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2 Research Program

Summary

The "Geo Bremen South Atlantic 1997" Expedition was programmed to continue a
long-term study aimed at reconstructing the mass budget and current systems of the
South Atlantic during the late Quaternary. It started with METEOR Cruise M6/6 in 1988
and was established as a Special Research Project (Sonderforschungsbereich 261) in
July 1989 at the University of Bremen and Alfred-Wegener-Institute, Bremerhaven.

During Leg M38/2 the depositional processes in the western equatorial Atlantie off
the Amazon River mouth and on the Ceara Rise were prime objectives of investigation.
They are controlled by complex relationships between downslope transport into the
Amazon Fan, dispersion of suspended matter from the river and pelagicbiogenic sedi
mentation. The regional sediment distribution is further modified by surface and deep
water currents about parallel to the coast as weil as by carbonate dissolution effects.

The geological and geophysical operations concentrated on the lower Amazon Fan,
the Ceara Rise and the various adjacent abyssal plains. Specifically the transitional
facies zones were targeted for surveying and coring to take advantage of dilution
effects by terrigenous material in high sedimentation rate, but continuously deposited
and undisturbed late Quaternary sedimentary sequences. Data sets of previous
METEOR cruises (M16/2, M34/4) and results of drilling activities of the Ocean Drilling
Program (ODP) in the Amazon Fan (Leg 155) and on the Ceara Rise (Leg 154) gave
valuable hints for the detailed planning. Large and small seale multichannel seismie
and sediment echosounder profiles provided a regional stratigraphie framework and
allowed to identify the predominant depositional processes and sediment distribution
patterns. The selection of appropriate locations for geologie sampling further relied on
stratigraphie marker horizons discerned in ODP drill sites.

At several locations deployments of the in situ equipments of the Max-Planck-Insti
tute for Marine Microbiology, Bremen, were arranged. They are designed to perform
high-resolution measurements of oxygen and other relevant parameters in the water /
sediment boundary layer at the ocean floor.

Geophysics

Geophysical activities during METEOR Cruise M38/2 particularly focused on regional
seismic and echographie surveys. A new high-resolution multichannel seismic gear
allowed to image even small scale sedimentary struetures and provided a superior ver
tical resolution of closely spaced layers which formerly could not be recognized as indi
vidual reflectors. By applying larger volume GI airguns in alternate mode with a small
chamber watergun, simultaneously also seismic seetions of deeper penetration could
be acquired giving insight into the structural context of the near surface depositional
proeesses.
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An integrated processing of refieetion seismic data with PARASOUND sediment echo
sounder and HYDROSWEEP swath bathymetry sounder profiles optimizes the structural
resolution at all depth levels of the sedimentary column. Both echographie shipboard
systems were permanently operated during a 24-hour watch keeping and routinely util
ized on site as basis for an appropriate selection and positioning of all sediment sam
pling locations. Furthermore, the digital PARASOUND records can directly be compared
to sedimentological observations and quantitatively be related to sediment physical
properties core logs through synthetic seismograms.

The main working areas were located between 42° and 52° western longitude at the
South American continental margin off Brazil (Fig. 2). They centered on those regions,
where significant variations in sediment supply should have a major impact on the
seismic signature as in the southern and northern Amazon Fan, on the flanks of the
Ceara Rise and in the Para Abyssal Plain. Seismic and acoustic Iines across selected
ODP drill sites served as references for the seismostratigraphic framework. Supple
mentary gravity cores will specifically improve information about the late Quaternary
evolution of depositional processes. Aseries of profiles over the northeastern flanks of
the Ceara Rise were planned to particularly reveal specific the impact of carbonate dis
solution on the seismic characteristics.

Marine Geology

For paleoceanographic purposes and to supplement core material recovered 1991
during METEOR Cruise M16/2, sediment sampling at the Ceara Rise focused on water
depths between about 4200 and 4600 m, the boundary layer between Antarctic Bottom
Water (AABW) and North Atlantic Deep Water (NADW). In addition to gravity cores
multicorer casts were especially intended to establish a reliable correlation to the mod
ern hydrology of the region. Analyses of the deposits will provide further constrains on
deep water variabilities using carbonate dissolution indices and the stable isotopic
composition of benthic foraminifera. To reconstruct changes in the western equatorial
Atlantic surface current pattern, coring locations were also arranged on the mid-Atlantic
Ridge near 1rN in the North Equatorial Current domain. Combined with already exist
ing data sets from the Ceara Rise, the isotopic composition of deep-dwelling planktic
foraminifera should be very weil suited to unravel fluctuations of the equatorial surface
circulation system during the late Quaternary.

Along the entire cruise track Iiving planktic foraminifera were colleeted from the sur
face waters to acquire species specific ecological data (e.g., their temperature sensitiv
ity). The plankton sampies should give important new information about the surface
water foraminiferal assamblage which is finally preserved in deep-sea sediments. Fur
thermore, detailed isotope geochemical studies will reveal effects of the hydrographie
conditions in the photic zone on the stable isotopic composition offoraminiferal shells.
These results are of substantial importance for the paleoceanographic interpretation of
late Quaternary foraminiferal assemblages and their isotopic compositions.
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Paleobiology

In the Amazon deep-sea fan area and on the Ceara Rise surface sediments were S8 m
pled using the multicorer at a various locations, to study the recent and sub-recent dis
tribution of organic walled and calcareous dinoflagellate cysts. These data sets are of
principal interest as they will substantially improve the interpretation of variabledinofla
gellate cyst assemblages through glacial and interglacial periods and should also pro
vide more insight into changing South Atlantic current systems.

Geochemistry

Geochemical activities during this cruise focused on sampling and analyses of sedi
mentary deposits of the Amazon deep-sea fan and the Ceara Rise expanding work on
sampie material collected on METEOR Cruise M16/2 (1991). Prime aim was at recov
ering supplementary sediment series as weil as at quantifying additional geochemical
parameters which have not been available so far. The sediments retrieved at the former
station GeoB 1514 (Amazon Fan) were conserved under argon atmosphere. Below
sediment depths of 5 m analysis for methane was intended to prove that sulphate
reduction taking place here in a narrow depth interval between 5 and 6 m is essentially
driven by anaerobic oxidation of methane. Sediments at station GeoB 1523 (Ceara
Rise) were re-sampled to determine relevant pore water constituents to complement
already existing high resolution solid phase data sets. These measurements on pore
water and also on fresh sediment material should give conclusive evidence for the
mode of formation and origin of characteristic barium enrichments found at 91a
cial / interglacial transitions in these deposits. Finally, surface sediment sampies were
planned to retrieve at the ESTOC station using the multicorer for studies in the scope of
the interdisciplinary BIGSET program to examine seasonal changes in benthic reaction
rates and related variations in trace element distributions.

Biogeochemistry

The working group from the Max-Planck-Institute for Marine Microbiology followed three
different research topics during this cruise, (i) mineralization processes and sedi
ment / water exchange rates of dissolved inorganic compounds, (ii) calcite dissolution,
and (iii) oxygen penetration in deep-sea areas.

These objectives were studied in situ by deployment of two lander systems; Elinor, a
benthic flux chamber lander and Profi/ur, a microsensor profiling lander. Mineralization
processes and sediment / water exchanges have also been examined in the laboratory
by incubation of multicorer sediment cores. The total oxygen consumption and the
exchange rates of different mineralization products were determined by incubating
sediment in situ using the lander Elinor. At the same time a pre-programmed electronic
unit allows to collected water sampies which are later analyzed to evaluate the benthic
processes. By comparing the results of Elinor with those of Profilur effects of benthic
organisms and the rates of different exchange processes can be estimated.
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The dynamics of the benthic carbonate system are of critical importance for the
understanding of the global carbon cycle. Calcite dissolution is mainly affected by two
processes, dissolution through pressure and pH lowering caused by benthic mineraliza
tion. In situ pH and carbonate measurements have been designed to study these proc
esses in the sediments. Profilur was equipped with pH electrodes and newly developed
carbonate electrodes for this purpose. To obtain the calcite dissolution degree n and
for calibration of the electrodes, water sampies were taken with aNiskins bottle
mounted on the frame of the lander.

Oxygen is the energetically best electron acceptor in sediments and depleted before
other electron acceptors are utilized. The penetration depths of oxygen essentially
depends on the amount easy degradable organic carbon available, and has therefore
often been used as an indicator of productivity / activity in an area. In deep-sea envi
ronment the penetration depth of oxygen is mostly deeper than the reach of conven
tional glass electrodes (about 10 cm). For this reason a newly developed optrode sys
tem was operated on Profilur during this cruise with a capacity to measure oxygen con
centration profiles down to around 50 cm in the sediment column.

3 Narrative of the Cruise

As several times before in recent years, the German research vessel METEOR sailed
from the Brazilian seaport Recife for a scientific expedition on March 4, 1997. Prime
objectives of this second leg of her 38th cruise were geophysical, geological, geo
chemical and microbiological studies in the southern and northern realm of the Amazon
deep-sea fan and in the Ceara Rise region. In addition to bathymetric, sediment
acoustic and seismic profiling, main interests were a sampling of the water column and
the sedimentary deposits at the sea floor. Altogether 28 scientists from the University of
Bremen, the Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven
and the Max-Planck-Institute for Marine Microbiology, Bremen, took part in the cruise
making use of the total capacity of RN METEOR.

Following the exchange of a number of containers with scientific equipment in
Recife, the various laboratories were set up during transit to the first working area. Only
after leaving the Brazilian 200 nm zone on March 7, the shipboard hydroacoustic sys
tems were activated and also a systematic sampling of the surface waters could be
started. With completing comprehensive and altogether favorable tests of the entire
gear, the first seismic profile along around 184 nm (Fig. 1) was recorded on a north
easterly course from the abyssal plain onto the Ceara Rise passing over the former
Ocean Drilling Program Site 925 (ODP Leg 154).

The initial station work at the end of this seismic transect gave very encouraging
results on March 9. Handling of the water sampier down to depths of 3000 m could be
accomplished without any problems, the multicorer recovered a full set of sampies and
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Figure 1 METEOR Cruise M38/2 - route and station map. Thick lines indicate seismic,
thin lines echographie profiles. Bathymetry from GEBCO.
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the gravity corer retrieved almost 7 m of sediments. After deployment of the twolander
units Elinor and Profilur, subsequent seismic multichannel measurements concentrated
on the northeastern flanks of the Ceara Rise. With further testing of the streamer and
its depth control during this survey, it was possible to substantially improve the quality
of the records. As seismic sources a small volume (0.16 I) water gun and a two cham
ber air gun (OA I, GI-Gun) were alternatively operated every second shot. They allow a
detailed assessment of the sedimentary structures to several hundred meters sub-bot
tom depth. The transition from the Ceara Rise to the Para Abyssal Plain with water
depths of more than 4600 m is characterized by a progressive carbonate dissolution
which was c1early identified in all seismic and acoustic data sets. Various crossings of
previous ODP drill sites should provide a basic chrono- and Iithostratigraphic frame
work for these sediment sequences.

The seismic and acoustic observations were then used for an optimum selection of a
series of coring stations along this bathymetric transect. All multicorers came back with
sufficient recoveries. Gravity core lengths between some 6.5 and 8.5 m matched about
the results of the 1991 RN METEOR Cruise M16/2 in the same area. On March 12, the
ship reached again the position of the two landers, as planned after 65 hours. Repeti
tious attempts to release Elinor and Profilur acoustically failed, unfortunately. Also more
intensified efforts during the following night - after completing a nearby supplementary
coring station - did not result in any definite achievement. The only hope left in this
situation was a discovery of the landers by the ARGOS satellite as soon as they would
become afloat. In the meantime the other scientific program had to be continued.

For the remaining days of this second week at sea it mainly consisted of seismo
acoustic profiling in the eastern and southern parts of the Ceara Rise. Over the follow
ing weekend the at present most celebrated station of the Bremen SFB (GeoB 1523,
METEOR Cruise M16/2) was re-sampled. All operations were successful and the two
gravity cores obtained, which exceeded those of 1991 by up to 25% in length, should
offer new opportunities for a variety of exciting analyses.

Early on Monday morning, March 17, the long awaited news finally arrived. The
ARGOS satellite had located the lander Profi/ur more than 60 nm off its original
deployment location. Later received new information indicated that the device was
drifting with more than 0.5 knots in southwesterly direction and that it must have been
at the sea surface for a couple of days already. The current seismic profile was there
fore interrupted during the following night. RN METEOR headed towards the actual
lander position and recovered Profi/ur safelyon deck at daybreak. Until the end of the
cruise, no sign of Elinor has been found, though.

Divers major research goals could be accomplished later this week. First, an about
320 nm long seismic line led from the top region of the Ceara Rise across the Ceara
Abyssal Plain to the lower terraces of the Amazon Fan. Sediments recovered with the
gravity corer at 3 stations on the western half of this traverse were predominantly com-
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posed of terrigenous constituents, reflecting an important fluvial influx from the South
American continent. To the excitement of the geochemists on board, quite noticeable
methane gas concentrations could be detected in the deeper layers of these depos its.
Valuable sampie materials were also obtained from multicorer and water sampier casts.
In the immediate vicinity of one of the stations the lander Profilur was deployed once
more to the sea floor and, on this turn, came back in time with an almost complete set
of measurements.

Working conditions, in particular on deck, were often rather unpleasant in these days
as regular massive rain showers impressively i1lustrated the fact that RN METEOR was
operating right in the center of the Intertropical Convergence Zone for a longer period.
In addition, an active frontal system farther to the north sent a relatively high swell fur
ther intensified by the local trade winds. Notwithstanding this adverse situation, all labo
ratories pursued their activities with the usual routine.

The reflection seismic program was continued with a two days survey along 3 pro
files in the northern Ceara Rise region. A relatively rough topography results there in an
unusual relationship between pelagic sediments and distal Amazon Fan deposits.
Afterwards an efficient sampling of the Quaternary sediment series could be achieved
at 3 stations on each of the 2 main seismic lines and also at the former SFB site
GeoB 1514 (METEOR Cruise M16/2, 1991). Likewise, several deployments of the
water sampier to a maximum depth of 3000 m and the remaining lander system were
entirely successful. The latter provided high-resolution (0.1 mm spacing) electrochemi
cal analyses of oxygen and pH across the sediment / water interface. For the first time
also the deep penetration module of Profilur could be activated which quantifies oxygen
in situ down to 50 cm sub-bottom by means of optical sensors (optrodes).

Final seismic measurements focused on the surroundings of different OOP drill sites
in the Amazon Fan. For some 24 hours prime data were collected over heterogeneous
channel / levee systems. Together with the PARASOUND records they reveal a wealth of
details about the channel evolution from the upper down to the lowermost deep-sea
fan. On March 28, the streamer and guns were retrieved for the last time on deck ter
minating the projected seismic operations of this cruise. All components of the new
equipment performed fairly reliable for more than 75000 shots along a total of 2300 km
of Iines. Making use of the full range of resolution of thewatergun and the GI-Gun an
altogether 375 GigaByte data set was accumulated.

The last station work at the South American continental margin in the westernmost
study area on the lower Guyana Plateau was to adequately supplemented the sampie
collection of the 1996 METEOR Cruise M34/4. On March 30, the eve of the Easter holi
days, RN METEOR set course to the mid-Atlantic Ridge, near 1rN /45°W, where,
until April 4, aseries of 5 stations was located on a bathymetric transect between 2600
and 4800 m water depth from the top to the eastern ridge flanks. The sediment and
water sampies recovered fill a regional gap of critical importance for the Bremen SFB.
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During the about 1700 nm journey to port, all laboratories were busy to finish the
shipboard examinations and analyses of core and sampie materials and the various
working groups began to summarize their preliminary findings. Particularly for the
Ceara Rise sediments measurements of the magnetic susceptibility already allowed to
define fairly detailed age models. They indicate unexpectedly high sedimentation rates
which increase to deeper waters. These sediment series should specifically be suited to
resolve the present contraversial discussion about the trapical c1imate variability during
oxygen isotope stage 3. With the transition to the abyssal plains, distinctly higher num
bers of turbidites occur. They praduce mostly strang anomalies in all physical praperty
core logs. A diagenetic remineralization of magnetite within those layers is likely to
explain the typical rise in magnetic susceptibility. Various turbidites could convincingly
be correlated between the different coring sites.

Plankton sampies, which were collected daily fram the surface waters on the entire
cruise, pravided some attractive insights into the Iife rhythm of calcareous dinoflagel
lates and foraminifers. Species of the shallow dwelling dinoflagellate Thoracosphaera
heimii, an organism of specific interest for the micrapaleontologists on board, was culti
vated for later shore based investigations. Also new data could be obtained about the
repraduction cycle of the planktic foraminifer Globigerinoides sacculifer. Highest con
centrations caught fram the surface waters in the full moon period and the subsequent
week remarkably declined thereafter. These observations strongly support the previous
hypothesis that G. sacculifer effectively synchranizes its repraduction sequence with
the moon phases.

Against expectation and former experience, very favorable wind and sea states
accompanied the whole transit fram the working areas to the Canary Islands. RN
METEOR thus arrived in Las Palmas one day early, on April 11 and most all of the sci
entific team disembarked.

The following day the ship sailed to the ESTOC station around 60 nm north ofGran
Canaria for an oceanographic, chemical and biological sampling of the water column.
New working graups fram the German Universities of Bremen, Hamburg, Kiel and
Oldenburg were on board for this purpose. Of their Eurapean partners of cooperation,
experts fram Spanish institutions and the University of Edinburgh took part in the
research aetivities. During an about 30 hours pragram various devices to collect water
sampies down to a maximum depth of 3500 m, the multinet and also a free floating
sediment trap were deployed. A number of experiments which had failed because of
adverse weather conditions and technical problems during METEOR Cruise M37 could
now successfully be accomplished. Late on April 13, RN METEOR returned to Las
Palmas, where Cruise M38 ended the next morning as scheduled.
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4 Multichannel Reflection Seismic and Sediment Acoustic Profiling

V. Spieß, W. Böke, C. Hilgenfeld, C. Hübscher, A. Janke, U. Rosiak,
G. Uenzelmann-Neben, L. Zühlsdorff and all PARASOUND Watchkeepers

4.1 Introduction

The depositional processes in the western equatorial Atlantic off the Amazon River and
on the Ceara Rise are contralIed by complex relationships between downslope trans
port into the Amazon Fan, distribution of suspended matter fram the river andbiogenic
sedimentation. Strang surfaee and deep water eurrents parallel to the eoast line and
associated carbonate dissolution modify the sedimentary pattern.

A major portion of the scientific program of RN METEOR Cruise M38/2 was as
signed to swath sounder, sediment eehosounder and multiehannel reflection seismic
prafiling to document the Quaternary and Neogene sedimentation history. Working
areas were the transitional region fram the lower Amazon Fan to the Ceara Abyssal
Plain, on the northern flanks of the Ceara Rise bordering the pathway of Antarctie Bot
tom Water and in the central Amazon Fan. Several drill sites of ODP Legs 154 and 155
have been crassed to eonstrain the seismostratigraphic interpretation.

Aeoustic systems in 4 different frequeney domains were operated to optimize the
resolution in different sub-bottom levels. The HYDROSWEEP system provides topo
graphie information acrass a width of twice the water depth. ThePARAsoUND sediment
echosounder with frequeneies of around 4 kHz allows a signal penetration between 10
and 100 m depending on sediment composition and grain size. Digital echosounder
data were collected on a 24-hour watchkeeping routine.

Multiehannel seismic measurements were performed with the new instrumentation of
the Geoscience Department, University of Bremen, using two seismic sources of differ
ent volumes in alternating mode. A water gun with a frequency range fram 200 to
2000 Hz provides information about the upper 100 to 300 m of the sediment column,
whereas a GI-Gun with signal energy to 500 Hz yields deeper penetrations. A total of
2290 km of multichannel data were recorded along 14 seismic Iines (Fig. 2; Table 1).

4.2 Methods and Instruments

4.2.1 PARASOUND

The PARASOUND system operates both as low-frequency sedimentechosounder and as
high-frequency narraw beam sounder to determine the water depth. It makes use of the
parametrie effect producing additional frequencies thraugh nonlinear acoustie interac
tion of finite amplitude waves. If two sound waves of similar frequeney (here, 18 kH



Table 1 Statistics of METEOR M38/2 multichannel seismic lines.

