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ABSTRACT

Interdisciplinary studies of North Atlantic and Labrador Sea margin architecture and sedimentary pro-

cesses were conducted by RV Professor Logachev during the 13th Cruise of the UNESCO-IOC Training-

Through-Research Programme. The studies were carried out in 8 areas. 

Four locations were visited on the Norwegian margin. Areas 1 and 2 are situated on the Vøring Plateau

comprising two fields of shallow diapiric structures of similar nature to diapirs of the Vema filed studied during

TTR-8 cruise in 1998. As a continuation of this work, seismic and acoustic studies of the Vigrid (Area 1) and

Vivian (Area 2) diapir fields, located on the Vøring Marginal High and the Vøring Basin respectively, were

undertaken.

Studies in the Area 3 focussed on the Traenadjupet Slide and Lofoten Basin floor. The distal part of the

slide was studied in detail with the help of sidescan sonar, high resolution seismic profiles and bottom sampling

in order to elucidate the processes and age of sediment failure.

The Lofoten Basin Channel was crossed on the lower slope where it has a thick unit of acoustically lami-

nated sediments on its northern flank. A deep towed sidescan sonar line across the distal part of the channel

shows erosional features on the channel floor, especially where it cuts through a probable slide deposit. The area

beyond the channel, which had been proved to be difficult to sample on this and an earlier cruise, was succes-

fully sampled by the vibracorer and found to be sandy. A highlight of this study was the discovery of possible

sand volcanoes on the channel-mouth lobe.

In the 4th Area comprising Andøya Slide and Andøya Canyon a large dataset was obtained using high-

resolution sidescan sonar, onboard profiler and coring. It will help to identify the age of the most recent slide

event and to study sediments that overlie the slide deposits. The adjacent Andøya Canyon was investigated with

sidescan sonar, TV-system and bottom sampling in order to confirm the types of processes transporting sediments

through the canyon and whether they are still active.

On the passage to Reykjavik (Iceland) a seismic/hull mounted profiler line was run across several supposed

diapiric structures on the floor of the Norwegian Basin (Area 5) between the Aegir and Jan Mayen Ridges. The

presence of diapiric structures was confirmed.

On the Greenland margin studies were conducted in two main areas. In Area 6 the Eirik Ridge, whose sed-

imentary sequence represents an excellent record of the history of global ocean circulation and climate change,

was investigated. Location of sites with the highest deposition rate during the Holocene was the main goal of the

investigations. A deep towed profile was used to get a high resolution acoustic record and two cores were

obtained for detailed analysis, and in particular to determine whether there is evidence for high frequency

changes of current speed. This was a reconnaissance for a further UK research cruise to the area in 2004 that

will obtain more cores and undertake current measurements.

Principal targets of investigation within Area 7 covering the northern margin of the Labrador Sea and

Davis Strait were chosen on the basis of multi-channel seismic data of the Geological Survey of Denmark and

Greenland. Positive ("diapir-like") structures on the sea bottom were studied in detail with a variety of methods.

Samples collected from two of these structures suggest a volcanic and crystalline basement rather than a diapir-

ic origin.

The Pre-Neogene seabed outcrops were studied on the flanks of canyons and valleys extending from the

upper continental slope into the deep-water basin west of the Fylla Bank and in the Davis Strait High area.

Lithology of the samples and biological specimens were preliminarily identified onboard and stored for shipment

ashore and further analysis.

The areas studied for possible gas or fluid seeping were proved to be strongly disturbed by iceberg plough-

ing, which provided an unexpected opportunity for studies of the glacial history of the Davis Strait area. Along

with a series of gravity cores from the seep areas a unique sandy-gravelly core was collected with a vibracorer

in the northernmost of the study areas.

Area 8 located along the western Porcupine Bank on the Irish margin contained a large field of giant car-

bonate mounds. Recent depositional environments and processes were investigated in detail with a suite of high-

resolution equipment. An extensive collection of seabed samples, including carbonate crusts of different types,

was obtained. The study highlights the relationship between the mounds and the underlying basement structure.
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The 13th cruise (TTR-13) of the
UNESCO-IOC "Training-through-Research"
programme was carried out onboard the RV
Professor Logachev (Russia) from 10 July to
24 September 2003. The cruise started and
terminated in St. Petersburg (Russia). The
first group of international participants
embarked in Copenhagen (Denmark) on 13
July.

