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1. Abstract

GLORIA, the 1.0O.S. (Institute of Ocean Sciences) long range side-scan sonar, has been used in
1992 on a RV Livonia cruise to map large-scale changes in sedimentary patterns along the East
Greenland continental margin. The working area (Figure 1) is permanently hindered by sea ice
apart from the period from August to September when sea ice starts to melt and retreats from the
Greenland basin to the shelf edge. During this period GLORIA made its first survey to the polar
regions of the East Greenland margin and reached its most northern working area at the ice edge
of the Arctic Ocean at 79° N.

The overall objective of this cruise was to determine the variety of large-scale sea floor
processes in order to improve our understanding of the interaction between ice sheets, current
regimes and sedimentary processes along polar margins. Along the East Greenland continental
margin southward flowing currents such as the East Greenland current (EGC) and the Arctic
Intermediate Waters (AIW) are carrying cold water masses from the Arctic Ocean through the
Fram Strait and Denmark Strait into the North Atlantic. While these currents may cause a
vigorous along-slope transport of sediments the calving of glaciers from the East Greenland ice
sheet and melt water may entrain large amounts of sediments and transport them across the shelf
and finally to the deep-sea basin by gravity flows.

In the co-operation with the Institute of Oceanographic Sciences, Wormley (U.K.) a 28 day
cruise produced a high quality of sea floor data.

2. Introduction

The RV LIVONIA left the GEOMAR pier in Kiel at 07:00 am on 21 August 1992 and
returned to Kiel on 17 September 1992 after a 12 000 km (6400 nm) long cruise. The major part
of the cruise was carried out in the Greenland Basin and close to the Greenland shelf and north of
78° N, where sea ice conditions allowed. During this part of the cruise five 1000 km long and 50
km wide track lines and four 500 km long track lines produced an impressive side-scan sonar
coverage of the complete Greenland Basin and margin to a total area of about 250,000 km?.

Since one of the key locations of our survey is in arcas where cold water cascades possibly
occur on the margin, we anticipated that this research project would add crucial information to the
debate about the role of cold water cascades in the downslope transport of sediments. In this
context one of our interests is to determine and to understand to what extent the present East
Grecnland margin provides a realistic analog for a glaciated European margin during the last



glacial. Moreover, we intended to find out what differences, if any, can be detected between the
present "warm house coast” of Norway versus the "ice house coast” of East Greenland. The
scientific efforts will allow comparisons with other studies, for example the southern East
Greenland margin (Andrews et al., 1989; Mienert et al., 1992) and the European PONAM (Polar
North Atlantic Margins) project. Finally, it will contribute to the specific site selection for the
scheduled Ocean Drilling Program Leg 151 in 1993.

3. Research area

The research area (Figures 1 and 2) encompassed from north to south, the Fram Strait, the
Boreas Basin, the Greenland Basin and a small basin just north of the Jan Mayen fracture zone.
The overall basin development is determined by the large fracture zones. In the Greenland Basin
one large isolated seamount, which is barely covered by sediments and therefore appears to be
young in age, is called Vesteris Bank. The survey was undertaken in such a way that all the major
morphological changes in the area from north (Hovgaard fracture zone) to south (Jan Mayen
fracture zone) were studied. In the east we started close to the Mid Ocean Ridge and in the west
the sea ice created a natural limit to our survey. Also in some places close to the sea ice edge the
GLORIA sonographs became distorted. This is caused by the meltwater inflow that influences
the water stratification which in turn causes refraction of the acoustic beam pattern. These changes
in the acoustic pattern of the water column made it difficult or impossible to identify the sea floor.
Thus close to the ice boundary the records became less reliable for a sound geological
interpretation. Three areas in particular were very close to the ice edge, i.e. within a few hundred
meters, as can also be seen in the temperature records (Figure 3). The GLORIA sonographs from
these sites will need to be interpreted with caution.

A total of 6602 km of GLORIA sonograph lines were obtained (Table 1). Details of the
various patterns will be published in international journals.

4. Sea floor features along the East Greenland margin: preliminary
sonograph interpretations (J. Mienert, N. Kenyon and F.-J. Hollender)

The primary purpose of this data discussion is to provide a preliminary overview of the
sonograph interpretations of an area covering most of the East Greenland margin. This
interpretation has two components: first we present field observations and based on this we
attempt to deduce the sedimentary processes shaping the margin and basins.



Two copies of a mosaic of the GLORIA data were made at a scale of 1:375,000 and one copy
was made at a scale of 1:250,000. The base maps were prepared by hand with a Polar
Stereographic Projection having a standard parallel of 71 degrees. This is an equal area projection
that proved to be well suited to lay down the sonographs and has the additional advantage of being
identical to the projection of the bathymetric map. The sonograph recording paper was found to
fade readily on exposure to light thus the mosaics had to be kept covered.

ni men nsform ri

In general, the East Greenland Basin structure is linked to major fracture zones and ridges
(Vogt, 1986). The transform ridges divide the area between Fram Strait and Jan Mayen into three
basins. These are from north to south: the small NW-SE oriented 3200 m deep Boreas Basin, the
large NE-SW aligned 3600 m deep East Greenland Basin, and the small E-W oriented 2400 m
deep basin just north of Jan Mayen. On the ridges there are flat sedimented tops in part of the
ridge to the north of the Jan Mayen fracture zone and in part of the Hovgaard Fracture Zone
Ridge. These plateaus are at respective depths of about 500 to 1000 m and 1400 m. It is
presumed that the plateaus were planed off near sea level. Such a scenario could be explained by
either a continuous subsidence from the mid-ocean ridge to the basin or tectonic movements
which caused the ridges to uplift close to the sea surface followed by a subsidence. The steep sides
of the ridges are gullied and the gullies are to be seen especially well around these submarine
plateaus. They are almost parallel and north-south directed in the direction of the currents. Clearly,
these ridges cause barriers to the southward flowing Arctic water masses and have an influence on

the pathways of the deep-water flow.

ani in imentary features

The three basins are one of the keys to the understanding of the glacially influenced margins.
Sedimentary features of the three basins give them a strikingly different appearance.

The Boreas basin has a very uniform, medium to low level backscatter apart from a single,
weakly backscattering feature that looks like a channel. This channei is discontinuous and is thus
believed to be inactive and perhaps filled by a fine-grained abandonment facies. There is an
outstanding acoustic artefact on all of the sonographs across this basin. It is believed to be
interference fringes due to multiple paths taken through the uppermost layers of soft sediment.
This implies that there is acoustic penetration into the sea floor and that the sediment layers have

different acoustic properties and are fine-grained. The separation of the interference fringes



increases progressively nearer to the Greenland margin. This is believed to indicate an increase in
layer thickness away from the margin (Huggett et al., 1992). At the margin characteristic circular
patches of high backscatter are present, including some with positive relief. The patches are
equidimensional and up to half a kilometre across. The suggested origin is that they are indicative
of gas venting and show some kind of gas venting feature such as pockmarks, diapirisms and
hard grounds.

The East Greenland Basin, the largest and deepest basin along the East Greenland continental
margin, shows a variety of backscattering where the overall backscatter level is much higher than
that of the Boreas Basin. The only extensive area of the basin with a low level of uniform
backscatter is in the southeastern part where there is sea floor that is presently isolated from any
downslope gravity driven sedimentation. Clearly, the basin is dominated by systems that feed in
from the margin. In the south there are four channel systems whereas in the north there is an area
with a contrasting pattern of non-channelised features.

The non-channelised pattern is in front of a very long cross shelf trough known as Belgica
Strath. The shelf here is at its widest and is believed to have been built out over a long period by
sedimentation through the glacier system that possibly occupied the cross shelf trough. On the
continental slope we encountered changes from very high backscatter at the upper slope to
intermediate backscatter at a possible sediment wave field to low backscatter at the base of the
slope. This zonation of backscatter shows downslope trending stripes on the steeper slopes.
These give way near the foot of the slope to a pattern that resembles regular bedforms with both
transverse and longitudinal elements and below to a uniform and weakly backscattering zone. In
the deepest regions the backscattering strength increases and covers most of the sea floor.
Downslope changes in the depositional-erosional regime are implied by this zonation. The stripe
feature is in keeping with the size of downslope trending features on the Norwegian margin that
have been attributed to cold water cascades (e.g. Vorren et al., 1989).

The characteristic channel systems in the south resemble each other in most respects. Only the
uppermost part of the slope was not seen because of ice cover and distortions due to water
stratifications which limit the range of the sonar. Below the steepest part of the slope there is a
well-developed tributary pattern of channels with a high order of branching. The branches join at
obtuse, small angles and the channels are shallow and narrow. Below the junction of the
tributaries there are single channels that turn to the north and run towards the deepest part of the
basin. They are narrow, up to about 2 km and fairly straight. One sinuous channel is to be seen in
Figure 4. To the side of the channels there are regularly spaced bands of contrasting backscatter
that are believed to be sediment waves with a wavelength of 2-3 km. This kind of feature is
common in deep-sea channelised systems and is usually attributed to moulding of the muddy

overbank sediments by a process of flow stripping of the uppermost part of the channelised



turbidity flows. The distal part of the channel systems has patterns that have been attributed
elsewhere (Belderson et al., 1984) to the deposition of sandy lobes. There is a braid-like pattern
consisting of higher backscattering, lozenge shaped, elongate features that are pointed at either end.
They are separated by narrow, low backscattering features that are probably very shallow
channels. The style of these channelised depositional systems is similar to those of the glaciated
margin in the Gulf of Alaska as mapped by GLORIA side-scan sonar. Whether this downslope
sedimentation is currently active needs to be determined by sea floor sampling.

The non-channelised and more uniform southern basin is the smallest basin and connects the
large East Greenland Basin to the Denmark Strait in the south, one of the most important
oceanographic gateways of the North Atlantic deep water flow. This basin, like the Boreas Basin,
shows no obvious pattern of sediment input from the shelf. Surprisingly, there are only few signs
on the long-range sonographs of along-slope processes apart from some possible mud waves near
to the ridge north of the Jan Mayen fracture zone.

What is the reason for the major differences in sedimentation along this glaciated margin? The
initial explanation suggested here is that the Boreas Basin is dominated by vertical settling through
the water column and deep current processes rather than by downslope sedimentation, because it
has presumably permanently been sea ice covered at the margin where downslope entrainment
would take place. The large body of sediment, with its characteristic patterns, in front of the major
cross shelf trough is deposited by the bulldozer effect of the glacier that drains a large area of the
Greenland ice cap and feeds the eroded material to a near point source on the shelf slope. This
contrasts with the linear source feeding the channelised systems. In our interpretations we have to
consider that the GLORIA system will see through a thin veneer of fine-grained material but is
sensitive to sand size sediments that are more likely to be deposited from downslope processes
(Kenyon, 1992).

Based on the preliminary interpretation of the GLORIA sonographs we may conclude that:

(1) little direct evidence for along-slope transport of sediments have been found along the East

Greenland margin and basin investigated,

(2) in contrast, strong evidence exists for downslope transport processes in the East Greenland
Basin,

(3) sediment wave ficlds may indicate the processes of bottom water current or turbidity current

activity at specific site locations,



(4) circular high backscatter regions give hints of large areas of gas venting which needs to be

ground truthed by coring and seismic studies,

(5) there exists a large contrast to the Norwegian margin in that the wide areas of sediment slide
complexes, a characteristic feature of the Norwegian margin, were not observed on the East
Greenland margin. This suggests that distinct differences exist in the sediment stability

(instability) of the two margins.

5. Physical oceanography: surface-water temperature distribution of the
East Greenland Sea (K. Heidemann, C. Berndt, J. Fest, B. Krdamer, F. Nitsche)

During this cruise the surface water temperatures were measured every hour from September
Ist until 12th.

From these data a general trend of decreasing water temperatures from the east to the west, i.e.
from the basin to the shelf of Greenland, was found. The maximum of 5° C was near
Spitsbergen. The isotherms show three minima (Figure 3): at the Jan Mayen and Hovgaard
fracture zone ridge and near the northern ice margin.

There was a steep temperature gradient found every time we approached the ice margin due to
the cold melt water. There were also local minima when we passed drifting sea ice.

The observed distribution fits quite well with the data trends of Koltermann and Liithje (1989),
apart from the fact that our measured temperatures are about two degrees higher. The reason for
this might be that our measurements were carried out two months later than the measurements
documented by Koltermann and Liithje (1989).

The decrease of temperature near the shelf is caused by the melting of sea ice which
permanently covers the northern shelf waters. The temperature maximum towards Spitsbergen is
probably caused by the northward flowing Spitsbergen current. In contrast, we recognized no
direct evidence for the southward flowing cold East Greenland current, which normally shows a

temperature of -1.5° C. This indicates that the main current probably flows closer to the shelf and
was not detectable during our measurements.

6. GLORIA system technical report (J. Campell, A. Gray, A. Harris)



The GLORIA system was installed on the RV Livonia in Kiel over the period 17th-20th
August. The system used consisted of a towfish, launching gantry and hydraulic power pack
belonging to Marconi Underwater Systems Lid (MUSL), together with the IOS Mk 2 power
amplifiers and electronic systems. The installation went smoothly apart from a dimensioning error
in the I0S drawings of the gantry fixing pads. This resulted in the 2 forward fixing pads (and their
associated under deck strengthening) being 1m too far forward. After discussions with the
dockyard it was decided to weld extension pieces to the front of the gantry rather than re-position
the pads, and this proved satisfactory.

The towfish was deployed 4 days after sailing at 1100Z on day 238. All the Pulse Power
Amplifiers (PPAs) were tested and the anticipated matching problem with the titanium
transducers in the MUSL towfish did not materialise, although the output current was 20% higher
than for the aluminium transducers in the Mk2 towfish. Some problems were encountered in
getting the battery charger to charge at a sufficiently high rate from the ship's 220v supply, but
these were surmounted by altering the transformer tappings on the supply to the charger control
card. Once the charger was functioning properly, data logging was commenced some 6 hours
before the start of the first survey line.

Bad weather was encountered during the first few days of the survey which caused some
damage to the smallest of the electrical conductors in the tow cable. As these only carry the sensor
signals, they are not an essential part of the system and fortunately the weather improved before
any more serious damage occurred. The towfish sensors (measuring pitch, roll, temperature,
heading and depth) were in fact giving erroneous readings from the beginning because the 10S
sensor electronics was not calibrated for use with the MUSL towfish. The towfish heading is the
only one of these that is logged and this was reading around 20° higher than the ship’s magnetic
compass. Throughout the survey, faint bands of noise were occasionally present at far range on
the port side. These were less severe than on the previous Mk 2 survey cruise, but remained
something of a mystery. The spacing of the bands coincides with the steps in the TVG attenuator
which suggests that the noise is originating at a very early stage in the system. The port side TVG
control board was replaced shortly after the start of the survey but this made no difference to the
problem. The PPAs performed admirably, despite their considerable age. One of the starboard
ones failed gradually at around 0800Z on day 248 and was replaced with a spare. Another of the
starboard ones tripped its protection circuit at 0745 on day 252 resulting in a few minutes of
reduced power on the starboard side.

The only other hiccup in the smooth running of the system occurred at 1800Z on day 253,
when the logger cartridge recorder suffered a glitch that resulted in the loss of 3 lines of data and
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the absence of a pass 61 from the sequence of passes.

The on-line data display system (which is still under development) proved to be very sensitive
to electrical interference from the ship's HF radio transmissions which frequently caused the PC to
crash. This radio interference was also faintly visible on the sonar records, appearing as dark

"cross-hatching” over periods of a few minutes.

ff-lin I in

This survey presented a number of novel problems in the production of a GLORIA mosaic,
necessitating a considerable amount of software development. For the first time, prints were
produced on a thermal linescan recorder rather than by the traditional wet photography. This
greatly increased the speed, simplicity and consistency of the image production process, but
required some software development to get the images correctly scaled.

Another problem was the absence of a deep water echo-sounder to provide the bathymetry
necessary to correct the images for slant range distortion. A mobile deep echo sounder was not
brought on board because it did not fit into the hydrographic pool and it was impossible to tow it
at a cruising speed of 9 knts. This problem was overcome by developing a program to
automatically track the bottom return in the GLORIA data itself, and hence derive an estimate of
the depth. This proved to be a fairly challenging task, particularly on steep gradients and in areas
where the bottom return was masked by spurious reflections from ice or planktonic organisms in
the water column. An additional complication was that the local oscillator frequency in the
transceiver drifts slightly, causing the port and starboard time zero points to shift in opposite
directions by a few pixels. This means that the port and starboard bottom returns are no longer

coincident. A method of detecting and compensating for this drift was developed and incorporated
into the bottom tracking program.

The GLORIA images also need to be corrected for variations in speed over the ground, using
navigation data. The ship’s position was recorded every 20 seconds or so using a GPS system
provided by GEOMAR. Two programs were developed to process the data files from this system
into the format required by the GLORIA along-track correction program. The first of these parses
the GPS file, correcting an error in the date change and removing any non-valid readings. The
second extracts 2 minute positions and re-formats them into the "dx-fmt" format used at LO.S.

In the absence of any kind of bathymetry profile, another program was developed from the
bottom tracking routine to print out an expanded bottom profile on the thermal recorder at the



same scale as the mosaic prints. This record is produced by adding the port and starboard data
together (after correcting for local oscillator drift) and then repeating each pixel 5 times to
exaggerate any gradients in the bottom profile. Range marks were added at 1000m intervals,
though without some means of calibrating the GLORIA bottom returns, the accuracy of these

marks is unlikely to exceed 150 m (approx. 3 pixels).

GLORIA data tapes

The usual data storage and transfer medium is standard 9-track tape. These are written at 1600
bpi on a Digi-Data 2000 tape deck connected to a PC via an ODI interface card.

File/block structu

GLORIA data is logged in 6 hour chunks referred to as "passes”, that contain 720 "lines" of
data at the usual 30 second pulse repetition period. Each line consists of a 1024 byte record that
contains the port and starboard returns from a single ping as well as header information. These
records are written to tape in blocks of 60 (i.e. a 60KB block size). Each pass ends with a file
mark and the last pass on a tape ends with a normal End Of Tape mark.

Record structur

Raw rd
Each raw data record comprises of:

496 port data samples

496 starboard data samples

26 bytes of header information
6 marker bytes

To see how this information is arranged within a record, consider an example having the
following values:

Pass number 56

Line number 692

Slant Range correction code 26

Pulse Repetition Period 30 seconds

Vehicle heading 271 degrees (magnetic)
Year 1991

Day number 048

11
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Time

For this example the record contents will be:

Byte
Val.

O 00~ O & —= O

o et
AN R W N O

509
510
511
512
513
514

1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019

Contents

Pass number high byte

Pass number low byte

Line number high byte

Line number low byte

Hour mark flag (set to 1 on the hour)
Slant Range correction code

Not used

PRP code (1,2,3 or 4 in ASCII)
Vehicle Heading (hundreds)
Vehicle Heading (tens)

Vehicle Heading (units)

Year (tens)

Year (units)

Port Far Range edge mark

Port Far Range edge mark

496th Port data sample (far range)
495th Port data sample

2nd Port data sample

Ist Port data sample (near range)
Ship's track centre mark

Ship's track centre mark

Ist Starboard data sample (near range)

2nd Starboard data sample

496th Starboard data sample (far range)

Starboard Far Range edge mark
Starboard Far Range edge mark
Julian Day number (hundreds)
Julian Day number (tens)
Julian Day number (units)
GMT hours (tens)
GMT hours (units)
GMT minutes (tens)

. GMT minutes (units)
GMT seconds (tens)
GMT seconds (tens)

1546:32

ASCII Char.

* K O ¥ X ¥

Hex

38

SRE5 828

37
31
39
31
FF
FF
data
data

data
data
FF
FF
data
data

data
FF
FF
30
34
38
31
35
34
36
33
32



1020 Checksum * *

1021 Checksum * *

1022 Not used * 00

1023 Not used * 00
me n n th r conten

Slant Range Correction code. This is an octal code entered by the watchstander to correct the
real-time LSR record and is therefore not very accurate.

Vehicle Heading: This is an instantaneous reading from the magnetic compass in the tail of the
vehicle, taken just after the pulse has been transmitted. Because of imperfections in the compass
response the reading is only accurate to within a few degrees, especially in rough weather.

Time: The time is the GMT "time zero" point for the pulse that produced the data in the record.
This corresponds to the end of the pulse.

Sonar Data: The sonar data is logged as 12-bit samples and then compressed to 8-bits using a
Bell-255 logarithmic compression. The algorithm for expanding an 8-bit value to 12-bits is:

val_12 = (4095/255)*(exp( log(256) * val_8/255)- 1)
Since most image display systems incorporate some form of contrast stretching, it is not

normally necessary to perform this expansion.

Processed data records

Processed data means data that has been slant range corrected and may also have undergone
other processing such as filtering or shading. This data is also in 1024 byte records and is arranged
in much the same way as the raw data, with the important exception that the records contain no
header information. Instead, each "pass" has 8 lines of annotation added at the beginning and 9 at
the end, giving an overall file size of (17 + 720) * 1024 bytes. This annotation gives the cruise
title, pass number and start and end times. It is designed to be displayed as part of the image and is

therefore not easily decoded by software.
The layout of the data within a record is as follows:

Bytes 0 1o 12 are zero unless there is an hour mark in which case they are set to hex FF.

Bytes 13 and 14 are the Port far range edge mark and are always hex FF.

13
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Byte 15 is the Port far range sample and so on up to byte 510 which is the Port near range sample
(after slant range correction).

Bytes 511 and 512 mark the ship's track and are always set to zero.

Byte 513 is the Starboard near range sample and so on up to byte 1008 which is the Starboard far
range sample.

Bytes 1009 and 1010 are the Starboard far range mark and are always hex FF.

Bytes 1011 to 1022 are zero or FF depending on whether or not there's an hour mark.

Byte 1023 is a binary number corresponding to the number of times that line should be drawn to
produce a correctly scaled image on an IOS Laser Filmwriter. In other words, this allows the
display device to perform the required along-track correction for variations in the ship's speed. To
produce correctly scaled images on a different recorder, it is necessary to multiply the contents of
byte 1023 by a constant "fix-it" factor to determine how many times to repeat that scan line on the

new recorder.

7. Cruise schedule
Friday 21 August 1992

The research vessel LIVONIA left Kiel (GEOMAR pier) at 07:15 on a rainy and slightly
foggy day. At 08:30 the pilot left and the ship headed at a speed of 13 knots towards Skagerrak.
The scientific crew had a first briefing by the chief scientist about the science programme. After
the scientific crew had tied down their equipment, the Captain and his officers introduced the
scientists to the safety regulations on board. During the afternoon the wind increased to Beaufort
scale 7-8 and most of the scientists retreated to their cabins.

Saturday 22 August 1992

Under a cloudy sky we passed the visible Norwegian coastline and crossed the Norwegian
Trough at a speed of 13 knots. All the scientists were well and the preparation for the GLORIA
operation continued. At 2 pm a life boat drill took place to get the scientists familiar with the
ship’s safety procedure. The weather cleared up and we continued towards our working area under
a clear sky on a sunny afternoon.

Sunday 23 August 1992

Livonia crossed through the oilfields northeast of the Shetland Islands at 11 am. Massive oil
rigs were clearly to be seen and the large gas flames looked like giant candles. At about 2 pm the



shelf break was left behind us, and the water depth steadily increased to greater than 1000 m. We
left the shallow water and started to cross the Norwegian basin towards the area of Jan Mayen.

Monday 24 August 1992

Fog accompanied us most of the day. The sea was relatively calm when we crossed the Arctic
circle at about 2 pm. During the afternoon Neil Kenyon gave a talk about GLORIA imagery in
the world ocean and its application and limits for determining sedimentary processes.

Tuesday 25 August 1992

Sea state Beaufort 6-7 and water temperatures of about 4° C marked the fifth day of our transit.
Jan Mayen, the last island on our way to the Greenland margin and basin came into sight at 9 am
GMT. The island was covered by snow and large glaciers were to be seen, which had steep
fronted ice masses that are entrained directly into the ocean. At 11 am (GMT) the GLORIA fish
was smoothly launched at a ship’s speed of about 5 knots. The fish entered the water and trailed
astern from the ship. The fish was towed on 400 m of cable at a ship's speed of 8 knots. This
allowed a towing depth of about 45 m beneath the sea surface.

Wednesday 26 August 1992

Sea state Beaufort 8-9 (wind speed about 20m/s) made the work on board difficult because of
the ship's rolling. GLORIA was towed along the Jan Mayen fracture zone without any problems
and we reached the starting point of profile 1 at ca. 2 am at night. The area until Vesteris Bank
was an essentially flat sea floor with few structures. Further north steep slopes and fan-like
structures characterized the sea floor.

Thursday 27 August 1992

The sea was relatively calm and GLORIA was towed at a speed of 9 knots across the eastern
part of the Greenland Basin. We saw some large-scale features which presumably relate to the
distal parts of turbidity channel systems. The second fracture zone was crossed at about 4 pm.

Friday 28 August 1992

A calm sea and partly sunny weather provided ideal conditions for the survey. The ship was
running at 9 knots. Water temperature was 5.4° C indicating that we were not within the East
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Greenland current. Profile 1 ended at 1:45 am (GMT) just south of the Molloy deep at 78° 51.215
N, 3° 2.355 E. Surface water temperature dropped from 5.4° C in the ice-free zone to -0.3° C
close to the ice edge. The ice edge created a sharp boundary that blocked any further sailing
towards the north. Patches of sea ice in open waters showed a variety of sculptural shapes that
floated around the ship and passed the GLORIA vehicle, which was towed with care.

Profile 2 started at 12:26 pm at 78° 47.072 N 1° 27.889 E with 9 knots ship's speed and a
course of 200°. The weather was partly sunny and the sea was calm. Fortunately, Eve (our
stewardess), who was seasick during our first profile, quickly recovered and came to the bridge
with a big smile on her face.

At about 22:00 pm we crossed an east-west trending patchy icefield at 77° 25.275 N 00°14.051
W, which was about 2 km wide. The ship towed GLORIA through it without misshape.

Saturday 29 August 1992

Another partly sunny day with a calm sea and water temperatures of about 4.2° C at the
surface. The ship's speed was 9 knots and the ship's course 213°.
Sunday 30 August 1992

Water temperatures dropped to 2.3° C while air temperature was -0.3° C. The end of profile 2
was reached at 15:07 pm at 72° 1.886 N 13° 05.816 W and the start of profile 3 at 17:00 pm at

72°7.966W 13° 46.415 W. A strong north-westward directed surface current of about 1.6 knots
delayed our course change.

Monday 31 August 1992

We sailed north in sea state Beaufort 5 on a course of 33° under a cloudy sky. Water

temperatures varied between 2 and 4° C. A large sediment wave field was encountered at about
22:00 pm at 75° 53.640 N 04° 56.301 W.

Tuesday 1 September 1992

At 6:42 am water temperatures dropped to 1° C and patches of about 2-3 m thick sea ice were
seen. The decrease in water temperature goes most likely in parallel with an increase in sea ice
melting, which in turn may cause increased water stratification. This may cause a distinct acoustic
interference pattern on the GLORIA record which occurred in places where water temperature
came close to 0° C. Such a pattern developed very strongly for example at 7:31 am at 77° 4,386



N 1°4,42 W when water temperatures decreased to - 0.3° C. During the afternoon the sun came
out and we continued our programme under a blue sky with a blue and calm sea. At 22:00 pm we
reached the area close to the ice edge where the temperature decreased rapidly from -0.3° C to
-1.1° C. North of 79° 02.00 N a continuous ice boundary apparently blocked the Fram Strait.
Thus the end of profile 3 was reached at 79° 02.479 N 00° 23.379 E due to the ice edge. Profile 4
started at 22:38 pm at 79° 01.356 N 00° 20.472 E at a water temperature of -1.1°C. The course
was southeast at 238°. However, we soon encountered ice and were forced to change our course
to 190°. We towed GLORIA through a large icefield without any problems at a speed of 9 knots.