Une Start End Shot Length

Latitude Longitude Date Time Latitude Longitude Date Time Points (km)

97-001 1°55.80'N 42°25.10'W 07.03.97 12:49 4°50.00'N 43°46.60'W 09.03.97 04:58 11774 356.1

97-002 4°47.60'N 43°45.90'W 09.03.97 16:13 6°38.28'N 43°43.48'W 10.03.97 14:32 6639 205.0

97-003 4°48.00'N 43°45.80'W 13.03.97 02:35 5°49.40'N 42°20.20'W 14.03.97 15:29 7990 194.5

97-004 5°49.40'N 42°20.20'W 14.03.97 15:29 4°40.60'N 42°13.10'W 15.03.97 05:15 4074 128.1

97-005 4°40.60'N 42°13.10'W 15.03.97 05:15 3°49.64'N 41°37.45'W 15.03.97 18:10 3676 115.1

97-006 3°49.64'N 41°37.45'W 16.03.97 05:52 3°40.00'N 4rOO.00'W 19.03.97 13:30 19273 596.4

97-007 5°00.00'N 44°41.60'W 21.03.97 15:27 6°30.00'N 44°00.00'W 22.03.97 10:25 5654 183.5

97-008 6°30.00'N 44°00.00'W 22.03.97 10:25 6°30.00'N 44°35.00'W 22.03.97 17:28 2070 64.4

97-009 6°30.00'N 44°35.00'W 22.03.97 17:28 5°00.00'N 45°30.00'W 23.03.97 14:00 6084 195.1

97-010 4°31.09'N 4r04.30'W 26.03.97 23:39 4°42.34'N 4r23.82'W 27.03.97 04:10 1211 41.6

97-011 4°42.34'N 4r23.82'W 27.03.97 04:10 4°46.10'N 4r43.80'W 27.03.97 08:13 1193 37.5

97-012 4°46.10'N 4r43.80'W 27.03.97 08:13 5°21.14'N 4r24.85'W 27.03.97 16:16 2360 73.7

97-013 5°21.14'N 4r24.85'W 27.03.97 16:16 5°35.90'N 4r52.30'W 27.03.97 23:16 1914 57.5

97-014 6°55.90'N 4r44.80'W 28.03.97 07:19 6°58.10'N 48°06.90'W 28.03.97 11 :44 1324 40.8

w

Total 75236 2289.3
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and, e.g., 22 kHz) and sufficiently high primary amplitude are emitted simultaneously, a
signal of the difference frequency (4 kHz) is generated. The new component travels
within the emission cone of the original high-frequency waves Iimited to an angle of only
4° for the PARASOUND system. Therefore, the footprint size is much smaller than for
conventional echosounders and both vertical and lateral resolution are significantly
improved.

The PARASOUND system is permanently installed on the ship. Its hull-mounted trans
ducer array has 128 elements on an area of -1 m2. Due to the low degree of efficiency
of the parametric effect, it requires up to 70 kW of electric power. In 2 electronic cabi
nets beamforming, signal generation and the separation of primary (18, and, e.g.,
22 kHz) and secondary frequencies (e.g., 4 kHz) are performed. Via a third electronic
cabinet in the echosounder control room the system is operated on a 24-hour watch
schedule.

Since the two-way travel time is long in the deep sea compared to the length of the
reception window (up to 266 ms), the PARASOUND System sends out a burst of pulses
at 400 ms intervals until the first echo returns. The coverage of this discontinuous mode
depends on the water depth and produces non-uniform time spans between bursts. On
average, one seismogram is recorded every second yielding a spatial resolution of a
few meters at 4.9 knots along the seismic profiles.

Main tasks of the operators are to adjust the reception window as weil as system
and quality contro!. Because of the Iimited penetration of the echosounder signal into
the sediment, only a small window close to the sea floor is recorded. The excellent
depth resolution on the order of a few tens of centimeters provides a very high infor
mation density.

In addition the analog recording device DESO 25 PARASOUND is equipped with the
digital data acquisition system ParaDigMA developed at the University of Bremen
(Spieß, 1993). The data were stored directly on 6250 bpi, 1/2" magnetic tapes in the
standard, industry compatible SEGY format. The 486-processor based pe allows the
buffering, transfer and storage of the digital seimograms at very high repetition rates. Of
the emitted series of pulses usually every second pulse was digitized and stored,
resulting in recording intervals of 800 ms within a pulse sequence. The seismograms
were sampled at a frequency of 40 kHz with a typical registration length of 266 ms for a
depth window of -200 m. The source signal was a band Iimited, 2 - 6 kHz sinusoidal
wavelet of 4 kHz dominant frequency and 2 periods duration (-500 f.ls totallength).

Already during acquisition of the data an online processing was carried out. For all
profiles seismic sections were plotted on a vertical scale of several hundred meters.
Most of the changes in window depth could thereby be eliminated. These plots give a
first impression of variations in sea floor morphology, sediment coverage and sedi
mentary patterns along the ship's track. To improve the signal-to-noise ratio, the echo-
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gram sections were filtered with a wide bandpass and also normalized to a constant
value much smaller than the maximum average amplitude to exaggerate in particular
deeper and weaker reflections.

Ta study the influence of frequency and length of the source signal on the reflection
pattern, the parameters were systematically varied at all sites, where gravity cores have
been recovered ('source signal test'). The frequency of the source signal was changed
in 0.5 kHz steps over the available frequency range from 2.5 to 5.5 kHz, the pulse
length set to 1, 2 and 4 sinus periods. Every combination was kept unchanged for a
time span of 2 minutes to enable signal stacking and an evaluation of the seismogram
variability at each location. In order to quantify interference phenomena, seismograms
recorded with different frequencies will later be analyzed in detail and compared to
physical property logs of the core materials.

4.2.2 HYDROSWEEP

The multibeam swath sounder HYDROSWEEP of RN METEOR was routinely operated
during Cruise M38/2 on a 24-hour watch by the scientific crew without technical prob
lems. The system provided a complete coverage of the sea floor topography over a
width of twice the water depth along the ship's track. The generally adequate data qual
ity at times deteriorated at higher sea states.

4.2.3 Very High-Resolution Multichannel Reflection Seismies

Seismic Sources

During seismic surveying two different seismic sources, a GI-Gun and a watergun,
were triggered in alternating mode at an interval of 12 s between the two devices. With
an average ship's speed of 4.9 kn the shot distance amounted to approximately 30 m
between different sources and 60 m for the same source. Each gun was driven by air
pressure of 150 bar and shot more than 38000 times without faHure. A broken weid at
the air exhausting pipe of the watergun had no impact on the source signature. The
configuration of the guns during measurements is shown in Figure 3. For high-pressure
air supply 4 JUNKERS compressors buHt into a 10ft container were made available by
the Institute of Geophysics, University of Hamburg. They performed without major fail
ures for a total survey time of about 11 days.

The 2 x 0.41 I volume GI-Gun (Generator-Injector-Gun; SODERA) was towed portside
18 m behind the ship's stern at a wire led through a drum hanging directly beneath the
A-crane. An elongated buoy connected via two rope loops stabilized the GI-Gun to
horizontal position in about 1 m water depth. Ta efficiently eliminate a bubble signal, the
injector was triggered with a delay of 31 ms after the generator.
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Figure 3 Set up of seismic equipment on the working deck during METEOR Cruise
M38/2 (not to scale).
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The second source was a S-15 watergun (SODERA) of 0.16 I volume towed with a
METEOR rope 18 m behind the ship at starboard side (Fig. 3). A steel frame held the
watergun in steady position parallel to an elongated buoy in approximately 0.7 m water
depth. To prevent corrosion, a zinc plate was attached to the frame. Frequency char
acteristics of both sources, measured under optimum conditions, are displayed in Fig
ure 4. During operations, the seismic watchkeeper routinely checked the near fjeld
source signature of both guns on a digital scope.

Streamer

The multichannel seismic streamer (SYNTRON) consisted of a tow lead, one stretch
section and three active sections of 100 m length each. The 4th active section could not
be used due to crooked connector shells. A 100 m long METEOR rope with a buoy at
the end was attached to the tail swivel, a deck cable connected the streamer to the
recording system. The winch position on the working deck is shown in Figure 3. During
operations, the tow lead was fixed with two METEOR ropes and paid out ~55 m giving
45 m distance between ship and stretch section. During deployment and retrieval of the
guns and streamer, the ship's speed was reduced for around 50 minutes to 3 and 2 kn,
respectively.

Each active section comprises 16 hydrophon groups of 6.25 m length which are
further subdivided into 5 subgroups of different length (Fig. 5). One of the subgroups is
a high-resolution hydrophone with individual pre-amplifier. A programming module dis
tributes the subgroups to 5 channels. As illustrated in Figure 5, every second 6.25 m
long hydrophone subgroup was activated. They have even channel numbers from 2 to
48 on the streamer cable and were connected to BISON channels 1 to 24. Single hydro
phones (streamer channels 97 to 108) were recorded on BISON channels 25 to 36.

MULTITRAK Bird Controller and System Control

At the end of every section a MULTITRAK Remote Unit (RU) was attached to the
streamer. Each RU inciudes a depth and heading sensor as weil as adjustable wings.
The RUs are co-ordinated by the MULTITRAK controller in the seismic lab. Controller
and RUs communicate via coils nested within the streamer and a twisted pair of wires
within the deck cable. One of these wires had to be grounded to avoid transmission
errors. Each shot trigger started a scan of water depth and heading (delay 0.5 s, dura
tion 0.2 s). The actual position of the streamer is displayed on a monitor as depth or
heading profile. All parameters are digitally stored on the controller PC together with
shot number, date and time.

There are two options to manipulate the streamer depth. On way is to send an operat
ing depth to the RUs which in most cases was 5 ± 1.25 m. The RUs try to force the
streamer to the chosen depth by adjusting the wing angles accordingly. The second
option is to set a constant wing angle which was sometimes advantageous for the distal
RUs. Depth and wing angle statistics helped to select appropriate parameters.
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Seismic sources, seismograph, MULTITRAK controller, on-line plotter and digital
scope for the near field hydrophons were synchronized by a trigger unit. Because of too
strang electromagnetic noise on the connecting line to an external GPS clock, an inter
nal timer had to be used. The trigger output was a negative TTL signal for most
devices.

Data Acguisition System

The recording unit includes a switchbox, a seismograph and a single channel recording
unit far on-line plotting. The switchbox connects the streamer via a deck cable with the
seismograph and allows the assignment and optional stacking of streamerhydrophone
subgraups to individual recording channels. The configuration remained unchanged
during the cruise and sorted the streamer channels such thathydrophone groups of the
same length are available as a continuous series of channels (Fig. 5).

The 48 channel seismograph (BISON) was specially designed for the University of
Bremen to perform a standard operation mode for very high-resolution seismic data.
Except for line GeoB 97-001, where 48 channels were recorded, only 36 channels were
activated to limit the data volume to the current maximum system capacity. The seis
mograph provides an on-line data displayas weil as on-line demultiplexing and storing
in SEG-Y format. Analog filters were set to 8 Hz (Iow-cut) and 4000 Hz (high-cut). The
sampie rate was 0.125 ms for a recording length of 4000 ms. All channels were pream
plified by a factor of 1000 (60 dB) to keep the signal within the optimum operation
range. The data were stored on DLT cartridge tapes with 20 GByte uncompressed vol
ume. The recording delay had to be adjusted according to the actual water depth. To
limit the length of data gaps, the ship's speed was reduced to 3 kn for several minutes,
while exchanging the storage media.

To achieve an immediate graphic information about the seismic data acquired and to
store navigation data, a second recording system based on the ParaDigMA scheme
with a HEWLETT PACKARO 3852 Data Acquisition Unit, a pe and a DESIGNJET 350 A1
roll paper plotter was set up. Unfortunately, an extremely high noise level on the signal
Iines made on-line plots impossible, except for line GeoB 97-006.

Data Processing

The total data volume collected during the cruise amounts to an equivalent of more
than 2700 conventional 1/2" magnetic tapes. Main purpose of the onboard data proc
essing was therefore to provide a quality contral and preliminary overview of the seis
mic Iines. Only a Iimited number of traces was hence selected from each tape and
processed with Seismic Unix (SU) on a HEWLETT PACKARO Apollo 715 workstation.

The multichannel data were initially stored in demultiplexed SEG-Y format on tape.
Accordingly, the onboard processing sequence started with a conversion to SU format.
To speed up this operation, a program was written which also separated the Watergun
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and GI-Gun data sets. From the GI-Gun data only the first 4 near offset traces of each
shot, from the Watergun records only the first near offset trace were selected for further

processing. The following list summarizes the complete onboard processing sequence

applied to the data shown in this report.

- Conversion of demultiplexed SEG-Y to SU format.

- Sorting:
Traces 1 to 4 (GI-Gun) and trace 1 (Watergun) of each shot were separated.

- Filtering:
GI-Gun - bandpass 70 - 170 Hz, linear taper 40 - 70 Hz and 170 - 250 Hz;

Watergun - bandpass 200 - 600 Hz, linear taper 100 - 200 Hz and 600 - 800 Hz.

- Resampling:
GI-Gun - new sampie rate 1 ms (originally 0.125 ms);

Watergun - new sampie rate 0.5 ms (originally 0.125 ms)

- Stacking:
GI-Gun - brute stack of near offset traces 1 - 4 without statics or NMO correction;

Watergun - no stacking.

- Plotting:

All data were plotted using a linear time dependent gain. Polarity of GI-Gun wave

forms was inverted before plotting.

4.3 Preliminary Results

4.3.1 Ceara Rise

The Ceara Rise, a northwest-southeast striking aseismic ridge (Kumar & Embley,

1977), rises about 2 km above the surrounding abyssal plains. The present survey

illustrates quite weil the asymmetric character of this structure (Fig. 6) with very steep

(up to 9.6 degrees) southwestern flanks contrasting to smoother slopes on the north
eastern side. Southwest of the rise, sedimentary sequences of up to 1300 ms TWT in

thickness could be resolved. On top of the Ceara Rise signal penetration was limited to

the uppermost about 300 - 600 ms TWT, but increases again towards the abyssal plain
in the northeast (Fig. 6). This either reflects carbonate dissolution effects, or, more

Iikely, results from an intensified influx of terrigenous material from the Amazon, as
sedimentation rates generally appear to be higher in deeper waters.

At a later stage of processing the data will be carefully tied into the results of ODP

Leg 154 (Curry, Shackleton, Richter et al., 1995). As a first approach, the seismic rec

ords were correlated to the three sedimentary units defined by Mountain & Curry
(1995). These authorsobserved an about 1 km thick section consisting of lithogenic
and biogenic deposits.
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Unit 1 comprising the uppermost 100 - 250 ms TWT was very weil covered by the
present survey. It is characterized by continuous parallel internal reflections and can be
further subdivided into two subunits. Reflector red of Mountain & Curry (1995) marks
the transition from strong internal reflections above to a more transparent appearance
below (Fig. 6). In a few places, e.g., shotpoint 900 in 4600 ms TWT of line GeoB 97
007, another strong reflector has be recognized, but could not be mapped on regional

scale.

Unit 2 of Mountain & Curry (1995) can be c1early distinguished only in water depths
of more than 5000 ms TWT on the northeastern slopes (Fig. 6). The upper parts of this
unit show strong hummocky reflections which Mountain & Curry (1995) attributed to a
depositional environment controlled by bottom currents. The transition to more trans
parent series 400 - 500 ms TWT below the unit's top is in good agreement with the
depth of reflector yellow marking a change from small to large scale hummocks
(Mountain & Curry, 1995).

Due to the lower energy of the seismic sources used in the present survey, Unit 3 of
Mountain & Curry (1995) could not be resolved. A strong reflector on the southwestern
flank of the Ceara Rise, which is downfaulted towards the Amazon Fan, was tentatively
be correlated to reflector orange of Mountain & Curry (1995). In this area the fan
deposits lap onto the base of the rise (Figs. 6 and 7).

Two PARASOUND profiles from the northeastern flanks of the Ceara Rise also exhibit

a downslope increase in reflection amplitude and signal penetration. On the southern
line (Fig. 8), which covers a depths interval between 4150 and 4500 m, penetrations
expand from 20 to 50 m. The lowermost visible reflector at the upper end can be traced
along the entire section. Its depth beneath sea floor varies from about 20 to >30 m.
Likewise, the second line (Fig. 9) shows increasing penetrations in water depths
between 3550 and 3950 m. These observations can be explained by a depth depend
ent influx of terrigenous sediments, transported as suspended material of turbiditic
origin. Since the Ceara Rise acts as a barrier between the Amazon Fan and Para
Abyssal Plain, the suspension c10uds must have traveled around the northwestern
edge of the rise.

4.3.2 Distal Amazon Fan

The distal Amazon Fan is characterized by a thick pile of sedimentary sequences of
which about 2000 ms TWT (2 km with vp = 2000 m/s) are resolved in the present data
sets. The sedimentary layers thin towards the Ceara Rise and lap onto its downfaulted
base (Figs. 7 and 10). They appear weil stratified with the strongest reflections in the
uppermost 300 ms TWT. This top unit shows indications of levees, e.g., at shotpoints
5000 and 5550 on line GeoB 97-006 and prograding series east of shotpoint 4600 sug
gesting a fairly recent active fan depocenter in this area (Fig. 10). Aburied debris flow

is found around shotpoint 600 in 5300 ms TWT depth on line GeoB 97-006.
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The uppermost unit is underlain by an about 400 ms TWT thick sequence with a
strong top reflector and moderate internal reflections. Amplitudes of the internal reflec
tions increase to the east, where the reflectors terminate as top laps against the top
reflector (Fig. 10) documenting an earlier eastward fan expansion. There is thus evi
dence for at least two major progradation phases.

Other remarkable features include a prominent reflector at 900 ms TWT and an
about 100 ms TWT thick band of reflections in 2000 ms TWT which forms the base of
the penetrated sedimentary series (Fig. 10). The 400 ms TWT thick reflection free zone
between shotpoints 6300 and 6600 is tentatively interpreted as a slump.

The PARASOUND record along MCS line 8eoB 97-001 (Fig. 11) shows the transition
from near surface deposits of the southern and lower Amazon Fan to the Ceara Rise in
water depths of around 4300 m. East of a more than 20 m deep erosive channel
(central part of the profile) the about 4 m thick hemipelagic sediments vanish. The
underlying fan deposits convert towards the rise from distinct subparallel layers in the
west to a diffusely reflecting unit in the east. The rough sea floor topography and the
presence of an erosive moat at the foot of the Ceara Rise flank indicate current con
trolled depositional processes.

Further to the north, where the slope of the Ceara Rise is less steep, the
hemipelagic drape deposits are apparently not effected by bottom currents (Fig. 12,
PARASOUND record along MCS line 8eoB 97-007). Their lower boundary truncates
underlying, divergent fan sediments striking out against a pinnacle, topped by a weak
reflecting sediment sequence. The low reflection amplitudes indicate a reduced content
of terrigenous components, owing to the elevated position. Towards the slopes of
Ceara Rise reflection amplitudes of the wavy deposits decrease, presumably due to a
decreasing influx of suspended material from the Amazon Fan.

4.3.3 Central and Southern Amazon Fan

The western end of MCS line 8eoB 97-006 covers the southern Amazon Fan (Fig. 13).
The profile strikes west - east almost perpendicular to the fan slope. Three interfinger
ing seismic facies are identified, (1) semitransparent channel - levee systems (CLS), (2)
weakly reflecting parallel layered units, and (3) high amplitude reflection sections.

Several CLSs of different dimensions can be discerned. High amplitude reflections
beneath the crest of the systems represent channel-fill deposits. At the western end,
weak parallel reflections onlap the levee flanks of the largest CLS. The hummocky
surface of the CLS in the central part of the profile is caused by a high sinuosity of the
meandering channel and the strike view orientation of the seismic line.

The distinct reflections in the eastern part are discontinuous and randomly oriented
close to the CLS, they convert to continuous and subparallel reflections with increasing
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distance to the CLS. Some unconformities can be correlated to the base of CLSs, pre
sumably representing the onset of CLS development during a late stage of sea level fall
or lowstand.

The PARASOUND record of the upper 20 m of the sediments close to station
GeoB 4409 on top of a distinctly meandering CLS (Fig. 14), reveals a semitransparent
hemipelagic cover overlying fan deposits. Diffuse diffraction hyperbolae dominate the
acoustic facies above the levee crest.

4.3.4 Amazon Channel

The youngest CLS of the Amazon Fan has been surveyed by 5 multichannel seismic
Iines, crassing both the active channel and adjacent ODP sites. The main purpose of
these investigations was a correlation of the high-resolution seismic and digital echo
sounder data with published seismic records and the ODP core lithology.

Une GeoB 97-010 crossed ODP Sites 937 and 938, line GeoB 97-011 Site 939 and
the CLS in the upper fan. The two subsequent lines (GeoB 97-012/-013) included trav
erses over the channel and ODP Sites 930, 940, 935 and 934 in the middle fan. The
channel in the lower fan area adjacent ODP Sites 944 and 945 were surveyed with the
last profile GeoB 97-014.

The watergun data from line GeoB 97-013 (Fig. 15) show the youngest CLS
(Amazon Channel) bordered by the older Aqua Channel in the west and another older
system to the east. Sea floor topography and sediment waves on the eastern flank of
the main channel are resolved on a small scale owing to the high seismic source fre
quency. Channel fill deposits of the main channel form a parallel reflection series. High
amplitude reflector packages (HARPs) within the levees beneath the levee crests of the
main and eastern CLS c1early represent diffraction hyperbolae. The base of the CLSs
are also characterized by HARPs.

4.3.5 Mid-Atlantic Ridge

On transect fram the South American continental margin to the Canary Islands gravity
cores have been taken fram shallow water depth at mid-Atlantic Ridge near 1yeN.
PARASOUND records were used to identify apprapriate coring stations. Figure 16 eluci
dates the difficulties encountered. The record is dominated by diffraction hyperbolae,
only some of them of distinct shape (macratopography). The micratopography causes a
diffuse, pralonged echo, pretending penetration depths of 20 to 50 m. CoreGeoB 4418,
retrieved fram 2720 m water depth near the northeastern end of the section, had but a
length of araund 4 m.
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5 Sediment Sampling

A. Benthien, H. Buschhoff, B. Donner, B. DorscheI, M. Giese, A. Meyer,

B. Meyer-Schack, S. Mulitza, U. Rosiak, B. Schlünz, A. Vink

The box corer, multicorer and gravity corer were used to recover surface and late
Quaternary sediments at 24 stations on the Ceara Rise, in the Amazon Fan, on the
continental slope off Guyana and at the mid-Atlantic Ridge near 1JCN from water
depths between about 2500 and 4600 m. Detailed information is summarized in the
station list (Table 2).

