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1. INTRODUCTION 

1.1. Project description and objectives 
The objective of the ACCLIMATE coring cruise was to retrieve high sedimentation rate 
marine sediments from different latitudes and water depths in the South-East Atlantic in order 
to fill a critical gap in paleoceanographic data in this area. Sediment cores collected from 
different water depths will provide the necessary material to reconstruct the evolution of the 
water mass vertical structure in this region over the last 40 thousand years. Coring sites were 
distributed between 33 and 53°S and between 1000 and 4500 m water depth (Figure 1). 
 

 
Figure 1: MD203 ACCLIMATE cruise map 

 

This coring cruise is part of the European Research Council (ERC) project ACCLIMATE 
(Elucidating the Causes and Effects of Atlantic Circulation Changes through Model-Data 
Integration). The project’s purpose is to elucidate the links between Atlantic Ocean 
circulation changes and climatic changes. Rapid changes in ocean circulation and climate 
have been observed in marine sediment and ice cores, notably over the last 40 thousand years, 
highlighting the non-linear character of the climate system and underlining the possibility of 
rapid climate shifts in response to anthropogenic greenhouse gas forcing. To date, these rapid 
changes in climate and ocean circulation are still not fully explained. 
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The ACCLIMATE project’s objective is to elucidate these rapid climatic changes by 
developing an innovative model-data integration scheme using an isotopic proxy forward 
modeling approach. The data consist in a set of consistently dated deep-sea sediment records 
of carbon and oxygen isotopic ratios over the last 40 thousand years. These data will serve to 
determine the optimal version of an isotope-enabled climate model of intermediate 
complexity, thereby producing states of the climate system that are consistent with both the 
model physics and the observations. This approach will enable us to identify why current 
climate models are not able to simulate the highly non-linear climatic variability observed in 
marine sediments and polar ice over the last 40 thousand years. 

The ACCLIMATE project’s expected results include (i) the elucidation of the mechanisms 
explaining rapid changes in ocean circulation and climate over the last 40 ky, (ii) improved 
climate model physics and parameterizations, and (iii) the first projections of future climate 
changes obtained with a model able to reproduce the highly non linear behavior of the climate 
system observed over the last 40 thousand years. 
Within the ACCLIMATE project, the coring cruise’s purpose is to fill the gap in 
paleoceanographic data in the South Atlantic mid and high latitudes. Indeed, there are only a 
few high-resolution records published over the last 40 ky in this area, among which the 
records obtained on core MD07-3076Q (Skinner et al., 2010; Waelbroeck et al., 2011; 2013; 
2014; Gottschalk et al., 2015a; 2015b; Roberts et al., 2016; in press). ODP cores from this 
region have the drawback to present discontinuities and to provide limited amounts of 
sediment (small core diameter), although some low-resolution benthic and high-resolution 
planktic isotopic records on ODP cores are available (Ninnemann and Charles, 2002; Hodell 
et al., 2003). There also exist a number of short cores collected by German Research Vessels. 
Low resolution records on these cores gave precious indications on sedimentation rates in 
different locations that helped us selecting coring sites. At lower latitudes, a number of cores 
from previous Marion Dufresne cruises on the African and Brazilian margins are available in 
Gif and Bordeaux. 

Taken together, these existing cores and records are not sufficient to constrain changes in 
ocean circulation originating at high southern latitudes. However, it has been shown that the 
Southern Ocean played a pivotal role in millennial variability of the Atlantic Overturning 
Circulation (e.g. Knorr and Lohmann, 2003; Skinner et al., 2010). ACCLIMATE cruise 
coring sites have thus been selected to cover different latitudes and water depths and enable 
us to reconstruct the changes in southern water mass physical and chemical properties over 
the last 40 ky. Planned ACCLIMATE sites have all been selected for their high sedimentation 
rates according to available information (> 5 cm/ky, up to 100 cm/ky when possible).  

Giant Calypso cores were planned at all sites, plus square section CASQ cores in sites where 
we anticipated the need for better preserved upper sediment layers and large sediment 
quantities. Finally, multi-tubes and water samples (rosette + pore waters) were also planned in 
some sites for calibration purposes. XRF and physical properties measurements (sediment 
reflectance, magnetic susceptibility, porosity, density) performed on board using NIOZ’s 
XRF core logger and IPEV’s Geotek core logger provided key information to establish 
preliminary approximate age models and plan sampling and isotopic measurements later on 
land.  

Finally, the ACCLIMATE cruise was also the opportunity to prepare outreach material on the 
ACCLIMATE project directed towards schools (primary, mid and high schools) and a wider 
audience. The context of an oceanographic cruise is indeed much more attractive for the 
general public than daily research work at LSCE, where the rest of the ACCLIMATE project 
is taking place.  
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1.2. List of Participants 

1.2.1. Chief scientists 
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Dewilde Fabien LSCE / France 
Elliot Mary LPGN / France 
Gottschalk Julia University of Bern / Switzerland 
Govin Aline LSCE / France 
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LSCE : Laboratoire des Sciences du Climat et de l’Environnement 
CEARC : Cultures, Environnements, Arctique, Représentations, Climat 
LOG : Laboratoire d’Océanologie et de Géosciences 
EPOC : Environnements, Paléoenvironnements Océaniques et Continentaux 
LPGN : Laboratoire de Planétologie et Geodynamique de Nantes 
NIOZ : Royal Netherlands Institute for Sea Research  
IPEV : Institut Polaire Français Paul Emile Victor 
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2. EQUIPMENT & METHODS 

2.1.  Sub-Bottom Profiler System 

2.1.1. Em710 medium water multi-beam echosounder 

The shallow to medium water echo sounder Kongsberg EM710 MK2 was installed on board 
the oceanographic research vessel Marion Dufresne in 2015, during her mid-life upgrade. The 
antennas were placed on the gondola also accommodating the deep-water multibeam echo-
sounder antennas, the sub-bottom profiler antennas, the Simrad fishing echo-sounder antennas 
and the current profiler antennas. The active elements of the transducers are based upon 
composite ceramics, leading to increased bandwidth (60 kHz, indeed a very large bandwidth 
in this frequency range). 

The EM710 MK2 echo-sounder uses transmitted frequencies from 40 to 100 kHz. The range 
of depths on which this sounder can operate is 3 to 2800 meters. In shallow water, two cross-
track swaths are simultaneously created in order to generate a data redundancy (as if two 
multi beam echo-sounders were simultaneously used). These swaths are separated by the use 
of digital active filters. Thus, measurement gaps are avoided. These two swaths are separated 
(along the ship-track axis) from each other by an angle dynamically calculated by the echo-
sounder. The large antenna 3 dB attenuation level (at transmission) and beam forming at 
reception allow images to be built and measure bathymetry at 71 degrees to starboard and 71 
degrees to portside. Therefore, across track coverage (swath width) can be up to 5.8 times 
water depth. This sounder was qualified by SHOM to hydrographic norms IHO-S44, which 
standards are widely met, in October 2015 (IHO-S44, order 1a).  