The cruise was divided into 5 legs sepa-
rated by port calls, where partial exchange of
the scientific party was made. After
Copenhagen, the port calls were to: Tromsø
(Norway), on 29-30 July; Reykjavik (Iceland),
on 5 August; Nuuk (Greenland), on 13 and
30-31 August; Dublin (Ireland), on 14-15
September; and Copenhagen (Denmark), on
21 September. The Co-Chief Scientists of the
various legs of the cruise were: M. Ivanov

(Russia), N. Kenyon (UK), J.S. Laberg
(Norway), N. Poulsen (Denmark), T. Nielsen
(Denmark), A. Kuijpers (Denmark) and X.
Monteys (Ireland). 

A team of forty-two scientists, postgrad-
uate and undergraduate students from the
following nine countries participated:
Belgium, Denmark, Georgia, Germany,
Ireland, Norway, Portugal, Russia and UK.
The participating students were involved in
all stages of acquisition and preliminary pro-
cessing of a multidisciplinary set of geophys-
ical and geological data. Daily seminars, lec-
tures and discussions of the results facilitated
high-level on-the-job training of the students
and young scientists.

The objectives of the cruise were two-
fold: to conduct detailed investigations of
geological processes on the deep continental

IINNTTRROODDUUCCTTIIOONN

1 -Vigrid Diapir Field, Vøring Plateau; 2 - Vivian Diapir Field, Vøring Plateau; 3 - Lofoten Basin; 4 - Andøya Slide, Andøya

Canyon and the upper Lofoten Basin Channel; 5 - West of Aegir Ridge; 6 - Eirik Drift; 7 - Southwest Greenland Margin; 

8 - Western Porcupine Bank 

TTR-13 cruise location map
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margins of Europe and Greenland and to
train students in marine geoscience research.
The following scientific themes were
addressed during the cruise:

1. Deep-water depositional systems in
the North Atlantic;

2. Rapid climate changes and thermoha-
line circulation; 

3. Petroleum potential and fluid escape
structures on the West Greenland margin;

4. Neotectonics and down-slope process-
es on continental margins;

5. Carbonate mud mounds.
Several areas were selected on the

Norwegian margin for studies of shallow
diapirism (Areas 1 and 2: Vigrid and Vivian
diapir fields) and deep-water depositional
systems (Area 3: distal part of the
Traenadjupet Slide and the mouth of the
Lofoten Basin Channel; Area 4: Andøya Slide
and Andøya Canyon/Lofoten Basin
Channel).

Another poorly known diapiric
province, located to the north-west of the
Aegir Ridge off central Norway (Area 5), was
chosen for a short study of diapir distribu-
tion, morphology and associated features
during the passage to the Greenland margin.

Survey in Area 6, located on the Eirik
Ridge, a large contourite drift off the south-
ern tip of Greenland, was aimed at identify-
ing sites with a thick Holocene sedimentary
sequence, which will later be used for studies
of rapid climatic change and the extent to
which it is controlled by thermohaline circu-
lation.

Essential elements of the research pro-
gram in Area 7 (Western Greenland) were
studies of the lithological characteristics and
age of the Pre-Neogene seabed outcrops, also
including volcanics, which are believed to be
present on seabed highs and flanks of
canyons and valleys extending from the shelf
into the deep-water basin. Studies of shallow
subseabed strata and seabed morphological
features (like diapirs and pockmarks), possi-
bly indicative of fluid/gas escape, were also
planned. Apart from these topics, we expect-
ed to gain information from turbidite and
contourite-dominated areas, among others,
to determine whether these sedimentary pro-

cesses are currently active.
Survey in Area 8 on the Irish margin was

aimed at high-resolution studies of a large
field of giant carbonate mounds, previously
mapped by swath bathymetry on the west-
ern Porcupine Bank. It was intended to study
recent depositional environments and pro-
cesses in the area with the use of high-reso-
lution sidescan sonar, underwater TV and
bottom sampling.
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The RV Professor Logachev is a Russian
marine geology research and survey vessel
equipped with geophysical survey and
seabed sampling equipment. She is operated
by the State Enterprise "Polar Marine
Geological Research Expedition" St.
Petersburg. The vessel has: a draught of 6.66
m, length of 104.5 m, width of 16 m, net ton-
nage of 1351 ton, displacement of 5700 ton
and is powered by two 3500 hp diesel
engines.