5.1 Multicorer and Box Corer

The multicorer is designed to recover undisturbed surface sediment sections together
with the overlying bottom water. The device deployed during Cruise M38/2 was
equipped with 4 small and 8 large (6 and 10 cm inner diameter, respectively), 60 cm
lang plastic tubes. Typically 6 to 12 tubes were filled with more than 30 cm of sediment
on the Ceara Rise and in the adjacent abyssal plains as weil as in the Amazon Fan and
on the Guyana continental slope. At the mid-Atlantic Ridge only 4 to 9 tubes recovered
less than 20 cm of sediment (Table 3). The following standard sampling scheme was
modified accordingly:

- 1 large tube was cut into 1 cm slices and frozen for organic carbon geochemistry,

- 1 large tube was cut into 1 cm slices for dinoflagellates analysis,

- 3 large tubes were cut into 1 cm slices to study the foraminiferal assemblages,

- 1 large tube was cut into 1 cm slices and frozen for sedimentological investigations
and organic matter microscopy,

- 1 small tube was cut into 1 cm slices for rock magnetic analyses,

- a 1 cm surface sampie of a small or large tube was preserved for granulometry,
diatom and radiolaria investigations,

- pore waters of 1 small and 1 large tube were analyzed geochemically,

- 1 large and 2 small tubes were frozen as archive cores,

- 50 ml of bottom water were sampled for carbon and oxygen isotope analyses.

The box corer was used only at one station (GeoB 4420). After removal of the over
lying water and measurement of the sediment temperature, the sediment surface has
been photographed and sampled as folIows:

- 400 cm2 to study the foraminiferal assemblages were stained with rose bengal,

- 200 cm2 for radiolaria analyses were stained with ethanol,

- 25 cm2 for diatom investigations were stained with methanol,



Table 2 Station List METEOR Cruise M38/ 2.

GeoB Oate Time Oevice Latitude Longitude Water Core Remarks

No. 1997 Oepth Length

(UTC) (ON) (OW) (m) (cm)

Ceara Rise

4401-1 09.03. 06:28 KWS 04°48.0' 43°45.8' 3400 - 15/15; 100,50,20,10 m

4401-2 09.03. 07:47 KWS 04°48.0' 43°45.8' 3401 - 15/15;2500,2000,1500,1000,800, 700,600, 500,400,300,250,200,

150,75,3 m

4401-3 09.03. 10:09 MC + CTO 04°47.9' 43°45.9' 3396 33 8/4, 20 m pinger, 50 m CTO

4401-4 09.03. 13:11 SL12 04°48.0' 43°45.9' 3397 695

4401-5 09.03. - ELiNOR 04°45.6' 43°45.5' 3356 released

4401-6 09.03. - PROFILUR 04°45.8' 43°45.8' 3355 - released

4402-1 10.03. 15:20 KWS 06°39.3' 43°43.6' 4638 - 15/15,100,50,20,10 m w
4402-2 10.03. 16:37 SL12 06°39.3' 43°43.5' 4637 822 co

4402-3 10.03. 19:20 MC + CTO 06°39.4' 43°43.7' 4641 35 6/4, 20 m pinger, 50 m CTO

4403-1 11.03. 02:18 MC + CTO 06°13.4' 43°44.1' 4503 34 3/4, 20 m pinger, 50 m CTO

4403-2 11.03. 06:17 SL12 06°13.4' 43°44.0' 4505 844

4404-1 11.03. 10:34 SL12 06°03.6' 43°44.3' 4402 710

4404-2 11.03. 13:41 MC + CTO 06°03.5' 43°44.3' 4397 34 8/4, 20 m pinger, 50 m CTO

4405-1 11.03. 18:07 KWS 05°54.5' 43°44.5' 4297 15/15

4405-2 11.03. 19:34 MC + CTO 05°54.4' 43°44.7' 4300 34 3/4

4405-3 11.03 23:02 SL12 5°54,5' 43°44,5' 4300 629 at 60 cm depth ~ 20 cm sediment washed out between segments

4405-4 12.03. - ELiNOR 04°45.2' 43°47.2' - recovery failed

4405-5 12.03. - PROFILUR 04°45.2' 43°47.2' - recovery failed

4406-1 12.03. 16:31 SL12 05°05.6' 43°45.3' 3719 659

4406-2 12.03. 18:45 MC + cro 05°05.4' 43°45.7' 3709 30 6/2



Table 2 continued

GeoB Date rime Device Latitude Longitude Water Core Remarks

No. 1997 Depth Length

(UrC) (ON) (OW) (m) (cm)

4406-3 12.03. - ELiNOR 04°45.6' 43°47.6' - - recovery failed

4406-4 12.03. - PROFILUR 04°45.6' 43°47.6' - recovery failed

4407-1 15.03. 19:53 SL12 03°49.4' 41°37.3' 3303 831 geochemistry

4407-2 15.03. 21 :55 MC + CrD 03°49.4' 41 °37.3' 3306 32 5/4, 20 m pinger, 50 m CrD

4407-3 16.03. 00:49 SL12 03°49.3' 41°37.3' 3306 753 former GeoB site 1523

4407-4 16.03. 02:07 KWS 03°49.5' 41°36.8' 3313 15/15; 100,50,20,10 m

4407-5 15.03. 03:21 KWS 03°49.3' 41°36.8' 3312 15/15;3000,2000,1500,1000,800, 700,600, 500,400,300,250,200,

150,75,3 m

4407-6 18.03. - PROFILUR 04°37.9' 44°45.0' - recovered
w

Amazon Fan
<0

4408-1 19.03. 20:52 KWS 03°40.0' 46°07.8' 3457 - 15/15; 100,50,20, 10m

4408-2 19.03. 21:47 SL12 03°40.0' 46°07.7' 3466 652

4408-3 19.03. 23:56 MC + crD 03°40.0' 46°07.7' 3466 33 6/2; 20 m pinger, 50 m CrD

4409-0 20.03. PROFILUR 03°38.5' 45°14.4' - released

4409-1 20.03. 10:11 SL12 03°39.9' 45°14.4' 3847 525

4409-2 20.03. 12:29 MC + CrD 03°40.0' 45°14.5' 3846 32 4/4; 20 m pinger, 50 m CrD

4409-3 20.03. 16:01 SL12 03°39.7' 45°14.6' 3855 631 geochemistry

4409-4 20.03. - PROFILUR 03°37.0' 45°16.5' - - recovered

4410-1 21.03. 00:36 KWS 03°40.6' 44°19.5' 4156 15/15; 100,50,20,10 m

4410-2 21.03. 01 :41 SL12 03°40.5' 44°19.6' 4156 736

4410-3 21.03. 04:18 MC + CrD 03°40.4' 44°19.4' 4158 33 4/2; 20 m pinger, 50 m CrD



Table 2 continued

GeoB Date Time Deviee Latitude Longitude Water Gore Remarks

No. 1997 Depth Length

(UTG) (ON) (OW) (m) (em)

Geara Rise

4411-1 23.03. 23:13 MG + GTD 05°26.0' 44°29.7' 3298 33 4/2; 20 m pinger, 50 m GTD

4411-2 24.03. 02:49 SL12 05°26.0' 44°29.7' 3295 686 - 10 em sediment washed out at 199 em

4412-0 24.03. PROFILUR 05°42.3' 44°22.4' - - released

4412-1 24.03. 06:42 KWS 05°43.4' 44°21.6' 3769 - 15/15; 100,50,20,10 m

4412-2 24.03. 07:42 SL12 05°43.4' 44°21.6' 3766 785

4412-3 24.03. 10:00 MG + GTD 05°43.4' 44°21.6' 3764 30 6/3; 20 m pinger, 50 m GTD

4412-4 24.03. - PROFILUR 05°41.6' 44°23.7' - reeovered

4413-1 24.03. 17:12 MG + GTD 06°05.2' 44°11.6' 4291 32 8/4; 20 m pinger, 50 m GTD .j::>.
0

4413-2 24.03. 20:39 SL12 06°05.1' 44°11.5' 4295 754

4414-1 25.03. 03:03 SL12 05°56.7' 44°55.5' 3236 734

4414-2 25.03. 05:04 MG + GTD 05°56.9' 44°55.5' 3239 32 7/4; 20 m pinger, 50 m GTD

4415-1 25.03. 07:58 KWS 05°51.2' 44°58.7' 3586 15/15; 100,50,20,10 m

4415-2 25.03. 09:15 MG + GTD 05°51.2' 44°58.7' 3584 33 8/4; 20 m pinger, 50 m GTD

4415-3 25.03. 12:11 SL12 05°51.1 ' 44°58.7' 3584 711

4416-1 25.03. 15:21 SL12 05°40.5' 45°05.3' 3901 301 eore tube broken

4416-2 25.03. 17:45 MG + GTD 05°40.5' 45°05.3' 3903 34

4416-3 25.03. 20:51 SL8 05°40.5' 45°05.3' 3901 518

4417-1 26.03. PROFILUR 05°08.7' 46°33.6' - released

4417-2 26.03. 06:28 KWS 05°08.3' 46°34.6' 3512 - 15/15; 100,50,20,10

4417-3 26.03 07:41 KWS 05°08.4' 46°34.4' 3511 - 15/15;3000,2000,1500,1000,800,700,600, 500,400, 300,250,200,

150,75,3 m



Table 2 continued

GeoB Date Time Deviee Latitude Longitude Water Core Remarks
No. 1997 Depth Length

(UTC) (ON) (OW) (m) (em)

4417-4 26.03. 09:41 SL8 05°08.3' 46°34.5' 3511 649

4417-5 26.03. 11 :48 MC + CTD 05°08.3' 46°34.5' 3511 37 7/2; 20 m pinger, 50 m CTD

4417-6 26.03. 14:39 SL8 05°08.2' 46°34.5' 3510 647 geoehemistry

4417-7 26.03. 17.09 SL8 05°08.3' 46°34.5' 3510 549 geoehemistry

4417-8 26.03. - PROFILUR 05°08.7' 46°33.7' - reeovered

Guayana Continental Siope

4418-1 29.03. 23:08 SL8 09°15.7' 54°03.6' 2499 711

4418-2 30.03. 00:44 MC + CTD 09°15,7' 54°03.6' 2490 34 7/2; 20 m pinger, 50 m CTD, no CTD data

4418-3 30.03. 04:30 SL8 09°15.6' 54°03.5' 2495 700 geoehemistry .)0>.
-'-

4419-1 30.03. - PROFILUR 09°40.2' 54°15.5' - released

4419-2 30.03. 08:52 KWS 09°41.2' 54°15.7' 4486 - 15/15; 100,50,20,10 m

4419-3 30.03. 10:03 KWS 09°40.9' 54°15.5' 4487 - 15/15; 3000,2000,1500,1000,800,700,600,500,400,300,200, 150,75,

3m

4419-4 30.03. 12:07 SL8 09°40.9' 54°15.4' 4486 827 sediment in weight

4419-5 30.03. 14:41 MC + CTD 09°40.7' 54°15.5' 4515 34 8/4; 20 m pinger, 50 m CTD

4419-6 30.03. 18:46 SL12 09°40.4' 54°15.2' 4486 924

4419-7 30.03. - PROFILUR 09°37.5' 54°15.8' - reeovered

Mid-Atlantie Ridg~

4420-1 02.04. 08:33 MC + CTD 16°28.3' 46°27.8' 2763 14 4/2; 20 m pinger, 50 m CTD

4420-2 02.04. 10:56 SL8 16°28.4' 46°27.8' 2767 401

4420-3 02.04. 12:56 GKG 16°28.3' 46°27.8' 2767 40

4421-1 02.04. - PROFILUR 16°59.1' 46°00.9' - - released



Table 2 continued

GeoB Date Time Deviee Latitude Longitude Water Core Remarks

No. 1997 Depth Length

(UTC) CN) (OW) (m) (em)

4421-2 02.04. 20:13 MC + CTD 16°59.4' 46°00.6' 3176 20 7/2; 20 m pinger, 50 m CTD

4421-3 02.04. 22:52 SL8 16:59.3' 46°00.7' 3184 343

4421-4 02.04. 23:57 KWS 16°59.8' 46°00.6' 3146 - 15/15; 100,50,20,10 m

4421-5 03.04 01 :13 KWS 16°59.8' 46°00.6' 3146 - 15/15;3000,2000 1000,900,800,700,600,500,400,300,250,200,150,

75,3 m

4421-6 03.04. PROFILUR 16°59.6' 46°01.7' - reeovered

4422-1 03.04. 08:43 MC + CTD 1r27.3' 45°38.6' 3851 17 4/2; 20 m pinger, 50 m CTD

4422-2 03.04. 13:14 SL8 1r27.3' 45°38.6' 3867 427

4423-1 03.04. 19:37 MC + CTD 1r53.0' 45°14.2' 4172 16 0/4; 20 m pinger, 50 m CTD .p..

4423-2 03.04. SL8 1r53.0' 45°14.3' 4187 736
N

22:56

4423-3 04.04. 01:22 MC 1r53.1' 45°14.1' 4189 15 3/2; 20 m pinger

4424-1 04.04. 11 :14 SL12 18°12.0' 44°00.6' 4778 940

4424-2 04.04. 13:54 MC + CTD 18°11.7' 44°01.1' 4779 11 4/2; 20 m pinger, 50 m CTD

Equipment: CTD
ELiNOR
GKG
KWS
MC
PROFILUR
SL8
SL12

CTD Profiler
Lander ELiNOR
Box Corer (Großkastengreifer)
Multiple Water Sampier (Kranzwassersehöpfer)
Multieorer (10 tubes)
Lander PROFILUR
Gravity Corer (Sehwerelot), 8 m
Gravity Corer (Sehwerelot), 12 m



Table 3 Multicorer sampling.

Station Water Core Recovery Organic Dinoflagellates Foraminifers Magnetics Archive Pore Water Bottom Water

GeoB No. Depth Length large/small Geochemistry (frozen) Geochemistry C-Isotopes,

(m) (cm) tubes O-Isotopes

4401-3 3399 33 8/4 2/0 1/0 3/1 0/1 1/1 4/0 x
4402-3 4639 35 6/4 1/0 1/0 3/0 0/1 0/2 1/1 x
4403-1 4504 34 3/4 1/0 0/1 2/1 0/1 0/1 010 x
4404-2 4398 34 8/4 2/0 1/0 3/0 0/1 1/2 1/1 x

4405-2 4300 34 3/4 1/0 010 1/2 0/1 0/1 1/0 x

4406-2 3700 30 6/2 1/0 010 3/0 0/1 1/0 1/1 x

4407-2 3303 32 5/4 1/0 1/0 2/2 0/1 010 1/1 x

4408-3 3468 33 6/2 1/0 1/0 2/1 0/1 1/0 1/1 x

4409-2 3856 32 4/4 1/0 1/0 1/2 0/1 0/1 2/1 x

4410-2 4157 33 4/2 1/0 1/0 2/0 0/1 0/1 010 x .jO..

4411-1 3300 33 4/2 1/0 1/0 2/0 0/1 0/1 010 x w

4412-3 3767 30 6/3 1/0 1/0 2/0 0/1 0/1 2/1 x

4413-1 4295 32 8/4 2/0 1/0 2/1 0/1 3/2 0/0 x

4414-2 3245 32 7/4 2/0 1/0 2/1 0/1 2/2 010 x

4415-3 3584 33 8/4 2/0 1/0 2/2 1/0 2/2 010 x

4416-2 3902 34 8/2 2/0 010 2/0 0/1 3/0 1/1 x

4417-5 3510 37 7/2 2/0 1/0 2/0 0/1 1/0 1/1 x

4418-2 2490 34 7/2 2/0 1/0 3/0 0/1 1/0 0/1 x

4419-5 4515 34 8/4 2/0 1/1 2/0 0/1 1/1 2/1 x

4420-1 2763 14 4/2 1/0 1/0 1/1 0/1 010 1/1 x

4421-2 3176 20 7/2 1/0 1/0 2/1 0/1 1/0 2/1 x

4422-1 3851 17 4/2 1/0 1/0 2/0 0/1 0/1 0/0 x

4423-1 4172 16 0/4 010 0/1 010 010 0/3 010 x

4423-3 4189 15 3/2 1/0 1/0 1/1 0/1 010 010 x

4424-2 4779 11 4/2 1/0 1/0 2/0 0/1 0/1 0/0 x
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- 25 cm2 to study magnetic bacteria,

- 200 cm2 for organic geochemistry were frozen at -27°C,

- 1 syringe (10 ml) for c1ay mineral investigation,

- 1 sampie (5 ml) for Thorium / Beryllium analysis.

Thereafter the front panel of the box carer was opened, the sediment c1eaned, pho
tographed and described. In addition to 3 archive cores (12 cm diameter) two series of
10 ml syringes were taken at 3 cm depth intervals, one for foraminiferal and one for
organic geochemical analyses.

5.2 Gravity Cores

Same 210m of sediments were recovered with the gravity corer during Cruise M38/2.
Individual core lengths varied between 300 and 940 cm. All core liners have been
marked with a straight line befare use to retain a common azimuthai orientation of the
core segments for paleomagnetic purposes. After recovery, the core liners were cut into
1 m lang segments, sealed with caps at both ends and inscribed (Fig. 17).

210

210

GeoB 3608-2
Archive

GeoB 3608-2
Work

>
>

GeoB 3608-2
Archive

GeoB 3608-2
Work

Figure 17

site number: GeoB 3608-2
core depth: 210 - 310 cm
paleomagnetic orientation line -----'

Inscription scheme of gravity core segments.
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Table 4 Gravity core sampling.

Station Water Core Organie Foraminifers Paleomagnetles Smear
GeoB Depth Length Geoehemistry Sildes

(m) (em) (10ml) (10 ml) (7 ml)

4401-4 3397 695 139 139 136 18
4402-2 4638 823 165 165 162 15
4403-2 4505 850 170 170 164 18
4404-1 4402 712 142 142 144 20
4405-3 4300 629 126 126 125 18
4406-1 3719 659 132 132 129 14
4407-1 3303 831 166 166 166
4407-3 3306 761 152 152 149 19
4408-2 3466 660 132 132 128 10
4409-1 3847 531 106 106 100 8
4409-3 3855 631 126 126 125
4410-2 4156 747 149 149 134 11
4411-2 3395 687 137 137 135 9
4412-2 3766 785 157 157 156 13
4413-2 4295 770 154 154 148 17
4414-1 3236 737 147 147 146 14
4415-3 3584 713 143 143 142 13
4416-1 3901 313 63 63 4
4416-3 3901 519 104 104 102 4
4417-4 3511 648 130 130 130 9
4417-6 3510 647 129 129
4417-7 3510 549 110 110 100
4418-1 2499 712 142 142 138 12
4418-3 2495 700 140 140 135
4419-4 4486 827 165 165
4419-6 4486 925 185 185 180 10
4420-2 2767 499 100 100 96 4
4421-3 3184 343 69 69 68 5
4422-1 3867 427 85 85 81 4
4423-1 4187 736 147 147 127 12
4424-1 4779 944 189 189 94 9

Following shipboard whole-core geophysical measurements (Chapter 5.4), the seg
ments have been cut along-core into a work and an archive half. Immediately after core
opening, digital reflectance data were routinely recorded at 31 wavelengths in the visi
ble light range (400 - 700 nm) on the archive halves using a hand-held MINOLTA CM
2002 spectrophotometer. Prior to every measurement of a core segment at 2 cm inter
vals the instrument was re-adjusted to white color reflectance by attaching a calibration
cap. The sediment surfaces were carefully scraped to expose a fresh, clean plane and
covered with a thin transparent plastic film to avoid any contamination. The data files
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were transferred to a PC. Agraphie representation of the percent reflectance at 3
selected wavelengths (450 nm [blue], 550 nm [green], and 700 nm [red]) is shown in
Figures 18 to 41 for each core. Also on the archive halves the sediments were
described and smear slide sampies picked from representative horizons.

From the work half two parallel series of syringe sampies (10 ccm) were collected at
5 cm depth intervals. They will be used for shore based measurements of physical
properties and stable isotopes as weil as for analyses of foraminiferal assemblages,
mineralogy and organic geochemistry.

Work and an archive halves were then stored at +4 °c and also shipped to Bremen
at this temperature. Cores for pore water analysis (indicated as 'geochemistry' in the
station list [Table 2]) have been sampled as described in Chapter 5.5 and frozen after
wards.

5.3 Lithologie Core Summary

Figures 18 to 41 show preliminary lithologie summaries of the gravity core collection
recovered during Cruise M38/2. They include visual descriptions of the representative
Iithologies and of special or unique layers, their color according to the MUNSELL soil
color chart as weil as sedimentary structures. Lithological data are primarily based on
analyses of smear slides taken from distinctive horizons. Also displayed are color
reflectance records of 3 wave lengths (450, 550, 700 nm) and core logs of different
physical properties (see Chapter 5.4).

Ceara Rise and Adjacent Abyssal Plains (Coring Transects GeoB 4401-4 to 4407-3,
GeoB 4411-2 to 4413-2, and GeoB 4414-1 to 4416-3

The first two coring profiles GeoB 4401 to 4407 and GeoB 4411 to 4413 extend fram
the summit region over eastern flanks of the Ceara Rise in water depths between 3300
and 4600 m. At all sites the uppermost 40 to 60 cm of sediments predominantly consist
of brownish foram bearing nanno ooze characterized by high color reflectance. Thin
dark brownish iron oxide horizons were encountered at their base. The correlation to
core GeoB 1523-1 (METEOR Cruise M16/2; SCHULZ et al., 1991) suggests a Holo
cene age for this top layer. It covers terrigenous nanno and foram bearing c1ay
sequences presumably deposited during isotope stages 2 to 4 and containing numer
ous small silty to sandy horizons in the cores from deeper waters. Their thickness
increases from 2.5 m at 3400 m to about 6 at 4600 m water depth. The followingforam
bearing nanno ooze, probably representing isotope stage 5, is thus found at progres
sively deeper core levels at greater water depths.