The along track beam width is equal to 0.5°, while the receive beam width is equal to 1°. The 
number of created soundings for one measurement in dual-swath mode is equal to 800. 
During this cruise, the beam spacing was set to equidistant. The maximum swath coverage 
can be limited by the operator in angle without reducing the number of beams. The maximum 
ping rate in shallow water can be up to 30 Hz. The large transmitted beamwidth leads to a 
very impressive depth resolution, only equal to one centimetre. A combination of phase 
bottom detection (for higher beamforming angles) and amplitude bottom detection (for 
smaller beamforming angles) is used, in order to provide soundings with the best possible 
accuracy.  
Reflectivity data can also be extracted from the two separated frequency swaths. A mosaic is 
created, geographically representing sea bottom level in the studied area. This mosaic is fed 
by the two sets of backscattered signal. 

2.1.2. Em122 deep-water multi-beam echosounder 
The R/V Marion Dufresne also hosts a deep water multi-beam echo-sounder from the same 
series (Kongsberg Em122 1°x1°).  
The deep-water echo sounder Kongsberg EM122 was also installed on board the R/V Marion 
Dufresne in 2015, during her mid-life upgrade. The antennas were placed on the gondola. The 
transmitting antenna, placed alongside the ship, has a length of 7.8 metres. The receiving 
antenna, placed cross-tracked, has a length of 7.2 metres. 
The Em122 is designed to perform seabed mapping to full ocean depth. It is the latest model 
in a series of deep sea multi-beam echo-sounders started with the Em 12 in 1990 and followed 
by the Em121 and the Em120. 

 



9 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 2: Example of geographical view with SIS during MD203 ACCLIMATE cruise. The ship's 
track can also be seen on screen (lower panel), as the water column data (top panel). 
 
Compared with the Em120, the Em122 has up to four times the resolution in terms of 
sounding density through inclusion of multi-ping capability and more than twice the number 
of detections per swath. The achievable swath width of the Em122 is in the order of 30 
kilometers. This is obtained by using long FM-CW signals which gains about 15 dB in signal 
to noise ratio, compared to CW pulses. 

The Em122 was qualified by SHOM to hydrographic norms IHO-S44 (order 2). An accuracy 
of better than 0.2 % of depth in deep waters is readily achievable with the Em122. 

The nominal sonar frequency is 12 kHz, with an angular coverage sector of up to 150° and 
864 soundings per ping. Achievable swath width on a flat bottom will normally be up to six 
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times the water depth. However, during this cruise, the angular sector was limited to 130° 
(65° on both sides). The sounding spacing was set to equidistant (equi-angle is also available). 
The ping rate is mainly limited by the round trip travel time in the water, up to a ping rate of 
5 Hz. Em710 and 122 use SIS (Seafloor Information System) for real time display. This user 
interface can show different kinds of displays (Figure 2). 

2.1.3. SBP120 sub-bottom profiler 
The new Kongsberg SBP120 sub-bottom profiler was also installed during Marion-Dufresne 
mid-life upgrade in 2015. The antennas are arranged according to a Mills cross configuration. 
The transmitting antenna (which length is equal to 7.45 metres) is made of 96 individual 
transducers. The wideband receiving antenna is the same as the Em122 system. SBP120 is 
able to create reflectivity slices of the sub-bottom sea floor as a function of the geographical 
position of the boat. The central frequency used for this system is equal to 4.5 KHz. As for the 
“bathymetry and imaging” mode, the transmitted wave is linearly frequency modulated. The 
corresponding correlation gain is equal to 22 dB. The large transmitted bandwidth (4 KHz) 
achieves a small spatial resolution (0.19 metre). 

Beam forming from many signals received on each sensor provides a very narrow antenna 
diagram (high directivity), during transmission (3 degrees) and reception (3 degrees). This 
beam formation also achieves a high acoustic signal level. This high resolution can be 
degraded to 6° and even to 12°. This can be useful when the sediment layers are far from 
being horizontal and when the geological structures at the bottom of the sea are complex. 
Furthermore, the vertical received beam can sometimes be oriented perpendicular to the 
seabed slope. 
Up to 11 beams are created on reception (the central beam is vertical), separated from each 
other by 3 degrees. This diversity provides an opportunity to record good quality profiles 
when the across-track slope is steep.  

SBP120 has a very high level of transmitted signal which leads to acoustic deep penetrations 
inside the sediment. Typically, 100 metres penetrations are achieved for a 4000 metres depth 
when the sediment is relatively soft (Figure 3). 

 
Figure 3: Example of sediment profile obtained during the MD203 ACCLIMATE cruise. 
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2.2.  Procedure for collecting sediment and water samples 

2.2.1. Calypso piston corer  

The Calypso piston corer, developed by IPEV and operated on board Marion Dufresne, can be 
fitted with a tube up to 70 m in length. The corer is deployed with a Dyneema cable, virtually 
weightless in water, and extremely stiff, which significantly enhances the traction security 
margin and weight lifting capacity of the winch.  

The principle of operation is described in the two following two plots. 

 
Figure 4: Giant corer Calypso 
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Figure 5: Progress of a Calypso coring 

 

Temperature and salinity vertical profiles are measured by a CTD unit (see below) installed 
on the corer. Also, bottom waters can be collected just before coring with a Niskin bottle 
fitted on the corer (Figure 6). 

2.2.2. CINEMA software used during Calypso coring 

The systematic use of the CINEMA V3.1 software and associated loggers, developed through 
an IFREMER-IPEV-INSU collaboration, led to the high quality of the cores taken during the 
ACCLIMATE cruise.  
Prior to coring operations, the settings of the corer (free fall height, loop length) are estimates using 
the Cinema model that calculates the elastic rebound of the coring cable, and hence the free fall 
height, according to the site specificities ( 

Figure ).  
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Figure 6: Sketch of the Calypso core-head showing the position of CINEMA loggers (pressure and 
accelerator sensors), Niskin bottle and CTD probe. 

 
Pressure and acceleration sensors (CINEMA loggers) are attached to the corer: one set of 
sensors is attached on the core-head and another set on the trigger arm (Figure 6). 

 

 
 
Figure 7: Schematic coring process illustrating the elastic rebound of the coring cable 

Adapted free 
fall height 
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After coring, loggers data are downloaded and injected into the CINEMA software that builds 
the so-called kinematics curves, where the piston action can be seen (Figure 6). 
 

 
 
Figure 6: Examples of kinematics curves obtained from pressure and acceleration sensors during the 
Calypso coring process. 
 
From the piston behavior, the model deduces the positions of layers in the core, and compares 
them to their in situ position (see layer correction graphs for each Calypso core, e.g. Figure 
26). 
 

2.2.3. CAlypso SQuare cores (CASQ) 

The calypso square-core system combines the core-head of the calypso system with a large 
core section (25 * 25 cm). Cores retrieved with this system reach lengths up to twelve meters 
and collect a huge amount of sediment. These cores contain a nearly undisturbed core top 
with very little sediment missing. In addition, the large surface of the opened core allows 
improved studies of structures and textures.  
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Seabed level deduced from 
corer geometry 
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corer geometry 

Data given by the logger 
on the trigger arm 

Data given by the logger 
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Figure 7: CASQ, Calypso Square core 

 

2.2.4. Multi-corer 
The multi-corer on board R/V Marion Dufresne is a customized KC multi-corer (Figure 8). 
The corer is equipped with 4 tubes, each with an internal diameter of 90 mm and a length of 
60 cm. The sample tubes are transparent with a sleeve for a quick-change system. 

