeL 1984; SCOR 1995). In
the framework of JGOFS, our project investigates the deep-sea zooplankton of the
Arabian Sea on a temporal and spatial basis in order to (1) describe the distribution
of biomass and individuals, (2) determine the amount of carbon which is respired or
stored as biomass, and (3) study the pathways of carbon by zooplankton within the
pelagic foodweb.
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Station work and preliminary results

[ntroduction

The cruise SO129 is the last of a series of three cruises to examine the distribution
of deep-sea zooplankton and its carbon utilisation. The cruise covers the NE
monsoon in February, the intermonsoon periods in October and April were
investigated during METEOR cruise M33/1 (October 1995; KOPPELMANN & WEIKERT
1997) and SONNE cruise S0118 (April 1997), respectively. Since sampling in the
bathypelagic zone is very time-consuming, we have focused our investigation on
the two main stations, WAST and CAST (Tab. 1). Additional samples were obtained
at NAST.

Tab. 1: 1m2-double-MOCNESS (333 um) samples from the Arabian Sea.

Haul Ship Station Date Local Time Region Sampled Depths
MOCO1 02 02.02.98 22:05-02:37 WAST 1850-0 m
MOCO02 15 05.02.98 07:09-11:18  WAST 1850-0 m
MOC03 17 05.02.98 19:59-04:16  WAST 4000-1850 m
MOCO04 22 07.02.98 16:30-23:31  WAST 4000-1850 m
MOCO05 57 19.02.98 00:57-02:45 CAST 1850-0 m
MOCO06 63 21.02.98 09:23-13:35 CAST 1850-0 m
MOCO07 66 22.02.98 04:09-11:59 CAST 3930-1850 m
MOCO08 70 23.02.98 21:36-05:24 CAST 3900-1850 m
MOCO09 76 24.02.98 19:30-02:41 CAST 3920-0 m
MOC10 81 26.02.98 16:38-00:15  WAST 4000-1850 m
MOC11 83 27.02.98 09:40-13:16  WAST 1850-0 m
MOC12 98 04.03.98 09:07-13:13  NAST 3150-0 m
Methods

We used a 1 m2-double-MOCNESS (WIEBE et al. 1985) with eighteen 333 um nets
and two 100 um nets to obtain horizontal and oblique mesozooplankton samples
(see sampling scheme, Fig. 1). The two 100 um nets were used to catch smaller
sized zooplankton for biogeochemical and taxonomical analyses. These are the
first 100 um net samples down to 4000 m in the Arabian Sea. Sampling speed
amounted to 2 kn. Oblique tows were taken to quantify the standing crops of the
mesozooplankton biomass and the abundance of different taxa and to describe the
vertical distributions in the water column. Horizontal sampling was performed to get
specimens for biochemical analyses. The fraction <5 mm of these zooplankton
samples were split in 1/2 or 1/4 samples. One subsample was used to measure the
electron transport system activity (ETSA). Another subsample was used to
determine the wet, dry and ash-free-dry weights. The ETS activity is used 10
calculate the potential respiration rate of zooplankton. The analysis was done
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following the method of Packarp (1971), modified by KeEnNErR & AHMED (1975). The
enzymatic activity was corrected for in situ temperature using the Arrhenius
equation assuming an activation energy of 13.2 kcal mol® for bathypelagic
zooplankton (PACKARD et al. 1975) to determine the oxygen consumption in ul O, per
unit time and volume, per unit time and wet weight (WW), and per unit time and dry
weight (DW).
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150- 300
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450- 600
600- 750
750- 900
900 L9,333um
900-1050 L8,333um
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Fig. 1: Sampling strategy of 1 m2-double-MOCNESS hauls.
L= left nets. R= right nets

To determine the trophic level of different zooplankton size classes, one additional
oblique haul was taken at CAST (MOCO09; Tab. 1). The samples were passed
through a set of sieves resulting in fractions of >5, 5-2, 2-1, 1-0.5, and <0.5 mm, then
deep-frozen, and finally pulverised for the analysis of the §'°N/"N stable isotope
composition.

The MOCNESS is equipped with SEABIRD conductivity (SBE 4), temperature
(SBE 3) sensors, and a pressure indicator. Hence, this device can also act as an
environmental sensing system (WIEBE et al. 1985).

Preliminary results

Compared to the earlier cruises, the abundance of zooplankton in February
(So129) during the NE monsoon was less than in October (M33/1) after the SW
monsoon, but higher than in April (So118) after the NE monsoon. Zooplankton in
the upper bathypelagic zone contained a visible amount of lipids in October and
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February and distinctively less in April. Upon completion of the forthcoming
analyses, the data will be available via the German JGOFS data manager
(http://www.ifm.uni-kiel.de/pl/dataman/dmpag1.html).

WAST CAST
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Fig. 2: Vertical profiles of temperature and salinity at WAST (left) and CAST (right)
measured by MOCNESS and CTD sensors.

Salinity and temperature were recorded with the MOCNESS sensors. The values
are plotted against the depth, and for comparison, the data measured by a
SEABIRD CTD are added. Fig. 2 shows the plots for WAST and CAST. Surface
temperature at CAST at the end of February was slightly higher (27.0°C) compared
to WAST in early February (25.6°C). At WAST, the upper 100 m were mixed, at
CAST the profile was stratified. Salinity shows at both stations a subsurface
maximum at ~50 m. Between 100 m and 200 m a sharp decline in temperature and
salinity was visible at both stations. Between 200 m and approximately 2000 m, the
decrease of temperature and salinity was lessened. The data show some minor
variabilities with depth, especially in salinity. At greater depths, temperature and
salinity remain stable with 1.7°C and 34.7 PSU, respectively. The CTD and
MOCNESS data show a high coherency. The temperature profiles are nearly the
same, except for the depth range between 300 and 1500 m, where higher
variabilities occurred. The salinity profiles are of the same shape, however, the
MOCNESS data are about 0.04 to 0.1 PSU lower than the CTD data.
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Conclusions

The data of the three cruises provide us with valuable information on spatial and
temporal distributions, compositions, and activity rates of zooplankton down to
4000 m depth in the Arabian Sea. First results indicate that the Arabian Sea is an
environment of high spatial variability, influenced by different productivity regimes at
the surface (KopPELMANN & WEIKERT 1997). Temporal differences in the vertical
distribution of zooplankton were only detected for zooplankton numbers at WAST,
so far. This station shows also the highest annual change in particle flux rates. The
ETS activity of mesozooplankton shows high temporal variability at WAST and
CAST, however, these results are at the beginning of the evaluation and have to be
validated.

Literature

HAAKE, B., ITTEKKOT, V., RIXEN, T., RaMASWAMY, V., Nair, R.R. and W.B. CURRY (1993): Seasonality and
interannual variability of particle fluxes to the deep Arabian Sea. Deep-Sea Research, 40,
1323-1344,

KENNER, R.A. and S.I. AHMED (1975) Measurement of electron transport activities in marine
phytoplankton. Marine Biology, 33, 119-128.

KoPPELMANN, R. and H. WEKERT (1997) Deep-Arabian Sea mesozooplankton distribution.
Intermonsoon, October 1995. Marine Biology, 129, 549-560.

LAMPITT, R.S. and A.N. ANTIA (1997) Particle flux in deep seas: regional characteristics and temporal
variability. Deep-Sea Research, 44, 1377-1403.

PACKARD, T.T. (1971) The measurement of respiratory electron transport activity in marine
phytoplankton. Journal of Marine Research, 29, 235-244.

PACKARD, T.T., DEVOL, A.H. and F.D. KING (1975) The effect of temperature on the respiratory electron
transport system in marine plankton. Deep-Sea Research, 22, 237-249.

SCOR (1992) Joint Global Ocean Flux Study. Implementation Plan. Scientific Commitee on Oceanic
Research, JGOFS Report, 9.

WIEBE, P.H., MORTON, A.W., BRADLEY, A.M., BAckUS, R.H., CRADDOCK, J.E., BARBER, V., COWLES, T.J.
and G. R. FLIERL (1985) New developments in the MOCNESS, an apparatus for sampling
zooplankton and micronekton. Marine Biology, 87, 313-323.

24




Cruise report SONNE 129

5.3 Preservation potential of the primary climatic and environmental
signals in deep-sea sediments

Petra Schéfer and Gunnar Schroll
BIGSET, Institut flir Biogeochemie und Meeresforschung, Universitdt Hamburg

Research Programme
The subproject addresses the question of the preservation of environmental and
climatic signals in sediments reaching the deep sea via settling particles. The
particle flux to the deep-sea benthic boundary layer is measured and its
biogeochemical composition is compared with that of the standing crop of
suspended particles and particle deposits in surface sediments. Additional
information on early diagentic processes affecting the preservation is obtained from
the carbon and nitrogen isotopic composition of sinking particles and sediments as
well as from the labile constituents of organic matter in sediments and pore waters.
The objectives of the cruise were:
Deployment of short-term moorings with sediment traps, current meters and
deep-sea pumping systems at the stations WAST, SAST, EAST, CAST and
NAST.
Collection of suspended particles from the surface layers and from the deep-sea
boundary layer
Sampling of sediments and sediment pore waters.

Station works and methods

Particle flux

In order to determine the vertical particle flux to the benthic boundary layer
sediment traps were moored approx. 500 m above the sea floor. The particle flux
and especially the flux of organic carbon are basic parameters for the benthic
studies of all sub-projects of BIGSET.

Short-term sediment trap moorings were successfully deployed at each of the five
main stations of cruise SO129 (Tab. 1). During the first visit of station WAST one
mooring was deployed for a longer period. It was recovered during the second visit
of the station after 24 days. Three samples at intervals of eight days each were
retrieved. Sediment traps at the other stations were deployed for 2-4 days which
allowed the collection of one sample each. At NAST, two samples from different
depths were collected.
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Tab. 1: Mooring system information, Arabian Sea, SO129

Station

WAST

SAST

Mooring name

WAST-ST-03

SAST-ST-01

Mooring position

16°14.653' N 60°17.059' E

10°04.00' N 65°00.02' E

Deployment 03.02.98, 09:15-10:40 11.02.98, 08:55-10:17
Deployment station 5 33

Recovery 28.02.98, 07:02-08:54 14,02.98, 14:25-16:11
Recovery station 87 43

Water depth (m) 4043 4425

Trap depth (m) 3480 3887

Distance to seafloor (m) 561 538

Sampling start

04.02,98, 06:00

11.02.98, 12:00

Sampling end

28.02.98, 06:00

14.02.98, 12:00

Sampling duration (d) 3x8 3
Station EAST CAST
Mooring hame EAST-ST-01 CAST-ST-02

Mooring position

15°34.542' N 68°33.264' E

14°26.114' N 64°34.030' E

Deployment 16.02.98, 13:00-13:28 20.02.98, 07:07-07:33
Deployment station 47 61

Recovery 18.02.98, 14:56-16:33 24.02.98, 16:22-17:26
Recovery station 54 74

Water depth (m) 3865 3955

Trap depth (m) 3318 3417

Distance to seafloor (m) 538 538

Sampling start

16.02.98, 15:00

20.02.98, 12:00

Sampling end

18.02.98, 15:00

24.02.98, 12:00

Sampling duration (d) 2 4
Station NAST
Mooring name NAST-ST-02

Mooring position

19°59.951' N 65°35.611' E

Deployment

02.03.98, 07:12-07:55

Deployment station 91

Recovery 05.03.98, 06:18-08:13
Recovery station 104

Water depth (m) 3185

Trap depths (m) 2118, 2647

Distance to seafloor (m) 1067, 538

Sampling start

02.03.98, 11:00

Sampling end

05.03.98, 05:00

Sampling duration (d)

2.75

After initial macroscopic description of the sediment trap samples (Tab. 2) they were

split and filtered.
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Tab. 2: Description of sediment trap samples (visual)

Amount: M = major (50 - 100%), m = minor (10 - 50%), T = trace (< 10%)

Sample SAST- EAST- CAST- WAST- WAST- WAST-
ST-01#1 ST-01#1 ST-02#1 ST-03#1 ST-03#2 ST-03#3
Date of sample| 14.02. 19.02. 25.02. 28.02. 28.02. 28.02.
description
Supernatant 99 97 92 97 95 85
volume (%)
Supernatant 238 233 220 233 228 205
volume (ml)
Supernatant clear clear clear clear clear clear
color
Subsample - - - - - -
Particle 2 7 8 7 12 35
volume (ml)
Particle brown- green- brown- brown- brown- brown-
color green brown green green green green
Large amorph.| M M M m m M
aggregates
Small amorph.| m M M M m M
aggregates
Fecal pellets|M M M m M M
(>1 mm)
Fecal pellets| T T m m M M
(<1 mm)
Sample NAST- NAST-
ST-02/sh-#1 |[ST-02/dp-#1
Date of sample] 05.03. 05.03.
description
Supernatant 92 92
volume (%)
Supernatant 220 220
volume (ml)
Supernatant clear clear
color
Subsample - -
Particle 20 20
volume (ml)
Particle brown- brown-
color green green
Large amorph.|- -
aggregates
Small amorph.| M M
aggregates
Fecal pellets|T T
(> 1 mm)
Fecal pellets|T T
(<1 mm)

For analyses of dissolved organic compounds the supernatant was filtered through
glass microfibre filters (GF/F, 0.7 um, pre-combusted at 450°C) and filled in 10 ml
glass ampoules (pre-combusted at 550°C). The ampoules were sealed under
hitrogen and stored frozen. One aliquot of the supernatant was analyzed onboard
for dissolved nutrients by A. Lunau and D. Rickert (BIGSET SP 7). The samples
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were split using a rotary splitter. The sub-samples were filtered on preweighed
polycarbonate filters and dried (60°C) for further biogeochemical analyses. The
processing and distribution of the sample splits for the various analyses of
subproject 4 and three other subprojects of BIGSET (SP 1, SP 2 and SP 3) are
listed below:

SAST-ST-01, #1
<+ > 1mm, total filtered and dried

EAST-ST-01, #1

<+>1mm, 88.83% filtered and dried

<+>1mm, 0.23% microbiology and microscopy (SP 3)
<+>1mm, 1/16 potential hydrolytic activity (FDA, SP 1)
<+>1mm, 1/64 chloroplastic pigments (SP 2)
<+>1mm, 1/32 Thorium (SP 2)

CAST-ST-02, #1

<+>1mm, 1/2 filtered and dried

<+>1mm, 38.83% filtered and dried

<+>1mm, 0.23% microbiology and microscopy (SP 3)
<+>1mm, 1/16 potential hydrolytic activity (FDA, SP 1)
<+>1mm, 1/64 chloroplastic pigments (SP 2)
<+>1mm, 1/32 Thorium (SP 2)

WAST-ST-03, #1, #2 and #3

<+>1mm, 1/16 potential hydrolytic activity (FDA, SP 1)
<+>1mm, 1/64 chloroplastic pigments (SP 2)
<+>1mm, 1/32 Thorium (SP 2)

WAST-ST-03, #1

<+>1mm, 1/2 filtered and dried

<+> 1mm, 38.83% filtered and dried

<+>1mm, 0.23% microbiology and microscopy (SP 3)

WAST-8T-03, #2

<+>1mm, 1/2 filtered and dried
<+>1mm, 37.70% filtered and dried
<+>1mm, 0.20% microbiology and microscopy (SP 3)

WAST-ST-03, #3

<+>1mm, 3x1/4 filtered and dried
<+>1mm, 13.87% filtered and dried
<+ > 1mm, 0.20% microbiology and microscopy (SP 3)

NAST-ST-01, #1, shallow and deep

<+>1mm, 1/2 filtered and dried

<+> 1mm, 38.13% filtered and dried

<+>1mm, 0.94% microbiology and microscopy (SP 3)
<+>1mm, 1/16 potential hydrolytic activity (FDA, SP 1)
<+>1mm, 1/64 chloroplastic pigments (SP 2)
<+>1mm, 1/32 Thorium (SP 2)
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Preliminary results

Shipboard studies

The total liquid sample (SAST) or one aliquot of the liquid sample (1/16 at EAST,
CAST, WAST and NAST) was inspected jointly with F. Kurbjeweit (SP 5) using a
stereo microscope. The identified constituents are described below in the order of
their abundance:

SAST-ST-01, #1:

1.+2. fecal pellets, > 1 mm

1.+2. large amorphous aggregates, > 1 mm (containing radiolaria)

3. foraminifers (e.g., Globigerinella digitata, Globigerinoides sacculifer)

EAST-ST-01, i#1:

1. small amorphous aggregates

2.+3. foraminifers (e.g., Globigerinoides menardii, Globigerina bulloides)
2.43. rests of fecal pellets

4. radiolaria

CAST-ST-02, #1:

1. small and large amorphous aggregates
2. and 3. small foraminifers

2. and 3. pteropods

4. fecal pellets

WAST-ST-03, #1:

1. small and large amorphous aggregates

2.43. foraminifers (e.g., Globigerina bulloides, Globigerinella digitata, Orbulina universa)
2.+3. pteropods (Limacina)

4. fecal pellets

WAST-ST-03, #2:

1. small and large amorphous aggregates

2. pteropods, (Limacina, Clione)

3. foraminifers (e.g., Globigerina bulloides, Globigerinella digitata, Orbulina universa, Globigerinoides sacculifer)
4. fecal pellets

WAST-ST-03, #3:

1. small and large amorphous aggregates

2. pteropods in different sizes (Limacina, Clione)

3. small foraminifers (dominated by Globigerina bulloides)

4. fecal pellets

more aggregates, more pteropods than in samples #1 and #2, no radiolaria

NAST-ST-02, #1, shallow:

1. small amorphous aggregates

2. pteropods (Limacina, Clione)

3. small fecal pellets

4, radiolaria

5. few foraminifers

fragments of the diatom Rhizosolenia and rests of radiolaria

NAST-ST-02, #1, deep:

1. small amorphous aggregates

2. pteropods (Limacina, Clione)

3. very small formaninifers (mostly juvenile forms, e.g., Globigerinoides menardii, Globigerina bulloides)

4. fecal pellets

5. radiolaria

fragments of the diatoms Rhizosolenia and Chaetoceros (a pennate diatom), tintinnid tests and rests of radiolaria
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Laboratory studies

The weight of the dried material (< 1 mm) from the filter was used to calculate the
total flux (Fig. 1). Analyses of organic carbon, nitrogen, carbonate, biogenic opal,
lithogenic material, amino acids, hexosamines and carbohydrates as well as of
stable carbon and nitrogen isotopes will be carried out at home.

Total fluxes were lowest at SAST (14.6 mg m? d”, Fig. 1). At EAST the fluxes were
higher (57.7 mg m? d'). At CAST and from February 4-20 at WAST fluxes varied
between 78.9 and 93.3 mg m? d”. Highest fluxes were measured at WAST from
February 20 to 28 (145.8 mg m? d') and at both depth at NAST from March 2-5
(142.2 and 149.0 mg m? d”, respectively).

160 -
N
o 120 -
-
g’ [ |
2
= B
S 40
o)
= B
0
¥ ¥ ¥ e $ g @ s
z 5 g g 8 3 % %
= = = = = = <Q <
2 < 2 2 2 2 5 5
« ) £ = 2 < <
4 4
Sample

Fig. 1: Total particle flux in the Arabian Sea during SO129. Station and mooring
descriptions see Tab. 1.

Conclusions

The sinking particles consisted mainly of small amorphous aggregates,
foraminifers, pteropods and fecal pellets. Particle fluxes measured at stations
NAST, CAST and during the end of February at station WAST were higher than
those measured during April and May 1997 (SO118) indicating that biological
productivity in surface waters of the Arabian Sea during cruise SO129 was higher
than during cruise SO118. Compared to the other stations EAST and SAST
exhibited the lowest particle fluxes.
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Suspended particles

At each of the five main stations at least one filter with suspended matter from three
near-bottom depths (5, 55 and 500 m above ground) was taken for the analyses of
amino acids, hexosamines, carbohydrates and stable isotopes (Tabs. 3 and 4). The
data will be interpreted together with the results of subproject 2 (C,,, N, Thorium)
and 7 (inorganic components). Suspended particles were also sampled in near-
surface profiles (20 m, fluorescence maximum, 60 m, 100 m, 200 m). Sampling for
DOC was done at stations CAST, WAST and NAST in 10-12 different depths above
ground.

Tab. 3: Collection of suspended particles. Dates on which the various water
depths were sampled at the five main stations and at station WAST-T.

Station Depth (m) = Depth (M) = Depth (M) =
5ma.g. 55 ma.g. 500 ma.g.
WAST 04.02.98 07.02.98 07.02.98
WAST-T 06.02.98 - -
SAST 11.02.98 13.02.98 14.02.98 (2x)
EAST 16.02.98 18.02.98 18.02.98 (2X)
CAST 20.02.98 23.02.98 22.02.98 (2x)
NAST 02.03.98 03.03.98* 03.03.98 (2x)
Station Depth (m) = Depth (m) = DOC at
20,60,200,700 2xFM, 100 or 250 10-12 depths
WAST 04.02.98 08.02.98 -
27.02.987 27.02.98 27.02.98
SAST 14.02.98 10.02.98 -
EAST 16.02.98* 16.02.98 -
CAST 24.02.98 19.02.98 22.-23.02.98
NAST 04.03.98* 02.03.98 02.-03.03.98

a.g.= above ground

FM: Fluorescence maximum

*: no sample at 700 m

*: no sample at 20 m, no sample at 700 m

*: additional sampling at 10 m, 40 m and 50 m
* additional sampling at 25 m above ground

Methodology and description of the work carried out

Water samples were taken with a rosette water sampler equipped with 10-L Niskin
bottles from selected depths. For sampling of suspended matter seawater was
filtered using preweighed glass microfibre filters (GF/F, 0.7 um, pre-combusted at
450°C, 4.5 h). The filters were rinsed with double deionized water and dried at
60°C. For DOC analyses water samples were filtered through glass microfibre filters
(GF/F, 0.7 um, pre-combusted at 450°C). The filtered seawater was filled in 10 ml
glass ampoules (pre-combusted at 550°C). The ampoules were sealed under
nitrogen and deep-frozen.
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Analyses of amino acids, hexosamines, carbohydrates

suspended particles are being carried out.

