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9.1 Theoretical background
With an analysis of sediment cores one obtains data about a certain environment. While the pore water of the sample provides information about the current geochemistry, the sediments of the sample provide information about conditions in the past.
During the cruise He 398 on the AWI research vessel, we examined sediment
cores, obtained at different sites. The aim was to compare the two cores in
regard to phosphate and iron concentrations and their related reduction sequences. One site was an anthropogenically changed area, while the other site
served as a reference, since natural processes are prevailing. Station 1 is the
so called mud pile, where material from dredging of the Hamburg harbor has
been dumped. Thus this place is of high interest because it shows high sedimentation rates of coarse grained Elbe sediment and higher concentration of
contamination was expected. The high input of nutrients and organic matter
from river deltas results in long reduction sequences of upper sediment, which
are suitable for analysis. The environment at station 2 has been only slightly
influenced by human activity, so that measures could be put into relation.
Geochemistry of Marine Sediments
Marine bottom sediments are produced by the deposition of particulate matter from the water column which can only be several mm per year or up to
several cm in high deposition areas. The redox zonation typical of marine sediments is due to the change from oxic conditions in the upper sediment to
anoxic conditions in deeper layers. Decomposition of organic matter in the first
few centimeters of the sediment uses the readily available oxygen as an electron
acceptor. However, oxygen doesnt penetrate deeper in the sediment and other
electron acceptors need to be used to carry out the decomposition of organic
matter. The common electron acceptors in anoxic conditions are manganese
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oxides, nitrate, iron oxides, sulfates etc. which gives the typical redox zonation
in marine sediments. This redox zonation is illustrated bellow.
Geochemistry of Iron
Iron in the marine sediments has two major free cation species ferric iron (II)
and ferrous iron (III). The species distribution of iron is determined by the presence of oxygen in the upper part of the sediment and the lack of oxygen in the
deeper sediment. This leads to the reductive dissolution of Fe oxides with increasing depth which is suspected to be aided my microbial activity (Srensen
1982). This is important as Fe oxides are the most common surfaces for sorption of heavy metals and nutrients in the sediments. This may indicate that
as we go deeper into the sediment we can find higher concentrations of trace
metals due to the loss of complexation surfaces which are provided by the iron
oxides in the upper layers. Biotic processes like ingestion by living organism
and transport through the sediment can also occur. Therefore, iron reduction
with increasing depth and iron surface complexation are the two major processes in the iron cycle in marine sediments.
Phosphate in marine sediments
Phoshate is an important nutrients for organisms. Studies of organic rich sediments, like the ones found in the mud pile that was the subject of study during
this cruise, have shown that phosphate is produced and accumulated in the
pore waters. This phosphate can adsorb to the sediment, diffuse out of the
sediment as well as precipitate out as a separate mineral phase. Furthermore,
sorption processes tend to dominate in areas where freshwater comes into contact with seawater and high rates of flocculation occur. (Krom et al. 1980,
Stirling et al.)

9.2 Methods
Multi-corer
The instrument used to obtain the sediment cores is called multi-corer, short
MUC.It is a metal construction that has 8 Plexiglas tubes (50cm long, diameter
10cm) in the center that penetrate into the sediment once the MUC hits the sea
floor. Additional weight can be put onto the MUC depending on the sea beds
conditions. The MUC is connected to the ships crane via a cable which also
controls the tube lids. Pulling the cable will cause the lids to close, hence producing a vacuum and allowing for full preservation of the core. Once the MUC
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is on deck, the tubes are removed and stored or analyzed in the laboratory.
Flora and fauna is frequently found in the bottom water above the sediment
core and give additional information about sea bed conditions.

Figure 9.1: Multi-corer

Obtaining of pore water:
In order to obtain pore water, small holes have to be drilled into the Plexiglas
tube beforehand, which then are covered with tape to prevent any loss of material while sampling. With the help of a syringe, that is connected to a rhizone
which is pressed through the holes into the sediment core, a under-pressure
is created so that water can be extracted. Rhizone are porous membranes that
filter the water directly. The upper 10cm, a rhizone is placed each centimeter,
then every second centimeter. The water is analyzed in the lab.
Boxcore:
A boxcore works similar to a MUC. It consists metal box which is placed in the
middle of a metal frame. When the device hits the ground, the box is detached
from the frame and is forced, due to gravitational acceleration, into the sea
floor sediment. The difference is, that only one, but bigger square sediment
sample is taken. Once the device is on deck, the sample is totally removed
from the box and caught in a plastic basin (Note: important to take a picture,
including a scale and label next to the sample!). This technique allows for a
different analysis. Since the boxcorer has dimensions of approx. 40cm times
40cm, sediment is preserved better. Hence it is possible to identify layering,
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after clear cutting the edges of the sample. When sediment is very loose, the
analysis has to be done fast, before the core disintegrates. A disadvantage of
MUC is, that no core water can be sampled or analyzed.