In c1ear contrast, the sediments retrieved on coring profile GeoB 4414 to 4416 over
the western flanks of the Ceara Rise typically contain much higher amounts of terri
genous components. The concentration of terrigenous material notably increases below
a 40 to 60 cm thick top layer of clayey nanno-foram ooze. Interbedded are organic rich
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horizons with fragments of leafs and grass. A thick turbidite between 275 to 387 cm
depth in core GeoB 4416-3 exhibits a conspicuous minimum in color reflectance.

Amazon Fan (Cores GeoB 4408-2,4409-1,4410-2, and 4417-4)

In the Amazon Oeep Sea Fan 4 sediment cores were retrieved from water depths
between 3500 and 4150 m. Core GeoB 4417-4 was taken in the central middle fan at
the active channel - levee system, core GeoB 4410-2 in the eastern lower fan. Cores
GeoB 4408-2 (at the former site GeoB 1514; METEOR Cruise M16/2; SCHULZ et al.,
1991) and GeoB 4409-1 sampled the eastern middle fan. The uppermost 20 to 40 cm
cansist of hemipelagic, light yellowish brown clayey foram-nanno ooze showing highest
calor reflectance of the sediment series. At the base of this top section typically an iron
oxide horizon occurs which is weil known from previous investigations (cores
GeoB 1511 to 1514; METEOR Cruise M16/2; SCHULZ et al., 1991; KASTEN, 1996
and OOP Leg 155; FLOOO et al., 1995). Below, the sediments change to terrigenaus
olive to dark greenish nannofossil mud. A smell of H2S was noticed in cores
GeoB 4409-1 and 4410-2. Ikaite crystals were observed at 336 and 343 cm depth in
care GeoB 4409-1, numerous specks of iron sulfide as weil as organic rich spots
(Tiger-Look') throughout all cores. A sequence of three foram bearing layers was only
encountered in core GeoB 4410-2 between 590 to 650 cm depth. The color reflection
data indicate that core GeoB 4417-4 comprises no sediments older than the last glacial,
care GeoB 4408-2 reaches the top of isotope stage 3, core GeoB 4409-1 into isotope
stage 4, and core 8eoB 4410-2 the top of isotope stage 6. According to these prelimi
nary stratigraphic findings, sedimentation rates should be highest in the Amazon Fan
as compared to the other working areas of Cruise M38/2.

Guyana Continental Siope (Cores GeoB 4418-1 and 4419-6)

The upper layer in both cores consists of light yellowish brown c1ay and foram bearing
nannofossil ooze. Beneath, the color changes to olive gray and the silt content
increases. At the boundary an iron oxide crust was found in coreGeoB 4419-6. A fining
upward sequence on top of core GeoB 4418-1 indicates a turbidite. Between 116 and
242 cm core depth a second large turbidite shows graded bedding of foram sand at the
base to foram mud at the top. Same smaller turbidites also occur below 532 cm core
depth. In relation to core GeoB 4418-1 foraminfera are relatively rare in core
GeoB 4419-6. SmalI, cm sized turbidites are common throughout this core.

Mid-Atlantic Ridge (Coring Profile GeoB 4420-2 to 4424-1)
Care GeoB 4420-2 is almost entirely composed of nannofossil ooze with foraminifera
and c1ay. Minor constituents are spange spicules and quartz. Brown and yellow calors
dominate. Limited bioturbation is evident in most parts of core. As no G. menardii could
be found in the top layer, Holocene sediments may have been lost during the coring
process. Color reflectance pattern as weil as the occurrence of G. menardii indicate
isotope stage 5 at around 200 cm core depth.



48

Legend for stratigraphie eolumns

Lithology

one major component
calcareous

~~ foraminiferalooze

r~-t...j nannofossil ooze-t... -t...

sandy turbidite, (forams)

