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Table 2 - 5 contains details and a short description of the 4 recovered RD2 cores. The sections are 

labeled: cruise number - station number - section number. The core sections increase in number below 

the sediment surface, such that Section 1 represents the section taken from closest to the sediment 

surface. In case there are Sections A and B, then A represents the upper part of the section and B the 

lower part of the section. The barrel number relates to the RD2 core barrel; cc= core catcher; cc and 

barrel together are 171.5 cm long. Note that sediment description, core length, % recovery are 

preliminary results and the tables will be updated after the cores have been split open in the onshore 

laboratories.  

 

5.1.3.1 Dive 1 – bore hole 1: MSM78-06  

Table 2: Core description MSM78-06 

Section Barrel 

no 

Section Length (cm) 

(liner length: 166.5 cm) 

Core 

catcher 

(cm) 

% 

recovery 

without 

cc 

% 

recovery 

with cc 

Descriptions and comments  

MSM78-06-1 115 86 3 51 52 Brown-greyish mud, 

homogenous,  with darker 

brown smears  

MSM78-06-2 

(A/B) 

008 167 

(A=88 cm; B=79 cm) 

8 100 102 Brown mud, disturbances from 

drilling visible between 

sediment and liner, full recovery 

MSM78-06-3 006 142 2 85 84 Brown mud, homogenous 

MSM78-06-4 

(A/B) 

091 163 

(A=94 cm; B=69 cm) 

1 98 96 Dark brown, full recovery 

MSM78-06-5 

(A/B) 

101 168 

(A=92 cm; B=76 cm) 

9 101 103 Dark brown mud, sulfide smell, 

some back smears, full recovery 

MSM78-06-6 005 43 8 26 30 Detached from the rest, 3-24 cm: 

disturbed from drilling, darker 

brown sediment 

MSM78-06-7 131 105 7 63 65 Brown-greyish mud, homogenous,  

with darker brown smears  

MSM78-06-8 009 56 9 34 38 Top very disturbed: with water 

running down the side of the liner at 

15-25 cm 

MSM78-06-9 119 108 5 65 66 Very disturbed on one side, vertical 

smears 

MSM78-06-10 007 40 8 24 28 Very disturbed    

MSM78-06-11 094 33 9 20 24 Very disturbed, different liner length 

MSM78-06-12 067 59 10 35 40 Very disturbed  

MSM78-06-13 003 107 12 64 69 Grey mud, darker than previously, 

black parts 

MSM78-06-14 

 (A/B) 

106 98 

(A= 25cm; B=73 cm) 

4 59 59 Many darker smears, Section A for 

permeability measurements 

(GEOMAR )  
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5.1.3.2 Dive 2 – bore hole 2:MSM78-08  

Table 3: Core description of MSM78-08 

Section 
Barrel 

no 
Section Length (cm) 

(liner length: 166.5 cm) 

Core 

catcher, 

(cm) 

% 

recovery 

without cc 

% 

recovery 

with cc Comment 

MSM78-08-1 094 30 3 18 19 Homogenous grey mud, 4/1 5Y  

MSM78-08-2 005 105 8 63 66 

Greyish mud, homogenous, sulfidic 

smell, shell fragments in the upper 

part of the section, 3/10G Grey 2 

(soil color scale) 

 

5.1.3.3 Dive 4 – bore hole 3:MSM78-10 

Table 4: Core description of MSM78-10 

Section Barrel no 
Section Length (cm) 

(liner length: 166.5 cm) 

Core 

catcher 

(cm) 

% 

recovery 

without cc 

% 

recovery 

with cc Comment 

MSM78-10-1 101 52 3 31 32 

Some disturbances, greenish-yellow-

grey:4/1 5Y to 4/2 5Y 

MSM78-10-2 119 136 6 82 83 

4 5B Gley 2, upper 30 cm light brown 

grey undisturbed, below grey with sub 

horizontal cracks 

MSM78-10-3 131 0 5 0 3 

Only cc recovered, here sediment very 

disturbed 

MSM78-10-4 

(A/B) 008 

148 

(A=82cm; B=66 cm) 6 89 90 

4/1 to 571 5Y grey to greenish grey, upper 

38 cm highly disturbed and cracks 

without orientation, next 38 cm more 

smooth less cracked, next 50 cm little 

disturbed, basal part smooth 

MSM78-10-5 005 61 7 37 40 Section for SOTON (no subsampling) 

MSM78-10-6 

(A/B) 006 

130 

(A=25cm; B=105 cm) 4 78 78 

4/1 to 5/1 grey to greyish, upper 25 cm  

(Section A) for GEOMAR , sample depth 

measured from top of section including 

section for GEOMAR, whole section 

slightly disturbed and with cracks of no 

orientation 

 

5.1.3.3 Dive 5 – bore hole 4: MSM78-11 

Table 5: Core description of MSM78-11 

Section Barrel no 
Section Length (cm) 

(liner length:166.5 cm) 

Core 

catcher 

(cm) 

% 

recovery 

without cc 

% 

recovery 

with cc Comment 

MSM78-11-19 

(A/B) 106 

46 

(A = 31 cm; B= 15 cm) 8 9 13 

3 samples from core catcher, pots 758 

(porosity), 734 (freeze for Sr isotopes), 

676 (frozen for redox sensitive 

sediments), + kept Section B intact for 

SOTON and GEOMAR  

MSM78-11-20 091 45 8 27 31 

Samples from core catcher, pots 696 

(porosity), 695 (freeze for Sr isotopes), 

684 pots 686,685 and 677  and RNA later 

with carbonate samples (frozen for redox 

sensitive sediments) 
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5.2 Gravity coring 
During research cruise MSM78, we collected seven gravity cores within and outside the Scanner 

Pockmark (Figures 6 and 7; Table 6). All deployments were successful and recovered 29.5 m of core in 

total.  

5.2.1 Equipment and Method 

The GEOMAR gravity corer was fitted with a core barrel of 5.75 m length, a head weight of about 1.2 

tons and a core catcher. Core liner, composed of opaque PVC-tubes of 5 m length and 12.5 cm diameter, 

are joined with pipe coupling pieces of 20 cm length. On R/V MARIA S. MERIAN, the gravity corer 

was deployed along the starboard side of the vessel, with an 18 mm steel cable attached to the ship´s 

winch. It was lowered with a rope speed of 0.5 m/s to the seafloor. Contact with the seafloor was 

monitored via the cable tension. The device remained on the seafloor for about 30 seconds in order to 

allow for deep penetration, and was then pulled out with a speed of 0.1 m/s. Heave velocity was 0.5 m/s. 