Figure 9.2: Pore water sampling

Figure 9.3: Box corer

Analytical Methods:
Smear slides are prepared in order to analyze grain sizes under a petrographic
microscope. With a toothpick sediment is put onto a slide and a water drop
is added. Then the slide is fixed with glue, to make it a permanent sample.
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Sediment can be described as either ill or well sorted. Under the microscope
different mineral types are identified by their shape, color and surface reflection. In general terrigenous or biogenous or cosmogenous sediments, siliceous
or carbonate ooze, and organic material can potentially be found. Appropriate
labeling is crucial in order to keep track of the different samples.
From the MUC or Boxcorer, smaller samples of sediment are taken with a
syringe of 10ml or 20ml at different depths. They are then preserved with
polyethylene. Alternatively to syringes, a knife is used to cut out a small piece
of the sample and to preserve in a petri dish. Both methods allow for analysis of
physical properties such as porosity, grain size distribution and bulk densities.
The grain sizes range from clay to silt to sand, and can be described appropriately in the soil textural triangle. Sand grains are visible with the bare eye and
clay is so fine, that it can not even be felt between the teeth. Whenever one
obtains a sediment sample one should also check the odor. A smell of rotten
eggs indicates the presence of hydrogen sulfide.
Spectrophotometry:
To analyze Iron and Phosphate concentrations of pore water a spectrophotometer is used. According to the Beer-Lambert law the UV light absorbance of a
solution is directly proportional to its concentration. The concept is the following. Orthophosphate ions in an acidic solution with presence of mylobdate
ions and antimony ions build up a complex. Through the reduction by ascorbic
acid, the complex turns blues. The photometer measures the color complex at
820nm. For the detection of iron, ferrospectral is used, which builds up a violet color complex with ferrous irons. Again, a photometer is used to measure
absorption.

9.3 Data and Results
9.3.1 Sample Log Sheet HE398/003-4 - MUC
Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung

Sample Description
Attempts at station HE398/003-1, HE398/003-2, HE398/003-3 were unsuc-
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Table 9.1: Sample Log Sheet HE398/003-4
Station No.
HE398/003-4
Date
12.04.2013
Wind strength [m/s]
NW 2
Time of sample (UTC)
12:59
Position Lat. [dd]
54 4,35’ N
Postion Long. [dd]
8 1,42’ E
Depth [m]
29.1

cessful but HE398/003-4 was successful. For HE398/003-4 all 8 tubes closed
and had 50 cm sediment profiles in each. Pore-water from four cores was sampled as well as the overlying water.
Structure
Well preserved structure, anoxic and oxic layers were clearly visible
Grain Size
Coarse sandy sediment in the top 2-3 cm and then progressively finer sediments with depth reaching fine grained silty clay near the bottom of the core.
Color
Oxic layer is mostly brownish, with increasing depths the color becomes darker
with the anoxic layer dark black.
Organics
Some shell fragments on the surface and some signs of burrowing organisms in
the top several centimeters, much less organisms in the compacted and dense
black layer.

9.3.2 Sample Log Sheet HE398/006-2 - MUC

Table 9.2: Sample Log Sheet HE398/006-2
Station No.
HE398/006-2
Date
13.04.2013
Wind strength [m/s]
W7
Time of sample (UTC)
6:46
Position Lat. [dd]
554 5,65’ N
Postion Long. [dd]
8 4,61’ E
Depth [m]
22,8
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Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung

Sample Description
First attempt HE398/006-2 was successful. 7 tubes closed and had 50 cm
sediment profiles in each. Pore-water from four cores was sampled as well as
the overlying water, one core was preserved for later analysis and two cores
were used for sediment sampling.
Structure
Well preserved structure, anoxic and oxic layers were clearly visible
Grain Size
Coarse sandy sediment in the top 2-3 cm and then progressively finer sediments with depth reaching fine grained silty clay near the bottom of the core.
Color
Oxic layer is mostly brownish, with increasing depths the color becomes darker
with the anoxic layer dark black.
Organics
Some shell fragments on the surface and some signs of burrowing organisms in
the top several centimeters, much less organisms in the compacted and dense
black layer.