 
Figure 8: Multi-corer 
 
Principle of operation: While the multi corer is lowered into the sea, there is a full flow 
through the sample tubes in order to obtain an undisturbed sample. The top of each sample 
tube has a spring-loaded lid, which is in open position during the sampling.  
Once the frame on the seafloor, an acoustic signal releases the 4 cores, which lower into the 
sediment under the action of weights (Figure 11). When the samples have been taken, lids at 
the top of the tubes close and the resulting vacuum holds the sample until the end of the tubes 
are closed by a guillotine-like system. 
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Further information on the corer can be found on KC’s home page at: http://www.kc-
denmark.dk/ 

 
Figure 9: Coring process with the multi-corer 
 

2.2.5. CTD/rosette water sampling instrument 
The CTD/Rosette has two functions. First, the CTD unit allows the in situ measurement of 
Conductivity, Temperature, and Depth. The CTD often has additional channels to allow data 
collection from other sensors. The Rosette unit is a series of Niskin bottles that are closed at a 
specific depth. The water from that depth is then brought to the surface for analysis. 
Conductivity 

Higher salinity (saltier) water is related to the electrical conduction in water. Conductivity is 
measured and can be converted to salinity using known formulas.  

Temperature 
Temperature is recorded in degrees Celsius. Temperatures generally decrease with depth. 

Depth 
Depth is measured as a pressure increase within a fluid-filled diaphragm. Each 10 meters 
increase in depth is approximately equivalent to 1 atmosphere of pressure. 
Fluorometry 

When the chemical chlorophyll A is hit with a specific wavelength of light, it fluoresces, or 
glows. This emitted light is detected and recorded. The amount of this detected light is a 
direct measurement of the amount of phytoplankton in the water. 
As the CTD/Rosette traverses the water column, the above variables are measured in situ and 
values displayed via a direct link from the instrument to a shipboard computer. The rosette 
holds 24 water sampling bottles. A signal from the computer to the CTD can close a bottle at 
any depth, allowing a water sample from that depth to be brought to the surface. 
 

On board R/V Marion Dufresne, the CT/Rosette is a SEA BIRD SBE 911Plus System, 
equipped with a 24 x12 liters bottles carousel water sampler (SBE32). The data acquisition 
rate is 24 scans/s, the cable vertical speed was 1 m/s. Bottles are closed during upward 
profiles.  
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Figure 10: CTD/Rosette 

 

2.2.6. CTD probe and Niskin bottle on sediment core-heads 
A CTD probe is fastened on the core-head, and logs pressure, temperature, conductivity and 
fluorometry during the entire downward and upward operation through the water column. The 
CTD probe is from RBR Limited, labeled XR620. Its data can be read with the Ruskin 
Software available on the company's website. The probe can be deployed on Calypso or on 
CaSq cores (Figure 6). 

A 1.7 liter Niskin bottle is also fastened on the core-head of Calypso cores (Figure 6). Its 
closing system has been modified on board to be triggered when the corer triggers. 
Consequently, the 1,7 liter water sample is taken above the seafloor. Its water depth can be 
calculated in this way: 

Water depth of the Niskin sample = Site Depth - Free fall height - Pipe length - 1,5 meter 

 

2.2.7. Core Handling 

2.2.7.1. Calypso and Gravity Cores 
When the core is secured on deck of the ship, the core catcher is unscrewed and the sediment 
that it contains is collected in a plastic bag. The plastic bag is labeled with the core name and 
“core catcher”.  

With the help of the crew, the liner is removed from the metallic pipe and the height to which 
the liner is filled with sediment is determined. A broom stick is used to measure where the 
“free” piston is located within the liner. The top of the sediment is then inferred accounting 
for the length of the piston + Styrofoam. The reference line along the core must be facing 
upwards before the core is cut into 1.5 m sections. A pipe cutter is used to cut the liner at the 
top of the sediment. As the sediment is likely to be water-rich, the first labeled endcap for the 
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top (0 cm) of the core must be ready. The length of the core is measured and noted on the 
description template. 
After the surface of the liner has been well cleaned and dried, a mark is drawn every 1.5 m. 
This mark denotes the section limits, and is a guideline for cutting the liner. Each 1.5 m 
section is labeled on both sides with: 

• the core number, 
• section number in roman numbers (I is the first one at the top of the core), 

• A or W (circled), (W when the writer is facing the ship, A when the writer is facing the sea) 
• T x (=Top x cm) and B y (=Bottom y cm). 

The labels should be written far enough away from the section limits so that they are not 
covered by the caps. The sketch below illustrates the labeling: 

 
 
Figure 11: Sketch of the labeling of CALYPSO cores 

Caps are secured at each section end with heavy tape. 

Each section is split into two halves, the working and archive halves, with the cut made along 
the reference line, the archive half on top. After splitting the liner, each cap is cut along the 
diameter line using a razor knife. The sediment from the two halves is separated by passing a 
fishing line between the two halves of the liner. The surface of the sediment is cleaned and 
covered with a plastic film. The working half is sent to the MSCL (Multi-Sensor Core 
Logger), then XRF (X Ray Fluorescence) core logger, then packed. The archive half is packed 
immediately. 
The packing consists in covering the section with plastic film, then inserting the section into a 
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long plastic slipcase to be taped at both ends. The section is then placed inside a rectangular 
case. The rectangular cases are labeled with the core name, section number, in the same way 
as the core itself. In addition, T x cm and B y cm is written on the rectangular case and on 
each cap as appropriate (see figure below). The section is inserted so that the top of the core is 
at the T end of the Rectangular case and the bottom of the section is at the B end. Both 
archive and working halves are stored in cold containers. 
 

 
 
Figure 12: Labeling of the rectangular cases before they are stored in the container 

 

2.2.7.2. CASQ Cores 
The lid of the corer is unbolted by the crew. The surface of the sediment is cleaned and 
flattened. Rectangular cases, previously cut on one side are pushed into the sediments (two 
rows at a time, with the first two rows labeled set A and set B (Fig. 15), and shifted from one 
another). Each section is labeled with: 

• the core number + Q (for Casq) 
• the section number + A, B or C… depending on the row 

• T x cm and B y cm 
After the first two rows of Rectangular cases are pushed into the sediment, the corer is rotated 
90° sideways by the crew. A mark is made every 50 cm on the metallic frame of the corer to 
keep a record of the length for the next rows of Rectangular cases. The length of the core is 
measured and noted on the description form.  
A fishing line is passed under each rectangular case to cut the sediment, and each Rectangular 
case is removed from the corer. 
U-channels are taken in the central part of the corer and labeled in the same way. 

Row A and B are immediately packed and stored. The u-channels are immediately packed and 
stored. Row C is then sent to the MSCL, XRF core logger, and then packed. Note that row C 
must be narrower than the other rows (rectangular case cut into 2 halves parallel to the 
narrower side) to fit onto the MSCL. Other rows are packed and stored. 