Tab. 4: Water sampling

and stable isotopes in

Station Station Position Water Sample Volume Above
and date Depth (m)  depth (m) (mh) ground (m)
WAST-P 13/#1 16°12.98'N 4044 4028 58500 5
04.02.98 CTD-03 60°15.90'E
WAST-P 13/#3 16°12.98'N 4048 19 24000
04.02.98 CTD-04 60°15.93'E 59 29100

197 38500

694 47900
WAST-T 19/#5 16°10.55'N 1916 1898 58375 5
06.02.98 CTD-05 59°45.95'E
WAST-P 23/#1 16°12.99'N 4042 3532 58270 500
07.02.98 CTD-06 60°15.87'E 3975 57200 55
WAST-P 23/#4 16°13.00'N 4046 *28/1 17000
08.02.98 CTD-07 60°15.95'E ¥28/2 16850

252 40000
SAST 27 10°02.08'N 4426 w771 21150
10.02.98 CTD-08 64°59.91'E ¥7712 21150

102 48200
SAST 34/#4 10°01.93'N 4425 4408 59600 5
11.02.98 CTD-09 65°00.00'E
SAST 40/#6 10°02.01'N 4423 4358 59300 55
13.02.98 CTD-11 65°00.00'E
SAST 40/4#7 10°01.98'N 4424 3909 58950 500/1
14.02.98 CTD-12 64°59.99'E 59100 500/2
SAST 45/#2 10°01.70'N 4422 20 28850
14.02.98 CTD-13 65°00.87'E 60 27495

200 38700

700 49000
EAST 49/#3 15°34.97'N 3848 21 27900
16.02.98 CTD-14 68°34.01'E *50/1 18550

#50/2 18250

60 27975

100 37900

199 38950
EAST 49/#5 15°34.99'N 3848 3820 58850 5
16.02.98 CTD-15 68°34.00'E
EAST 52 15°35.02'N 3848 3342/1 59100 500/1
18.02.98 CTD-17 68°34.01'E 3342/2 58450 500/2
EAST 55 15°35.04'N 3850 3778 59100 55
18.02.98 CTD-18 68°33.93'E

* Fluorescence maximum
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Tab 4: continued

Station Station Position Water Sample Volume Above
and date depth (m)  depth (m) (mi) ground (m)
CAST 57/#1 14°25.31'N 3949 ¥31/1 21100
19.02.98 CTD-19 64°37.80'E #31/2 22000
101 58770
CAST 62/#4 14°24.99'N 3950 3934 58800/DOC 5
20.02.98 CTD-20 64°34.00'E 3940 DOC 9
CAST 62/#5 14°24.99'N 3956 3842 DOC 100
20.02.98 CTD-21 64°33.94'E 3887 DOC 55
3902 DOC 40
3917 DOC 25
3928 DOC 14
CAST 68/#5 14°25.02'N 3958 3453/1 56800 500/1
22.02.98 CTD-22 64°34.05'E 3453/2 57900 500/2
CAST 68/#6 14°25.01'N 3958 2948 DOC 1000
23.02.98 CTD-23 64°34.02'E 3445 DOC 500
3694 DOC 250
3888 57800 55
CAST 71/#2 14°24.98'N 3958 21 27700
23.02.98 CTD-24 64°33.96'E 61 28600
200 38750
699 48500
WAST-P 82/#1 16°12.97'N 4042 #28/1 22650
26.02.98 CTD-25 60°16.00'E #28/2 22000
63 29050
102 49600
201 48000
WAST-P 86/#1 16°13.38'N 4044 3988 DOC 45
27.02.98 CTD-26 60°16.48'E 4008 DOC 25
4019 DOC 14
4024 DOC 9
4027 DOC 5
WAST-P 86/#2 16°13.35'N 4045 3040 DOC 1000
27.02.98 CTD-27 60°16.53'E 3538 DOC 500
3688 DOC 350
3937 DOC 100
3982 DOC 55
3997 DOC 40

# Fluorescence maximum
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Tab 4: continued

Station Station Position Water Sample Volume Above
and date depth (m) depth (m) {ml) ground (m
NAST 89/#1 19°59.46'N 3188 *31/1 21800
02.03.98 CTD-28 65°34.56'E #31/2 22000
100 40000
NAST 94/#1 19°59.98'N 3187 3172 DOC 9
02.03.98 CTD-29 65°34.98'E 3178 58250/DOC 5
NAST 94/#2 20°00.02'N 3186 3142 DOC 40
02.03.98 CTD-30 65°34.97'E 3147 DOC 35
3156 DOC 25
3160 DOC 20
3164 DOC 14
NAST 97/#1 19°59.99'N 3187 50 17950
03.03.98 CTD-31 65°35.02'E 3078 DOC 100
3123 54250/DOC 55
3154 56400 25
NAST 97/#2 19°60.00'N 3187 10 18600
03.03.98 CTD-32 65°34.99'E 2680/1 47750 500/1
2680/2 57350 500/2
NAST 97/#3 20°00.01'N 3190 2183 DOC 1000
03.03.98 CTD-33 65°34.96'E 2681 DOC 500
2930 DOC 250
NAST 102 20°00.02'N 3187 20 16000
04.03.98 CTD-34 65°35.10'E 40 18800
59 27450
198 37800
696 47300

* Fluorescence maximum

Sediment and pore water

Sediment and pore water were sampled from ten cores taken by muitiple corer at
WAST, WAST-T, SAST, EAST, CAST, NAST, between WAST + SAST (ZW V),
between SAST and EAST (ZW V), between EAST + CAST (ZW VI) and between
WAST + NAST (ZW VII) (Tab. 5).

The cores were subsampled for sediment and pore water. The multicorer
supernatant was filtered and sampled as bottom water. Sediment was subsampled
at selected intervals (Tab. 6). Pore water for the analysis of dissolved organic
compounds was centrifuged from the sediment subsamples at a temperature of 2°C
at 2000 rpm for 20 minutes. Subsequently, the supernatant pore water was
removed with syringes and filtered through glass microfibre filters (GF/F, 0.7 pum,
pre-combusted at 450°C). The pore water was filled in 10 ml glass ampoules (pre-
combusted at 500°C), the ampoules were sealed under nitrogen and deep frozen (-
17°C to -23°C).
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Tab. 5: Sediment and pore water sampling

Station Station No. |MC | Position Date Water depth Core length
(m) (cm)
WAST-P 7/#4 03 [16°13.078'N 03.02.98 4041 20
60°15.995'E
WAST-T 19/#9 11 [16°10.502'N 06.02.98 1917 14
59°45.956'E
W IV 26 13 |[14°27.155'N 09.02.98 4113 10
61°39.213'E
SAST 34/#1 15 110°01.998'N 11.02.98 4423 30
64°59.992'E
WV 46 20 |12°50.521'N 15.02.98 4137 25
66°48.024'E
EAST 49/#2 22 |15°35.005'N 16.02.98 3855 10
68°33.987'E
ZW VI 56 26 | 15°02.579'N 19.02.98 3915 30
66°42.759'E
CAST B2/#2 28 | 14°25.009'N 20.02.98 3954 10
64°34.004'E
ZW VI 88/#1 37 | 17°44.999'N 01.03.98 3419 7.5
65°44.967'E
NAST 95/i#4 41 ]19°59.948'N . |03.03.98 3187 25
65°35.011'E

The sediment samples were dried at 60°C for 6-20 days and stored in glass vials.
The sampling was done at 11°C, the filtration at 24°C.
Tab. 6: Sampling intervals of sediment and pore water

Sampling interval

Bottom water
0-0.5¢cm
0.5-1cm
1-1.5¢cm
1.5-2 cm
2-2.5cm
2.5-3¢cm

3-4 ¢cm
4-5¢cm
6.5-7.5 cm
9-10 cm
14-15 cm
19-20 cm
24-25 cm
29-30 cm
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Sediment samples will be analyzed for organic carbon, nitrogen, carbonate,
biogenic opal, lithogenic material, amino acids, hexosamines, carbohydrates and
stable carbon and nitrogen isotopes. Pore water samples aré being analyzed for
dissolved organic carbon, dissolved combined and dissolved free amino acids,

hexosamines and carbohydrates.

Recovery attempt of & long-term sediment trap mooring in the Southern Arabian Sea
t trap mooring which had

An attempt was made to recover a long-term sedimen

been deployed at SAST during M33/1 in 1995. Futile attempts were made to
recover it during cruises 50118 and SO119. The mooting consists of one sediment
trap at a water depth of 2974 m below surface (1437 m above ground), one release
(Benthos; Codes 1D, 1B), 24 floats (Benthos), one top float with radio and flash
light, 1420 m of wire rope. The water depth is 4411 m.

The mooring position (1 0°02.92'N 65°02.28'E) was encircled at slow speed
keeping a horizontal distance of 0.5 nm. A MAR\SCOPE-Hydrophone-ﬁsh which
was towed behind the ship was used to send commands. The intensity of the
answers to single pings were checked in order to find the best position for sending
the release command. However, these intensities were very week and the system
could not be released. However, from slant ranges measured, the mooring or part
of it appeared to be at the original location. Due 10 lack of time no further attempts of
recovery were made.
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5.4 Benthic resuspension, pioturbation and biorrigation

Barbara Springer# and Robert Turnewitsch*
# BIGSET, Fachbereich Biologie, Universitat Rostock
+ GEOMAR Forschungszentrum far Marine Geowissenschaften, Universitét Kiel

Research programme

The principal aims of BIGSET subproject 2 were to quantify several particle-
associated processes in the bottom nepheloid layer (BNL) and in the upper layers
of the sediment and to investigate their mutual coupling. The diffusional and
bioirrigational transports of pore water are another objective. The processes in this
zone form an essential link between processes in the upper water column and
processes below the bioturbated zone of the sediment (e.9. GRAF, 1989). They are
of great importance for early diagenetic changes of settling and settled particles
before being buried.

BACON & RUTGERS VAN DER LOEFF (1989) showed that particle—associated processes in
the BNL are very dynamic and estimated the mean residence time of 25 days for
resuspended particles in the BNL of the HEBBLE site (NE Atlantic). In order to
characterize the particles in the BNL water samples were taken with a CTD/rosette
and the bottom water sampler (BWS). Water samples were filtered and analyzed for
total suspended matter (TSM), particulate organic carbon (POC), particulate
nitrogen, bactetial abundance and cell sizes, particulate carbonate, and silicate. A
particle camera, mounted on the BWS, registered in situ particle size classes,
abundances, and current velocities. Particulate and dissolved 284Th in samples from
the rosette water sampler were used to calculate the residence time of resuspended
particles in the BNL according to the model applied by BACON & RUTGERS VAN DER
LoerF (1989). As auxiliary parameter fluxes of particulate **‘Th into sediment traps
deployed approximately 500 m above bottom (mab) were measured (co-operation
with subproject 4). All main BIGSET sites were sampled for these parameters.
These data will yield an estimate of the POC degradation in the near-bottom water
column.

Sediments cores were sampled for the determination of the natural radionuclide
234, The profiles of this radionuclide provide information on the 2Th inventory and
on the intensity of bioturbation if & steady state can be assumed. All 2*Th data (from
sediment, BNL and sediment traps) combined with the other partiole-assooiated
data will give an insight to processes on time scales of a few weeks.

In situ incubations with bromide tracer were carried out in the benthic chambers of
the GEOMAR lander in order to quantify bioirrigation rates subproject 5 participated
in these experiments by injecting fluorescing microspheres and glass beads of
several size-classes into a lander chamber. These particles serve as tracers for
bioturbational activity of foraminifera.
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The bioirrigation and bioturbation rates will become part of the diagenetic model
developed in subproject 7.

Station works

Investigations of the bottom nepheloid layer

DEGENs (1989) emphasizes that boundaries in general often are zones of enhanced
activity and crucial for the determination of features of the adjacent compartments.
Located above the seafloor, one of the major ocean boundaries, the bottom
nepheloid layer (BNL) is a layer of elevated turbidity due to increased concentration
of suspended matter, observed as an increase in light scattering near the seafloor
in many parts of the world ocean (BACON & RUTGERS VAN DER LOEFF, 1989). According
to Bacon & RUTGERS VAN DER LOEFF (1989) local or nearby resuspension of surficial
sediment accounts for this observation. Bioturbational processes span timescales
much shorter and space scales much longer than sedimentational ones.
Bioturbation can move old particles from deeper sediment layers back to the
sediment surface where they can be resuspended again. Therefore, a sedimentary
particle can cycle many times in the resuspension loop before being finally buried
for geological timescales below the zone of bioturbation. Thus, there is the
possibility for diagenetic processes to affect the characteristics of particles before
being buried.

To obtain information on this link between upper water column and sediment water
and sediment trap samples (in co-operation with subproject 4) have been taken for
the determination of parameters characterizing the particles in the BNL (cf.
Research Programmes). Measurements in the BNL have been done in order to
learn more about the particle dynamics in the BNL. A principal aim is the
determination of the mean residence time of resuspended patrticles.

All BIGSET main stations were sampled at least once with the BWS and the
CTD/rosette (Tab. 1). Particulate 2*Th was also measured in samples from four
short-time sediment trap moorings in co-operation with subproject 4.

3-6 litres of water from the BWS (normally from 12, 20, 35 and 65 cm above bottom)
and from the CTD/rosette were filtered on pre-weighed GF/F filters (previous heat
treatment for 12 h at 500°C) for determination of TPM according to LEnz (1971).
Chlorophyll a and phaeopigments were also determined fluorometrically with a
TURNER fluorometer according to SHUMAN & LORENZEN (1975). Blank filters for both
methods have been measured. Additional filters will be measured for pigments with
the HPLC method (in co-operation with SP 3). For bacterial abundance and cell
size determination 100 ml-samples of water preserved with buffered formalin were
taken. At GEOMAR they will be stained with DAPI and analysed with an
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epifluorescence microscope and an image analysis system modified after THOMSEN
(1991). While sampling near-bottom water with the BWS the programmed patrticle
camera (a camcorder with a close up lens in a pressure housing) mounted on the
BWS filmed aggregates (about 20 minutes per deployment). The videotapes of the
particle camera will also be analysed with the image analysis system for amount,
size classes, and velocity of aggregates.

For the measurement of dissolved and particulate 2**Th 30 litres of water were
sampled at each depth with 3 x 10-liter bottles of a CTD/rosette. For details see
RUTGERS VAN DER LOEFF & MOORE (in press).

The samples were drawn into PE containers and filtered immediately. 142 mm
diameter Nucleopore™ polycarbonate filters with a porediameter of 0,4 um were
used to filter the particulate matter in a pressure filtration device (pressure up to
400 mbar). The filters were folded in a reproducible way while wetted, dried,
wrapped in Mylar™ foil and directly counted in a beta counter ("Risg low-level
gasflow betacounter"). The volume of filtered water (generally about 28 litres) was
determined with volumetric flasks and graduated cylinders. Blank filters were
measured.

To 20 litres of filtrate 6 drops of concentrated ammonia, 250 pl of saturated KMnO,
and 100 ul of concentrated MnCl, were added to form a MnO, precipitate that
encloses thorium. The particles have to grow for at least eight hours to achieve an
almost 100% extraction efficiency. The MnO, precipitate was then filtered on
142 mm diameter Nucleopore™ polycarbonate filters with a porediameter of
1,0 um in the pressure filtration device. The filters were dried, folded in a
reproducible way, wrapped in Mylar™ foil and directly counted in the betacounter
on board. Again the volume of filtered water was determined with volumetric flasks
and graduated cylinders. In the new filtrate another precipitate was formed and
processed like the first one in order to determine the remaining activity in the first
filtrate.

The filters have to be counted several times during the weeks following the first
measurement to check whether the activity decreases with the half-life of ***Th.
Furthermore, a standard filter has to be counted to determine the self-absorption of
the filters.

39




Cruise report SONNE 129

Tab.1: Station numbers, sampling dates and sampling positions of BWS (lower
part of the table) and CTD deployments (upper part of the table) for SP 2.

WAST WAST- SAST
Stat.- |Device |Date Positio |Stat.- [Device |Date Positio [Stat.- |Device |Date Positio
14#1 CTD-01/02.Feb |16°13. |19#5 |CTD-05|06.Feb{16°10. |34#4 |CTD-09(11.Feb|{10°01.

60°15. 59°46.' 65°00.
1#2 CTD-02|02.Feb [16°13. 36#5 |CTD-10|13.Feb|10°02.
60°15. 65°00."
13#1 |[CTD-03|04.Feb|16°12. 40#6 |CTD-11|14.Feb{10°02.
60°15. 65°00."
23#1 |CTD-06|07.Feb|16°12. 40#7 |CTD-12[14.Feb (10°01.
60°15. 64°59.
82#1 |[CTD-25|26.Feb|16°12.
60°15.
86#1 |CTD26 {27.Feb|16°13.
60°15.
86#2 |CTD-27]27.Feb|16°13.
60°16.
9#1 BWS- |03.Feb|[16°12. {19#3 |BWS- [06.Feb|16°10. |34#5 [BWS- [11.Feb|10°02.
60°15. 59°45, 64°59.
16#3 |BWS- [05.Feb|[16°12. 38#1 |BWS |13.Feb|10°02.
60°15. 65°00.
23#3 |BWS- |8.Feb [16°183. 40#5 |BWS |13.Feb|10°02.
60°16. 64°59.
CAST NAST EAST

Stat.- |Device |Date Positio |Stat.- |Device |Date Positio |Stat.- {Device |Date Positio

62#4 [CTD-20|20.Feb [14°24. [94#1 |CTD-29|02.Mar |19°59. [49#5 [CTD-15|16.Feb (15°34.

64°34. 65°34. 68°34.
62#5 |CTD-21(20.Feb|14°25. [94#2 |CTD-30|02.Mar {20°00. [49#11 [CTD-16|17.Feb |15°24.

64°33. 65°34. 68°33.
68#5 |CTD-22|23.Feb|[14°25. [97#1 [CTD-31[03.Mar [18°59. |52 CTD-17|18.Feb [15°35.

64°34. 65°35. 68°34.
68#6 |CTD-23|23.Feb|14°25. |97#3 [CTD-33|03.Mar [20°00. |55 CTD-18|18.Feb |15°35.

64°34. 65°34. 68°33.
62#3 |BWS- |20.Feb|14°24. |95#1 |BWS- |03.Mar |20°00. |49#4 |BWS- |16.Feb|15°34.

64°33. 65°35. 68°34.
68#4 |BWS- |22.Feb|14°25. [97#4 |BWS- J03.Mar [19°59.

64°33. 65°34.
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Tab.2: Multiple corer sampling stations, dates and coordinates.

station station no. |sampling date |multiple corer no.  |latitude fongitude

WAST o#2 3./4.2.98 MC-4 16°13.00'N 60°16.00'E
SAST 38#3 12.02.94 MC-19 10°02.00'N 65°00.00'E
EAST 524#2 18.02.98 MC-25 15°35.00'N 68°34.00'E
CAST 68#2 22.02.98 MC-32 14°24.99'N 64°34.03'E
NAST 974#5 03.03.94 MC-42 19°59.98'N 65°35.66'E

Results and conclusions

Most analyses of samples taken with the BWS and deep CTD/rosettes are still in
progress. 2*Thorium data from previous cruises (SO118 and cruise 229 of RRS
DISCOVERY in the Northeast Atlantic) indicate that especially in the first 200 mab
there might be profile features on a spatial scale of a few meters. Therefore, high-
resolution profiles of TSM, POC, particulate nitrogen, dissolved and particulate 24Th
have been measured at all BIGSET main stations up to 1000 mab. In contrast to the
profiles from SO118 dissolved ?*Th shows no or only a slight activity decrease
towards the bottom (Fig. 1). An exception is NAST with a clear decrease below 500
mab. Since the activity of dissolved **Th is much higher than the activity of
particulate **Th the former determines the profile of total 2%4Th, These results
suggest that at NAST there is radioactive disequilibrium between 2%4Th and its
parent 2U. Therefore NAST is the only station with evidence for a resuspension
event. All stations show an increase in particulate 2*Th activity towards the seafloor
(Fig. 2). Most profiles have some common features: At 250-500 mab patrticulate
2%4Th is in a minimum, below this zone activity increases and below 4-25 mab
activity of particulate 2*Th is almost constant or slightly decreases (Fig. 2). A
phenomenon indicated in some profiles SO118 and clearly visible in profiles from
the NE-Atlantic (49°00'N, 16°30'W) was detected at NAST: a minimum of dissolved
2Th and a corresponding maximum of particulate **Th (Figs.1 and 2). The other
parameters measured in the BNL on this cruise will furthermore validate this
phenomenon. Despite the obvious need for more information two basic profile
shapes can be distinguished: (1) exponential increase of particulate ***Th towards
the seafloor or an increase with a minimum at 250-500 mab in-between and almost
constant activity below 4-25 mab; (2) exponential increase of particulate **Th
towards the seafloor or an increase with a minimum at 250-500 mab in-between
and a peak at 10-50 mab. Particulate ***Th data show regional differences:
Activities increased at almost all depths in the following station ranking: SAST <
EAST < CAST < WAST < NAST. A similar ranking was observed at SO118 (Fig. 2).
For WAST a short time series for the 2*Th flux was determined (Fig.3a). During the
first three weeks of February very low particulate **Th fluxes (30-40 dpm/m-d) were
measured at 561 mab. During the last week of February the flux increased by a
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factor of two. Fluxes at EAST and CAST are slightly higher than at WAST during the
second half of February at 538mab (approx. 100 dpm/m-d). In the first week of
March the particulate **Th fluxes at NAST were much higher at 500-1000 mab than
at the other stations in the weeks before. No significant differences were found
between the trap at 538 mab and at 1067 mab (Fig. 3a). Being close to the flux at
NAST and WAST during end of March/beginning of April 97 (Fig. 3b).

24 Thorium as tracer for bioturbation

Since the biogeochemical processes in the BNL and in the sediment are closely
coupled (RUTGERS VAN DER LOEFF & BoupREAU, 1997). Another principal topic of the
cruise was to achieve a broad understanding of the near-bottom boundary layer
sedimentary mixing. The mixing intensity can be estimated through profiles of the
natural radiotracer **Th (for mixing on timescales of up to 100 days) assuming a
steady state situation for this nuclide (e.g. SMITH ET AL., 1993). Sediment samples for
the measurement of 2*Th were taken with a multiple corer (10 cm core diameter). At
all main stations WAST, SAST, EAST, CAST and NAST (Tab. 2). The fluff layer
and/or sediment horizons 0-1 mm, 1-2 mm, 2-3 mm, 3-4 mm, 4-5 mm, 9-10 mm, 14-
15 mm, 19-20 and 29-30 mm were analyzed according to RUTGERS VAN DER LOEFF &
MOORE (in press, see above).

In situ_experiments on bioirrigation and bioturbation

In addition to natural radiotracers, artificial tracers can be used to quantify
bioturbation rates. For this cruise an in situ experiment with fluorescing
microspheres and glass beads of different size classes was designed in co-
operation with subproject 5. The microspheres and beads are inert particles
simulating a pulse-type input of particulate matter on the sediment surface. In
contrast to the assumption for natural radiotracers a non-steady state situation is
created. The microspheres and beads were injected into incubation chambers of
the GEOMAR chamber lander. The chambers were also used for quantify
bioirrigation rates. Bromide was used as an inert tracer for the transport of pore
water (MARTIN & BANTA, 1992; SAYLES & MARTIN, 1995). After an incubation of 3-4 days
the bromide profile in the sediment yields information on biogenically increased
transport of porewater in comparison to solely diffusive transport. In situ
experiments were carried out at WAST (FFR 2), EAST (FFR 4) and NAST (FFR 7) in
co-operation with subproject 1. A 50 cm® syringe was filled with bromide solution
and injected into the benthic chamber obtaining a final concentration 15 times the
natural in the chamber representing a good compromise to keep the final
concentration high enough to maintain an almost constant value in the overlying
water, on the other hand the concentration is low enough to prevent the system from
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being dominated by diffusion during incubation. The volume of the overlying water
was measured after recovery of the lander and if possible sampled at the beginning
of the experiment after injection of the bromide solution. At FFR 4, the overlying
water was sampled in the course of the experiment to check whether there was a
change in bromide concentration. The sediment was sampled with small piston
corers (50 cm?® each) down to a depth of 5 cm. An untreated lander was sampled to
determine the natural bromide background for the sediment porewater. The
sediment cores were cut into 0,5 cm slices, sealed in tubular foil, and stored frozen.
The porewater will be separated by centrifugation and filtered (0,45 um). Bromide
and chloride will be determined ionchromatographically at GEOMAR.

The analyses are still in progress.
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Fig. 1: Profiles of particulate, dissolved and total ?*Th and **U at the BIGSET main
stations WAST, NAST, CAST, EAST and SAST
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Fig. 3a,b: Particulate ®*Th fluxes in short term trap moorings.

(a) Fluxes determined during SO129.

(b) Fluxes determined during SO118 and SO129.
Vertical error bars denote the +13% method's error. Horizontal bars denote the
duration of sample collection. Except for WAST (SO129) the horizontal bars have
been omitted in Fig. 3(b) since they have approximately the size of the symbols.

45




Cruise report SONNE 129

Literature

ALLER, R.C. and J.K. COCHRAN (1976) Th-2/U*® disequilibrium in near-shore sediment; particle
reworking and diagenetic timescales. Earth and Planetary Science Letters, 29, 37-50.
ANDERSON, R.F. and A.P. FLEER (1982) Determination of natural actinides and plutonium in marine

particulate material. Analytical Chemistry, 54, 1142-1147.