9.3.3 Sample Log Sheet HE398/012-4 - MUC
Table 9.3: Sample Log Sheet HE398/012-4
Station No.
HE398/012-4
Date
14.04.2013
Wind strength [m/s]
SSE 10
Time of sample (UTC)
6:39
Position Lat. [dd]
54 6,61’ N
Postion Long. [dd]
8 3,92’ E
Depth [m]
23,1
Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung
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Sample Description
First attempts HE398/012-01, HE398/012-02, HE398/012-03 were unsuccessful and no samples were extracted. HE398/012-04 was semi-successful
with 6 tubes closed and had 50 cm sediment profiles in each. 4 cores were
used for pore water sampling and 2 were used for sediment sampling.
Structure
Well preserved structure, anoxic and oxic layers were clearly visible
Grain Size
Coarse sandy sediment in the top 2-3 cm and then progressively finer sediments with depth reaching fine grained silty clay near the bottom of the core.
Color
Oxic layer is mostly brownish, with increasing depths the color becomes darker
with the anoxic layer dark black.
Organics
One large organism was found in one of the cores. Some shell fragments on the
surface and some signs of burrowing organisms in the top several centimeters,
much less organisms in the compacted and dense black layer.

9.3.4 Sample Log Sheet HE398/012-5 - MUC
Table 9.4: Sample Log Sheet HE398/012-5
Station No.
HE398/012-5
Date
14.04.2013
Wind strength [m/s]
SSE 10
Time of sample (UTC)
6:55
Position Lat. [dd]
54 6,65’ N
Postion Long. [dd]
8 3,85’ E
Depth [m]
23,1
Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung
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Sample Description
HE398/012-05 was successful with 7 tubes closed and had 50 cm sediment
profiles in each. All cores were extracted but only one was preserved and the
rest were not used.
Structure
Well preserved structure, anoxic and oxic layers were clearly visible
Grain Size
Coarse sandy sediment in the top 2-3 cm and then progressively finer sediments with depth reaching fine grained silty clay near the bottom of the core.
Color
Oxic layer is mostly brownish, with increasing depths the color becomes darker
with the anoxic layer dark black.
Organics
One large organism was found in one of the cores. Some shell fragments on the
surface and some signs of burrowing organisms in the top several centimeters,
much less organisms in the compacted and dense black layer.

9.3.5 Sample Log Sheet HE398/012-6 - BOX

Table 9.5: Sample Log Sheet HE398/012-6
Station No.
HE398/012-6
Date
14.04.2013
Wind strength [m/s]
SSE 10
Time of sample (UTC)
7:07
Position Lat. [dd]
54 6,58’ N
Postion Long. [dd]
8 4,04’ E
Depth [m]
22,9
Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung

Sample Description
Well preserved structure, consolidated and well sorted sediment. Sediment
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samples taken at 10cm and 20cm depth. Smear slide taken at 10cm.
Grain Size
Coarse sandy sediment in the top 2-3 cm and then progressively finer sediments with depth reaching fine grained silty clay near the bottom of the core.
Color
Oxic layer is mostly brownish, with increasing depths the color becomes darker
with the anoxic layer dark black. Dark black liquid was present throughout the
dense black sediment indicating freshly decomposed organic matter.
Organics
Lot of shell fragments on the surface and some signs of burrowing organisms in
the top several centimeters, much less organisms in the compacted and dense
black layer. One red worm was found in the box core sample.
Smell
Pronounced smell of H2S indicating high rates of organic matter decomposition, thus organic rich anoxic sediments.