Wednesday 2 September 1992

The large icefield, with iceplates that were about 3-4 m thick and 2-10 m wide, continued until
0:54 am at position 78° 43.709 N 1° 10.436 W. Therefore, profile 4 started at 78° 42.899 N 1°
11.164 W on a course of 191°. Water temperatures, measured only a few miles away from the
icefield, increased to 1.1° C. At 2 pm a large icefield, elongated from west to east, seemed to
hinder any further direct route to the south totally. However, as we came closer to the ice we
encountered a passage and went through it. The icefield had an extension of about 8 miles with
small icebergs drifting towards the east. At the icefield which almost parallels a topographic
height, temperatures dropped from 2.5 to -0.3° C. The ice extended from 76° 51.311 N 3° 28.444
W to 76° 36.682 N 4° 20.456 W. It is important to note that on all the occasions where we
encountered ice some dirty ice occurred, which was almost completely covered by sediment

particles from unknown sources.
Thursday 3 September 1992

Sunshine and a calm sea (Beaufort 2) provided ideal conditions for the GLORIA studies. The
fish was towed at a depth of approximately 50 metres below the sea surface at a speed of 8.5
knots across the Greenland Basin.

Friday 4 September 1992

Profile 4 ended at 03:00 am near the westward end of the Jan Mayen fracture zone at 72° 14.91
N 14° 35.002 W. There was a calm sea and water temperatures reached 1.3° C. Profile 5, the
first profile near the continental slope, started at 72° 22.154 W 15° 09.631 W at 05:21 am. The
ship was steaming northward against a strong southward flowing current of up to 1.5 knots.

Saturday 5 September 1992
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A high pressure cell stationed above Greenland provided the adjacent sea with a calm ocean
surface and a sunny sky. The ship was running northward at a constant speed of 8.5 knots. The
GLORIA records showed sporadic patterns of interference due to a well-stratified water column at
the southward flowing cold East Greenland current. Here, low temperatures of about -1.5° C
prevailed. At 11:44 am we had a complete power failure on the ship which lasted for about 5
minutes. Fortunately, there were no icebergs or sea ice close by and the sea was calm. A dense
bank of fog and floating sea ice hindered our northward journey from 1 to 2:30 pm at 76° 17.208
N 6° 10.452 W. Water temperatures during this profile varied between 1.3 and 2.1° C. At 6 pm
we reached the ice edge of East Greenland at 76° 45.920 N 5° 2.240 W, which extended like a
nose into the open sea at one of the major transform faults that separate the East Greenland basins.
We changed our course to 23°, sailed for half an hour parallel to the ice edge of the rugged and
about 1 m thick sea ice and then turned on to profile 6 at 7:23 pm. Profile 6 started at 76° 43.996
N 5°20.680 W on a course of 211°. Due to encountering a decrease in the quality of the record
attributed to well-stratified water masses and the refraction of the GLORIA acoustic beam pattern
we ran our profile track lines at a distance of 10 instead of 14 miles. However, we soon
discovered that the record quality was so poor that the change in distance did not improve the
overlay of the records. Therefore, we returned to our 14 miles distance between track lines.

Sunday 6 September 1992

The records remained distorted due to the stratified water column close to or within the East
Greenland current. Water temperatures were in the order of -1.5° C, indicating the presence of the
southward flowing cold water masses. We attempted to lower the fish by reducing the ship's
speed from 8.5 to 6 knts. No improvement of the record was recognized and we returned to our
cruise speed of 8.5 knots. The ship continuously sailed parallel to the East Greenland sea ice
margin, which started to bend closer to the shelf at about 6 am at a position of 75° 31.517 N 9°
11.766 W. The ice margin was recorded by the vertical GLORIA beam and showed up as a sharp

grey boundary on the record. Even at tens of miles distance from the ice edge the records still
showed the ice.

Monday 7 September 1992

The weather remained calm but water temperatures increased to about 2° C as the distance
from the East Greenland sea ice edge and current increased. The end of profile 6 was reached at
07:32 am at 72°23,640 N 16° 01.726 W and we turned on to our westernmost profile located
close to the ice edge. Profile 7 started at 09:28 am at 72° 33.711 N and 16° 38.127 W. Water
temperatures decreased to about -1.6° C. At 09:50 we encountered dense fog banks and soon
afterwards ice. Several meters wide and 2 m thick iceplates were floating towards the east. It was



too late to change the course and we attempted to crash through the ice with a speed of 6.5 knots.
After 30 minutes of a highly problematical towing operation we passed the ice barrier and
continued the profile in the fog. Profile 7 ended close to another sea ice boundary at 05:29 pm at
73°24.589 N 14° 36.296 W. The transit time to profile 8 was about 12 hours.

Tuesday 8 September 1992.

Profile 8 started at 05:00 am at 71° 56.294 N 12° 22.9 W in surface water temperatures of 2.4°
C. A low pressure front in the area from Greenland to Norway caused sea states of 9 to 11.
Fortunately, GLORIA worked well even under these weather conditions.

Wednesday 9 September 1992

The low pressure front continued to cause Beaufort 9 and only improved in the area of Fram
Strait. However, the GLORIA records remained of a high quality.

Thursday 10 September 1992

End of profile 8 was reached at 09:00 am at 79° 07.608 N 03° 02.908 E. This time no sea ice
was encountered within a radius of 8 miles indicating that the sea ice had decayed considerably
and retreated northward during our survey. Profile 9 started at 01:00 pm in calmer weather
conditions at a speed of 8.0 knots and a position of 78° 43.509 N (4° 31.438 E.

Friday 11 September 1992

Our cruising speed was 9.5 knots despite the fog and increasing wind speeds. We attempted to
finish this last profile in time but with a good quality of the sonar records. As the sonographs
proved to be good we continued our line at high speed. In the late afternoon (08:00 pm) the fog
bank disappeared and gave rise to a clear sky.

Saturday 12 September 1992

Profile 9 continued at Beaufort scale 3-4 until 07:10 pm. The last profile of the voyage ended at
position 71°46.271 N 10° 57.348 W.

GLORIA was safely recovered and brought on deck at 07: 54. Afterwards we started to sail
home.

Sunday 13 September to Thursday 17 1992
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The transit from the working area to Kiel took place under variable weather conditions from a
calm sea to a storm with Beaufort scale 9. We crossed the Arctic circle at 07:00 am on Monday
and passed the Norwegian Greenland Sea until Tuesday. The ship entered the area of the
Norwegian trench on Tuesday at 09:00 am and continued to sail to the Baltic Sea.
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The co-ordinated project was financed by the Deutsche Forschungsgemeinschaft (Project B1, SFB
313 Christian-Albrechts-University of Kiel) and supported by GEOMAR, who provided funds
for the ship time. This report is for interested scientific parties and funding agencies and to comply

with Danish regulations.

Figure 1: The working area off the East Greenland margin includes the major basins and
fracture zones. Schematic circulation patterns in the Norwegian Greenland Sea are
indicated by solid arrows (relatively warm surface currents, dotted = warm sub-
surface currents) and open arrows (cold surface currents).
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Table 1: GLORIA sonograph lines along the East-Greenland margin
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Date/Day Time/GMT Latitude Longitude Profile
25.8.92/238 18:00 71°25,361'N 08°58,588°W
19:00 71°27,840°'N 09°19,740°'W
20:00 71°30,554'N 09°41,799°W
21:00 71°33,60TN 10°05,097W
22:00 71°36,474°N 10°29,379°'W
23:00 71°39,885'N 10°52,31TW
26.8.92/239 0:00 71°43,578'N 11°15,641°'W
1:00 71°46,863°N 11°40,144°W
2:00 71°50,163°N 11°55,283°W la
3:00 71°57,381'N 11°38,119°W
4:00 72°04,835°'N 11°21,721"'W
5:00 72°12,230°N 11°04,7500W
6:00 72°19,656'N 10°47,424°'W
7:00 72°26,572°N 10°30,747TW
8:00 72°33,212’N 10°14,733°'W
9:00 72°38,942°N 09°59,912°W
10:00 72°44 472N 09°46,15TW
11:00 72°50,231°'N 09°33,070'W
12:00 72°55,85TN 09°20,065"W
13:00 73°01,10TN 09°07,933’ W
14:00 73°06,268'N 08°56,074° W
15:00 73°11,552°N 08°44,403°'W
16:00 73°17,313’'N 08°31,383°'W
17:00 73°22,671'N 08°19,584'W
18:00 73°28,265’'N 08°07,031'W
19:00 73°34,110°N 07°54,10600'W
20:00 73°39,872°N 07°39,323°'W
21:00 73°45,830°'N 07°23,536'W
22:00 73°51,910°N 07°06,759°W
23:00 73°58,635°'N 06°48,008° W
27.8.92/240 0:00 74°05,629°'N 06°28,304"W
1:00 74°13,314°N 06°08,040'W
2:00 74°21,043°N 05°48,803'W
3:00 74°28,993°N 05°27,945W
4:00 74°37,188°N 05°07,379°W
5:00 74°45,134°N 04°47,407TW
6:00 74°53,078 N 04°27,102°W
7:00 75°00,483°N 04°05,411"W
8:00 75°08,215'N 03°43,481'W
9:00 75°15,949°N 03°21,279°W
10:00 75°23,66TN 03°00,587W
11:00 75°31,438'N 02°37,110'W .
12:00 75°39,619°'N 02°16,2200W
13:00 75°47,7151'N 01°53,314W
14:00 75°55,561'N 01°30,411°W
15:00 76°03,570°'N 01°06,680'W
16:00 76°11,580°'N 00°44,036'W
17:00 76°19,587N 00°21,670°W

Table 2: Position data of profiles
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Date/Day Time/GMT Latitude Longitude Profile
18:00 76°27,206'N 00°01,591°E
19:00 76°34,765'N 00°24,603'E
20:00 76°42,182°'N 00°48,594'E
20:36 76°47,105N 01°02,524°E 1b
21:00 76°49,488°N 01°06,133°E
22:00 76°58,011'N 01°16,906'E
23:00 77°06,402’N 01°29,116’E
28.8.92/241 0:00 77°15.323°'N 01°39.945°E
1:00 77°24.366'N 01°50440°E
2:00 77°33.591'N 02°00.600°E
3:00 77°42.069°'N 02°10.771TE
4:00 77°51.748°'N 02°24 805°'E
5:00 78°01.370°'N 02°37.819°E
6:00 78°10.878'N 02°48.601'E
7:00 78°20.094°'N 03°01.74TE
8:00 78°28.751°'N 03°14.386'E
9:00 78°37.989°N 03°26 474°E
9:51 78°46.049°N 03°36.278°E Ende 1b
10:00 78°47 485'N 03°33.675°'E
11:00 78°31.809°N 02°44 406'E
12:00 78°49.300'N 02°56,15TE
12:36 78°47.072'N 01°27.889°E 2a
13:00 78°44.206'N 01°21.046'E
14:00 78°35.496'N 01°09.603°E
15:00 78°26,690'N 00°59.640°E
16:00 78°17.888'N 00°4897TE
17:00 78°09.021'N 00°39.120°E
18:00 78°00.245°'N 00°29.681°E
19:00 77°51.395°'N 00°19.574°E
20:00 77°34.024'N 00°07.260°E
21:00 77°34.022°'N 00°04.999°E
22:00 77°25275°N 00°14.05T'E
23:00 77°16.355'N 00°19.092°W
29.8.92/242 0:00 77°07.875'N 00°28.851"'W
1:00 76°59.21TN 00°37.38¢'W
1:12 76°57,690°'N 00°40,867W 2b
2:00 76°51.346’'N 00°58.293"W
3:00 76°43.469°N 01°19.117W
4:00 76°35389°'N 01°41.008' W
5:00 76°27 476’'N 02°03.67S'W
6:00 76°19,859'N 02°27,347TW
7:00 76°12,392'N 02°53,27TW
8:00 76°04,513°'N 03°16,438°W
9:00 75°56,638'N 03°39,117"W
10:00 75°48,969°N 04°01,645°W
11.04 75°40,711'N 04°23,670'W
12:00 75°33,203°'N 04°41,419°'W
13:00 75°25,046'N 04°59,863'W

Table 2: Position data of profiles




Date/Day Time/GMT Latitude Longitude Profile
14:00 75°17,199°'N 05°19,532°W
15:00 75°09,33TN 05°39,886'W
16:00 75°01,625°N 05°59,805'W
17:00 74°54,023'N 06°19,919°'W
18:00 74°46,054° N 06°40,342°W
19:00 74°38,138°N 07°01,625°W
20:00 74°30,397TN 07°22,399°W
21:00 74°22,956'N 07°42,215W
22:00 74°15,271°N 08°02,223°'W
23:00 74°07,18TN 08°37,196 W

30.8.92/243 0:00 73°59,246'N 08°37,196'W

1:00 73°51,173°N 08°54,623°W
2:00 73°43,649°N 09°12,347T'W
3:00 73°36,351'N 09°32,441'W
4:00 73°28,448'N 09°50,872°W
5:00 73°20,386'N 10°09,443°W
6:00 73°12,485'N 10°27,574'W
7:00 73°04,584'N 10°46,305°W
8:00 72°56,964'N 11°04,468°W
9:00 72°49,359°N 11°21,814°'W
10:00 72°41,353'N 11°39,055W
11:00 72°34,359°N 11°53,975°W
12:00 72°26,740°N 12°11,132°W
13:00 72°18,901'N 12,28,385'W
14:00 72°10,718N 12°45,732°’W
15:00 72°02,892°N 13°03,641°W
15:07 72°01,806'N 13°05,816'W Ende 2b
16:00 72°04,503°N 13°28,846'W
16:55 72°07,339°N 13°47,850°W 3a
17:00 72°07,966'N 13°46,415W
18:00 72°15.576'N 13°30,452°W
19:00 72°23,275'N 13°13,851'W
20:00 72°31,128'N 12°56,878°W
21:00 72°38.908'N 12°39,7127W
22:00 72°46,405°'N 12°23,738W
23:00 72°54,236'N 12°08,070W
31.8.92244 0:00 73°01,826'N 11°51,668°W
1:00 73°09,322°'N 11°34,838°W
2:00 73°14,899°N 11°17,113’W
3:00 73°24 478N 10°58,702°W
4.00 73°32,726'N 10°38,706°W
5:.00 73°40,941'N 10°21,256°W
6:00 73°49,075°'N 10°03,642°W
7:00 73°57,470°N 09°43,706"W
8:00 74°05,606'N 09°22,702W
9:00 74°13,510N 09°04,002°W
10:00 74°21,054' N 08°44,946’W
11:00 74°29,120N 08°28,604"W

Table 2: Position data of profiles
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Date/Day Time/GMT Latitude Longitude Profile
12:00 74°37,441'N 08°11,287W
13:00 74°45,551'N 07°51,660°'W
14:00 74°53,107'N 07°31,369 W
15:14 75°02.190°'N 07°08,709°' W
16:00 75°07,74TN 06°53,940'W
17:00 75°15,405°N 06°34.498'W
18:00 75°22, 794N 06°15,77TW
19:00 75°30,196 N 05°56,630'W
20:00 75°38,033'N 05°37,481°"'W
21:00 75°45,791'N 05°17,352°W
22:00 75°53,640°N 04°56,301'W
23:00 76°01,197'N 04°35,821°'W

1.9.921245 0:00 76°08,829°'N 04°15,428'W
1:00 76°16,256'N 03°55,005°W
2:00 76°23,589'N 3°35,061'W
3:00 76°31,305 N 03°13,181'W
4:00 76°38,840°N 02°52,552°W
5:00 76°46,048'N 02°32,004'W
6:00 76°53,079°'N 02°12,189°W
6:42 76°58,279°'N 01°57,130'W
6:50 76°59,270'N 01°54,597°'W
7:00 77°00,381'N 01°51,550°'W
7:28:00 77°03,921'N 01°41,133°'W 3b
7:31:00 77°04,386'N 01°40,420°'W
8:00 77°08,402°N 01°36,075°'W
9:00 77°16 816N 01°27,006'W
10:00 77°25,021'N 01°18,287'W
11:00 77°33,542°N 01°09,252°W
12:00 77°42,048'N 01°00,745'W
13:00 77°50,408'N 00°52,680°W
14:00 77°58,609'N 00°44,052°W
15:00 78°16,021'N 00°35,250'W
16:00 78°16,090'N 00°26,205°W
17:00 78°25.27T'N 00°16,791°W
18:00 78°33,010'N 00°09,056'W
19:00 78°41,445°'N 00°00,551°E
20:00 78°49,65T'N 00°10,254'E
21:00 78°57.900'N 00°18, 370'E
21:33 79°02,479'N 00°23,379°E Ende 3b
22:00 79°03,784'N 00°07,670°E
22:38 79°01,356'N 00°20,472°'W 4a
22:43 79°00,900'N 00°23,631°'W
23:00 78°58, 419°N 00°27,249'W

2.9.92/246 0:00 78°50,339'N 00°49,426"'W
0:54 78°43,709°'N 01°10,436'W
1:00 78°42,899'N 01°11,164°'W
2:00 78°34 479'N 01°19,825'W
3:00 78°25432°N 01°28,712°W

Table 2: Position data of profiles




Date/Day Time/GMT Latitude Longitude Profile
4.00 78°16,636'N 01°37,906°'W
5:00 78°07,57TN 01°45,920°'W
6:00 77°59,073°'N 01°54,492°W
7:00 77°50,421°N 02°02,0000W
8:00 77°41,842°N 02°10911"W
9:00 77°32,993°N 02°19,921"W
10:00 77°23,780°'N 02°27,550W
11:00 77°15,181'N 02°35,329°W
11:35 77°09,825°'N 02°40,504°W 4b
12:00 77°06,645N 02°47,281'W
13:00 76°58,908°'N 03°06,737W
14:00 76°51,31I'N 03°28,444°'W
15:00 76°42,015N 03°55,111"W
16:00 76°36,682°'N 04°20,456°'W
17:00 76°28,054'N 04°37,893°E
18:00 76°20,0100N 04°57,951'W
19:00 76°12,314°'N 05°18,620W
20:00 76°04,659°N 05°40,058 W
21:00 75°56,926'N 06°00,324'W
22:00 75°49,539°'N 06°19,187W
23:00 75°41,555'N 06°36,842°W

3.9.92/247 0:00 75°33,981'N 06°55,900°'W
1:00 75°26,550°N 07°15,021"'W
2:00 75°19,015°'N 07°33,238W
3:00 75°11,842°N 07°52,974°'W
4:00 75°04,312’N 08°11,801°'W
5:00 74°56,472°N 08°30,955W
6:00 74°48,846'N 08°49,292°W
7:00 74°41,489°N 09°07,310W
8:00 74°34,345°'N 09°24.474°W
9:00 74°27,2T72N 09°41,232°W
10:00 74°19,933’'N 09°59,006"W
11:00 74°12, 734N 10°16,204' W
12:00 74°05,401'N 10°32,325'W
13:00 73°57,92TN 10°48,705°W
14:00 73° 50,538°N 11° 06,539°W
14:30 73°47,010N 11°14,495°W
15:00 73°43,165’N 11°23,503°W
16:00 73°35,72TN 11°40,407W
17:00 73°28,079°N 11°56,063°W
18:00 73°20,585'N 12°14,463"W
19:00 73°13,042°N 12°31,736"W
20:00 73°05,340°N 12°46,458"W
21:00 72°58,330°'N 13°02,824'W
21:29 72°54,868°'N 13°10,564° W
22:00 72°51,134'N 13°18,606'W
23:00 72°43,674N 13°34,112°W
4.9.92/248 0:00 72°36,363°'N 13°50,106'W

Table 2: Position data of profiles
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Date/Day Time/GMT Latitude Longitude Profile
1:00 72°29,022°N 14°05,736'W
2:00 72°21,838°N 14°20,674°'W
3.00 72°14,900°N 14°35,002°'W
3:07 72°14,170°'N 14°36,646'W Ende 4b
4:00 73°13,79TN 15°00,809"'W
5:00 72°22,154'N 15°11,209°'W
5:21 72°22,154'N 15°09,631'W 5
6:00 72°26,753°'N 15°00,523°W
7:00 72°33,876'N 14°46,140°'W
8:00 72°41,009"N 14°30,645°W
9:00 72°48,405°'N 14°14,7166'W
10:00 72°55,774'N 13°59,024°W
11:00 73°03,033’'N 13°44,019°'W
12:00 73°10,376’'N 13°29,023°W
13:00 73°17,562°'N 13°13,506"W
14:00 73°24,99°'N 12°58,564°W
15:00 73°°32,158°N 12°04,303*W
16:00 73°39,506°'N 12°27,449°W
17:00 73°46,825'N 12°10,775°W
18:00 73°54,194°'N 11°54,480°W
19:00 74°01,510°N 11°38,453°W
20:00 74°08,536'N 11°22,403°W
21:00 74°15,972°N 11°05,699°W
22:00 74°23,283°'N 10°49,156°W
23:00 74°30,609°'N 10°33,086'W

5.9.92/249 0:00 74°37,910°'N 10°16,681"W
1:00 74°45,157'N 10°00,169°'W
2:00 74°52,362°’N 09°43,105°W
3:00 74°59,735'N 09°27,126'W
4.00 75°07,293°'N 09°09.417W
5:00 75°14,726'N 08°51,314°'W
6:00 75°22,075°'N 08°33,058°W
7:00 75°29,164°'N 08°16,481'W
8:00 75°36,174 N 07°58,146 W
9:00 75°43,331'N 07°40,982°W
10:00 75°50,338°'N 07°23,014°'W
11:00 75°5749T'N 07°05,950°'W
11:50 76°03,012’N 06°52,768°' W
11:55 76°03,379'N 06°51,710'W
12:00 76°03,940°'N 06°49,945°W
13:00 76°10,481°N 06°28,651°'W
14:00 76°17,188°'N 06°10,481'W
15:00 76°24,584'N 05°55,702°wW
16:00 76°31,830°'N 05°37,177wW
17.00 76°38,758°N 05°19,074'w
17:47 76°44,008°'N 05°05,346"'W
18:00 76°45,920'N 05°02,240'W Ende 5
19:00 76°49,803°'N 05°20,680'W

Table 2: Position data of profiles




Date/Day Time/GMT Latitude Longitude Profile
19:23 76°48,651'N 05°33,930°'W 6
20:00 76°43,996'N 05°46,611"W
21:00 76°36,454 N 06°05,647TW
21:30 76°32,833'N 06°15,552°W
21:52 76°32,043'N 06°27,571TW
22:00 76°31,470'N 06°32,092°W
22:23 76°31,071°'N 06°46,042°W
22:36 76°29,712’N 06°49,708° W
23:00 76°26,72TN 06°56,836°'W

6.9.92/250 0:00 76°18,981'N 07°13,92T'W

1:00 76°12,258'N 07°38,458°W
2:00 76°03,764'N 07°57,261"'W
3:00 75°55,469°'N 08°14,701'W
4:00 75°47,7ST'N 08°33,593°W
5:00 75°39,409°N 08°53,122°W
6:00 75°31,51TN 09°11,766"W
7:00 75°24,109°N 09°29,934'W
8:00 75°16,372°N 09°46,788°W
9:00 75°09,250°N 10°02,724°W
10:00 75°02,399°N 10°18,980°W
11:00 74°54,184°'N 10°35,902°W
12;00 74°47,965°N 10°50,223'W
13:00 74°40,744'N 10°09,244°'W
14:00 74°33,246'N 11°26,825°W
15:00 74° 25,706 N 11°44,228°W
16:00 74°18,498°N 12°00,390°'W
17:00 74°11,025°N 12°17,141"'W
18:00 74°03,810°'N 12°32,857W
19:00 73°56,806'N 12°49,188°W
20:00 73°49,264°'N 13°04,745°W
21:00 73°41,979°N 13°20,026'W
22:00 73°34,570°N 13°35,789° W
23:00 73°27,520°N 13°51,274° W
7.9.92/251 0:00 73°20,335°N 14°05,975° W
1:00 73°13,250°N 14°20,563° W
2:00 73°05,932°N 14°35,955° W
3:00 72°58,361°'N 10°51,520°' W
4:00 72° 50,822°N 15°0645TW
5:00 72°42,823'N 15° 23,321'N
6:00 72°35,15TN 15°38,727W
7:00 72°27,658'N 15°53,644'W

7:32 72°23,640°N 16°01,726°'W Ende 6
8:00 72°24,646’'N 16°11,780°'W
9:00 72°30,538'N 16°29,625'W
9:28 72°33,71I'N 16°38,127T'W 7

9:50 72°36,348'N 16°35,318W
10:00 72°36,724' N 16°31,778W
10:40 72°38,589°N 16°19,099°'W

Table 2: Position data of profiles
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Date/Day | Time/GMT Latitude Longitude Profile
11:00 72°39,526'N 16°12,286'W
11:30 72°42,412’N 16°03,144'W
12:00 72°45,625°N 15°55,987 W
13:00 72°52,864'N 15°41,664'W
14:00 73°00,146'N 15°26,650°W
15:00 73°07,409'N 15°12,095°W
16:00 73°14,501'N 14°57,613'W
17:00 73°21,358'N 14°43,208'W
17:29 73°24,589'N 14°36,296'W Ende 7
17:53 73°22,890°N 14°29,172°W
18:00 73°21,820N 14°27,941'W
19:00 73°12,885'N 14°15,403' W
20:00 73°03,801'N 14°04,661'W
21:00 72°54,641'N 13°51,074' W
22:00 72°45823'N 13°36,400'W
23:00 72°37,036 N 13°25,161°'W

8.9.92/252 0:00 72°28,658'N 13°13,922°W
1:00 72°20,800'N 13°03,520'W
2:00 72°13,125°N 12°53,201'W
3:00 72°05,579'N 12°43,016' W
4:00 71°56,791'N 12°38,48T W
4:41 71°53,743N 12°28,307°W 8a
5:00 71°56,294'N 12°22,900'W
6:00 72°03,728'N 12°06,807'W
7:00 72°11,899'N 11°50,049'W
8:00 72°19,928'N 11°33,224'W
9:00 72°27,489°'N 11°14,75T W
10:00 72°34876'N 10°56,411°'W
11:00 72°43,178N 10°38,626'W
12:00 72°52,102'N 10°22,202°W
13:00 73°00975'N 10°04,913'W
14:00 73°09,148'N 09°45,528'W
15:00 73°16,822°N 09°25,302°W
16:00 73°24,740N 09°04,743' W
17:00 73°32,848'N 08°45,786'W
18:00 73°40,336' N 08°28,064°'W
19:00 73°48,659'N 08°07,747'W
20:00 73°57,31TN 07°45.915°W
21:00 74°06,598' N 07°23,195°'W
22:00 74°15,890'N 07°05,055'W
23:00 74°24,284'N 06°50,383°W

9.9.92/253 0:00 74°31,36I'N 06°29,623' W
1:00 74°36,886'N 06°03,650'W
2:00 74°43,605°N 05°40,912'W
3:00 74°51,124'N 05°21,331°W
4:00 74°58,851'N 05°03,282°W
5:00 75°07,205'N 04°43,882°W
6:00 75°14 913N 04°24,063 W