BACON, M.P. and M.M. RUTGERS VAN DER LOEFF (1989) Removal of thorium-234 by scavenging in the
bottom nepheloid layer of the ocean. Earth and Planetary Science Letters, 92, 157-164.

DEGENS, E.T. (1989) Perspectives on Biogeochemistry. Springer, Betlin, 423 pp.

GRAF, G. (1989) Benthic-pelagic coupling in a deep-sea benthic community. Nature, 341, 437-439.

LENZ, J. (1971) Zur Methode der Sestonbestimmung. Kieler Meeresforschungen, 27, 180-193.

MARTIN, W.R. and G.T. BANTA (1992) The measurement of sediment irrigation rates: A comparison of
the Br- tracer and 222Rn/226Rd disequilibrium techniques. Journal of Marine Research, 50,
125-154.

RUTGERS VAN DER LOEFF, M.M. and B.P. BOUDREAU (1997) The effect of resuspension on chemical
exchanges at the sediment-water interface in the deep sea. A modelling and natural
radiotracer approach. Journal of Marine Systems, 11, 305-342.

RUTGERS VAN DER LOEFF, M.M. and W.S. MOORE (IN PRESS) The analysis of natural radionuclides in
seawater. In: Methods of Seawater Analysis, 3rd ed., Grasshoff K., Ehrhardt, M. and Kremling,
K, editors, Verlag Chemie, Weinheim, Germany. '

SAYLES, F.L. and W.R. MARTIN (1995) In situ tracer studies of solute transport across the sediment-
water interface at the Bermuda Time Series site. Deep-Sea Research |, 42 (1), 31-52.

SMITH, C.R, PoPg, R.H., DEMASTER, D.J. and L. MAGAARD (1993) Age-dependent mixing in deep-sea
sediments. Geochimica et Cosmochimica Acta, 57, 1473-1488.

SHUMAN, F.R. and C.J. LORENZEN (1975) Quantitative degradation of chlorophyll by a marine herbivore.
Limnology and Oceanography, 20, 580-586.

THOMSEN, L. (1991) Treatment and splitting of samples for bacteria and meiofauna biomass
determinations by means of a semi-automatic image analysis system. Marine Ecology Progress
Series, 71, 301-306

WHEATCROFT, R.A., SMITH, C.R. and P.A. JUMARS (1989) Dynamics of surficial trace assemblages in the
deep sea. Deep-Sea Research, 36 (1), 71-91.

46




Cruise report SONNE 129

5.5 Particle flux in the benthic boundary layer, benthic foraminiferal
habitats and early diagenetic processes in deep-sea environments

Frank Kurbjeweit and Katharina Bayer
BIGSET, Institut flr Geologie und Paldontologie, Universitét Tibingen

Research programme

Objectives of subproject 5 are studies on deep-sea benthic foraminifera at the six
stations WAST-T, WAST, SAST, CAST, EAST and NAST in order to get more
information on the ecology and biotic processes in respect to the environmental
constraints (biogeochemistry and related processes). More detailed information on
the ecology and biology of deep-sea benthic foraminifera will help to quantify and
model the energy and matter cycling within the benthic boundary layer. In this
respect, it is of major importance to record the spatial and temporal variability of this
energy and matter cycling. The investigations are conducted as part of field studies
to document important system components in oceanographic regions, which
underlie episodic sedimentation events (monsoonal system in the Arabian Sea vs.
spring blooms in the Northeast Atlantic). On SO129 we focused on species
composition and their distribution, on the biomass, food web structure, habitat
preferences, growth, reproduction, bioturbation, new production of organic material
and pore water chemistry to investigate the foraminiferal contribution to the BBL
carbon cycle and related processes. The processing of samples from METEOR
cruises M31/3, M33/1 and SO118 indicated a clear gradient in the foraminiferal
biomass (C,,) and abundance as well as faunal composition and diversity from
north to south and from west to east (C,,; WAST > WAST-T > NAST > CAST >
EAST >SAST). This is referred to different trophic conditions. At WAST-T and WAST
the estimated foraminiferal biomass (C,,) was about 0.15-0.42 gcm? within the
upper 5 cm of the sediment and thus 5-30 times greater than at stations SAST and
EAST. During the previous cruise SO118 large allogromiids dominated the surface
sediments at WAST-T with up to 1.2 gcm?® Furthermore, different vertical
distribution patterns in the sediment depending on oxygen, carbon content,
nutrients, chlorophyll, organic matter flux and water depth were observed. High
abundance, biomass and turnover of benthic foraminifera is related to
sedimentation rate of organic matter. Therefore, our investigations are carried out at
different seasons. On SO129 we focused on species composition and their
distribution, on the biomass, food web structure, habitat preferences, growth,
reproduction, bioturbation, benthic new production of organic material and pore
water chemistry to investigate the foraminiferal contribution to the deep-sea carbon
cycle and related processes. The knowledge about grazing of benthic foraminifera
in the deep-sea is rather limited (TURLEY et al. 1993; LINKE et al. 1995; HEMLEBEN &
KitazaTo 1995). Fresh sedimented material from the euphotic zone (phytodetritus) is
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used by most foraminifera. However, we do not know how much of these food items
are ingested on which time scales and how much organic material is produced in
terms of biomass for sustaining their microhabitats (e.g. cysts) and waste product
release. Presently we also have only a limited knowledge how important the
meiofauna is in terms of bioturbation and bioirrigation (HEMLEBEN & KITAZATO 1995;
GroB in prep.). Most authors (i.e. MAHAUT & GRAF 1987, WHEATCROFT et al. 1994)
suggest that mainly macrofauna is responsible for bioturbation, but in many deep-
sea areas meiofauna is dominant in terms of abundance and biomass. Thus, it is
feasible that benthic foraminifera exceeding often more than 50% of the eukariotic
biomass (GoobaY 1994) play an important role also in bioturbation and bioirrigation.
In this respect, we need quantitative data from in situ and laboratory experiments
with benthic forminifera to model the energy budget in deep-sea sediments. In
addition to natural radiotracers, artificial tracers can be used to quantify ingestion
and bioturbation (SHERR & SHERR, 1993). For that reason, fluorescently labelled
microbeads and bacteria, freeze dried Chiorella as well as micro glassbeads were
used.

Abundance and composition of benthic foraminifera

At all main and four intermediate stations multicorer (MC) samples were taken
(Tab. 1). In addition, foraminiferal tests and pore water were sampled to determine
stable isotopes (°C and ™0). Maxicorer (MAC) samples were used to run
experiments under semi in situ conditions related to bioturbation and grazing of
benthic foraminifera.

Tab. 1: Main and intermediate stations at which multi- (MC) and maxicorer (MAC)

were retrieved for faunal analysis and experiments.

Station Date St. MC MAC Longitude Latitude Depth
WAST 03.02.98 8 3 1 16°13,08 60°16,00 4041
WAST 04.02.98 11 2 16°13,27 60°16,08 4040
WAST-T 06.02.98 19 9 3/4 16°10,46 59°46,00 1915
WAST-T 07.02.98 19 5/8 16°10,46 59°46,00 1916
WS 09.02.98 26 13 14°27,16 61°39,21 4109
SAST 11.02.98 32 14 7 10°02,00 65°00,00 4427
SAST 12.02.98 37 17 8 10°01,99 64°59,99 4424
SE 15.02.98 46 20 12°50,20 66°48,03 4139
EAST 16.02.98 48 21 15°35,00 68°34,00 3845
EAST 16.02.98 49 22 9/10 15°35,00 68°34,00 3845
EC 19.02.98 56 26 15°02,94 66°42,76 3917
EC 19.02.98 56 26 15°02,94 66°42,76 3917
CAST 20.02.98 62 27 11 14°25,00 64°34,00 3956
CAST 21.02.98 64 31 12 14°25,03 64°33,99 3956
CAST 24.02.98 71 13 14°25,03 64°34,02 3954
WAST 26.02.98 79 34 16°12,95 60°15,98 4046
WAST-T 26.02.98 80 35 14 16°10,50 59°46,00 1915
NC 01.03.98 88 37 17°45,00 65°44,97 3419
NAST 02.03.98 92 38 20°00,00 65°35,01 3187
NAST 03.03.98 95 40 15/16 20°00,02 65°35,02 3187
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Immediately after arriving on deck, whole MAC cores for experiments were
transferred to either the cool room (3-7°C) or a water bath (1.8-3.7°C). Subsamples
for cultures (only at WAST-T) of the upper 2 cm of sediment and the bottom water of
MC cores were transferred into 250 ml DURAN flasks. These were kept under semi
in situ conditions (4°C and darkness). The samples were regularly inspected every
day for foraminifera and their tracks in the sediment. From MC casts at each station,
one core was used for faunal analysis of the foraminiferal assemblage. These cores
were photographed to document the original fabrics before they were sliced in half
centimetre intervals for the top two centimetres and thereafter in one centimetre
slices. In general, the slices of the upper 10 cm were stained with a solution of
ethanol and Rose Bengal (2 g/l) to distinguish between living and dead specimens.
Routinely two replicates were taken. The sediment of a second MC core was used
for transmission electron microscopy (TEM) of foraminiferal cytoplasma to trace
ingested food particles. For that purpose the upper 2 cm of the sediment were
sieved over a 125 um-screen and washed with filtered seawater. Subsequently, the
living foraminifera were picked under the stereo microscope, fixed and stained
according to standard procedures. From a third core benthic foraminifera and pore
water as well as water from the bottom nepheloid layer (BNL) were acquired for '°C
and 80 analysis to record microhabitat processes. The pore water was obtained by
extracting it from cores sliced in centimetre intervals down to 14 cm by an Argon
flow for twenty minutes (3 atm). All samples were poisoned with HgCl2 to stop

bacterial growth and sequestration of CO,. Special attention was paid to keep
transfer times as short as possible and to avoid contamination by atmosphetic CO,
during compression. The sediment of a fourth core was used for HPLC analysis by
dividing the core into two halves. One half was sampled with a small piston corer of
1.2 om cross diameter. The second half was sieved over a 125 um gauze and
washed with filtered seawater. Subsequently, the living foraminifera were picked
under the stereo microscope and frozen at -30°C for further determination of
ingested phytoplankton remains and pigments.

Preliminary results

Daily inspections of a culture from WAST-T in an aquarium indicated due to tracks
in the sediment that foraminifera survived the decompression from 1916 m depth,
but no specimen were directly observed during the six-week cruise.

The following preliminary abundances were obtained from TEM prepared
specimens for the upper 2 cm of the sediment (Tab. 2). They may not be used for
comparison of abundance!
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Tab. 2: Species of benthic foraminifera >125 pum in the upper 2 cm of the sediment
sorted for TEM analysis in order of occurrence at the main stations during

SO129.

Station

Species

Number of species

WAST

Hormosina globulifera

Cribrostomides subglobosum

Uvigerina peregrina

Cyclammina trullisata

Chilostomella oolina

Fursenkoina mexicana

Hormosina nodulosus

Epistominella exigua

Reophax dentaliniformis

Psammosphaera parva

IAmmobaculites agglutinans

WAST-T

Allogromiids

(68 ol Ee Bl ol Rl A2 ACR Ao} (925 (62§ o)}

SAST

Cribrostomides subglobosum

e
(o]

Sandschaler spp.

Cyclammina trullisata

Glomospira charoides

Lagenammina diffluggiformis

Reophax spp.

Epistominella exiqua

SAST

Ammobaculites agglutinans

Trochammina spp.

Fursenkoina mexicana

Uvigerina peregrina

Rhizammina algaeformis

Hormosina globulifera

Qiungueloculina weaveri

lAnomalina sp.

EAST

Bulimina sp.

Fursenkoina mexicana

Lagenammina diffluggiformis

Epistominella exiqua

Rhizammina algaeformis

Reophax dentaliniformis

Cribrostomides subglobosum

Sandschaler spp.

CAST

Cribrostomides subglobosum

Hormosina globulifera

Hormosina nodulosa

Epistominella exiqua

Sandschaler spp.

Reophax dentaliniformis

Bl \CR SR hoR NN SRR By Fe Eol AV (e R GV R [V (620 B ol Bl ERl Sl Eol [\OR [\u R (0] (#oll Eenpie B (62 B V]

Cribrostomides subglobosum, Lagenammina diffluggiformis, Hormosina spp. and
Reophax spp. were recorded from almost all stations in rather high numbers
independent from water depth and particle flux.
Epistominella exigua belong to the epifauna and were also abundant at most
stations. In contrast to MC-samples from M33/1 at the end of the SW monsoon and
SO118 at the end of the NW monsoon, they seem to play a minor role during this
monsoonal phase. Infaunal species such as Uvigerina peregrina occurred
exclusively at the eutrophic station WAST in significant numbers. At WAST-T large
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Allogromiids (0.2 to 0.8 cm in length) dominated the phytodetritus rich surface layer
during with only up to 270 individuals per m? equivalent to 0.25 gcm® and 0.046
gnm? in the surface sediments (Tab. 3). At least two different morphotypes
(spherical and oval) could be distinguished. It appears that Allogromids respond
quickly to phytodetritus fluxes from the euphotic zone and harvest it by scavenging.
In laboratory experiments with Tinogullmia riemanni, a related allogromiid species
from the North Atlantic, ingestion rates of bacteria sized fluorescently labelled
microbeads (FLM) reached up to 4000 equivalent to about 5.8% of their body
carbon. This experiment suggests that their large counterparts in the Indian Ocean
represent an important component in the benthic carbon turnover.

Tab. 3: Length and width of allogromiid foraminifera from the sediment surface at
WAST-T and calculated carbon (9.77x + 89.53 = y; r* = 0.69) and nitrogen
(1.81x + 15.75 = y; r*= 0.67) contents from measured individuals.

Individual Length (mm) Width (mm) C (ua) N (ua)
1 7.42 5.17 1544 285
2 6.00 4.17 857 158
3 5.75 4.33 823 152
4 7.08 4.75 1309 242
5 7.92 6.00 2014 373
6 6.00 4.50 919 169
7 2.42 2.33 159 29
8 7.08 4.75 1309 242
9 6.25 4.58 1006 186
10 6.92 5.17 1354 250
11* 3.08 3.08 240 44
12 6.75 517 1294 239
13 4.08 2.92 338 62
14 4,33 3.42 418 77
14 6.67 4.75 1170 216
16* 1.67 1.67 113 20
17 5.67 4.25 788 145
18 6.25 4.58 1006 186

5.63 4.20 926 171

* sphetical allogromiids

First results of the abundance, distribution and diversity of benthic foraminifera at
station SAST indicate lower numbers of foraminifera per sediment volume during
the NE monsoon (February) than during SW intermonsoon (October; Tab. 4a). In
addition the average living depth (ALD) within the sediment is deeper during the
SW intermonsoon than during the NE monsoon. Furthermore, the diversity in most
depth horizons is significantly greater during the SW intermonsoon than during the
NE monsoon (Tab. 4b). If this trend is comparable with the other stations in the
Arabian Sea, it has to be examined in detail.
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Tab. 4a: Abundance and distribution of benthic foraminifera at station SAST in
October (SW intermonsoon) and February (NE monsoon) in the upper 5 cm
of the sediment.

SAST - SW intermonsoon SAST - NE monsoon

M33/1 - October 95 S0129 - February 98
sediment >30 um|>63 pum|>125 um|X >30 um|>63 um|>125 um| X
depth (cm) n/10em® | n/i0em? | n/1oem? | nfAoem?® | n/10cm® [n/10em® [ n/10cm® | n/10cm?®
0.0-0.5 2 8 1 11 7 4 11
0.5-1.0 1 10 10 21 - 9 2 11
1.0-2.0 0.4 5 2 7.4 3 1 4
2.0-3.0 - 1 1 2 - 2 - 2
3.0-4.0 0.3 0.3 0.6 - -
4.0-5.0 - 1 1 - 0.3 0.3

Tab. 4b: Diversity (Shannon-Wiener-Index) of benthic foraminifera at station SAST
in October (SW Intermonsoon; average living depth (ALD)= 1.1 cm) and
February (NE Monsoon; ALD = 0.8 cm) in the upper 5cm of the sediment.

SAST - SW intermonsoon

SAST - NE monsoon

M33/1 - October 95 80129 - February 98
sediment >30 um  [>63 um [ >125 um| X divers.|>30 um |>63 um |>125 um| ¥ divers. H
depth (cm) divers. Hldivers. H| divers. H| H(S) divers. H|divers. H|divers. H| (S)

(S) S (S) (S) (S) S)
0.0-0.5 1.61 1.91 0.69 2.42 - 1.87 1.32 1.93
0.5-1.0 0.69 2.16 2.18 2.84 1.39 1.94 1.49 2.03
1.0-2.0 1.10 2.09 1.83 2.69 - 1.23 0 1.49
2.0-3.0 - 2.20 0 1.79 1.10 - 1.10
3.0-4.0 0 - 0 - - -
4.0-5.0 - - 0 -

Grazing and bioturbation experiments
Material and methods

Three different kinds of experiments were performed in MAC cores using living

specimens at all main stations:
1. Long-term grazing experiments in MAC cores for about 7-10 days under semi
in situ conditions (1.8-3.7°C, darkness or light, 1 atm) with fluorescent
microbeads and/or bacteria in a dilution series to investigate the grazing
potential of benthic foramininfera.
2. Short-term experiments in MAC cores as time series for about 24 hours with
fluorescent microbeads and/or bacteria in a time series to investigate the speed
of grazing.
3. Coupled grazing and bioturbation experiments lasting for about 24 to 72
hours under in situ conditions (2-4°C, darkness, different pressures depending
on depth of station) in the lander system with micro glassbeads and Chlorella to
investigate the grazing and bioturbation potential of benthic foramininfera.
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Small piston corers were used for subsampling the upper few cm in benthic
chambers to investigate the distribution of micro glassbeads in the sediment by
means of x-ray analysis and/or SEM analysis. The samples were subsequently wet
sieved over a 125 um screen and picked under a stereo microscope (ZEISS Stemi
2000). The foraminifera were examined with an epifluorescence microscope (LEITZ
Axioplan) for attached fluorescently labelled microbeads (FLM) and/or bacteria
(FLB) and their test diameter were measured. Subsequently the tests were crushed
to determine the total numbers of FLM and/or FLB. For the FLB the carbon content
was determined by using the conversion factor 30 x 10" gC,, per cell (LocHTE and
BoeTius pers. comm.). Estimated biomasses converted into organic carbon content
were calculated by applying the equations by ALTENBACH (1985) for various
calcareous and agglutinated species.

Preliminary results

MAC cores (=liner) were retrieved in good conditions only at few stations, since the
maxicorer either failed due to problems in gaining sufficient sediment or problems
during the handling procedure of the liners on board (i.e. rendering of the
sediment). Preliminary results from short-term incubations indicate that benthic
foraminifera ingest and displace glas microbeads and fluorescently labelled
microspheres. Quantification depending on concentration and incubation time is
still necessary and will be done in the forthcoming weeks.
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5.6 Benthic carbon remineralisation and community structure

Ursula Witte, Axel Cremer, Felix Janssen and Tina Treude
BIGSET, GEOMAR Forschungszentrum, Universitét Kiel

Research objectives

During cruise SO129 work focussed mainly on in situ -experiments and -
measurements. For this purpose, three free-vehicle vehicles were operated: the
GEOMAR chamber lander (FFR), the free-fall observation system (FFB) and a free
vehicle trap system (FFF). The lander operations were very successful: in total, we
conducted 19 deployments with a deployment time of 40,9 days. |

The aim of benthic studies were: to study solute exchange processes at the
sediment/water interface and to assess the role of the larger size classes within the
benthic community (for information on smaller size classes see chapter 5.2 and
5.8). Special effort was made to gather information on the benthic scavenger
community in order to test the hypothesis that differing trophic conditions are
mirrored in both composition and abundance of this community. We were able to
gather an extensive set of data and samples that will be analysed within the
framework of two MSc thesis during 1998.

To supplement the in situ investigations with samples for taxonomic purposes as
well as analyses of faunal abundance and biomass, macrofauna and megafauna
were sampled using box corer, maxicorer, Agassiz trawl, and OFOS.

Results

Benthic carbon remineralisation

Benthic carbon remineralisation was measured in situ using the GEOMAR chamber
lander. During SO129, it was successfully deployed seven times usually carrying
three chambers each equipped with a syringe water sampler. Total bottom time was
365 hours, the duration of the measurements varied between 36-98 hours. Earlier
investigations following the SW monsoon (M33/1) had demonstrated very high
benthic remineralisation activity in most parts of the deep Arabian Sea except our
southernmost station SAST. Remineralisation was particularly high at WAST, a
ranking according to this parameter was WAST > EAST > CAST > SAST (WITTE &
PEANNKUCHE, in prep). Following the NE monsoon, however, a somewhat different
picture arises (Fig. 1): again, activities were high for deep-sea environments. This
time, however, remineralisation rates at WAST did not exceed those at CAST and
EAST. Instead, highest values were reached at NAST and a clear north-south
gradient is visible, rendering a ranking NAST > WAST, CAST, EAST > SAST.
These findings are in agreement with the fact that the effects of the NE monsoon are
most pronounced in the Northern Arabian Sea.
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Benthic Carbon remineralisation

[mmol C m 2d '

WAST NAST CAST EAST SAST

Fig. 1: Benthic carbon remineralisation rates at the five main stations (5O129)

The benthic scavenger community
Investigations on the benthic scavenger community were performed to address the
following topics:
Which species are appearing at a fish carcass offered as bait, i.e. which species
comprise the community?
How are scavenger populations structured and how important are the
predominant species in terms of abundance and biomass?
Which meal sizes do the main scavengers attain?
Is scavenging obligatory or just an additional feeding habit?
Are scavengers parts of the ‘background megafaunal community’?
To address these questions, the following equipment was applied: free-vehicle
camera system (FFB), free-vehicle trap system (FFF), towed camera sled equipped
with both still- and video cameras (OFOS) and Agassiz trawl (AT).