9.3.6 Sample Log Sheet HE398/014-4- BOX
Table 9.6: Sample Log Sheet HE398/014-4
Station No.
HE398/014-4
Date
14.04.2013
Wind strength [m/s]
SSE 10
Time of sample (UTC)
10:27
Position Lat. [dd]
54 8,52’ N
Postion Long. [dd]
7 54,82’ E
Depth [m]
54,4
Scientists: Konstantin Mewes, Markus Raitzsch, Stefan Kuzmanovski and Seinab
Bohsung

Sample Description
Not preserved structure, unconsolidated and ill-sorted sediment. Mostly oxidized. Smear slide taken.
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Grain Size
Coarse and fine grained sandy sediment and little fine grained silty clay.
Color
Mostly beige and sandy color due to high amounts of sand in the sample.
Organics
Lot of very large and small shell fragments and a lot of organisms were present.
With microscopic investigation the Multinet group identified the following from
the box core: bryozoa, polycheaeta, crab, infant lobster and lots of shells.
Smell
No pronounced smell of H2S indicating low rates of organic matter decomposition, thus oxygen rich sediments.
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Figure 9.4: Sample HE398/003-4

Figure 9.5: Sample HE398/006-2
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Figure 9.6: Sample HE398/012-4

Figure 9.7: Sample HE398/012-5
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Figure 9.8: Sample HE398/012-6

Figure 9.9: Sample HE398/014-4
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9.4 Discussion
9.4.1 Phosphate Photometry Analysis
Preliminary processing of data from the on-board photometry analysis of phosphate concentrations in the pore water samples collected were presented in the
Data section of this report. In the graph showing phosphate contraptions versus sediment depth (only from the first two days) we can see an increase in
phosphate concentrations with depth which is in line with findings from previous studies (see Sundby et al., 1992). Sundby et al. explain the increase of
phosphate with depth with an increased reduction of iron oxides with increasingly anoxic conditions the deeper in the sediment we analyze the pore water.
Phosphate tends to adsorbs to iron oxides in the top couple of centimeters but
as the iron oxides are reduced phosphate is released at depth in the sediments.
We can clearly see this also in our own results. However, Sundby et al. also
mention a constant concentration of phosphate up to 5-15 cm depth due to
the adsorption/desorption equilibrium with the top oxic sediment found. In
our results this constant concentration in phosphate concentrations is not observed but a rather continuous increase with depth of phosphate is observed.
One possible explanation is the rather high organic content found in our sediment samples which can lead to more reducing conditions much faster and
thus in a faster phosphate release than in organic poor sediments. In order to
obtain a more complete picture of phosphate concentrations in the sediment
and the contribution of sorption reactions to the overall cycle of phosphate,
analysis of the sediment samples needs to be carried out. The graphs for total phosphorous concentrations in the sediment might look very different from
the pore water phosphorous profiles due to the adsorbed phosphorus on the
sediment. Moreover, a measurement of the percentage of organics in the sediment samples could support our proposed explanation for the steep increase
in phosphate with sediment depth.

9.4.2 Iron Photometry
The iron photometry analysis on board wasn’t successful as for depths bellow
4-5 centimeters we obtained negative values for the concentration of iron. This
means that either our calibration samples were bad or the concentration of iron
were lower than the detection limit of the photometer we used.
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9.4.3 Organic rich sediments
An interesting observation we made during sampling of sediment in the mudpile of the coast of North Germany in the area around Helgoland is the abundance of life both in the sediment and on the ocean floor. Samples take both
at shallower and much deeper waters were rich in dark black matter which
we concluded was freshly decomposed organic matter. Moreover, a lot of organisms were found in the second Boxcore at a depth of 54.4 meters, namely
bryozoa, polycheaeta, crab, infant lobster and lots of shells.

9.4.4 Depositional environments
We could also observe a clear difference between the locations where we took
the first box core and where we took the second one. The location of the first
box core indicates a typical coarsening upwards with silty clay deeper and sand
closer to the surface. However, at the second location the box core was unable to penetrate deep indicating that the sediment was much coarser and the
coarse layer was much deeper than usual. This might indicate a riverine input
and deposition from the large North German rivers.

9.5 Conclusion
To this day we have collected sediment samples from two different sites in the
Northern Sea. Few data such as the description of grain size, contaent of organics, and sediment color and odor was determined during the cruise. However
most of the data will be only processes afterwards in proper laboratories. Unfortunately there will be no access to the results for Jacobs students, since we
collected sediment to mainly gather data for Thomas’ Krengels Bachelor Thesis.
Due to the limited results we have received, the conclusion can not be drawn
in full scale. This does not diminish the importance of our work, since were
able to contribute to the long term data base, that AWI has established for the
North Sea.
During the Cruise He398 we were not able to make use of a gravity corer. This
would have allowed for greater in depth analysis of the area around Helgoland.

Heincke Cruise HE-349

29