After recovery and lashing of the gravity corer on deck, the core catcher was taken off and the liner 

pulled out of the core barrel. The core liner was oriented, labeled and cut into 1 m sections, whereas the 

deepest section was labeled as section 1. The top and base of each section is marked with "Top" and 

“Bottom", respectively, as well as with core number and section number (e.g. MSM78-18 section 2). 

Orientation arrows have the arrowheads pointing upward. The core was not split onboard. Three cores 

(MSM78-14, -16, -18) were selected for pore water analysis and sediment sampling, which requires 

holes of 5 to 10 mm drilled into the plastic liner. The cores were stored at 4°C. Cores from Station 

MSM78-15, -17 and -19 were sectioned and stored at 4 °C, but otherwise unprocessed for assessment 

of physical properties back in the laboratory in Southampton and Kiel. 

 

 

Figure 7: A) Gravity core before recovery. B) Opening of gravity core. C) Gravity core section in the 

wet lab. 
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5.1.2 Gravity cores 

During MSM78, we collected seven gravity cores within and outside the Scanner Pockmark (Figure 6; 

Table 6). 

Table 6: List of gravity cores obtained during MSM78 

Station Latitude 

(N) 

Longitude 

(E) 

Site Water 

depth 

(m) 

Total 

length of 

core 

recovered 

(m) 

# of 

sections 

Maximal 

penetration 

depth 

(mbsf) 

MSM78-14 58°16.889 0°58.255 Scanner 

pockmark, site 

south 1 

170 3.5 4 5.7 

MSM78-15 58°16.888 0°58.258 Scanner 

pockmark, site 

south 1 

168 3.3 4 5.7 

MSM78-16 58°16.886 0°58.243 Scanner 

pockmark, site 

south 2 

169 3.2 4 5.7 

MSM78-17 58°16.944 0°58.476 Scanner 

pockmark, site 

northeast 

165 4.5 5 5.7 

MSM78-18 58°16.944 0°58.478 Scanner 

pockmark, site 

northeast 

164 4.8 5 5.7 

MSM78-19 58°17.463 1°04.080 Reference site 148 ~5 6 5.7 

MSM78-20 58°17.465 1°04.071 Reference site 148 5.3 6 5.7 

 

5.3 Sediment geochemistry 

5.3.1 Background 

The geochemistry work during cruise MSM78 had three main objectives: 

1) To characterize the chemical composition of fluids and gases migrating through the chimney: For this 

we collected pore water samples to determine species that influence reactions with leaking CO2, 

including the carbonate system (dissolved inorganic carbon (DIC), total alkalinity (TA) and pH) and 

potentially harmful metals that may be released into the overlying water column, and species that trace 

fluid origin (e.g. 87Sr/86Sr, Cl). These data will be used to parameterize reactive transport modelling that 

will be done by other work packages in the STEMM-CCS and CHIMNEY projects. 

2) To determine the relationship between these parameters and permeability we will characterize core 

geology, including lithology, grain size distribution, sediment texture and porosity.  

3) When split, we will recover samples of authigenic carbonates from the cores that then can be dated 

to ascertain the longevity of fluid flow. 

Pore water and sediment samples were sampled from GC and RD2 cores (Appendix C). The scientific 

analyses required for these objectives cannot be conducted onboard, but require the collection of pore 

samples shortly after the recovery of the sediment cores. 
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5.3.2 Pore water sampling 

For geochemical analyses, pore waters and sediment samples were extracted through small holes drilled 

into the liner of the RD2  and GC liners from Stations MSM78-14, -16, -18, -20. Porewaters were 

collected with Rhizones (0.2 µm pore diameter, type: CSS: length 5 cm for gravity cores and 2 cm for 

RD2 cores, Rhizosphere Research Products, Wageningen, Netherlands, Figure 8) approximately every 

30 cm (see Appendix C). Solid phase samples were collected with cut-off 5 cm syringes.  

 

Figure 8: Porewater subsampling from gravity cores with Rhizones.  

 

Details of the methods for collection of sediments and pore waters are listed in, respectively, Tables 11 

and 12, together with details of sample preservation. No on-board analyses were carried out and analyses 

of pore water and sediments will be performed in Southampton. Logs showing samples taken can be 

found in Appendix C. 

Table 11: Sampling and preservation of sediments 

Sampling 

Priority 

Sample Type  Volume of 

sediment 

Preservation 

1 Hydrocarbon gases, CH4 & C2-

C6, isotopes and concentrations 

3 cm3 Crimp sealed in 5 mL 1M NaOH 

solution. Stored upside down at room 

temperature 

2 RNA analysis 5 cm3 Stored at 4 C in 5 mL RNA later 

4 DNA analysis 1 cm3 Frozen at < -20C 

5 pH Insert probe into 

porosity sample 

On-board analysis with regular lab pH 

probe (Mettler Toledo) 

6 Porosity and grain size analysis 3 cm3 Stored at 4 C in pre-weighed pot 

7 Redox-sensitive metals 3 cm3 Frozen at -20 C in plastic bag 

8 PFCs 1–5 cm3 Stored at room temperature in 20 mL 

headspace vials with 5 mL MQ water 

Table 12: Sampling and preservation of sediment pore waters. 



24 

 

 

5.3.3 Use of PFC tracer during ROCKDRILL2 operations 

As RD2 utilises drilling fluid during coring operations, it is critical to assess whether any drill fluid has 

intruded into the cores, where it may contaminate the sediment pore waters. To this end, a 

Perfluorocarbon (PFC) tracer, Perfluoromethylcyclohexane, was deployed as part of RD2 operations 

(Table 13). Perfluorocarbons are widely used as tracers because they are non-toxic, unreactive, stable 

and can be detected even at very low concentrations ranges. Tracer preparation and sample handling 

followed Smith et al. (2000). 

 

Table 13: Properties of the PFC tracer Perfluoromethylcyclohexane (Sigma-Aldrich, Lot#: BCBT 1675, 

technical grade 90%) used on MSM78. 

Molecular weight [g/mol] 350.05 

Boiling point [˚C] 76 

Density [g/mL] 1.76 

Solubility [mg/L] ~1 

 

The procedure used is as follows. First, an appropriate amount of the tracer was transferred into an 

infusion bag. To minimise contamination, this was done on the top deck of the ship, which is well 

ventilated and far away from the drill rig and labs. Those handling the tracer wore overalls and gloves, 

and were not the same people who were involved in subsequent sampling and processing of the core 

material. The infusion bag was then attached to the tracer injection system pumping system mounted on 

RD2. The tracer injection system contains a micro annular gear pump mzr-2542 integrated in the filter-

pump-valve (F-P-V) functional module allowing for precise and reproducible dosing. The tracer 

injection rate was 0.15 mL min-1 and was adjusted to achieve a final PFC concentration of 1 mg/L in the 

drilling fluid. 