Table 2: Position data of profiles
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7:00 75°22, 758N 04°03,25TW
8:00 75°31,164'N 03°41,524°W
8:00 75°31,164'N 03°41,524'W
9:00 75°39,341'N 03°19,027W
10:00 75°46,838°N 02°56,596'W
11:00 75°55,183°'N 02°36,293°W
12:00 76°05,981'N 02°12,623°W
13:00 76°15,852°N 01°45,123°W
14:00 76°24,819°N 01°21,324°W
15:00 76°32,641°'N 00°58,123°W
16:00 76°40,294'N 00°34,066°W
17:00 76°47,576’'N 00°06,676°'W
17:48 76°53,240°N 00°15,212°E 8b
18:00 76°54,934°'N 00°18,687°E
19:00 77°03,554°N 00°30,003'E
20:00 77°12,66TN 00°38,741'E
21:00 77°21,685N 00°46,418'E
22:00 77°30,836'N 00°54,278'E
23:00 77°39,858°N 01°06,393°E

10.9.92/254 0:00 77°48,379°'N 01°21,828°E
1:00 77°56,854°'N 01°36,689°E
2:00 78°06,004°'N 01°49,129°E
3:00 78°15,626'N 01°57,09TE
4:00 78°24,728°'N 02°05,728°E
5:00 78°33,754'N 02°19,541'E
6:00 78°42,622°'N 02°31,372°E
7:00 78°51,086'N 02°37,346'E
8:00 78°59,32I'N 02°48,158°E
9:00 79°07,608' N 03°02,908'E Ende 8b
10:00 79°03,348°'N 03°27,11TE
11:00 78°56,272°N 03°44,272°E
12:00 78°49,848°'N 04°04,475’E
13:00 78°43,509°N 04°31,438°E 9a
14:00 78°36,795°'N 04°43,954°E
15:00 78°28,361'N 04°33,055'E
15:40 78°22,675 N 04°26,14TE
16:00 78°20,121°'N 04°22,649°E
17:00 78°11,343°'N 04°12,112°E
18:00 78°02,589°N 04°00,967E
19:00 77°53,860°'N 03°49,799°E
20:00 77°45,266'N 03°40,369°E
21:00 77°36,712’N 03°27,298°E
22:00 77°28,006'N 03°19,660°E
23:00 77°19.47TN 03°08,066'E

11.9.92/255 0:00 77°10,670°N 02°58,541'E
1:00 77°01,980°N 02°48,47TE
2:00 76°53,299°N 02°38,022°E
3:00 76°44,439°N 02°28,478°E

Table 2: Position data of profiles
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Date/Day Time/GMT Latitude Longitude Profile
3:38 76°38,919°N 02°21,821'E 9b
4:00 76°36,188°N 02°12,702°E
5:00 76°28,539°N 01°48,230°E
6:00 76°20,838°N 01°25,229°E
7:00 76°13,293°'N 01°02,943°E
7:55 76°06,741°'N 00°41,921'E
8:00 76°06,122°N 00°39,862°E
9:00 75°59,313°'N 00°17,389°E
10:00 75°52,071°'N 00°05,0908° W
11:00 75°45,93T'N 00°31,382°'W
12:00 75°38,923°'N 00°53,140°'W
13:00 75°31,758°N 01°13,530°'W
14:00 75°24,321°'N 01°34,818°W
15:00 75°16,853°'N 01°55,62T'W
16:00 75°09,452°N 02°17,245°'W
17:00 75°01,658°'N 02°39,155°W
18:00 74°54,293°'N 02°59,764'W
19:00 74°46,985°'N 03°21,600'W
20:00 74°39,631'N 03°42,824°W
21:00 74°32,075°'N 04°02,550°'W
22:00 74°24 A1TN 04°21,670'W
23:00 74°17,071°'N 04°41,0290°'W

12.9.92/256 0:00 74°09,937'N 05°01,455W
1:00 74°02,529°'N 05°20,625°W
2:00 73°55,069°'N 05°39,751'W
3:00 73°44,508°N 05°59,951'W
4:00 73°39,805°N 06°19,772°W
5:00 73°32,302°N 06°38,876'W
6:00 73°24,660'N 06°58,059°'W
7:00 73°17,159°'N 07°17,511'W
8:00 73°09,732’N 07°36,839°W
9:00 73°02,24T'N 07°53,566'W
10:00 72°55,366'N 08°12,563'W
11:00 72°48,049°'N 08°29,834'W
12:00 72°40,576'N 08°48,450°W
13:00 72°32,640'N 09°07,659° W
14:00 72°25,029°N 09°26,070'W
15:00 72°17,592°N 09°43,653°W
16:00 72°09,925'N 10°01,751"'W
17:00 72°02,272'N 10°19,830'W
18:00 71°54,895'N 10°37,435W
19:00 71°47478°N 10°54,552°W
19:10 71°46,271°N 10°57,348°W

Table 2: Position data of profiles




Date / Day Time / GMT Position
Latitude Longitude air
1.9.92/245 17:00 78°25,27TN 00°16,791"W
18:00 78°33,010'N 00°09,056"W
19:00 78°41,445°N 00°00,551'E
20:00 78°49,65TN 00°10,254°'E
21:00 78°57,900°'N 00°18,370°E
21:33 79°02,479°N 00°23,379°E
22:00 79°03,784°'N 00°07,670'E
22:38 79°01,356'N 00°20,472°W
22:43 79°00,900'N 00°23,631'W
23:00 78°58,419°'N 00°27,249°W
2.9.92/246 0:00 78°50,339°'N 00°49,426'W
0:54 78°43,709°'N 01°10,436°'W
1:00 78°42,809°N 01°11,164'W
2:00 78°34,479'N 01°19,825°W
3:00 78°25,432°N 01°28,712°W
4:00 78°16,636' N 01°37,906' W
5:00 78°07,57TN 01°45,929"W
6:00 77°59,073°N 01°54,492°W
7:00 77°50,421°N 02°02,000°W
8:00 77°41,842°N 02°10911"W
9:00 77°32,993°'N 02°19,921"W
10:00 77°23,780'N 02°27,550°W
11:00 77°15,181'N 02°35,329°W
11:35 77°09,825°' N 02°40,504'W
12:00 77°06,645 N 02°47,281'W
13:00 76°58,908°N 03°06,737W
14:00 76°51,311°'N 03°28,444'W
15:00 76°42,015°N 03°55,111"W -1.3
16:00 76°36,682'N 04°20,456'W -1.4
17:00 76°28,054°'N 04°37,893°W -1.1
18:00 76°20,010°N 04°57,951"W -1
19:00 76°12,314'N 05°18,620°'W -1.1
20:00 76°04,659°N 05°40,058W -1.3
21:00 75°56,926'N 06°00,324'W -0.8
22:00 75°49,539°'N 06°19,187'W -0.5
23:00 75°41,555°'N 06°36,842°W -0.4
3.9.92/247 0:00 75°33,981°'N 06°55,900'W -0.5
1:00 75°26,550°'N 07°15,021"W -0.5
2:00 75°19,015°'N 07°33,238°W -0.8
3:00 75°11,842°N 07°52,974"W -0.5
4:00 75°04,312°’N 08°11,801"W -0.3
5:00 74°56,472°N 08°30,955°W -0.1
6:00 74°48,846'N 08°49,292°W 0.2
7:00 74°41,489°N 09°07,310°W 0.4
8:00 74°34,345°N 09°24474'W 0.6
9:00 74°27,2727N 09°41,232°W 1
10:00 74°19,933°N 09°59,006°W 1

Table 3: Surface Temperatures

37



38

Date / Day Time / GMT Position
Latitude Longitude air
11:00 74°12,734'N 10°16,204°' W 1
12:00 74°05 401'N 10°32,325'W 09
13:00 73°57,92TN 10°48,705"W 1
14:00 73° 50,538'N 11° 06,539 W 1.1
15:00 73°43,165°'N 11°23,503°W 1.1
16:00 73°35,72TN 11°40,40TW 1.1
17:00 73°28,079°'N 11°56,063°W 1
18:00 73°20,585'N 12°14,463*W 1.1
19:00 73°13,042'N 12°31,736"W 1
20:00 73°05,340°'N 12°46,458° W 05
21:00 72°58,330'N 13°02,824°'W 05
22:00 72°51,134'N 13°18,606' W 0.2
23:00 72°43,674°'N 13°34,112°W -0.1
4.9.92/248 0:00 72°36,363°N 13°50,106°'W 0.1
1:00 72°29,022°N 14°05,736'W 03
2:00 72°21,838°N 14°20,674°W 0.5
3:00 72°14,170°N 14°36,646°'W 1
4:00 73°13,79T'N 15°11,209°' W 08
5:00 72°22,154°'N 15°09,631°'W 0.7
6:00 72°26,753°N 15°00,523°'W 0.5
7:00 72°33,876'N 14°46,140°'W 04
8:00 72°41,099~N 14°30,645°W 0.1
9:00 72°48,405'N 14°14,716°'W 0.1
10:00 72°55,774'N 13°59,024°W -0.1
11:00 73°03,033°N 13°44,019°'W -0.1
12:00 73°10,376'N 13°29,023°'W -0.1
13:00 73°17,562'N 13°13,506"'W 0.1
14:.00 73°24 99°N 12°58,564°W 0.5
15:00 73°32,158'N 12°04,303°'W 08
16:00 73°39,506'N 12°27,449°'W 0.6
17:00 73°46,825N 12°10,775W 03
18:00 73°54,194°'N 11°54,480°'W 0.8
19:00 74°01,510°N 11°38,453°'W 1
20:00 74°08,536'N 11°22,403°W 0.7
21:00 74°15,972'N 11°05,699°'W 0.6
22:00 74°23,283'N 10°49,156’'W 0.6
23:00 74°30,609°'N 10°33,086'W 05
5.9.92/249 0:00 74°37910'N 10°16,681'W 0
1:00 74°45,15T'N 10°00,169°'W 09
2:00 74°52 362°N 09°43,105°'W -1.2
3:00 74°59,735'N 09°27,126'W 04
4:00 75°07,293°'N 09°09,417W 0.5
5:00 75°14,726'N 08°51,314'W 1
6:00 75°22,075N 08°33,058'W 0.6
7:00 75°29,164'N 08°16,481'W 13
8:00 75°36,174 N 07°58,146 W 1
9:00 75°43,331'N 07°40,982 W 0.5

Table 3: Surface Temperatures




Date / Day Time / GMT Position
Latitude Longitude air
10:00 75°50,338'N 07°23,014W -0.7
11:00 75°5749TN 07°05,950'W -2.8
12:00 76°03,940°N 06°49,945°W -3.2
13:00 76°10,481'N 06°28,651"W -3.2
14:00 76°17,188°'N 06°10,481'W -3.2
15:00 76°24,584'N 05°53,702°W -1.7
16:00 76°31,830°'N 05°37,17TW -14
17:00 76°38,758'N 05°19,074'W -1.1
18:00 76°45,920°'N 05°02,240°W -1.5
19:00 76°49,893'N 05°20,680°W -1.5
20:00 76°43,996'N 05°46,611"W -1.9
21:00 76°36,454'N 06°05,647 W -1.8
22:00 76°31,470'N 06°32,092°W -2
23:00 76°26,72TN 06°56,836'W -2.1
6.9.92/250 0:00 76°18,981'N 07°13,927W -1.8
1:00 76°12,258°N 07°38,458°W -1.7
2:00 76°03,764°'N 07°57,261"W -2.2
3:00 75°55,469°'N 08°14,701'W -1.9
4:00 75°47,151'N 08°33,593°'W -0.7
5:00 75°39.409°'N 08°53,122°W -1
6:00 75°31,51TN 09°11,766°W -0.6
7:00 75°24,109°'N 09°29,934'W -0.2
8:00 75°16,372°N 09°46,788°W 0.6
9:00 75°09,250°'N 10°02,724"W 0.8
10:00 75°02,399°'N 10°18,980'W 04
11:00 74°54,784'N 10°35,902°W 0.6
12:00 74°47,965°'N 10°50,223'W 0.5
13:00 74°40, 744 N 10°09,244'W 0.1
14:00 74°33,246'N 11°26,825W -0.4
15:00 74° 25,706 N 11°44,228°W -0.8
16:00 74°18,498'N 12°00,390°'W -1.2
17:00 74°11,025°'N 12°17,141°W -1
18:00 74°03,810°'N 12°32,857"W -14
19:00 73°56,806°'N 12°49,188°W -1.1
20:00 73°49,264°'N 13°04,745°W -0.9
21:00 73°41,979°'N 13°20,026'W -1.2
22:00 73°34,570N 13°35,789° W -1.1
23:00 73°27,520°'N 13°51,274° W -0.6
7.9.92/251 0:00 73°20,335°'N 14°05,975 W -0.5
1:00 73°13,250°N 14°20,563° W -1
2:00 73°05,932°N 14°35955 W -0.9
3:00 72°58,361'N 10° 51,520 W -1.1
4:00 72° 50,822°N 15° 06,457 W -0.8
5:00 72°42,823°N 15°23,321'N -1
6:00 72°35,15TN 15°38,72TW -0.9
7:00 72°27,658°N 15°53,644°W -1.1
8:00 72°24,646'N 16°11,780°'W -1.2

Table 3: Surface Temperatures
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Date / Day Time / GMT Position
Latitude Longitude air
9:00 72°30,538'N 16°29,625'W -1.6
10:00 72°36,724°N 16°31,778W -2.2
10:40 72°38,589°N 16°19,099°'W -1.6
11:00 72°39,526'N 16°12,286’'W -1.1
11:30 72°42,412'N 16°03,144°W -0.7
12:00 72°45,625°'N 15°55,987'W 0.3
13:00 72°52,864'N 15°41,664°W 0.3
14:00 73°00,146'N 15°26,650°W 0.2
15:00 73°07,409°N 15°12,095°W 04
16:00 73°14,501°N 14°57,6713°W 13
17:00 73°21,358°'N 14°43,298° W 2.1
18:00 73°21,820°N 14°27,941°W 2
19:00 73°12,885°'N 14°15,403°W 23
20:00 73°03,801°N 14°04,661"W 23
21:00 72°54,641°N 13°51,074°W 3
22:00 72°45,823°N 13°36,400°W 31
23:00 72°37,036'N 13°25,161°'W 3
8.9.92/252 0:00 72°28,658'N 13°13,922°W 28
1:00 72°20,800'N 13°03,520W 32
2:00 72°13,125°N 12°53,201"W 32
3:00 72°05,579°'N 12°43,0160'W 34
4:00 71°56,791°'N 12°38,487'W 3.5
5:00 71°56,294'N 12°22,900°W 3.7
6:00 72°03,728°N 12°06,807W 3.7
7:00 72°11,899°N 11°50,049°'W 3.7
8:00 72°19,928°N 11°33,224°W 36
9:00 72°27,489°'N 11°14,75T'W 3.6
10:00 72°34 876N 10°56,411"'W 3.7
11:00 72°43,178°N 10°38,626°'W 3.6
12:00 72°52,102°'N 10°22,202°W 35
13:00 73°00,975°'N 10°04,913°W 37
14:00 73°09,148°N 09°45,528° W 3.7
15.00 73°16,822°'N 09°25,302°W 4,0C
16:00 73°24,740°N 09°04,743° W 4.1
17:00 73°32,848°N 08°45,786™W 4
18:00 73°40,336'N 08°28,064°W 42
19:00 73°48,659°N 08°07,747TW 42
20:00 73°57,31T'N 07°45,915°W 4
21:00 74°06,598'N 07°23,195°W 4.1
22:00 74°15,800°'N 07°05,055°W 4.2
23:00 74°24,284'N 06°50,383°W 44
9.9.92/253 0:00 74°31,361°'N 06°29,623°W 44
1:00 74°36,886'N 06°03,650°'W 42
2:00 74°43,605'N 05°40,912°'W 43
3:00 74°51,124'N 05°21,331'W 43
4:00 74°58,851°N 05°03,282°W 44
5:00 75°07,205°N 04°43,882'W 44

Table 3: Surface Temperatures




Date / Day Time / GMT Position
Latitude Longitude air
6:00 75°14913°N 04°24,063'W 4
7:00 75°22,158' N 04°03,25TW 3.8
8:00 75°31,164°N 03°41,524'W 3.7
9:00 75°39,341'N 03°19,027W 4
10:00 75°46,838°N 02°56,596'W 4.7
11:00 75°55,183°'N 02°36,293'W 52
12:00 76°05,981'N 02°12,623°W 55
13:00 76°15,852°N 01°45,123°'W 55
14:00 76°24,819°'N 01°21,324'W 53
15:00 76°32,641'N 00°58,123'W 5.3
16:00 76°40,294'N 00°34,066"W 5
17:00 76°47,5716’'N 00°06,676'W 4.7
18:00 76°54,934'N 00°18,68TE 49
19:00 77°03,554°'N 00°30,003°E 5.2
20:00 77°12,66TN 00°38,741'E 5
21:00 77°21,685°'N 00°46,418°E 54
22:00 77°30,836’'N 00°54,278°'E 5.1
23:00 77°39,858'N 01°06,393°E 54
10.9.92/254 0:00 77°48,379°N 01°21,828°E 52
1:00 77°56,854'N 01°36,689°E 4.8
2:00 78°06,094°N 01°49,129°E 4.8
3:00 78°15,626'N 01°57,09TE 5.1
4:00 78°24,728'N 02°05,728°E 48
5:00 78°33,754 N 02°19,541'E 4.7
6:00 78°42,622°N 02°31,372°E 4.7
7:00 78°51,086’'N 02°37,346'E 4.5
8:00 78°59,321°'N 02°48,158°E 48
9:00 79°07,608°'N 03°02,908°E 44
10:00 79°03,232°N 03°27,476'E 3.7
11:00 78°56,272’N 03°44,272°E 44
12:00 78°49,848'N 04°04,475°'E 44
13:00 78°43,509°'N 04°31,438°E 4.5
14:00 78°36,795'N 04°43,954'E 4.6
15:00 78°28,361'N 04°33,055°E 4.5
16:00 78°20,12I'N 04°22,649°E 54
17:00 78°11,343°'N 04°12,112°E 5.1
18:00 78°02,589°'N 04°00,96TE 4.9
19:00 77°53,860°'N 03°49,799°E 4.9
20:00 77°45,266'N 03°40,369°E 49
21:00 77°36,712N 03°27,298°E 49
22:00 77°28,006°'N 03°19,660'E 5.2
23:00 77°19,47TN 03°08,066"'E 4.9
0:00 77°10,670'N 02°58,541'E 49
11.9.92/255 1:00 77°01,980°'N 02°48,47TE 4.8
2:00 76°53,299°'N 02°38,022°E 4.8
3:00 76°44,439°N 02°28,478°E 4.6
4:00 76°36,188°N 02°12,702°E 4.6

Table 3: Surface Temperatures
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Date / Day Time / GMT Position
Latitude Longitude air
5:00 76°28,539°'N 01°48,230°E 45
6:00 76°20,838°N 01°25,229°E 45
7:00 76°13,293'N 01°02,943°E e
8:00 76°06,122°N 00°39,862°'E 45
9:00 75°59,313°'N 00°17,389°E 46
10:00 75°52,071°'N 00°05,008°' W 46
11:00 75°45,93TN 00°31,382°W 45
12:00 75°38,923°'N 00°53,140'W 45
13:00 75°31,758'N 01°13,530'W 43
14:00 75°24,321°'N 01°34,818W 42
15:00 75°16,853°'N 01°55,627W 42
16:00 75°09,452°N 02°17,245°W 42
17:00 75°01,658'N 02°39,155°W 42
18:00 74°54,293°'N 02°59,764"W 4
19:00 74°46,985'N 03°21,600°W 3.8
20:00 74°39,631'N 03°42,824'W 39
21:00 74°32,075°'N 04°02,5500W 4
22:00 74°24 41T N 04°21,6700'W 4
23:00 74°17,071°'N 04°41,029°'W 4
12.9.92/256 0:00 74°09,937°'N 05°01,455'W 4
1:00 74°02,529°N 05°20,625'W 38
2:00 73°55,069°'N 05°39,751'W 32
3:00 73°44,508'N 05°59,951"'W 28
4:00 73°39,805°'N 06°19,772’W 24
5:00 73°32,302°’N 06°38,876°'W 2.6
6:00 73°24,660'N 06°58,059'W 24
7:00 73°17,159°'N 07°17,511"'W 24
8:00 73°09,732’N 07°36,839°'W 29
9:00 73°02,24TN 07°53,566°'W 26
10:00 72°55,366'N 08°12,563°W 2.7
11:00 72°48,049°N 08°29,834'W 2.3
12:00 72°40,576'N 08°48,450'W 24
13:00 72°32,640'N 09°07,659'W 2>
14:00 72°25,029°'N 09°26,070'W 26
15:00 72°17,592'N 09°43,653' W 29
16:00 72°09,925°'N 10°01,751'W 3
17:00 72°02,272’N 10°19,830'W 32
18:00 71°54,895'N 10°37,435'W 33
19:00 71°47,478'N 10°54,552'W 33

Table 3: Surface Temperatures
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1. Introduction

The RV POSEIDON cruise 200/10 started the research activities of the ENAM programme
on the southern margin off Portugal on August 7th, 1993. The European margin research
programme called ENAM - European North Atlantic Margin: Sediment Pathways, Processes
and Fluxes - is funded by the EC under MAST II. ENAM is an interdisciplinary research
initiative to investigate past changes in thermohaline circulation along the margin and their role
in the transport and fluxes of sediments. Various sedimentary processes can occur on the margin
which are highly dynamic. Mass wasting processes can remove large (km3) amounts of
sediments downslope, having a profound influence on the margin destruction. Current activities
can cause winnowing, sediment transport or complete erosion of sediments. How these
sedimentary processes act on the margin in response to climatic changes, is one of the key
questions that are to be addressed in the project. The overall goal is to determine European
margin developments during glacial and interglacial times which are so complex that a better
understanding can only be achieved by merging expertise and resources internationally.

Today’s hydrography of the Portuguese margin is mainly influenced by the Mediterranean
outflow, which causes highly saline waters to flow north along the margin (Reid, 1979). This
situation may have been different during glacial times due to the southward migration of the
North Atlantic polar front (Thiede, 1977). The front separated warm subtropical surface waters
in the south from cold subpolar surface waters in the north, and it may have determined the role
of thermohaline circulation along the Portuguese margin.

We used sedimentological, biological and geochemical properties, measured on sediment
cores, to monitor these changes. The cores were taken at five depth transects that range in water
depth from 300 m to 2500 m (Figure 1; Table 1). Each transect comprises 4 to 15 site locations
which are separated by water depth intervals of 200 m to 500 m (Figures 2-22). The dense

sampling interval allows a reconstruction of changes in past water masses.

2. Portuguese margin

After the compression in the Eocene that resulted in the rejuvenation of the rifted margin
morphology with the uplift of the Galicia bank and other marginal seamounts (Porto and Vigo),
a progressive regional subsidence with minor tilting of the western Iberian margin took place.
This allowed the accumulation of hemipelagic sediments at selected locations on the continental
slope and rise. The segmentation of the margin by submarine canyons and uplifted areas

conditioned the site selection to locations where the sediment accumulation took place.
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Sedimentary processes at the margin are dominated by bottom current activity as reflected in
the occurrence of contourite drifts, that have developed since the Eocene. The drifts buildup is
in direct relationship with the bottom current activity driven by the Atlantic thermohaline
circulation. The Mediterranean Outflow Water (MOW) along the slope is particularly important
for the sediment transport at water depths ranging from 500m - 1500m. Ice-rafted debris, which
may be related to the southern extent of the polar front during glacial times, has been identified
(Heinrich, 1988).

The identification of sources of sediment in different drainage basins along the margin may
help to distinguish local processes from more regional sediment transport patterns. It allows to
determine climatic changes that have affected the circulation as well as the transport and fluxes
of particles on the Portuguese margin.

Site selecti

A compilation of formerly collected data was made from the Instituto Geologico e Minero
files. The area surveyed was divided into 3 major regions and detailed bathymetric charts were
prepared as follows:

(1) A map for the margin offshore Sines from 37° 20'N to 38° 20'N for the transect I (Figure
1). The pre-cruise sites for transect I were selected by compiling seismic data (SINFAR ,
METEOR 67 , ATLANTIS II EACM, HESPERIDES 76 ). Previous samples from SINFAR,
LIVRA and preliminary results of PALEOCINAT II (cores 24, 25, 26, 27, 28), SONNE SO 75-3
(cores 2,3, 4,6,7,10, 12, 14, 23, 26, 31, 32, 34, 35) as well as the results of the FAEGAS V
(cores 20, 21, 22, 23, 24, 25,2 6) were taken into account for the site selections.

(2) A map of the margin off the Mondego River from 39° 40'N to 40° 40'N was used for pre-
locating sites in transects II, TIT and IV (Figure 1). The margin between the canyons of Aveiro
and Nazaré has a complex geological structure with steep slopes and faulted blocks, which have
affected sediment accumulation. Exposures of basement rocks are apparent on 1978 GLORIA
images. Existing seismic data were used to identify thick sediment sequences (LUSITANIE,
HESPERIDES 78 and FLORENCE OC102 and 103 ). Sediment data for this area are less
abundant than for the transect I area. Only data from the FAEGAS V results were used (cores
11,12, 14,16, 17, 18, 19). Cores 11 and 12 were quantitatively studied for primary productivity
changes during the Quaternary and revealed a coherent record of oscillations related to changes
in upwelling intensity during the glacial/interglacial changes (Abrantes, pers. comm.).



(3) A map of the margin north off Porto from 41°N to 42°N was used for pre-locating sites in
transect V (Figure 1). For this area less information is available about slope sedimentary
features and processes than for the areas mentioned above. Only seismic data from FLORENCE
0OC103 and OC 104 were available. Sediment cores from FAEGAS V ( cores 6, 7, 8, 9 )
provided information about sedimentary records.

3. Scientific objectives

For the achievement of the overall objectives, several specific objectives are to be
accomplished on the Portuguese margin:

1. The identification and mapping of features of the surface and subsurface that are associated
with sediment instability and/or transport of sediments.

2. The determination of an event chronology for temporal and lateral magnitudes of material
fluxes and environmental changes.

3. The delineation of the role of various sedimentary processes in the progradation of the shelf
interglacial/glacial cycles during the last m.y.

The Portuguese margin studies provide the southernmost transects in our programme. More
specifically there are to be established:

(i) A 14C stratigraphy and chronology for the last 40,000 years to determine the depositional
history and the existence and extend of meltwater pulses along the European margin;

(ii) A relationship between the present hydrography and the distribution of benthic and planktic
foraminifera to understand the environmental development in the Holocene;

(iii) An oxygen isotope record transect along the Portuguese margin to improve our knowledge
about changes in water masses in relationship to climate changes.

These studies contribute to a better understanding of sediment transport processes during
glacialfinterglacial times and help to identify the relative importance of along-slope and
downslope transport during climatic changes.
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3.1. 1C dating by accelerator mass spectrometry
(AMS-Laboratory, Aarhus University)

From the cores of the S transects (Figure 1), samples of foraminifera, macrofossils and
organic matter will be selected for 14C dating. The limited amount of sample material
necessitates the use of the relatively new AMS method, which allows 14C datings of samples
1000 times smaller than those required for conventional 14C dating.