Free-vehicle camera system (FFB)

The system was used to monitor the response of benthic megafauna to large food
falls. It consisted of a vettically oriented time lapse stereo camera system
(BENTHOS 372 cameras) mounted on a GEOMAR lander frame. The photographs
covered approx. 0.7 m?of the sea floor and were taken at pre-set intervals. As bait, a
tuna carcass was placed in the centre of the photographed area. At the end of the
deployments a net was released above the bait in order to catch the scavengers
present. The FFB was moored five times, at WAST (2 x), SAST, CAST and NAST.
Deployments were made for periods between 1.5 and 5 days with bait weighing 2
to 5 kg. Altogether 2500 stereo pairs of slides were taken covering more than 200
hours with time intervals between 0.6 and 10 min. Four main taxa were attracted to
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the bait at each location: astacid shrimp (Plesiopennaeus armatus), lysianassid
amphipods (Eurythenes spp.), macrourid fish (Coryphaenoides spp.), and zoarcid
fish (Pachycara sp.). In addition, anomuran crabs appeared in large numbers at
NAST and to a lesser extent at SAST. Most other animals observed did not seem to
feed on bait. The main taxa appeared at the bait in a recurrent chronological order:
astacid shrimp reached the carcass within 20 to 70 min followed closely by
lysianassid amphipods appearing after 1 - 3.5 h. Subsequently, after 5 h at the
latest the first macrourid fish showed up. Lysianassids as well as macrourids
disappeared when the bait was consumed for the most part. At this time zoarcids
and anomurans entered the scene in considerable numbers. Individuals of both
taxa stayed on or near the remains of the bait until the end of the deployments and
were thus caught with the net. The net also caught smaller amphipods invisible on
the photographs, which were obviously also involved in the consumption of bait.
Analysis of gut contents revealed that the zoarcids had fed on both small
amphipods and tuna meat, indicating that the observed community includes
scavengers as well as their predators. Although stations resembled each other to
some extent in terms of faunal composition and succession, some striking
differences could be observed: At CAST and NAST lysianassids consumed most of
the bait. Up two 40 individuals were present simultaneously consuming the bait of
approx. 3 kg within one day. At SAST on the other hand, an average of one
lysianassid /10 slides could be observed. Here, macrourids were responsible for
the main consumption of bait: up to five individuals fed simultaneously for periods of
several hours. On average 2 ind./ slide were counted, significantly exceeding the
number of macrourids at CAST and NAST. The station at WAST occupies a special
position. Here, consumption was not clearly dominated by any of the taxa and much
slower. The mean feeding rate at WAST for the community as a whole was app.
1000 g tuna meat per day as compared to 2500 - 5000 g/d at the other locations. A
detailed quantitative analysis of the photographic material will be carried out in the
near future. In addition, work will focus on two subjects. First, size determinations of
scavengers on stereo slide pairs will be combined with length-weight relations
determined from individuals caught (FFF, AT, net) in order to obtain biomass data.
Second, the slides will be assembled to form a quick-motion picture in order to
perceive patterns of movement and feeding behaviour. Of particular interest are
information on the sustenance time at bait of individuals of the different taxa, as
these data will allow calculating the total number, biomass and feeding rates of the
specimens attracted. Furthermore, it will then be possible to estimate maximum
distances of attraction to bait as well as scavenger abundances at the different
locations (SAINTE-MARIE & HARGRAVE 1987).
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Free-vehicle trap system (FFF)

On WAST-T, WAST, SAST, CAST and NAST the community of deep-sea
scavengers was sampled with a free-fall trap system (see Tab.1). Basically, it
consisted of two net cages, each with a funnel entrance 30 cm above ground. In
addition four pairs of amphipod traps (PVC-tube, 10 cm in diameter) were fixed in
30, 50, 70 and 90 cm above ground on one side of the fish cages. To catch life
amhipods, a thermoinsulated trap (isotrap) was fixed on the other side of the fish
trap. The isotrap was insulated with a cube of syntactic foam. By activation of the
acoustic release system, a thermoinsulated lid closed the isotrap watertight. The
entrance was 64 cm above ground. In addition, the isotrap was also used on EAST
and WAST incorporated into the free-fall respirometer (FFR). In this case, the
entrance was 124 cm above ground. Tuna meat was used as bait (head, tail, meat,
and intestines) as well as a red snapper (head and tail). In one of the fish traps and
one of each pair of amphidod trap as well as in the isotrap the bait was not
accessible to scavengers. The catch of the fish and the non-insulated amphipod
traps will be used to identify species photographed by the FFB. A comparison of
stomach contents between scavengers caught in bait-accessible versus non-
accessible traps will reveal information about their feeding behaviour i.e. quantitiy
of ingestion. Stomachs of both fish and decapod crustaceans were sampled for
analyses of lipid- and glycogen-contents.

Tab.1: Trap deployments during SO129

investigation area station number gear bottom time
WAST 12#2 FFF 1 27
WAST-T 18 FFF 2 24
SAST 29 FFF 3 31
SAST 37 FFF 4 58
EAST 48 FFR 4 +isotrap 43
CAST 60 FFF5 42
CAST 67 FFF 6 49
WAST 85 FFR 6 +isotrap 33
NAST 101 FFF7 57
Fish traps

The catch of the fish trap was very low. On WAST the chambers stayed empty, on
WAST-T and SAST two macrourids were caught. Therefore, an additional funnel
entrance was mounted at the bottom of one of the chambers in 22 cm above ground
at CAST, which improved catch results considerably. During the second
deployment at CAST, experiments on bait preference were made (tuna, red
snapper, squid prepared with luminophore tracers). Stomach contents will be
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analysed at GEOMAR. Beside fish, amphipods were caught at every station
(probably Eurythenes spp.). At NAST, both traps caught zoarcids, anomurid
decapods and one extremely large specimen of Eurythenes (ca. 12 cm), a few small
amphipods (ca. 2 cm) and one unidentified fish species

Uninsulated amphipod traps

At each station, except NAST, amphipods were caught, whereby the bottom-near
traps caught more individuals than those more distant from the bottom, which could
be linked to the benthic life style of some species. The catch of no amphipod on
NAST corresponds with the result of the FFB net catch.

Insulated amphipod trap

In 5 of 9 employments the isotrap caught life specimens (see Tab. 2). The
temperature inside the trap upon retrieval was between 1,3 and 2,3°C, i.e. close to
in situ temperatures of 1,7°C (CTD-data). Eurythenes survived the transport to the
surface without detectable decompression problems, whereas the unidentified
small species were mostly found dead. This result correlates with observations of
GeoRGE (1979) who showed that Eurythenes can tolerate large pressure changes
and attributed this to the vertical migrations capacity by this species.

Tab. 2: Life amphipods caught by isotrap during SO 129

investigation WAST WAST-T SAST CAST WAST

area

gear FFF1 FFF2 FFF3 FFF6 FFR 6 + 180
depth 4044m 1907m 4422m 3956m 4044m
alive amphipods 11 2 1 1 3

In vitro respiration, excretion and digestion efficency of deep-sea amphipods
Shipboard investigations on the energy budget of life amphipods from isotrap
catches were carried out. The animals were kept in a dark basin at 0,9-1,7°C. The
amphipods were allowed to feed for 24h on bait mixed with fluorescing latex beads
and were then incubated in closed bottles with filtred deep-sea water at a
temperature of 0,9°C. After the incubation the oxygen and ammonium content of the
incubation water were determined, and samples for DOC and C/N analysis as well
as for the enumeration of defeacated latex beads were taken (see Tab. 3).
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Tab.3: Oxygen consumption and ammonium excretion of deep-sea amphipods
determined in vitro.

‘amphipod/  body length
[ 1.incubation 3,56 2,1 10,8 T
(65,5h)
O,-consumption- | 2.incubation 2,5 2,3 9,6
(57,5h)
(u/h) 3.incubation - - - 9,1 90,2
(30,5h)
4.incubation 3,4 2,4 7,2 5,3 64,0
(37,5h)
NH = 1.incubation 4,13 2,46 4,17
(65,5h)
excretion 2.incubation 2,03 0,47 1,60
(57,5h)
(10*umol 3.incubation - - - 4,00 56,3
/h) (30,5h)
4.incubation 3,09 1,78 1,66 6,41 15,56
(87;5h)
origin SAST WAST-T |CAST WAST WAST
depth (m) 4422 1907 3954 4044 4044
duration of keeping (d) 21 26 9 6 6

As expected, oxygen consumption and ammonium excretion of larger individuals
was higher than of smaller ones. During maintenance no symptoms of
decompression problems could be detected. The animals usually stayed in a
coiled-up resting position unless the basin was moved or food was introduced, then
they started to swim actively.

Megafauna and biogenic structures (OFOS and Agassiz trawl)

The OFOS was employed for the following objectives: to describe the composition
and abundance of the background megafaunal community (in combination with AT
samples) and to supply stereo photographic images of the sea floor in order to
characterize the shape, size, abundance and dispersion patterns of biogenic
structures like mounds, funnels, crawling traces etc. For the latter purpose, appr.
200 photographs each were randomly taken at CAST, WAST and NAST from 1.50
m above the sea floor. For megafaunal countings the system was deployed
successfully at EAST and NAST, taking appr. 500 pictures each at 2.50 m above
bottom. All photographs will be analysed at GEOMAR. A 3 m wide Agassiz trawl
was used to collect benthic megafauna for determination of both species
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composition and biomass of selected individuals. The trawl was towed at stations
WAST, SAST, CAST and NAST. Towing speed was appr. 1 kn, bottom times varied
between 30 and 60 min. The catch was fixed in borax buffered formalin. Dominant
taxa caught were: ophiurids (WAST), porifera and bivalves (CAST), and bivalves
(NAST). The following taxa were caught in smaller numbers or as single
individuals: astacid shrimp (SAST, CAST, NAST), macrourid fish (WAST), asteroids
(SAST, NAST), holothuroids (CAST, NAST), ophiurids (SAST, CAST, NAST), as
yet unidentified fish (WAST Plain, SAST, CAST, NAST), the cephalopod
Vampyroteuthis infernalis (NAST) and scaphopoda (CAST, NAST) Some of the
samples included individuals of yet undetermined taxa.

Makrofauna

To analyse the standing stock, structure and distribution of the macrofaunal
community, sediment cores were taken with either box corer or maxicorer and
sieved with 500 um to 1 cm (WAST: 20 cm) from sediment horizons (0-1; 1-5; 5-10
cm). Samples were fixed in buffered formalin and will be sorted at GEOMAR.
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5.7 Biogenic sediment compounds

Olaf Pfannkuche, Anja Kédhler and Eva Phillip
BIGSET, GEOMAR Forschungszentrum, Kiel

Introduction

Biogenic sediment compounds are applied as proxies for a variety of biological
parameters such as input of phytodetritus into the sediment, benthic biomass and
benthic activity. As the analyses are based on relatively small volumes of sediment
(1 cm® respectively 3.4 cm® sediment volume per analysis) the measurements
mainly provide information on the small size classes of the benthic size spectrum
which include meiobenthos (size class 500-30 um), nanobenthos (size class 30-
2 um) and bacteria (size class >2 um). In comparison to macrofauna biomass the
biomass of the small benthic size classes clearly dominates total benthic biomass in
the deep sea (PFANNKUCHE 1993, PFANNKUCHE & SOLTWEDEL 1998). The predominance
of small organisms in various deep-sea habitats was also stressed by GOODAY et al.
(1992), who reported that 50% or more of the eukariotic biomass belonged to the
foraminiferans, whereas LocHTE (1992) found that about 80-90% of total benthic
biomass in the outer Western European Basin was formed by bacteria. Bacteria and
protozoans can multiply in hours and can also activate resting spores; they
therefore represent the most reactive potential of benthic communities. Thus, it is
the small size spectrum of benthic organisms that can respond very quickly to any
pertubations, e.g. sedimentation pulses of particulate organic matter (POM). BOETIUS
& LOCHTE (1994, 1996) could demonstrate the short times of response by deep-sea
bacteria to POM input. Deep-sea bacteria increased the production of specific
exoenzymes, which is the primary step of breakdown of polymeric compounds,
within several days. This process necessitates a step-up of metabolic activity. Such
a metabolic reaction could be shown by rising ATP levels in deep-sea benthic
foraminifera following food supply (LINKE 1992) and by the increase in ATP
concentrations in sediment samples less than nine days after deposition of faecal
pellets at a bathyal site (GrarF 1989). If a POM pulse is strong enough it can also
result in an increase of small size scale biomass. Any short term changes of benthic
activity and biomass will therefore be mirrored by the small biota that can be
addressed by the measurement of specific biogenic compounds.

Sediment sampling and analysis

Sediment samples with a multiple corer (BARNETT et al. 1984) were taken at all
benthos stations (see Tab. 1). At each main station (NAST, WAST, CAST, EAST.
SAST) a minimum of three multiple corer hauls was subsampled and analysed.
Randomly selected multiple corer tubes were subsampled with small piston corers
of 1.1 cm or 3,46 cm cross diameter. Three replicates for each parameter were
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taken from an individual multiple corer cast. Sediment samples were analysed in
0.5 cm intervals for the sediment layer 0-2 cm and in 1 cm intervals down to 10 cm
depth followed by 2 cm intervals to a maximum of 30 cm depth. Samples for the
following sediment analyses were taken (measurements marked with an asterisk
were carried out in the ship's laboratory) all other determination will be carried out
at GEOMAR (Tab. 1).

Tab. 1: Sediment analyses performed during SO129

Biomass
- adenylates (ATP+ADP+AMP)
- DNA
Metabolic activity
- electron transport system activity (ETS, respirative potential)*
- ATP
- hydrolysis rates of fluorescein diacetate (activity of bacterial exoenzymes)*
Plant pigments
- chlorophyll-a and pheopigments (fluorimetric)*
- pigments (HPLC)
other measurements
- proteins*
- Corg’ Norg
- water content
- grain size

Preliminary Results

Chloroplastic pigments

Concentrations of sediment-bound pigments were measured to obtain general
information of the sedimentation patterns and distribution of plankton-derived
phytodetritus from the euphotic zone. Chloroplastic pigments are operationally
defined as chloroplastic pigment equivalents (CPE) representing the sum of
chlorophyll a and pheopigments. Fig. 1 shows integrated CPE values from the top
two centimetres of the sediment from cruise SO129 in comparison to previous
cruises. This sediment horizon has been chosen as any short-term changes are
likely to occur in this uppermost sediment layer. CPE content at WAST showed the
highest values demonstrating the regionally exceptional position of this station.
Phytodetrital sedimentation at NAST was second highest followed by CAST, EAST
and SAST. CPE content at NAST was lower at SO129 than in April 1997 (SO118).
During our investigations at NAST, we encountered an ongoing phytoplankton
bloom with diatoms predominating the net phytoplankton. Although some
sedimentation must have taken place already, as indicated by the relatively high
CPE values, the full pulse should occur on the sea floor after the decline of the
bloom. This is indicated by the higher late April values measured during the SO118.

62




Cruise report SONNE 129

At all other stations CPE values from SO129 were higher than the values recorded
from SO118. However, a comparison of all data from WAST (SO129/February,
M31/March and SO118/April) seems to point at a substantial interannual variability
by a factor of two. A comparison between the spring (SO118, S0129) and autumn
values (M33) indicates the importance of the NE monsoon for the particle flux. At
NAST, the NE monsoon even seems to generate even larger CPE fluxes than the
SW monsoon. At all other stations fluxes between the two periods did not differ
significantly.

Chloroplastic pigment equivalents (CPE) in the Arabian Sea
Integration over the first two centimeters
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Fig. 1: CPE contents for centimetres 0-2 of the sediment column. Data from SO129
in comparison to data from April 1997 (SO118) October 1995 (M33) and
March 1995 (WAST only, M31).

Hydrolytic activity

Bacterial exoenzymatic activity was measured as hydrolytic activity with the
fluorigenic substrate (Fluorescein-diacetate, FDA). FDA is cleaved unspecifically by
several different hydrolytic enzymes, particularly esterases. This parameter is used
as an indicator of changes of general hydrolytic activity. As the substrate is added to
the sediment slurry in saturating concentrations, previously determined by
concentration experiments, the maximal hydrolytic potential is determined by this
measurement. Figure 2 shows the hydrolytic activity from the top two centimetres of
the sediment at all stations of cruise SO129 in comparison to results obtained from
all other previous cruises.

In contrast to CPE, no significant differences in hydrolytic activity could be found
between the station (Fig. 2). The relatively high values for CAST and SAST imply
the relative predominance of bacterial processes at the lower level of the trophic
gradient between WAST, CAST and SAST. A phenomenon that has been
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demonstrated before e.g. at continental margin transects which generally represent
a trophic gradient. PFANNKUCHE & SoLTWEDEL (1998) reported for the western
European continental margin that the proportion of smaller organisms grew and that
bacteria became more important with decreasing trophic conditions.

At all stations FDA hydrolysis rates measured at SO129 were somewhat lower than
at SO118 although significant differences were found only at station NAST where
the sedimentation of POM was still in progress.

Enzymatic activity (hydrolysis of fluorescein diacetate, FDA) in the Arabian Sea
Integration over the first two centimeters
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Fig. 2: FDA turnover for centimetres 0-2 of the sediment column. Data from SO129
in comparison to data from April 1997 (SO118), October 1995 (M33) and
March 1995 (WAST only, M31).

Potential respiratory activity (ETSA)

The process of enhancement of exoenzyme production necessitates a step up in
metabolic activity such as ATP production or electron-transport-system activity
(ETSA). In consequence ETSA at the different stations (Fig. 3) corresponded
regionally to the hydrolytic activity. Values of SO129 were again lower than at
SO118.
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Potential respiratory activity (ETS) in the Arabian Sea
Integration over the first two centimeters
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Fig. 3: Electron-transport-system activity for centimetres 0-2 of the sediment
column. Data from SO129 in comparison to data from April 1997 (S0118),
October 1995 (M33) and March 1995 (WAST only, M31).

Conclusions

The measurements of biogenic sediment compounds pointed at all stations at a
benthic reaction to the sedimentation of labile particulate organic matter following
the plankton bloom of the NE monsoon. Pigment concentrations in the sediment
indicate a recent pulse of phytodetrital input. In contrast to the situation at SO118
benthic reaction mirrored by the above activity proxies (enzymatic activity, electron-
transport-system activity) seemed to be still in progress. This holds especially for
station NAST. The results from WAST underline the interannual variability of
benthic activity.
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5.8 Microbial processes of early diagenesis

Antje Boetius, Karin Lochte and Doris Setzkorn
BIGSET, Institut fur Ostseeforschung Warnemiinde

Research programme

Primary production in the euphotic zone and degradation processes in the deep
water column determine the flux of particulate organic matter (POM) to the ocean
floor. Furthermore, the modification of these particles in different water depths is an
important factor regarding the quality and quantity of POM reaching the deep-sea
floor. The key aspect of early diagenesis of organic matter (OM) in the deep-sea
benthic boundary layer (BBL) are microbial processes, since they determine the
velocity of the turnover of OM as well as the chemical gradients in the sediment
column (DEMING & Baross 1993). The first step in the utilization of POM is the
extracellular hydrolysis of polymeric compounds, since only products with small
molecular weight can pass through bacterial cell pores. In the deep sea, the
greatest part of the organic carbon is respired by the bacteria (>70%) and a smaller
fraction of the organic C and N is utilized for growth (Rowe & DEmING 1985).
Additionally, some of the hydrolyzed molecules may escape from uptake by the
bacteria and enter the DOC pool. However, only few investigations were carried out
yet to quantify microbial processes in the BBL (LocHTE & TURLEY 1988, LOCHTE 1992,
VETTER & DEMING 1994, BoeTIUS & LOCHTE 1994, 1996).

The subproject “Microbial processes of early diagenesis‘ aims at the quantification
of bacterial degradation of sinking particles and deposited OM as well as the
investigation of the key factors regulating microbial activity in the BBL. Field
sampling and experimental studies are carried out during cruises in the Arabian
Sea and the NE Atlantic and include measurements of microbial biomass and
growth, enzymatic degradation, respiration and incorporation rates of OM as well as
grazing rates. The results will be used to identify regional and seasonal variability of
microbial processes in the Arabian Sea. Further, they will be compared to the data
on POC flux and remineralisation rates obtained by the geochemical investigations
to improve the understanding of the processes of early diagenesis in the deep-sea.
Heterotrophic bacteria associated with sinking and resuspended particles degrade
POM to dissolved organic matter (DOM) by extracellular enzymes (SMmITH et al.
1992), some of which is assimilated or respired by the bacteria in the bottom water.
Investigations of microbial processes in the bottom water of the deep sea are scarce
(ALLDREDGE & YOUNGBLUTH 1985, TumLey 1993), mainly due to problems with
sampling. The majority of the degradation rates used in deep-sea studies were
derived indirectly from the decrease with depth of particulate organic carbon (POC)
captured in sediment traps and from the bacterial activity in mid-water depths (CHO
& AzAM 1988, SIMON et al. 1990). However, bacterial activity and biomass in the BBL
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might be increased compared to the mid-water column due to resuspension of
particles or other factors enhancing microbial processes (RiTzrau et al. 1997). In the
upper centimeters of sediment, the distribution pattern of bacteria and of hydrolytic
enzymes provide indirect evidence for the level of OM input (DemiNG & BAROSS
1993). One of the first reactions to a short-term increase in the supply of OM are
changes in the production rates and the enzymatic activity adapting to the new food
availability (BoeTius & LocHTE 1994). In addition to determination of standing stocks
and activity of bacteria in the BBL, degradation of OM is studied in shipboard
experiments. Concentration and composition of added OM, oxygen content and
pressure can be changed in the experiments allowing an assessment of the effects
of these external parameters on degradation rates and modes (BOETIUS & LOCHTE
1996). These data will be compared to OM flux rates from sediment traps and to
benthic respiration rates determined in situ.

Methodology

Extracellular enzyme activities (EEA), rates of secondary production (BSP) and
respiration ("*CO,, **S0,), microbial biomass (BB, PL) and availability of specific
organic compounds were measured on water and sediment samples collected
during during 27 deployments of rosette (CTD/ro) and bottom water samplers
(BWS) and 38 deployments of the multiple corer (MC) in the Arabian Sea (Tab. 1).
Hydrolytic activities of the enzymes o-, B-glucosidase, chitobiase, esterase, lipase,
peptidase, phosphatase, sulfatase were measured on board using fluorescence-
labeled MUF-substrates (BoeTius 1995). For the determination of microbial biomass,
bacterial numbers, cell volumes and phospholipid concentrations are measured in
the home laboratory as well as availability of various organic compounds. Total
microbial biomass can be estimated from measurements of phospholipid
concentrations in the sediments (FiNDLAY & Doses 1993). Bacterial biomass is
measured by epifluorescence microscopy (MeYer-REIL 1968) and grazing rates are
determined according to SHERR and SHERR (1993). Bacterial production rates are
estimated by measuring the incorporation of ®H-labeled thymidine and leucine into
into DNA and bacterial protein, respectively (KEmp 1994). Bacterial respiration is
measured by incubating "“C-labeled organic substrates (single dissolved substrates
as well as particulate algal material) and assaying the amount of “CO, released
(LocHTE 1992). Sulfate reduction rates were measured incubating **S-labeled
sulfate according to FossiNG and JORGENSEN (1989).
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Tab. 1: List of stations for sediment and water sampling. For abbreviations see text.

station deployment  depth parameter
WAST MC-1/S0129 sediment profiles (0-30 cm) PL,BB
MC-2/S0O129 " EEA, POC degradation exp.
MC-3/S0129 " 35-804
MC-4/S0O129 " PL,BB
MC-5/S0129 " EEA,BSP,14-CO2,FLB, chitin degradation
exp.
MC-6/50129 " PLF,)EEA
MC-7/80129 " EEA,35-S04,14-C0O2
MC-34/S0129 " PL,BB,EEA
MC-36/S0129 " EEA,BSP,14-CO,, (all substrates)
CTD-3/50129 5,9,14,25,40,565 m a.b. EEA, BB, BSP
CTD-7/80129 5, 25 Fmax, 50, 250 m Chla
CTD- 5, 50 Fmax, 250 m Chla
25/80129
CTD- 5,9,14,256 m a.b. EEA, BB, BSP
26/S0129
BWS- 10,60 cm a.b. EEA, BB, BSP
1/60129
BWS- 10,60 cm a.b. EEA, BB, BSP
4/8S0129
WAST-T MC-8/S0129 sediment profiles (0-30 cm) PL,BB,EEA
MC-9/80129 " 35-S04
MC-10/80129 * PL,EEA,BSP
MC-11/80129 " PL, EEA
MC-12/S0O129 " EEA
MC-35/S0129 " EEA, BB
CTD-5/S0129 5,9,14,25,40,55,100,250 m EEA, BB, BSP
a.b.
BWS- 10,60 cm a.b. EEA, BB, BSP
3/8S0129
SAST MC-14/S0O129 sediment profiles (0-30 cm) EEA
MC-15/50129 " PL,BB,EEA
MC-16/80129 " EEA,POC degradation exp.
MC-17/80129 " PL,EEA

MC-18/S0O129

MC-19/80129

CTD-8/S0129 5,50, 75 Fmax, 250 m Chla
CTD-9/80129 5,9 ma.b. EEA, BB, BSP
CTD- 14,25 m a.b. EEA, BB, BSP
10/S0129

BWS- 10,60 cm a.b. EEA, BB, BSP
5/80129

BWS- 10,60 cm a.b. EEA, BB, BSP
6/80129

PL,BSP,14-CO,, (all substrates),FLB,
chitin degradation exp.
EEA,BSP + FLB
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Tab. 1: continued

station deployment depth parameter

EAST MC-21/50129 sediment profiles (0-30 cm) PL,BB,EEA
MC-22/80129  ° EEA
MC-23/80129  ° PL,BB,EEA,14-CO2
MC-24/SO129 EEA,BSP,35-S04, fluff exp.
MC-25/S0129  * PL,EEA,35-S04
CTD-14/50129 5,50 Fmax, 250 m Chia
CTD-15/S0129 5,9 ma.b. EEA, BB, BSP
CTD-16/S0129 14,25 ma.b. EEA, BB, BSP
BWS-7/SO129 10,60 cm a.b. EEA, BB, BSP

CAST MC-27/S0129  sediment profiles (0-30 cm) PL,BB,EEA
MC-28/S0O129 " EEA,BSP
MC-29/50129 ! 35-504
MC-30/50129 " PL,EEA
MC-31/80129 " EEA
MC-32/80129 " PL,BB,14-CO2 (all substrates),FLB
MC-33/SO129 " EEA
CTD-19/80129 5,50 Fmax, 250 m Chla
CTD-20/80129 5,9 ma.b. EEA, BB, BSP
CTD-21/80129 14,25 m a.b. EEA, BB, BSP
BWS-8/SO129 10,60 cm a.b. EEA, BB, BSP
BWS-9/SO129 10,60 cm a.b. EEA, BB, BSP

NAST MC-38/50129  sediment profiles (0-30 cm) PL,EEA
MC-39/50129 ! EEA,35-504
MC-40/50129 PL,BB,EEA
MC-41/80129 * EEA,BSP
MC-42/80129 " PL,EEA
CTD-28/S0129 5,30 Fmax,50,250 m Chla
CTD-29/S0129 5,9ma.b. EEA, BB, BSP
CTD-30/S0O129 14,25 ma.b. EEA, BB, BSP
BWS-10/S0129 10,60 cm a.b. EEA, BB, BSP
BWS-11/80129 10,60 cm a.b. EEA, BB, BSP

Preliminary results and conclusions
Chlorophyll fluorescence in the euphotic zone

A profile for chlorophyll fluorescence (Chl a) in the euphotic zone was recorded at
each station with a fluorometer attached to the CTD/rosette water sampler.
Chlorophyll samples were collected for calibration of the fluorometer and will be
processed in the home laboratory. At WAST Chl a was relatively high in the surface
waters during the first sampling interval (03.02.-08.02.98), the maximum in
fluorescence (Fmax) was recorded at 30 m water depth. Later during the cruise
(26.-27.02.98) Chl a was substantially reduced, indicating that nutrients were
already depleted in the surface waters. At SAST, EAST and CAST Chl a was
already very low at our arrival at the stations but a distinct subsurface maximum was
detected at 40-75 m depth just above the thermocline. Highest Chl a was recorded
at station NAST at 0-50 m. Accordingly, a diatom bloom was visually observed

during our sampling from 01.03.-05.03.1998.
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Microbial activities in the bottom waters
Hydrolysis rates were highly variable in the bottom waters ranging from 0.004 uM/h

for the glycosidases (a-, B-glucosidase, chitobiase), 0-0.14 uM/h for amino-
peptidase and 0.7-3.2 uM/h for esterase. At WAST hydrolysis rates of the
glycosidases reached relatively high values in the sediment contact water at 10-60
cm above bottom (a.b.). This may be due to increased sediment resuspension at
this site e.g. compared to SAST (Fig. 1). Combining all stations, a general increase
in bacterial enzyme activities and production rates in the sediment contact water
(0.1-0.6 m) was detected compared to the water layer above (5-25 m a.b.) (Fig. 2).
Samples for bacterial biomass, particle concentrations, POC and chlorophyll (see
report of SP-2) will be analysed in the home laboratory to check whether microbial
activity in the BBL is related to these parameters.