Make sure to also mark the direction of the top of the core catcher with an arrow. 
Casq sections are covered with plastic film. A lid (rectangular case cut into 2 halves parallel 
to the wider side) is placed on top. The entire rectangular case is placed into a long plastic 
slipcase and the caps (also labeled) are placed at each side and taped. 
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Figure 13: Sampling scheme of the CASQ cores 

 

2.3. On board sampling and measurements 

2.3.1. Water stable isotope measurements (PICARRO) 
Water isotopic composition (18O/16O and D/H ratios, expressed in δ18O and δD values) was measured 
shipboard using wavelength-scanned Cavity Ring Down Spectroscopy (CRDS) [Picarro, Inc] coupled 
to one of two inlet devices: a vaporizing unit [Picarro, Inc] and a custom-built diffusion inlet system 
(design of Munksgaard et al., 2011) ( 
Figure 14). 
Samples from three CTD-rosette casts were measured in duplicate by introducing ca. 40 mL 
samples through the diffusion inlet system at ca. 2 mL/min for 15 min, and using the mean 
δ18O and δD values over the last 10 min of analysis (measurements occur at 1 Hz sampling 
frequency). 
Bottom-water samples collected from Niskin bottles fired on the Calypso were measured 
similarly.  All values measured by the diffusion inlet system were normalized to three drift-
monitoring reference materials (two freshwater and one saltwater) to be calibrated to the 
VSMOW scale by laboratory-based measurements (both by CRDS, and by isotope ratio mass 
spectrometry, IRMS at University of South Florida). 

Porewater samples collected from rhizons were analyzed in 2 mL amber septum-capped vials 
using the vaporizer unit. For these samples, 1 µL aliquots were injected in replicate (>6 
replicates) into the vaporizer with the final three replicate injections taken for analysis. Drift-
monitoring and in-house laboratory standards were measured bracketing sequences of pore 
water samples. The δ18O and δD values of these in-house standards will be used for 
normalization of shipboard measurements to the VSMOW scale. 1/3 of the porewater samples 
were maintained for land-based analysis by CRDS applying the same injection and 
standardization methodology but using an autosampler. 

During periods when the above discrete analyses were not being analyzed, the CRDS system 
was set to sample surface water from the Marion Dufresne’s underway seawater system 
(collected at ca. 6 m depth).  This continuous supply of water was monitored at 1 Hz sampling 
frequency. Samples of two drift-monitoring standards were introduced at 330 min intervals 
for 15 min each.  These underway data will be QA/QC’d, time averaged at 60 s intervals, 
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normalized to the VSMOW scale and merged with the Marion Dufresne’s underway data 
(salinity, temperature, GPS position) using Matlab once the lab-based reference material 
measurements are complete. 
 

 
 
Figure 14: Installation of DS-CRDS system onboard the Marion Dufresne. Components of the 
instrument are: (1) flow from underway seawater supply with debubbler and pressure release, (2) 12V 
solenoid valves connected to reference waters, (3) peristaltic pump, (4) “Esky” Peltier heat 
exchanger, (5) diffusion sampler in temperature controlled box, (6) PIcarro CRDS analyzer, (7) 
Picarro vacuum pump, (8) input/output devices. 

2.3.2. Pore-water sampling in sediment cores 
Pore-water sampling only applies to Calypso cores that are longer than 50 m (i.e. in core 
MD16-3514 only, see Table 6). Once the core has been cut into 150 cm-long sections, a 
rhizon is inserted into the top sediment of the first core section, and then the bottom sediment 
of every section. The rhizon is equipped with a 10 mL syringe that creates a low pressure so 
that pore waters accumulate in the syringe. Once the syringe is full, three 4-mL bottles are 
filled for (1) on board δ18O and δD measurements (PICARRO, section 2.3.1), future δ18O 
measurements (LSCE), and (3) chlorinity measurements (J. Adkins, Caltech, USA). 

2.3.3. Visual core description 

The visual core description was carried out on board on the working halves of Calypso cores 
and one of the narrow series (C or D) of Casq cores. The core description serves to summarize 
the most important sediment features, in particular to identify sediment structures, such as 
unconformities, discontinuities, turbidites and bioturbation. 
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Figure 15: Sediment description legend used on board the MD203 ACCLIMATE cruise 
 

Each visual core description is complemented by the on-board measurements of physical 
properties (i.e. density, reflectance, magnetic susceptibility) and geochemical analyses (X-ray 
fluorescence core scanning). 

2.3.4. Geotek core logger 

During the Acclimate cruise, we used the Multiple Sections – Split Cores – Core Pusher – 
Short Belt version. This enables a number of geophysical measurements to be made on 
horizontally split sediment cores encased in cylindrical plastic core liners as well as a scan of 
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the sediment. This system is designed to be operated under computer control using two 
softwares, one for the geophysical parameters and one for the scan camera. 

2.3.4.1. The MSCL (Multi Sensor Core Logger) for geophysical properties 
 
The sensors of the Multi Sensor Core Logger include: 

• Ultrasonic Transducers to measure the velocity of compressional waves in the core. 
This sensor was not available during this cruise. 

• A Gamma Ray Source and Detector for measuring the attenuation of gamma rays 
through the core (providing density/porosity values). 

• A Magnetic Susceptibility Sensor to determine the amount of magnetically susceptible 
material present in the sediments. 

• Core Diameter: The diameter of the core is measured using a pair of displacement 
transducers connected to the spring loaded compressional wave transducers. This 
enables the compressional wave velocity and density (from the gamma ray attenuation 
measurements) to be calculated in addition allowing for changes in core diameter. 

• Temperature: A platinum resistance thermometer (PRT) is included. The data is 
logged and can be used to correct for temperature changes that may occur during the 
logging process. It should be used particularly to make corrections to the P-Wave 
velocity. 

• Colour Spectrophotometry for measuring the reflectance of the sediment to estimate 
its composition such as carbonate and organic carbon. 

 
The method and sensor calibration is described below. 

• Gamma density 
A gamma ray source and detector are mounted across the core on a sensor stand that aligns 
them with the centre of the core. A narrow beam of gamma rays (5 mm diameter) is emitted 
from a Cs-137 source with energies principally of 0.662 Mev. These gamma rays pass 
through the core and are detected on the other side. The small Cs capsule is securely housed 
inside a 150 mm diameter lead filled casing. The gamma ray detector comprises a scintillator 
and integral photo multiplier tube. The tube also contains the internal voltage supply and 
electronics to window the primary gamma rays. Pulses from the detector unit are sent 
continously to a counter board in the main electronics rack. The count period and count rate 
are determined through the software control and internal microprocessor.  
 