 

After retrieval of the core barrels and liners, the drill fluid was collected to verify that the PFC injection 

into the drill fluid was successful. The drill fluid was sampled into 50 mL centrifuge tubes, then 5 mL 

of the drill fluid where pipetted into 20 mL-headspace vials filled with 5 mL of Milli-Q, crimp sealed 

and stored at room temperature. Sediment samples from the centre of the core were taken to check 

whether drill fluid had intruded into inner part of the core, i.e. were pore waters were sampled from. The 

sediment was sampled using cut-off syringes (3 cm3). The sediment samples were transferred into 20 

mL-headspace vials filled with 5 mL of Milli-Q, crimp sealed and stored at room temperature. The PFC 

tracer system was used for RD2 Stations MSM78-6 and MSM78-10. Analysis of the samples will be 

done back on shore. 

Sampling 

Priority 

Sample Type  Total 

Volume  

Container - Preservative 

1 Cations & Sr isotopes 2 mL Stored in acid-washed LDPE bottle and with 10L of 

sub-boiled HNO3 added 

2 Anions + H2S 1 mL Stored in pre-weighed LDPA vial containing 0.5 mL 

of 5% ZnAc 

3 DIC 2 mL Filled to brim and stored in glass screw cap vials. 

Poisoned with HgCL2 and stored at 4C 

4 TA 2 mL Filled to brim and stored in glass screw cap vials. 

Poisoned with HgCL2 and stored at 4C 

5 δ18O, δD, δ13C-DIC  4.5 mL Filled to brim and stored in glass screw cap vials. 

Poisoned with HgCL2 and stored at 4C 

6 Nutrients 1 mL Frozen at -20C 
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5.3.4 Preliminary observations 

No analyses were done onboard the ship. Briefly, sediment cores from the reference site were softer to 

sample than any of the pockmark cores. The smell of H2S was noted in one interval in core MSM78-06. 

Recovery using RD2 varies between 24 and 100%; it is presumed that sandy intervals were lost during 

drilling operations. Disseminated carbonate (white granular grains that fizzed in dilute HNO3) was 

discovered in the core catcher of RD Core MSM78-11-20 (see Fig. 9). 

  

Figure 9: Disseminated carbonates from the core catcher of MSM78-11-20. 

Cores recovered from within Scanner Pockmark smelt strongly of H2S in the upper parts, and an interval 

of shell fragments was recovered in the upper ~3m. Cut ends of cores recovered from the northeastern 

segment of Scanner (that is believed to be currently more active) had pervasive black blebs (most likely 

pyrite) in the sediments. Carbonate ‘pavement’ was not captured in any of the cores, although it was 

observed at the surface at the pockmark site by cameras mounted on RD2. 

5.3.5 Further analysis 

On return to Southampton measurements of various geological, physical and geochemical parameters, 

including lithology, grain size distribution, sediment texture, porosity, permeability, magnetic 

susceptibility, and fluid, gas and solid phase geochemistry, will commence. The physical properties of 

the sediment, P-wave velocity, gamma density (bulk density), magnetic susceptibility and non-contact 

resistivity will be measured on the whole cores with an MSCL (Multi-Sensor Core Logger) at 

BOSCORF (British Ocean Sediment Core Research Facility) in Southampton. Afterwards, the cores 

will be split horizontally into a working and an archive half, the lithology will be described and high-

resolution photographs will be taken. If required, further samples will be collected from the working 

half. The archive half of the cores will be used to determine the down-core geochemical composition 

with the ITRAX XRF core scanner at BOSCORF. The archive and working halves of the cores will be 

stored at BOSCORF. Porosity and permeability will be determined on undisturbed parts of cores by CT-

scanning at GEOMAR and SOTON. 
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5.4 Multibeam bathymetry 

5.4.1 Equipment and Method 

RV MARIA S. MERIAN is equipped with two Kongsberg Maritime multibeam echosounder. The 

EM122 system operates at 12 kHz and covers water depths from 20 meters below the transducers up to 

full ocean depth; while the EM712 system offers three different frequency ranges (40-100 kHz, 50-100 

kHz, 70-100 kHz) of signals for water depths ranging from 3 m below transducers to roughly 3500 m. 

Two different transmit pulses can be selected: a CW (Continuous Wave) or FM (Frequency Modulated) 

chirp. In case of the EM712, the latter is part of the full performance version that is installed on RV 

Maria S. Merian. The sounding mode can be either equidistant or equiangular, depending on operation 

preferences and requirements. Both systems can be operated in single-ping or dual-ping mode, where 

one beam is slightly tilted forward and the second ping slightly tilted towards the aft of the vessel. The 

whole beam can also be inclined towards the front of the back and the pitch of the vessel can be 

compensated dynamically. The EM122 system produces 432 beams covering a swath angle of up to 

150° while the EM712 system produces 512 beams for a maximum swath angle of 140°. The latter offers 

a high-density beam-processing mode with up to 800 soundings per swath. The swath angle, however, 

can be reduced, if required.  

The transducers of both multibeam echosounder systems of RV MARIA S. MERIAN are mounted in a 

so-called Mills cross array, where the transmit array is mounted along the length of the ship and the 

receive array is mounted across the ship. The system on RV MARIA S. MERIAN is of a 1° x 1° design. 

The EM712 system installed on RV MARIA S. MERIAN is of a 0.5° x 0.5° design, but transducers are 

much smaller. 

The echo signals detected from the seafloor go through a transceiver unit (Kongsberg Seapath) into the 

data acquisition computer or operator station. In turn, the software that handles the whole data 

acquisition procedure is called Seafloor Information System (SIS). In order to determine the point on 

the seafloor, where the acoustic echo is coming from, information about the ship's position, movement 

and heading, as well as the sound velocity profile in the water column are required. Positioning is 

implemented onboard RV MARIA S. MERIAN with conventional GPS/GLONASS plus differential 

GPS (DGPS) by using either DGPS satellites or DGPS land stations resulting in quasi-permanent DGPS 

positioning of the vessel. These signals also go through the transceiver unit (Seapath) to the operator 

station. Ship's motion and heading are compensated within the Seapath and SIS by using a Kongsberg 

MRU 5+ motion sensor. Beamforming also requires sound speed data at the transducer head, which is 

available from a Valeport MODUS SVS sound velocity probe. This signal goes directly into the SIS 

operator station. Finally, a sound velocity profile for the entire water column can be obtained either from 

a sound velocity probe or from a CTD (conductivity, temperature and density) probe. The temperature 

(T), salinity (S) and pressure (p) data acquired by any CTD (conventional or mounted on the AUV) can 

be converted into sound speed by using a sound speed function C(S,T,p). During cruise MSM78, we 

used direct sound velocity measurements with a special profiler probe at the beginning, mid and end of 

the cruise and for different survey areas.  