WAST ( B- dlucosi dase) SAST ( B- gl ucosi dase)
uMh-1ma. b. uM h- 1m ab.
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20 T Bctd26 00 + Abwsé
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10 "
fa. .
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Fig. 1: Activity of extracellular enzymes in the BBL. Each data point represents the
result of a time course experiment incubating water from the rosette (CTD) or
bottom water sampler (BWS)
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Fig. 2: Comparison of microbial extracellular enzyme activities and incorporation
rates in two different water layers in the BBL. Error bars are 95% confidence
levels.

Microbial activities in the sediments

In deep-sea sediments, bacterial enzymes are the primary agents of the early
diagenesis of organic matter (OM). Most extracellular enzymes are produced when
respective substrates become available (substrate induction), others are constantly
produced but repressed in the presence of readily available nutrients. A
comparison of the average activity potentials of B-glucosidase, one of the enzymes
involved in the degradatlon of polysaccharides, at the stations WAST and SAST
shows that microbial activities were higher at WAST and also more variable
seasonally (or interannually) than at the oligotrophic station SAST (Fig. 3). Activity
potentials at NAST and CAST were similar and about one third lower than at
WAST, consistent with the differences in the average annual particle fluxes at these
stations (HAAKE et al. 1993). For all enzymes, the lowest activities were generally
recorded at SAST. The activity potentials of all eight enzymes measured in the
sediments of the Arabian Sea stations WAST and WAST-T, SAST, CAST, EAST
and NAST during February 1998 were generally lower than in April 1997 (SO118)
and similar to the activities recorded after the SW monsoon in October 1995.
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Fig. 3: B-glucosidase activity (WM h™) in sediments of the Arabian Sea. Error bars
indicate 95% confidence level of the average of 3-7 multiple corer.

Microbial production and respiration rates in the sediments

Highest rates of incorporation of ®H-thymidine were detected at station WAST,
declining strongly with sediment depth after a subsurface peak at 1-2 cm (Fig. 4). At
atmospheric pressure, thymidine incorporation was markedly decreased in the
upper sediment layers, indicating the presence of barophilic populations.
Thymidine incorporation can be converted to bacterial secondary production,
amounting to about 4 mg C m? d"' at WAST.
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Fig. 4: *H-thymidine incorporation rates measured under in situ and atmospheric
pressure. Error bars are 95% confidence levels.

Microbial respiration rates were relatively high at all stations in the Arabian Sea
compared to the station BIOTRANS in the NE Atlantic (LocHTE 1992). Highest “CO,
release from the algal material was measured in the surface sediments of station
WAST and lowest rates were detected at station EAST (Fig. 5). An experiment was
carried out at station CAST to test whether the respiration rates are related
quantitatively to the input of POM. The natural variation of the POC flux at station
CAST is around 20-60 nmol C ml' d (calculated from HAAKE et al. 1992). Within a
range of different concentrations from 0.5-50 nmol C mi™ of algal carbon added, the
respiration rates increased linearly (R?=0.9953, n=10). Microbial assemblages
respired around 12% of the carbon added to the surface sediments of station CAST
within one day. Another set of experiments showed that the particulate algal
material was turned over nearly as fast as the additions of '“C-labeled free
aminoacids or glucose, indicating that enzymatic hydrolysis of such fresh POM
might not be rate limiting in the oxygenated surface sediments.
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Fig. 5: Microbial respiration in the sediments of the Arabian Sea. Time course
experiments under in situ pressure and temperature were carried out at each
station. Trace amounts of “C-labeled algae were added to the sediments
and the released CO, was captured and radioassayed.
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5.9 Geochemistry of deep-sea sediments

Dirk Rickert, Sibylle Grandel and Angela Lunau
BIGSET, GEOMAR Forschungszentrum, Universitat Kiel

Research programme

One of the main objectives was to study the turnover processes of organic matter,
biogenic opal, calcium carbonate and nutrients in surface sediments of the deep
Arabian Sea. Therefore pore waters were sampled from MC cores taken at ten
stations in the Arabian Sea in order to investigate the complex interplay of aerobic
and anaerobic degradation of organic matter and local and non-local transport
processes.

The main aim of our work is to get data sets which would allow to model transport
and degradation as well as redox and dissolution reactions in sediments with high
C,y inputs. These data sets will facilitate a comprehensive modeling of benthic
turnover rates and fluxes. With samples taken from multicorer (MC), CTD water
sampler and bottom-water sampler (BWS) the vertical distribution of nitrate,
phosphate, silicic acid, ammonia, pH, alkalinity, aluminium and iron in the
sediments and in the water column was determined. Another aspect which is
important for the interpretation of benthic processes are the redox conditions in the
sediment and at the sediment water interface. Therefore laboratory oxygen
measurements were carried out and in addition an oxygen profiler was used to get
in situ oxygen profiles. This data will provide more information about possible
differences between field and laboratory oxygen measurements affected by the
sampling procedures.

Moreover different kinds of laboratory experiments were performed with sediments
from the main stations (WAST, SAST, EAST, CAST, NAST) in order to quantify
organic matter degradation and the dissolution kinetics of biogenic silica (opal). The
incubation experiments are designed to study the bioavailabilty of organic matter
and to investigate the impact of oxic and anoxic conditions on the preservation or
degradation of organic matter in surface sediments of the Arabian Sea. The
processes controlling preservation and recycling of particulate biogenic silica in
superficial sediments must be understood before using biogenic silica as a proxy in
paleo-oceanographic studies, and in order to compute mass balances for silica.
Finally to assess the role of aluminium as a kinetic inhibitor (VAN CAPPELLEN AND QIU,
1997 a) for the dissolution of biogenic silica dissolved Al was determined in pore
waters of sediments and compared with Si profiles. Kinetic experiments are
conducted in the home laboratory using a stirred flow-through reactor technique to
determine silica solubilities under a variety of dissolved Al concentrations.

The distribution of dissolved aluminium in open ocean waters is probably controlled
by the solution of aluminium from athmospherically derived particles and bottom
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sediments balanced against scavenging by siliceous shells of dead organisms or
active biological uptake in surface waters by diatom frustules (MORAN AND MOORE,
1992; vaN Beusekowm, J. E. E., 1990). Vertical profiles of dissolved aluminium (Al) at
the five main stations were determined. The natural fluorescence measured during
the aluminium analysis was used as an indication of dissolved organic carbon
(DOC, see CADEE AND LAANE, 1983). Sediment samples taken with the multicorer and
water samples taken with the CTD and bottom-water sampler were analyzed on
board to get the amount and vertical distribution of anorganic nutrients, pH,
alkalinity, oxygen, aluminium and iron.

The measured data will be used as initial and boundary parameters for the
transport reaction model C. CANDI to calculate distributions and fluxes of biogenic
substances in the studied surface sediments (LUFF et al., 1998). Other parameters
such as water and sediment depth, rain rate of biogenic matter to the seafloor,
concentration of dissolved and solid phase compounds are collected to describe
the whole system and to study the triggered processes.

Station works and preliminary results

Temporal changes in the sedimentation of biogenic matter are ubiquitous in the
deep-sea environment. The SO129 cruise was set at the end of the NE monsoon, to
investigate the reaction of the benthic system to the expected sedimentation events.
In addition to the investigation of seasonally, or better said sedimentation pulse
controlled fluctuations, the regional aspect was of research interest. Therefore, we
took multicorer samples at intermediate stations to get a better spatial distribution
and nutrient data set for a planned date interpretation with GIS (Geographical
Information System).

Methodology
Surface sediments taken with a multicorer were brought into the cold room

immediately after recovery. They were sampled and processed within 3-4 hours at
in situ temperature. Pore water samples were obtained using two different
techniques: For nutrient analyses wet sediment segments were extracted using a
squeezer pressurized by argon and samples were filtered on line through 0.4 um
cellulose acetate filters; for Al analysis pore water was obtained by centrifugation of
sectioned cores and subsequently passed through 0.45-um membrane filters to
avoid contamination from the squeezer.

The following dephts intervals were taken and analyzed (cm):

0-0.5, 0.5-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10, 10-13, 13-16, 16-19. HCI
acidification was avoided to prevent a decrease in silica concentrations which may
be caused by precipitation reactions during sample storage. All sampling and
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reaction vessels for Al analysis were cleaned overnight with hot detergent (Extran,
Merck), rinsed thoroughly with ultrapure water and soaked with 1% suprapure HCI.
The pore waters and the overlying bottom waters as well as the water samples from
CTD/ro and BWS were analyzed on board for dissolved nitrite, nitrate, ammonia
and phosphate using an auto-analyzer and standard methods after GRASSHOFF et al.
(1983). Replicate measurements resulted in relative standard deviations of 10%.
Dissolved phosphate and silicic acid was analyzed using standard colorimetric
techniques on a convential two beam photometer in fresh pore water subsamples
and water samples taken with the BWS or CTD/ro water samplers. Dissolved
aluminium was analyzed on board with the lumogallion method (Hypes and Liss,
1976) using slight modifications to essentially remove interferences primarily from
dissolved organic matter and iron, which are present at high and variable
concentrations in marine pore waters (MACKIN and ALLER, 1984). The method based
upon the formation and measurement of the fluorescent Al-Lumogallion complex at
pH 5. The emission and excitation wavelengths (465 and 555 nm, resp.) used for
the determination of the natural fluorescence were the same as used for the Al
analysis.

To avoid any kind of contamination by settling of dust particles in open bottles or on
pipette tips, most manipulations were carried out inside a clean bench. The small
pore water samples available necessitated a 10 times dilution. Al data and the
details of the analytical method can be requested from the authors.

For the measurement of the amount of iron in the sediments 1-2 g wet surface
sediment was mixed with 30-50 ml of 1N HCI. The resulting sediment suspensions
were shaken over a period of 24-36 h at a temperature of 2-8°C. Subsequently the
solids were separated by centrifugation and the dissolved phase was analyzed for
ferrous iron and total iron using the ferrozine procedure (GRASHOFF et al., 1983). With
this procedure the reactive iron that takes part in the rapid redox reactions is
extracted and determined (WALLMANN et al., 1983).

A pH-glass electrode (METTLER) and a pH-ISFET electrode (SENTRON) were
used for pH measurements. Both electrodes were calibrated with standards made
up in seawater matrix (Dickson, 1993), for pH determination, temperature and
electrode potential were registered and used to calculate the pH values. The
resulting pH values give the total concentration of protons present as H* and HSO,’
(MILLERO, 1995). pH measurements with the ISFET electrode directly in the
sediment itself and in the pore water samples showed a difference of the pH values
less than 3%.

Total alkalinity (TA) was determined by measuring the potential of a pH probe after
a one-step addition of HCI. A volume of 0,3 to 0,5 ml of 0,01 N HCI was added to
1 ml pore water sample until a pH value of 3,0-3,52 was reached. The electrode
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was calibrated with two pH buffers (3,00 and 3,52) prepared in artificial seawater.
The alkalinity of the artificial seawater was determined by GRAN titration and
considered in the buffer preparation (Stumm AND MoRrGAN, 1996). To control the
quality and reproducibility of the method, IAPSO seawater standard was titrated in
addition to every pore-water sample measurement, the values were constant over
the six week cruise with an error less than 5%.

On board the measurements of the oxygen profiles were carried out in the cold
room within one hour after sampling of the multicores. Self-made glass electrodes
of the Clark-type (RevsBecH, 1989) were assembled on a motor-driven
micromanipulator, which was descended into the sediment in 0,1 to 0,5 mm steps.
The in situ profiles were taken with an oxygen profiler (SEABED Systems BV)
mounted into a frame, which was driven on a wire down to the seafloor. Due to
technical problems with the device we got only one in situ profile at the station
WAST-T. The oxygen content is calculated via an external calibration of the
electrodes. The electrode currents of several seawater samples with different
temperatures and oxygen contents are correlated to the measured oxygen amount
of the seawater with the WINKLER titration method (GRAssHOFF et al, 1983). Parallel
measurements (n=5) of seawater samples showed a standard deviation of 1 %.

A complete list of the analyzed multicorer and water samples is given in Tab. 1.
Laboratory investigations were made to study the bioavailabilty of organic matter
via an extraction experiment (KEiL et al., 1994).

Degradation experiments with sediment-seawater suspensions (ratio 1:1) were
made to study the processes of biodegradation under oxic and anoxic conditions
during an incubation time of 2 weeks while the samples were shaken under a
temperature of 2-4 °C. Subsamples were taken after 0,1,2,3,5, and 9 days. Their
amount of anorganic nutrients and the microbiological activity (via dimethylsulfoxid
reduction after ALEF AND KLEINER, 1989) will be measured.

Preliminary results

Pore-water geochemistry

First results compared to the results of SO118 show that the saisonal differences of
the benthic activities are lower than expected. Therefore it is likely that the seasonal
influences on the benthic system concerning biogeochemical reactions and
degradation processes of organic matter are of lesser impact (Fig. 1). On the other
hand the differences between the main stations are very significant, with WAST as
the most productive station, followed by CAST and NAST and with lowest activities
at SAST and EAST.
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Fig. 1: Nitrate profiles of the station WAST, measured during SO118 and SO129.

Fig. 1 shows two nitrate profiles measured at WAST from SO118 (April 1997) and
S0129. In both profiles the nitrate content reaches zero at a depth between 5 and 6
cm. In the profile from SO118 the nitrate content at the sediment-water interface is
higher and decreases faster in the upper 2 cm of the sediment. This indicates that
the benthic system was more active in April 1997 than in Feb. 1998. We therefore
assume that the sedimentation pulse of the NE monsoon has not reached the
seafloor yet.

81




Cruise report SONNE 129

nitrate -profiles So 129
NO; [umol/l]
-5.0 15.0 35.0 55.0

E
&
=
bt
o
)
-1
—o—WAST,MC# 4
14 -;’ ~~~~~~ g~ SAST,MC # 14
EAST, MC# 24
16 4 < CAST,MC# 30
) —%—NAST,MC# 39
3
18 L

Fig. 2: Nitrate profiles of the five main stations WAST, SAST, EAST, CAST, and
NAST measured during SO129

Comparing the nitrate profiles of the five main stations measured during SO129,
(Fig.2) shows that at WAST nitrate already decreases to zero at a depth of 4-5 cm,
while at NAST a depth penetration of 8 cm occured, followed by CAST with 10 cm.
At SAST and EAST the nitrate penetration depth is not reached until a depth of 18
cm. The shallow profile reflects the high biogeochemical activity at WAST compared
to the other stations, which is also underlined by the biological parameters. Except
of SAST the nitrate concentration at the sediment-water interface lies around 35
umol/l at all stations.

The in situ oxygen profile (Fig. 3) measured at station WAST, shows an oxygen
penetration depth at 2,5 cm. Nitrate (Fig. 4) reaches zero at a sediment depth of
around 3 cm, which correponds very well to the in situ oxygen profile. The oxygen
profiles measured in the laboratory during this and the last cruise showed a
penetration depth between 5-7 mm, which clearly indicates and emphasizes the
need of in situ measurements, especially in an area influenced by high temperature
changes (GLUD et al., 1994).
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Fig.3: in situ oxygen profile WAST-T Fig.4: nitrate profile WAST-T

Measurements of the iron and incubation experiment samples are in progress.
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Pore water silica and aluminium measurements, opal dissolution experiments
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Fig. 5: Dissolved silica as a function of depth in cores of all stations from SO129.
Obviously asymptotic silica concentrations (about 500 pM) from WAST,
WAST-T and WAST/NAST differ from the other stations.

The solubility values of biogenic silica derived from asymptotic pore water
concentrations are highly variable from one site to another as shown in the pore
water profiles (Fig. 5). Pore water silica concentrations increase as a consequence
of different dissolution behaviour of biogenic silica (opal) or other siliceous phases
from bottom water values of about 140 uM to asymptotic values of about 550 UM
(WAST), 500 uM (WAST) or 300 uM (NAST, CAST, EAST, SAST and intermediate
stations). In general, the apparent solubilities of the silica phases are lower than
the values expected for biogenic silica (Hurp, 1973).

Regional differences

Pore water profiles alone cannot provide the answer whether the asymptotic Si
values are the result of the biomineralization process of silica in surface waters or
whether they are the product of early diagenetic reactions, e. g. the association of
dissolved Al with biogenic silica at the water-sediment interface (e. g. VAN CAPPELLEN
ET Qu, 1997a). Independent determinations of the solubility and dissolution kinetics
of the biogenic silica under a variety of variables (temperature, pH, degree of
undersaturation, cation concentrations in the pore fluid, opal/detrital content in the
solid phase) are required in order to interpret the dissolved silica profiles measured
in sediments. Batch experiments performed on board ship are the first step to
combine pore water silica and aluminium measurements and laboratory-based
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solubility plus rate data from the same sediments. First results show a decrease in
reactivity and solubility with increasing depth.
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Fig. 6: Dissolved nitrite, nitrate, phosphate, ammonia, aluminium and natural
fluorescence from WAST-T station (MC#35). Nutrient maxima observed in
the first centimeter correlate well with the observed maximum in Al and DOC
concentrations suggesting a common underlying process.

Pore water aluminium concentrations are considerably higher than in the overlying
waters (4-10 nM) and reach maxima below the sediment-water interface (30-70 nM)
that correlate well with observed maxima in the natural fluorescence (DOC2),
nitrate, phosphate and ammonia. Figure 6 illustrates the observed maxima beneath
the surface exemplary for WAST (MC#35) in profiles of nutrients as well as of
dissolved Al and DOC. The significant maximum within the first centimetre indicates
substantial communities of microbial decomposing organisms. Their excretions
probably cause the high ammonia values. The organic matter mineralisation results
in increasing nitrate concentrations. The similarity between the observed curves
suggests a common underlying process, possibly related to adsorption-desorption
reactions of aluminium-DOC complexes and the destruction of such complexes
through mineralization processes with the release of aluminium. While dissolved Si
concentrations increase continuously with depth, the profiles of dissolved Al in
Fig. 7 (MC#35, WAST) show a sharp decrease below the sediment-water interface
towards a mean of about 30 nM. Similar trends were observed for all stations.
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Fig.7: Pore water silica and aluminium orofiles at WAST-T station (MC#35). While
silica increases with depth Al data show a marked decrease below the
surface maximum towards a mean value of 30 nM.

VAN CAPPELLEN ET Quu (1997a) observed lower solubilities in the top sections than in
the deeper ones for three cores from the Antarctic Ocean. Their explanation for the
observation is centered around the pore water aluminium levels. The association of
Al with biogenic silica right below the sediment-water interface where relatively high
levels of pore water Al are observed leads to a marked decrease in the solubility
and reactivity of the biogenic silica. Upon further burial, the silica surfaces
experience decreasing levels of dissolved Al resulting in an increase in solubility.
Our observations do not follow their interpretation. The apparent asymptotic Si
concentrations show no clear inverse relationship with the Al/Si ratios of the pore
waters at the same depth. In contrary observed Al data below the surface maximum
are fairly constant throughout the cores whereas aparent asymptotic silica
concentrations vary from 270 to 550 uM.
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Fig. 8: Relationship between the atomic ratios of aluminium and silica in the pore
water summarized from all stations measured at depth exceeding 10 cm and
the (pseudo) asymptotic silicic acid concentration. The observations show no
clear relationship.