14C dating is based on measurement of the content of the radioactive carbon isotope l4c
(halflife approx. 5,700yrs) relative to the stable isotope 12¢ in organisms which have derived
their carbon content, directly or indirectly, through the food chain. When the carbon uptake stops
with the death of the organism, the 14C/12C ratio decays with the halflife of 14C and the age
may be calculated from the measured ratio.

In the conventional method, the 14C content is obtained by measuring the radiation from the
decay of 14C in the sample, for example by means of a proportional counter. Due to the relative
long halflife of 14C, the radiation intensity is low and a large sample of 1g of carbon has to be
measured to give 1% counting statistics in 1-2 days.

In contrast to this, AMS uses advanced forms of mass spectrometric methods to isolate and
count the 14C atoms individually rather than to detect the radiation from their decay. For this
purpose a so-called electrostatic tandem accelerator, operated by the Van de Graff charging
principle at a terminal voltage of 3 million volts, is used. Single carbon ions from a graphitized
sample are accelerated to a high velocity, which allows separation in several stages by magnetic
fields of the 14C atoms, which are isolated free of interference from molecular ions and
identified individually in a particle detector. The extremely low abundance of 14C of 10-12 for a
modern sample puts a very high demand on selectivity in the separation. Since the "sorting” of
the carbon atoms can be done more efficiently in a short time instead of waiting for the decay of

the 14C atoms, Img samples of carbon can be measured in 0.5-1 hour to better than 1%
statistical uncertainty depending on the age of the sample.

Thus about 10mg of carbonate (i.e. 1.2mg of carbon) from e.g. 400-1200 foraminifera is
sufficient for both AMS 14C dating and high precision 13C and 180 measurements by
conventional mass spectrometry.

Foraminifera are the main sample type for 14C dating because of their normally high
abundances. Since the small foram shells are prone to redeposition, it is proposed to perform
comparative dating on some of the sporadically occuring and less easily transported macrofossil



shells to serve as an indicator of possible deposition of microfossils.

3.2. Impact of the Mediterranean outflow on benthic foraminiferal
assemblages (Instituto Geologico e Minero, University of Bergen,
GEOMAR)

Benthic foraminiferal assemblages react very sensitively to environmental changes. The
distribution pattern of certain benthic foraminiferal species is often similar to the areal extent of
distinct sediment facies, oceanographic conditions or coastal upwelling. Their community
settings provide an oceanographic tool to deliniate present areas of specific environmental
conditions. It also allows to estimate paleoceanographic conditions by studying 14C_dated
sediment cores.

The main topic of this study is to describe the spreading of the MOW along the Portuguese
margin by using the occurrence pattern of benthic foraminifera. Living species or assemblages
have to be assessed with an occurrence pattern matching the present MOW distribution. Their
ecological environment should be largely influenced by the MOW, e.g. by water turbulence,
suspension load, boundary layers. Biotic interactions and colonisation structures may reveal the
dominance of these factors for MOW-indicative species. Potential hard substrates and other
free-standing organisms, €.g. bryozoans and sponges, have to be examined carefully. Species
with elevated habitat preferences have to be determined and their population density in different
heights above the sea floor has to be evaluated. Independent evidence for the intensity of
MOW-current activity has to be obtained from the grain size distribution of surface and

subsurface sediments.

Previous work on RV Sonne cruise SO-75 (1991) and SO-83 (1992) between the C. de Sines
and C. de San Vincente provided some surface samples (Kudrass, 1993) from the southernmost
Portuguese margin close to our transect Io (Figure 1). They comprise a rather coarse grid and
most of the stations extend along a traverse perpendicular to the continental slope at 36° 50°N.
Benthic foraminifers, grain size data and surface structures reveal that current strength has its
maximum near the upper level of the MOW and that the intensity decreases northwards.
Planulina ariminensis and other elevated, epibenthic suspension feeders, are abundant in sand-
rich samples near the upper MOW level. The existing distribution of samples allows only very
limited interpretations and is, therefore, unsuitable to determine the faunal distribution along the
margin and their relationship to the hydrography. Our additional samples allow to fill these

gaps.
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3.3. Are there gassy sediments on the Portuguese margin? (Danish Geological
Survey)

In the event of considerable amounts of gas in the sediments, samples of gas for chemical and
isotopic analysis are to be collected from gravity cores for chemical and isotopic analysis. This
study will allow to determine the changes in gas composition, if any gas is present, between the
northern and the southern European margin. The following procedure has been applied: a 4 mm
hole is drilled into the capped liner and the tip of a 60 ml syringe is placed in the hole as quickly
as possible. It may take 30 minutes or even more for the gas to migrate out of the sediment.
After sampling, the gas is transferred into a 15 ml Vacutainers (serum test tubes). We did not
encounter traceable amounts of gas in our transects.

3.4. Sediment architecture and sediment fluxes on the Portuguese margin
(Instituto Geologico e Minero, Danish Geological Survey, University of
Bergen, GEOMAR)

The field and laboratory contribution of Instituto Geologico € Minero to ENAM is to obtain

high resolution stratigraphic profiles and sedimentary records of changes in organic productivity.
This includes :

(1) Analysis of existing seismic and core data of the Portuguese margin in order to evaluate
the coring sites where accumulation rates are high and undisturbed records of the coastal
climatic changes are expected to be preserved.

(2) Participation in the evaluation of downslope core transects from 200 to 2000 metres off
the Portuguese margin (37° t0 42° N ).

(3) Production of high resolution stratigraphic profiles from selected box and gravity cores
from the continental slope off Portugal. For this purpose faunal studies of foraminifera, oxygen
isotope stratigraphy, AMS C-14, Pb-210 and Cs-137 dating are to be conducted on selected
samples in co-operation with the Danish Geological Survey, Aarhus University and GEOMAR.

(4) From cores with a detailed stratigraphic control, high resolution records of productivity
changes that resulted from changes in coastal upwelling throughout the Quaternary are to be
produced, based on productivity indicators such as diatoms and organic carbon.



4. Field operations
4.1. Weather conditions

During the cruise, the weather was mostly sunny, partly foggy, and the sea state (< Bft 5)
provided ideal conditions for our research activities.

RV POSEIDON embarked from Lisbon on August 7th, 1993 at 08:15h. After 20hrs of stcam
time, we started our coring programme on the shelf and continued downslope of the Portuguese
margin. We finished our five coring transects (Figure 1) on August 15th, left the northern
working area at 01:00h, and sailed towards Brest, which was reached on August 19th. The ship
docked in Brest and left the port on the same day. It reached Bremerhaven on August 23th,
1993.

4.2. Sediment sampling

We collected 67 sediment cores using an up to 50 cm long box corer and an up to 600 cm
long gravity corer (Figures 2-15, and Figures 16 - 23; Table 1). The gravity cores were taken
with a liner (@ 12.5 cm) in a core barrel using a core weight of 1.3 tons.

Unfortunately, the EPC-recorder of the 3.5 kHz sediment subbottom profiler failed at the
beginning of the cruise and we therefore had a lack of pre-site information. However, existing
seismic profiler records gave us some background information for the selection of possible
coring sites. Nonetheless, only a very restricted pre-examination of the sea floor was possible

and the deployment of coring devices was at a higher risk.

The following damages and losses occurred during the coring operations:

09/08 11:18h station 8 total loss of the box corer
10/08 14:19h station 11 distorted core barrel
11/08 11:10h station 17 distorted core barrel
11/08 17:17h station 20 distorted core barrel
12/08  13:58h station 24 distorted core barrel
13/08 23:05h station 33 distorted core barrel
14/08 04:27h station 34 distorted core barrel
14/08 17:44h station 42 distorted core barrel
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Two core catchers were damaged after touching a stone and two have completely been bent.
The cutting of the damaged core barrels provided two short 2.5 m gravity corers and two core
catchers were suitably arranged to improve the deployment of gravity corers in this environment
of highly variable sediment stiffness. The short barrels provided information about upper sea
floor sediment stiffness. Six meter long core barrels were used in soft sediments only, to avoid a
further bending.

Box cores

The box cores provided undisturbed sea floor samples. Both the sediment surface and one
side of the core were photographed. Afterwards, the surface macro-biota was described briefly.
If the surface showed meio-benthos such as shells, bryozoa, and tubeworms, we removed and
conserved it in alcohol for onshore studies. The 50 x 50 cm box core surface was devided into
four quadrants. The first quadrant was subsampled for present day fauna assemblages. A
rectangular sampler with a size of 20 x 20 x 2 cm was pushed into the sediment and, with a
spatula, the sediment was scraped off and put into an 1 1 plastic jar. A concentration of "rose
bengal” in alcohol was added and mixed well with the sample to preserve biota and to
differentiate living from dead biota (Lutze and Altenbach, 1991). The second quadrant was
subsampled for analysis of organic matter. A 12.5 cm diameter PVC tube was pushed into the
sediment of the box core. The tube was removed and capped at the base and the top. Sediment
cores which are to be analysed for organic matter were stored upright in a freezer at a
temperature of -20° C. The third quadrant was subsampled for lithologic/stratigraphic analysis
using another 12.5 cm diameter PVC tube. The fourth quadrant was subsampled for

geochemical analysis and dating (Cs-137). The procedure was the same as for the second and
third quadrant.

Gravity cores

Liner of sediment cores were processed from the bottom to the top. A line on a liner marked
the core orientation, a necessity for paleomagnetic measurements. One meter sections wWere
labelled in a sequential way (from bottom to top) using roman numbers on both sides of the core
(example Core P0o200/10-1 section I 0-50 cm). Arrows point towards the core top in each
section. Selected cores were opened and cut into halves, One half was put immediately aside in

a plastic liner and closed at both ends. The second half was photographed and described using
ODP references.

Sampling of the working half of cores was done in the following way: At the top of the core
and at every 10 cm downward two samples were taken: one for lithological (L) and oxygen



isotope (I) analysis and one for diatom (D) analysis. For the diatom analysis, we collected 2 cc
with a § cc syringe labelled with the core number, section and sample depth. For the lithological
and oxygen isotope analysis a 60 cc syringe was used. In between (5, 15, 25 cm etc.) subsamples
with a known volume of about 20 cc were taken to study the foram assemblages. For organic
analysis, 1 cm slices at 10 cm intervals were cut off the sediment, wrapped in aluminium foil,
put in plastic bags and stored in a freezer at -20° C.

Gas sampling took place at intervals of 100 cm. A 4 mm hole was drilled into the liner and a
60 cc syringe was inserted. After 30 minutes the syringe was removed. In the cores sampled no
gas has been observed.

5. Preliminary cruise results

Surface and subsurface observations made on sediment cores onboard RV POSEIDON
document the impact of the MOW on the sediments. With the exception of core PO 200/10-1,
ripples and irregular surface undulations of up to 8 cm height have only been observed in the
MOW water-depth interval from 600 to 1500 m (Figure 24). The highest amplitudes occur in
the upper part of the MOW. As the observation range is confined to the size of the box corer,
these values may be lower than the true surface roughness. A photographic survey of the sea
floor in water depths between 1000 and 1200 m, carried out on RV SONNE cruise SO75, shows
mud ripples with a height of a few centimetres and wavelengths of approximately 30 cm
(Kudrass et al., 1993) which confirms the above results.

Tubular suspension-feeding foraminifers, e.g. Saccorhiza ramosa and Rhizammina
abyssorum, are more abundant within the MOW depth-interval than above and below (Figure
24). They are more frequent in the southern part of the study area. At stations with a high
surface morphology, however, these fragile organisms are less abundant and mostly

concentrated in depressions.

Pteropod shells on the sediment surface have only been observed in box-cores from the lower
part of the MOW and waterdepths below. The highest abundances have been recognized near the

lower MOW limit.

The surface observations confirm the results on MOW activity as obtained from grain-size
data (Schonfeld, 1993). Ripples and surface undulations indicate active sediment transport and
redeposition in the MOW depth-interval with the highest current activity in the upper part.
Pteropod shells are kept in turbulence in the upper part of the MOW and accumulate near the
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base of the MOW where the turbulence decreases. Higher abundances of tubular suspension-
feeding foraminifers also display current activity in the MOW depth-interval. From their higher
abundances in the southern part may be concluded,that the suspension concentration, and thus
the current velocity, decreases northwards.

Macrofauna

Macro invertebrates collected from the sediment surface and determined by Dr. A. Brand,
Institute of Polar Ecology Kiel, show a wide variety of organisms which are given for each box
core as follows:

PO 200/10-1-1 (246 m waterdepth):
1 ophiurid: Ophiura albida
1 fragment of a regular echinoid with attached epibenthic foraminifers:
Textularia pseudogramen and Hanzawaia concentrica

PO 200/10-1-2 (247 m waterdepth):
4 crinoids: Leptometra phalangium
1 amphipod belonging to the suborder Gammerioidea
2 ophiurids: Ophiura albida and Ophiotrix fragilis
1 little bivalve

1 colony of polychaets, overgrown with serpulids and hydroids
1 holoturid

1 priapolid

PO 200/10-2-2 (368 m waterdepth):
I polychaet worm in a chitineous tube
! ophiurid
1 amphipod belonging to the family Lysianassidae
2 large arenaceous foraminifers: Spiculosiphon Sp.

PO 200/10-3-1 (819 m waterdepth):
2 different polychaet tubes

1 piece of ship clinker overgrown with serpulides and hydroids
1 sponge: Pheronema sp.

PO 200/10-4-1 (1265 m waterdepth):

I siliceous sponge, 3 cm in diameter, with long spines where numerous



epibenthic foraminifers, among others Epistominella exigua, are attached.
1 polychaet tube

PO 200/10-5-1 (550 m waterdepth):
1 green polychaet worm in a chitineous tube which is also squatterd by a
nematod
1 bivalve: Astarte sp.

PO 200/10-6-1 (1103 m waterdepth):
1 crinoid with a stem of 7 cm length: Ptilocrinus pinnatus.
Only a few foraminifers are attached to the stem.
1 sponge, 1 cm in diameter.

PO 200/10-7-1 (1471 m waterdepth):
1 polychaet tube
3 pebbles with attached serpulides and foraminifers: mostly Cibicides
lobatulus.

PO 200/10-10 (227 m water depth):
many corals: Cariophyllia smithi

5.1. Core logging records of Portuguese margin sediment cores: sedimentary
processes

Core logging

On board of the RV Poseidon magnetic susceptibility was determined for some gravity cores
and box cores. About half of these cores were subsequently opened for macroscopic description.
The remaining half was processed with a core logger onshore at GEOMAR before being opened
in the sediment laboratory. The core logger measures magnetic susceptibility, changes in p-wave
amplitudes and velocities, and bulk density of sediments (Figures 3-15).

Magnetic susceptibility

The magnetic susceptibility data collected on board and at GEOMAR show similar trends.
However, the absolute values are different, due to the different measurement techniques.
Background susceptibility values are about 20 for cores processed at GEOMAR. Increasing and
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decreasing susceptibility values occur on different length scales indicating changes in the
sedimentary environment. Susceptibility peaks (up to 50) occur in several cores. They may
correspond to ice-rafted material, i.e. the Heinrich layers. At first sight, no significant
correlation exists between adjacent cores. However, it should be emphasized that at this point,
the cores were not compared in detail and no correlation statistics was done.

Bulk density and P- loci

Bulk density mainly varies between 1.5 g/cm3 and 2.2 g/cm3. Bulk density usually increases
from top to bottom in cores, as expected in normally consolidating sediments. High and low
density values are present and may denote differences in mineralogical composition and/or water
content.

The propagation velocity of P-waves through the sediment mainly varies between 1500 m/s
and 1600 m/s. In longer cores, a positive correlation between bulk density and sound wave
velocity is apparent. Hence, acoustic impedances, calculated by the product of density and
velocity, enhance existing peaks in the data sets. Therefore, synthetic seismograms will be made
shortly, as they may allow to correlate acoustically between sediment cores.
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Figure 3a. Physical properties of core 1-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 5a. Physical properties of core 5-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 5h. Physical properties of core 9-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 7a. Physical properties of core 11-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (mJ/s).
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Figure 7b. Physical properties of core 15-1 derived from continous logging. From top to bottom are shpwn:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figl_x:g 7c. Physical properties of core 16-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 9a. Physical properties of core 20-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 9b. Physical properties of core 18-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeplibility (cgs), density (g/cc)

and velocity (m/s).
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F:gx.lrc. 9c. Physical properties of core 17-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Viation from standard core diameter, changes in wave amplitude, magnetic suszentibili i
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Figure 11b. Physical properties of core 24-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).

85



PO 200/10 23-2

- 10

g ?,Rn‘ N N i . : {

3 sl
0.00 1.00 2.00 3.00 4.00 5.00 6.00
10

< 5
0.00 1.00 2.00 3.00 4.00 5.00 6.00

g 60

2 40

5 20 MMM—M"\-

s

£ o4 } } —t } } —
0.00 1.00 2.00 3.00 4.00 5.00 6.00

T 22

3 2

\g 1.8 M.—M«AN\\

£ 16

0

g 144 ' —+ + +- t —
0.00 1.00 2.00 3.00 4.00 5.00 6.00

@ 1700

E 1600

%‘ 1500 4 L e e en S, SN PN, WYY

S 1400+ } } 4 } — —

> 0.00 1.00 2.00 3.00 4.00 5.00 6.00

Depth (m)

Figurq Hc. Physical properties of core 23-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 11d. Physical properties of core 22-2 derived from continous logging. From top to bottom are s!:own:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure Ile. Physical properties of core 21-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 13a. Physical properties of core 34-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Hm 13c. Physical pmpeﬂie.«;' of core 32-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (nvs).
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Figure 13d. Physical properties of core 31-2 derived from continous logging. From top to bottom are s!lown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 13e. Physical properties of core 30-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 13f. Physical propertics of core 29-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Fxgt'xre: 13g. Physical properties of core 43-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 13h. Physical properties of core 28-2 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 13i. Physical properties of core 27-1 derived from continous logging. From top to bottom are shown:

deviation from standard core diameter, changes in wave itude, magneti ibili i cc
and velocity (ms). 8 ampli gnetic suszeptibility (cgs), density (g/cc)
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Figure 13j. Physical properties of core 27-3 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 15a. Physical properties of core 35-1 derived from continous
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Figgrq 15b. Physical properties of core 36-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 15c. Physical properties of core 38-1 derived from continous logging. From top to bottom are spown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Fxggrg 15d. Physical properties of core 42-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 15e. Physical properties of core 41-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 15f. Physical properties of core 40-1 derived from continous logging. From top to bottom are shown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)
and velocity (m/s).
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Figure 15g. Physical properties of core 39-1 derived from continous logging. From top to bottom are s!lown:
deviation from standard core diameter, changes in wave amplitude, magnetic suszeptibility (cgs), density (g/cc)

and velocity (m/s).
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Figure 16. Legend: lithology symbols and symbols used to describe sediments
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Station Nr.| Latitude | Longitude | Water-| Tool Core | Date | Time
Fahrt Depth Length| 1993 | [GMT]
PO 200/10 (m) (cm)
1-1 37°19,60' N | 9°06,70' W 245 GKG 25 88 5:15
1-2 246 GKG 24 6:05
2-1 37°19,50' N| 9°12,10' W 389 GKG 0 88 9:18
2.2 368 GKG 11
3-1 37°19,50' N| 9°18,60' W 822 GKG 46 8.8 9:28
4-1 37°19,49' N | 9°31,10' W 1271 GKG 54 88 12:17
4-2 1276 SL 561 13:37
5-1 37°5391'N| 9°1599' W 550 GKG 34 88 20:20
5.2 551 SL 41 21:20
6-1 37°49,30' N[ 9°30,20' W | 1085 GKG 60 88 23:30
6-2 1086 SL 5735 | 98 0:39
63 1086 SL 575 1:48
7-1 37°42,10' N | 9°38,40' W 1480 GKG 28 98 4:28
7.2 1484 SL 74 7:45
8-1 37°3846' N | 9°5591'W | 2168 GKG 0 98 9:18
8-2 ~2200 | SL 300 11:40
8-3 2159 SL 300 13:09
9-1 37°36,60' N | 10°02,90' W | 2315 SL 302 98 15:22
9.2 2320 SL 293 17:07
10-1 39°38,80' N| 9°35,60' W 227 SL 0 10.8 10:39
10-2 SL 0 10:57
11-1 39°37,10' N| 9°41,60' W | 1570 SL 32,5 10.8 12:19
12-1 39°38,17' N | 9°40,33' W 865 SL 273 108 15:06
13-1 39°37,50' N| 9°4540' W | 1620 SL 62 10.8 16:58
13-2 1621 SL 30 18:33
14-1 39°37,00' N| 9°50,50' W 1824 SL 171 10.8 21:35
15-1 39°37,70' N| 9°55,50' W | 1967 SL 278 108 21:37
15-2 1940 SL 343 23:01
16-1 39°43,56' N | 10°04,70 W | 2147 SL 32 11.8 1:32
16-2 2140 SL 61 4:29
17-1 40°02,30' N | 9°58,10' W | 1694 SL 58 118 8:12
17-2 1693 SL 120 9:10
18-1 40°04,90' N | 9°50,40' W 1207 SL 13 118 11:29
19-1 40°05,80' N | 9°46,20' W 809 SL 0 118 12:55
20-1 40°05,30' N | 9°42,30' W 633 SL 230 118 14:19
20-2 627 SL 170 15:17
20-3 637 SL 0 16:37
20-4 636 SL 0 17:11
21-1 40°32,90' N | 9°40,65' W | 2381 SL 272 12.8 00:04
21-2 2388 SL 367 2:02

Table 1: Core stations from transect Io to Vb




Stz;g;:- flr. Latitude | Longitude VI;’atet;- Tool LCore Date | Time
PO 200/10 (e,‘,:) (ecr:;gl;h 1993 | [GMT]
22-1 40°33,30' N | 9°39,04' W | 2247 SL 422,5 12.8 4:04
222 2246 SL 414 5:28
23-1 40°35,30' N | 9°33,50' W | 1972 SL 268 12.8 7:29
23-2 SL 319 8:48
24-1 40°34,12’ N | 9°2897" W | 1580 SL 274 12.8 10:34
24-2 1509 SL 118 11:58
25-1 40°33,06' N | 9°24,90' W | 1065 SL 385 12.8 13:25
252 1041 SL 300 14:16
26-1 40°32,50' N [ 9°24,10 W 540 SL 0 12.8 15:05
27-1 41°25,90'N | 9°43,50' W | 2422 SL 273 12.8 23:16
272 2371 SL 325 138 1:03
27-3 2306 SL 455 2:50
28-1 41°29,30' N | 9°43,26' W | 2160 SL 275 13.8 4:59
28-2 2155 SL 335 6:42
29-1 | 41°3241'N| 9°3430' W | 1926 SL 250 | 138 | 8:59
29-2 1916 SL 267 11:09
30-1 41°33,00' N | 9°30,90' W | 1847 SL 263 13.8 11:49
30-2 1842 SL 341 13:11
31-1 41°36,10' N | 9°30,90' W | 1966 SL 265 13.8 14:46
31-2 1967 SL 325 17:50
32-1 41°38,05' N | 9°28,94' W | 1844 SL 273 13.8 17:20
32-2 1844 SL 415 18:36
33-1 41°40,01' N | 9°25,96' W | 1733 SL 68 13.8 20:00
33-2 1732 SL 80 21:05
34-1 41°41,29'N | 9°24,40' W | 1540 SL 64 13.8 22:00
35-1 41°45,90' N | 9°24,30' W 847 SL 277 13.8 23:44
36-1 41°45,90' N [ 9°25,30' W 950 SL 277 148 2:40
37-1 41°4590'N | 9°2690' W | 1528 SL 20 148 3:55
38-1 41°46,02' N | 9°33,81' W | 2002 SL 249 14.8 7:15
39-1 41°40,00' N | 9°44,25' W | 2502 SL 281 14.8 10:30
40-1 41°40,85' N | 9°4327 W | 2551 SL 417 14.8 12:45
41-1 41°41,16' N | 9°38,49 W 2492 SL 31 14.8 15:16
42-1 41°41,71'N| 9°36,51' W | 2390 SL 73 148 16:58
43-1 41°36,77'N| 9°41,09 W | 2407 SL 181 14.8 20:45
44-1 41°34,41' N | 9°41,31' W | 2028 SL 10 14.8 22:10
45-1 41°31,80' N | 9°42,20' W | 1840 SL 20 15.8 00:03

Table 1: Core stations from transect Io to Vb
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1. Research Objectives

1.1. Introduction

This study will contribute to the understanding of the distribution of gas hydrate layers in
margin sediments and will determine the zones of free gas that could have some influence on
slope stabilities of the European continental margin.

Gas hydrates consist of solid phases of gas and water in ice-like crystals. These crystals are
stable under low temperature, high pressure and gas saturation. Below this stable gas hydrate
layer, the crystals become unstable and release methane gas and fresh water into the surrounding
pore fluids. This process creates a zone of high porosity and methane content located below the
gas hydrate zone. Changes in the stability field of gas hydrates affect the stability of the
continental margins, because the breakdown of gas hydrate layers and the increased porosity of
the sediments may create sliding planes and, therefore, finally mass wasting processes of
sediments down the margins. Thus it is important to understand the distribution and the history
of the gas hydrate layers along the margin and their relationship to the sedimentary processes
moulding the margins. In addition, gas hydrate layers do not only influence the stability of
margins, but could also contribute to climatic changes, in particular to the greenhouse effect, if

the released methane was to escape through the water column into the atmosphere.

Gas hydrates in marine sediments can best be determined by seismic methods because their
ice-like crystals cause a strong impedance contrast in sediments. This results in an acoustic
horizon known as bottom simulating reflector (BSR). The BSR is characterized by high seismic
amplitudes, a phase shift and a reflector running parallel to the sea tloor. A phase shift indicates
a change from a high velocitiy medium to a medium with low velocity. Within the gas hydrate
zone (solid phase) sound velocities could reach values in the range of 2.3 to 3.4 km/s (Max,
1990). Below the BSR (gas phase) sound velocities drop to values well below 1.5 km/s, due to
the fact that these gas hydrates may emit free gas. This large detectable change in the vertical
sound velocity distribution leads to the positioning of gas hydrate accumulations and could be

detected by using acoustic geophysical methods.

1.2. Projects

The SFB 313, funded by the German Science Foundation, investigates the "Environmental
Changes in the Northern North Atlantic”, while the European Commission funded project

ENAM (European North Atlantic Margin: sediment pathways, processes and fluxes) studies the
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processes that shape the margins during glacial and interglacial times. During this cruise both
programmes were carried out in co-operation with the Institute of Polar Marine Geology
Expedition (PMGE) St. Petersburg, Russia. The side-scan sonar and the airgun systems
including the research vessels RV Akademik Aleksandr Karpinskiy and RV Professor Logachev
had been chartered for a joint expedition to investigate gas hydrates along the European and the
Polar margin. The integration of the two research vessels and the collaboration with scientists
from neighbouring countries were essential elements during the planning of the voyages
(Figures 1-4).

2. Research Programme
2.1. Sonderforschungsbereich 313 (SFB 313)

The objective of project B1 (Marine Geophysics) of the SFB 313 during RV Karpinskiy Leg
20 was to study the formation of geophysical signals in sediment sequences and gassy
sediments. Sub-seafloor investigations along the margin were concentrated in areas of gas
hydrates and gassy sediments located between Spitsbergen and the Knipovich Ridge (Figure 4).