In addition to bathymetric information, both the EM122 and the EM712 system register the amplitude 

of each beam reflection as well as a sidescan signal for each beam (so-called snippets). Both systems 

also allow recording the entire water column. The amplitude signals correspond to the intensity of the 

echo received at each beam. It is registered as the logarithm of the ratio between the intensity of the 

received signal and the intensity of the output signal, which results in negative decibel values. For each 

ping, EM122 records 432 backscatter intensity values while the EM712 records 800 backscatter values. 

The water column data correspond to the intensity of the echoes recorded from the instant the output 

signal is produced. All echoes coming from the water column, the seabed and even below the seabed 
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are recorded for each beam. When the water column data of one ping is divided into a starboard and port 

subsets, one can produce two traces, one for each subset. Each trace is build up as a time series in which 

for each time the highest amplitude is selected from all beams. Then the starboard and the port traces 

are joint together. 

5.4.2 Acquisition Parameters 

During cruise MSM78, the Kongsberg EM122 system was not used, due to the low water depth in the 

central North Sea. Acquisition parameters for the EM712 system were set the following. The pulse was 

FM, ping mode was set to high-resolution equidistant, dual ping mode was switched off, and depth mode 

was set to automatic. The beam angle was reduced to 120° during most of the survey, except for the 

surveys, where the maximum coverage was desired. Survey speed varied between 5 and 8 knots. Data 

were acquired continuously during pre-designed surveys. A trigger box to organize the soundings of 

different systems is now present on RV MARIA S. MERIAN. Therefore, we could acquire data with 

the PARASOUND P70 and the EM712 without strong interferences. Unfortunately, due to unresolved 

problems, we faced very low ping rates of the EM712 of up to 10 s interval in between single pings. The 

trigger software showed that the EM712 was pinging correctly bus was “busy” for very long timescales 

storing and processing the data. This made an acquisition of water column data inefficient. Water 

column data were not recorded throughout the cruise due to these low pinging rates. SVP casts were 

conducted before, during and after the research program. The EM712 system was running stable 

throughout the cruise (Figure 10).  

 

Figure 10: EMODnet bathymetry (blue colored) of the Witch Ground Basin, central North Sea, and 

acquired bathymetric data (multicolored). (INSET) Inset shows the location of the survey area (red box) 

within the North Sea. Dashed red line shows the political boundaries. The map shows numerous 

boreholes from the British Geological Survey (BGS), industry well 15/25b-1A and gravity core 

POS518/2_18_1_GC4 acquired during Poseidon cruise 518 leg 2.  
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5.4.3 Data Processing 

Data processing has been carried out onboard using different software packages (MB Systems, QPS 

Fledermaus). Within MB Systems Version 5.5.2303 (release: April 28, 2017) the processing and 

gridding of EM712 data took place. The soundings were preprocessed from Kongsberg all-format to an 

internal MB Systems format (format: 59).  

The pings were cleaned in two steps (mbareaclean, mbclean). First we applied an area-filter with 15 m 

bin size, which flags all bad soundings with more than one standard deviation from surrounding (N=10 

pings). Furthermore, we flagged all soundings with a deviation of 2% from the local (N=10 pings) 

median. Second, we applied a swath-filter, which flags 20 outer beams (highly influenced by noise), 

zaps bad rails (10 m) and cleans all pings outside 10% of the mean depth for each swath. Residual bad 

soundings or spikes were cleaned with the manual 3D ping tool (mbeditviz). The survey area is impacted 

by tides with ±0.5 m. Therefore, the OTPS model TPX-O8-Atlas v1 (resolution 1/30°) was used to 

calculate the tidal water level time series for correcting bathymetry (mbotps).   

The data were subsequently gridded with MB-Systems using a Gaußian weighted mean with a cell size 

of 15 m. To eliminate unwanted influence of outer beams on the grid, induced by deviation of the outer 

beams, we applied a spline tension with a value of 2. All data were interpolated for a maximum of 3 cell 

sizes to achieve good coverage for the high-resolution grid 

 

5.4.4 Backscatter 

The backscatter (amplitude) signal is stored and preprocessed automatically by the Kongsberg software 

Seafloor Information System (SIS), including altitude processing, time varying gain (TVG) and angle 

varying gain (AVG). Backscatter data were processed onboard using FMGeocoder. The backscatter 

have been processed using FMGeocoder, where radiometric corrections, filtering, angle-varying gain 

and anti-aliasing filters are applied to the backscatter data before outputting a georeferenced mosaic. 

 

5.4.5 Water column imaging 

The EM712 multibeam echosounder produces a second type of raw data files with extension *.wcd, 

which stores water column data. These files were imported into QPS FMMidwater. The raw multibeam 

echosounder data (.all format) and associated water column data (.wcd) were placed into a single folder 

and imported into FMMidwater. Each line was subsequently opened in Swath Editor and displayed as a 

curtain image (along track, viewed from starboard side) and a time-series video (across track, viewed 

from stern). The data were also filtered by intensity. The .wcd format files showed a total record range 

of 1889.3 m, which might explain the long response time of the EM712 during acquisition (Figure 11). 

Due to the low ping rate we were not able to identify any features in the water column. 
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Figure 11: Processing of .wcd files with QPS FMMidwater shows the large record range, which might 

be inducing the long response and storage times of the EM712 during acquisition. During the cruise no 

solution for the problem could be identified.  

 

5.4.6 Preliminary results 

The bathymetric map of the Scanner Pockmark shows two clear depressions of the seafloor. The 

measurements show depressions of elliptical shape with 180 m diameter in North-South direction and 

160 m in East-West direction. The depth is ~16 m in comparison to the surrounding seafloor. North of 

the Scanner pockmark, the Scotia pockmark is visible. Similar to the Scanner Pockmark this feature is 

an elliptical shaped. Both large sized pockmarks are surrounded by smaller sized depressions with tens 

of meters in diameter and only 1-3 m in depth. Few of these large-scale pockmarks exists, which have 

not been named before, indicating that these unusually large pockmarks are more frequent than 

previously proposed. 