siliceous

1?Zj siliceous ooze

~~~ diatom ooze

terrigenous

t gclay

F:--o-I mud0-
-0-

Structures

c=) weakly bedded

bedded/laminated
mm
cm dimension of

bedding
dm

vvv scoured contact

S bioturbation «30% of sediment)

SS bioturbation (30-60% of sediment)

SSS bioturbation (>60% of sediment)

Dfining upwards

Vcoarsening upwards

-LLL graded bedding

ww wavy beddlng

mixtures

cafcareousr~-.-j nannofossil bearing
~±-'-J foram ooze

foram-nannofossil ooze
nannofossil-foram ooze

foram bearing
nannofossil ooze

siliceous

t-V--t...-t...l diatomaceous nannof. ooze"'-t...-'- diatom bearing nannof. ooze
'" -'-

terrigenous

~ :::-t...~ clayey nannofossil ooze
-l-~ clay bearing nanno aoze
-'-

~ foram bearing clayey
~ nannofossil ooze

Egj nannofossil c1ay

Fossils

b shells

t6 shell fragments

(9 megafossil

admixtures

calcareous
foram bearing

nannofossil bearing

sificeous
siliceous

diatom bearing

terrigenous
- clay bearing

mud bearing

o sand bearing

accessory mineral
bearing



GeoB 4401-4 Date: 09.03.97 Pos: 4°48.0' N 43°45.9' W
Water Depth: 3397 m Core Length: 695 cm
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Figure 18 Gravity care 4401-4 - care descriptian and physical property logs.



GeoB 4402-2 Date: 10.03.97 Pos: 6°39.3' N 43°43.5' W
Water Depth: 4637 m Core Length: 823 cm
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Figure 19 Gravity core 4402-2 - core description and physical property logs.



GeoB 4403-2 Date: 11,03,97 Pos: 6°13.4' N 43°44,0' W
Water Depth: 4505 m Core Length: 844 cm
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Figure 20 Gravity core 4403-2 - core description and physical property logs.



GeoB 4404-1 Date: 11.03.97 Pos: 6°03.6' N 43°44.3'W
Water Depth: 4402 m Core Length: 710 cm
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Figure 21 Gravity core 4404-1 - core description and physical property logs.



GeoB 4405-3 Date: 11.03.97 Pos: 5°54.5' N 43°44.5' W
Water Depth: 4300 m Core Length: 629 cm
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Figure 22 Gravity core 4405-3 - core description and physical property logs.



GeoB 4406-1 Date: 12.03.97 Pos: 5°05.6' N 43°45.3' W
Water Depth: 3719 m Care Length: 659 cm
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Figure 23 Gravity core 4406-1 - core description and physical property logs.



GeoB 4407-3 Date: 15.03.97 Pos: 3°49.3' N 41 °37.3' W
Water Depth: 3306 m Core Length: 753 cm

Lithology Structures Colou
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Figure 24 Gravity core 4407-3 - core description and physical property logs.



GeoB 4408-2 Date: 19.03.97 Pos: 3°40.0' N 46°07.7' W
Water Depth: 3466 m Core Length: 652 cm
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Figure 25 Gravity core 4408-2 - core description and physical property logs.



GeoB 4409-1 Date: 20.03.97 Pos: 3°39.9' N 45°14.4' W
Water Depth: 3847 m Core Length: 525 cm
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Figure 26 Gravity core 4409-1 - core description and physical property logs.



GeoB 4410-2 Date: 21.03.97 Pos: 3°40.5' N 44°19.6' W
Water Depth: 4156 m Core Length: 736 cm
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Figure 27 Gravity core 4410-2 - core description and physical property logs.



GeoB 4411-2 Date: 24.03.97 Pos: 5°26.0' N 44°29.7' W
Water Depth: 3295 m Core Length: 686 cm
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Figure 28 Gravity core 4411-2 - core description and physical property logs.



GeoB 4412-2 Date: 24.03.97 Pos: 5°43.4' N 44°21.6' W
Water Depth: 3766 m Core Length: 785 cm
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Figure 29 Gravity core 4412-2 - Core description and physical property logs.



GeoB 4413-2 Date: 24.03.97 Pos: 6°05.1' N 44°11.5' W
Water Depth: 4295 m Core Length: 754 cm
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Figure 30 Gravity core 4413-2 - core description and physical property logs.
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GeoB 4414-1 Date: 25.03.97 Pos: 68°05.1' N 44°11.5' W
Water Depth: 4295 m Care Length: 734 cm
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Figure 31 Gravity core 4414-1 - core description and physical property logs.



GeoB 4415-3 Date: 25.03.97 Pos: 5°51.1' N 44°58.7' W
Water Depth: 3584 m Core Length: 711 cm
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Figure 32 Gravity core 4415-3 - core description and physical property logs.



GeoB 4416-3 Date: 25.03.97 Pos: 5°40.5' N 45°05.3' W
Water Depth: 3901 m Core Length: 518 cm
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Figure 33 Gravity core 4416-3 - core description and physical property logs.



GeoB 4417-4 Date: 26.03.97 Pos: 5°08.3' N 46°34.5' W
Water Depth: 3511 m Core Length: 649 cm
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Figure 34 Gravity core 4417-4 - core description and physical property logs.



GeoB 4418-1 Date: 29.03.97 Pos: 9°15.7' N 54°03.6' W
Water Depth: 2499 m Core Length: 711 cm
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Figure 35 Gravity core 4418-1 - core description and physical property logs.



Geo B 4419-6 Date: 30.03.97 Pos: 90 40.4' N 54 0 15.2' W
Water Depth: 4486 m Core Length: 924 cm
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Figure 36 Gravity core 4419-6 - core description and physical property logs.
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Figure 37 Gravity core 4420-2 - core description and physical property logs.



GeoB 4421-3 Date: 02.04.97 Pes: 16°59.3' N 46°00.7' W
Water Depth: 3184 m Cere Length: 343 cm
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Figure 38 Gravity care 4421-3 - core description and physical property logs.
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GeoB 4423-2 Date: 03.04.97 Pos: 1r53.0' N 45°14.3' W
Water Depth: 4187 m Core Length: 736 cm
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Turbidites of a few centimeters to more than a meter in thickness dominate the
sedimentary columns of cores 8eoB 4421-3 to 4424-1. They are characterized by yel
lowish brown foram sand, graded bedding and scoured contacts at the base. The top
parts consist of very soft, homogenous foram bearing nanno ooze. Thickness and
number of turbidites increase from site 4421 in shallowest to site 4424 in the deepest
waters. The uppermost turbidite (200 - 339 cm) of core 8eoB 4424-1 contains some
rock fragments in. Abundant discoasters in cores 8eoB 4423-2 and 4424-1 indicate
sediments older than Pleistocene.

5.4 Physical Properties Studies

T. Frederichs, C. Hilgenfeldt, A. Schmidt

The complete sediment series recovered during METEOR Cruise M38/2 with the grav
ity corer were subject to laboratory geophysical studies. Shipboard measurements on
the segmented cores routinely comprised three basic physical parameters:

- compressional (p-) wave velocity vp'

- electric resistivity Rs (as a measure of density and porosity), and,
- magnetic volume susceptibility K.

These properties are closely related to lithology and grain size of the sediments and
provide high-resolution core logs (spacing 1 cm for p-wave velocity, 2 cm for electric
resistivity and magnetic volume susceptibility) available prior to all other detailed inves
tigations. In addition, oriented sampies for subsequent shore based rock and paleo
magnetic studies were taken at typically 5 cm intervals.

5.4.1 Physical Background and Experimental Techniques

The experimental set ups for the shipboard measurements were basically identical to
those of previous cruises. Their descriptions are therefore kept brief here. A more
detailed treatment of the experimental procedures are given in WEFER et al. (1991) for
Rs and SCHULZ et al. (1991) for vp'

P-Wave Velocity

The p-wave velocity vp is derived from digitally processed ultrasonic transmission
seismograms recorded perpendicular to the core axis with a fully automated logging
system. First arrivals are picked using a cross-correlation algorithm based on the 'zero
offset' signal of the piezoelectric wheel probes. Combined with the core diameter d, the
travel time of the first arrivals t yields a p-wave velocity profile with an accuracy of 1 to
2 m/s
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where dL is the thickness of the liner walls, tL the travel time through the liner walls and
to the 'zero-offset' travel time.

Following SCHULTHEISS & McPHAIL (1989), a temperature calibration of vp is
effected using the equation

V20 =vT + 3'(20 - T)

where v20 is the p-wave velocity at 20°C and T the temperature (in °C) of the core
segment when logged. Simultaneously, the maximum peak-to-peak amplitudes of the
transmission seismograms are evaluated to estimate attenuation variations along the
sediment core. P-wave profiles can be used for locating strong as weil as fine-scale
lithological changes, e.g., turbidite layers or gradual changes in the sand, silt or c1ay
content.

E/ectrica/ Resistivity, Porosity, and Density

The electrical sediment resistivity Rs was determined using a handhold sensor with a
miniaturized four-electrodes-in-Iine ('Wenner') configuration (electrode spacing: 4 mm).
A rectangular alternating current signal is fed to the sediment about 1 cm below the split
core surface by the two outer electrodes. Assuming a homogeneously conducting
medium, the potential difference at the inner two electrodes will be directly proportional
to the sediment resistivity Rs ' An integrated fast resistance thermometer simultaneously
provides data for a temperature correction.

According to the empirical ARCHIE's equation, the ratio of sediment resistivity Rs
and pore water resistivity Rw can be approximated by apower function of porosity ~

R IR =k·,h-ms w 't'

Following a recommendation by BOYCE (1968), suitable for sea water saturated
clay-rich sediments, values of 1.30 and 1.45 were used for the constants k and m,
respectively. The calculated porosity ~ is subsequently converted to wet bulk density
Pwet using the equation (BOYCE, 1976)

Pwet =~'Pf + (1 - ~)'Pm

with a pore water density Pf of 1030 kg/m3 and a matrix density Pm of 2670 kg/m3. For
the sake of an unbiased uniform treatment of all cores, these empirical coefficients
were not adapted to individual sediment Iithologies at this stage. Nevertheless, at least
relative density changes should be weil documented.

Magnetic Vo/ume Susceptibility

The magnetic volume susceptibility K is defined by the equations
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with the magnetic induction B, the absolute and relative permeabilities Ilo and IIp the
magnetizing fjeld H, the magnetic volume susceptibilitYK and the volume magnetization
M. As can be seen from the third term, K is adimensionless physical quantity. It records
the amount to which a material is magnetized by an external magnetic field.

For marine sediments the magnetic susceptibility may vary fram an absolute mini
mum value of araund -15,10-6 (diamagnetic minerals such as pure carbonate or sili
cate) to a maximum of some 10.000.10-6 for basaltic debris rich in (titano-) magnetite.
In most cases K is primarily determined by the concentration offerrimagnetic minerals,
while paramagnetic matrix components such as c1ays are of minor importance. High
magnetic susceptibilities indicate high concentrations of Iithogenic compounds / high
iron (bio-)mineraliztion or low carbonate / opal praductivity and vice versa. This relation
may serve for the mutual correlation of sedimentary sequences which were deposited
under similar global or regional conditions.

The measuring equipment consists of a commercial BARTINGTON M.S.2 susceptibility
meter with a 125 mm loop sensor and a non-magnetic core conveyor system. Due to
the sensor's size, its sensitivity extents over a core interval of about 8 cm. Conse
quently, sharp susceptibility changes in the sediment column will appear smoothed in
the K core log and, e.g., thin layers such as ashes cannot apprapriately be resolved by
whole-core susceptibility measurement.

5.4.2 Shipboard Results

Sampling Sites and Recovery

The gravity coring pragram of Cruise M38/2 concentrated primarily on the Ceara Rise
and adjacent abyssal plains covering the area of about 3 to 6°N and 41 to 45°W. Sedi
ments were retrieved fram the summit region (coresGeoB 4401-4,4406-1 and 4407-3)
and fram the eastern (cores GeoB 4402-2, 4403-2, 4404-1, 4405-3, 4411-2, 4412-2,
and 4413-2) and western flanks (cares GeoB 4414-1,4415-3,4416-1, and 4416-3).
Further coring activities included the Amazon Fan (cores GeoB 4408-2, 4409-1, 4410-2
and 4417-4), the continental slope off Guyana (cores GeoB 4418-1 and 4419-4 / -6)
and the mid-Atlantic Ridge near 1rN (cores GeoB 4420-2, 4421-3, 4422-2, 4423-2,
and 4424-1).

Cores GeoB 4401-4, 4406-1, 4405-3, 4404-1, 4403-2, and 4402-2 make up a bathy
metric transect fram 3397 down to 4637 m water depth over the north-eastern slope of
the Ceara Rise into the Para Abyssal Plairi including ODP Sites 928 and 929 (Leg 154).
This coring strategy particularly aimed at documenting the effects of calcite dissolution
and was repeated about 30 nm to the west starting at 3295 and ending at 4295 m a
water depth (cores GeoB 4411-2, 4412-2, and 4413-2). The series of cores
GeoB 4414-1,4415-3,4416-1, and 4416-3 are the counterparts on the south-western
flank (3236 to 3901 m water depth) towards the Ceara Abyssal Plain. With core
GeoB 4407-3 the former GeoB location 1523 of METEOR Cruise M16/2 (1991) was
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resampled on the south-eastern top of the Ceara Rise. Cores GeoB 4410-2, 4409-1,
and 4408-2 located along about 6 N connect the Ceara Abyssal Plain to the Amazon
Fan realm which was further sampled in 3511 m water depth (core GeoB 4417-4) at
location GeoB 1514 of the 1991 METEOR Cruise M16/2. CoresGeoB 4418-1,4419-4,
and 4419-6 were recovered on the continental slope off Guyana (about 9°N, 54°W) at
2499 and 4486 m water depth, respectively and are to supplement sediment materials
collected during the 1996 METEOR Cruise M34/4. In the last working area on the mid
Atlantic Ridge (about 16 to 1JON and 44 to 46°W) cores GeoB 4420-2, 4421-3, 4422-2,
4423-2, and 4424-1 were retrieved fram water depths between 2767 and 4778 m along
a transect running in NE direction, oblique to the ridge axis.

The recovery varied between 301 (core GeoB 4416-1) and 940 cm (core GeoB
4424-1). A total of 26 sediment cores with a cumulative length of 176 m was investi
gated (see upper part of Figure 42).

General Results

The general characteristics of the physical properties are compiled in the lower part of
Figure 42. Dots mark the mean values of compressional wave velocity, density and
magnetic susceptibility for the individual cores, vertical bars denote their standard
deviations. Each diagram is divided into six sections according to the six working areas,
separating data sets fram the western flank of the Ceara Rise (CR West), its summit
region (CR Top) and eastern flank (CR East), the Amazon Fan (AF), the Guyana Con
tinental Siope (GCS) and the mid-Atlantic Ridge (MAR).

The average p-wave velocities ranging from 1477 to 1526 m/s are relatively uniform
thraughout all sites, except for core GeoB 4416-3. The velocity data show no obvious
trends in relation to water depth nor specific regional distinctions.

Overall, average densities (1481 to 1669 kg/m3) parallel the results of p-wave veloc
ity measurements, their variabilities are slightly more pranounced, however. A rather
poorly developed trend of decreasing average densities with greater water depths in
the sediments fram the top region of the Ceara Rise (1619 to 1575 kg/m3), the Amazon
Fan (1650 to 1611 kg/m3) and the Guyana Continental Siope (1520 to 1481 kg/m3) is
much enhanced (1669 to 1492 kg/m3) at the mid-Atlantic Ridge. On both flanks of the
Ceara Rise average densities varying fram 1480 to 1526 kg/m3 exhibit no consistent
relationship to water depth.

Mean susceptibilities, ranging fram 98 to 367.10-6 SI for the entire core cOllection,
rise with increasing water depths in top region and on the eastern flank of the Ceara
Rise, while in the Amazon Fan just an opposite trend is observed. For the other working
areas no such unequivocal relationship between susceptibility and water depth could
be observed.
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Figure 42 Mean compressional wave velocities, densities and magnetic susceptibili
ties of cores GeoB 4401-4 through 4424-1 as compared to variations in
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Physical property logs for the individual cores are shown in Figures 18 to 41 to
gether with the visual ecke descriptions.

Special Features

Ceara Rise Summit Region (Cores GeoB 4401-4, 4406-1 and 4407-3)

Mean p-wave velocities between 1485 and 1489 m/s and mean densities of 1575 to
1619 kg/m3 were encountered. Magnetic susceptibilities range from 139 to 166.10-6 SI.
Site to site correlations of the physical property core logs are quite obvious and can be
extended to the western and eastern flanks. The locations provide excellent c1imatically
controlled susceptibility records indicating sedimentation rates between 3 and 5 cm/kyr.

Ceara Rise Eastern Flank (Cares GeoB 4402-2, 4403-2, 4404-1, 4405-1, 4411-2,
4412-2 and 4413-2)

Sediments from water depths above 4000 m (cores GeoB 4411-2 and 4412-2) show
the same c1imatically induced susceptibility patterns as those from the top of the Ceara
Rise. Their mean p-wave velocities range from 1484 to 1489 m/s, densities from 1569
to 1593 kg/m3 and magnetic susceptibilities from 170 to 176.10-6 SI. Below 4000 m
water depth (cores GeoB 4402-2, 4403-2, 4404-1, 4405-1, and 4413-2), the number of
interlayered turbidites increases considerably. For some of them a straightforward cor
relation over several sites seems plausible. While mean p-wave velocities (1480 to
1492 m/s) and densities (1547 to 1595 kg/m3) are not affected,turbidites typically pro
duce maxima in the magnetic susceptibility logs and mean values increase to between
203 and 267.10-6 SI. A possible explanation for this phenomenon could be adiagenetic
formation of magnetite ar alternatively a relatively enhanced deposition of ore compo
nents in proximal turbiditic deposits. The age model developed for the Ceara Rise
summit region can entirely be transferred to the eastern flank sediments by correlating
characteristic variations in the magnetic susceptibility logs. Due to the progressively
mare abundant turbidites, the apparent sedimentation rate rises from around 4 cm/kyr
(Site GeoB 4405) to about 7 cm/kyr (Site GeoB 4402) with increasing water depth.

Ceara Rise Western Flank (Cares GeoB 4414-1,4415-3,4416-1 and 4416-3)

In sediments from shallow water depth on the western flank of theCeara Rise (cores
GeoB 4414-1 and 4415-3) the average p-wave velocity amounts to around 1483 m/s.
Wet bulk densities range from 1566 to 1585 kg/m3 , magnetic susceptibilities from 167
and 186.10-6 SI and their variations can easily be matched in both core logs. The most
prominent feature in cores GeoB 4416-1 and 4416-3 is an about 1 m thick turbidite
below 270 cm core depth. Close to its base all three physical properties reach their
maximum values, p-wave velocity rises to 1750 m/s, density to 1900 kg/m3 and mag
netic susceptibility to almost 1400.10-6 SI which is seven times higher than the mean
for the remaining core. Unlike this positive correlation between p-wave velocity and
magnetic susceptibility within the turbidite, there are also horizons with an inverse rela
tionship between the two parameters (e.g., at 620 cm in core GeoB 4415-3). In cores
GeoB 4414-1 and 4415-3 from shallower water depth significantly thinner turbidites
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were encountered. Their down-core variations of magnetic susceptibility are thus pre
dominantly c1imatically induced. Sedimentation rates of about 4 to 5 cm/kyr slightly
increase with greater water depth.

Amazon Fan (Cores GeoB 4408-2, 4409-1, 4410-2 and 4417-4)

In their deeper parts the sediment cores fram the Amazon Fan contained variable
amounts of methane. Acoustic measurements were often not possible in these sections
because of insufficient signal amplitudes as degassing of methane and formation of gas
bubbles due to pressure release strongly attenuate sound transmission. Where acous
tic measurements could be performed mean p-wave velocities range between 1477
and 1489 m/s. Wet bulk densities vary from to 1611 to 1650 m/kg3 , magnetic suscep
tibilities fram 98 to 357.10-6 SI. Cores from water depths of 3400 to 3500 m (GeoB
4408-2, 4417-4) exhibit significantly higher susceptibilities as compared to those fram
deeper waters. This depletion in magnetic constituents with greater water depth should
reflect the reduced deposition of terrigenaus material with increasing distance to the
continental shelf. Care to core correlations based on magnetic susceptibility variations
confirm this trend as they indicate distinctly higher sedimentation rates in cores fram
shallow water depth. The approximately linear down-core increase of density observed
in all four cores suggests a quite strang compaction of the sediments resulting fram
exceptionally high overall deposition rates.

Guyana Continental Siope (Cores GeoB 4418-1, 4419-4 and 4419-6)

Sediments fram the outer margin of the Guyana Plateau yield mean p-wave velocities
of 1483 to 1487 m/s, densities of 1481 to 1520 kg/m3 and magnetic susceptibilities of
116 to 174.10-6 SI. At shallow water depth (core GeoB 4418-1, 2499 m) only a few thin
turbidites occur and density variations are fairly cyclic. In deeper water (core
GeoB 4419-4, 4419-6, and 4486 m) the deposits are characterized by numerous tur
bidites, particularly in the lower sections of the cores resulting in increased densities
and p-wave velocities. Similar as in the cores fram the deeper Ceara Rise realm, the
turbidites display again elevated susceptibilities. The cyclic density variations are re
placed by down-core compaction, especially in the lowest part of the cores, where the
turbiditic layers dominate.

Mid-Atlantic Ridge (Cores GeoB 4420-2, 4431-3, 4422-2, 4423-2 and 4424-1)

For the mid-Atlantic Ridge sediment series no obvious core to core correlations could
be established based on physical praperties. Mean p-wave velocities (1496 to
1505 m/s) and magnetic susceptibilities (109 to 145.10-6 SI) show only moderate varia
tions and no dependence on water depth. In contrast to sediments from the Ceara
Rise, p-wave velocities and magnetic susceptibilities are inversely correlated. In the
cores fram deeper waters the cyclic pattern in magnetic susceptibility as in core GeoB
4420-2 (2767 m) is interrupted by layers of about constant low as weil as high suscep
tibilities. In general, mean wet bulk densities decrease with greater water depth fram
1669 (core GeoB 4420-2) to 1492 kg/m3 (care GeoB 4424-1 ).
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5.5 Pore Water Chemistry

K. Enneking, C. Hensen, S. Hinrichs, S. Kasten

Main objectives of the geochemical investigations during Cruise M38/2 included

a study of early diagenetic mineralization processes of organic matter in marille
sedimentary deposits by quantifying diffusive pore water fluxes. The pore water con
centration profiles of nutrients in near surface sediments supplement the existing
data base for the western equatorial Atlantic Ocean and are used to calculate and