2.2. European North Atlantic Continental Margin - Sediment Pathways,
Processes and Fluxes (ENAM)

During the RV Karpinskiy cruise we studied Quaternary sediment deposits at the Norwegian
Trench and Fan, which is one of the major glacially influenced conduits off Norway (Figure 2).
Airgun seismic profiling techniques were used to identify the extent of large-scale sediment

slide complexes which pre-date the mass wasting event of Storegga Slide (30000-50000yr,
Bugge et al., 1988).

At the Storegga Slide airgun profiling and ocean bottom hydrophon deployments were
carried out to provide pertinent information about the distribution of gas hydrates and gassy
sediments (Figure 3). A detailed study north of the major slide complex may allow to determine
whether the sediments there are liable to slide in the future.

3. Narrative of the Cruise

The RV Akademik Aleksandr Karpinskiy departed from Kiel on 5 July 1994 at 17:00 hrs



(UTC) in the afternoon. The ship sailed to the working area 1 of the Norwegian Trench and Fan
(Figures 1 and 2). On our way to the working area, we picked up a Norwegian observer from a
pilot boat of Stavanger on 7 July, 16:00 hrs. He had been sent to the ship as requested by the
fishery directorate in Stavanger.

On the next day (8 July) we started airgun profiling at 22:32 hrs (UTC) in working area 1 of
the Norwegian Trench and Fan (Figure 2). The ship’s speed was about 4.5 knts. We used 2 and
3 litres airguns and a 500 m long streamer with an active hydrophone cable of 62.5 m. Six
channels (10 hydrophones/channel) actively recorded the acoustic signals. The seismic group
adjusted both the towing depth of the streamer and the airgun. While the towing depth of the
streamer was about 15 m, the airgun was towed at about 5 m water depth. The frequency filter
of the digital recording unit was set from 65 to 500 Hz. During profile 1 (Tables 2 and 3) the
airgun malfunctioned on 9 July at 6:02 hrs. Fortunately, we were able to use the 3 ltr instead of
the previously used 2 Itr airgun and continued our profiling at 12:38 hrs. The airgun records
yielded 1sec (TWT) penetration, good resolution and showed a prograding wedge from the
Norwegian outer trough to the fan. In addition, the record showed a sediment slide,which may
correlate to the slide that pre-dates the Storegga Slide (NORMAST, 1994).

Seismic work from 9-10 July was favoured by the good weather conditions of Bft 2-3.
However, several interruptions due to mechanical and electrical problems with the airguns
caused a major setback at the beginning of our seismic work (see Table 3) in the area of the
Norwegian Trench. The seismic investigations ended here on 10 July at 07:30 hrs (Figure 2).

On July 11 at 06:25 hrs, we reached the working area 2 at the Storegga Slide (Figure 3) and
started profile No. 4 with the 2 ltr airgun. The profile was in the vicinity of our previous deep-
tow boomer seismic line (Evans, 1994). Again, the airgun caused severe problems and we

interrupted the profile after 3 hours at 09:17 hrs.

Later the ocean bottom hydrophones (OBH) were tested successfully in 600 m water depth at
13:12 hrs. Airgun profiling started on 11 July at 21:33 hrs with profile 5 across the most
exciting area of Storegga as it contains over 400 m wide and several metres deep mud
volcanoes. The profile ended on 12 July at 05:57 hrs in the early morning. The seismic gear was
brought on deck and we sailed to the selected OBH stations which were in the area of mud

volcanoes at a water depth of about 870 m.

It was there that we met the second research vessel, Prof. Logachev, on 12 July at 12:00 hrs
(64°48,61°N, 04°15,0°E) in order to carry out a two ship operation at Storegga. The chief
scientists (Drs. Ivanow on RV Prof. Logachev and Mienert on RV Aleksandr Karpinskiy) met
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each other on Prof. Logachev for a 2 hours science meeting about side-scan sonar and seismic
investigations at the northern border of Storegga. Mr. Belousov from the Aleksandr Karpinskiy
kindly provided his assistance in translating during the discussions. Michail Belousov and
Jiirgen Mienert returned from Prof. Logachev to Aleksandr Karpinskiy at 15:00 hrs and the ship
continued sailing to the selected working areas (Figure 3).

On 12 July at 17:19 hrs and at 18:02 hrs respectively, the OBH platforms were disconnected
from the wire of the winch and released to the sea. The platforms settled down on the sea floor
after approx. 10 to 20 minutes in a water depth of 870 m and a separation of approx. 500 m. The
6.29 nm long airgun profile 6, which runs directly across the two OBH stations was started at
20:30 hrs and finished at 21:14 hrs. This allowed us to carry out a wide-angle reflection profile.
We stopped profiling at a distance of about 3 km from the OBH nearest to the airgun. After
having finished the profile, the OBHs were successfully released from the sea floor by an
acoustic signal and brought on deck on 13 July at 01:38 hrs.

RV Prof. Logachev was continuing the side-scan sonar survey at Storegga for two more days.
The Norwegian observer, who had changed from RV Karpinskiy to RV Prof. Logachev, was
picked up by a pilot boat on 16 July. We left the area on 13 July at approx. 02:00 hrs and sailed
under a calm sea (2-3 Bft) to the region of the Knipovich Ridge located west of Spitsbergen at
76°47,0°N 8°00,0°E.

Airgun profile No. 7 started immediately after the arrival in working area 3 at the Knipovich
Ridge on 16 July (Figure 4, Tables 2 and 3). The weather changed from Bft 2-3 to Bft 6 and the
passing of a storm during the day and the night caused wave heights of approx. 5 m. This, in
turn, increased ambient noise around the ship, thus decreasing the quality of the seismic records.
Profile 8 was interrupted during this storm and was, therefore, continued at a later time when the
sea was calmer.

During the following days a calm sea but increasingly cold weather accompanied the
profiling work. On 17 July the airgun profiles 9 and 10 (Table 3) showed BSRs in sediments at
the margin and the Knipovich Ridge. A high density seismic grid (profiles 11 - 15) indicated
the exiension and the local distribution of the BSRs. This evidence allowed us to select ideal
ocean bottom seismometer stations above a BSR. On 17 July the OBHs were deployed and
airgun profile 16 was run across the positions. After having finished the wide-angle acoustic
experiment, the OBH deployments 5 and 6 (Tables 2 and 3) were released from the sea floor by
an acoustic signal and brought on deck safely in the moming on 18 July at 7:10 and at 8:23 hrs.

The most northern end of the Knipovich Ridge was investigated with the seismic profiles No.



18 to 20 including OBH stations across a BSR. Because we encountered an accumulation of
BSRs between 1000 m and 1500 m water depth, a south-north profile was planned to run along
the margin into the Arctic Ocean. However, at 79° 27,68°N, 06°23,28°E sea ice hindered the
northward extension of profile 21 which ended southwest from the Yermak Plateau (Figure 4).
Enhanced reflectors (bright spots) and reflectors crossing bedding planes were observed, that
may allow the determination of the north-south extension of the BSRs which accumulate at
approx. 240 ms below the sea floor (TWT).

Under continuously calm sea conditions we returned to the south, running at first a west-east
profile (No. 22) from the margin onto the shelf, at second a north-south profile along the shelf
(No. 23), and at third an east-west seismic line from the shelf across the margin (No. 24). The
profile sections across the shelf ran at approx. 300 m water depth and showed a very limited
penetration due to an apparently hard sea floor and strong acoustic backscattering. The
penetration increased to approx. 1sec (TWT) on the margin, showing reflector patterns which
may indicate large sediment waves or contourites. Although it is still not clear to what degree
the sediments of the Fram Strait and the Arctic Ocean were dominated by the deep-sea
circulation system, these seismic patterns may be interpreted as intense contourites of late
Cenozoic paleocurrents (i.e. Eiken & Hinz, 1989).

The last of the OBH stations (No. 7 and 8) were completed at a water depth of 1087 m on 21
July at 20:08 hrs UTC. The scientific work during the RV Aleksandr Karpinskiy cruise was
under good weather conditions throughout the voyage. In the morning of 25 July 1994 the ship
tied up at Tromsg harbour and the cruise ended as planned.

4. Marine Geophysics

4.1. Airgun Seismic Profiling and Ocean Bottom Hydrophone Investigations

North Sea Fan

Airgun profiles were run over the western end of the Norwegian Trench and Fan (Figure 2)
to search for geophysical evidence of past mass wasting processes that may be tied into the
events pre-dating the Storegga Slide. The records revealed an acoustic penetration to approx.
800 ms. A cross profile over the Norwegian Fan showed evidence for one widespread slide
event at a sub-bottom depth of 400 ms. Above the inferred sediment slide, which was indicated
by hyperbolic echoes at its top, a series of distinct reflectors mark a prograding sediment wedge.
The survey lines were positioned such that the seismic reflection profiles of the trough and fan
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could be tied in to the Troll core (NORMAST, 1994). This profiling work proved to be
hampered by several airgun failures which were tried to be overcome by a carefully made major
overhaul of the mechanical and electrical parts of the airgun system.

Storegga Slide

Northeast of the Norwegian outer trough and fan lies the Storegga Slide, one of the world’s
largest slides. It has been described by Bugge et al. (e.g. 1988) who suggested three major
events with minor or secondary slides. It is believed that earthquake loading and gas hydrate
decomposition caused liquefaction which triggered these catastrophic events. One airgun profile
and two OBH stations were deployed to proof the existence of widespread horizons of free gas
and gas hydrates. For this aim we operated with two research vessels. The RV Prof. Logachev
made a detailed side-scan sonar survey across areas where gas may be emitted through the sea
floor, for example in areas of pockmarks and vents. In addition, we surveyed the sub-bottom
with acoustic methods based on airgun and OBH wide-angle experiments. At the northern
border of Storegga we encountered in our airgun records clear evidence for sub-vertical
horizones of "wipe out" zones which are to be named "vents”. In some cases they may be
associated with large sea floor craters and mud volcanoes encountered on the side-scan sonar
records during the RV Prof. Logachev survey. The ocean bottom seismometer stations (Figure
5) which were designed to measure the sound propagation of compressional waves in sediments
proved to be the most successful experiment in these areas of gassy sediments.

Spitsbergen - Knipovich Ridge

A major topographic height between the northern plate boundary in the Norwegian Greenland
Sea is the Knipovich Ridge (Eiken and Austegard, 1987). Its most northern part is buried under
sediments that came from Spitsbergen. The correlation to the seismic profiles is only possible
through DSDP Site 344, which encountered approx. 3 Ma sediments at its base at 300 mbsf.
The age implies high sedimentation rates of about 10 cm/kyr. In addition to the high
sedimentation rates and high organic carbon content, the temperature and pressure conditions at

this water depth (approx. 1000 m - 2400 m) provided ideal circumstances for the accumulation
of gas hydrates.

Airgun profiling detected the local distribution of BSRs along the eastern part of the ridge
and the lower slope of the margin in a water depth of between 1000 m and 3000 m. These
profiles and several OBH stations (Figure 4 and Tables 2 and 3) across the BSRs should provide



the evidence for the development and distribution of gas hydrates from the northern mid-oceanic
ridge to the margin off Spitsbergen.

5. Preliminary results

The Norwegian margin was surveyed in three locations (Figure 1) to study and determine the
distribution of gas hydrates in high latitude margin sediments and its relationships to continental
slope instability. These investigations were part of the SFB 313 project B1 (Marine
Geophysics) and the ENAM project (MAST II). The three working areas encompassed a
transect at (1) the Norwegian Trough and Fan, (2) the Storegga Slide, and (3) the Spitsbergen
margin as well as Knipovich Ridge. The results of the airgun seismic profiling were of good
quality, owing to the skills of the crew and good weather conditions. The results of the post-
processing of the seismic data and the processing of the OBH data will become available after

extensive work onshore.

rwegian Tr nd F;

The seismic reflector sequences at the outer trough and fan show largely parallel reflectors
which may indicate undisturbed sedimentary sequences. The sequences appeared to have an
almost constant thickness when short intervals of the records were examined. Only one example
exists (Figure 6) where a channel cuts into the underlying sediments. This channel reflects
erosional processes in a restricted area of the sea floor from past to present times.

Below approx. 400 ms (TWT), there were widespread occurrences of hyperbolic echoes
indicating sediment mass flow deposits, i.e. debris flows (Figure 7). This unit of debris flows
was overlain by well-stratified reflector sequences. The zone of hyperbolic echoes fades out
towards the upper part of the continental slope. Towards the inner part of the Norwegian Trough
the debris flows apparently end at a buried scarp which could be the upper, eastern boundary of
the slide edge. It is hoped that the dating of the overlying sediments will determine the age of
the debris flow and the widespread mass wasting process that pre-dates the Storegga event will

be stratigraphically identified.

Storegga Slide

The airgun profiles 4 and 5 (Tables 2 and 3) at the northern border of the Storegga Slide

145



146

comprise mainly undisturbed sedimentary sequences. These sequences were shown to be
interrupted where vents occur. The vents are recognised as vertical or sub-vertical acoustic
"wipe out" zones (Figure 8). The vents have shown to be up to 100 m wide and greater than 500
ms (TWT) deep and are characterised by the upward turning of reflectors at the position of the
vents (Figure 8). The evaluation of the side-scan sonar data from the RV Logachev survey will
shed light on the question of whether these sub-bottom vents break through the surface. There is
evidence for large mud volcanoes which may be connected to some of the vents thus indicating

regions of overpressure in the sediments.

Bottom simulating reflectors (BSRs) were observed in many local areas of the continental
slope off Spitsbergen in water depths between 1000 m and 1500 m (Figure 9) and at the
Knipovich Ridge in a water depth of approx. 2000 m (Figure 10). Also, acoustic "wipe out"
zones, previously observed at the northern border of Storegga, were found to be a common
feature in study area 3 (Figures 11a and b). The BSRs have a common sub-bottom depth of
between 200 ms and 300 ms (TWT) and a patchy distribution. Gas hydrates are usually
generated from intensive bacterial alteration of organic matter (Kvenvolden and Barnard, 1982)
in areas of high sedimentation rates and high contents of organic carbon. However, because the
BSRs occured not only at the eastern flank of the Knipovich Ridge but also at the margin
(Figures 9 and 10), the result of two principally different processes of hydrate generation may be
observed. Gas hydrates at the Knipovich Ridge may be thermogenic in origin, whilst those from
the margin may be the more common microbially produced methane gas hydrates.

Large sediment waves underlie a well-stratified reflector sequence (Figure 12). The sediment
waves had amplitudes of 100 ms (TWT) and wavelenghts of several kilometres. One can relate
this local distribution of sediment waves at the eastern margin of the Fram Strait can be related
to the action of strong paleocurrents. The wavy pattern occurs at about 250 ms below the sea
floor indicating times of severe bottom current activity. The change from the wavy pattern to a
well-stratified sequence above probably relates to a decrease in bottom water current intensity

from Tertiary to Quaternary times. The initiation of these strong currents may be related to late
Cenozoic climatic cooling (Eiken and Hinz, 1989).
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1. Ilexs mccaemoBaHus
1.1. Beenenne

DT0 HCCIeNOBaHUE NOJXHO BHECTH CBOM BKJAJ B IOHMMAHHE XapakTepa pacClpenciIeHus
ra3ornapaTHHIX CIIOEB HA MaTePHKOBOM CKJIOHE M OIPENENUTh ra30HACBHIIIEHHbIE 30HBI,
KOTOpBbIE BIHAIOT Ha YCTOMYHBOCT MATEPHKOBOrO CKIOHA HA €BPOMEHCKOM OKpauHe

MaTepHuKa.

B ra3oruJpaTHOM CJIO€ ra3bl H BOJA HaXOAATCA B TBEPIOA KPUCTalLIHYecKor dase. Ilpu
HHM3KHX TeMIIEpaTtypax, BBICOKOM IaBICHHH M HACBIIIEHHOCTH Ta3oM, ra30ruapaTshl
HAXOIATCS B YCTOMYMBOM COCTOSHAH. HHXXe yCTOMYABLIX CIIOEB ra30THAPATHI NIEPEXONAT U3
tBépnoi ¢a3sl B CBOGOTHYIO, T.€. IPOHCXOAUT 06pa30BaHHe BBICOKOH IIOPMCTOCTH 3a CYET
pacUIMpeHHs ra3a-MeTaHa pacTBOpeHHOro B Bojge. TakuM o6Gpa3oM HHKE 3OHBI
ra3oruaparos o6pa3yeTcs CJIOH C BbICOKOA NMOPHCTOCTHIO H NMOBELIIIEHHBIM COAEpPXKAHHEM
meTaHa. M3MeHeHHe YCTONYHBOCTH Ta30THIIPATOR ABIAETCH PEUIAIONINM I yCTORUMBOCTH
OKDauH MaTepuKa, NOTOMY 4YTO NPH Nepexofe ra3oruaparos B Apyryio ¢a3y u 06pa3oBaHHIO
TOBBILIEHHONM MOPHCTOCTH OCAHKOB, BO3HHWKAET BO3MOXHOCTb NEpeMellleHHAs CIOEB IO
IUIOCKOCTSIM CKOIIbXEeHHs, 00pa3yionuecs B BbICOKOHOPHCTOM clioe. Takum oGpa3oMm
BAXXHO H3YYHTh XaPaKkTep pacnpeleieHus H HCTOPHI0 (GOPMHPOBAHHS Ta30THIPATHLIX CIIOEB
BIIOJIb MATEPHKOBOTO CKJIOHA, YTOOBI Pa3o6parThcd ¢ IPOIECCOM OCATKOHAKOILIEHHS B €ro
npeneax. YCTOMYHBOCTh MAaTEPHKOBOTO CKJIOHA, HACBHIILEHHOr0 ra3oruipaTHLEIMH CIOSMH,
MOXET OKa3hlBaTh BJMSHHE Ha KJIHUMAT, OCOGEHHO Ha BO3HHMKHOBEHHE TEINIHYHOIO

acdekra.

FaszoruppaTHbld CAO B MOPCKHX OCAAKax JyYIle BCEr0O MOXHO BBRIZEIHTH
CeCMHYECKMMH METOfaMH. I'a3orugpaTHble CIIOM B OCAZOYHOM TOJILE XapaKTepPH3YIOTCH
3HAYHUTEJIBHBIM YBEJIHYEHUEM INIOTHOCTHBIX ITAPAMETPOB 110 OTHOLIEHHIO K ITOACTHIAIOIIMM
CJIOSM, YTO NPHBOXUT K 0OpPa30BaHHI0 aKyCTHYECKOro ropH30HTA, HazpiBaemoro BSR.
Tako# BSR xapakTepn3yeTcs BLICOKAMH CelCMHYECKMMH aMILUTHTYTAMH, HHBepcHel ¢da3 ¥
06BIYHO Napajiiie]ieH MOPCKOMY AHy. UnBepcus da3 ykasbIBaeT Ha mEpeXof OT Cpeibl €
BbICOKOH CKOPOCTBIO PacIpoCTpaHeHMs ynpyrux BonH Hax BSR, Kk cpene ¢ 6osee HU3KUMH
ckopocTiMn HuXe BSR. B rasoruppatHoMm cnoe (TBEpHOe COCTOSHHE Tra3a)
pacnpoCTpaHeHHE YIIPYIUX BOJNH NOCTUraeT CKOPOCTh OT 2.3 1o 3.4 xm/c (Max, 1990). A B
nogctunawomux BSR cnosx (raszoBoe cocTosHME) CKOPOCTh yMeHbIIaeTcs 0o 1.5 KM/C,
NOTOMY YTO Tra3OTHAPAaTHLIE CIOM CTAHOBATCH HEYCTOMYMBLIMH M CBOGONHBIA ra3 MoXeT
CyImIeCTBOBaTh. JTO HM3MEHEHHE pacHpelelieHHs CKOPOCTEH HAMJIYYIIHM O06pa3oM
00BbsCHAET, MOYEMY MOXHO OTKPBIBATH a30THAPATHBIE CJIOM HAMIy4mIe BCETO
CeHCMHUYECKAMH METOIAMH.



1.2. IIpoekTh

SFB 313, dunancupyemsiii l'epmanckum HayunsiM O6GLuecTBoM, uccneayer " M3MeHeHHH
OKpyXamluei cpenbl B ceBepHOM uacTd CeBepHOHM ATIAHTHKH , a mpoekT ENAM
(MaTepHKOBBIH CKIOH eBpomeickoi yacty CeBepHOM ATIAHTHKH. MNyTH
0CaJKOHAKOMIEHH, TIPOIECCHl ¥ TMOTOKH), PUHAHCHPyeMbIit EBpONENCKON KOMHCCHEH,
HCCIeNyeT NPOIECCHI, BIUAIOLIME HAa HOPMY MAaTEPHKOBOIO CKJIOHA B JICHUKOBBIH IIEpHOL M
HOCHeAYIOUIUX MepHogax. B TeueHue Hamrero peiica o6e NMPOrpaMMbl BBINONHAIOTCS B
koomnepanuu ¢ ITonspaoi MOPCKOH reonoropassexounon sxcnepunuei (IIMI'PI), Cankr-
IleTep6ypr, Poccus. Hayuno-HCCIeqoBaTeNbCKHEE CyAa DKCIEIHIAH ~AKaJIEMUK AJIEKCaHIP
Kapmmuckuit” 1 "TIpodeccop Jloraues™ 6but 3adpaxToBaHBI Ui COBMECTHBIX paGoT 1o
HCCIIENOBAHMIO Ta30THAPATOB BIOJb €BPONEHCKOro H IIOJSPHOrO MaTepAKOBOTO CKIOHA.
CoBMmecTHas pabota 060MX CyJOB M COTPYAHHYECTBO CO CIIELMANHMCTAMH H3 PAa3HBIX CTpaH
SBMJIMCH CYLLIECTBEHHON OCHOBO# IIPH MIaHNpoBaHUH peiica (Puc. 1-4).

2. TlporpamMma HCCIEOBaTENECKHX PaGoT
2.1. ConenmanbHEIR HCCIEAOBATEIECKAN CEKTOD 313 (SFB 313)

Hensio npoekTa B1 (Mopckas reodusnka) SFB 313 B peiice HHUC "AxageMHK AJIeKCaHIP
Kaprmackuit” SBIAnnCh reodusnyeckas CTpaTuduKanus 0CaOYHOH TONIIM M H3y4YeHHE
ra30HAaChIEHHLIX cloeB. IIpHIOHHbBIE HCCIENOBaHHS BIONb MAaTCPHKOBOro CKIIOHA
KOHLEHTPHPOBAIHMCH B PAaOHAX Pa3BUTUA ra30TMIPATOB U Ta30HACHIIEHHRIX OCANOUHBIX
cnoeB Haxomsmuecs mexay apx. Hlnunbepred 1 xpe6eTom Knunosnya (Puc. 4).

2.2. MaTepHKOBEIX CKIOH eBPONEHCKOH yacTn CeBepHOH ATIaHTHKH: IyTH
OCaJKOHAKOIIEHHAS, MPOIECCHl B IIOTOKH (ENAM)

Bo Bpems peiica HUC "Ak. A. KaprnMHCKHA™ MBI 3aHHMAJMCh H3y4eHHEM OCAJ0UHBIX
OTIOXEeHHH YeTBEPTHYHOro nepuona B npenenax Hopsexckoro Xéno6a ¥ KOHyCa BBIHOCA,
KOTOphIe MOXBEPrajiuch GONBIIOMY JEIHHKOBOMY BIHAHHIO (Puc. 2). B obnactu
Hopaexckoro xénoba uCnoip308anach METOXHKA HENMPEPLIBHOTO CeliCMOaKyCTH4YECKOTO
NpOodUIRPOBAHUA C MHEBMOMCTOYHHKAMH JUIS OLEHKH pa3MepoB OOGLIMPHBIX CKOJB3SIIHX
MAacCHBOB, B PSIy KOTOPBIX CAMbIM IPEBHHM SIBIAETCA cOBRBITHE 10 NepeMEILEHHIO OCaIKOB

Ha maccuse Crtoperra (30 - 50 Toic. neT, byrre u Ip., 1988).

Ha ckonp3smem MaccmBe Croperra CedCMOAKyCTHU€CKOe npodHIHPOBAHHE H

HCIONb30BaHHE IOHHBIX CEACMOMETPOB IOJXHBI 6pinH AaTh HHPOPMALHIO O
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pacnpejneieHHH ra3oTHApPaTOB M Tra3OHACBIICHHbLIX cioés (Puc. 3). Panonml ¢
ra30HACHIIIEHHLIMHA CIOAMH MMEIOT MOINHBIA c6pocoBbiii moTeHuuan. IlodToMy Hamu
NPOBOAWTCH AETANHHOE W3YYSHNE K CeBEPy OT ONHOTO U3 TNIABHBIX BO3MOXHEIX B 6ynymiem
c6pocoB.

3. Xopx penica

HUC "Ax.A. Kapmanckuit” seimen u3 Kuns 5-ro uions 1994r. B 19 vacos. CynHo
HanpaBMIOCh K 1oit o6nacta pa6ot - HopsexckoMy k€no0y u KoHycy Beinoca (Puc. 1 1 2).
7-ro uiojig B 18 4acoB MaI B3SIH Ha 6OPT HOPBEXCKOro Habmoaarens NJOCTaBJICHHOro Ha
NnouMaHCKOM 6oTe. OR NpencTaBisdl JAPEKTOpaT phiGosocTBa B CTaBaHrepe.

B cnepyloiyit JeHb Mbl Hauyalu npodHIAPOBAHHE C HCTOMHMKAMH BO30yXHeHHS B 19
yacos B 1o# o6nactu pa6or, B paitone Hopsexxckoro x&no6sl 4 KOHyca BuiHoca (Puc. 2).
MbI HCHONB30BAIH 2-X M 3-X TUTPOBbIE HANYYATENH M CEACMONPHEMHYIO KOCY JUIMHON S00M
(Ta6. 1) ¢ aKTMBHOM yYacThlo KAMHOM 62,5M, miects Kananos (10 rugpodoHoB/Kanane),
AKTHBHO 3aMMCHIBAIH aKyCTHYECKHE CUIHANLI. MBI Havanu npodunuposanue 8-ro uiois 94r.
B 22:32y. Ilepex 3THM MBI PEryJIupoBan r1yOHHY OYKCHPOBAHUA CEACMONPHEMHOMN KOCHI H
Hanyyatens. YacToTHBIA AHMana3oH UudpoBoOi 3aNMHCHIBAIOMIEH CHCTEMBI ObLT yCTAHOBJIECH
ot 65 go 500I'u. Bo Bpems 1-ro npoduns (Ta6. 2 1 3) ICTOYHBK BO3OYXKIeHMS OTKa3al 9-ro
H1os B 6:024. Mbl npoM3BeNiH 3aMeHy Ha 3-X JIUTPOBBIA HCTOYHHK BO3OYXICHHSA BMECTO 2-
X JHATPOBOTO HCTOYHUKA M NPONONXKHIH npodunuposanne B 12:384. M3nyuyaeMbIH
HCTOYHHUKOM CHUTHAN o6ecreuui OTAWYHOE M3ydYeHMe B WHTEpBalie PErHCTpauuu 1cexk C
BBICOKOH pa3peliaiomen CnoCO6HOCTHIO U MOKA3aJI NMPOIBHTAIOIIMMCS KIHH OT HApyKHOI'O
Hopsexcroro xénoba B KOHYC BbIHOCZ. KpoMe TOro, 3amMch HOKa3ana CKONbXEHHE

0CagKOB KOTOPOE MOXET HMETh CBS3b CO CKONbXEHHEM paHee NPOA30IIeiIeM Ha MACCHBE
Croperra (NORMAST, 1994).