The Witch Ground Basin shows pockmarks of various sizes at the seafloor (Figure 12). One predominant 

group of pockmarks comprises pockmarks with tens of meters in diameter and 1-3 m in depth. These 

pockmarks occur where the Witch Ground Formation is present and are absent in areas where deposits 

of the last glacial maximum (LGM) crop out at the seafloor. The density and shape of these pockmarks 

changes with sediment thickness and location within the Witch Ground Basin indicating a strong 

dependency on the hosting sediments. The elongated shapes of the pockmarks show distinct strike 

directions, which may be attributed to local bottom currents reshaping the seafloor.  
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Figure 12: EMODnet bathymetry of the Witch Ground Basin and draped acquired EM712 bathymetry. 

The insets show prominent morphological features of the seafloor. (Black box) Unusually large 

pockmarks surrounded by smaller scale pockmarks in the northwestern part of the Witch Ground Basin. 

(Red box) The prominent Scanner and Scotia pockmark complexes comprising two large adjacent 

pockmarks. The bathymetry in the southwestern part shows upward bending of outer beams indicating 

an inappropriate sound velocity profile (SVP). (Pink box) Numerous small pockmarks with tens of 

meters in diameter and few meters depth. The rough sea state during acquisition induced major gaps in 

data where the EM712 failed to track the seafloor.  

 

5.5 Parasound echosounder 

5.5.1 Equipment and Method 

The hull-mounted parametric sub-bottom profiler PARASOUND P70 (Atlas Hydrographic) was 

operated on a 24-hour schedule for flare imaging and to provide high-resolution (less than 15cm for 

sediment layers) information on the uppermost 50-100 m of sediment. The system has a depth range of 

10 m to > 11000 m (full ocean depth) and a maximum penetration of 200 m. This high sediment 

penetration is acquired through the high pulse transmission power of 70 kW.  

The RV Maria S. Merian is equipped with a PARASOUND P70 system since the start in 2007. 

PARASOUND P70 works as a narrow beam sediment echo sounder, providing primary frequencies of 

18 (PHF) and adjustable 18.5 – 28 kHz, thus generating parametric secondary frequencies in the range 

of 0.5 – 6 kHz (SLF) and 36.5 – 48 kHz (SHF) respectively. The secondary frequencies develop through 

nonlinear acoustic interaction of the primary waves at high signal amplitudes. This interaction occurs in 

the emission cone of the high-frequency primary signals, which is limited to a beam width of 4.5° x 5° 
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for the PARASOUND P70. The system consists of four identical transducer modules, each about 0.3 m 

x 1.0 m. The P70 version includes 384 acoustic elements combined to form 128 stave channels. 

Therefore, the footprint size is approx. 4% of the water depth and vertical and lateral resolution is 

significantly improved compared to conventional 3.5 kHz echo sounder systems. The system provides 

features like recording of the 18 kHz primary signal and both secondary frequencies, continuous 

recording of the whole water column, beam steering, different types of source signals (continuous wave, 

chirp, barker coded) and signal shaping. Digitization takes place at 98 kHz to provide sufficient sampling 

rates for the high secondary frequency. A down-mixing algorithm in the frequency domain is used to 

reduce the amount of data and allow data distribution over Ethernet. 

 

5.5.2 Acquisition Parameters 

For the standard operation, a parametric frequency of 4 kHz (SLF) and a sinusoidal source wavelet of 3 

periods were chosen to provide a good balance between signal penetration and vertical resolution. The 

18 kHz signal (PHF) was also recorded permanently.  

At the survey area, the system was mainly used for analysis of sedimentary processes, such as 

identification of different phases of glacial deposition or erosion. Due to low water depth (< 200m) at 

the survey area the PARASOUND system was operated in a single pulse mode. 

The system worked reliable and produced high-quality data throughout the whole time (Figure 13). A 

trigger box to organize the signals of the EM712 and PARASOUND P70 during acquisition, reducing 

the ping rate but enabling simultaneous acquisition without major induced artifacts due to interference 

of both systems. The triggered signals worked well for the PARASOUND P70, but caused problems 

within the EM712 and water column imaging (see above). 

All raw data were stored in the ASD data format (Atlas Hydrographic), which contains the data of the 

full water column of each ping as well as the full set of system parameters. Additionally a 200 m-long 

reception window centered on the seafloor was recorded in the compressed PS3 and SEGY data format 

after mixing the signal back to a final sampling rate of 12.1 kHz. This format is in wide usage in the 

PARASOUND user community and the limited reception window provides a detailed view on 

subbottom structures. 
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Figure 13: Overview of acquired PARASOUND P70 profiles. Red lines show location of profiles shown 

below. The map shows numerous boreholes from the British Geological Survey (BGS), industry well 

15/25b-1A and gravity core POS518/2_18_1_GC4 acquired during Poseidon cruise 518 leg 2. In 

addition to the newly acquired sediment samples from the BGS RockDrill2, these sediment cores will be 

used to utilize a local to regional seismo-stratigraphic framework for the Witch Ground Basin. 

 

5.5.3 Data Processing 

All data were converted to SEG-Y format during the cruise using the software package ps32sgy (Hanno 

Keil, Uni Bremen). The software allows generation of one SEG-Y file for longer time periods, frequency 

filtering (low cut 2 kHz, high cut 6 kHz, 2 iterations), subtraction of mean and envelope calculation. We 

used the frequency filtering and loaded all data to the seismic interpretation software HIS Kingdom. The 

Envelope was calculated subsequently within the IHS Kingdom. One SEG-Y file was created for the 

length of each profile (Figure 13). In all other cases 2h-long pieces were generated (e.g. during transit, 

long seismic lines). This approach allowed us to obtain a first impression of sea floor morphology 

variations, sediment coverage, sedimentation patterns along the ship’s track and imaging of glaciation 

phases. In addition, the data was converted from time to depth domain with an average velocity of 1500 

m/s to select locations for the BGS RockDrill2. 

 

5.5.4 Preliminary results 

We used the PARASOUND P70 to analyze and interpret the uppermost sedimentary succession in the 

survey area, located in the central North Sea (Figure 13 & 14). Despite the expected coarse-grained 

material and glacial tills on the North Sea seafloor, the system showed very good penetration rates, in 
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some cases exceeding 60 m below the seafloor (Figure 14).  

The overall penetration in the Witch Ground Basin was very good and in many parts up to 30 m into the 

subsurface. We used the very high-resolution PARASOUND P70 profiles in addition to the existing 3D 

seismic data, to verify previously proposed drilling targets for the BGS’s RockDrill2. Furthermore, we 

used the PARASOUND P70 system to identify and verify any fluid conduits reaching to the surface. 

Due to the high-frequency signal, the system is highly sensitive to fluids or gases within the sedimentary 

succession and above the seafloor. This step was necessary especially for the proposed drilling targets 

to prohibit any unforeseen problems for the BGS’s RockDrill2. 