model the diffusive fluxes across the sediment/water interface on a regional scale.
Subsequent detailed analyses will be performed at the University of Bremen in the
scope of the German JGOFS program.

- a resampling of station GeoB 1523 (METEOR Cruise M16/2, 1991) on the Ceara
Rise to determine relevant pore water constituents and thereby complementing
already available high-resolution solid phase data sets for this site. The pore water
measurements together with additional analyses of fresh sediment material should
give conclusive evidence for the origin and mode of formation of characteristic solid
phase element enrichments discovered at glacial/interglacial transitions in these
deposits.

- the recovery of gravity cores from the Amazon Fan - including a resampling of the
former station GeoB 1514 - to examine deeper, anoxic layers for methane and to
probe the sediment solid phase under argon atmosphere. These data and sampies
are lacking for the gravity cores taken in the Amazon Fan during Meteor Cruise
M16/2 in 1991. They are intended to prove that sulphate reduction taking place in a
narrow sub-bottom depth interval between 5 and 6 m is essentially driven by an
aerobic methane oxidation. Furthermore, analyses of the deep-sea fan sediments
aim at evaluating the potential of c1imatically induced non-steady-state depositional
conditions to modify the solid phase record. The Amazon Fan experienced such a
distinct change in sedimentary environment during the Pleistocene/Holocene transi
tion. Detailed solid phase examinations including acid digestions as weil as min-"
eralogical and physical studies will be performed at the University of Bremen.

5.5.1 Methods

In order to prevent a warming of the sediments, all cores were transferred to a cooling
room immediately after recovery and maintained at a temperature of 2 - 4°C.

The multicorer cores were processed directly after they had been retrieved. From
the bottom water sampies were taken for pH and Eh measurements and for nutrient
analysis. The remaining bottom water was carefully removed by means of a siphon to
avoid any disturbance of the sediment surface. During subsequent cutting of the core
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into slices for pressure filtration, pH and Eh have been determined at 0.5 cm intervals.
Density and porosity of the sediments were obtained from electrical conductivity and
temperature measurements (see Chapter 5.4) performed on a second core of the same
cast.

The gravity cores have been cut into 1 m segments on deck. At locations, where
methane was expected to be present, syringe sampies were immediately taken from
every cut segment surface. Higher resolution sampling for methane analysis was car
ried out in the cooling laboratory. Via openings in the core liners syringe sampies of
5 ml sediment were taken every 10 - 20 cm and injected into 50 ml septum vials con
taining 20 ml of sea water. After c10sing and shaking, methane becomes enriched in the
head space of the viaI. Parallel to the sampling for methane analysis, H2S was deter
mined by means of a needle electrode and a reference electrode.

Within a few days after their recovery the gravity cores have been cut lengthwise
into two halves. On the working halves pH and Eh were determined and sediment
sampies taken every 20 cm for pressure filtration. At same intervals conductivity and
temperature were measured on the archive halves as weil as solid phase sampies
taken afterwards kept in gas-tight glass bottles under argon atmosphere. The storage
temperature for all sediments was -20°C to avoid dissimilatory oxidation.

All work on opened cores was done in a glove box under argon atmosphere. For
pressure filtration Teflon- and PE-squeezers were operated with argon at apressure
gradually increased to 5 bar. The pore water was retrieved through 0.2 IJm cellulose
acetate or polyamide membrane filters. Depending on porosity and compressibility of
the sediments, the amount of pore water recovered varied between 5 and 20 ml.

The following parameters have been determined on board:

- Eh, pH, electrical conductivity and temperature were measured by means of elec
trodes before the sediment structure was disturbed by any sampling.

- For nitrate and phosphate standard photometrical methods were employed using an
autoanalyser.

- Ammonium was obtained from conductivity measurements after extruding NH3 with
sodium hydroxide into HCI.

- Alkalinity was calculated from a volumetric titration of 1.5 ml subsampies with 0.01
or 0.05 M HCI, respectively.

- For photometrical iron analyses 1 ml subsampies were taken within the glove box
and immediately complexed with 50 IJI of Ferrospectral.

- SOi-and cr were determined by ion chromatography of pore water diluted 1:20
with deionized water.

- Fluoride was measured with an ion sensitive electrode.
- For H2S a similar potentiometrical technique was utilized. The ion sensitive needle

electrode and reference electrode were calibrated by adding Na2S to oxygen free
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'S0rensen' buffer solutions with different pH. This method is suitable for H2S con
eentrations below 1001Jmol/1.

- To quantify methane 25 IJI of the gas aeeumulated in the headspaee of a vial as
deseribed above were analyzed in agas ehromatograph. Preliminary methane eon
tents ealeulated here from the eoneentrations measured assume a uniform porosity
of 0.6 in all gravity eores.

The remaining pore water was acidified with HN03 (suprapure) to a pH of 2 for storing
and subsequent determination of eations by ICP-AES and AAS. All pore water sampies
are preserved at 4 °C until further analyses in shore based laboratories.

5.5.2 Shipboard Results

During Cruise M38/2 sediments from a total of 15 stations were examined geoehemi
eally, ineluding 4 gravity eores and 15 multieorers.

At all these stations nitrate and phosphate pore water profiles (Figs. 43 and 44) indi
eate low mineralization rates of organie matter in the top sediments refleeting the over
all oligotrophie eonditions in surfaee waters of the working areas. Following a slight
inerease to depth, nitrate eoneentrations remain on an about eonstant level in the
multieorer cores. The onset of denitrifieation is only observed in multieorer eores at sta
tions GeoB 4409,4417,4418, and 4419 (Figs. 43a, b). Pore water eoneentration pro
files depieted in Figure 44 show a limited flux of phosphate into the bottom water. At
several loeations, the topmost phosphate eoneentrations would even suggest a flux of
phosphate into the sediment. This, however, is attributed to result from the sampling
proeedure.

The pore water eoncentration profiles determined for gravity eore GeoB 4407-1
(Fig. 45) - whieh resampled the previous GeoB loeation 1523 - reveal similar geo
ehemieal eonditions as eares GeoB 1505 and 1508 also reeovered during METEOR
Cruise M16/2 in 1991. Denitrifieation is eonfined to the upper 1.5 m of the sediment
eolumn. The phosphate profile indieates both a diffusive flux into the bottom water and
a solid phase fixation between 4 and 4.5 m eore depth. At this level alkalinity shows a
distinct decrease. It seems Iikely therefore that the consumption of both eonstituents is
linked to the precipitation of earbonates. Iron is present in pore water below about
2.7 m indieating the reduction of iron (hydr)oxides. The level ofreoxidation of reduced
iron is identified between 2.7 and 3 m.

The two eores GeoB 4409-3 and 4417-7 (former GeoB loeation 1514) reeovered
from the Amazon Fan show the typieal stratigraphy of this sedimentary setting. The
topmost layers eonsist of pelagie foraminiferal ooze. These ealeareous deposits are
separated from the underlying late glaeial terrigenous c1ays and silts by a diagenetie
rust-eolored, iron-rieh erust whieh should approximately mark the Pleistoeene/Holocene
boundary. The lower seetions of the eores are eharaeterized by abundant authigenie
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Figure 43a Pore water concentration profiles of nitrate (j.Jmol/l) in the multicorers.
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Figure 43b Pore water concentration profiles of nitrate (IJmol/l) in the multicorers.

iron sulfide minerals. Pore water constituents analyzed on board reveal similar geo
chemical features in both cores (Figs. 46 and 47). Sulphate decreases Iinearly from the
bottom water down to core depths of 5.7 m (core GeoB 4409-3) and 3.9 m (core
GeoB 4417-7), respectively. These zones of sulphate reduction coincide with the inter
val in which methane diffusing upwards from greater sediment depth is consumed
(Fig. 48). The distinct methane/sulphate relationship c1early documents that deep sul
phate reduction in the Amazon Fan sediments is not driven by the degradation of
organic matter but by an anaerobic oxidation of upward diffusing methane. The pore
water profiles of ammonium, which display no significant gradient change within this
reaction zone, further substantiate this interpretation. Preliminary evaluations of the
diffusive fluxes of methane and sulphate into the reaction zone indicate a complete
reduction of sulphate by methane at both sites. A comparison of the pore water profiles
of the two cores with those from stations off Namibia, where anaerobic methane oxida
tion takes place at significant rates, shows striking differences in the phosphate con-
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Figure 44 Pore water concentration profiles of phosphate (IJmol/l) in the multicorers.
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GeoB 4407-1
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Figure 45 Pore water concentration profiles in gravity core GeoB 4407-1.
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GeoB 4409-3
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Figure 46 Pore water concentration profiles in gravity core GeoB 4409-3.
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GeoB 4417-7
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Figure 47 Pore water concentration profiles in gravity core GeoB 4417-7.
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Figure 48 Comparison of pore water concentration profiles of sulphate, H2S and
methane in gravity cores GeoB 4409-3 and GeoB 4417-7.

centration profiles. While off Namibia phosphate and ammonium concentrations follow
a similar trend, discrete phosphate peaks occur within the methane/sulphate transition
zone of the Amazon Fan sediments. This finding is ascribed to the higher amount of
reactive iron in the latter deposits. Where dissolved sulphate is completely reduced and
iron removed as sulfides, the phosphate concentrations decrease rapidly, suggesting
that available reduced iron precipitates as iron phosphate. Millimeter-sized nodules of
vivianite found below the methane/sulphate transition zone in ODP cores recovered
from the Amazon Fan during Leg 155 further support this interpretation.

In core GeoB 4409-3 the methane concentration decreases from about 5 mmol/I at
the bottom of the core to zero within the methane/sulphate transition zone at around
5.7 m core depth. Core GeoB 4417-7 reaches deeper beneath the methane/sulphate
transition zone and methane concentrations in the lower part of the core scatter around
5 mmol/I which is dose to the saturation concentration of methane at 1 atm. A methane
concentration of almost 10 mmol/I in the sampie taken from the core catcher immedi
ately after retrieval of this core suggests that large amounts of methane have already
degassed prior to the routine sampling in the cooling room. Particularly sensitive needle
electrode measurements revealed a distinct zone of free H2S which could not be
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Figure 49 Pore water concentration profiles in gravity core GeoB 4418-3.
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documented so far. Maximum H2S concentrations amounting to 60 IJmol/1 in core
GeoB 4409-3 and 25 IJmol/1 in core GeoB 4417-7 were found in the methane/ sulphate
transition zones (Fig. 48). The higher concentrations of H2S found in coreGeoB 4409-3
may be due to a depositional regime of less reactive iron than at site GeoB 4417 closer
to the Amazon River mouth, where an influx of high amounts of detrital iron
(hydr)oxides appears more Iikely. The presence of reduced iron leads to an efficient
removal of any H2S from pore water by precipitation of iron sulfides.

Below the methane/sulphate transition zone the sediment structures are unusually
disturbed. In these depth intervals the chloride pore water concentrations decrease
slightly (Figs. 46 and 47). A possible explanation for both phenomena could be a melt
ing of methane hydrates previously present in situ.

Core GeoB 4418-3 (Fig. 49) recovered from the upper slope of the Guyana Plateau
consists of a foraminiferal sequence on top of several meters of silts and clays with
r\umerous interlayered turbidites. The transition at about 35 cm core depth is charac
terized by a distinct color change and Eh reduction from around 400 to a constant level
of approximately 100 mV. At this depth denitrification is more or less completed. Below
the color change, iron is present in pore water at a uniform concentration of 2 IJmol/1.
The pore water profiles of alkalinity and ammonium increase slightly down-core indi
cating low biomineralization activity in deeper sediment layers. The sulphate concen
tration profile displays an about linear decrease in the upper 1.5 meters to around
26 mmol/l. This might reflect a near surface sulphate reduction driven by the degrada
tion of organic matter which is usually not observed in deep-sea deposits.
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6 Plankton Sampling

H. Buschhoff, B. Donner, A. Meyer, B. Meyer-Schack, S. Mulitza, A. Vink

6.1 Dinoflagellate Investigations

Dinoflagellates are unicellular, biflagellated green algae, forming a major constituent of
the marine phytoplankton. With the exception of the calcareous walled vegetative coc
coid Thoracosphaera heimii most dinoflagellates undergo two important stages in their
Iife cycle, one as a motile cellulosic vegetative thecate stage and the other as a resting
cyst stage in which the cysts are usually organic walled but mayaiso, in a few cases,
be calcareous ('calcispheres'). Studies of the calcareous dinoflagellate cysts and their
corresponding thecae, including the vegetative coccoid Th. heimii, are of special inter
est at the University of Bremen; focusing primarily on the complex and interacting rela
tionships between recent species associations in the South Atlantic and environmental
parameters such as temperature, salinity, light, nutrient supply, effects of hydrodynamic
current systems, etc. Understanding of these interactions is extremely important for the
interpretation of fossil dinoflagellate cyst assemblages in the sedimentary record which
can be greatly applicable as a proxy in paleoceanography and paleoenvironmental
modeling. In order to improve our knowledge on the geographie and vertical distribution
of individual species and to attempt culturing them for future experimentation, phyto
plankton sampies were collected during the cruise from variable depths of the water
column, ranging from surface waters down to 100 m depth (dinoflagellates show a vari
able depth distribution but are generally found within tens of meters below the water
surface as most are photosynthetic).

Surface water sampies were acquired from a depth of about 2.5 m three times a day
using the ship's membrane pump (7 - 11; 12 - 16 and 17 - 20 board time; see Table 5).
The water was continuously passed over a 100 I-Im filter to remove thezooplankton as
much as possible and then filtered over a 10 I-Im gauze, thereby acquiring the 10
100 I-Im organic matter fraction in a 1 I collecting vessel. Filtered down to 150 ml using
a 5 I-Im polycarbonate filter and a vacuum pump system, the sampies were subse
quently scanned for Iiving vegetative thecate dinoflagellates, calcareous dinoflagellate
cysts and the vegetative coccoid Th. heimii. Individual specimens have been isolated
and placed in mixtures of sterile polyterene Cell Wells™ containing different types of
culture media (f/2 35 %0, K 35 %0) and 0.2 I-Im filtered sea water (ratio about 1:1). In this
way, attempts were made at culturing calcareous cyst producing dinoflagellates under
on board conditions using the local day/night cycle at temperatures between 20 and
25°C. Germination experiments and further routine culturing of these dinoflagellates
aimed at investigating various aspects of ecology, productivity, Iife cycles, biominerali
zation processes and systematics will be carried out at the University of Bremen. After
analysis, the water sampies were stored, together with their filters, in 250 ml Nalgene
polycarbonate flasks and fixated with 3 - 4 % formaldehyde. For transportation, the
sampies were kept in the dark at 4°C.
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Table 5 Surface water sampies taken for dinoflagellate analyses.

Date Start / End Latitude (ON) Longitude (OW) Water Depth Salinity Water
Sampie of Filtration at Start / End at Start / End of Temperature

No. (UTe) of Filtration Filtration (m) (%0) (0C)

07.03.a 10:11 01°48.7' 42°16.5' 4345 35.69 27.3
13:46 01 °59.0' 42°28.7'

07.03.b 15:09 02°04.8' 42°32.1 ' 4322 35.69 27.4
19:10 02°22.8' 42°40.2'

07.03.c 20:08 02°27.3' 42°42.3' 4309 35.70 27.4
23:05 02°40.1 ' 42°47.9'

08.03.a 08:00 03°16.7' 43°04.3' 4296 35.62 27.2
11 :46 03°32.8' 43°11.7'

08.03.b 15:08 03°48.2' 43°18.6' 3778 35.69 27.3
19:31 04°07.8' 43°27.4'

08.03.c 19:55 04°09.7' 43°28.1 ' 3064 35.70 27.3
22:30 04°21.2' 43°33.4'

09.03.c 20:20 05°08.8' 43°45.3' 3754 35.82 27.0
23:02 05°24.6' 43°45.0'

10.03.a 08:12 06°09.0' 43°44.2' 4466 35.94 26.8
11 :44 06°25.2' 43°43.8'

11.03.a 09:30 06°03.5' 43°44.4' 4399 35.94 26.8
13:00 06°03.6' 43°44.1 '

12.03.a 09:08 04°45.2' 43°46.1 ' -3400 35.65 27.1
13:05 04°45.2' 43°46.1 '

13.03.a 09:01 05°03.9' 43°23.8' 3942 35.73 27.0
13:04 05°15.0' 43°08.6'

13.03.b 14:00 05°17.7' 43°04.8' 4340 35.56 27.0
18:02 05°23.8' 42°56.3'

13.03.c 19:00 05°20.9' 43°00.3' 4470 35.62 27.0
22:00 05°13.5' 43°10.4'

14.03.a 09:11 05°31.3' 42°45.9' 4682 35.82 26.9
13:03 05°42.3' 42°30.7'

14.03.b 13:59 05°44.9' 42°26.9' 4692 36.00 26.9
17:55 05°37.6' 42°18.5'

14.03.c 19:00 05°32.4' 42°18.2' 4326 35.76 27.0
21 :41 05°19.1' 42°16.9'

15.03.a 09:07 04°25.6' 42°02.9' 4013 35.68 27.3
11 :33 04°15.5' 41°55.8'

15.03.b 13:56 04°05.5' 41°48.7' 3514 35.98 27.4
17:57 03°48.9' 41°37.0'

16.03.a 09:08 03°48.1 ' 41°53.5' 3393 35.77 27.3
12:58 03°46.4' 42°12.9'

16.03.b 14:11 03°46.0' 42°19.4' 3604 35.59 27.3
18:00 03°44.4' 42°39.9'

16.03.c 19:02 03°43.9' 42°45.4' 3965 35.59 27.3
22:37 03°42.3' 43°03.5'

17.03.a 09:55 03°40.4' 43°59.1 ' 4221 35.70 27.3
12:02 03°40.3' 44°09.7'

17.03.b 14:02 03°40.4' 44°20.0' 4154 35.74 27.3
17:51 03°40.4' 44°40.1'

18.03.a 09:01 04°37.6' 44°44.9' 4067 35.73 27.1
12:53 03°57.6' 45°01.6'

18.03.b 13:58 03°45.7' 45°06.6' 3919 35.85 27.2
17:49 03°40.0' 45°23.8'
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Table 5 continued

Date Start / End Latitude (ON) Longitude (OW) Water Depth Salinity Water
Sampie of Filtration at Start / End at Start / End of Temperature

No. (UTC) of Filtration Filtration (m) (%0) (0C)

18.03.c 19:00 03°40.0' 45°29.2' 3794 35.88 27.2
21 :49 03°39.9' 45°43.5'

19.03.a 09:09 03°40.0' 46°38.4' 3000 35.89 27.0
12:51 03°40.0' 46°56.8'

19.03.b 14:01 03°39.2' 4r02.0' 2416 35.96 27.1
18:04 03°37.1 ' 46°26.1 '

20.03.c 19:15 03°37.1' 45°04.4' 3927 35.75 27.2
21 :56 03°37.3' 44°39.2'

21.03.a 09:05 04°00.9' 44°25.0' 4129 35.60 27.1
13:01 03°39.7' 44°35.9'

21.03.b 14:03 04°50.1' 44°38.8' 4104 35.59 27.0
17:55 05°12.7' 44°35.8'

21.03.c 19:02 05°18.0' 44°33.4' 35.70 27.0
21 :55 05°31.8' 44°26.8'

22.03.a 09:13 06°24.3' 44°02.7' 4633 36.01 26.9
12:54 06°30.0' 44°11.9'

22.03.b 13:57 06°30.0' 44°17.1 ' 4591 35.77 26.8
17:58 06°28.3' 44°36.1'

22.03.c 19:00 06°24.0' 44°38.7' 4394 35.78 26.9
21 :55 06°11.3' 44°46.4'

23.03.b 13:58 05°00.3' 45°29.9' 3933 35.74 27.0
18:04 05°11.3' 45°04.0'

23.03.c 18:59 05°14.4' 44°56.8' 4053 35.62 26.9
21 :57 05°25.0' 44°32.2'

26.03.c 18:22 05°08.6' 46°34.2' 3512 35.94 27.1
22:09 04°38.1' 46°56.4'

27.03.a 09:05 04°48.6' 4r42.3' 2862 36.06 27.1
12:53 05°04.9' 4r33.7'

27.03.b 13:57 05°09.7' 47°31.2' 3246 36.11 27.2
17:59 05°24.7' 4r32.1'

27.03.c 18:55 05°26.6' 4r35.9' 3492 36.14 27.4
22:02 05°33.2' 4r48.9'

28.03.a 09:15 06°56.9' 47°54.1' 4107 35.50 26.4
12:59 Or01.5' 48°14.0'

28.03.b 13:57 Or06.2' 48°23.9' 4159 35.44 26.4
17:55 Or26.3' 49°05.9'

28.03.c 18:57 Or31.5' 49°16.8' 4274 35.79 26.3
21 :56 Or46.5' 49°47.9'

29.03.a 09:23 08°42.3' 51 °49.5' 4661 35.20 26.3
13:04 08°52.4' 52°29.9'

29.03.b 14:05 08°55.4' 52°41.9' 4607 35.56 26.5
18:19 09°07.4' 53°29.8'

29.03.c 19:48 09°11.6' 53°46.8' 4293 35.72 26.8
21 :55 09°17.7' 54°06.3'

31.03.a 09:10 11 °03.7' 52°37.3' 4920 36.12 25.8
12:58 11°31.1' 52°06.1 '

31.03.b 13:59 11 °38.4' 51°57.8' 4966 36.13 25.8
17:58 12°07.2' 51 °24.8'

31.03.c 19:19 12°17.1' 51°13.5' 5027 36.08 25.8
21 :57 12°35.9' 50°51.8'
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Table 5 continued

Date Start / End Latitude ("N) Longitude (OW) Water Depth Salinity Water
Sampie of Filtration at Start / End at Start / End of Temperature

No. (UTC) of Filtration Filtration (m) (%0) (0C)

01.04.a 09:14 13°57.2' 49°18.4' 36.25 25.2
12:56 14°22.2' 48°49.6'

01.04.b 15:48 14°43.6' 48°24.7' 3390 36.15 25.5
17:59 15°00.0' 48°05.8'

01.04.c 19:00 15°07.6' 4r56.9' 3880 36.34 25.1
21 :56 15°29.6' 4r31.5'

04.04.c 19:20 18°21.6' 43°29.1 ' 4523 36.93 24.3
21 :57 18°31.6' 42°59.9'

05.04.a 09:12 19°14.2' 40°54.5' 4716 37.08 23.6
13:28 19°30.1 ' 40°06.0'

05.04.b 13:57 19°32.0' 40°02.4' 37.03 23.7
17:58 19°47.3' 39°17.0'

05.04.c 18:49 19°50.5' 39°07.3' 5140 37.26 24.2
21 :48 20°01.6' 38°34.8'

06.04.a 08:11 20°40.4' 36°39.7' 5749 36.93 23.4
11 :50 20°53.6' 36°00.5'

06.04.b 12:56 20°57.6' 35°48.7' 4851 37.22 22.9
16:58 21 °13.0' 35°02.9'

06.04.c 18:03 21 °17.2' 34°50.3' 5772 37.19 23.2
20:59 21 °28.3' 34°17.2'

07.04.a 08:09 22°10.2' 32°11.5' 5051 37.31 22.6
11 :59 22°23.5' 31°30.9'

07.04.b 13:01 22°27.1' 31 °20.3' 4815 37.24 22.6
17:07 22°43.0' 30°32.5'

07.04.c 18:18 22°47.4' 30°19.1' 5280 37.37 22.3
21 :05 22°58.2' 29°46.5'

08.04.a 07:17 23°36.5' 2r50.7' 5570 37.29 22.1
10:57 23°50.2' 2r08.7'

08.04.b 12:01 23°54.2' 26°56.6' 5448 37.34 21.7
15:59 24°09.0' 26°12.0'

08.04.c 17:29 24°14.4' 25°55.4' 5322 21.8
20:03 24°23.7' 25°27.0'

09.04.a 07:12 25°06.2' 23°17.0' 4976 37.10 21.3
10:15 25°17.8' 22°41.0'

09.04.b 12:06 25°24.1 ' 22°21.9' 4851 37.11 20.9
16:01 25°35.2' 21°48.1'

09.04.c 17:01 25°37.7' 21 °40.4' 4666 37.09 20.9
19:56 25°46.2' 21°14.0'

10.04.a 07:11 26°20.0' 19°29.8' 4212 36.95 20.4
11 :02 26°31.6' 18°54.3'

10.04.b 12:05 26°34.5' 18°44.5' 3663 36.95 20.6
15:59 26°46.5' 18°07.8'
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Table 6 Water sampies taken für dinoflagellate analyses fram 10 I Niskin boUles.

Station Datei Water Depth Volume of Latitude Longitude Salinity Water
No. Time Water Temperature

(UTC) (m) Filtered (I) (ON) (OW) (%0) CC)

4401-1
10 m 09.03. 3402 38.8 04°48.0' 43°45.9' 35.8 27.1
20 m 06:30 40.0 35.8 27.1
50 m 25.1 35.8 27.0
100 m 24.8 36.0 26.6

4401-2
75 m 09.03. 3402 9.4 04°48.0' 43°45.9' 35.9 27.0
150 m 06:55 9.2 35.6 15.0

4402-1
10 m 10.03. 4638 37.6 06°39.3' 43°43.5' 35.9 26.9
20 m 15:21 38.5 35.9 26.9