CeicMuveckue pa6oThi ¢ 9-ro o 10-0e U103 GBUIH POBEAEHDI IPH XOPOUIMX MOTOXHBIX
ycnoBusx (sonnenue 2-3 6amna). OgHAKO HEKOTOPLIe NpepbiBaHHS paGoThl H3-32
MEXaHHYECKHX H DJIEKTPHUYECKHX NpobieM C M3NyYaTelsiMM, OPOXIAIA 3HAUATEIbHOE
3aMeIeHHe HalINX CedCMHYeCKHX paboT (cMoTp. Ta6u. 3) B paitone HopeexkcKoro xénooa.
CeficMiruecKHe HCCIEROBAaHAA 30€ech 3aKonymnn 10-ro urons B 7:304 (Puc. 2).

11-ro mrons B 6:254 MuI gocTHrAH 06aacTs paboTH 2 Ha CKONb3AImIEM MaccuBe CToperra
(Puc. 3) m navanu npoduns 4 ¢ 2-x AHTPOBLIM M3anyuareneMm. IIpodune HaxomuiICH
HellaneKo OT Hallero paHee BBINOJIHEHHOro cercMmyueckoro npoduns (Evans, 1994). Emgé
pa3 BOHHK/IN NPOGIEMBI C H3NIyYaTeIsMA U MbI IpepBai npodunuposanue B 9:174.



ITorom ocean bottom hydrophones (OBH) 6buin ycneniHo MOXBEPrHYTHI MCHBITAHHIO HA
ray6unax 600M B 13:12y. CeficMuyeckoe NpodUNUpOBaHME C 2-X THTPOBEIMH HCTOYHHKAMH
6bu10 MPOXONXeHO 11-ro uions B 21:334y (npoduis 5) MO0 caMod HMHTEPECHOHM OOJIACTH
Croperru, rie BhieleHa 30Ha pacnpocrpaneHus mud volcanoes mupunHon 400M u
MOLIHOCTBIO HECKOJNBKO MeTpoB. IIpodunnr 6wl OokOH4YeH 12 wmrions B 5:574 yrpa.
CeitcMuueckoe 060pynoBaHre GBLIO MOTHATO Ha NMajy6y 1 Mbl COBEPIIHIIH MTEPEXON K MECTY
noctanoBku OBH, koTopoe Haxomutcs B obnactd passutus mud vulcanoes Ha riiybuHax
okoio 870Mm.

31ecs MBI BCTPETHIIH BTOPOE HAyYHO-HCCIIEIOBaTeNbCKOe CyAHO, “TIpodeccop Jloraues”
12 mrons B 12:004 (64°48,61'C, 04°15,0'B), 4T06BI POBECTH COBMECTHbIE PaGOTHI HA
ckonb3smieM Maccuse Croperra. Havamennku peiicoB ("IIpod. Jloraues™ - T'ocmomun
HMBanos u "Anekcanap Kapmuackuit™ - J[p. MuHepT) BCTPETHIHCH Ha 60pTy CyAHA "TIpod.
Tlorayes”. B TeueHue 2 4aCOB OHH OGMEHHMBAIHMCH ONBITOM HCCIIENOBAHUA 3BYKOIIOKATOPOM
60KOBOr0 0630pa M CeNCMHYECKHX MCCIeNOBAHHAX Ha CEBEPHOM TPaHHMIE MAacCHUBA
Croperra. I'ocnonun Benoycos ("AnexcaHup Kapruuckwuii”) mo6€3H0 IOMOrai BO BpeMs
neperosopos. JIp. MuHepT ¥ rocnoguH beroycoB BEpHyIHCh HA " Anekcannp Kapnuackuit”

B 15:00u, 1 66114 IpOAOIKeHbI paboTel (PHC. 3).

12-ro uiong B 17:194 u B 18:024 OBH O6bIIH OTHENEHHBI OT Tpoca ne6GEnkn u
OCTAaHOBJIEHBI HA AHe. MBI Hayalu npoduib 6 ¢ MHEBMONCTOYHHKOM B 20:304, KOTOpBIA
TOYHO POXORMT yYepe3 craniun OBH. IIpoduis IIMHOM B 6,29 MHIM OKOHYEH B 21:14y.
Mb1 OxOHYHIH NPOHIUPOBAHHE HA PACCTOSHUH OKOIO 3-x muns ot Toro OBH koTtopsIit
HAXOMHMJICS ONUKAMIIKMM K CyIHy. PaccrosHue MeXIy CTaHIHAMU OBH cocTaBasno OKoIo
870M. ITo aKycTHYECKOMY CHTHAIy OBH ycnenr{io 0TopBaliuch OT MOPCKOro JHa H 6bLIH

NOXHATHI HAa May6y 13-ro urons B 01:384.

"IIpog. JloraueB” e 2 JHA MPOJOIKAI CHEMKY 3BYKOIOKaTOPOM GOKOBOTO o0630pa Ha
Maccuse Croperra. Ml BBILUIH U3 20i 061aCTH pa6ort 13-ro uions B 2:004 1 noCIENOBANH
npH xopomeii morone (2-3 6anna) B paHoH xpe6Ta KHHIOBHYA, HAXOAALIErocs Ha 3anane

apx. Imuu6epren (76°47,0°C 8°00,0B).

Mocne mocTHXeHUus obnactu paboTsl 3, HA xpe6te Kuumosnya, 16-ro Hiols, Mbl Ha4dallH

npogpuaMpoBaHHe C U3JydaTeJsMH N 7 (Puc. 4, Ta6. 2 u 3). HorogHeie yCJHOBHA

H3MEHHIIKCE ¢ 2-3 6annos no 6 6anioB ¥ B TeYEHHE CYTOK, ApOXOASLINA LITOPM ITOPOXIAN

BOJHEI BBICOTON A0 SM. [Io3TOMY Ka4yeCTBO 3anMce yXyQuHdJIoCk H3-3a yBeITHYEHHS IIYMOB.

ITpoduns 8 6611 NpepBaH BO Bpems WITOpMa H 6bUT MPOLOKEH KOT/IA IITOPM 3aKOHYHIICH.

Ipu paGote Ha NpPOGHIAX B MOCIEAYIOLIHE JHH Mope 6BIIO CIIOKHHO, HO TeMIepaTypa
NMOHH3uNachk. 17-ro uiois Ha NMPOoPHIAX 9 u 10 (Ta6. 3) obnapyxeH BSR B ocagkax
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MaTepHKOBOro CKJIIOHa H Ha xpeb6Te KuHHnosH4ya. IetanpHas ceMCMHYECKAs ChbEMKaA
(mpoduns 11 - 15) moka3sana paciIMpeHHe H MECTHOE PaslipeeICHHE BSR. 910 nmocnyxnno
HOKa3aTeNbCTBOM HIEANBHOr0 MeCTa IS BhIGOpA NOCTAHOBKH OBH nag BSR. 17-ro nions
OBH 6biny BLICTABJIECHS! H HAj HUMHM GbUT BHIONHEH ceficMuyeckud npoduis 16. ITocne
OKOHYAHMS LIMPOKOYTONBLHOTO aKycTHYECKOro sxcnepumenta OBH 5 u 6 (Ta6. 2 v 3) Opiny
NOMHATHI C MOPCKOBOTO THA AKYCTHYECKHMM CHIHAJIOM H IPHHSITHI HA 6OPTY CyxHa yTpom 18-
ro nions B 7:10u u 8:23y.

CaMmplii ceBepHBIi KoHen xpe6ta Kuumosuya Obll HCCIENOBaH CEeHCMHYECKHUMH
npodunsamu 18 u 19 sxmounTtensno, nocranoskamu OBH uepe3 BSR. MBI onpenenniy
akkymyasuuio BSR Ha rny6unax mexay 1000 m 1500m. ITo3TOMY MBI 3amIaHHpPOBAIH
BHIIONHUTH NpocduibL HanpasiaendeM S-N BHONb OKpamHB! MarepHKa B CeBepHBIA
JNenosuthit Okean. OnHako na wupore 79°27,68'C, u goarore 06°23,28'B MBI BCTPETHIIH
1oNe MOPCKOro JbAa KOTOPHIN IpPensTCTBOBAJ NMPOXOJKEeHHI npoduas 21 Ha cesep,
npo¢uab 6611 3aKOHYeH loro3anazasnee oT Ilnato Epmak (Puc. 4). beuin 3aMedeHbl TPAHUIIBI
C MOBBIIEHHBIM OTPaXeHHeM (ApKHe NATHA) M I'PAHMLBI OTPaXeHHH, NepeceKaloiue
IIOCKOCTH HANNacTOBaHUA, YTO IMO3BOJMNIO ONpeAenuTh HanpasneHnne BSR cesepa Ha 10T,
aKKyMyJHpyelerocs npuMepHo B 240Mc HIXKe YPOBHSA MOPCKOTO JTHA,

IIpr XOPOImHX THAPOMETEOPONOrHYECKHX YCIOBHSX MBI BEpHyNIHCh Ha Ior. MBI
BHITIONIHAIIN NepBuIH Npodunb HanpasieHneM W-E (HoMep 22) ¢ MaTEPHKOBOrO CKJIOHA Ha
menbd, BTOpoH npoouas Hanpasnennem N-S BHonp menbda (Homep 23), U TpeTHH
nanpasnenueM E-W ¢ mensda yepe3 marepukoseiii cKIOH (Homep 24). Ha uacTt
npodunen NpoxXoasmnx yepe3s menbd, oTMeyanucs ray6ussl 10 300M, a IPOHAKHOBEHHE
65110 OYeHh OrpPaHMYEHHO, OOLIYHO H3-332 XECTKOr0O MOPCKOTO NHA M CHIBHOTO
aKyCTHYeCKOro o6parHoro paccesHus. [IpOHHKHOBEHHE MOBBICHIACH HA MAaTEPHKOBOM
CKJIOHE NPHMEPHO Ha Icex, Npu 9TOM BBIABHIACH IPYNNA FPAHHIL OTPAXKAIOIIMX JIAHHbBIE
ocajovHble 06pa3oBaHHEe MIM KOHTYPbl TeueHmi. He cMOTps Ha TO, YTO TOYHO HeE
onpejeneHo BANSHHE CHCTEMbl UHUDKYIALHH ITyOMHBIX BOJ Ha OCaikH B padionax Fram
Strait m CesepHoro Jlegosutoro Okeana, TH CelCMHYECKHE CXEMBbI MOryT OBITh
HHTEPNPETHPOBAHHBI KAK OTYETIHBBIE KOHTYPHTHI JPEBHEr0 TeYeHHS M3 II03[HETO
Kanno3os (na np. Eiken & Hinz, 1989).

Iocaennne nocranoskd OBH (rHoMepa 7 u 8) 6bu1a ocyiiecTBiIeHHa Ha ray6une 1087m
21-ro uions B 20:084 no I'pansuyy. Hayunsie paboTsl Bo BpeMs peiica HUC "AJieKCaHIp
KapniuHckuit” conMpoBOXIaNuCh XOPOUIHMHA IOTOXHBIMH YCIOBHAMMA. YTPOM 25-r0 MIONS
CyIHa OTILBAPTOBANIOCH B I1. TPOMCE M Pefic 3aKOHYMIICS, KAK IIAHMPOBANOCh.



4. Mopckas I'eobnsuka

4.1. CericMraYecKOe MpObHINPOBaAHNE C ACTOYHAKAMHA BO30YXXKICHHUS H
HCCJICIOBaHHS ¢ TOHHBIMH PErHCTPATOPaMH

4.1.1. Konyc CesepHoro Mopsa

IMpodunu 3anMMCaHHbIEe C HCTOYHHKAMH BO30yXXIeHHA ObINN BLITIOJHEHBI Yepe3 3anajgHoe
okorvyanne Hopsexckoro xénoba u Konyca Bemoca (Puc. 2), 4To6bl HAATH reodpU3INIECKHe
IOKAa3aTeJIbCTBA NPOILENIINX IIPOLECCOB NepeMeieHus CII0EB, KOTOPble MOXXHO CBA34Th C
COGLITHSMH IpENIIeCTBOBABIINMH 06pa3oBaHui0 MaccuBa Croperra. 3allMCH IMOKa3alu
aKycTHYecKoe NpoHHKHOBeHHMe 10 800M. Cexymuii npoduns yepe3 HopBeXCKHHl KOHYC
BRIHOCA MOATBEPIMI HANHUYME DACTAHYTOro CKOJNbXeHus Ha rayoune 400m or ana. Han
NpeAmoNaraeMoll TpaHWULEd CKONbXEHHS OCajJKoB, KOTopad o6o3HauyeHa
THIepOOIMYECKMMH OTPAXEHHBIMM BOJHAMHM, CEpHsl Pa3MYHBIX OTPAXKAIOLIHUX IPAHHI
OTMeYaeT CMEIEHHBIA KIUH ocaikoB. [Ipodunn crEMKH GbUIM PACIONOXKEHBI TaK, YTOOBI
CeCMUYECKHE OTPaXKEHHBIE BOIHBI B XKEN06e M KOHYCE, MOXHO CBA3BIBATh C KepHOM Tpoin
(NORMAST, 1994). podunuposaHue ObIJIO OCIOXHEHO HEKOTOPBIMH IIE€PEPLIBAMH B
pa6ore uanyuartenei. DTa CHTyanus OblIa yCTPaHEHA TEKYIIUM PEMOHTOM MEXaHHYECKOH H

3IEKTPHYECKOM YaCTH CUCTEMBI H3Ny4aTelIeH.

4.1.2. Ckonp3smuit Maccus Croperra

Ha ceBepo-BocToke HOpBeXCKOro BHeHIHEro xke&énoba M KOHyCa HaXOIUTCS MAacCHB
Croperra, OfHH K3 CaMbIX OOJNBIIMX B MHPE CKOJNIB3SLIMX MACCHBOB. OH 6n111 ontucaH byrre
H ap. (ma np. 1988), KoTOpEIA pa3nHyaeT TPH TIIaBHBIC cOOBITHSA C MEHBIIMMH HIH
BTOPOCTENEHHBIMH CKOJIbXEeHHSIMH. [IpennonoraeTcs YTo 3eMICTPACEHHS H PA3NOKEHHE
ra3orHApPATOB BBI3BANH CXHXEHHe, KOTOPoe GBLIO NPHYMHOH 3THX KaTacTpodHIECKHX
cobuiTHit. OnuH npoduab C U3NYyYaTeNsIMH H JBe ITOCTAHOBKH OBH 6b11H pOM3BEIeHBI
YTO6BI IPOBEPHUTE CYLIECTBOBAHHE OOLUMPHOTO FTOPH3OHTA CBOOOIHOrO ra3a ¥ ra3oruJpaTos.
Ilostomy HUC “TIpodeccop Jloraues“ cuenan KeTaNbHYIO CBLEMKY THAPOIOKATOPOM
6okoBoro 0630pa (I'BO) uepe3 061acTH, Ilie ra3 MOXET BBIXOAHTbL CKBO3b MOpCKO€e IHO,
HanpuMmep B paloHax, Iie HaXOUATCA pockmarks H vents. Boiee TOro Mbl NPHMEHHIH
NPHIOHHbIE aKYCTUYECKHE MeTOIbI 6a3upylomye Ha HPOKOYTOJIbHbIX BKCIIEPUMEHTAX ¢
AcTounukaMu Bo36yxneHus ¥ OBH. Ha ceBepHOM rpaHHIle MAaccHBa Croperra Mbl
YCTAHOBHJIH B HALUMX 3AITHCAX H3JyyaTeNed HaJeXKHOe 0Ka3aTeIbCTBO Cy6-Be pPTHKANBHBIX

FOPH30HTOB Wipe out 30HbI KOTOPBIE MOT'YT 6bITL Ha3BaHb! "vents”. B HEKOTOPBIX Cly4YasiX HX
gHa 7 mud vulcanoes BCTpe4aeMeiX Ha

(Puc. 5), co3nanHbie YTOOLI

MOJXHO CBS3aTh ¢ 60JILIIHMH KpaTepaMH MOPCKOTO
3anmMcsx rEApoNoKaTopa 60koBoro 063opa. IlocTaHoBKH OBH
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H3MePHTh PACHPOCTPAHEHHE 3BYKa NPONONBHHX BONH B OCalKax, SBHIHCE CaMBIM
yCIEIHBIM SKCIIEPUMEHTOM B 3THX PaiOHAX ra30HACHIIIEHHBIX OCAJIKOB.

4.1.3. IIman6epreH - Xpeber Kuunosuya

OnHOM W3 TIaBHLIX TOMOrpacHYeCKHX BBICOT MEXIY CeBePHOH IIACTHHYATOH rpaHuLon
B Hopsexckom I'pennansckoM Mope sABisercs Xxpeber KHunosnya (Eiken & Austegard,
1987). Ero camas ceBepHas 4acCTh NOKPBITA OCaJlKaMH BHIHECEHBIMH H3 HInunbeprexa.
CreneHb H3yYeHHOCTH PAafOHA MOXHO OLEHHTh IO CEACMHYECKUM MPOGHISM MPOrpaMMBl
DSDP Site 344 koTopas oOHapyxuna okoio 3Ma ocankoB Ha ero ocHose Ha 300Mbsf. O
BO3pacTe roBOPAT GOoNbiIKEe 0GBEMBI OCAIKOHAKOIIEHAS B pa3Mepe OKOJIO 10cM/ThIC. JeT.
KpoMe MOIIHOTO OCaNKOHAKOIIEHHS M BLICOKOTO CONEPXKAaHMSA OPraHM4YeCcKoro xapOoHa,
TeMIepaTypa ¥ JaBleHHe Ha 3To riy6uHe Bogsl (okono 1000-2400m) co3paroT HaeajibHOE
yCIOBHE JJIS HAKOMJIEHHH Fa30rHpaToB.

IIpodunupoBaHre ¢ H3nyyarelsiMu 0GHApPYXHIO MecTHOe pacnpeneneinue BSR Bpoiub
BOCTOYHOM 4acTH rpeGHS M HHUXHEro0 CKIOHA OKPaWHbI MaTepHKa. ITH NPOPHIH H
Heckonbko nocranoBok OBH (Puc. 4, Ta6. 2 u 3) uepe3 BSR pmator npencrasienue O
Pa3BHTHH M pacnpefieleHHH ra3orHAPATOB BHOJb CEBEPHOrO CPEAMHHOOKEAHCKOTO XpebTa
0 OKpamhbi Mareprka nepen llmiubeprenom.

5. IlpenBapuTenbHHIE PE3YJBTATHI

Hopsexckas okpauHa maTepHka Gblna mccienosana B 3-x o6nactsix (Puc. 1) 4To6bl
M3YYHTb H ONPENENHTh pacnpelelieHne ra30THIPATOB B MATEPUKOBLIX 0CafKax ¢ 60O
MOILIHOCTBIO U HX BIHAHHE HA HEYCTONYMBOCTh MAaTEPHKOBOIO CKIOHA. DTH HCCIEHOBaHUS
Gbunu yacTeio npoexTa Bl (Mopcks reodusnka) SFB 313 u npoekta ENAM (MAST II). Tpa
obnacTH MCCNenoBanui oxsatand paion Ha (1) HopsexckoM kéno6e m konyce, (2) Ha
Maccuse Croperra M OkpaWHe MaTepHKa mepeq nuu6eprenoM, a Takxe xpeber
Kuunosuya. Cnaxénnoe feficTBHE PYCCKOro MepPCoHala M XOPOLIHe MOrofHbIe yCIOBHA
NO3BONHIM NONYYHb HA CEHCMHYECKHX NPOPHMIAX MaTepHalu BBICOKOrO KayecTBa.

Pesyabrarsl gononnnTenbHOi 06paboOTKH CEACMHYECKHX TAHHBIX H 06paboTka NAHHBIX
OBH 6ynyT nony4eHsl Nocjie HHTEHCHBHBIX paGoT Ha cyure,

Hopeexckni xE106 0 KOHYC BLIHOCA

ITocnenoBaTenbHOCTH OTPAXAKOUIAX rPAHHI] HA BHEHIHEM XKEno6e u KOHYCC OTMEYECHBI

NapaninelbHBIMA OTPaXalOMWHMA TIPaHHIAMH KOTODEIE MOrYT yKa3plBaThb H2



Hepa3pylIeHHbIE IOCIEAOBATENBHOCTH OcagkoB. Korga KOpOTKHE HMHTEpBaibl OGBLIM
HCCIIENOBaHbI, CJIOM 0Ka3aJIMCh MMOYTH OMMHAKOBOH MOIIHOCTHIO. CylllecTByeT TOJNIEKO OXHH
npumep (PHC. 6), rae KaHa IepecekaeT MOACTHIIAIONINE OCAKH. DTOT KaHAJ YKa3bIBaeT Ha
MPOIECCHI BPO3MH HAa HEeGONBIIOM YYacTKe MOPCKOro HHAa IPOMCXOAHBIIHE C APEBHEro
BpPEMEHH IO HACTOsAIlee BpeMs.

Huxe Ha runy6uHe, IpuMepHO, 400MC HaXOmATCA OOGHIMPHHBIE OTIOXEeHHS mass flow
deposits Ha np. depris flows, GHKCHpyeMEble THIEPOONMYECKHM OTPaXKEHHBIM CHIHAIIOM
(Puc. 7). 91oT mebeHvyaThli CIOW OOpa3yeT XOPOIIO CIOHMCThIE NMOCIENOBATENBHOCTH
OTpaXaloWIMX Tpanun. PailoH, rae oTMevaeTcs TIunepOOJMYeCKHe OTPaXKeHHH,
3aKaHYMBAeTCSd B BepXHEH YaCTH KOHTHHEHTANLHOTO CKJIOHA. BHyTpPeHHSAS 4YacTb
HopBeXCKOro xénoba, mo-BHIAMOMY, 3aKaHYABAETCS 3arayONEHHBIM CKIIOHOM, BEpXHAs
YacTh KOTOPOTO, MOXET GbITh BepXHEH BOCTOUHOM rpaHUIIEH me6envaroro cios. Haneemcs,
YTO OmpejelieHHe BO3PacTa NOBEPXHOCTHBIX OCAAKOB NMYTEM CTPATHrpadHYecKoro
CPaBHEHMS, MTO3BOJIMT ONPENENHTh BO3PACT MeGEHYAaTOro CNOS M MPOLECCHI TepeMeIeHNA
0CaJ[KOB NpeLIeCTBOBaBIIKe 06pa3oBannio Maccusa Croperra.

Maccus Ctoperra

Mpodunu ¢ mHeBMOKCTOUHHKaMH (4 1 5, -Tab. 2 u 3) Ha ceBepHOM IpaHHIE MAacCHBa
Croperra OXBaTbIBAaIOT, B OCHOBHOM, Hepa3pylLIEHHbIE OCaflO4YHBIE MOCAEROBATEIBHOCTH.
Ipodunu noKa3any, 4YTO HTH NOCIENOBATENLHOCTH ObUIM IIPEPBAHHBI TaM TIE CYIIECTBYIOT
vents, KOTOphle B CBOIO O4epelb ONO3HAIOTCA KaK BEPTHKAJIbHbIC HIH cy6BepTHKAaJIbHbBIE
aKycTHyecKue wipe out 30HbI (Puc. 8). Vents HMEIOT WHPHHY 110 100m u rny6uny Gomnee yeMm
500MC M MMEIOTCS MPU3HAKH, KOTOPbIE YKA3bIBAIOT, YTO MOJNIOXKEHHE OTPAXKAIOMIHX IPaHALL
nepesepuyTo (Puc. 8). Mcnonp3oBanne JaHHBIX CLEMKH THIAPOJIOKaTOpa 60K0BOro 0630pa
HUC "TIpod. Jloraye” NpONBIOT CBET Ha BONPOC, BRIXOMAT JH vents Ha MOBEPXHOCTD
Mopckoro gHa. CyuiecTByeT H0Ka3aTeJbCTBO I 6onmpmux mud vulcanoes, KOTOpbi€ MOTYT
GbITh CBS3aHHBI C HEKOTOPHIMH Vents, yKa3biBas TaKHM OOpPa3oM Ha paioHbl NOBBILIEHHOTO

HaBJICHH A B OCaIKaX.

Marepuxkosrii ckioH IlInnuéeprena u xpeber Knunopu4a

BSR 6buin 06Hapy>XeHHbI BO MHOTHX JIOKAJIBHBIX paHOHAX KOHTHHEHTANBIIOr0 CKJIOHA
lInuu6eprena Ha rIyoHMHAX MEXIY 1000M u 1500M (Puc. 9) 1 Ha xpe6Te KHnnosuya Ha
rny6unax npumepno 2000m (Puc. 10). Jlnd akyCTHYECKHE wipe out 30HBI 06HapPYKEeHHBIX
paHee Ha ceBepHON rpanuie Maccusa CTOpErTa, HalaeHbl O0LIMe YepThl B H3yuYaeMOM
paitone 3 (Puc. 11a u 116). BSR pa3nonoxeHbl 1oJ AHOM Ha rny6use 200mc u 300Mc H
pacnpocTpaHeHbl HepaBHOMepHO. ['a30THAPATHI 06BIYHO BO3HHKAIOT B CBA3H C
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HHTEHCHBHEIM GaKTepHanbHBIM H3MEHEHHEM opraHmyeckoro Marepuana (KsensomjeH u
Hapnapn, 1982) B pafioHax ¢ GOJIBILIOH MOIIHOCTBIO OCAKOB H BHLICOKHM COIEPKAHHUEM
opranMyeckux xap6oHoB. OnHAaKo, B CBSI3H ¢ TeM, YTo BSR He TONBKO CymiecTBOBal Ha
BOCTOYHOM ¢ianre xpebeta KHUNOBHYA, HO TaKXXe W HA OKpanHe MaTtepuka (Puc. 9 u 10),
MOX 'O HaONIO#aTh Pe3yJdbTAThl ABYX Pa3IMYHBIX NMPOIECCOB reHepalliH ra30THADPATOB.
l'azorunparel HA xpe6re KHunoBHYa MOryT OBITE TEPMOTEeHHOI'O IPOHCXOXIEHHS, B TO
BpeMs KakK ra3orMjipathl OKPaWHBl MaTepHKa MOTYT ObITh 6oJee OOGIIMMH METAaHOBBLIMH
ra3oruipaTaMu, GHOreHHOrO MPOUCXOXAEHHS.

Xopouo HpOCIeXHBAEMYIO CIOHCTYI0 OCANOYHYI0 TOJIINY MOJNCTHJIAIOT MOIHbIE
BOJHOOOpa3Hble ocagoyHblie o6pa3oBanud (Puc. 12). 9th ocagouytbsie 06pa3oBaHUS UMEIOT
aMIUIHTYRy OT 100MC, a NPOTSXKEHHOCTh BOJIH 0 HECKOJILKHX KHIOMETPOB. MOXHO CBSI3aTh
JIOKaJIbHOE pacnpoCcTpaHeHHe OCaNOYHBIX BOJH Ha BOCTOYHOM YaCTH MaT€PHKOBOTO CKJIOHA
Fram Strait ¢ geAACTBHEM CHIBHBIX Taseo-teyeHui. [IpuMep BONHHCTOrO 06pa30BaHHSA
CyuiecTByeT Ha rny6uHax 250Mc, YTO yKa3bIBaeT Ha BpeMS aKTHBHOCTH CHJIbHBIX IOHHBIX
TeueHHH. Tlepexox oT BOMHHCTOr0 06pa30BaHUs K XOPOIIO CIOHCTOM MOC/IENOBATEILHOCTH
CBs3aH, BEPOSTHO, C 3aTyXaHWEM HHTEHCUBHBIX AOHHBIX TeYeHH# OT TpPeTHYHOro K
YertsepTHUHOMYy mepuopy. Havuao 3THX CHIBHBIX TeUeHHA MOXET GLITh CBS3aHHO C
KNHMaTHYeCKHUM oxnaxuenueM nosxnero Cenozoic (Eiken & Hinz, 1989).