The basic equation used for calculating bulk density is: 
ρ = (1/µd) * ln (I0/I), where: 
 
ρ = sediment bulk density 
µ = the Compton attenuation coefficient 
d = the sediment thickness 
I0 = the gamma source intensity 
I = the measured intensity through the sample 
 
Beam spreading attenuation through the liner or the effect of water has a significantly 
different attenuation coefficient for sediment minerals. Calibration of the system using both 
the liner in which the core is contained and the fluid which the sediment contains, is essential. 
For example, when using a split core, the calibration should be done with pieces of aluminium 
of varying thickness surrounded completely by water in a sealed liner. Gamma counts should 
be taken through the calibration sample for different aluminium thickness and plotted as a 
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graph of average ρ*d versus ln I, where ln I is the natural log of the measured intensity counts 
per second and ρ*d is the average density * thickness of the aluminium and water. 
The resulting graph may deviate from the theoretical straight line because of the factors cited 
above. To accommodate this, the following second order polynomial equation can be fitted to 
the graph:  
Y = AX2 + BX +C, where X = ρ*d and y = ln I  
On the ACCLIMATE cruise: A = 0.0048, B = -0.1235 and C = 10.1528 
The counting time for gamma attenuation is 10 seconds. 
 
Another calibration has been made in the course of the cruise, to check the influence of colder 
conditions. No effect has been noted. 
 
Porosity can be calculated directly from sediment density providing that the following 
parameters are known or can be assumed: 
1) the sediment is fully saturated 
2) mineral grain density (MGD) = 2.75 
3) fluid density (WD) = 1.026 
 
The fractional porosity is then given by:  FP = (MGD- ρ) / (MGD-WD) 
 

• Pwave Velocity System 
Oil filled Acoustic Rolling Contact transducers are used. The active element is a piezo-
electric crystal. The upper Pwave Velocity Transducer (PWT) is lowered and raised by the 
motor. When logging split cores the upper PWT is lowered onto the split core surface to take 
a measurement and raised prior to the core moving to the next increment along the track. A 
short P-wave pulse is produced at the transmitter. This pulse propagates through the core and 
is detected by the receiver. Pulse timing circuitry is used to measure the travel time of the 
pulse with a resolution of 50 ns. After calibration, the P-Wave velocity can be calculated with 
a resolution of approximately 1.5 m/s. The accuracy of the measurements largely depends on 
variations in sediment or liner thickness. For horizontally split cores, it is necessary for the 
upper PWT to be lowered onto the split surface for each measurement increment. To avoid 
any contamination along the core in soft sediments, the split surface is covered with a layer of 
thin plastic film. A few drops of water spread along the surface of this film will provide 
acoustic contact, if necessary. 
The Acoustic Rolling Contact transducers we had in the container were all damaged, so that 
no data are available during the Acclimate cruise. 
 

• Core Thickness Measurements 
The core thickness corresponds to the distance between the active faces of the two PWT. It is 
measured by mounting a rectilinear displacement transducer (DT) on each of the PWT 
mountings. Each DT precisely follows the movement of each PWT. In practice the core 
thickness is measured with reference to a known thickness and the deviation from that 
reference is recorded. 
 

• Magnetic Susceptibility 
The Bartington point sensor is mounted in such a way that no magnetic or metallic component 
comes close to the sensor. An oscillator circuit in the sensor produces a low intensity 
alternating magnetic field. Any material with magnetic susceptibility in the near vicinity of 
the sensor will cause a change in the oscillator’s frequency. The electronics convert this 
pulsed frequency information into magnetic susceptibility values. This system is calibrated 
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absolutely. A calibration sample is provided, only to check the long term consistency of the 
calibration. 
 

• Colour reflectance using Minolta 2022 
The Minolta spectrophotometer 2022 used during the ACCLIMATE cruise is a compact, 
handheld, sea-going instrument for measuring spectral reflectance.  This device measures 
spectral data: 

a) by flashing light from an internal, pulsed, xenon arc lamp through a circular aperture 
(measurement area diameter = 8mm). 

b) by recording the levels of light reflected back through the aperture to its sensor at 
various wavelengths within the visible range of the electromagnetic spectrum (400-
700nm). The spectrophotometer was first calibrated against open space for a minimum 
reflectance reading and then against a white standard for a maximum reflectance 
reading.  Specimen measurements result in 31 channels of averaged percentage 
reflectance values for every 10-nm wavelength interval. The spectrophotometer also 
automatically calculates the parameters: L* (lightness), a* (red/green attributes) and b* 
(yellow/blue attributes). 

 

2.3.4.2. The Scan Camera 
 
The GeoScan colour line-scan camera is a 3 CCD (Charge Coupled Device) device using 3 * 
1024 pixel CCD arrays.  
A standard Nikon lens fitting is used which enables the user to easily purchase and change 
lenses depending on the exact imaging requirements. 

Light from the object passes through the lens and is split into paths by the beam splitter to fall 
on the red, green and blue detectors which when combined reproduce a conventional colour 
image. All CCD detectors are sensitive to light in the 400 to 950 nm waveband. However they 
are relatively insensitive to light at shorter wavelengths (400-500 nm - the blue end of the 
spectrum). Consequently the blue channel is amplified more that the red and green channels. 
To ensure that there is minimal overlap between the wavebands in the 3 channels (red, green 
and blue) for scientific applications, the light leaving each exit face of the splitter passes 
through a dichroic colour interference filter before falling on the detector which is located at 
the focal plane of the lens. 
Before the acquisition of the scan image, one has to set the focus and the aperture of the 
camera. Then a colour balance has to be made. This procedure writes calibration files 
containing the low and high calibrations for each element in the CCD. This ensures that all 
CCD pixels are scaled to the same black (minimum) and white (maximum) values. High 
calibrations are performed on a special white ceramic tile. 
In the aim of gaining time and improving the quality of the image, the IPEV team has 
installed a new camera (Nikon D810A – 50mm – F1:8) in the Geotek container during the 
cruise. The acquisition of Nikon D810A images started with core MD16-3514. Two pictures 
by section were taken. For the next cores, after some improvements, three pictures by section 
were taken. This allows pictures of much better quality than those acquired with the GeoScan 
camera, specially when the sediment is liquid. The IPEV team is developing a way to extract 
RGB data from these pictures with a Matlab procedure. This is promising but still under 
development. 
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2.3.5. X-ray fluorescence (XRF) core scanner 

During the ACCLIMATE cruise, all cores were measured for their chemical composition 
through X-ray fluorescence (XRF) core scanning. The XRF analyses were performed on-
board the R/V Marion Dufresne with a containerized Avaatech XRF core scanner from the 
Royal Netherlands Institute for Sea Research (NIOZ, Texel, The Netherlands). 

Before analyses, the split-core sediment surfaces were flattened and covered with a thin (4 
µm) Ultralene foil. The foil prevents contamination of the measurement prism, but also avoids 
desiccation of the sediment while being measured. The measurement prism is flushed with 
helium, creating a pseudo vacuum to limit partial absorption of light element radiation. The 
cores were, in general, completely scanned with a 2-cm resolution using an irradiated area of 
1 cm (down-core) by 1.2 cm (cross-core). The Avaatech core scanner is equipped with a 
Rhodium (Rh) X-ray tube, for which the settings can be optimized for the sample matrix and 
targeted elements. During the expedition all cores were measured with a tube voltage of 10kV 
(Al to Fe), and if sufficient time was available also at 30 kV (Fe to Zr), and 50 kV (Sr to Ba). 
The sampling time were set at 10 s, 10 s, and 20 s, for 10, 30, and 50 kV, respectively. The 
tube current for the different energy settings was held constant throughout the cruise at 0.6, 
0.6, and 2.0 mA for 10, 30, and 50 kV, respectively. Table 1 summarizes the XRF scanning 
settings and resolution applied for each core. 
 