50 m 38.1 35.9 26.9
100 m 30.5 36.2 26.8

4405-1
10 m 11.03. 4297 39.4 05°54.5' 43°44.4' 35.8 27.0
20 m 18:03 39.0 35.9 26.9
50 m 37.0 35.9 26.8
100 m 29.5 36.0 26.8

4407-4
10 m 16.03. 3314 39.3 03°49.4' 41 °36.8' 36.0 27.6
20 m 02:05 39.3 36.0 27.6
50 m 39.4 35.9 27.5
100 m 29.3 36.0 26.0

4408-1
10 m 19.03. 3471 39.5 03°39.9' 46°07.8' 35.9 27.2
20 m 20:49 38.7 35.9 27.2
50 m 39.4 35.8 27.0
100 m 28.8 36.4 22.7

4410-1
10 m 21.03. 4157 38.8 03°40.6' 44°19.5' 35.6 27.3
20 m 00:34 39.0 35.7 27.3
50 m 39.8 35.7 27.4
100 m 29.0 36.0 27.1

4412-1
10 m 24.03. 3765 38.9 05°43.4' 44°21.6' 35.7 27.0
20 m 06:39 39.1 35.7 27.0
50 m 40.3 35.8 27.0
100 m 30.0 36.4 23.5

4415-1
10 m 25.03. 3585 39.3 05°51.2' 44°58.6' 36.0 27.0
20 m 07:55 39.5 36.0 27.0
50 m 39.5 35.8 27.0
100 m 30.1 36.2 26.8
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Tab/e 6 eontinued

Station Datei Water Depth Volume of Latitude Longitude Salinity Water
No. Time Water Temperature

(UTC) (m) Filtered (I) (ON) (OW) (%0) CC)

4417-2
10 m 26.03. 3513 38.2 05°08.3' 46°34.6' 36.0 27.0
20 m 06:25 37.7 36.0 27.0
50 m 35.2 36.2 27.2
100m 27.6 36.3 26.3

4419-2
10 m 30.03. 4486 39.5 09°41.2' 54°15.8' 36.1 26.9
20 m 08:49 39.4 36.1 26.9
50 m 39.8 36.1 26.9
100 m 29.2 36.8 26.2

4421-4
10 m 02.04. 3192 36.7 16°59.8' 46°00.7' 36.8 24.8
20 m 23:52 37.3 36.8 24.5
50 m 37.7 36.9 24.4
100 m 27.7 37.2 23.6

4421-5 03.04.
150 m 00:16 3192 8.1 16°59.8' 46°00.7' 36.9 20.5

In addition to acquiring surface water samp/es, approximately 40 I of sea water was
collected at 10, 20, 50, 100 m (occasionally at 75 and 150 m) water depth using a
rosette. Samp/es were taken at 11 stations (positions and depths are listed in Table 6).
In general, four 10 I Niskin boUles were filled at eaeh depth. The obtained sea water
was passed over a 100 IJm mesh sieve and fi/tered with 5 IJm polycarbonate filters
using a vaeuum pump system. The sampies were redueed to a vo/ume of 150 ml and
subsequently treated in a similar manner as the surfaee sampies aequired from the
membrane pump. All stored samp/es will be further analyzed at the University of Bre
men, main/y through Seanning E/ectron Microscopy (SEM), in order to provide more
information on the eomposition, regional geographie distribution, vertieal distribution
and possib/y the diurnal variations in the vertical distribution ofdinof/agellate communi
ties in the upper 100 m of the western equatorial South Atlantic Oeean in the Amazon
Fan and Ceara Rise area.

MotHe vegetative theeate dinoflagellate stages and ea/eareous resting eysts have
been observed in every sampie taken. Thecae and eysts were generally very abundant
in surfaee water samp/es, but were found in signifieantly lower quantities in the 10
100 m samp/es. The predominant ealeareous dinoflagellates, generally present in all
working areas and at all samp/ed depths, were 'Sphaerodinella' albatrosiana,
'Sphaerodinella' tuberosa and the vegetative coeeoid Th. heimii. The cyst Orthopitho
nella granifera was found seleetively in very /ow coneentrations, showing higher abun
dance in the surface waters between about 8 to 100 N and 51.5 to 54.5°W, where water
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temperature «26.8 °C) and salinity «35.5 %0) is slightly lower than in the Amazon Fan
area, and the influence of the North Equatorial Current is more intense. Rhabdothorax
sp. was only observed in two surface water sampies in the mid-Atlantic Ridge region.
Organic walled dinoflagellate cysts were only very rarely detected. No obvious differ
ences were noticed in cyst composition and quantity between sampies taken at differ
ent times of the day. Approximately 260 specimens of calcareous dinoflagellate cysts
have been isolated for cultivation on board and, in due time, for experimentation at the
University of Bremen. The cells containing these cysts were scanned at regular inter
vals, in order to register when excystment and reproduction had occurred. Those
specimens which produced a sufficient number of new cysts and motile stages were
transferred to smalI, sterile bottles for transportation to Bremen.

6.2 Sampling for Chlorophyll-a Analyses

For the determination of chlorophyll-a concentrations in surface waters, 0.5 I of sea
water was collected three times a day from the ships clean sea water pump system
(inlet at 3.5 m water depth). Sampling locations are Iisted in Table 7. The water was
filtered through glass fiber filters and frozen at -20°C. Chlorophyll-a measurements by
means of photometry will be carried out at the University of Bremen.

6.3 Sampling for Diatom Analyses

To investigate the diatom assemblages in tropical surface waters marine plankton
material was sampled during the entire cruise (Table 8). The shipboard sea water pump
was used to filter between 0.35 and 2.5 m3 of water through a 20 f-Jm mesh net each
day. The plankton was washed into plastic jugs and stored at 4°C.

6.4 Planktic Foraminifera Investigations

To obtain information about the stable isotope compositions of Iiving planktic foraminif
era and their relation to the regional hydrography, plankton sampies were collected
daily from 3.5 m water depth using the ship's emergency pump system. A plankton net
(70 f-Jm mesh size) was tied on the main deck with thefirehose discharging directly into
the net for several hours (Table 9). Planktic foraminifera larger than 150 f-Jm were
picked immediately from wet sampies, measured with a reticule, washed with freshwa
ter and ethanol and finally dried and stored in Fema cells for shore based stable iso
tope analyses. Additionally, a 50 ml water sampie was taken at the end of each coring
transect. Figure 50 shows the latitudinal distribution of identified species. The diversity
was generally low around the equator, where only G/obigerinoides sacculifer, G. ruber,
G/oborotalia menardii and Neogloboquadrina dutertrei have been observed. This group
was abundant in most all of the sampies. Between 4 and 6°N, the foraminiferal assem-



99

Table 7 Sampling for chlorophyll-a analyses.

No. Date Time Latitude Longitude Water Depth Temperature
(ON) (OW) (m) (0C)

155 07.03. 19:12 2°23.4' 42°40.3' 4308 27.4
156 07.03. 19:12 2°23.4' 42°40.3' 4308 27.4
157 08.03. 10:56 3°29.3' 43°09.0' 4286 27.2
158 08.03. 10:56 3°29.3' 43°09.0' 4286 27.2
159 08.03. 15:01 3°47.7' 43°18.3' 3770 27.3
160 08.03. 15:01 3°47.7' 43°18.3' 3770 27.3
161 08.03. 20:23 4°11.8' 43°29.1 ' 3034 27.3
162 08.03. 20:23 4°11.8' 43°29.1 ' 3034 27.3
163 09.03. 10:05 4°47.9' 43°45.8' 3398 27.1
164 09.03. 10:05 4°47.9' 43°45.8' 3398 27.1
165 09.03. 21 :28 5°14.6' 43°45.2' 3819 27.0
166 09.03. 21 :28 5°14.6' 43°45.2' 3819 27.0
167 10.03. 10:53 6°21.4' 43°43.9' 4534 26.8
168 10.03. 10:53 6°21.4' 43°43.9' 4534 26.8
169 10.03. 15:39 6°39.4' 43°43.6' 4639 26.9
170 10.03. 15:39 6°39.4' 43°43.6' 4639 26.9
171 11.03. 15:33 6°03.4' 43°44.3' 4395 26.9
172 11.03. 15:33 6°03.4' 43°44.3' 4395 26.9
173 12.03. 10:18 4°45.3' 43°46.1' 27.0
174 12.03. 10:18 4°45.3' 43°46.1 ' 27.0
175 12.03. 15:56 5°05.5' 43°45.3' 3718 27.1
176 12.03. 15:56 5°05.5' 43°45.3' 3718 27.1
177 13.03. 10:15 5°07.0' 43°19.4' 4041 27.0
178 13.03. 10:15 5°07.0' 43°19.4' 4041 27.0
179 13.03. 15:24 5°20.8' 43°00.5' 4460 27.0
180 13.03. 15:24 5°20.8' 43°00.5' 4460 27.0
181 14.03. 10:33 5°35.1 ' 42°40.6' 4688 26.9
182 14.03. 10:33 5°35.1 ' 42°40.6' 4688 26.9
183 14.03. 16:16 5°45.9' 42°19.7' 4689 26.9
184 14.03. 16:16 5°45.9' 42°19.7' 4689 26.9
185 15.03. 10:15 4°21.9' 41 °39.6' 3790 27.3
186 15.03. 10:15 4°21.9' 41°39.6' 3790 27.3
187 15.03. 15:14 4°00.4' 41°45.0' 3479 27.5
188 15.03. 15:14 4°00.4' 41°45.0' 3479 27.5
189 15.03. 19:08 3°49.2' 41°37.5' 3302 27.5
190 15.03. 19:08 3°49.2' 41 °37.5' 3302 27.5
191 16.03. 10:26 3°47.7' 41°59.9' 3355 27.2
192 16.03. 10:26 3°47.7' 41°59.9' 3355 27.2
193 16.03. 16:07 3°45.2' 42°29.8' 3895 27.3
194 16.03. 16:07 3°45.2' 42°29.8' 3895 27.3
195 17.03. 08:30 3°40.6' 44°01.8' 4215 27.3
196 17.03. 08:30 3°40.6' 44°01.8' 4215 27.3
197 17.03. 14:45 3°40.4' 44°34.6' 3910 27.4
198 17.03. 14:45 3°40.4' 44°34.6' 3910 27.4
199 17.03. 19:09 3°40.5' 44°46.6' 3848 27.3
200 17.03. 19:09 3°40.5' 44°46.6' 3848 27.3
201 18.03. 10:40 4°22.6' 44°51.0' 4017 27.2
202 18.03. 10:40 4°22.6' 44°51.0' 4017 27.2
203 18.03. 15:14 3°39.9' 45°11.7' 3888 27.2
204 18.03. 15:14 3°39.9' 45°11.7' 3888 27.2
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Table 7 continued

No. Date Time Latitude Longitude Water Depth Temperature
(ON) rW) (m) (0C)

205 18.03. 20:37 3°40.0' 45°37.5' 3740 27.2
206 18.03. 20:37 3°40.0' 45°37.5' 3740 27.2
207 19.03. 10:57 3°39.9' 46°47.2' 2873 27.0
208 19.03. 10:57 3°39.9' 46°47.2' 2873 27.0
209 19.03. 19:16 3°36.9' 46°16.5' 3323 27.1
210 19.03. 19:16 3°36.9' 46°16.5' 3323 27.1
211 20.03. 10:08 3°39.9' 45°14.4' 3844 27.2
212 20.03. 10:08 3°39.9' 45°14.4' 3844 27.2
213 21.03. 10:15 4°10.4' 44°27.7' 4114 27.1
214 21.03. 10:15 4°10.4' 44°27.7' 4114 27.1
215 21.03. 14:17 4°52.5' 44°39.5' 4103 27.0
216 21.03. 14:17 4°52.5' 44°39.5' 4103 27.0
217 21.03. 19:01 5°17.9' 44°33.5' 2841 27.0
218 21.03. 19:01 5°17.9' 44°33.5' 2841 27.0
219 22.03. 10:22 6°29.3' 44°00.3' 4637 26.9
220 22.03. 10:22 6°29.3' 44°00.3' 4637 26.9
221 22.03. 16:56 6°29.9' 44°31.9' 4508 26.9
222 22.03. 16:56 6°29.9' 44°31.9' 4508 26.9
223 23.03. 11 :30 5°11.3' 45°23.1 ' 3969 26.9
224 23.03. 11 :30 5°11.3' 45°23.1 ' 3969 26.9
225 23.03. 15:41 5°02.2' 45°24.1 ' 3945 27.0
226 23.03. 15:41 5°02.2' 45°24.1' 3945 27.0
227 23.03. 21 :41 5°23.8' 44°34.6' 3240 26.9
228 23.03. 21 :41 5°23.8' 44°34.6' 3240 26.9
229 24.03. 11 :00 5°43.3' 44°21.6' 3766 26.9
230 24.03. 11 :00 5°43.3' 44°21.6' 3766 26.9
231 24.03. 16:10 6°05.2' 44°11.2' 4293 26.9
232 24.03. 16:10 6°05.2' 44°11.2' 4293 26.9
233 25.03. 08:00 5°51.2' 44°58.7' 3587 26.9
234 25.03. 08:00 5°51.2' 44°58.7' 3587 26.9
235 25.03. 17:24 5°40.5' 45°05.3' 3903 27.0
236 25.03. 17:24 5°40.5' 45°05.3' 3903 27.0
237 26.03. 10:19 5°08.3' 46°34.6' 3512 26.9
238 26.03. 10:19 5°08.3' 46°34.6' 3512 26.9
239 26.03. 22:22 4°36.3' 46°57.8' 3144 27.1
240 26.03. 22:22 4°36.3' 46°57.8' 3144 27.1
241 27.03. 10:17 4°53.5' 4r39.6' 3025 27.1
242 27.03. 10:17 4°53.5' 4r39.6' 3025 27.1
243 27.03. 16:36 5°21.6' 4r25.9' 3512 27.1
244 27.03. 16:36 5°21.6' 4r25.9' 3512 27.1
245 27.03. 22:20 5°33.9' 4r50.3' 3556 27.3
246 27.03. 22:20 5°33.9' 4r50.3' 3556 27.3
247 28.03. 10:50 6°57.7' 48°02.3' 4120 26.4
248 28.03. 10:50 6°57.7' 48°02.3' 4120 26.4
249 29.03. 12:48 8°51.9' 52°27.3' 4616 26.3
250 29.03. 12:48 8°51.9' 52°27.3' 4616 26.3
251 29.03. 16:17 9°01.7' 53°06.9' 4595 26.4
252 29.03. 16:17 9°01.7' 53°06.9' 4595 26.4
253 29.03. 22:26 9°15.6' 54°03.8' 2506 27.2
254 29.03. 22:26 9°15.6' 54°03.8' 2506 27.2
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Table 7 continued

No. Date Time Latitude Longitude Water Depth Temperature
(ON) (OW) (m) (0C)

255 30.03. 09:15 9°40.9' 54°15.4' 4488 26.8
256 30.03. 09:15 9°40.9' 54° 15.4' 4488 26.8
257 31.03. 10:20 11°11.9' 52°27.9' 4932 25.7
258 31.03. 10:20 11°11.9' 52°27.9' 4932 25.7
259 31.03. 15:13 11°47.4' 51 °47.4' 4977 25.7
260 31.03. 15:13 11°47.4' 51 °47.4' 4977 25.7
261 31.03. 23:33 12°47.3' 50°38.9' 4976 25.7
262 31.03. 23:33 12°47.3' 50°38.9' 4976 25.7
263 01.04. 10:33 14°06.9' 49°07.1 ' 4987 25.1
264 01.04. 10:33 14°06.9' 49°07.1 ' 4987 25.1
265 01.04. 16:30 14°48.8' 48°18.7' 3522 25.6
266 01.04. 16:30 14°48.8' 48°18.7' 3522 25.6
267 01.04. 21 :24 15°25.3' 4r36.3' 4633
268 01.04. 21 :24 15°25.3' 4r36.3' 4633
269 02.04. 10:27 16°28.3' 46°27.8" 2774 24.7
270 02.04. 10:27 16°28.3' 46°27.8' 2774 24.7
271 02.04. 22:16 16°59.9' 46°00.5' 3214 24.6
272 02.04. 22:16 16°59.9' 46°00.5' 3214 24.6
273 03.04. 10: 11 17"27.3' 45°38.6' 3864 24.5
274 03.04. 10: 11 17"27.3' 45°38.6' 3864 24.5
275 03.04. 19:00 17"53.0' 45°14.2' 4189 24.6
276 03.04. 19:00 17"53.0' 45°14.2' 4189 24.6
277 04.04. 08:30 18°12.1' 44°00.6' 4775 24.2
278 04.04. 08:30 18°12.1' 44°00.6' 4775 24.2
279 04.04. 21 :57 18°31.5' 42°59.8' 4874 24.3
280 04.04. 21 :57 18°31.5' 42°59.8' 4874 24.3
281 05.04. 10:29 19°19.0' 40°40.4' 5106 23.7
282 05.04. 10:29 19°19.0' 40°40.4' 5106 23.7
283 05.04. 16:12 19°40.6' 39°36.8' 23.8
284 05.04. 16:12 19°40.6' 39°36.8' 23.8
285 06.04. 09:00 20°47.0' 36°19.9' 5505 22.8
286 06.04. 09:00 20°47.0' 36°19.9' 5505 22.8
287 06.04. 14:41 21 °04.2' 35°28.9' 5595 23.5
288 06.04. 14:41 21 °04.2' 35°28.9' 5595 23.5
289 06.04. 21 :15 21 °29.4' 34°13.9' 5318 23.2
290 06.04. 21 :15 21°29.4' 34°13.9' 5318 23.2
291 07.04. 09:15 22°14.2' 31°59.4' 5053 22.5
292 07.04. 09:15 22°14.2' 31°59.4' 5053 22.5
293 07.04. 14:12 22°31.6' 31 °06.6' 5051 22.6
294 07.04. 14:12 22°31.6' 31 °06.6' 5051 22.6
295 07.04. 21 :47 23°00.9' 29°38.2' 5646 22.3
296 07.04. 21 :47 23°00.9' 29°38.2' 5646 22.3
297 08.04. 07:58 23°39.0' 2r43.0' 5545 22.2
298 08.04. 07:58 23°39.0' 2r43.0' 5545 22.2
299 08.04. 14:00 24°01.5' 26°34.9' 5404 22.2
300 08.04. 14:00 24°01.5' 26°34.9' 5404 22.2
301 09.04. 08:42 22°59.9' 22°59.9' 4935 21.1
302 09.04. 08:42 22°59.9' 22°59.9' 4935 21.1
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Table 8 Sampling for diatom analyses.

No Date Time* Latitude* Longitude* Water Water
Temperature* Clock*

(UTC) rN) (OW) (OC)

11 07.03. 11 :28 01 °51.9' 42°20.2' 27.3 674.66
19:04 02°22.3' 42°40.0' 27.4 675.37

12 08.03. 10:27 03°27.1' 43°09.0' 27.2 675.37
18:59 04°05.7' 43°26.4' 27.4 676.46

13 09.03. 10:10 04°47.9' 43°45.9' 27.1 676.46
20:43 05°10.3' 43°45.3' 27.0 677.46

14 10.03. 10:20 06°18.8' 43°44.0' 26.8 677.46
679.46

15 11.03. 09:46 06°03.5' 43°44.3' 26.8 679.46
18:04 05°54.5' 43°44.3' 26.9 680.83

16 12.03. 10:09 04°45.3' 43°46.1' 27.1 680.83
21 :45 04°59.0' 43°46.6' 27.2 681.83

17 13.03. 10:02 05°06.5' 43°20.2' 27.0 681.83
21 :40 05°14.4' 43°09.3' 27.1 682.60

18 14.03. 10:04 05°33.7' 43°42.5' 26.9 682.60
21 :39 05°19.3' 42°17.0' 27.1 683.33

19 15.03. 10:05 04°21.6' 41°59.9' 27.3 683.33
23:01 03°49.5' 41°37.3' 27.4 684.47

20 16.03. 11 :13 03°47.3' 42°03.8' 27.3 684.47
20:21 03°43.4' 42°52.0' 27.4 685.10

21 17.03. 13:09 03°40.4' 44°15.5' 27.3 685.70
22:01 03°43.4' 45°00.3' 27.2 686.91

22 18.03. 10:05 04°29.2' 44°48.4' 27.2 686.91
22:01 03°40.0' 45°37.6' 27.2 688.37

23 19.03. 12:37 03°40.0' 46°55.7' 27.1 688.37
20:12 03°36.9' 46°08.8' 27.1 689.38

24 20.03. 08:30 03°39.9' 45°14.4' 27.1 689.38
20:15 03°37.2' 44°55.1' 27.2 690.06

25 21.03. 08:00 04°09.8' 44°27.6' 27.1 690.06
21 :10 05°28.2' 44°28.7' 27.0 690.80

26 22/23. 09:54 06°27.3' 44°01.2' 26.9 690.80
03. 11 :57 05°09.7' 45°24.1 ' 26.9 691.15

27 23.03. 12:27 05°07.6' 45°25.4' 26.9 691.15
23:51 05°26.1 ' 44°29.7' 26.7 691.83

28 24.03. 09:00 05°43.3' 44°21.7' 26.9 691.83
692.83

29 25.03. 08:15 05°51.2' 44°58.6' 26.9 692.85
22:56 05°36.7' 45°15.8' 26.9 693.45

30 26.03. 10:27 05°08.3' 46°34.5' 26.9 693.45
22:32 04°34.5' 46°58.9' 27.0 693.91

31 27.03. 10:09 04°53.0' 47"39.9' 27.1 693.91
20:12 05°29.2' 47"41.1' 27.4 695.06

32 28.03. 10:41 06°57.6' 48°01.5' 26.4 695.06
20:31 07"39.2' 49°32.8' 696.57

33 29.03. 11 :26 08°48.0' 52°12.1' 26.3 696.57
23:34 09°15.7' 54°09.6' 27.1 697.23

34 31.03. 10:23 11 °12.3' 52°27.5' 25.7 697.23
698.24
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Table 8 continued

No Date Time* Latitude* Longitude* Water Water
Temperature* Clock*

(UTC) (ON) (OW) (0C)

35 01.04 10:43 14°08.1' 49°05.7' 25.1 698.24
22:33 15°34.2' 47°26.0' 25.0 699.06

36 02.04 10:17 16°28.3' 46°27.7' 24.7 699.06
23:25 16°59.3' 46°00.5' 24.6 699.74

37 03./04 10:24 1r27.3' 45°38.6' 24.5 699.94
.04. 00:48 1r53.0' 45°14.1' 24.5 700.44

38 04.04. 10:15 18°12.0' 44°00.5' 24.2 700.44
21 :27 1S029.7' 43°05.6' 24.2 701.02

39 05.04. 10:24 19°18.8' 40°41.2' 23.7 701.02
24:00 20°10.1 ' 38°09.7' 23.4 702.00

40 06.04. 10:00 20°47.1' 36°19.7' 22.8 702.00
21 :03 21°28.7' 34°16.2' 23.1 703.04

41 07.04. 09:19 22°14.0' 31 °59.8' 22.5 703.04
19:09 22°50.7' 30°09.1' 22.4 705.55

*) at start / end of pumping

Table 9 Sampling for planktic foraminifera analyses.

Sampie Date Local Latitude* Longitude* Water Salinity* Water
No. 1997 Time* Temperature* Sampie

(ON) CW) (OC) (%0)

FP 26 07.03. 08:55 01°50.7' 42°18.8' 27.3 35.72 x
12:13 02°00.8' 42°30.3' 27.5 35.69

FP 27 08.03. 08:35 03°27.6' 43°09.3' 27.2 35.69 x
14:13 03°52.9' 43°20.6' 27.5 35.69

FP 28 09.03. 08:20 04°47.9' 43°45.8' 27.1 35.76
14:50 04°45.5' 43°45.5' 27.2 35.74

FP 29 10.03. 09:35 06°24.6' 43°43.8' 26.8 35.95
14:30 06°39.3' 43°43.6' 26.9 35.74

FP 30 11.03. 13:20 06°03.4' 43°44.3' 26.9 35.95
18:00 05°54.5' 43°44.7' 26.9 35.92

FP 31 12.03. 09:40 04°45.1 ' 43°46.0' 27.1 35.67 x
15:20 05°05.6' 43°45.3' 26.9

FP 32 13.03. 09:00 05°09.1 ' 43°16.6' 27.0 35.69 x
17:00 05°20.8' 43°00.4' 27.0

FP 33 14.03. 08:45 05°35.7' 42°39.7' 26.9 35.90 x
16:00 05°47.3' 42°48.1'

FP 34 15.03. 08:20 04°20.4' 41 °59.1' 27.3 35.74 x
15:20 03°50.6' 41°38.2' 27.4 35.88

FP 35 16.03. 08:05 03°47.7' 41 °58.2' 27.2 35.69 x
14:00 03°45.1' 42°30.4' 27.3 35.57

FP 36 17.03. 08:15 03°40.5' 44°00.8' 27.3 35.71 x
14:00 03°40.4' 44°30.1' 27.4 35.77

FP 37 18.03. 08:35 04°23.5' 44°50.8' 27.3 35.74 x
13:40 03°40.0' 45°14.0' 27.3 35.87
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Table 9 continued

Sampie Date Local Latitude* Longitude* Water Salinity* Water
No. 1997 Time* Temperature* Sampie

(ON) (OW) (0C) (%0)

FP 38 19.03. 08:05 03°40.0' 46°43.0' 27.1 35.90 x
13:15 03°36.4' 46°50.7' 27.2 35.93

FP 39 20.03. 08:15 03°39.9' 45°14.4' 27.1 35.84 x
13:45 03°39.7' 45°14.4' 27.2 35.83

FP 40 21.03. 07:30 04°03.7' 44°25.8' 27.1 35.64 x
13:50 05°03.1 ' 44°49.3' 27.0 35.59

FP 41 22.03. 08:15 06°28.9' 44°00.4' 26.9 36.03 x
13:50 06°29.9' 44°26.2' 26.9 35.79

FP 42 23.03. 09:15 05°11.6' 44°22.9' 26.9 35.73 x
15:30 05°11.6' 45°03.2' 26.9 35.61

FP 43 24.03. 09:00 05°43.3' 44°21.7' 26.9 35.75 x
14:00 06°05.1 ' 44°11.5' 27.0 35.85

FP 44 25.03. 08:15 05°51.2' 44°58.6' 26.9 35.83 x
13:15 05°40.5' 45°05.3' 26.9 35.82

FP 45 26.03. 14:00 05°08.3' 46°34.5' 27.1 35.96
20:00 04°39.8' 45°55.2' 27.0

FP 46 27.03. 08:00 04°52.8' 4r39.9' 27.1 36.06 x
15:30 05°23.2' 4r29.0' 27.0 36.14

FP47 28.03. 09:20 06°57.9' 48°05.7' 26.4 35.48 x
15:00 Or16.6' 48°45.5' 26.8 35.59

FP 48 29.03. 08:30 08°45.6' 52°02.3' 26.4 35.14 x
15:30 09°05.2' 53°20.7' 26.6 35.32

FP 49 30.03. 08:45 09°40.9' 54°15.4' 26.8 35.89 x
14:30 09°40.7' 54°15.5' 27.0 35.89

FP 50 31.03. 08:00 11 °1 0.6' 52°29.4' 25.7 36.10 x
15:30 12°04.3' 51 °28.1' 25.9 36.09

FP 51 01.04. 08:00 14°07.7' 49°06.2' 25.1 36.28 x
16:00 15°02.2' 48°03.1 ' 25.3 36.20

FP 52 02.04. 09:15 16°28.3' 46°27.7' 24.7 36.48 x
16:30 16°59.9' 46°00.3' 24.8 36.72

FP 53 03.04. 08:30 1r27.3' 45°38.6' 24.5 36.90 x
18:30 1r53.0' 45°14.2' 24.6 36.82

FP 54 04.04. 08:30 18°12.1' 44°00.6' 24.2 36.80 x
20:00 18°32.4' 42°57.2' 24.2 36.90

FP 55 05.04. 08:00 19°18.0' 40°43.5' 23.7 36.99
20:00 20°02.6' 38°31.7' 23.7 37.01

FP 56 06.04. 08:15 20°44.6' 36°27.3' 22.8 37.33 x
20:00 21°28.3' 34°17.0'

FP 57 07.04. 09:00 22°17.1' 31 °50.7' 22.8 37.14 x
20:30 22°59.7' 29°41.9' 22.3 37.37

FP 58 08.04. 08:30 23°41.3' 2r36.1' 22.2 37.29 x
22.25 24°25.1' 25°22.6' 22.0 37.21

*) at start / end of pumping



105

H. pelagica

G. conglobatus

G. tumida

O. universa

G. siphonifera

C. nitida

G. glutinata

G. truncatulinoides

p. obliquiloculata

G. bulloides

G. ruberred

G. ruber white

N. dutertrei

G. menardii

G. sacculifer

o 4 8 12

Latitude (ON)

16 20

Figure 50 Latitudinal distribution of identified planktic foraminifera species.
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blage is characterized by a higher diversity (Globigerina bulloides, Globorotalia tumida,
Globigerinita. glutinata and Pulleniatina. obliquiloculata). North of 6°N diversity and
abundance decreased again.

G. sacculifer revealed a pronounced monthly cycle in abundance and size. Figure
51 shows maximum diameters measured along the longest axis together with mean
water temperatures and moon phases during Cruise M38/2. Smallest diameters and
lowest abundance were encountered with the new moon at the beginning of the cruise.
During increasing moon, maximum diameters of the G. sacculifer population reached
around 800 IJm. As the size, abundance was at a maximum around full moon. Tests in
the reproductive stage (emerging cytoplasm at the primary aperture) were observed
tram full moon until four days after this date. Five days after full moon, the abundance
of large adult specimens drastically decreased. A considerable proportion of empty
tests was observed in the respective sampies. Stable isotope analyses on the collected
planktic foraminifera assemblages will provide new insights about the role of the onto
genetic cycle for this important parameters.

6.5 Water Sampling

M. Giese, A. Meyer, S. Mu/itza, A. Vink

At 16 stations a rosette with 15 10 I Niskin bottles was deployed to collect sea water.
Depending on the regional hydragraphy, sampies were taken between 3 and 3000 m
water depth (see station list, Table2). Immediately after recovery the sea water was
siphoned into three 50 ml glass bottles for stable isotope analyses. To prevent any
biological activity, two water sampies for 813C measurements were poisoned with 1 ml
saturated HgCI solution. A 5 ml scintillation cup was provided to the geochemistry
graup for shipboard nutrient determinations. All sampies for shore based studies were
stored at 4°C. The remaining sea water was filled into plastic jugs and filtered tordino
f1agellate investigations (see Chapter 6.1).
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7 CTO Profiling

B. Donner

A self-contained SEABIRD SBE 19 CTD profiler equipped with a conductivity-tempera
ture-depth sensor, an oxygen probe and a CHELSEA fluorometer for chlorophyll-a
measurements was deployed at every station to determine the water column stratifi
cation. Prior to the cruise all sensors have been calibrated by the manufacturer. The
instrument was attached to the cable 50 m above the multicorer. Full parameter sets
were taken at 0.5 sec intervals both during downcast and upcast.

In the different working areas from the Amazon Fan, the Ceara Rise and adjacent
abyssal plains, to the Guyana continental margin and mid-Atlantic Ridge CTD profiles
comprised water depths between 3200 and 4900 m. Immediately after each deploy
ment the records were transferred to a PC, the downcast data averaged and displayed
in standard plots. All but one cast (station GeoB 4418) have been successful. Repeat
edly, the CHELSEA fluorometer did not register or went out of range at greater water
depths. As the chlorophyll-a concentrations are negligible below 200 to 300 m, this was
a very minor drawback.

Amazon Fan (Stations GeoB 4408 to 4410 and 4417)

As an example for the Amazon Fan CTD profiles Figure 52 shows the results at site
GeoB 4408. The salinities range only from 34.4 to 36.4 %0 reflection the freshwater
inflow from the Amazon River. The chlorophyll-a maximum extends from 100 to 150 m,
the oxygen minimum zone from 200 to 1300 m water depth. At the deepest reaching
site GeoB 4410 Antarctic Bottom water (AABW) is identified below 4100 m by lower
temperature (around 1 0c) and a lower oxygen contents than the overlying North Atlan
tic Deep Water (NADW).

Ceara Rise and Adjacent Abyssal Plains (Stations GeoB 4401 to 4407, GeoB 4411 to
4413 and GeoB 4414 to 4416

On the Ceara Rise as weil as on its eastern slopes to the Para Abyssal Plain the influ
ence of the Amazon River is still apparent in the salinity ranges which don't exceed
36.4 %0. The slope stations are characterized by a relatively high oxygen maximum at
300 to 400 m water depth. This maximum is not detected at sites on top of the rise. It