The variable asymptotic pore water silicic acid levels found in the cores of the
Arabian Sea cannot be explained solely by a diagenetic interaction between
biogenic silica and soluble aluminium. A stirred flow-through reactor technique will
be used in the home laboratory to determine silica solubilities under different
degrees of undersaturation with respect to silicic acid, various Al concentrations in
solution or detrital content in the sediment.
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Tab. 1: List of sampled stations during SO129

WAST

Stat.-No. Device Date Analyses

14#1 CTD #1 2.2.98 Nutrients, Si, Al

1#2 CTD#2 2.2.98 Nutrients, Si, Al

13#1 CTD#3 4.2.98 Nutrients, Si, Al
13#3 CTD#4 4.2.98 Nutrients, Si, Al

82#1 CTD#25 26.2.98 Nutrients, Si, Al

86#1 CTD # 26 27.2.98 Nutrients, Si, Al
86#2 CTD # 27 27.2.98 Nutrients, Si, Al

T#4 MC#3 3.2.98 Nutrients, Si, Al, Alk., pH
o#2 MC #4 4.2.98 Nutrients, Si, Al, Fe
82#2 MC # 36 26./27.2.98 Nutrients, Si, Alk., pH
9#1 BWS # 1 3.2.98 Nutrients, Si

16#3 BWS #2 5.2.98 Nutrients, Si

WAST -T

19#5 CTD#5 6.2.98 Nutrients, Si

23#1 CTD#6 7.2.98 Nutrients, Si

23#4 CTD#7 8.2.98 Nutrients, Si

19#4 MC#9 6.2.98 Nutrients, Si, Alk., pH
80#2 MC # 35 26.2.98 Nutrients, Si, Alk., pH
19#6 BWS #3 6.2.98 Nutrients, Si

2343 BWS #4 8.2.98 Nutrients, Si

SAST -WAST

26 MC # 13 9.2.98 Nutrients, Si

SAST

27 CTD#8 10.2.98 Nutrients, Si

34#4 CTD#9 11.2.98 Nutrients, Si

36#5 CTD #10 13.2.98 Nutrients, Si

40#6 CTD # 11 14.2.98 Nutrients, Si

40#7 CTD #12 14.2.98 Nutrients, Si

45#2 CTD #13 14.2.98 Nutrients, Si

32 MC # 14 11.2.98 Nutrients, Si, Alk., pH, Fe
38#3 MC # 19 13.2.98 Nutrients, Si, Alk., pH
38#1 BWS #6 13.2.98 Nutrients, Si

40#5 BWS #7 13.2.98 Nutrients, Si

SAST -EAST

46 MC # 20 15.2.98 Nutrients, Si
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Tab. 1: continued

EAST

Stat.-No. Device Date Analyses

49#3 CTD #14 16.2.98 Nutrients, Si

4945 CTD#15 16.2.98 Nutrients, Si

49#11 CTD # 16 17.2.98 Nutrients, Si

52 CTD #17 18.2.98 Nutrients, Si

55 CTD # 18 18.2.98 Nutrients, Si

49#1 MC # 21 16.2.98 Nutrients, Si, Alk., pH,
Laborversuch

49#9 MC # 24 17.2.98 Nutrients, Si, Alk., pH, Fe

4944 BWS #8 16.2.98 Nutrients, Si

EAST -CAST

56 MC # 26 19.2.98 Nutrients, Si

CAST

57#1 CTD#19 19.2.98 Nutrients, Si

62#4 CTD#20 20.2.98 Nutrients, Si

B62#5 CTD # 21 20.2.98 Nutrients, Si

68#5 CTD # 22 22./23.2,98 Nutrients, Si

68#6 CTD #1283 23.2.98 Nutrients, Si

71#2 CTD#24 24.2.98 Nutrients, Si

62#7 MC # 29 21.2.98 Si, Fe

64#2 MC # 30 21.2.98 Nutrients, Si, Alk., pH, Fe

64#3 MC # 31 21.2.98 Nutrients, Si

62#3 BWS #9 20.2.98 Nutrients, Si

68#4 BWS #10 22.2.98 Nutrients, Si

WAST -NAST

884#1 MC # 37 1.3.98 Nutrients, Si, Alk., pH

NAST

894#1 CTD#28 2.3.98 Nutrients, Si

94#1 CTD#29 2.3.98 Nutrients, Si

9442 CTD#30 2.3.98 Nutrients, Si

97#1 CTD # 31 3.3.98 Nutrients, Si

97#2 CTD # 32 3.3.98 Nutrients, Si

97#3 CTD #33 3.3.98 Nutrients, Si

102#1 CTD#34 4.3.98 Nutrients, Si

934#1 MC # 39 2.3.98 Nutrients, Si, Alk., pH, Fe

97#5 MC # 42 4.3.98

95#1 BWS # 11 3.3.98 Nutrients, Si

97#4 BWS # 12 3.3.98 Nutrients, Si
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5.10 Interaction between seasonal benthic reaction rates, particle flux
and trace element distribution in deep-sea sediments

Lars Dittert
BIGSET, Fachbereich Geologie, Universitét Bremen

Research programme

SHANKAR et al. (1987) showed that during the Holocene four factors are very
important for the elemental distribution in the solid phase in the Arabian Sea: (1) the
hydrothermal activity along the Carlsberg Ridge, (2) the spatially variable input of
terrigenious matter, (3) authigenic precipitates and (4) the distribution of biological
matter. The regional distribution of organic material and the input of aeolian
transported particles in the Arabian Sea is strongly influenced by the seasonal
monsoon system (Sirocko 1991). Hence the input of trace elements may vary within
these regional and temporal patterns.

Organic material, which is deposited in the sediment, is decomposed by biological
activity. During this degradation the geochemical conditions change and
composition of the sediment can be modified. Depending on parameters such as
pH and Eh, minerals disolve or precipitate at the same time as
adsorption/desorption are shifting. Consequently, release and fixation rates
possibly vary in time in deep-sea sediments due to saisonal variations of input
materials.

If there are known coherences between short-term processes (seasonality) in the
water and the precipitation or disolution of elements in deep-sea sediment, we can
possibly connect the chemical parameters with meteorological and biological
effects. Depending on the preservation of such a ,proxi-parameter” signal in the
sediment, it may be used as a paleo-indicator for environmental conditions in
geological history.

Station works and preliminary results

Solid phase investigations of the sediments from multicorer cores from WAST-T and
WAST recovered on cruise SO118 on RV SONNE have shown different, but
characteristic vertical distributions of cadmium, copper and lead. In the case of
these two adjacent stations the variation of pore water concentrations in the upper
10 cm of the sediments is obvious, whereas below this depth the concentrations
remain on a constant level. It is yet unclear, if the patterns represent early
diagenetic processes or a primary sedimentary signal. It is near at hand that the
trace metals underlie early diagenesis in the upper part of the sediment and that
their concentrations at lower depths are smoothed by these processes. To answer
this question, trace metal concentrations of the pore water must be investigated.
Pore water analysis provides the possibility to decide whether an element is
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precipitated or disolved. To enclose reaction horizons most exactly, it is nessesary
to sample the pore water at high resolution.

Two different pore water sampling methods were applied: pressure filtration in a
glovebox under argon atmosphere and diffusive gradient in thin films technique
(DGT). This method for trace component analysis was developed at Lancaster
University (GB) and is based on a perspex sampler, which contains two layers of an
acrylamide gel film (Davison and ZHANG 1994, ZHANG 1995). Disolved cations diffuse
through a gel (,diffusive gel"), that is in contact with the pore water to a gel film
(,resin gel), containing a cation-exchange resin (CHELEx 100). Fluxes of trace
elements can be directly measured from the sediment by knowing the sampling
conditions like gel film thicknesses, temperature and sampling time. If releasing
rates of trace metals from the solid phase to the pore water are fast enough these
fluxes can be interpretated as concentrations. This technique has the advantage of
analysing trace contents in very high resolutions up to submillimetre (DAvisoN et al.
1997).

Methodology and description of the work carried out

On cruise SO129 six multicorer cores were taken for solid phase and pore water
analysis and three cores for pore water sampling applying the gel sampler method.
Additionally, water samples were taken from a bottom-water sampler and from a
CTD/rosette. Sampling locations were WAST-T (MUC-12, BWS-3), WAST (MUC-
04, BWS-1), SAST (MUC-14, BWS-5), CAST (MUC-29, BWS-9, CTD-20) and
NAST (MUC-39, MUC-41, BWS-11, CTD-29).

In order to prevent a warming of the sediments on board all multicorer cores were
transferred into a cooling room immediately after recovery and maintained at a
temperature of 4 to 9°C. Pore water squeezing was processed within a few hours.
Samples of the associated bottom water were taken for further analysis. The
remaining bottom water was carefully removed from the multicorer tube by means of
a siphon in order to avoid destruction of the sediment surface. During subsequent
slicing of the cores for pressure filtration in a glovebox with argon atmosphere, pH
and Eh measurements were performed with a minimum resolution depth of 0.5 cm.
For pressure filtration teflon squeezers were used. The squeezers were operated
with argon at a pressure gradually increasing up to 5 bar. The pore water was
retrieved through 0.2 um cellulose acetate membrane filters, which were treated in
argon bubbled water before using. Depending on the porosity and compressibility
of the sediments, the amount of pore water recovered ranged between about 5 and
35 ml. The remaining sediment was stored after squeezing in PE foil for further
analysis. Eh and pH were determined by means of electrodes before the sediment
structure was disturbed by sampling.
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The pore water of three multicorer cores (WAST-T, WAST and NAST) was sampled
by DGT. The perspex sampler had the overall dimensions of 15 x 5 x 0.5 cm with a
1 cm wide and 10 cm long window open to the sediment. Each probe contained two
DGT systems, consisting of a 0.4 mm thick resin gel film behind an 0.4 mm thick
diffusive gel film, which was covered by a 0.45 um membrane filter. For sampling
preparation they were put into a 0,01M NaNO, solution. The samplers were
deoxygenated in the solution by argon bubbling for at least 24h. For sampling they
were immediately put into the sediment after recovery of the multicorer cores in that
way, that the bottom-water/sediment boundary was 1 cm below the top of the
sampling window. The probes have been in the sediment for 20:13h, 24:00h and
25:49h. The incubating temperature was noticed from time to time. Unfortunately,
the temperature in the cooling lab was not constant and varied during the sampling
time up to 2.8°C. After the experiment the probes were retrieved and cleaned
carefully with MQ water. They were laid on a cleaned teflon plate to avoid
contamination. The DGT systems were cut out of the window with a teflon-coated
scalpel. The filter and the diffusive gel were carefully pealed off the resin gel, which
was then cut into pieces of 0.5 cm resolution. Each resin gel stripe was put into a
cleaned 1.5 ml Eppendorf vial and eluated with 100 w of 1M HNO; (s.p.). The
samples were stored in a freezer.

Water samples from a bottom-water sampler (BWS-1, -3, -5, -9 and -11) were taken
at two depths: 10 and 60 cm above the sediment surface. Water of a depth of 5m
above the sediment was sampled from a CTD/rosette on CAST and NAST (CTD-20
and -29). Water of each depth was collected in 100ml scintillation vials, which were
cleaned before using with MQ water and HNO, and rinsed with a few ml of the
sampled water. They were filtered through 0.45 um cellulose acetate filters.
Subsequently all seawater and pore water samples were acidified with HNO, (s.p.)
down to a pH value of <2 and frozen until further treatment at Bremen University.
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Results

Only pH and Eh have been meassured on board. This is due to the complex and
difficult methods for sample processing (HF-HCIO,-HNO,-digestion of solid phase
samples and extraction of pore water). The samples were conservated for further
preparation in the home lab.
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5.11 Primary and secondary elemental signals in deep-sea sediments

Holger Schale
BIGSET, Institut fiir Chemie und Biologie des Meeres, Universitdt Oldenburg

Research programme
The project focusses on the distribution of major elements, trace metals, and the
sulfur isotopic composition of sediments and pore waters from the Arabian Sea and
the NW Atlantic. The major goals of our high resolution inorganic geochemical
studies are:
to detect ocean-wide chemical signals at different locations in the Arabian Sea
which reflect climatic variation
to test the usefulness of ,paleoproxies regarding source provenance of
terrigenous matter and paleoproductivity
to investigate early diagenetic reactions at the sediment-seawater interface and
element redistribution processes at the boundaries of pelagic turbidite sections.

Methodology

A list of samples and treatments is given in Tables 1 and 2. A hot digestion for the
release of acid volatile sulfide (AVS) and cold chromous chloride digestion for
pyritic sulfur was carried out as described by ALLEN and PARkes [1995]. For sulfur
isotope analysis by Cirm-MS a minimum amount of 20 ug sulfur is required
[BOTTCHER et al., in press]. Owing to the low reduced sulfur content the sample
volume for each digestion had to be increased to approx. 20 cm®. Samples were
digested at intervals of 2 cm. Sediments were immediately stored frozen and
processed within a few days after sampling, as recommended by LAsomrsA and
Casas [1996].

Filtered and acidified (2% HNO,) pore-waters from station EAST and sediment
samples were stored permanently frozen. 1 ml of a 15% BaCl, solution was added
to a 1 ml pore-water subsample from each depth-interval for BaSO, precipitation to
allow sulfur isotopic analysis of pore water sulfate.

At water depths of 5, 55, and 500 m above the bottom (mab) particulate material
was collected by filtration of a water volume of up to 30 | through 0.4 um
polycarbonate membranes. The same water-depths were chosen for the analysis of
organic compounds using glass-filters (SP2 and SP4). After washing with
demineralized water the filters were dried at approx. 50°C. Table 2 provides
sampling information for the water-samples.
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Preliminary results

AVS and pyritic sulfur

At stations WAST-T and SAST neither AVS nor pyritic sulfur precipitated during
sample digestion. Significant amounts of AVS were found at stations NAST and
CAST and pyritic sulfur at WAST and EAST. WAST represents the most
extraordinary location not only regarding pyritic sulfur but also with respect to other
parameters (such as nutrients, organic composition, biomass, see results of
associated SP’s). More information on the redox conditions (bacterial sulfate
reduction) at the different sites will be obtained from the sulfur-isotopic composition
of the porewaters and solids, which will be carried out at the ICBM.

Particulate material in near-bottom water

Table 3 shows the particulate matter content in seawater at three near-bottom
depths and from the upper OMZ. The highest amount of material in the near-bottom
water were found 5 m above sea-floor (except for station WAST and SAST). The
highest concentrations (average of near-bottom samples) were found at station
WAST followed by NAST and the remaining stations (Tab. 3). The chemical
composition of the particulate matter will be determined by ICP-MS/OES at the
ICBM after digestion of filter and sample with mineral acids.

Tab.1: Multicorer sampling information

Multicorer MC-02 MC-09 MC-14
Station WAST WAST-T SAST
Date 03.02.1998 06.02.1998 11.02.1998
Positition 16°13'0 N 16°10'6 N 10°020 N
60°16'0 E 59°46'0 E 65°00'0 E
Depth 4045 m 1915 m 4427 m
Corelength 34 cm 18 cm 30 cm
Number of cores 1 1 1
Digestion* + + +
Multicorer MC-22 MC-29 MC-34 MC-39
Station EAST CAST WAST NAST
Date 16.02.1998 21.02.1998 26.02.1998 02.03.1998
Positition 15°35'0 N 14°25'0 N 16°13'0 N 20°00'0 N
68°340 E 64°34'0 E 60°16'0 E 65°350 E
Depth 3849 m 3954 m 4046 m 3187 m
Corelength 14 cm 34 cm 30 cm 30 cm
Number of cores 4 2 2 1
Digestion* + + + +
Slices ** 0.5-2 cm/porewater + -
Slices at 2 mm scale + - + -
Complete core frozen + + - -

* Digestion of acid volatile sulfur species (AVS) and pyritic sulfur
** Sampling intervals 0-5 cm, 0.5 cm; 5-10 cm, 1 ¢m; remianing 2 cm
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Tab. 2: Sampling information for water samples

CTD-No. | Station Date Postition Water | Sampling | Sampling | >0.4um
Depth| Depth Volume (I) |  (mg)
CTD-01 |WAST |02.02.1998 |16°13'1 N, 60M6'0E | 4044 | 500 masf* 49.38 3.90
CTD-03 |WAST |04.02.1998 |16M3‘ON, 60M6'0E | 4046 | 5 masf* 55.23 3.29
CTD-06 |WAST |08.02.1998 |16°13‘0 N, 60°15'9E | 4042 | 55 masf* 54.09 2.43
CTD-07 |WAST |08.02.1998 |16°13'0 N, 80°16'0 E | 4046 | 250 mwd** 55.43 1.72
CTD-08 |SAST {10.02.1998 |10°02'1 N, 64°59'0E | 4426 | 250 mwd 58.42 1.92
CTD-09 |SAST [11.02.1998 |10°01'9 N, 65°00'0 E | 4425 5 masf 58.42 2.27
CTD-11 |SAST [14.02.1998 |10°02'0 N, 65°00°'0 E | 4423 [ 55 masf 57.58 2.69
CTD-12 |SAST |14.02.1998 |10°02'0 N, 65°00°0 E | 4424 | 500 masf 58.65 1.63
CTD-15 |EAST }17.02.1998 |15°35'0 N, 68°24'0 E | 3848 5 masf 58.00 2.41
CTD-17 |EAST |18.02.1998 |15°35'0 N, 68°34'0 E | 3848 | 500 masf 58.01 1.63
CTD-18 |EAST |18.02.1998 |15°35'0 N, 68°34'0E | 3850 | 55 masf 55.50 1.99
CTD-19 |CAST |19.02.1998 |14°25'Q N, 64°37'8 E | 3949 | 250 mwd 37.75 2.15
CTD-20 |CAST [20.02.1998 |14°25‘0 N, 64°34'0E | 3950 5masf 58.47 2.40
CTD-22 |CAST |22.02.1998 |14°25'0 N, 64°34'0 E | 3949 | 500 masf 57.40 2.09
CTD-23 |CAST [23.02.1998 | 14°25'0 N, 64°34'0 E | 3958 | 55 masf 58.40 1.71
CTD-28 |NAST |[02.03.1998 |19°59'5 N, 65°346 E | 3188 | 250 mwd 36.80 2.81
CTD-29 |NAST |02.03.1998 | 20°00°0 N, 65°35'0E | 3187 5 masf 50.00 2.41
CTD-32 |NAST [03.03.1998 |20°00°0 N, 65°35'0 E | 3187 | 500 masf 56.90 2.59
CTD-33 |NAST [03.03.1998 |20°00°0 N, 65°35'0 E | 3190 | 55 masf 57.50 2.29

* above sea floor

**meter water-depth

Tab. 3: Particulate matter concentration in seawater

from different stations and

depths
WAST SAST EAST CAST NAST
>0.4um (mg/l) | >0.4um (mg/l) | >0.4um (mg/l) | >0.4um (mg/l) | >0.4pm (mg/f)

5 masf 0.060 0.039 0.042 0.041 0.048
55 masf 0.045 0.047 0.036 0.029 0.040
500 mast 0.079 0.028 0.028 0.036 0.046
average 0.061 0.038 0.035 0.036 0.045
(5, 55, 500 masf)
250 mwd 0.031 0.033 0.057 0.076
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6. List of Stations

Abbreviations:

AN: Apstein net

AT: Agassiz-trawl

MAC: maxicorer

MC: multiple corer

MOC: MOCNESS

FFR: free-fall chamber lander
FFB: free-vehicle camera system
FFF: free-vehicle trap system
SF: sediment trap

OPI: oxygen profiler

OFQOS: ocean floor observation system
BWS: bottom water sampler
CTD: CTD/rosette

KG: boxgrab

99




Cruise report SONNE 129

2S0P 9%0F | 3.00°9+.09 | N.OO'EF.OL | 1SVM £0-OIN 02’8 866120°SO | L#91
062 SP0y | 2.00°9L.09 | NOOVE.9L | ISYM | 20-SSANDJOW 60°€ 86612060 | GI
3.00°91.09 | NOO VL9l | 1SVM 20-444 80°1 866L20G0 | ¥l
0052 8Y0v | 3.6'GL.09 | N.86°Cl91 | L1SVM ¥0-a.LD 00°€2 8661°20'v0 | £HEL
L0V v¥0¥y | 2.00°91.09 | N.60'ELo91 | LSYM 10-1dO 85°81L 866120V0 | cH#EL
SYOov y¥0¥ | 3.06°G1.09 | N.06C1.91 | LISVYM €0-aLd 2eSlL 8661L20V0 | L#E1
444 [ 3.04°G1.09 | NBOVEoQL | 1SVM 10-d-44 Zrel 8661°20'V0 | c#el
001 3.02°G1:09 | NOL¥1.9L | 1SVM €0-NV Vel 866120v0 | L#2l
0¥t 0¥0¥ | 3.00°9L.09 | N.OO'€L.91 | 1SVM 20-OVIN 120l 86612010 Ll
Y44 | 3.00°9L.09 | NOL V1.9 | 1SVM L0-Hdd LL'8 866120 Y0 | c#0l
002 3.00°91.09 | NOL¥EoOL | 1SVM 20-NVY L8 86612070 | L#01
6v0v y¥0v | 3.00°9+.09 | NNOO'EL.9L | 1SVM 90-OW vy 866L20V0 | v#6
€501 /v0v | 2.0091.09 | NNOO'€L.9L | 1SVYM GO-OW L) 866120'v0 | ©#6
950+ GP0Y | 3.00°9L.09 | N.OO'EL.9l | LISVM ¥0-ON L0°€e 866120°€0 | c#6
€0V Ly0v | 3.06°G1.09 | N.062Lo9L | I1SVM L0-SMd 9¥'0¢2 8661200 | |#6
v¥0v | 2.20°94.09 | NGV'SL.9F | 1ISVYM L0-gdd 80°L1L 8661°20°€0 8
950+ S70¥ | 3.00091.09 | N.OO'SL.91 | 1SVM €0-0N LLpL 8661°20°€C0 | v#/
3./6°G1.09 | NZ6CLo9L | 1SVM FO-NV S#/
GS0¥ S¥0¥ | 3.00°91.09 | N.OO'EL91 | LISVYM 20-O €e°Gl 866LC0°E0 | c#l
¥S0¥ v¥0y | 3.00°91.09 | NOO'Sl.9L | 1SVM L0-OVIN ¥S'6 8661°20°€0 | L#/
P00y | 3.50°G1.09 | N.SS V191 | ISYM EE =9 8661°20°€0 9
EY0Y | 3902109 | N.SOVI.91 | LISVM 10-4S 866120°€0 S
Zroy | 3.¥0°91.09 | N86° €191 | LSVYM LO-Hd oL'e 8661°20°€0 v
YoV 9%0% | 3.91°91.09 | NVO'EL9L | ISVM LO-ON Gr'ee 86612020 €
1SOY 1GOY | 3.0091.09 | N.OO'EL.OI 1SYM | LO-SSANDOW | So0'8t 86612020 | l#c
8v0¥ 9Y0F | 3666109 | N.LL'ELo9L | ISVYM 20-al1o GL'GlL 86612020 | c#l
666€ vr0v | 4.06°G1.09 | NLZO'EL9L | ISVYM 10-A1D 85 LI 86612020 | L#l
(w) (w) I No (01n) "ON
ybua1 anpy | yideq | epnubuoT apnije ealy 8oIne(g auwl | ale( uolieis