Table 1: Setting and resolutions used for XRF core scanning during the ACCLIMATE. 

Core No. of 
sections 

Sections 
skipped 

Applied 
settings 

Resolution Special notes 

MD16-3510 30 - 10, 30, 50 kV 2 cm - 
MD16-
3511Q 

7 - 10 kV 1 cm - 

MD16-
3512Q 

5 - 10 kV 1 cm - 

MD16-3513 30 - 10 kV 2 cm (and 
partially 1mm) 

Parts of section XV were measured 
at a 1 mm resolution* 

MD16-3514 40 I to XII 10 kV 2 cm Top 12 sections were too wet 
for measurement 

MD16-3515 30 I to V 10, 30, 50 kV 2 cm Top 5 sections were too wet 
for measurement 

MD16-3516 30 - 10 kV 2 cm - 
MD16-3517 27 - 10 kV 2 cm - 
MD16-3518 21 - 10 kV 2 cm - 
MD16-3519 20 - 10, 30, 50 kV 2 cm - 
* The measurements at 1 mm resolution were done for 10, 30, and 50kV with 1.3, 1.0, 1.8 mA, respectively. 

When processing the XRF scanning data, outliers were identified and discarded in the “clean” 
file, generally because of a low sediment surface at section tops and bottoms and of holes at 
the sediment surface. For various sections, the sediment was also too wet to be measured on 
board for XRF (Table 1). Moreover, the sediment of some sections was very soft and the 
sediment’s surface was therefore not always recognized by the measurement prism, leading to 
skipping of some samples. For the very carbonate-rich cores MD16-3518 and MD16-3519, 
many of the terrestrial elements seem to have been measured around the detection limits of 
the core scanner. These results should thus be used with caution. Throughout the expedition 
various sediment standards were measured to monitor consistency of the XRF results. The 
standards showed typically relative standard deviations (i.e. precision) <5 % for the major and 
minor elements. In the report we show the Ca to K log-ratio, which mainly relates to the 
marine carbonate input versus terrestrial sediment input.  
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3. CRUISE DESCRIPTION 

3.1.  Summary tables 
Table 2: Summary table of MD203 ACCLIMATE sediment cores and CTD-Rosettes. 

STATION Device Core number Latitude Longitude 
Water 
Depth 
[m] 

Core 
length 
[m] 

STATION 1 Calypso MD16-3510 35°21.378 S 29°14.778 E 4435 43.79 
STATION 1 Casq MD16-3511Q 35°21.31 S 29°14.75 E 4435 10.30 
STATION 2 CTD MD203-ACC-CTD2 46°55.79 S 6°13.66 E 4050  
STATION 2 Casq MD16-3512Q 46°55.78 S 6°13.70 E 4083 6.67 
STATION 2 Calypso MD16-3513 46°55.78 S 6°13.71 E 4083 44.97 
STATION 3 Calypso MD16-3514 49°58.59 S 5°51.20 E 3630 59.48 
STATION 4 Calypso MD16-3515 53°12.27 S 5°06.65 E 2870 44.32 
STATION 5 Calypso MD16-3516 47°46.28 S 7°30.32 E 3076 44.25 
STATION 6 Calypso MD16-3517 46°57.58 S 7°53.75 E 1953 41.54 
STATION 7 Calypso MD16-3518 34°46.66 S 4°42.48 W 2236 30.93 
STATION 8 Calypso MD16-3519 33°44.55 S 3°26.88 W 1168 29.34 
STATION 9 CTD MD203-ACC-CTD9 33°34.10 S 3°08.09 W 2950  
STATION 10 CTD MD203-ACC-CTD10 26°59.6 S 7°54.1 E 4850  

 
Table 3: Summary table of MD203 ACCLIMATE water sampling 

STATION Taken cores Bottom water sampling 
(from 1.7 L Niskin bottle) 

Surface-water sampling 
(from 6 m below surface) 

Pore Water 
sampling 

STATION 1 MD16-3510 
MD16-3511Q None None None 

STATION 2 MD16-3512Q 
MD16-3513 

MD203-ACC-CTD2 (see details in Table 5) None 

 
For PICARRO / USF 
(MD16-3514 STA2 used as 
CASQ2surfstandard) 

 

STATION 3 MD16-3514 
2*50 mL (PICARRO) 
2*30 mL (LSCE, AWI) 
3*10 mL (2 LSCE, 1 USF) 

For PICARRO / USF 
(MD16-3514 STA3) 

see details in 
Table 6 

STATION 4 MD16-3515 
2*50 mL (PICARRO) 
2*30 mL (LSCE, AWI) 
3*10 mL (2 LSCE, 1 USF) 

For PICARRO / USF 
(MD16-3515 STA4) None 

STATION 5 MD16-3516 None For PICARRO / USF 
(MD16-3516 STA5) None 

STATION 6 MD16-3517 
2*50 mL (PICARRO) 
2*30 mL (LSCE, AWI) 
3*10 mL (2 LSCE, 1 USF) 

None None 

STATION 7 MD16-3518 None For PICARRO / USF 
(MD16-3518 STA7) None 

STATION 8 MD16-3519 
2*50 mL (PICARRO) 
2*30 mL (LSCE, AWI) 
3*10 mL (2 LSCE, 1 USF) 

For PICARRO / USF 
(MD16-3519 STA8) None 

STATION 9  MD203-ACC-CTD9 (see details in Table 7) None 
STATION 10  MD203-ACC-CTD10 (see details in Table 8) None 
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3.2. Time log table 
Table 4: Summary table of MD203 ACCLIMATE daily activities 
 

Date 
[UTC] station Time 

[UTC] Lat. [S] Long. WD 
[m] Operations description 

28/02/2016   23:00   Durban, South Africa, departure 

01/03/2016 1 

01:20     Beginning of survey 
05:03   Arrival on station 1 
07:00 35°21,378 29°14,778 4435 At station 1 (Calypso) 

  Posidonia   Beginning of operations 
09:38     Triggering 
12:52     Core MD16-3510 on deck 

        recovery: 43,79m 
16:00 35°21,31 29°14,75 4435 At station 1 (Casq) 
16:24     Beginning of operations 
17:48     Ground touched 
20:30     Core MD16-3511Q on deck 

        recovery: 10,30m 
21:00   Departure from station 1 

06/03/2016 

2 

07:42      Beginning of survey 
09:37   Arrival on station 2 
10:17 46°55,78 6°13,66 4050 MD203-ACC-CTD-2 in water 
11:53     MD203-ACC-CTD-2 on bottom 
13:17     MD203-ACC-CTD-2 out of water 

        recovery: 24 samples (8 duplicates for δ18O and 
δ13C) 

10:00 46°55,78 6°13,70 4083 At station 2 (Casq) 
14:00    Beginning of operations 
17:02     Ground touched 
19:45     Core MD16-3512Q on deck 

        recovery: 6,67m 
20:00 46°55,78 6°13,71 4085 At station 2 (Calypso) 
22:00    Beginning of operations 
23:41     Triggering 