6. Y4aCTHHKH peHca

M, PaMunng

Ip. IOpren MunepTt (HaYaILHHUK peica)
Muxaen Bo6cun, [{umi. reodpusuk

Epr Mosesanr, Jumn. reopusux
Po6ept XupH, CTYASHT

Kpuctuanr BepHaT, CTYIEHT

Tunmanr CteiiHMell, CTYAECHT

Ans Bep3uHCKkH, CTYAEHTKA

Manon BunsKeH, CTyIeHTKa

¥Y1e BpeHHBANLI

Muxaitn Benoycos, J{umi. reodpu3nk (PyKoBo-
IHTENh POCCHACKHX CIIEINATHCTOB)

BukTop lanmroxux, [umul. reopH3uk
Anexcannp Opynxes, I, HHXeHep
AHnartonuil Bepe3ka, [Iumn. HHXXeHep
Anaronui l'anmus, U, HHXEHEp

Anaronuit Bopucos, [IMII. reOTEXHHK

Hrops Pynaukos, JIUI. HHXeHEP-PATHOTEXHHK

Banepuit Bapunos, Jluru. MaTeMaTHK
Huxonai ®unumMonos, [lumi. ruaporpad
¥Opuit Jlorunos, [{umn. rugporpad
Cepreit Topsuux, [lumi. rupporpad

Hukonait Bonkos, HHXeHeP-PaTHOTEXHHK

Anekcannp INpuimena, JAMLI. HHXEHEP-MEXaHHK

KorcranTun CrimpuioHOB, TEXHHK
Bnagamup Pegopos, TEXHHK

10puit A6paMoB, TEXHHK

Cnenuanns.
reopusnKa
reodu3nka
reodusnka
reoTeXHHKa
reodu3uKa
TEoNOrus
reorpadus
reorpacdus

reoJIorus

reodu3nKa
reodpu3uKa
reopu3nKa
reopu3nKa
reodu3nKa
reodu3nKa
reodHu3uKa
reopu3nKa
rupporpadus
rupporpadus
rupporpadus
rupporpadus
MHEeBMAaTHKa
NHEeBMAaTHKa
MHEBMATHKA

ITHEBMATHKA

HHCTETYT

SFB313/GEOMAR

SFB 313
SFB 313
GTB
GEOMAR
GPIT
GEOMAR
GEOMAR
GEOMAR

IIMI'PS
IIMI'PO
IIMI'PD
IIMI'PO
[IMI'Pd
[IMIpP3
IMIPd
IIMI'PD
IMI'P3
IIMI'Pd
MrIpa
IIMI'PD
IIMI'P®
MIpd
[IMI'PO
TIIMI'PO
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8. Ilpu3unamme

Esponeiickas komuccus (mporpamma MAST II) u Deutsche Forschungsgemeinschaft
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Figure 1: Cruise track and working areas of FV Aleksandr Karpinskiy

Pucysok 1: Cxema peiica B 061acTH pa6otr HAUC Ak. Anexcanap KapnuHCKHH 1 HUC

IIpod. Jlorayes
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Figure 2: Cruise track in working area 1 at the Norwegian Trench and Fan
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Pacynok 2: Cxema peiica B o6nacta pa6ot 1 na Hopsexcrom X&nobe H KOHyCe BRIHOCA
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Figure 3: Cruise track in working area 2 at the Storegga Slide
Prcynok 3: Cxema peiica B 06JIaCTH pa6or 2 Ha MaccuBe Croperra
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Figure 8: Airgun record from the Storegga slide showing acoustic "wipe out" zones which are

interpreted ;s vents. Note the upward turning of the reflectors towards the vent. For location
see Figure

Pncynox 8 3amuce minywaTenei ot MaccuBa C'roperra YKa3bIBAaIOIMHMA Ha aKyCTHYECKHE

168

wxpe out” 30HBI, HH’TCPHPCT‘HPYCM’NC KaxK “vents” O'rpaxaromue TFPaHHu Ikl

IIEPCBCPHYTHI HanpaBRJICHHeM “vents” (cM. puc. 3).



1.2

[s]

1740 : 1700 1640 SP
I

"' R .Ill LA ll{l.l»l I TNE
{}"l‘v*‘»,?“»ri&f', '*i'u‘ﬁ;»r ) nt‘»'m'nn;"z‘*‘.» ...sz;u.m?’l%n i “"f ’1""?"*1:&}‘1

'“:, b b R v n{';r, bt
s R ; it

M NN ITHTY 3.,,{-) i d “[:’, NN IR i'r.g' LN [ MM ‘ t LI AT

' ';ﬂ NI HTHE 1 HEMHE Hinys i), i ,*“,; HITH: iyt
L R e R N HR B

13 _.‘ Lf";"-i ’.h'!("vi!|’i“"‘;3‘f‘\%'{o’x‘i,: "13,':}"% -;'x('”";,";,I::;;’H”.ﬂ“lbiﬁﬁ ' f}:!:‘!,:{“-b x',!?f'u.‘{,':f
y , ”'H”l I “ ii ;“" l'l "ll, ‘ : .ayl ‘ili’l' :’;0';“&!;&,"- "‘ ;!;;',(lll "’p ,f’ ':;.’!l‘
n,:g;’t,,“cnl;;;;,g “"nfy;f.’.’}f"i"" Hs .x,.:, ::;.,;' lf,‘,ht,',:l'l..u,!i;ﬁ N, !“i:;,:;,‘!ml'Z‘jé.'i'i’li

' t“u“,' !3 H'lih;'l;l‘ml',». P Jl h[hl‘npl"““ [} k ’l'"\ H”U Hih ’;ii{'!? im:}'“w"'t
sl G A

—— LRHE Nl ’l '.H" i iniil il

: "‘W Al ittt d ,m el

1.4 — #wgiym N +:1§u‘ 'V’i“; [tfh ' }--‘]1
b 3 oy N . ALl 2a '.. 4 -'} t " 'll

1.6 —{%,

1.7+ ,}hlh'z '”'“n; N

1.8'—"“ l '“ ""ih\ “ v‘

1.9'—" ' .';..‘ t .
My "-W :fm.:

2.0 hbdh‘ ‘

1 P29 0ed M" . '= Q h‘ﬂ ‘r't =2 gt , s !
1.5 - W%:"F“Ef":hf!ﬂ;“" Wﬂh‘ng.- :gg“lmw!' o ‘L’ MM‘! ‘.“u ‘., r"’”‘"rﬂlt”“
et i t"‘ ¥ ‘“'” .»“ 1

’;t»..._n r[' %% ,5-%7

"‘“ﬁiﬂit """ s -s» ""s h’]?“g& > om o
“u’“}“‘;‘!:l”ih‘bv’?f;mt‘\“?%&% [R5 :L:?:h :&‘,Lg' ; 4 O M'”,f o ~
] P Hrpypy I et A o] R ad
}Mwn'"tﬂtp‘mmlﬂ I - M*m&’&ins t:; .,

SONEERNY 14 bl d -

-
» sPrhd,

P B T et Mun
» Rt {2 Y

b 5t > ;-Li ;.; .?L K’?:?’ngzp:,:m ’!‘ “r" Meates ] 5{':'3‘ ph't
'f‘ »‘. : !I “."' ST T ;‘ oy 1 ‘h. ;» oy P»‘*h“"
‘-......i . n " “‘"'ﬁmf‘ 1R} " 4 '&" NIk "'d,""' » 'f'w i fotattvacg g {4
"»,,,m ‘\’p m-n ':s...'d' 'L f» H‘*’ii{‘:‘ﬁ":"&hw ) 'l&mtj;g:n: "Eﬁﬁ‘&“
»0’ | 7 B ”M o (34 ) u' .t v "“,.. ;.’.' 1‘ % 333 : ;‘E 0 2y
Y L"n-”r“ Ei» )" ' ‘H,"’,.);' ) h" ," "".‘_'. e ’ p:i!:’;ﬂ arﬁy . ;':{”’
hbnnl'iy»‘ ) "l' - m'm ! ‘*t ’ { ' ' “'!“ -g’ 3 YB 'lh"!
vl e N k! Hagyy  H htaiithapan Tt
-‘. » i ,gh -'”’vm"‘ jt. % 2001t ! m»u,’.{{"‘{';u& 3’;

"i.'??n
e’

t’;l-r.'”‘.m""ﬂh»;u..”' Mm

th 43 asalo TN e,
sy T T e i
1 LA R Sl L
i "n:".,{;}.i-"! IR

sOorfry oy » H 100
HHRHOUAERIUT TR Rl """““"*i"""’v;
Bt tphe X “")‘ bmi ,;‘-- RHIH NS
'!};';” ‘”.\Wh:‘,v'» 1. \'l i "y ‘ “u» i ﬂ t' 0

h
} 1IN M ’
h;ﬂ‘h i'.u'i.-:fl i i } 'M" i “u"‘
k h"""”‘ b

',n" h':!.,l ';' II?,;
” .', " | "’ "' ‘l ! l N “I ’
iR ” 'H,‘. ;'”g \‘ lm!&hm \m‘ A n{"n,‘} n '
’ . ', \ . : ! : i
, ’ hu IH‘ ;\“': 1 ;""l‘;::il‘ ‘;‘Yll)"R;,t ' ' “!::!:’“ ‘,'”"”r'tl!h“:k;l.!:"l”' ii "‘”‘. : ';
h*”l“, s " i ‘m:“m {" % R t i' : }"iv ‘Jg‘i"“l Wi .'];,'Eii : “1 f ’;‘ H
""3 .,”! A 'v'?’-m' ' m ' ” "m "“":! l' g “ph’ h ” ! ‘,:m HES j
et '1;"»' ! l' iy HelR
Sy ;U P "!j "L‘" 'l.)t“'v}{! l‘.:‘ l ! t '
el Sl R ‘“n b
13382 il Y, it [i IRITSEIHLLTINE }
!';'Ié‘::- .!v‘ i’ H'atli}”‘n .NIM“”
' 4 "‘ "” ! l‘ i ‘ "!'11 “’ \‘\ﬁ ‘ % “ ‘
' i"w‘" s A R
n nb x. :]” J,,lﬂ! £| “t ’} H',,v h‘ :"! ll
“' “t H ’t'\ ¥ hh{n(\.nh‘n ' vy

,m»
’!, |H'

TN

ponond s
e e e AT
- -
-
—
———

I

Figure 9: Airgun record from the Spitsbergen continental margin showing a bottom simulating

reflector (BSR). For location see Figure 4.
Pucynok 9:ITpoduns HanyyaTenei OT MaTePHKOBOTO cknona llInuubeprena yKka3biBaoldi

Ha BSR (cMm. puc. 4).
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Figure 10: Airgun record from the eastern flank of the Knipovich Ridge showing a bottom

simulating reflector (BSR). For location see Figure 4.

Pracynok 10: TIpodaan H3ayvaTenes oT BocToHoOu dbianre Xpebera Knunosnya

yxassiBatoiui Ha BSR. (cM. puc. 4)
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Flgure 11a: Airgun record from the Spitsbergen continental margin showing an acoustic "wipe

out"” zone. For location see Figure 4.
Purcynok 11a: l’lpod)mlb mnyqa'reneu oT okpauHbI MaTepuKa IIInunGepreHa yka3bpIBaroLIHH

Ha aKycTH4YecKde “wipe out” 30HBI (M. pHC. 4).
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>rgen margin showing large sediment waves. For
T okpauHbl MaTepuKa IIInmunGeprena yKa3bIBaiomu

eJICH O
(c™. puc. 4).

Airgun record from the Spits

sce Figure 4.

h

.

Pucynoxk 12: IIpoduan niaydat
Ha GoapInue 0caIOYHBIC BOJIIHI

Figure 12
location



Working area 1: Seismic profiling (2 Itr airgun) in the Norwegian trench

Test of airgun-system: 7.7.94 - 8.7.94

Seismic profiling: 8.7.94-9.7.94

Start of Profile End of Profile distance ship speed  time Profile Nr.
Latitude Longitude  Latitude Longimde sm/km kn h

62°22,12’N 3°00,83E  63°0294'N 2°36,88°E 42/78 4,5 94 1M
62°45,16'N 2°00,97E  62°57,04N 3°09,14°E 33/61 4,5 74 2
62°59,19'N 2°39,383°E  63°07,73N 2°34,28E  9/16 4,5 2,0 la
63°07,73'N 2°37,08 E  63°21,56'N 2°2991°E  14/26 4,5 3.1 3
63°21,56'N 2°2991°E  64°53,31'N 5°55,77E  128/237 11,5 11,2 Transit
working area 2; OBS- deployment an seismic profiling at the northern rim of

Storrega slide. Water depth ranges from 400-1500m.

OBS-deployment and seismic profiling (2 ltr airgun): 11.794 - 12.7.94

Start of Profile End of Profile distance ship speed  time Profile Nr.
Latitude Longitude  Latitude Longitude sm/km kn h

64°53,31'N 5°55,77E  64°46,78N 5°16,00E 18/34 4,5 4,0 4
64°4741'N 5°28,05E 5.0 OBS-Test
64°4241'N 4°4840E  64°59,10N 3°29.89E 37/69 45 8.3 s
64°46,09°N 4°30,28E 1 OBS deployment OBS 1(DH
64°46,29'N 4°29,71'E 2 OBS deployment OBS2(D
64°47,60N 4°23,92°E  64°44,39'N 4°3875E  7/13 2,5 2.8 6
64°4439'N 4°3875E  76°47,0N  8°00,0E  725/1342 11,5 63 Transit

Airgun profile 6 runs at a speed of 2.5 knts within a 2,5 hrs time window across the two OBS stations.

Meeting with RV Prof. Logachov at Storegga (64°48,61°N, 04°15,0E) on 12 J uly at 12:00. Visit of Dr. Ivanow on
board Prof. Logachev and discussion of science plan.

Table 1: List of working areas with profiles and OBS station
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Seismic profiling:

OBS- deployment and seismic profiling west of Spitzbergen.
Water depth ranges from 1000m to 3000m.

OBS-deployment and seismic profiling:

15.7.94
16.7.94 - 23.7.94

Start of Profile End of Profile distance ship speed  time Profile Nr.
Latitude Longitude  Latitude Longitude sm/km kn h
76°4697'N 07°37,52E 76°47,01'N 11°31,94E 53/99 4,5 11,9(7) 7
77°00,04'N 11°36,76'E 77°00,02N 11°16,77E 58 4,5 1 8
77°00,09'N 11°36,66 E  76°59,99N 07°5998°E 49/90 45 11 8a
76°59,52’N  07°59,59°E 76°34,82’N  08°00,15°E 25/46 45 5.5 9
76°34,75°N  08°04,03°E 76°3502N 11°29,98°E 48/83 4,5 10,6 10
76°35,00'N 11°2998°E 76°37,97'N  09°01,69°E 35/64 6 5.1 Transit
76°37,97'N 09°01,69°E  76°38,01'N 08°49,40E 3/5 4,5 0.6 11
76°38,34'N  08°50,07E 76°31,81'N  08°50,08°E 7/12 4,5 1,5 12
76°32,13'N  08°49,80°E  76°32,01'N 09°01,26°E 3/5 4,5 0.6 13
76°31,61'N  09°00,02°E  76°38,06'N 08°59,99°E 7/12 45 1,5 14
76°40,46'N  08°5523E  76°31,69N 08°55,24°E 9/16 45 . 20 15
76°34,50'N  08°5391E 3 OBS deployment OBS 1
76°34,52'N  08°56,01'E 4 OBS deployment OBS 2
76°34.64'N 08°3833E 76°34,5I'N 09°1085E 8/14 OBS profile 1,6 16
OBS 1 (07:10) and OBS 2 (08:23) on board
76°34,51'N 09°10,85°E 78°44,96'N 05°2581E 139/257 11,5 12 Transit
78°4496'N 05°25.81E 78°4500N 08°2804E 36/66 4,5 7.9 17
78°40,09°N 08°13,15E 78°39,97'N 05°28,00E 33/60 4,5 7.2 18
78°34.92'N 05°27,60E 78°35,00N 08°01,34°E 30/56 45 6,8 19
78°35,00'N 08°01,34E 78°40,00N 06°49,18°E 15/28 11.5 13 Transit
78° 40,00'N 06°49,18°E 5 OBS deployment OBS'1
78° 40,00'N 06°51,69°E 6 OBS deployment OBS 2

Table 1: List of working areas with profiles and OBS station
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78°39,95'N
78°45,00'N
79°28,50N
79°27,19°'N

79°23,71°'N
78°56,98°'N
78°45,00'N
78°45,00'N
78°45,00'N
78°45,00'N

78°45'N

6°38,51'°E

07°59,00°E
06°29,04°E
08°17,50°E

08°23,80°E
09°05,88°E
07°40,00'E
07°37,00E
07°37.39°E
07°20,00'E

8°00E

78°40,00N 7°20,25°E  8/15 OBS profile 1,8
79°27,68°N 06°23,28°E  46/86 45 10,3
79°28,44'N  08°14,06E 19/36 45 4,3
T79°24,95'N  08°20,59°E 2/4 45 0,5
78°57,42°N  09°09,05°E 28/52 45 6,1
78°56,96'N 06°38,53E 28/51 45 6,3

OBS test with deep-frozen fish

7 OBS deployment

8 OBS deployment
78°45,000N  07°55,00E 7/13 OBS profile 1,5

OBS1( )and OBS2( ) onboard.
70°00'N 20°00E 557/1030 58
Total legth of seismic profiles (km) : 1131
Total number of successful OBS deployments : 8
Equipment loss -

End of programme
Departure on 22 July 1994,
Arrival in TROMS® 25.7.94

Table 1: List of working areas with profiles and OBS station
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Station/ Date Time Geographical Position Depth | Comments
Profile UTC Latitude Longitude uncorr.| Start/End, Tape No. etc.
No. (h) (m)
1 08.07.94 | 22:32 | 62°22,12°'N 03°00,83E 391 | Start of profilel, tape 1, delay 0,4s
23:17 | 62°26,10'N 02°58,67E 384 | Tape?2, SP270
09.07.94 | 00:02 | 62°30,00'N 02°56,30°E 390 | Tape 3, SP 541
00:46 | 62°33,96'N 02°54,20E 416 | Tape 4, SP 808
01:32 | 62°38,17'N 02°51,55°E 483 | Tape 5, delay 0,5s, SP 1080
02:16 | 62°42,56'N 02°48,87E 585 | Tape 6, delay 0,6s, SP 1349
03:02 | 62°45,75'N 02°47,12°E 640 | Tape 7, delay 0,7s, SP 1619
03:46 | 62°50,43'N 02°44,48E 714 | Tape §, delay 0,9s, SP 1885
04:32 | 62°54,38'N 02°42,19°E 759 | Tape 9, SP 2158
05:12 | 62°57,79'N 02°39,34°E 840 | Tape 10, SP 2401
05:16 | 62°58,23'N 02°39,59°E 835 | Delay 1,0s, Sp 2427
06:02 63°02,94'N 02°36,88°E 900 | End of profile 1 (airgun breakdown)
Restart with SP 2400 on tape 20
as profile 1a
11:30 | 62°44,46'N 02°58,98°E Start of test
2 09.07.94 | 12:38 | 62°45,16'N 02°0097°E 742 | Start of profile 2, tape 11, delay 0,8s
13:21 62°46,60'N 02°09,10°E 750 | Tape 12, SP 262
14:07 | 62°47,96'N 02°17,14°E 741 | Change of amplification, SP 520
14:08 | 62°48,10'N 02°17,77°E 750 | Tape 13, SP 535
14:31 62°48,84'N 02°22,13°E 744 | Tape 14, SP 797
15:07 62°50,02'N 02°29,12°E 746 | Problems with the airgun, no shots,
SP 897
15:16 | 62°50,30'N 02°30,79°E 747 | Airgun fixed, restart, SP 940
15:25 62°50,59°'N 02°32,43°E 747 | Breakdown of airgun, end of tape 14, 2h
loss, SP 1000
2a 09.0794 | 17:30 | 62°49,55'N 02°26,24'E 748 | Start of profile 2a, tape 15, delay 0,8s
18:14 | 62°51,13'N 02°35,18°E 752 | Tape 16, SP 266
18:59 | 62°52,58°'N 02°43,61°E 744 | Tape 17, SP 534, crossing point of
profiles 1 and 2
19:43 | 62°54,14'N 02°52,22°E 748 | Tape 18, SP 799
20:29 | 62°55,65'N 03°01,42°E 735 | Tape 19, SP 1072
21:07 | 62°57,08'N 03°09,14°E 763 | End of profile 2a, end of tape 19, SP
1300
10.7.94 00:08 63°01,89 N 02°37,50°E Test of airguns, breakdown
la 100794 | 03:24 | 62°59,19°'N 02°39,38°E 848 | Start of profile 1a, tape 20, delay 1,0s
04:10 | 63°03,34'N 02°3649°E 919 | Tape 21, delay 1,1s, SP 274
04:55 | 63°07,73'N 02°34,28°E 979 | End of profile 1a, end of tape 21, SP 540
3 10.07.94 | 04:55 | 63°07,73'N 02°37,08°E 978 | Start of profile 3, tape 22, SP 543
05:08 | 63°08,88°N 02°33,78°E 997 | Delay 1,25, SP 621

Table 2: List of airgun profiles including magnetic tapes and shot points




Station/ Date Time Geographical Position | Depth | Comments
Profile UTC Latitude Longitude uncorr.| Start/End, Tape No. etc.
No. () (m)
05:39 | 63°11,85'N 02°34,89°E 1033 | Tape 23, SP 812
06:25 | 63°16,07'N 02°31,43°E 1100 | Tape 24, delay 1,3s, SP 1086
07:04 | 63°19,64'N 02°30,51'E 1141 | Change of airgun: 3ltr. volume
07:10 | 63°20,13'N 02°30,38°E 1152 | End of tape 24, SP 1356
07:13 | 63°20,37'N 02°30,31°E 1157 | Tape 25, SP 1375
07:30 | 63°21,56'N 02°29,91°E End of profile 3, from SP 1266 on no
clear signal
4 11.07.94 | 06:25 | 64°53,31'N 05°55,77°E 363 | Start of profile 4, tape 26, delay 0,4s
06:34 | 64°5298°'N 05°53,72°E 368 | Change of amplification from 5/0 to 5/1,
SP 60
06:48 | 64°52,51'N 05°51,15°E 395 | SP 140, amplification back to 5/0
07:10 | 64°51,77'N 05°46,63°E 431 | Tape 27, SP276
07:56 | 64°50,31'N 05°37,26°E 551 | Tape 28, delay 0,6s, SP 548
08:40 | 64°48,77'N 05°27,85E 626 | Tape 29, delay 0,7s, SP 816
09:17 | 64°47,51'N 05°20,44E 672 | SP 1035, failure of data
(analogue+digital) transmission (airgun
breakdown)
09:26 | 64°47,18'N 05°18,61°E 677 | Tape 30, SP 1090
09:40 | 64°46,78'N 05°16,00'E 684 | End of profile 4, SP 1171, tape 30
cancelled because of bad transmission
110794 | 13:12 | 64°47,41'N 05°28,05E 600 | Test OBH 1 and OBH 2
5 11.0794 | 23:11 64°42, 41N 04°48,40E 857 | Start of profile 5, tape 30, delay 1s
23:56 | 64°44,27'N 04°39,09°E 857 | Tape 31, SP274
12.7.94 00:41 64°46,04 N 04°30,99°E 872 | Tape 32, SP 544
01:27 | 64°48,00'N 04°21,94°E 924 | Tape 33, delay 1,1s, SP 816
02:11 64°49,90'N 04°13,15°E 983 | Tape 34, delay 1,25, SP 1082
02:23 | 64°50,47'N 04°10,63E 993 | Middle of profile, SP 1159
02:56 | 64°51,96'N 04°03,66°F 1025 | Tape 35, delay 1,3s, SP 1355
03:42 | 64°53,60'N 03°55,39E 1122 | Tape 36, delay 1,4s, SP 1628
04:27 | 64°55,48'N 03°46,83F 1199 | Tape 37, delay 1,5s, SP 1900
04:36 64°55,78 N 03°4541°E 1310 | SP 1948, streamer comes up to 7m depth
due to heavy sea
05:13 | 64°57,37'N 03°38,76'F Tape 38, delay 1,6s, SP 2172
05:29 | 64°58,04'N 03°35,06°E 1366 | SP 2313, bad transmission
05:57 | 64°59,13'N 03°29.89E 1421 | End of Profile 5, end of tape 38, SP 2436
120794 | 17:19 | 64°46,093'N 04°30,281F OBH 1 (1I) deployment
18:02 | 64°46,286'N 04°29,714°F OBH 2 (1) deployment
6 120794 | 20:30 | 64°47,60'N 04°23.92°E 905 | Start of profile 6
21:10 | 64°46,32'N 04°29,79°F 905 | Crossing OBH 2, SP 240
21:14 | 64°46,21'N 04°3041E 905 Crossing OBH 1, SP 265
22:15 | 64°44,39'N 04°38,7SE 905 | End of profile 6, SP 630 |

Table 2: List of airgun profiles including magnetic tapes and shot points
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Table 2: List of airgun profiles including magnetic tape

lS):at‘I:(:n/ Date Time Geographical Position Depth | Comments
No(.) ile U(':;: Latitude Longitude uncorr.| Start/End, Tape No. etc.
(m)
130794 | 00:25 OBH 2 acoustically released

00:52 OBH 2 on board
01:10 OBH 1 acoustically released
01:38 OBH 1 on board

7 150794 | 21:23 | 76°46,97'N 07°37,52°E 2900 | Start of profile 7, tape 39, delay 3,5s
21:33 | 76°46,98'N 07°42,63E 2672 | Delay 3,3s, SP 64
21:39 | 76°46,99'N 07°44,86'E 2530 | Delay 3,1s, SP 95
21:47 | 76°46,99'N 07°4795E 2398 | Delay 2,9s, SP 145
21:51 76°47,03'N 07°5040°E 2198 | Delay 2,7s, SP 171
21:55 | 76°47,03'N 07°52,21'E 2118 | Delay 2,5s, SP 194
22:01 76°47,03'N 07°55,02°E 2294 | Delay 2,7s, SP 231
22:06 | 76°47,05'N 07°5695°E 2409 | Delay 2,9s, SP 258
22:08 | 76°47,03'N 07°58,24°E 2465 | Tape 40, SP 276
22:14 | 76°47,04'N 08°00,87°E 2549 | Delay 3,1s, SP 311
22:39 | 76°46,98'N 08°10,98°E 2424 | Delay 2,9s, SP 459
22:42 | 76°46,94'N 08°13,05'E 2212 | Delay 2,7s, SP 477
22:53 | 76°46,97'N 08°17,68°E 2163 | Tape 41, SP 537
23:10 | 76°46,96'N 08°25,29°E 2201 | SP636
23:36 | 76°46,97'N 08°37,68'E 2247 | Tape 42, SP 803
23:53 | 76°46,98'N 08°44,05E | 2245 | Delay 2,8s, SP 901
23:58 | 76°46,96'N 08°46,18°E 2046 | Delay 2,6s, SP 932