 

Figure 14: 55-km-long PARASOUND P70 profile acquired during MSM78 showing numerous 

pockmarks at the seafloor, the Witch Ground Formation and LGM deposits below. The location of 

borehole BGS81/26 is indicated with a black arrow. The y-axis is 220 times vertical exaggerated to the 

x-axis (at 1500 m/s sound velocity).   

Regional profiles across the Witch Ground Basin (Figure 13) will help advance our understanding of 

sedimentary processes during and after the LGM (Figures 14 & 15). These profiles cross over a number 

of boreholes and will help tie our RockDrill2 results into a local and regional stratigraphic framework. 

Furthermore, we were able to trace the Witch Ground formation over a large area and identify geological 

features such as pockmarks, channels and fluid migration pathways. The high-resolution images show 

the numerous pockmarks at the seafloor within the Witch Ground Basin. These pockmarks are located 

in areas where the Witch Ground Formation is present. 

The Coal Pit formation (below LGM) represents the acoustic basement for the PARASOUND P70 data. 

The LGM shows a highly corrugated surface with a number of tunnel valleys intersecting this 

stratigraphic unit. The seismic facies of these glacial deposits are transparent to chaotic and give insights 

on the poor sorting of the glacial tills. Small impedance contrasts in between each unit separate the 

different phases of sediment deposition and erosion. Steeply dipping reflections within these units 

indicate the presence of tunnel valleys (Figure 15). 
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Figure 15: 30-km-long PARASOUND P70 profile acquired during MSM78 showing numerous 

pockmarks at the seafloor and possible sediment doming (onlap of surrounding sediments) with internal 

reflections. The imaged sedimentary succession comprises the Witch Ground Formation and LGM 

deposits below. The corrugated surface of LGM deposits indicates complex patterns of sediment erosion 

and deposition. The surface is intersected by numerous tunnel valleys or ice berg plough marks. 
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Appendices 
 

Appendix A: Station Book 
 

Activity - Device 

Operation Timestamp Device Action 

Depth 

(m) Speed (kn) Course 

Latitude 

(deg) 

Longitude 

(deg) 

Wind 

Dir 

Wind 

Velocity Winch 

Rope Length 

(m) Comment 

MSM78_22-1 

24.10.2018 

14:24 Parasound profile end 132.8 7 353 58.411.265 0.97076 281 37.4 ERROR 0  

MSM78_22-1 

24.10.2018 

12:50 Parasound profile start 161 0 170 58.281.327 0.971076 288 31.4 EL1 0 rwk=000ｰ 

MSM78_21-1 

24.10.2018 

12:50 

Sound Velocity 

Profiler on deck 165.2 0 188 58.281.321 0.971079 288 31.4 EL1 -14  

MSM78_21-1 

24.10.2018 

12:43 

Sound Velocity 

Profiler 

max depth/on 

ground 162.5 0 21 58.281.346 0.971063 292 33.6 EL1 160  

MSM78_21-1 

24.10.2018 

12:37 

Sound Velocity 

Profiler in the water 161 0 75 58.281.352 0.971049 287 37.3 EL1 0  

MSM78_20-1 

24.10.2018 

11:32 Gravity corer on deck 148.2 1 65 5.829.106 1.068 286 31. Jan F1S1 -9  

MSM78_20-1 

24.10.2018 

11:23 Gravity corer 

max depth/on 

ground 148.9 0 143 58.291.083 1.067.842 286 26. Sep F1S1 147  

MSM78_20-1 

24.10.2018 

11:19 Gravity corer in the water 146.7 0 15 58.291.048 1.067.983 286 29. Mai F1S1 0  

MSM78_19-1 

24.10.2018 

11:06 Gravity corer on deck 149.5 0 179 58.291.071 106.797 283 29.2 ERROR 0  

MSM78_19-1 

24.10.2018 

10:58 Gravity corer hoisting 145.6 0 358 58.291.054 1.068.016 282 25. Mai F1S1 146  

MSM78_19-1 

24.10.2018 

10:57 Gravity corer 

max depth/on 

ground 147.6 0 285 58.291.052 1.067.992 281 25. Mai F1S1 147  

MSM78_19-1 

24.10.2018 

10:53 Gravity corer in the water 148.2 0 193 58.291.012 1.068.097 284 28. Feb F1S1 -8  

MSM78_18-1 

24.10.2018 

10:11 Gravity corer on deck 164.9 0 48 58.282.394 0.974616 276 28. Jun F1S1 -9  

MSM78_18-1 

24.10.2018 

10:03 Gravity corer hoisting 166.2 0 267 58.282.419 0.97468 275 24 F1S1 166  

MSM78_18-1 

24.10.2018 

10:02 Gravity corer 

max depth/on 

ground 163.8 0 38 58.282.403 0.974632 277 24. Jul F1S1 166  
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MSM78_18-1 

24.10.2018 

09:58 Gravity corer in the water 164.5 0 290 58.282.408 0.974658 276 26. Jan F1S1 -6  

MSM78_17-1 

24.10.2018 

09:40 Gravity corer on deck 163.6 0 327 58.282.413 0.974638 279 24. Jan F1S1 -9  

MSM78_17-1 

24.10.2018 

09:32 Gravity corer hoisting 166.2 0 164 58.282.408 0.974637 274 22. Aug F1S1 163  

MSM78_17-1 

24.10.2018 

09:31 Gravity corer 

max depth/on 

ground 165.4 0 198 58.282.406 0.974605 271 21. Jul F1S1 163  

MSM78_17-1 

24.10.2018 

09:26 Gravity corer in the water 163.2 0 352 58.282.396 0.974601 280 24. Jun F1S1 -4  

MSM78_16-1 

24.10.2018 

09:08 Gravity corer on deck 171.1 0 92 58.281.427 0.970711 278 24. Jul F1S1 -9  

MSM78_16-1 

24.10.2018 

09:00 Gravity corer hoisting 168 0 201 58.281.423 0.970696 277 23. Aug F1S1 165  

MSM78_16-1 

24.10.2018 

09:00 Gravity corer 

max depth/on 

ground 169.1 0 254 58.281.438 0.970709 277 24. Jul F1S1 165  

MSM78_16-1 

24.10.2018 

08:55 Gravity corer in the water 169.1 0 184 58.281.421 0.970666 278 24. Jun F1S1 0  

MSM78_15-1 

24.10.2018 

08:34 Gravity corer on deck 170.4 0 172 58.281.445 0.970954 288 19 F1S1 -9  

MSM78_15-1 

24.10.2018 

08:25 Gravity corer hoisting 167.8 0 8 58.281.468 0.970913 283 16. Sep F1S1 165  

MSM78_15-1 

24.10.2018 

08:24 Gravity corer 

max depth/on 

ground 168 0 303 58.281.461 0.970914 282 18 F1S1 165  

MSM78_15-1 

24.10.2018 

08:18 Gravity corer in the water 171.5 0 179 58.281.474 0.970941 275 15. Mrz F1S1 -5  