07/03/2016 
01:30     Core MD16-3513 on deck 

        recovery: 44,97m 
02:52       Departure from station 2 

07/03/2016 

3 

18:47       Beginning of survey 
21:05       Arrival on station 3 
21:05 49°58,59 5°51,20 3630 At station 3 (Calypso) 

08/03/2016 

00:13      Beginning of operations 
01:51      Triggering 
04:51      Core MD16-3514 on deck 

        recovery: 59,7m 
05:00 49°58,59 5°51,20 3630 At station 3 (Casq) 
05:00       Beginning of operations 
07:50       Ground touched 
10:30       Core on deck 

       recovery: 0m (sediment too liquid) 
10:30       Departure from station 3 
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11/03/2016 4 

01:05       Beginning of survey 
01:22    Arrival on station 4 
10:31 53°12,27 5°06,65 2870 At station 4 (Calypso) 
11:28     Beginning of operations 
12:44     Triggering 
14:12     Core MD16-3515 on deck 

        recovery: 44,32m 
14:58       Departure from station 4 

14/03/2016 

5 

17:00    Beginning of survey 
19:51    Arrival on station 5 
19:51 47°46,28 -7°30,32 3075 At station 5 (Calypso) 
20:52     Beginning of operations 
22:09     Triggering 

15/03/2016 
00:14     Core MD16-3516 on deck 

        recovery: 46,50m 
00:25       Departure from station 5 

15/03/2016 6 

03:32    Beginning of survey 
06:41    Arrival on station 6 
06:41 46°57,58 -7°53,75 1953 At station 6 (Calypso) 
06:41      Beginning of operations 
08:51      Triggering 
11:00      Core MD16-3517 on deck 

        recovery: 41,54m 
11:00    Departure from station 6 

17/03/2016 

7 

20:44       Beginning of survey 

18/03/2016 

03:30     Arrival on station 7 
03:30 34°46,66 -4°42,48 2237 At station 7 (multicore) 
06:56     Ground touched 
08:00     Core on deck 

        recovery: none (2 attempts) 
03:30 34°46,66 -4°42,48 2236 At station 7 (Calypso) 
08:50     Beginning of operations 
09:45     Triggering 
11:00     Core MD16-3518 on deck 

        recovery: 30,93m 
11:45       Departure from station 7 

18/03/2016 

8 

21:18       Beginning of survey 
22:30     Arrival on station 8 
22:30 33°44,55 -3°26,88 1168 At station 8 (Calypso) 
23:03    Beginning of operations 
23:33     Triggering 

19/03/2016 

00:45     Core MD16-3519 on deck 
        recovery: 29,34m 

22:30 33°44,55 -3°26,88 1168 At station (Casq) 
00:45     Beginning of operations 
02:58     Ground touched 
04:12     Core on deck 

        recovery: 0m (sediment too hard?) 
04:30    Departure from station 8 

19/03/2016 9 

06:17       Arrival on station 9 
06:17 33°34,10  -3°08,09 2950 At station 9 (CTD) 

       MD203-ACC-CTD-9 in water 
       MD203-ACC-CTD-9 on bottom 
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08:04      MD203-ACC-CTD-9 out of water 
        recovery: 12 samples 

08:27       Departure from station 9 

21/03/2016 10 

08:40       Arrival on station 10 
08:40 26°59,62 7°54,12 4850 At station 10 (CTD) 
09:02      MD203-ACC-CTD-10 in water 
09:33      MD203-ACC-CTD-10 at 1500m 
10:05      MD203-ACC-CTD-10 out of water 

        recovery: 12 samples 
13:28     MD203-ACC-CTD-test in water 
14:20     MD203-ACC-CTD-test out of water 

      recovery: none 
10:25       Departure from station 10 

 
 

3.3. Station map 

 
 
Figure 16: Map of MD203 ACCLIMATE stations, with core and CTD-rosette names. 
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3.4. Surface-water properties along the cruise track 

3.4.1. Surface-water temperature and salinity maps 

  
Figure 17: Surface-water temperature (left) and salinity (right) along the cruise track. 
 

3.4.2. Surface-water δ18O and δD maps 

  
Figure 18: Surface-water δ18O (left) and δD (right) along the cruise track. 
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3.5.  Collected sediment and water samples at all stations 

3.5.1. Station 1 

3.5.1.1. Station information 
 

Figure 19: Bathymetric map at station 1 
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Figure 20: 3.5 kHz profile at station 1 
 
 

 
Figure 21 Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 1 
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3.5.1.2. Calypso core MD16-3510 
 

 
Figure 22: Coring information of core MD16-3510 
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Figure 23: Pictures of core MD16-3510 
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Figure 24: Sediment description of core MD16-3510 
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Figure 25: Physical properties of core MD16-3510 
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Figure 26: Layer correction of core MD16-3510 estimated from the cinematics measured during 
coring 
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3.5.1.3. Casq core MD16-3511Q 
 

 
Figure 27: Coring information of core MD16-3511Q 
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Figure 28: Pictures of core MD16-3511Q 
 



46 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 29: Sediment description of core MD16-3511Q 
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Figure 30: Physical properties of core MD16-3511Q 
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3.5.2. Station 2 

3.5.2.1. Station information 
 

Figure 31: Bathymetric map at station 2 
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Figure 32: 3.5 kHz profile at station 2 
 
 
 

 
Figure 33: Temperature and salinity profiles from the CTD-rosette at station 2  
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3.5.2.2. CTD: MD203-ACC-CTD2 
 
Table 5: Water samples taken for the CTD-rosette MD203-ACC-CTD2 
MD203-ACC-CTD2 (35°21.378 S, 29°14.778 E, seafloor depth: 4435 m) 

TAKEN SAMPLES 
Water depth For δ18O measurements  For δ13C measurements * For Δ14C measurements * 
Surface 2*50 mL (PICARRO) 

1*10 mL (LSCE) 
1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

50 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

150 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

300 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

500 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

800 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1000 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1200 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1400 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1800 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

2000 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

2500 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

3000 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

3500 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

4000 m 2*50 mL (PICARRO) 
1*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

* Samples taken for δ13C and Δ14C measurements have been poisoned using HgCl2. 
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3.5.2.3. Casq core MD16-3512Q 
 

 
Figure 34: Coring information of core MD16-3512Q 
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Figure 35: Pictures of core MD16-3512Q 
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Figure 36: Sediment description of core MD16-3512Q 
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Figure 37: Physical properties of core MD16-3512Q 
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3.5.2.4. Calypso core MD16-3513 
 

 
Figure 38: Coring information of core MD16-3513 
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Figure 39: Pictures of core MD16-3513 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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Figure 40: Sediment description of core MD16-3513 
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62 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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Figure 41: Physical properties of core MD16-3513 
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Figure 42: Layer correction of core MD16-3513 estimated from the cinematics measured during 
coring 
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3.5.3. Station 3 

3.5.3.1. Station information 
 

 
Figure 43: Bathymetric map at station 3 
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Figure 44: 3.5 kHz profile at station 3 
 