documents the better ventilated NADW masses coming from the northeast and reach
ing the eastern flanks but not the in the summit region of the Ceara Rise. Beneath
4500 m water depth AABW was identified under the NADW by decreasing temperature,
oxygen and salinity. Typical CTD profiles for sites on the rise (station GeoB 4406) and
flanks (station GeoB 4403) are shown in Figures 53 and 54, respectively.
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guyana Continental Margin (Stations GeoB 4418 and 4419).

Salinities reaching 37 %0 in the surface waters clearly show a different oceanographic
regime than at stations influenced by the Amazon discharge. Chlorophyll-a data
recorded to 700 m water depth at station GeoB 4419 (Fig. 55) suggest a failure of the
sensor.

Mid-Atlantic Ridge (Stations GeoB 4420 to 4424)

Figure 56 (site GeoB 4422) shows an example of the CTO profiles recorded at the mid
Atlantic Ridge near 1rN.The temperature and salinity decrease in the upper water
column is smoother than at the previous sites close to the South American continent.
Salinities of the surface and subsurface layers exceed 37 %0. The chlorophyll-a maxi
mum is found between 150 and 200 m water depth. A broad thermocline extending
from about 200 to 800 m indicates typical subtropical conditions. NAOW can definitely
be distinguished, while no trace of AABW was detected to 4800 m water depth at sta
tion GeoB 4424.
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8 Lander Deployments

O. Ho/by, S. Meyer, F. Wenzhöfer

As Iisted below, a free falling in situ chamber lander system (Elinor) and a free falling in
situ profiling lander system (Profilur) have been deployed during Cruise M38/2. Also
indicated are laboratory studies that include incubations of and oxygen profiles in sedi
ment cores recovered with the multicorer.

Table 10 Cruise M38/2 lander deployments and supplementary laboratory analyses.

Station Elinor Profi/ur Type Laboratory

GeoB 4401 X X N X
GeoB 4407 X
GeoB 4409 X S X
GeoB 4412 X VS X
GeoB 4417 X VS X
GeoB 4419 X S X
GeoB 4421 X VS X

N - normal, S - short, VS - very short deployment time (see text for details)

The pre-programmed free falling lander system Elinor is designed to in situ incubate
a sediment surface of 900 cm2 with preferably 10 to 15 cm overlying water. The water
inside the chamber is normally stirred with eight revolutions per minute to create a dif
fusive boundary layer of about 0.7 mm. Mineralization processes are studied by meas
uring the total flux of oxygen from the overlying water into the sediment and fluxes of
mineralization products between the sediment and the overlying water. Unfortunately,
lander Elinor has been lost during the first deployment. Possible scenarios could be
that glass spheres imploded or the lander has surfaced, but its satellite transmitter was
broken.

The pre-programmed free falling lander system Profilur is designed to acquire oxy
gen, pH and carbonate profiles in situ at the sea floor with a depth resolution of 25
to 200 IJm. The lander carries five electrodes to determine the diffusive flux of oxygen,
three pH electrodes and two carbonate electrodes penetrating the surface sediment to
about 10 cm depth. A 5 I water sampie is collected 50 cm above the sediment for cali
bration of the electrodes and chemical analyses of the bottom water. A camera system
documents the sampled sediment surface. During this cruise, the profiling lander was
for the first time equipped with a new optrode device allowing to measure oxygen
penetration down to 55 cm into the sediment with a depth resolution of 100 IJm.

The pH profiles enable to identify various biogeochemical processes in the sedi
ment. On basis of carbonate concentration, pH data and the saturation state obtained
fram the bottom water sampie, calcite dissolution can be calculated. The duration of the
deployments listed above (Table 10) reads as folIows: normal deployment - all
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parameters were measured over the full lengths of all profiles; short deployment - there
was insufficient time to measure carbonate and the profiles are Iimited in length; very
short deployment - there was just enough time to activate the optrode unit.

Both landers mayaiso be used for temperature, pressure, oxygen and pH (Profilur)
profiling through the water column as they descend orfand ascend (Profilur). Combining
their in situ results gives a good opportunity to study exchange rates in undisturbed
sediments and especially uptake processes of oxygen. The in situ analyses were sup
plemented by measurements on sediment cores recovered with the multicorer and
incubated under near in situ conditions. A comparison of the lander and laboratory data
provides basic information about the degree of disturbance caused by retrieving the
sediment from the sea floar.

8.1 Preliminary Results

A typical oxygen measurement performed by Profilur at station GeoB 4419 is shown in
Figure 57. The oxygen concentration profile recorded in the water column during
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Figure 57 Oxygen measurements at station GeoB 4419. A - Profilur standing on deck,
B - over-saturated surface water, C - oxygen minimum in about 400 to
1100 m water depth, 0 - Profilur has landed, E - oxygen profile in the sedi
ment, F - re-calibration of the electrodes, G - burn wire release, H - oxygen
measurements in the water column during ascent.
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Figure 58 Oxygen profile in the sediment at station GeoB 4419 measured by Profilur.

descent and ascent of the lander reveals a minimum zone from about 400 to 1100 m
water depth. The electrodes are sensitive to temperature changes, during this deploy
ment they were equilibrated for 3 oe. The data in the upper parts of the water column,
where the temperature is considerable higher, have to be re-calibrated therefore, their
general trend is correct, however. The in situ sediment oxygen profile at station
GeoB 4419 presented in Figure 58 indicates a diffusive boundary layer of about 1 mm
thickness and a diffusive oxygen flux into the sediment of around 0.8 mmol/m2 d. The
new optrode system for deeper oxygen penetration profiles was successfully tested in
situ.
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9 ESTOC Station

At noon of April 12, FS METEOR sailed from Las Palmas to the European Station for
Time-Series in the Ocean, Canary Islands (ESTOC). The joint Spanish and German
research program there comprises monthly sampling routines since 1994. Twenty sci
entists from institutions in Germany, the Canary Islands and Scotland (Table 11)
embarked on this 2 day's journey to cover the ESTOC experimental work for the month
of April 1997.

Table 11 Participants of the M38/2 ESTOC cruise.

Name

Adolph, Kerstin
Cianca, Andres
Escanez, Jose
Fraas, Gerd
Godoy, Juana
Gonzalez-Oavila, Melchor
Heinze, Katrin
Hernandez-Brito, Joaquin
Koy, Uwe
Kukolka, Florian
Lopez-Laatzen, Federico
Luzardo, Francisco
Neuer, Susanne
auo, Sabine
Ramos, Sergio
Santana-Casiano, J. Magdalena
Steffen, Soenke
Stewart, lain
Torres-Lopez, Silvia
Villagarcia, Marimar

Research Field

Particle Flux
Nutrients, 02, Chi
Nutrients
Trace Metals

°Tlncubation
COTSystem
Bio-Optics
Trace Metals
CTO
Trace Metals
CTO
Nutrients, 02, Chi
Particle Flux
Trace Metals
Nutrients, O2, Chi
COTSystem
OOC
Foraminifera
CTO
Nutrients, O2 , Chi

Institution

GeoB
ICCM
IEO
PhysB
ICCM
ULPGC
UO
ULPGC
IfMK
PhysB
IEO
ICCM
GeoB
ChemB
ICCM
ULPGC
UHH
UE
IEO
ICCM

ChemB
8eoB
ICCM
IEO
IfMK
PhysB
UE
UHH
ULPGC
UO

Fachbereich Biologie/Chemie, Universität Bremen
Fachbereich Geowissenschaften, Universität Bremen
Instituto Canario de Ciencias Marinas, Telde, Gran Canaria
Instituto Espanol de Oceanografia, Santa Cruz, Tenerife
Institut für Meereskunde, Kiel
Fachbereich Physik/Elektrotechnik, Universität Bremen
University of Edinburgh
Universität Hamburg
University of Las Palmas
Universität Oldenburg



Table 12 ESTOC station list.

Date Latitude (N) Depth Profile Time Instrument Depth Sampling Depth Remarks
Longitude (W) (m) Start (m) (m)

12.04. 28°34.7' /15°26.0' 3565 1 14:34 CTD FSI 200 200 trace metals ULPGC, alkalinity, pH

12.04. 29°09.9' /15°30.8' 3615 19:19 PIT deployment

12.04. 29°10.0' /15°30.0' 3613 2 21:00 CTD FSI 300 200,125,100,75,50,25,10 taxonomie pigments, POC

12.04. 29°10.1' /15°30.3' 3613 3 22:15 CTD FSI 25 25 dilution experiment
12.04. 29°10.0' /15°30.5' 3613 4 23:10 CTD FSI 50 50 dilution experiment
13.04. 29°10.6' /15°30.6' 3613 5 00:45 CTD FSI 3000 1500,1300,1200,1000 trace metals ULPGC, DOC, isotopes,

nutrients IEO, ICCM, alkalinity, pH, 02
13.04. 29°10.8' /15°30.4' 3614 6 03:59 CTD FSI 3050
13.04. 29°10.4' /15°30.4' 3614 7 06:11 GoFlo 3614 3585,3575,3550,3500, trace metals ULPGC, ChemB, nutrients,

3400, 3200 02, He/H3co
.,- Pumps 3535,3220,2600,1000,700.,-

13.04. 29°10.3' /15°31.3' 3614 8 11 :33 CTD FSI 614 200,150, 125, 100, 75, 65,50, trace metal ULPGC, DOC, isotopes, nano
40,30,25,10,0 nutrients IEO, nutrients, chi, alkalinity, pH,

02 ICCM,IEO
13.04. 29°10.3' /15°32.0' 3614 9 13:23 HN 100
13.04. 29°10.5' /15°32.5' 3614 10 14:14 CTD FSI 200 200,150,100,50,25,10 He/H3
13.04. 29°10.8' /15°32.7' 3616 11 15:12 GoFlo 2520 2500,2000,1800,800,300 trace metals ULPGC, ChemB, DOC,

isotopes, nutrients ICCM, alkalinity, pH, 02

ICCM, IEO, He/H3
13.04. 29°11.2' /15°32.9' 3616 12 19:48 CTD SIS 1020
13.04. 29°09.7' /15°32.7' 3616 21 :35 PIT recovery

CTD - CTD profiler, PIT - particle interceptor trap, HN - hand net;

nutrients - nitrate, nitrite, phosphate, ammonium, total nitrogen, total phosphate; nano nutrients - nanomolar concentrations of nutrients;
DOC - dissolved organic carbon; POC - particulate organic carbon
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In addition to measurements of water column parameters which are regularly moni
tored such as conductivity, temperature, oxygen, nutrients, chlorophyll, trace metals,
stable isotopes and dissolved inorganic carbon this cruise offered the opportunity for a
number of supplementary investigations. They included continuous underway profiling
of CO2 , collection of trace metals with GoFlos and particle pumps, water column sam
pling for dissolved organic carbon (DOC), nanomolar concentrations of nutrients, par
ticulate organic carbon (POC), foraminifera and taxonomie pigments. Moreover, a pro
ductivity experiment based on dilution and oxygen changes was performed, a free
floating trap array deployed and the new IEO CTD/Rosette system tested (Table 12).
Overall, the cruise has been very successful as it brought together many more scien
tists at one time to ESTOC than usually possible to carry out measurements that in the
future will be implemented in the standard ESTOC program.

Underway from Las Palmas to the ESTOC station temperature profiles were recor
ded with Expandable Bathythermographs (XBTs) at 28°20.0'N / 15°23.4'W, 28°40.0'N /
15°27.0'W, 28°50.0'N / 15°27.7'W, 29°00.0'N / 15°28.9'W and 29°10.0'N / 15°30.0'W.

9.1 Sampling and in situ Determination of Dissolved Aluminium

J. J. Hernandez-Brito and M. D. Ge/ado-Caballero

Aluminium distributions in central East Atlantic waters show a great variability and
marked latitudinal gradients from east to west (Gelado-Caballero et al., 1996). Various
major features of the area affect the aluminium biogeochemical characteristics such as
an elevated aeolian dust influx from the Sahara Desert, proximity (150 - 200 km) to
upwelling systems and mesoscale island effects in the course of the Canary Current.
The study of AI variations along these gradients and at a fixed station will provide a
better understanding of the physical and biogeochemical processes controlling the
mesoscale regional distribution of aluminium.

The main objectives of the cruise were

- to record spring profiles of dissolved aluminium at the ESTOC station (HernEmdez
Brito et al., 1996),

- to determine high-resolution profiles of dissolved aluminium in the surface (200 m)
and deeper layers (400 m) at the ESTOC station,

- an intercalibration of electrochemical and spectrophotometrical methods to measure
dissolved aluminium.

The water sampling was performed with silicone rubber coated Niskin boUles. The
containers were cleaned before deployment using standard procedures in trace metal
experiments, the sampies taken and manipulated wearing plastic gloves to avoid con
taminations. One part of the sampies was measured on board, the other stored in
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250 ml polyethylene bottles and immediately frozen until shore based analysis. Go-flo
bottles were used to sampie sea water for the intercalibration study.

On board, dissolved aluminium was determined with the High Performance Adsorp
tive Cathodic Stripping Voltametry method (HPACSV; Hernandez-Brito et al., 1994).
Sampies were prepared in teflon cups of a polaragraphic cell containing 10 ml of water,
21-11 10-6 M DASA and 0.01 M BES. The adsorption potential (-0.9 V) was applied to
the working electrade while stirring the solution for 40 sand let it settle for 5 s. The
scanning started at -0.9 V and terminated at -1.4 V running a staircase modulation with
a rate of 30 V/s and a pulse height of 5 mV. The DASA AI-peak appears at about 
1.25 V. A standard was added to quantify the absolute aluminium concentration. The
analyses were carried out on a clean bench (class-1QO) to avoid contaminations by
dust particles.

9.2 Collection of Planktic Foraminifera for DNA Analysis

I. Stewart

Planktic foraminifera were collected fram about 5 m depth by pumping sea water fram
METEORS' fire hose system thraugh a 70 micran mesh net. The plankton net was also
lowered to a depth of 100 m before being raised to the surface, a method found to be
more successful since the sampies remained relatively intact. Collection details are
summarized in Tables 13 and 14.

The foraminifera were identified and the majority of specimens individually crushed
in 30 j.!1 of lysis buffer to pratect the DNA fram enzymatic action. The remaining speci
mens have been placed in a small volume of sea water, all specimens then labelied
and frazen at -20°C. The foraminifera frazen in sea water were taken to the laboratory
for a full DNA extraction. One sampie pumped fram 5 m was preserved to examine the
foraminiferal tests under an electran micrascope.

The foraminifera fram the surface collection tended to be small and immature, while
specimens fram the depth collection typically were larger and more mature. This is not
surprising since in the later stages of a foraminifers' Iife cycle they sink fram near the
surface to the thermocline, where they reproduce. The species found were Globigeri
noides ruber (pink and white forms), Globigerinella siphonifera, Globigerinita glutinata,
Globorotalia truncatulinoides and Orbulina universa. Other species included a Globi
gerina bulloides / Globigerina falconensis morphotype as weil as some individuals
which could not be positively identified. The use of DNA analysis will allow a more
accurate species list to be compiled once the sequences can be compared to a DNA
database. An interesting finding was that the species Turborotalita humilis, most com
mon during Cruise M37/2, now appeared extremely scarce. This highlights theseason-
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ality of some species of planktic foraminifera. A total of 48 individual specimens were
taken for analysis.

Table 13 Planktic foraminifera pump collection data.

Date

12.04.

13.04.

Pump Position Pump

Time Time

Start Stop

14:55 28°32'N / 15°25'W 21.30

7:30 29°10'N / 15°30'W 19.30

Position

29°09'N / 15°30'W

29°10'N / 15°30'W

Table 14 Planktic foraminifera depth collection data.

Date

13.04.

Time of

Collection

14:00 - 14:15

Time

at 100 m

2 min

Position Depth

Range (m)

100 - 0

9.3 Carbonate System in the Canary Islands Area

M. Gonza/ez Davila, J. M. Santana Casiano

Underway from Gran Canaria to the ESTOC station and back to Gran Canaria, CO2
partial pressure (pC02) was continuously monitored with an infrared analyzer together
with total alkalinity and pH (25°C) using high-precision potentiometrie alkalinity and pH
systems.

Partial CO2, pH and alkalinity data are useful in assessing the regional extent of dif
ferent water masses. Based on the interdependence between various properties,
regulating processes and their relationships to oceanographic environments can be
identified. In the surface and intermediate waters total CO2 concentrations, normalized
to 35 %0 salinity were Iinearly related to water temperature. Due to photosynthesis high
est pH was found in the surface waters (upper 100 m) and oxidation of organic material
resulted in a decrease to further depth. The minimum at about 800 m coincided with a
maximum in pC02 . The pH increase as weil as higher normalized alkalinities in deep
waters were associated with the dissolution of CaC03. Normalized total CO2 in the
surface layer amounted to about 1.980 mmol/kg. In deeper waters2:C02 increased due
to the oxidation of organic material. Precipitation or formation of solid CaC03 in the
surface waters and dissolution of solid CaC03 in deep waters is a very important proc
ess in transferring CO2 to depth. The saturation levels in the Canary Islands area have
been found to be 3500 m for calcite and 2500 m for aragonite.

The salinity distribution and pH characteristics at ESTOC are clearly related. Salinity
profiles indicate the presence of North Atlantic Central Waters (NACW) from 100 to
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800 - 1000 m. The slight maximum at 1200 m is the signature of Mediterranean Over
flow Water (MOW). A diagram of pH25 in total proton scale (mol/kg sea water) versus
salinity shows the influence of MOW in higher pH and also the NACW and North East
ern Atlantic Deep Water (NEADW) water masses.

Partial CO2 variations at ESTOC depend on temperature and biological effects. Over
25 hours, the sea water concentrations were between 15 and 20 ~Lmol/mol lower on
average than the equilibrium to air (367 ~mol/mol). The results suggest that the ESTOC
area tends to gain CO2 from the atmosphere during the night until noon, while in the
afternoon and mainly from 5 to 6 pm equilibrium is attained between air and sea water
CO2 . In late winter and early spring upwelling reduces the regional absorption of CO2
by the ocean. Using wind speed and environmental conditions air - sea CO2 exchange
will be modelIed.

To evaluate the relevance of the Canary Islands area in the global carbon cycle,
additional studies of seasonal variabilities in CO2 fluxes will include continuous pC02
measurements and discrete carbonate parameters at ESTOC.

9.4 Particle Flux and Plankton Biomass

S. Neuer

Particle flux in the ESTOC region is subject to seasonal and short-term variability due
to varying productivity and hydrographie conditions. Experiments with moored particle
traps at ESTOC showed that a large portion of the deep particle flux originates fram
lateral influx. It is therefore important to quantify the particulate carbon flux directly
beneath the euphotic zone. Ideally, these sinking flux determinations need to be sup
plemented by measurements of the standing stock and production rates of the plankton
community.

Two types particle interceptor traps (PIT) were deployed to 200 and 220 m water
depth (Fig. 59) from April 12, 19:19 until April 13, 21 :35 to study the particle flux below
the euphotic zone. The traps have been attached to a surface spar with ARGOS trans
mitter, flash and Radar reflector. The main buoyancy was installed in about 30 m depth
to avoid the wind induced Ekman layer. The CLS ARGOS service traced the trap array.

To quantify the plankton community in the euphotic zone during the trap deployment,
water sampies were taken for chlorophyll, taxonomically characteristic pigments
(analyzed with High Pressure Liquid Chromatography, HPLC) and pac (particulate
organic carbon), and passed through GF/F filters. Chlorophyll was determined immedi
ately after returning to Gran Canaria as acetone extract using a Turner AU 10 fluoro
meter, POC and HPLC sampies were frozen until analysis at Bremen University.



a

b

c

e

®
IL
lj
i ',~.

i";

ii::,
Ij'--'

Ji--
i:
1)
,.-<

200 m

220 m

123

,

-- li' ,_,
IU Icc','
j,,,,, ,',,- i,

>-" j,-,

j:,:~( 'ci'l

l( :.:

I
I

,I
i I~!~~-'

LI..

Slirface BlIoy
a, Radar Refleclor
b, Flash
c, ARGOS Surface Beacon
d, Blup
e, Weighl

Fisher BlIoys

Benthos BlIoys

30 m 8 mm Niro

Benthos BlIoys

160 m 8 mm Niro

Particle Trap Type 2

1 m 8 mm Niro

20 m 8 mm Niro

Particle Trap Type 1

2 m 8 mm Niro

RCM 8 ClIrrrent Meter

3x 20 kg Weights

Figure 59 Surface floating particle interceptor trap.



124

During the deployment of the particle trap dilution experiments and incubations
which monitored the change of oxygen were performed to determine phytoplankton
growth and microzooplankton grazing rates under c10se to in situ conditions. The dilu
tion experiments used water from 25 and 50 m depth collected at the beginning of the
particle trap deployment period. The incubations were carried out on deck with neutral
density screens to simulate in situ light conditions.

9.5 Marine Chemistry

S. Otto, F. Kukolka

In marine biogeochemical cycling particle - water interactions are key mechanism for
the distribution of chemical elements. Uptake by particulate matter and its subsequent
sinking (scavenging) has major control on the chemical composition of sea water and
maintains the concentrations of many elements in the oceans rather low. Particulate
materials comprise (a) suspended particulate matter (SPM) consisting of almost non
sinkable biogenic and terrigenic detritus with a large surface to volume ratio and (b)
relatively fast sinking particles as found in sediment traps responsible for the vertical
transport to the ocean floor. A comparison of the composition and distribution of trace
elements in dissolved and different particulate phases should provide important clues
on transport and sorption as weil as on the general geochemical bearing of these ele
ments in the ocean. As part of the CANIGO project the vertical distribution of trace met
als in dissolved, suspended and particulate form in the water column is examined at the
ESTOC station and compared to their abundances in surface sediments.

During this cruise intermediate and bottom waters were sampled for dissolved trace
metals and suspended particulate matter to supplement data sets acquired at ESTOC
station on recent METEOR cruises (M37/2a and M38/1). Sampies have been collected
by means of GoFlo bottles and filtrations using special in situ pumps attached to a non
metallic wire. To avoid contaminations, clean sampling techniques were rigorously
applied and sampie processing was done inside a clean bench. Two casts recovered
five in situ pump sampies and six water sampies each. Dissolved trace element sam
pies were filtered through c1eaned 0.4 IJm polycarbonate filters and acidified for stor
age, SPM was accumulate onto filters of identical material and kept frozen until shore
based analysis. Sampies for total dissolvable aluminum have also been frozen for
analyses at Bremen University using a fluorescence method.

In addition to trace metal sampling, water sampies were taken for nutrients and oxy
gen. Only oxygen was analyzed on board by titration using the Winkler method.
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