16.07.94 | 00:00 [ 76°46,96'N 08°47,00'E 1841 | Delay 2,4s, SP 941
00:03 | 76°46,92'N 08°4843°E 1852 | Delay 2,2s, SP 961
00:10 | 76°46,93'N 08°52,52°E 2244 | Delay 2.4s, SP 1006
00:13 | 76°46,92'N 08°52,90°E 2252 | Delay 2,6s, SP 1022
00:22 Tape 43, delay 2,5s, SP 1073
00:22 | 76°46,92'N 08°5797E 2260 | Delay 2,7s, SP 1076
00:44 | 76°46,97'N 09°07,03'E 2266 | Delay 2.8s, SP 1211
01:06 | 76°46,97'N 09°17,03'E 2277 | Tape 44, SP 1341
01:52 | 76°46,99°'N 09°38,59°E 2258 | Tape 45, SP 1615
02:04 | 76°46,99'N 09°4447°E 2266 | SP 1688
02:36 | 76°47,01'N 09°59,85°E 2248 | Tape 46, SP 1879
02:57 | 76°46,98'N 10°10,28°E 2232 | SP 2005
03:21 76°46,97'N 10°22,04'E 2156 | Tape 47, delay 2,7s, SP 2151
03:36 | 76°46,98'N 10°33,46'E 2070 | Delay 2,5s, SP 2240
04:05 | 76°47,04'N 10°43,60'E 1945 | Tape 48, delay 2,3s, SP 2418
04:35 | 76°47,03'N 10°58.86°E 1792 | Delay 2,1s, SP 2598
04:50 | 76°47,02'N 11°05,96 E 1740 | Tape 48 until SP ~2683, begin of tape 49
not clear, definitely from SP 2700
05:16 | 76°46,99'N 11°19,12°E 1655 | Delay 2,0s, SP 2841
05:36 | 76°47,00N 11°29,06 E 1573 | Tape 50, data due to SP 2962
05:38 | 76°46,99'N 11°29.96E 1570 | Delay 1,9s, SP 2973
05:43 | 76°47,01'N 11°3194°E 1554 | End of profile 7, SP 2998
s and shot points
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Station/ Date Time Geographical Position | Depth | Comments
Profile UTC Latitude Longitude uncorr.| Start/End, Tape No. etc.
No. (h) (m)
8 16.0794 | 08:22 | 77°00,04'N 11°36,76 E 1004 | Start of profile 8, tape 51, delay 1,1s
08:43 | 77°00,15'N 11°2823°E 1092 | Delay 1,3s, SP 121
08:46 77°00,15'N 11°27,22°E 1100 | SP 135., df:pth of streamer only 8-9m, bad
transmission
09:01 77°00,00'N 11°21,22°E 1169 | SP 228, reduced ship speed to 3,5kn,
recording is good
09:09 | 77°00,01'N 11°1897°E 1187 | Tape 52, SP273
09:16 | 77°00,02°N 11°16,77°E 1218 | SP 316, break of recording, depth of
streamer not sufficient
Restart at SP 200 with tape 52
8a 160794 | 11:53 | 77°00,09'N 11°36,66 E 1007 | Start of profile 8a, tape 52, delay 1,25
12:19 | 77°00,04'N 11°27,21°E 1101 | Delay 1,3s, SP 160
12:38 | 77°00,01'N 11°20,95°E 1168 | Tape 53, delay 1,4s, SP 270
13:00 { 76°59,98'N 11°13,38°E 1243 | Delay 1,5s, SP 400
13:22 | 76°59,99'N 11°05,79°E 1320 | Tape 54, delay 1,6s, SP 537
13:47 | 77°00,00'N 10°57,64°E 1410 | Delay 1,7s, SP 685
14:06 | 77°00,00'N 10°51,96°E 1460 | Tape 55, SP 802
14:10 | 77°00,01'N 10°50,76 E 1475 | Delay 1,8s, SP 827
14:36 | 76°59,91'N 10°43,00'E 1566 | Delay, 1,9s, SP 981
14:51 76°59,98'N 10°38,85E 1612 | Tape 56, delay 2,0s, SP 1069
15:13 | 76°59,95'N 10°32,28°E 1684 | Delay 2,1s, SP 1202
1536 [ 76°59,92°'N 10°25,53°E 1755 | Tape 57, delay 2,2s, SP 1343
16:03 | 76°59,99'N 10°17,70E 1842 | Delay 2,3s, SP 1510
16:21 77°00,04'N 10°13,12°E 1879 | Tape 58, delay 2,45, SP 1613
17:06 | 76°59,97°'N 10°00,62°E 2015 | Tape 59, delay 2,5s, SP 1882
17:29 | 76°59,93'N (9°54,09E 2065 | Delay 2,6s, SP 2021
17:51 76°59,97'N 09°47,86°E 2095 | Tape 60, SP 2151, ship speed 3-4kn
18:09 | 77°00,03'N 09°43,36°E 2123 | SP 2254, amplification increased
18:36 | 76°59,95'N 09°35,25E 2160 | Tape 61, SP 2419
18:49 | 76°59,99'N 09°31,57°E 2183 | Delay 2,7s, SP 2500
19:21 77°00,01'N 09°22,14°E 2208 | Tape 62, SP 2691
20:06 | 76°59,98'N 09°08,92E 2219 | Tape 63, SP 2960
20:30 | 76°59,99°'N 09°01,71°E 2213 [ SP3100
20:51 76°59,92'N 08°55,22°E 2216 | Tape 64, SP 3232
21:36 | 77°00,06'N 08°40,65°E 2202 | Tape 65, SP 3502
22:02 | 76°59,96'N 08°32,62°E 2138 | Delay 2,8s, SP 3655
22:03 | 76°59,98'N 08°32,59°E 2123 | Delay 2,6s, SP 3661
22:18 | 76°59,96'N 08°27,60°E 2068 | Delay 2,5s, SP 3751
22:22 | 76°59,98'N 08°26,71E 2101 | Tape 66, SP 3774
23:07 | 76°5997°'N 08°12,23°E 2563 | Delay 2,7s, SP 4046
23:08 | 76°59,96'N 08°11,80'E 2607 | Tape 67, delay 2,7s, SP 4053
23:13 | 76°59.95'N 08°1043E 2627 | Delay 3,0s, SP 4048
23:15 | 76°59,96'N 08°09,65°E 2630 { Delay 3,3s, SP 4095
23:46 | 77°00,00'N 07°5947°F 2604 | End of profile 8a, SP 4275

Table 2: List of airgun profiles including magnetic tapes and shot points
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Station/ Date Time Geographical Position | Depth | Comments
Profile UTC Latitude Longitude uncorr.| Start/End, Tape No. etc.
No. (h) (m)
9 16.07.94 | 23:53 76°59,52'N 07°59,59°E 2592 | Start of profile9, tape 68, delay 3,2
17.07.94 | 00:23 76°57,44'N 08°00,01'E 2596 | SP 170
00:40 76°55,58'N 07°59,88°E 2600 | Tape 69, SP 271
01:15 76°52,68' N 07°59,59°E 2518 | Delay 3,1s, SP 480
01:25 76°51,30'N 07°59,85°E 2502 | Tape 70, SP 544
02:10 76°47,90'N 08°00,07°E 2519 | Tape 71, SP 812
02:38 76°45,54'N 08°00,13'E 2417 | Delay 3,0s, SP 984
02:55 76°44,16'N 08°00,02°E 2406 | Tape 72, Delay 2,9s, SP 1081
03:13 76°42,46'N 08°00,05°E 2291 | Delay 2,8s, SP 1191
03:17 76°42,18'N 07°59,99°E 2198 | Delay 2,7s, SP 1213
03:20 76°41,87'N 08°00,01° E 2054 | Delay 2,5s, SP 1232
03:25 76°41,48'N 07°59,95°E 1934 | Delay 2,3s, SP 1262
03:29 76°41,11'N 07°59,87°E 1825 | Delay 2,1s, SP 1285
03:39 76°40,08'N 07°59,76’'E 1771 | Tape 73, SP 1350
03:51 76°38,79'N 07°59,81°E 1837 | Delay 2,3s, SP 1421
04:04 76°37,67'N 08°00,26 E 1971 | Delay 2,5s, SP 1497
04:23 76°35,94'N 08°00,36E 1941 | Delay 2,3s, SP 1613
04:24 76°35,51'N 08°00,22°E 1831 | Tape 74, SP 1620
04:26 76°35,56'N 08°00,26E 1784 | Delay 2,1s, SP 1625
04:28 Delay 1,9s, SP 1644
04:31 76°34,82'N 08°00,15°E 1473 | End of profile 9, SP 1660
10 17.0794 | 04:42 76°34,77'N 08°04,30°E 1417 | Start of profile 10, tape 75, delay 1,7s
04:43 76°34,79'N 08°04,97°E 1308 | Delay 1,5s, SP11
04:50 76°34,90'N 08°08,04'E 1477 | Delay 1,7s, SP 49
04:58 76°35,01'N 08°11,75°E 1622 | Delay 1,9s, SP 101
05:04 76°35,02'N 08°1440°E 1733 | Delay 2,1s, SP 134
05:10 76°35,04'N 08°16,92°E 1879 | Delay 2,3s, SP 172
05:17 76°35,07'N 08°19,56E 1925 | Delay 2,5s, SP 210
05:18 76°35,10'N 08°20,15°E 1889 | Delay 2,3s, SP 219
05:26 76°35,13'N 08°23,83'E 2108 | Tape 76, delay 2,55, SP 265
05:32 76°35,09'N 08°26,37E 2214 | Delay 2,7s, SP 304
05:40 76°35,08'N 08°29,69°E 2278 | Delay 2,9s, SP 351
06:08 76°34,94'N 08°42,08°E 2274 | Amplification increased
06:11 76°34,93'N 08°42,24°E 2275 | Tape 77, SP 534
06:35 76°34,93'N 08°53,65°E 2270 | SP679
06:55 76°34,94'N 09°02,51°E 2274 | Tape 78, SP 804
07:25 76°35,00'N 09°14,89E 2270 | SP979
07:40 76°35,00'N 09°21,54°E 2268 | Tape 79, SP 1069
07:55 76°34,97'N (09°2849E 2272 | SP 1158
08:23 76°35,00'N 09°40,58°E 2262 | Tape 80, SP 1326
08:52 76°35,00N 09°53,21°E 2256 | SP 1500
09:07 76°35,01'N 10°00,11°E 2244 | Tape 81, delay 2.8s, SP 1593
09:42 76°34,99'N 10°1540°E 2221 | SP 1800
09:52 76°34,99'N 10°19.90°E 2209 | Tape 82, SP 1364
10:15 76°34,99°'N 10°30,18°E 2181 | Delay 2,7s, SP 2000

Table 2: List of airgun profil
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Station/ Date Time Geographical Position | Depth | Comments

Profile UTC Latitude Longitude uncorr.{ Start/End, Tape No. etc.

No. (h) (m)
10:37 | 76°34,99'N 10°39,40E 2156 | Tape 83, SP 2130
11:02 76°34,99'N 10°50,38°E 2120 | Delay 2,6s, SP 2281
11:21 76°3500'N 10°59,90'E 2098 | Tape 84
11:51 76°35,05'N 11°10,65°E 2068 | SP 2580
12:06 76°34,98'N 11°16,35°E 2048 | Tape 85, delay 2,5, SP 2664
12:36 76°35,01'N 11°27,60'E 1994 | SP 2842
12:42 76°35,02°N 11°29,98°E 1986 | End of profile 10, SP 2879

11 170794 | 17:53 76°37,97°'N 09°02,57°E 2271 | Start of profile 11, tape 86, delay 2,8s
18:22 76°38,01'N 08°49,40'E 2273 | End of profile 11, SP 180

12 170794 | 18:50 76°38,34'N 08°50,07°E 2270 | Start of profile 12, tape 87, delay 2.8s
19:16 76°35,83'N 08°49,97°E SP 157
19:34 76°34,09'N 08°50,26E 2272 | Tape 88, SP 269
19:56 76°31,92'N 08°50,07 E 2267 | SP403
19:57 | 76°31,81'N 08°50,08'E 2267 | End of profile 12, SP 410

13 17.07.94 | 20:27 76°32,13'N 08°49,80°E 2267 | Start of profile 13, tape 89, delay 2,8 s
20:52 76°32,01'N 09°01,26 E 2263 | End of profile 13, SP 150

14 17.07.94 | 21:23 76°31,62°N 09°00,02°FE 2271 | Start of profile 14, tape 90, delay 2,8s
22:25 76°38,06'N 08°59,99°E 2271 | End of profile 14, SP 370

15 17.07.94 | 23:04 76°40,46'N 08°55,23°E 2267 | Start of profile 15, tape 92, delay 2,8s
2348 76°36,32'N 08°55,07°E 2272 | Tape 93, SP 266

18.07.94 | 00:33 76°32,53'N 08°55,10'E 2264 | Tape 94, SP 543
00:44 76°31,69°'N 08°55.24°E 2264 | End of profile15, SP 600
17.07.94 | 02:32 76°34,50'N 08°53,91°E 2271 | OBH 3 (I) deployment

03:08 76°34,52°N 08°56,01°E 2269 | OBH 4 (II) deployment

16 18.07.94 | 04:07 | 76°34,64'N 08°38,33°E 2272 | Start of profile 16
04:44 | 76°34,50'N 08°54,00E 2269 | Crossing OBH 3
04:49 | 76°34,50'N 08°56,00E 2269 | Crossing OBH 4
05:22 76°34,51'N 09°10,85°E 2277 | End of profile 16
06:19 OBH 1 acoustical released
07:10 OBH 1 on board
07:35 OBH 2 acoustical released
08:23 OBH 2 on board

17 19.07.94 | 04:30 | 78°44,96'N 05°2581E 2459 | Start of profile 17, tape 95, delay 3,0s
04:45 | 78°45,01'N 05°32,52°E 2343 | Delay 2,8s, SP 92
04:59 | 78°45,01'N 05°38,70°E 2191 | Delay 2,6s, SP 171
05:15 78°44,96'N 05°45.66 2177 | Tape 96, SP 271
05:26 | 78°44,96'N 05°50,82°F 2247 | Delay 2,7s, SP 339
05:42 78°4496'N 05°58,00°E 2274 | Delay 2,8s, SP 433
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06:00 | 78°45,00'N 06°06,18°E 2259 | Tape 97, SP 542
06:17 78°45,00'N 06°13,87°E 2170 | Delay 2,6s, SP 641
06:33 78°45,02'N 06°21,80°E 1999 | Delay 2,4s, SP 741
06:45 78°45,04'N 06°27,63E 1882 | Tape 98, delay 2,2s, SP 813
07:03 78°44,99'N 06°36,76'E 1735 | Delay 2,0s, SP 921
07:24 78°44,92'N 06°46,74E 1557 | Delay 1,8s, SP 1042
07:30 78°44,94'N 06°50,27E 1510 | Tape 99, SP 1082
07:52 78°44,94'N 07°00,75°E 1406 | Delay 1,6s, SP 1216
08:16 78°44,96'N 07°11,96'E 1283 | Tape 100, SP 1356
08:20 78°44,97'N 07°13,68°E 1262 | Delay 1,4s, SP 1381
08:57 78°44,99'N (7°30,64'E 1130 | Delay 1,2s, SP1601
09:01 78°44,96'N 07°32,38°E 1132 | Tape 101, SP 1625
09:43 78°45,01'N (7°51,60'E 1021 | Tape 102, SP 1882
10:03 78°45,05'N 08°00,87°E 974 | Delay 1,1s, SP 2000
10:20 78°45,02'N 08°09,04 E 911 | Delay 1,0s, SP 2100
10:28 78°45,06'N 08°1295°E 882 | Tape 103, SP 2150
10:38 78°45,04'N 08°17,97E 831 | Delay 09s, SP 2210
10:53 78°45,00'N 08°25,08°E 738 | Delay 0,8s, SP 2300
11:01 78°45,00'N 08°28,04E 698 | End of profile 17, SP 2340
18 19.0794 | 12:38 78°40,09'N 08°13,15°E 907 | Start of profile 18, tape 104, delay 1,0s
12:34 78°39,99'N 08°08,10'E 954 | Delay 1,1s, SP60
12:48 78°40,00'N 08°00,93°E 1001 | Delay 1,2s, SP 151
13:05 78°40,04' N 07°52,00E 1048 | SP 260 airgun break down
13:08 78°40,04'N 07°51,11°E 1056 | Tape 105, delay 1,3s, SP270
13:10 78°40,02°N 07°49,30°E 1056 | SP 280 airgun restart
13:44 78°39,97'N 07°33,20E 1167 | Delay 1,4s, SP 485
13:52 78°40,02'N 07°2845°E 1193 | Tape 106, SP 538
14:07 78°39,83'N 07°20,18°E 1284 | Delay 1,5s, SP 624
14:21 78°39,86'N 07°12,00°E 1342 | Delay 1,65, SP 712
14:37 78°39.46'N 07°03,00'E 1407 | Tape 107, delay 1,7s, SP 808
14:55 78°40,00'N 06°52,90'E 1490 | Delay 1,8s, SP911
15:09 78°40,03'N 06°45,56'E 1584 | Delay 1,9s, SP 995
15:15 78°40,04'N 06°42,60E 1598 | SP 1032 airgun breakdown
15:19 78°40,01'N 06°40,24°E 1620 | SP 1055 airgun restart
15:22 78°39,98'N 06°3844°E 1627 | Tape 108, delay 2,0s, SP 1074
15:36 78°40,04'N 06°30,10E 1724 | Delay 2,1s, SP1161
15:47 78°40,00'N 06°24,54°E 1827 | Delay2,2s, SP 1228
15:53 78°40,00'N 06°21,00°E 1910 | Delay 2.4s, SP 1264
16:07 78°39,95'N 06°13,60'E 2110 | Tape 109, delay 2,7s, SP1343
16:19 78°39,96'N 06°07,39°E 2305 | Delay 2,9s, SP 1420
16:36 | 78°39,94'N 05°58,61E 2413 | Delay 3,1s, SP 1520
16:40 78°39,95'N 05°56,56 E 2359 | Delay 3,0s, SP1544
16:46 | 78°39,95'N 05°5347E 2359 | Delay 2,9s, SP 1576
16:50 | 78°39,94N 05°50,34E 2346 | Tape 110, SP 1607
17:33 78°39,97'N 05°28,00°E 2308 | End of profile 18, SP 1860
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19 190794 | 1846 | 78°34,92°N 05°27,60'E 2116 | Start of profile 19, tape 111, delay 2,6s
19:02 | 78°35,00N 05°35,54°E 2006 | Delay 2,4s, SP 111
19:30 | 78°34,98'N 05°48,30°E 2114 | Tape 112, SP 269
19:34 | 78°34,97'N 05°49.96°E 2198 | Delay 2,6s, SP291
19:39 | 78°35,01'N 05°52,13°E 2249 | Delay 2,8s, SP 321
20:15 | 78°35,00N 06°06,60°E 2185 | Tape 113, SP 539
20:19 | 78°35,02'N 06°07,77°E 2159 | Delay 2,6s, SP 561
20:37 | 78°34,99'N 06°1340°E 2267 | Delay 2,8s, SP 671
20:52 | 78°35,00'N 06°19,55°E 2384 | Delay 2,9s, SP 761
21:00 | 78°35,03'N 06°23,45°E 2346 | Tape 114, SP 807
21:16 | 78°3496'N 06°31,17°E 2462 | Delay 3,0s, SP 901
21:39 | 78°34,96'N 06°40,47°E 2361 | Delay 2,8s, SP 1014
21:45 | 78°34,95'N 06°4543°E 2269 | Tape 115, SP 1076
21:52 | 78°34,98'N 06°49,26E 2174 | Delay 2,6s, SP 1121
22:03 | 78°34,98'N 06°54.90°E 2002 | Delay 2,4s, SP 1186
22:12 | 78°34,98'N 06°5943°E 1854 | Delay 2,3s, SP 1241
22:22 | 78°34,98'N 07°03,65°E 1800 | Delay 2,2s, SP 1300
22:31 78°35,01'N 07°07,83°E 1752 | Tape 116, SP 1350
22:39 | 78°3501'N 07°11,36 E 1725 | Delay 2,1s, SP 1400
22:54 78°35,05'N 07°19,1°E 1643 [ Delay 2,0s, SP 1490
23:11 78°35,03'N 07°26,60E 1572 | Delay 1,9s, SP 1592
23:16 | 78°35,01'N 07°28,82E 1533 | Tape 116, SP 1624
23:19 | 78°3502°'N 07°29,62°E 1522 | Delay 1,7s, SP 1642
23:49 | 78°35,00'N 07°43,53°E 1361 | Delay 1,6s, SP 1821
200794 | 00:03 78°34,99'N 07°49,12°E Break of recording, no signal
00:08 | 78°34,99'N 07°51,75E 1293 | Tape 118, SP 1892, signal back
00:11 78°35,01'N 07°52,90°E 1264 | Delay 1,5s, SP 1906
00:28 | 78°35,00'N 08°01,34°E 1203 | End of profile 19, SP 2015
20.07.94 78°40,00'N 06°49,18°E OBH 5 deployment
78°40,00'N 06°51,69°E OBH 6 deployment
20 20.07.94 | 05:35 | 78°39,95'N 06°38,51°E 1629 | Start of profile 20
07:13 | 78°40,00'N 07°20,25°E 1277 | End of profile 20, SP 588
08:11 OBH 1 acoustical released
08:45 OBH 1 on board
09:03 OBH 2 acoustical released
09:43 OBH 2 on board
21 200794 | 12:25 | 78°43,33'N 07°4286°E 1072 | Start of profile21, tape 112, delay 1,2s
13:15 | 78°47,65'N 07°35,31°E 1117 | Delay 1,3s, SP 240
13:21 78°48,42°N 07°34,50°E 1125 | Tape 120, Sp 273
14:06 | 78°52,13'N 07°27,60°E 1147 | Tape 121, SP 547
14:51 78°56,08' N (07°20,62°E 1183 | Tape 122, delay 1,4s, SP 814
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15:36 | 79°00,00'N 07°13,35E 1264 | Tape 123, delay 1,5s, SP 1083
16:21 | 79°04,28'N 07°06,00E 1324 | Tape 124, SP 1349
16:21 | 79°04,28'N 07°06,00'E 1323 | Delay 1,6s, SP 1350
17:05 | 79°08,54'N 06°58,46'E 1359 | Tape 125, SP 1618
17:50 | 79°12,94°'N 06°50,20E 1357 | Tape 126, SP 1888
18:35 | 79°17,17'N 06°42,70°E 1355 | Tape 127, SP 2157
19:20 | 79°21,29°N 06°34,94°E 1388 | Tape 128, SP 2425
19:49 | 79°24,14'N 06°29,22°E 1451 | Delay 1,7s, SP 2601
20:05 | 79°25,70'N 06°27,14°E 1477 | Tape 129, SP 2695
20:13 | 79°26,46'N 06°25,59°E 1498 | Delay 1,8s, SP 2741
20:25 | 79°27,66'N 06°23,35E 1507 | End of profile 21, SP 2821
22 20.07.94 | 20:40 | 79°28,50°N 06°27,85°E 1438 | Start of profile 22, tape 130, delay 1,7s
20:57 | 79°2847°'N 06°36,96E 1338 | Delay 1,5s, SP 101
21:24 | 79°28,49°'N 06°51,15°E 1201 | Delay 1,3s, SP 261
21:26 | 79°28,50'N 06°52,29°E 1189 | Tape 131, SP 273
21:57 | 79°28,47'N 07°09,34°E 1048 | Delay 1,1s, SP 461
22:11 | 79°28,48°'N 07°16,05°E 978 | Tape 132, SP 542
22:27 | 79°28,49'N 07°24,87TE 914 | Delay 0,9s, SP 640
22:56 | 79°28,52°'N 07°39,50°E 772 | Tape 133, SP 812
23:00 | 79°28,50'N 07°41,50°E 752 | Delay 0,7s, SP 840
23:30 | 79°28,49°'N 07°56,38°E 579 | Delay 0,5s, SP 1016
23:40 | 79°28,50'N 08°01,69°E 462 | Tape 134, SP 1081
23:48 | 79°28,50'N 08°05,65'E 439 | Delay 04s, SP1125
21.07.94 | 00:03 | 79°28,46'N 08°13,24°E 312 | End of profile 22, SP 1215
23 00:20 | 79°27,37'N 08°17,28°E 284 | Start of profile 23, tape 135, delay 0,4s
00:32 79°26,19'N 08°18,65°E 227 | Delay 0,3s, SP 76
00:45 79°25,16'N 08°20,31°E 161 | Adjustment of Echo sounder necessary,
SP 152, profile delay
23a 21.07.94 | 01:00 | 79°23,76'N 08°22,33°E 200 | Start of profile 23a, tape 136,
delay 0,2s
01:17 | 79°22,13'N 08°2544°E 169 | Delay 0,1s, SP 100
01:34 | 79°20,62'N 08°2849°E 172 | Delay 0,2s, SP 200
01:47 | 79°19,34'N 08°30,86E 175 | Tape 137, SP279
02:33 | 79°14,77°'N 08°38,20°E 191 | Tape 138, SP 554
03:19 | 79°10,41'N 08°4592°E 195 | Tape 139, SP 831
03:47 | 79°08,15'N 08°50,40°E 206 | Tape 140, SP 1000
04:52 | 79°02,27°N 09°00,71°E 184 | Tape 141, SP 1390
05:38 | 78°57,67'N 09°08,65°E 222 | Tape 142, SP 1668
05:44 | 78°57,49'N 09°08,88°E 207 | End of profile 23a, SP 1700
24 210794 | 05:54 | 78°56,98'N 09°06,03'E 219 | Start of profile 24, tape 143,delay 0,2s
06:39 | 78°56,98'N 08°41,27°E 247 | Tape 144, SP 273
07:04 | 78°57,00'N 08°28,25°E 544 | Delay 0,5s, SP 421
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07:14 | 78°56,99'N 08°23,05E 698 | Delay 0,7s, SP 481
07:24 | 78°57,00'N 08°18,02°E 809 | Delay 0,9s, SP 541
07:25 | 78°57,00'N 08°17,39°E 835 | Tape 145, SP 548
07:44 | 78°56,95'N 08°07,92°E 974 | Delay 1,1s, SP661
08:04 | 78°56,95'N 07°57,10E 1085 | Delay 1,3s, SP781
08:10 | 78°56,98'N 07°53,71°E 1102 | Tape 146, SP 821
08:55 | 78°56,97'N 07°30,58°E 1194 | Tape 147, SP 1091
09:40 | 78°57,01'N 07°07,56E 1202 | Tape 148, SP 1358
09:50 | 78°56,99'N 07°02,75°E 1248 | Delay 1,5s, SP 1422
10:20 | 78°56,95'N 06°47,46°E 1410 | Delay 1,7s, SP 1600
10:25 | 78°56,99'N 06°44,28°E 1438 | Tape 149, SP 1631
10:37 | 78°56,95'N 06°39,10'E | 1483 | End of profile 24, SP 1700
21.0794 | 14:55 | 78°45,00'N 07°37,00E 1097 | OBH 7 deployment
15:59 78°45,03'N 07°39,03'E 1087 | OBH 8 deployment
25 16:44 | 78°45,02'N 07°1843E 1227 | Start of profile 25
18:02 | 78°45,02'N 07°5497E 1006 | End of profile 25
21.07.94 | 18:54 OBH 1 acoustical released
19:20 OBH 1 on board
19:34 OBH 2 acoustical released
19:45 OBH 2 on board
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