MSM78_14-1 

24.10.2018 

07:29 Gravity corer on deck 168.2 0 114 58.281.486 0.97094 236 9 F1S1 -8  

MSM78_14-1 

24.10.2018 

07:20 Gravity corer hoisting 169.8 0 56 58.281.467 0.970932 239 08. Jun F1S1 166  

MSM78_14-1 

24.10.2018 

07:19 Gravity corer 

max depth/on 

ground 170.4 0 184 58.281.483 0.970913 242 07. Sep F1S1 168  

MSM78_14-1 

24.10.2018 

07:11 Gravity corer in the water 168.2 0 169 58.281.468 0.970919 244 07. Aug F1S1 0  

MSM78_13-1 

24.10.2018 

06:46 Parasound profile end 155.6 7 122 58.281.741 0.969614 293 04. Jul ERROR 0  

MSM78_13-1 

24.10.2018 

04:45 Parasound alter course 142.8 6 158 58.399.291 0.577632 332 12. Sep ERROR 0 rwk=120ｰ 

MSM78_13-1 

24.10.2018 

03:49 Parasound alter course 141.6 7 114 58.491.063 0.509915 332 14. Feb ERROR 0 rwk=158ｰ 
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MSM78_13-1 

23.10.2018 

08:08 Parasound information 116.8 7 34 58.254.357 1.331.792 298 33.9 ERROR 0 variable Kurse und Geschwindigkeiten 

MSM78_13-1 

23.10.2018 

07:05 Parasound alter course 136.4 6 25 58.184.485 1.143.464 289 40.1 ERROR 0 rwk=056ｰ 

MSM78_13-1 

23.10.2018 

06:55 Parasound alter course 136.7 7 56 58.175.529 1.115.757 292 38.9 ERROR 0 beginn ausweichen Restricted Area 

MSM78_13-1 

23.10.2018 

05:46 Parasound alter course 141.6 7 82 58.101.098 0.906688 292 39.4 ERROR 0 rwk=056ｰ 

MSM78_13-1 

23.10.2018 

05:30 Parasound alter course 142.7 7 32 58.093.553 0.849508 282 38 ERROR 0 rwk=079ｰ 

MSM78_13-1 

23.10.2018 

05:05 Parasound alter course 146.3 7 52 58.058.707 0.792717 285 36.7 ERROR 0 rwk=040ｰ 

MSM78_13-1 

23.10.2018 

04:21 Parasound alter course 147.3 7 73 58.010.081 0.657872 292 38.2 ERROR 0 rwk=056ｰ 

MSM78_13-1 

23.10.2018 

01:26 Parasound alter course 120.2 6 247 57.883.189 0.116865 281 38.5 ERROR 0 rwk=068ｰ 

MSM78_13-1 

22.10.2018 

22:32 Parasound alter course 149.3 5 244 57.990.635 0.608497 268 40.4 ERROR 0 rwk=248ｰ 

MSM78_13-1 

22.10.2018 

21:36 Parasound alter course 144.5 5 241 58.030.486 0.753408 265 41.3 ERROR 0 rwk=242ｰ 

MSM78_13-1 

22.10.2018 

20:15 Parasound alter course 177.8 4 258 58.049.798 0.968915 258 39.4 ERROR 0 rwk=261ｰ 

MSM78_13-1 

22.10.2018 

20:03 Parasound alter course 138.2 7 216 58.074.057 0.981763 263 40.8 ERROR 0 rwk=192ｰ 

MSM78_13-1 

22.10.2018 

15:34 Parasound information 97.1 6 244 58.269.366 1.601.802 239 42.8 ERROR 0 mit EM 712, rwk 239ｰ 

MSM78_12-1 

22.10.2018 

15:26 Parasound profile end 96.4 7 119 58.273.887 1.611.315 234 36.9 ERROR 0  

MSM78_12-1 

22.10.2018 

06:41 Parasound alter course 122.9 7 94 58.638.833 -0.257553 285 30. Jul ERROR 0 rwk=110ｰ 

MSM78_12-1 

22.10.2018 

05:19 Parasound alter course 119.5 6 298 58.641.081 -0.540425 275 31. Mai ERROR 0 rwk=090ｰ 

MSM78_12-1 

22.10.2018 

03:44 Parasound alter course 122.6 5 277 58.577.809 -0.275359 275 31. Jul ERROR 0 rwk=295ｰ 

MSM78_12-1 

22.10.2018 

00:10 Parasound alter course 139.2 5 293 58.481.323 0.307104 266 41.7 ERROR 0 rwk=288ｰ 

MSM78_12-1 

21.10.2018 

19:23 Parasound profile start 144.5 5 272 58.292.074 1.076.954 280 31.9 ERROR 0 mit EM712 parallel 

MSM78_11-1 

21.10.2018 

18:46 

MEBO Seafloor 

Drill information 147.1 0 223 58.291.348 10.667 281 30. Mrz ERROR 0 Ranger 2 an Deck 
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MSM78_11-1 

21.10.2018 

18:45 

MEBO Seafloor 

Drill information 148.7 0 102 58.291.348 1.066.719 280 30. Mai ERROR 0 Ger舩 zur・k an Deck 

MSM78_11-1 

21.10.2018 

11:36 

MEBO Seafloor 

Drill End of drilling 148.7 0 302 58.291.373 1.066.734 282 16. Mai ERROR 0  

MSM78_11-1 

20.10.2018 

22:12 

MEBO Seafloor 

Drill Start drilling 148 0 99 58.291.098 1.066.899 236 18. Jul ERROR 0  

MSM78_11-1 

20.10.2018 

21:36 

MEBO Seafloor 

Drill 

max depth/on 

ground 148.2 0 330 58.291.098 1.066.898 241 20. Mrz ERROR 0  

MSM78_11-1 

20.10.2018 

21:25 

MEBO Seafloor 

Drill lowering 148.4 0 126 58.291.096 10.669 241 20. Jun ERROR 0  

MSM78_11-1 

20.10.2018 

21:22 

MEBO Seafloor 

Drill information 148.2 0 165 58.291.104 1.066.878 239 20. Jul ERROR 0 richtiger ger舩ename Rockdrill2 

MSM78_10-1 

20.10.2018 

18:03 

MEBO Seafloor 

Drill information 163.4 0 327 58.281.304 0.970243 224 19. Jan ERROR 0 Ger舩 zur・k an Deck 