 

 
Figure 45: Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 3 
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3.5.3.2. Calypso core MD16-3514 
 

 
Figure 46: Coring information of core MD16-3514 
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Figure 47: Pictures of core MD16-3514 
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Figure 48: Sediment description of core MD16-3514 
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Figure 49: Physical properties of core MD16-3514 (no data in upper core sections indicate that they 
were too liquid to be measured) 
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Figure 50: Layer correction of core MD16-3514 estimated from the cinematics measured during 
coring 
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Table 6: List of pore-water samples taken in core MD16-3514 
 
MD16-3514 (49°58.59 S, 5°51.20 E, 3630 m water depth, 59.48 m core length) 

PORE WATER SAMPLING 
Sampling depth (cm) Section For δ18O measurements  For chlorinity measurements 

0 I 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
150 I 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
300 II 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
450 III 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
600 IV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
750 V 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
900 VI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 

1050 VII 2*2 mL (PICARRO, LSCE) 1*4 mL (J. Adkins) 
1200 VIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
1350 IX 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
1500 X 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
1650 XI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
1800 XII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
1950 XIII 2*2 mL (PICARRO, LSCE) 1*4 mL (J. Adkins) 
2100 XIV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
2250 XV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
2400 XVI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
2550 XVII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
2700 XVIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
2850 XIX 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3000 XX 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3150 XXI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3300 XXII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3450 XXIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3600 XXIV 2*2 mL (PICARRO, LSCE) 1*4 mL (J. Adkins) 
3750 XXV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
3900 XXVI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4050 XXVII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4200 XXVIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4350 XXIX 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4500 XXX 2*2 mL (PICARRO, LSCE) 1*4 mL (J. Adkins) 
4650 XXXI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4800 XXXII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
4950 XXXIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5100 XXXIV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5250 XXXV 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5400 XXXVI 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5550 XXXVII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5700 XXXVIII 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5850 XXXIX 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
5948 XL 1*2 mL (PICARRO) 1*4 mL (J. Adkins) 
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3.5.4. Station 4 

3.5.4.1. Station information 
 

 
Figure 51: Bathymetric map at station 4 
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Figure 52: 3.5 kHz profile at station 4 
 
 

 
Figure 53: Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 4 
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3.5.4.2. Calypso core MD16-3515 
 

 
Figure 54: Coring information of core MD16-3515 
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Figure 55: Pictures of core MD16-3515  
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88 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 56: Sediment description of core MD16-3515 
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Figure 57: Physical properties of core MD16-3515 (no data in upper core sections indicate that they 
were too liquid to be measured) 
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Figure 58: Layer correction of core MD16-3515 estimated from the cinematics measured during 
coring 
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3.5.5. Station 5 

3.5.5.1. Station information 

 
Figure 59: Bathymetric map at station 5 
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Figure 60: 3.5 kHz profile at station 5 
 
 
 
Temperature, salinity and chlorophyll data recorded by the core-head CTD probe have been 
lost at station 5. 
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3.5.5.2. Calypso core MD16-3516 
 

 
Figure 61: Coring information of core MD16-3516 
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Figure 62: Pictures of core MD16-3516  
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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Figure 63: Sediment description of core MD16-3516  
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 64: Physical properties of core MD16-3516 
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Figure 65: Layer correction of core MD16-3516 estimated from the cinematics measured during 
coring 
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3.5.6. Station 6 

3.5.6.1. Station information 

 
Figure 66: Bathymetric map at station 6 
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Figure 67: 3.5 kHz profile at station 6 
 
 
 
 
 

 
Figure 68 Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 6 
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3.5.6.2. Calypso core MD16-3517 
 

 
 
Figure 69: Coring information of core MD16-3517 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 70: Pictures of core MD16-3517  
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 71: Sediment description of core MD16-3517 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 



115 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 72: Physical properties of core MD16-3517 
  



116 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 73: Layer correction of core MD16-3517 estimated from the cinematics measured during 
coring 
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3.5.7. Station 7 

3.5.7.1. Station information 

Figure 74: Bathymetric map at station 7 
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Figure 75: 3.5 kHz profile at station 7 
 
 
 

 
Figure 76: Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 7 
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3.5.7.2. Calypso core MD16-3518 
 

 
Figure 77: Coring information of core MD16-3518 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 78: Pictures of core MD16-3518  
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 79: Sediment description of core MD16-3518  



125 

MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 80: Physical properties of core MD16-3518 
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Figure 81: Layer correction of core MD16-3518 estimated from the cinematics measured during 
coring 
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3.5.8. Station 8 

3.5.8.1. Station information 
 

 
Figure 82: Bathymetric map at station 8 
 
 

 
Figure 83: 3.5 kHz profile at station 8 
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Figure 84 Temperature, salinity and chlorophyll profiles from the core-head CTD probe at station 8 
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3.5.8.2. Calypso core MD16-3519 
 

 
Figure 85: Coring information of core MD16-3519 
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MD203 ACCLIMATE cruise report – From Durban (29/02/16) to Walvis Bay (23/03/16) 

 

 
Figure 86: Pictures of core MD16-3519 
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Figure 87: Sediment description of core MD16-3519 
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Figure 88: Physical properties of core MD16-3519 
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Figure 89: Layer correction of core MD16-3519 estimated from the cinematics measured during 
coring 
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3.5.9. Station 9 

3.5.9.1. Station information 

 
Figure 90: Temperature, salinity and chlorophyll profiles from the CTD-rosette at station 9 

3.5.9.2. CTD: MD203-ACC-CTD9 
 
Table 7: Water samples taken for the CTD-rosette MD203-ACC-CTD9 
MD203-ACC-CTD9 (33°34.10 S, 3°08.09 W, seafloor depth: 2950 m) 

TAKEN WATER SAMPLES 
Water depth For δ18O measurements  For δ13C measurements * For Δ14C measurements * 
Surface 2*50 mL (PICARRO) 

2*10 mL (LSCE) 
1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

50 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

100 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

150 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

250 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

500 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

800 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1000 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1200 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1400 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1800 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

2000 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

* Samples taken for δ13C and Δ14C measurements have been poisoned using HgCl2.  
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3.5.10. Station 10 

3.5.10.1. Station information 
 

 
Figure 91: Temperature, salinity and chlorophyll profiles from the CTD-rosette at station 10 
 

3.5.10.2. CTD: MD203-ACC-CTD10 
 
Table 8: Water samples taken for the CTD-rosette MD203-ACC-CTD10 
MD203-ACC-CTD10 (26°59.6 S, 7°54.1 W, seafloor depth: 4850 m) 

TAKEN WATER SAMPLES 
Water depth For δ18O measurements  For δ13C measurements * For Δ14C measurements * 
Surface 2*50 mL (PICARRO) 

2*10 mL (LSCE) 
1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

50 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

100 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

150 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

250 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

500 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

800 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1000 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1200 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

1500 m 2*50 mL (PICARRO) 
2*10 mL (LSCE) 

1*30 mL (AWI) 
1*30 mL (LSCE) 

1*250 mL (LSCE) 

* Samples taken for δ13C and Δ14C measurements have been poisoned using HgCl2. 
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