100



Cruise report SONNE 129

00€9 0¥0F [ 3.009L.09 | N.OO'SL.9L | 1SVM LO-1V GGV 86612080 | Ge
v¥Ov | 3.00°91.09 | NOO'GL.9L | ISVM |6210S-/10-g44| Sval 86612080 | V¢
0S2 9¥0¥ | 3.56'G1.09 | NOO€Lo9L | 1SVM £0-al1D SYLL 86612080 | v#eEe
Y90t cvO¥ | 3.0091.09 | NOOEL-9l | 1SVM ¥0-SMd 006 86612080 | £#E2
6.0V GP0¥ | 3.68°GL.09 | NOO'EL.9L | ISVM £0-1dO vy 8661°20'80 | c#ET
2ror Z2vOy | 3./8°G1.09 | NOO'€L-OL | 1SVM 90-4lD es1e 866120°20 | L#€e
9/8S Y0¥ | 3,0009L.09 | N.OO'GL.9L | 1ISVM | ¥0-SSINDOW | o0zl 86612020 | <z
v¥0¥ | 2.00°91.09 | N.OOVL-9L | ISVYM 90-NV 00°Et 8661°20°L0 | c#lc
v¥0v | 3.0091.09 | NOOVI-9F | ISVM 20444 Sv oL 86612020 | l#l¢c
8061 | J.68°GY.65 | N8L'CLo9l | 1 -1SVM 20-444 0£9 8661°20°L0 | L#02
1261 9161 | 3.00°9%.6G | N.OSOL.9F | 1-1SVM 90-OVIN AR % 86612020 |ClL#61
6161 9161 |3.009%.6G | N.0OS0L.9l | 1-1SVM GO-OVIN cre 86612020 | LL#61
0€61 L161 | 3.009%.65 | NOSO0Lo9F | L-1ISVM ZL-ON ¥20 8661°20°L0 |0L#61
0€61 L16lL | 3.009¥.6G | NOSOL.9F | L-1SVYM LL-OW 6£°22 86612090 | 6#61
L1261 8161 | 3.009¥.6S | NOSO0L.9L | 1-1SVM 20-1d0 0£°02 866120°90 | 8#61
€261 L161 | 3009765 | N.OS0L.91 | 1 -ISVYM 0L-ON 02 LL 86612090 | Z#61
6261 Z161 | 3.0097.,6G | NOSO0L.9F | 1 -1SYM £0-Smd €091 8661°20°90 | 9#61
2L6l 9161 | 3.009¥.65 | N.OS0L.9L | 1 -ISVM G0-al0 6ECt 86612090 | G#61
0€61 GL6L | 3.009¥.65 | N.OSOL.9L | 1 -ISVM 60-ON 850l 86612090 | v#61
0261 GI6L | 32.00°9¥.65 | N.OS0L.9L | 1-ISVM ¥0-OVIN 80°6 86612090 | £#61
2261 9161 |3.009Y.65 | N.0S0L-OL | 1-1SVM 80-ON ¥59 866120°90 | c#61
1261 L161 | 3.009%.65 | NOS0L.9L | 1-1SVYM €0-OVIN 00°S 86612090 | L#61
L061 | 3.96°G¥.6G | NEL'CLoQL | L-1SVM 20-444 0E'€ 86612090 | 8l
¥865 6¥0F | 3.00°9L.09 | NOO'€L.9L | ISYM | €0-SSINDOW | 665Gl 86612060 | /I
3.66'G1.09 | N.662LoOL | 1SVM GO-NV Zrel 866120°G0 | v#91
090V Y0¥ | 2.66°GL-09 | N.66CLoOL | I1SVM 20-Smd el 866120°G0 | £#91
00} 3,00091.09 | NOLE€L9L | 1ISVM ¥0-NVY 9L kL 8661°20°G0 | c#9l
(w) (w) I No (OL1n) "ON
rzmcmu_ SIIAN LHQGD m_u_ﬁ_mcol_ apniieT ealy 2dlAe( eull | a2le Co_wmww

101



Cruise report SONNE 129

0682 vevy | 3.66°65.¥9 | N.00°20.01 1SVS £0-SO40 vyl 8661°20°Cl ov
LEVY ety | 3.00°00.59 | N.00°20.01 1SVS 61-ON 252l 8661°20°Sl | c#8¢
9giy Gevy | 3.00°00.59 | N.20°20.01 1SVS 80-OVIN G5'6 8661°20°CL | c#8E
oy et | 2.20°00.59 | N.20°20.0} 1SVS 90-SMm4g 65°G 8661°C0°EL | L#8€

ety | 2.96°00059 | N.6V L0.0L 1SVS +0-444 GZ'1 866L20€CL | L€
AR 2% g€zvy | 2,¥0°00.59 | N.£0°20.01 1SVS 0L-aLd 0L'€e 8661202k | G#9¢€
00€9 eevy | 3.4220.59 | N90'65.60 | L1SVS 20-1Y 008l 8661202k | v#9€E
oSt P Gevy | 3.00°00.59 | N.00°20.01 1SvS 81-0ON Gl 8661202k | £#9¢€
YEEY veyv | 2.00°00.G9 | N.00°20.01 1SVS Z1-ON OL kL 8661202l | c#9¢E
e 92ty | 3.66°65.¥9 | N.0220.01 1SVS 20-S040 866L202L | 9¢
I2vy | 3.04°00.69 | N.OL L0.01 1SVS 90-NV 0€'8 8661202l | c#SE
I2hy | 2.22°00S9 | N.LZ 1001 1SVS €0-444 819 8661°20°CL | L#SE
62ty egvy | 2.00°00.59 | N.00'20.0} 1SVS £0-OVIN Y'Y 8661202l | L#VE
Yoy gty | 3.66°65.¥9 | N.66° 1001 1SVS ¥0-1dO 62°0 8661202k | 9#PE
Sy 22vy | 3.06°6G.¥9 | N.L0O'20.01 1SVS G0-SMmd 8E'61 866120 LL | S#PE
9z v Gevy | 3.10°00.G9 | N.86° 10,01 1SVS 60-aLD 0E'St 866120 LI | V#VE

] 3.06'6G.v9 | N.86°10.01 1SVS 10-SO40 001 866120 L1 | E#VE
9ehv GZgvy | 3.00°00.59 | N.0020.01 1SVS 91-ON L0°LL 866120 LI | c#HVE
OEvv Gegvy | 3,00°00.69 | N.0020.01 1SVS SL-OW 059 866120 Ll | L#VE

Gevy | 3.20°00069 | N.OO 001 1SVS 20-4S GGV 866120 L1 €e

8EVY /2y | 2.20°00.S9 | N.00°20.01 1SVS v1-ON 8e’1 866L°20° LI 2e
9gty | 3.06'65.59 | N.06°00.01 1SVYS £0-444 8661L20° LI e

92vy | 3.00°65.¥9 | N.OS 10.01 1SVS 20-g44 052e 866120701 0€

2evy | 38600069 | N. V' 1001 1SVS £0-444 00° 12 8661200} 62

vevy | 2.61°0059 | N.66°00.01 1SVS 4S 0g’Le 866120701 82

6vc 92y | 2,26'6G.59 | N.£€0°20.01 1SVS 80-AlD T 8661200l | /g
gLy 60l | A.E£26E.19 | N.LO Z2oV L SM S1-0N .0°8 86612060 | 92
(w) (w) ER No (01n) "ON

r_wmcm.._ SAIAA r_.amD ®_u3:mco|_ m_u_\;_um.._ Boly 20iAe( osuwl] ole(d Co_wmww

102



Cruise report SONNE 129

LE8E G¥8¢ | 3.007E£.89 | N.00'SE.SI 18v3 G2-ON 2e9 866120'8L | z#eS
LGEE L¥8E | J.10'¥E-89 | N,LO'GELGI 1Sv3 Z1-al1D S0t 8661°20°81 2s
G#8€ | 3.00°€€.89 | N.00°9€.S} 1Sv3 desmsoupAH 1G°€2 866120 L1 LS
8v8¢ ¥¥8€ | 3.06°28.89 | N.0EGE.G1 1Sv3 $0-SO40 GE'8l 866120 L1 0§
L¥8€E 8¥8€ | A./6°€€.89 | N.667E.SI 1Sv3 91-a.Ld 92'81 866120 Ll | |L#6¥
Gy8e 8¥8€ | 2.£07£.89 | N.€O'GE.GI 1Sv3 0L-OVIN T4 866120 LL | OL#6¥
£v8¢ 8¥8€ | 3.20'7E-89 | N.66 V€SI 1Sv3 ¥2-ON L6 866120 LL | 6#6%
678€ 0S8€ | 3.10'7E.89 | N.OO'GELSI 1Sv3 €2-ON 1072 8661°20°LL | S#6V
8v8¢ G8E | 1.96°€€.89 | N.66'VE.GI 1Sv3 60-OVIN ey 866120 LL | L#6V
0//£Xew | 8¥8€ | 3,/6°2.89 | N.2S¥E.G1 1Sv3 g44 Ge'ee 8661209} | 9#6%
858¢€ 878€ | 3.007E€.89 | N.L6VE.GI 1Sv3 80-SM4 Iz’ee 8661209l | G#6¥%
0¥8¢ 81¥8¢ | 3.00'7E.89 | N.66' V€SI 1Sv3 G1-4lD vy Lg 86612091 | v#6Y
878€ | I,10VE.89 | N.96VE.SL 1Sv3 v1-alD veGlL 866120°9L | C#6¥
L¥8E 678 | 2.L6'2€-89 | N.25 VE.GL 1Sv3 22-OIN 9Z vl 86612091 | c#6¥
9v8¢ S¥8¢ | 3.66°€£.89 | N.0O'GE.GI 1sv3 12-ON YSLL 86612091 | L#6¥
3./2°€€.89 | N.0G'SESI 1Sv3 ¥0-"dd GS'6 8661°20°91 8y
9G8¢ | 3./6'2€.89 | N.aS V€SI 1Sv3 €0-4S 00'6 86612091 Ly
GELY 6CLY | 3.20°87.99 | N.250S.2l s 02-ON ceel 8661°20°Gl 9%
00S¢ 2ehy | 3.98°00.S9 | N.OZ L0.0L 1SVS €1-alLo 00°L1L 866120 VL | c#SY
GZhv | 3.£8°00.59 | N.9G 10,01 1SVS +0-444 Syl 86612011 1%
Gehy | 3.66'6S-¥9 | N.S6°€0.01 1SVS 20-g44 812l 86612011 vy
Gehy | 286549 | N.96°€0.01 1SVS 20-4S G20l 866120V 3%
Gevv | 2.00000.69 | N.66 1001 1SVS £0-d4d £zt 866120V A
3.82°20.59 | N.S6°20.01 1SVS 4S SV LL 866120 VI L
926€ Gevy | 3.666S.¥9 | N.86 10,01 1SVS 2-aLo 02'€ 866120V | L#0¥
GLEV e€2hy | 2.66°65.¥9 | N.00°'20.01 1SVS FE-A1D 92°2e 866120°CL | 9#0¥
vvy Gevy | 3.66°65.79 | N,00'20.01 1SVS £0-SMg /581 8661°20°€L | S#OV
(w) (w) o No (01n) "ON
H@me_ alIpA LE@D mv:zmcol_ ®UD~_~M|_ ealy mo_>®ﬁ_ sy ole( :O_Hmum

103



Cruise report SONNE 129

896¢€ GG6E | 4.66°EC.Y9 | N.66' V2L 1SVvO c0-9M LGTLL 8661Lc0'ce L#89

YSG6E | 3.00°GE.v9 | N.00'SZo¥ L 1SVO 90-4-44 656 8661°¢c0'ce 29

€Eee9 c96€ | 4,00°€€.¥9 | N.00'S2.¥L 1SVO Z0-SSIANOOWN 6c'c 8661L°c0'¢cc 99

/8G6€ | 2.58'2E-V9 | N.v2 Scovl 1SVvO G0-444 1% 8661°¢cO'Le g9
cv6E | 4.06°€E-F9 | N.00'Ge.P 1 1SVYO G0-S0O40 6v'61 866L¢cO0'Le | v#P9
GG6¢g £96¢ 4.66°€€.79 | N.86'VC.P1 1SVvD LE-ON 121 8661L°¢c0'lc | €S#V9
9G6¢ 996€ | 3.L0'VE.V9 | N.LO'GCoPL 1SVYO 0€-OIN LIVl 8661°c0'le | c#v9
L196E | A.66'€E.Y9 | N.00'GZ.¥L 1SVvO L0-9M €G°LL 866120 L¢g L#P9

956€ | 4,00¥E€-¥9 | N.0O'Ge.v L 1SVO 90-SSANDOOWN €c6 8661°¢c0’L¢ €9
656¢ VS6E | 2.86°CC.19 | N.0O'SC.vL 1SVYO LE-OVIN 14°K) 8661°c0'lec | 8#¢9
145119 PS6E | 4.66°€€.¥9 | N.66' V2oL 1SVvO 6¢-OIN og'} 8661°c0'lec | /Z#29
LL6E PG6E | 4.66°€E€F9 | N.LO'GC.tL 1SVvD S0-1dO cv'Le 8661°'c0°0c | 9#29
LG6E 966€ | 4..6°€E€.¥9 | N.20'G2.t1L 1SVvO c-dld yASWAN 8661°¢c0°0¢ | S#c29
096¢ 4.00' V€9 | N.66 V21| 1SVvD 0c-dalo ov'Et 8661°¢0°0C | ¥#29
896¢ GS6¢ 4.66°C€-79 | N66' V2L 1SvO 60-smd ELLL 8661°¢c0°0c | €#29
7G6€ YS6E | A.007E.+9 | N, LO'G2o1 L 1SVvD 82-ON v’ L 8661°c0°02 | 2#29
vG6¢€ 9G6¢E V0 VEP9 | N.20'GCot L 1SVO 2Z-OIN clL’'S 8661°¢0°0¢ L#29

GS6¢ F.E0VEFI | NiLL'9Co¥ L 1SVvO ¥0-4S og'e 8661°¢c0°0¢ 19

956¢€ 4.66'€€.79 | N.EO'GCoV L 1SVO G044 el 8661¢0°0¢ 09

L96€ | 3.96°€E.¥9 | N.LOPePL 1SVvO £0-944 ¢v’o 8661°¢0°0¢ 65

8G6¢€ 3,.00°€€.79 | N.OO' VoV | 1SVvO G0-d44 FETO 8661°¢0°0¢ 84G
6c6¢ 8E6E | 3.00'L¥o¥9 | N.OO'GCoL 1SVO S0-SSIANOOWN 9€°0¢c 8661L°c0'6lL | C#.9
0Ge 6v6¢ 4.00°LE.79 | N.08 LEoVI 1SVvO 61-dld 818l 8661°¢c0'61 L#.G

L16€ 492°¢¥.99 | N.6¥20.G} oL | 9¢-OIN L'V 86612061 9g

068¢ J.€6°€€.89 | NP0 GELSL 1Sv3 81-Al10 gG'cl 8661°c0'8L Ggg

YG8E | 4.G8°€€.89 | N.E2¥E.GL 1Sv3 €0-4S 960} 8661°¢c0'8l 14°]

YG8E | 4.G€°€€.89 | N,.EC VLS 1Sv3 L0-NV SELLE 8661°¢c0'81 1541

(w) (w) ER No (21n) "ON
yibue] aupp | yideq | epnubuo apnje] ealy 80Ina(] awl| aleq uonelis

104



Cruise report SONNE 129

SYov cvOt | 3.0091.09 | N.L6CLo9L | 1SVM £0-9M 6G L 8661L20°LC | £#c8
ovov GP0v | 3.50°91.09 | N96CLo9L | LISVM 9e-ON 0g'€e 866120°9¢ | c#e8
6v2 cvOv | 3.66'G1.09 | N.96CL-91L | LSVM Ge-alo Sv'1e 86612092 | L#28
G2S9 910% | 3.69'1G.65 | N802L.9F | ISVM | OI-SSINDOW | SS'SL 86612092 18
161 Y161 | 3.L6'GVo6S | N.OS01.9L | 1-1SVM v1-OVIN /S0t 86612092 | v#08
L161 | 3.96°GP.65 | NOSOL.9F | I-1SVM 0L-NV 05’6 86612092 | €#08
2261 €16l | 3.66'GPo6S | NS 0Lo9L | I-1SVM GE-ON 2e6 86612092 | ¢#08
8261 GL6L | 395 SVo6S | N8V 0Lo9l | 1-1SYM 90-1dO VL 86612092 | L#08
L1611 | 3.56°GPo6S | N8V 0l.9F | 1-ISYM 60-NV 059 86612092 | 08
ovov 90y | 2.6°S1.09 | N.662Lo91 | 1SVM ¥E-ON 861 86612092 | 64
O¥Ov | 3.0091.09 | N.OS€L.9L | 1SVM ¥0-g44 S0 86612092 | 8.
0¥0¥ | 3.0591.09 | N.OS€L.9L | ISVYM 90-Hdd IG'€C 866L20Sz | ZZ
€919 LE6E | 3.00°GE.F9 | N.0O Geov | 1SVD 60-SSANDONW | €+'81 vo6LLOVE | 97
/LS6E | A.ELVEH9 | NO6 Vb 1SYD 90444 001 866120V | S/
/PS6E | 3.68°EEF9 | N.G8 GCob| 1SVD #0-4S g2zl 866L20ve | V.
/096€ | 3,00 ¥E-¥9 | N 1O Veob | 1SVD £0-944 2001 866L20ve | €/
8G6E | 3,.96'€€.v9 | N.86 Vol 1SVD 80-NV GL'6 866L20VC | C#l/
8G6€ | .96 °€EP9 | N.LB Veob| 1SV0 ¥2-al0 ¥0'9 866L20vC | c#lL
2S6¢€ ¥S6€ | .20 VEF9 | N.EO'Seotrl 1SvD €1L-OVIN Ly 8661L20VC | L#I/
S¥S9 €26€ | A,19°6E-79 | N.89 8211 1SVD | 80-SSIANDOOW| 0012 866120°€e | 0L
096€ €56€ | 3,06'€E-¥9 | NOL' S2ob | 1SYD 90-SO40 G0'8 866120°€C | 8#89
1G6E 8G6E | A.L6°€EY9 | N.66 V2ot 1SVD ZL-OVIN vZ'S 866120°€C | Z#89
¥S6€ 8G6E | .20 VEV9 | N.LB V2ol 1SVYD €2-d10 cee 8661L'20°€Z | 9#89
0LVE 6¥Y6€ | 2.S0VEH9 | N.2O'G2ot | 1SVD 22-alo GE'Ee 8661L°20'cC | S#89
696€ GG6E | 3.66°E€€.¥9 | NOO'SSoFL | I1SVO 0L-Smg ¥0°02 866120'cc | v#89
8v6€¢ GS6E | 2,10 VEV9 | N.66 Veovl 1SVD £€-0N 8y 9l 8661L°20°CcZ | £#89
£G6¢ /S6E | A.L0VEP9 | N.6B VoV | 1SVD 2E-ON 9L vl 86612022 | c#89
(w) (w) =R No (01n) "ON
_.zmcm.._ MM cun_mh_ m_uzu_mCOI_ apniijeT ealy 20IAe( ouwll ] mu.mm_ Co_ﬁmuw

105



Cruise report SONNE 129

I6L€ 881€ | 3.00°S€.G9 | N.00'00.02 | L1SVN F7-ON 0g'L 8661 €0E0 | V#56
061€ /81€ | 3.00°G8.,59 | N.00'00.02 | ISVN 0P-ON 12’S 8661°E0'E0 | £#56
Ggle /81€ | 3,00°SE.S9 | N.00'00.02 1SVN GL-OVIN v0'E 8661 €00 | c#56
L0gE 98L€ | 3.00°58.59 | N.00'00.02 | LISVN L-SMd 00 866L°80°€0 | L#S6

981l€ | 3.00°G€.59 | N.00'00.02 | L1SVN 80-SO40 Gt Gl 8661°€020 | v#v6

3. 11°G€.G9 | N9 65461 1SVN ZL-NV 00°El 8661L°€0°20 | €#v6

061€ 981€ | A11'GE.59 | N.00'00.02 | LSVN 0€-dld 0c2lh 8661°€0°20 | c#v6

061€ /81€ | 3.00°S€.59 | N.00'00.02 | 1SVN 62-Ad.LD 0€'0l 8661°€0°20 | L#V6
68L€ | 3.0G°¥E.G9 | N.66°65.61 LSVYN £0-d4 0e'8 8661°€020 | +6

3,00°'G€.,59 | N.00'00.02 | 1SVN ZL-NV 0€'8 8661°€0°20 | C#E6

681¢€ /81€ | 3.66'7E.59 | N.66°6G.61 LSVN 6E-ON ee’/ 8661°€0°20 | L#£6
981¢ 88l€ | 3.00°G€.59 | N.00'00.02 | 1SVN 8e-ON 62°S 8661'€020 | 26
G8lEe | 3,19°GE.59 | N.S6'6G.61 1SVYN G0-d4S GS'E 8661°€0°20 L6
G8LE | A.667E€.G9 | N.0S 6S.61 1SVN £0-d444 0€'C 8661°€020 | 06

881€ | 3.85VE.G9 | N9V 6G.61 1SVN G0-g44 002 8661°€0°20 | c#68

0S2 881€ | .85 V€S9 | N.9V 65.61 1SVN 82-alo LE'L 8661L°€0°20 | L#68

] 3.6 7759 | N66 VYol ON FE-NV 0g2hH 8661°€0° L0 | c#88

ZLve 2eve | A.L6V7oS9 | N66 Vol ON LE-ON 602t 8661°€0° L0 | L#88
/0¥0¥ | 3.66°91.09 | N2v'v1.9F | LISVYM L0-4S 20’c 86612082 | /8
6€0F | 3,02 L1.09 | N.OS'E€1.91 | 1SVM £0-S040 R % 8661L°€0° L0 | ¥#98
9%0% | 3.08°91,09 | NOSE€1.9) | LISYM £0-SO40 ¥ 8661°20°/2 | £#98

8v0v SYO¥ | 3.6¥°91.09 | NZEE€L.9L | ISVM /2-a10 LG LL 8661202 | c#98

vv0P vy0y | Y9109 | N8E €91 | LISYM 92-al1o SY v 866120°/2 | L#98
/0¥0F | 3.50°91.09 | N.96'2L.9F | ISVM 90-d44 0z el 866120°/2 | S8
/0¥0% | 2.00°91.09 | N.OS€L.9F | ISYM ¥0-g44 L1 0L 86612022 | 8

vile vPO0v | A.2E°91.09 | N8LZIo9F | ISVYM FL-SSANDOW |  '¥1°Z 866120°/2 | €8
EVOY | 3.6°G1.09 | NiL6'CLo9L | L1SYM $0-DM YR 8661°20°L2 | v#28
(w) (w) =R No (OLn) "ON
5@:&4 olIAA _.tn_mD mv::m:ol_ m_oztu.mq eoly ®0_>®D owll ] ww.mD Co_umum

106



Cruise report SONNE 129

G8LE | 3.L9°GE.G9 | N.L6'6G.61 1SVN S0-4S 8lL¢ 8661°€0°G0 140]"
¥8LE 981€ | 3.00°GE-,59 | N.00°00.02 1SVN 90-9M 60°L 8661L°€0°G0 | C#EOI
g8lie 981¢ 3.00°9€.,59 | N.86°6G.61} 1SVYN S0-DM c0’ee 8661L°€0'v0 | L#EO0!L
¥81E oglLe 4.60'¥€,99 | N.00°00.0¢ 1SVN 60-S0O40 oL'6l 866100 | 2#20lL
00Ge /81€ | 4.80°G€.599 | N.00°00.0¢ 1SVN ¥€-al10 €991 8661L°€0'¥0 | L#20L

/81€ 3.£0°G€.99 | N.86°6G.61 1SVYN 20-444 OLvlL 8661L°€0°10 101

88lE€ | 3.£0°GE€.59 | N.86°65.61 1SVN G0-944 ocel 8661L°€0°t0 001}

98LE | 3.00°9€.,59 | N.00'00.,0¢ 1SVN 20-d44 ce Ll 8661°€0°t0 66

981L€ | 3.05¥€.59 | N.00'00.,02 1SVN ¢-SSANOOWN 20§ 8661°€0°tv0 86
881¢€ 9glLE 3.£0°G€.599 | N.86°'6G.61 1SVN 91-OVIN Sv'e 866L°€0°Vv0 o#/6
Ggle 88lE | 3.#0°G€.59 | N.00°00.0¢ 1SVYN ct-OIN 147" 8661L°E0°P0 | G#.6
661¢€ /81¢ 4.66'V£.99 | N.66°6G.61 1SVN ¢l-SMd (AR AS 8661°€0°€0 vi#/.6
/81€E 061€ 4.20°9€,99 | N.O¥'00.0¢ 1SVN €e-alo Ge'gl 8661°'€0°€0 CH#/6
¢69¢ /81¢E 3.00°G€,99 | N.00°00.0¢ 1SVYN ¢e-alo OL'ZL 866L°€0°€0 cH#/6
881¢ L81E | 3.¢0°9€.59 | N.86°6G.61} LSVN e-dlo Syl 8661L°€0°C0 | L#/6
008Y 88LE | 3¥0°9€.59 | N9V 9G.61 1SVN 70-1V 09’8 8661°€0°€0 96

(w) (w) o No (O1N) "ON
yibua7 aupy | ydeq | epnubuoT apniie] ealy 80IA8(] awl] aleq uonels

107






GEOMAR REPORTS

1

10

11

12

13

14

15

16

17

18

19

20

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. BERICHT FUR DIE JAHRE 1987 UND 1988. 1989. 71 + 6 pp. In German

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1989. 1990. 96 pp. in German and English

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1990. 1991. 212 pp. In German and English

ROBERT F. SPIELHAGEN )
DIE EISDRIFT IN DER FRAMSTRASSE WAHREND DER LETZTEN 200.000 JAHRE. 1991. 133 pp.
In German with English summary

THOMAS C. W. WOLF
PALAO-OZEANOGRAPHISCH-KLIMATISCHE ENTWICKLUNG DES NORDLICHEN NORDATLANTIKS SEIT DEM
SPATEN NEOGEN (ODP LEGS 105 UND 104, DSDP LEG 81). 1991. 92 pp. In German with English summary

SEISMIC STUDIES OF LATERALLY HETEROGENOUS STRUCTURES ~ INTERPRETATION AND MODELLING OF
SEISMIC DATA. Ed. by ERNST R. FLUEH

Commission on Controlled Source Seismology (CCSS), Proceedings of the 8th Workshop Meeting, held at Kiel — Fellhorst
(Germany), August 27-31, 1990. 1991. 359 pp. In English

JENS MATTHIESSEN . . ) .
DINOFLAGELLATEN-ZYSTEN IM SPAQUARTAR DES EUROPAISCHEN NORDMEERES: PALOKOLOGIE UND
PALAO-OZEANOGRAPHIE. 1991, 104 pp. In German with English summary. Out of print

DIRK NURNGERG

HAUPT- UND SPURENELEMENTE IN FORAMINIFERENGEHAUSEN — HINWEISE AUF KLIMATISCHE UND
OZEANOGRAPHISCHE ANDERUNGEN IM NORDLICHEN NORDATLANTIK WAHREND DES SPATQUARTARS.
1991. 117 pp. In German with English summary. Out of print

KLAS S. LACKSCHEWITZ .
SEDIMENTATIONSPROZESSE AM AKTIVEN MITTELOZEANISCHEN KOLBEINSEY RUCKEN
(NORDLICH VON ISLAND). 1991. 133 pp. In German with English summary. Out of print

UWE PAGELS

SEDIMENTOLOGISCHE UNTERSUCHUNGEN UND BESTIMMUNG DER KARBONATLOSUNG IN
SPATQUARTAREN SEDIMENTEN DES OSTLICHEN ARKTISCHEN OZEANS. 1991. 106 pp.