MSM78_10-1 

20.10.2018 

17:48 

MEBO Seafloor 

Drill hoisting 163.4 0 51 58.281.313 0.970252 219 18. Apr ERROR 0  

MSM78_10-1 

20.10.2018 

15:19 

MEBO Seafloor 

Drill End of drilling 163.8 0 128 58.281.307 0.97027 208 19. Jan ERROR 0  

MSM78_10-1 

20.10.2018 

02:51 

MEBO Seafloor 

Drill Start drilling 159.6 0 99 58.281.603 0.969811 257 08. Jul ERROR 0  

MSM78_10-1 

20.10.2018 

02:17 

MEBO Seafloor 

Drill 

max depth/on 

ground 159.4 0 311 58.281.608 0.969831 254 11. Jan ERROR 0  

MSM78_10-1 

20.10.2018 

01:48 

MEBO Seafloor 

Drill lowering 160.3 0 74 58.281.617 0.969866 263 12. Feb ERROR 0  

MSM78_10-1 

20.10.2018 

01:40 

MEBO Seafloor 

Drill information 159.9 0 299 58.281.616 0.969895 261 13. Jan ERROR 0 RD2 

MSM78_9-1 

19.10.2018 

23:02 

MEBO Seafloor 

Drill information 160.1 0 39 58.281.727 0.969863 291 15 ERROR 0 Ger舩 zur・k an Deck wg Fehler 

MSM78_9-1 

19.10.2018 

22:29 

MEBO Seafloor 

Drill lowering 160.3 0 6 58.281.728 0.969867 306 14. Jan ERROR 0  

MSM78_9-1 

19.10.2018 

22:20 

MEBO Seafloor 

Drill information 160.7 0 133 5.828.173 0.969866 297 13. Apr ERROR 0 richtiger Ger舩ename Rockdrill2 

MSM78_8-1 

19.10.2018 

18:59 

MEBO Seafloor 

Drill information 160.3 0 114 58.281.682 0.969887 289 18. Jun ERROR 0 Ger舩 zur・k an Deck 

MSM78_8-1 

19.10.2018 

18:46 

MEBO Seafloor 

Drill hoisting 160.7 0 224 58.281.672 0.969884 291 20. Jul ERROR 0  

MSM78_8-1 

19.10.2018 

18:30 

MEBO Seafloor 

Drill End of drilling 159.2 0 188 58.281.692 0.969916 296 17. Jul ERROR 0  

MSM78_8-1 

19.10.2018 

16:14 

MEBO Seafloor 

Drill Start drilling 160 0 16 58.281.468 0.970017 252 19. Feb ERROR 0  
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MSM78_8-1 

19.10.2018 

15:55 

MEBO Seafloor 

Drill 

max depth/on 

ground 160.7 0 6 582.815 0.970011 239 20. Mrz ERROR 0  

MSM78_8-1 

19.10.2018 

15:40 

MEBO Seafloor 

Drill information 159.5 0 291 58.281.471 0.970022 242 17. Mrz ERROR 0 Ger舩 RD2 zu Wasser 

MSM78_7-1 

19.10.2018 

13:31 

Multibeam 

Echosounder profile end 145.2 7 262 58.279.228 0.946098 218 23. Mai EL2 8626  

MSM78_7-1 

19.10.2018 

12:50 

Multibeam 

Echosounder alter course 138 4 262 58.293.058 109.257 212 28. Jan EL2 109 rwk=259ｰ 

MSM78_7-1 

19.10.2018 

12:19 

Multibeam 

Echosounder alter course 121.6 6 44 58.301.386 0.987954 216 25. Mrz EL2 1008 rwk=100ｰ 

MSM78_7-1 

19.10.2018 

11:55 

Multibeam 

Echosounder alter course 144.9 6 222 58.275.938 0.960584 217 27. Jan EL2 1529 rwk=042ｰ 

MSM78_7-1 

19.10.2018 

11:37 

Multibeam 

Echosounder alter course 145.1 5 81 58.295.479 0.984283 201 25. Mai EL2 1529 rwk=222ｰ 

MSM78_7-1 

19.10.2018 

11:20 

Multibeam 

Echosounder alter course 146.2 5 325 58.276.076 0.961968 195 29. Mrz EL2 1529 rwk=042ｰ 

MSM78_7-1 

19.10.2018 

11:05 

Multibeam 

Echosounder alter course 145.1 5 207 58.289.528 0.988843 199 25. Feb EL2 1529 rwk=222ｰ 

MSM78_7-1 

19.10.2018 

11:02 

Multibeam 

Echosounder alter course 144.6 4 89 58.293.006 0.985943 198 29. Jun EL2 1529 rwk=163ｰ 

MSM78_7-1 

19.10.2018 

10:48 

Multibeam 

Echosounder alter course 146.2 7 348 58.277.856 0.960014 202 27. Aug EL2 1529 rwk=042ｰ 

MSM78_7-1 

19.10.2018 

10:44 

Multibeam 

Echosounder alter course 145.9 5 230 58.273.373 0.966748 198 27. Jun EL2 1660 rwk=343ｰ 

MSM78_7-1 

19.10.2018 

10:31 

Multibeam 

Echosounder profile start 145 5 223 58.285.697 0.988242 199 27. Mai EL2 2136 mit P70, rwk=222ｰ 

MSM78_6-1 

19.10.2018 

10:09 

MEBO Seafloor 

Drill information 139.6 0 246 58.290.928 1.067.223 199 27. Sep EL2 2853 Ranger 2 an Deck 

MSM78_6-1 

19.10.2018 

10:07 

MEBO Seafloor 

Drill information 140.7 0 39 58.290.905 106.721 199 25. Jun EL2 2925 Ger舩 zur・k an Deck 

MSM78_6-1 

19.10.2018 

09:55 

MEBO Seafloor 

Drill hoisting 139.5 0 169 58.290.932 106.725 208 26. Sep EL2 3280  

MSM78_6-1 

19.10.2018 

06:52 

MEBO Seafloor 

Drill End of drilling 146.9 0 158 58.290.904 1.067.239 210 25. Sep ERROR 0  

MSM78_6-1 

17.10.2018 

20:39 

MEBO Seafloor 

Drill Start drilling 148.4 0 119 58.291.373 1.066.785 279 14 ERROR 0  

MSM78_6-1 

17.10.2018 

19:38 

MEBO Seafloor 

Drill 

max depth/on 

ground 148 0 271 58.291.362 1.066.783 267 15. Jun ERROR 0  

MSM78_6-1 

17.10.2018 

19:28 

MEBO Seafloor 

Drill lowering 148 0 46 58.291.352 1.066.775 269 16. Sep ERROR 0  