In German with English summary

FS POSEIDON. EXPEDITION 175 (9.10.-1.11.1990)
175/1:0STGRONLANDISCHER KONTINENTALRAND (65°N)
175/2: SEDIMENTATION AM KOLBEINSEYRUCKEN (NORDLICH VON ISLAND).
Hrsg. von J. MIENERT und H.-J. WALLRABE-ADAMS, 1992. 56 pp. + app. In German with some English chapters

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
8NIVFRSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1991. 1992, 152 pp. In German and English.
ut of print

SABINE E. |. KOHLER

SPATQUARTARE PALAO-OZEANOGRAPHISCHE ENTWICKLUNG DES NORDPOLARMEERES UND
EUROPAISCHEN NORDMEERES ANHAND VON SAUERSTOFF- UND KOHLENSTOFF-
ISOTOPENVERHALTNISSEN DER PLANKTISCHEN FORAMINIFERE Neogloboquadrina pachyderma (sin.).
1992. 104 pp. In German with English summary

FS SONNE. FAHRTBERICHT SO78 PERUVENT: BALBOA, PANAMA - BALBOA, PANAMA, 28.2.1992-16.4.1992
Hrsg. von ERWIN SUESS. 1992, 120 pp. In German with some English chapters. Out of print

FOURTH INTERNATIONAL CONFERENCE ON PALEOCEANOGRAPHY (ICP 1V): SHORT- AND LONG-TERM
GLOBAL CHANGE: RECORDS AND MODELLING. 21-25 SEPTEMBER 1992, KIEL/GERMANY.
PROGRAM & ABSTRACTS. 1992, 351 pp. In English

MICHAELA KUBISCH .
DIE EISDRIFT IM ARKTISCHEN OZEAN WAHREND DER LETZTEN 250.000 JAHRE. 1992. 100 pp.
in German with English summary

PERSISCHER GOLF: UMWELTGEFAHRDUNG, SCHADENSERKENNUNG, SCHADENSBEWERTUNG AM BEISPIEL
DES MEERRESBODENS; ERKENNEN EINER OKOSYSTEMVERANDERUNG NACH OLEINTRAGEN. SchiuBbericht
zu den beiden BMFT- Forschungsvorhaben 03F0055 A + B. 1993. 108 pp. In German with English summary

TEKTONISCHE ENTWASSERUNG AN KONVERGENTEN PLATTENRANDERN / DEWATERING AT CONTINENTAL
MARGINS. Hrsg. von/ed. by ERWIN SUESS. 1993. 196 + 32 + 68 + 16 + 22+ 38 + 4 + 19 pp.
Some chapters in English, some in German

THOMAS DICKMANN
DAS KONZEPT DER POLARISATIONSMETHODE UND SEINE ANWENDUNGEN AUF DAS SEIMISCHE
VEKTORWELLENFELD IM WEITWINKELBEREICH. 1993, 121 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1992. 1993. 139 pp. In German and English
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KAl UWE SCHMIDT .
PALYNOMORPHE IM NEOGENEN NORDATLANTIK - HINWEISE ZUR PALAO-OZEANOGRAPHIE UND
PALAOKLIMATOLOGIE. 1993. 104 + 7 + 41 pp. In German with English summary

UWE JURGEN GRUTZMACHER |

DIE VERANDERUNGEN DER PALAOGEOGRAPHISCHEN VERBREITUNG VON Bolboforma - EIN BEITRAG ZUR
REKONSTRUKTION UND DEFINITION VON WASSERMASSEN IM TERTAR. 1993. 104 pp.

In German with English summary

RV PROFESSOR LOGACHEYV. Research Cruise 09 (August 30 - September 17, 1993): SEDIMENT DISTRIBUTION ON
;I'HE RIE\h(KJANES RIDGE NEAR 59°N. Ed. by H.-J. WALLRABE-ADAMS & K.S. LACKSCHEWITZ. 1993. 66 + 30 pp.
n Englis|

ANDREAS DETTMER | .
DIATOMEEN-TAPHOZONQSEN ALS ANZEIGER PALAO-OZEANOGRAPHISCHER ENTWICKLUNGEN IM
PLIOZANEN UND QUARTAREN NORDATLANTIK. 1993, 113 + 10 + 25 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1993. 1994. 69 pp. In German and English

JORG BIALAS

SEISMISCHE MESSUNGEN UND WEITERE GEOPHYSIKALISCHE UNTERSUCHUNGEN AM SUD-SHETLAND
TRENCH UND IN DER BRANSFIELD STRASSE - ANTARKTISCHE HALBINSEL. 1994, 113 pp.

In German with English summary

JANET MARGARET SUMNER
THE TRANSPORT AND DEPOSITIONAL MECHANISM OF HIGH GRADE MIXED-MAGMA IGNIMBRITE TL, GRAN
CANARIA: THE MORPHOLOGY OF A LAVA-LIKE FLOW. 1994, 224 pp. In English with German summary. Out of print

GEOMAR LITHOTHEK. Ed. by JURGEN MIENERT. 1994. 12 pp + app. In English. Out of print

FS SONNE. FAHRTBERICHT SO 97 KODIAK-VENT: KODIAK - DUTCH HARBOR - TOKYO - SINGAPUR, 27.7.-
19.9.1994, Hrsg. von ERWIN SUESS. 1994, Some chapters in English, some in German. Out of print

CRUISE REPORTS:
RV LIVONIA CRUISE 92, KIEL-KIEL, 21.8.-17.9.1992: GLORIA STUDIES OF THE EAST GREENLAND CONTINENTAL
MARGIN BETWEEN 70°AND 80°N
RV POSEIDON PO200/10, LISBON-BREST-BREMERHAVEN, 7.-23.8.1993: EUROPEAN NORTH ATLANTIC
MARGIN: SEDIMENT PATHWAYS PROCESSES AND FLUXES
RV AKADEMIK ALEKSANDR KARPINSKIY KIEL-TROMSO, 5.-25.7.1994: GAS HYDRATES ON THE NORTHERN
EUROPEAN CONTINENTAL MARGIN

Edited by JURGEN MIENERT. 1994, 186 pp.

In English; report of RV AKADEMIK ALEKSANDR KARPINSKIY cruise in English and Russian

MARTIN WEINELT . )

BECKENENTWICKLUNG DES NORDLICHEN WIKING-GRABENS IM KANOZOIKUM -
VERSENKUNGSGESCHICHTE, SEQUENZSTRATIGRAPHIE, SEDIMENTZUSAMMENSETZUNG. 1994. 85 pp.
In German with English summary

GEORG A. HEISS
CORAL REEFS IN THE RED SEA: GROWTH, PRODUCTION AND STABLE ISOTOPES. 1994. 141 pp.
In English with German summary

JENS A. HOLEMANN

AKKUMULATION VON AUTOCHTHONEM UND ALLOCHTHONEM ORGANISCHEM MATERIAL IN DEN
KANOZOISCHEN SEDIMENTEN DER NORWEGISCHEN SEE (ODP LEG 104). 1994. 78 pp.

In German with English summary

CHRISTIAN HASS
SEDIMENTOLOGISCHE UND MIKROPALAONTOLOGISCHE UNTERSUCHUNGEN ZUR ENTWICKLUNG DES
SKAGERRAKS (NE NORDSEE) IM SPATHOLOZAN. 1994. 115 pp. In German with English summary

BRITTA JUNGER

TIEFENWASSERERNEUERUNG IN DER GRONLANDSEE WAHREND DER LETZTEN 340.000 JAHRE / DEEP
WATER RENEWAL IN THE GREENLAND SEA DURING THE PAST 340,000 YEARS. 1994. 6 + 109 pp.

In German with English summary

JORG KUNERT

UNTERSUCHUJNGEN ZU MASSEN- UND FLUIDTRANSPORT ANHAND DER BEARBEITUNG
REFLEXIONSSEISMISCHER DATEN AUS DER KODIAK-SUBDUKTIONSZONE, ALASKA. 1995. 129 pp.
In German with English summary

CHARLOTTE M. KRAWCZYK
DETACHMENT TECTONICS DURING CONTINENTAL RIFTING OFF THE WEST IBERIA MARGIN: SEISMIC
REFLECTION AND DRILLING CONSTRAINTS. 1995, 133 pp. In English with German summary

CHRISTINE CAROLINE NURNBERG
BARIUMFLUSS UND SEDIMENTATION IM SUDLICHEN SUDATLANTIK - HINWEISE AUF
PRODUKTIVITATSANDERUNGEN IM QUARTAR. 1995, 6 + 108 pp. In German with English summary

JURGEN FRUHN ) L
TEKTONIK UND ENTWASSERUNG DES AKTIVEN KONTINENTALRANDES SUDOSTLICH DER KENAI-HALBINSEL,
ALASKA. 1995. 93 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
8NIVFRSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1994. 1995. 125 pp. In German and English.
ut of print

FS SONNE. FAHRTBERICHT / CRUISE REPORT SO 103 CONDOR 1 B: VALPARAISO-VALPARAISO, 2-21.7.1995.
Hrsg. von ERNST R. FLUEH. 1995, 140 pp. Some chapters in German, some in English
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RV PROFESSOR BOGOROV CRUISE 37: CRUISE REPORT "POSETIV": VLADIVOSTOK-VLADIVOSTOK, September
|23é O(I:'t%ber 22, 1994, Edited by CHRISTOPH GAEDICKE, BORIS BARANOV, and EVGENY LELIKOV, 1995, 49 + 33 pp.
n Englis

CHRISTOPH GAEDICKE

DEFORMATION VON SEDIMENTEN IM NANKAI-AKKRETIONSKEIL, JAPAN. BILANZIERUNG TEKTONISCHER
VORGANGE ANHAND VON SEISMISCHEN PROFILEN UND ERGEENISSEN DER ODP-BOHRUNG 808, I1 + 89 pp.
In German with English summary

MARTIN ANTONOW .
SEDIMENTATIONSMUSTER UM DEN VESTERIS SEAMOUNT (ZENTRALE GRONLANDSEE) IN DEN LETZTEN
250.000 JAHREN. 1995. 121 pp. In German with English summary

INTERNATIONAL CONGRESS: CORING FOR GLOBAL CHANGE - [CGC '95. KIEL, 28 - 30 June, 1995.
Edited by JURGEN MIENERT and GEROLD WEFER. 1996. 83 pp. In English

JENS GRUTZNER
ZUR PHYSIKALISCHEN ENTWICKLUNG VON DIAGENETISCHEN HORIZONTEN IN DEN SEDIMENTBECKEN DES
ATLANTIKS. 1995, 96 pp. In German with English summary

INGO A, PECHER
SEISMIC STUDIES OF BOTTOM SIMULATING REFLECTORS AT THE CONVERGENT MARGINS OFFSHORE PERU
AND COSTA RICA. 1996. 159 pp. In English with German summary

XIN SU
DEVELOPMENT OF LATE TERTIARY AND QUATERNARY COCCOLITH ASSEMBLAGES IN THE NORTHEAST
ATLANTIC. 1996. 120 pp. +7 pl. In English with German summary

FS SONNE - FAHRTBERICHT/CRUISE REPORT SO108 ORWELL: SAN FRANCISCO - ASTORIA, 14.4. - 23.5,1996
Edited by ERNST R. FLUEH and MICHAEL A. FISHER. 1996. 252 pp. + app. In English with German summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1995. 1996. 93 pp. In German and English

THOMAS FUNCK
STRUCTURE OF THE VOLCANIC APRON NORTH OF GRAN CANARIA DEDUCED FOM REFLECTION SEISMIC,
BATHYMETRIC AND BOREHOLE DATA. 1996.Vl, 144 pp. In English with German summary

PETER BRUNS

GEOCHEMISCHE UND SEDIMENTOLOGISCHE UNTERSUCHUNGEN UBER DAS SEDIMENTATIONSVERHALTEN
IM BEREICH BIOSTRATIGRAPHISCHER DISKONTINUITATEN IM NEOGEN DES NORDATLANTIK, ODP LEG 104,
SITES 642B UND 643A. 1996. V, 73 pp. In German with Engllish summary

CHRISTIANE C. WAGNER .
COLD SEEPS AN KONVERGENTEN PLATTENRANDERN VOR OREGON UND PERU: BIOGEOCHEMISCHE
BESTANDSAUFNAHME. 1996. 108, XXXVI pp. In German with English summary

FRAUKE KLINGELHOFER
MODEL CALCULATIONS ON THE SPREADING OF SUBMARINE LAVA FLOWS. 1996. 98 pp.
In English with German summary

HANS-JURGEN HOFFMANN
OBJEKTORIENTIERTE ANALYSE UND MIGRATION DIFFRAKTIERTER WELLENFELDER UNTER VERWENDUNG
DER STRAHLENMETHODE UND DER EDGE-WAVE-THEORIE. 1996. XXI, 153 pp. In German with English summary

DIRK KLASCHEN

STRAHLENSEISMISCHE MODELLIERUNG UNTER BERUCKSICHTGUNG VON MEHRFACHDIFFRAKTIONEN MIT
HILFE DER EDGE-WAVES: THEORIE UND ANWENDUNGSBEISPIELE 1996. X, 159 pp.

In German with English summary

NICOLE BIEBOW
DINOFLAGELLATENZYSTEN ALS INIKATOREN DER SPAT- UND POSTGLAZIALEN ENTWICKLUNG DES
AUFTRIEBSGESCHEHENS VOR PERU. 1996. 1V, 100, 17, 14 (7 pl.) pp. In German with English summary

RV SONNE. CRUISE REPORT S0109: HYDROTRACE ASTORIA-VICTORIA-ASTORIA-VICTORIA. MAY 23 - JULY 8,
1996, Ed. by PETER HERZIG, ERWIN SUESS, and PETER LINKE. 1997. 249 pp. In English

RV SONNE. CRUISE REPORT SO110: SO - RO (SONNE - ROPOS). VICTORIA-KODIAK-VICTORIA, JULY 9 -
AUGUST 19, 1996. Ed. by ERWIN SUESS and GERHARD BOHRMANN. 1997. 181 pp. In English

RV AKADEMIK M. A. LAVRENTYEV CRUISE 27. CRUISE REPORT: GREGORY. VLADIVOSTOK-PUSAN-OKHOTSK
SEA-PUSAN-VLADIVOSTOK. SEPTEMBER 7 - OCTOBER 12, 1996.
Ed. by DIRK NURNBERG, BORIS BARANOV, and BORIS KARP.1997. 143 pp. In English

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL, JAHRESBERICHT / ANNUAL REPORT 1996. 1997. 169 pp.
In German and English

FS SONNE. FAHRTBERICHT/CRUISE REPORT S0123: MAMUT (MAKRAN MURRAY TRAVERSE - GEOPHYSIK
PLATTENTEKTONISCHER EXTREMFALLE). Maskat - Maskat, 07.09 - 03.10.1997. Ed. by ERNST R. FLUEH, NINA
KUKOWSKI, and CHRISTIAN REICHERT. 1997. 292 pp. In Enghsh with German summary

RAINER ZAHN
NORTH ATLANTIC THERMOHALINE CIRCULATION DURING THE LAST GLAGIAL PERIOD: EVIDENCE FOR
COUPLING BETWEEN MELTWATER EVENTS AND CONVECTIVE INSTABILITY. 1997. 133 pp. In English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO112 HIRESBAT (HIGH RESOLUTION BATHYMETRY). Victoria,
B.C., Canada - Apra Harbor, Guam. 17.09 - 08.10.1996. Hrsg. von WILHELM WEINREBE. 1997. 90 pp.
Some chapters in German, some in English



67

70

71

72

74

75

76

78

81

NIELS NORGAARD-PEDERSEN
LATE QUATERNARY ARCTIC OCEAN SEDIMENT RECORDS: SURFACE OCEAN CONDITIONS AND PROVENANCE OF
ICE-RAFTED DEBRIS. 1997. 115 pp. In English with German summary

THOMAS NAHR
AUTHIGENER KLINOPTILOLITH IN MARINEN SEDIMENTEN - MINERALCHEMIE, GENESE UND MOGLICHE
ANWENDUNG ALS GEOTHERMOMETER. 1997. 119, 43 pp. In German with English summary

MATTIAS KREUTZ
STOFFTRANSPORT DURCH DIE BODENGRENZSCHICHT: REGIONALISIERUNG UND BILANZIERUNG FUR DEN
NORDATLANTIK UND DAS EUROPAISCHE NORDMEER. 1998. IV, 166 pp. In German with English summary

AMIT GULATI
BENTHIC PRIMARY PRODUCTION IN TWO DIFFERENT SEDIMENT TYPES OF THE KIEL FJORD (WESTERN BALTIC
SEA). 1998. 139 pp. In English with German summary

RUDIGER SCHACHT
DIE SPAT- UND POSTGLAZIALE ENTWICKLUNG DER WOOD- UND LIEFDEFJORDREGION NORDSPITZBERGENS. 1998.
187 pp. In German with English summary

GEOMAR FORSCHUNGSZENTRUM FUR MARINE GEOWISSENSCHAFTEN DER CHRISTIAN-ALBRECHTS-
UNIVERSITAT ZU KIEL. JAHRESBERICHT/ANNUAL REPORT 1997. 1998. 155 pp. In German and English

FS SONNE. FAHRTBERICHT/CRUISE REPORT SO118 BIGSET (BIOGEOCHEMICAL TRANSPORT OF MATTER AND
ENERGY IN THE DEEP SEA). MUSCAT (OMAN) - MUSCAT (OMAN). 31.03.-11.05.1997. Ed. by OLAF PFANNKUCHE and
CHRISTINE UTECHT. 1998. 188 pp. In English

FS SONNE. FAHRTBERICHT/CRUISE REPORT S0131 SINUS (SEISMIC INVESTIGATIONS AT THE NINETY EAST RIDGE
OBSERVATORY USING SONNE AND JOIDES RESOLUTION DURING ODP LEG 179). KARACHI - SINGAPORE. 04.05-
16.06.1998, Ed. by ERNST R. FLUEH and CHRISTIAN REICHERT. 1998. 337 pp. In English

THOMAS RICHTER
SEDIMENTARY FLUXES AT THE MID-ATLANTIC RIDGE: SEDIMENT SOURCES, ACCUMULATION RATES, AND
GEOCHEMICAL CHARACTERISATION. 1998. IV, 173 + 29 pp. In English with German summary

BARBARA MARIA SPRINGER .
MODIFIKATION DES BODENNAHEN STROMUNGSREGIMES UND DIE DEPOSITION VON SUSPENDIERTEM MATERIAL
DURCH MAKROFAUNA. 1999. 112 pp. In German

SABINE JAHMLICH
UNTERSUCHUNGEN ZUR PARTIKELDYNAMIK IN DER BODENGRENZSCHICHT DER MECKLENBURGER BUCHT. 1999,
139 pp. In German

WOLFRAM W. BRENNER . .
GRUNDLAGEN UND ANWENDUNGSMOGLICHKEITEN DER MIKRO-ABSORPTIONSPHOTOMETRIE FUR ORGANISCH-
WANDIGE MIKROFOSSILIEN. 1998. 141 pp. In German with English summary

SUSAN KINSEY
TERTIARY BENTHIC FORAMINIFERAL BIOSTRATIGRAPHY AND PALAEOECOLOGY OF THE HALTEN TERRACE,
NORWAY. 1999. 145 pp. In English with German summary

HEIDI DOOSE

REKONSTRUKTION HYDROGRAPHISCHER VERHALTNISSE IM CALIFORNIENSTROM UND IM
EUROPAISCHEN MITTELMEER ZUR BILDUNGSZEIT ORGANISCH KOHLENSTOFFREICHER SEDIMENTE. 1999.
111 pp. + app. In German with English summary

CLAUDIA WILLAMOWSKI

VERTEILUNGSMUSTER VON SPURENMETALLEN IM GLAZIALEN NORDATLANTIK: REKONSTRUKTION DER
NAHRSTOFFBILANZ ANHAND VON CADMIUMKONZENTRATIONEN IN KALKSCHALIGEN FORAMINIFEREN.
1999. 86, XXl pp. In German with English summary

FS SONNE., FAHRTBERICHT/CRUISE REPORT S0O129. BIGSET (BIOGEOCHEMICAL TRANSPORT OF MATTER
AND ENERGY IN THE DEEP SEA). PORT SULTAN QUABOOS - DUBAI. JANUARY 30 - MARCH 9, 1998.
Ed. by OLAF PFANNKUCHE and CHRISTINE UTECHT. 1999. 107 pp. In English

FS SONNE, FAHRTBERICHT/CRUISE REPORT S0138. GINCO-2 (GEOSCIENTIFIC INVESTIGATIONS ON THE
ACTIVE CONVERGENCE ZONE BETWEEN THE EAST EURASIAN AND AUSTRALIAN PLATES ALONG INDONESIA).
JAKARTA - JAKARTA. 29.12.1998 - 28.01.1999. Ed. by ERNST R. FLUEH, BERND SCHRECKENBERGER, and JORG
BIALAS. 1999. In English

CRUISE REPORTS: KOMEX | and Il (KURILE OKHOTSK SEA MARINE EXPERIMENT)

RV PROFESSOR GAGARINSKY CRUISE 22

RV AKADEMIK M. A, LAVRENTYEV CRUISE 28
VLADIVOSTOK - PUSAN - OKHOTSK SEA - PUSAN - VLADIVOSTOK. 7 JULY - 12 SEPTEMBER 1998.
Ed. by NICOLE BIEBOW and EDNA HUTTEN. 1999. In English