Navigation

Positioning during the TTR-13 cruise
was acquired using an Ashtech GG24 GPS +
GLONASS receiver. The use of both GPS and
GLONASS satellite configurations allows for
greater accuracy than is available from con-
ventional GPS alone, with up to 60% greater
satellite availability. Positions are calculated
in real-time code differential mode with 5
measurements per second and an accuracy of
+/- 35 cm (75 cm at 95% confidence limits)
with optimal satellite configuration. Realistic
positioning accuracy under normal satellite
configuration for European waters is
assumed as ca. 5 m. Positioning when the
vessel is moving also utilizes Doppler veloc-
ity determinations from the differential code

signal to generate a vessel speed accuracy of
0.04 knots (0.1 at 95% confidence limits) with
optimum satellite configuration.

The GPS+GLONASS receiver is located
centrally with accurate levelling to sampling
and equipment deployment positions on the
vessel allowing precise back navigation.
Seabed sampling positions with the gravity
corer are normally 5% of the accuracy of the
vessel position due to their rapid deploy-
ment. MAK1-M sidescan sonar and deep-
towed video system are all fitted with a
pinger allowing precise navigation between
the vessel and sub-sea surface position. This
is necessary as deep-towed equipment is
subject to greater spatial differences with
respect to the vessel. This underwater navi-
gation is based on the Sigma-1001 hydroa-
coustic system. Four stationary aerials,
spaced 14 m apart, are hull mounted and
receive acoustic signals from pingers
attached to deployed equipment in short-
base mode operating between 7-15 kHz. The
signal emitted by the sub-surface pinger is
tracked on board and accurate x,y position-
ing of the device relative to the vessel is com-
puted taking into account roll, trim and
ship's speed. Error positioning of this
method usually does not exceed 1-2% of
water depth.

MMEETTHHOODDSS

RV Professor Logachev



The navigation system is linked with the
ship's main and additional thrusters
enabling highly accurate dynamic position-
ing, which is routinely used during deep-
towed acoustic and video surveys and sam-
pling operations.

Seismic profiling

The seismic source usually consisted of
one 3 litre airgun, at a pressure of 120 bar (12
MPa). The airgun was towed at a depth of
approximately 2-2.5 m and was fired every
10 seconds (i.e. approximately every 30 m).
The streamer consisted of one active section,
30 m long, with 50 hydrophones, towed at a
depth of approximately 2.5-3 m. The offset
between the seismic source and the centre of
the live hydrophone array was 135 m. 

The data was acquired digitally using
MSU developed software and preliminarily
processed with RadExPro software, which
was provided to the UNESCO MSU Centre
for Marine Geosciences by GSD Productions,
Moscow. The signals were low-pass filtered
analogically to 250 Hz in the acquisition
stage. The sample interval was 1 ms and the
record length 3 seconds.

The basic processing sequence consisted
of definition of the acquisition geometry,
static shifts correction, spiking deconvolu-
tion, amplitude recovery by spherical diver-
gence correction and Butterworth bandpass
filtering (20-60-180-240 Hz).

Hull-mounted acoustic profiler

A hull-mounted 5.1 kHz profiler was
routinely used during most of the opera-
tions, with a continuous paper output and a
selective recording of the digital data.

Sidescan sonar systems

O K E A N

The OKEAN is a long-range sidescan
sonar operating at a frequency of 9.5 kHz,
which, with its up to 15 km swath range and
6 knots towing speed, is well suited for
reconnaissance surveying of large deep-sea

areas. The OKEAN vehicle is towed behind
the ship at about 40-80 m below the sea sur-
face. Depending on the waterdepth and reso-
lution required the swath could be set to 7 or
15 km. 

M A K - 1 M

The MAK-1M deep-towed hydroacous-
tic system contains a high-resolution sides-
can sonar operated at frequencies of 30 and
100 kHz, with a swath range of up to 2 km (1
km per side) and a subbottom profiler, oper-
ated at a frequency of 5 kHz. The sonar has a
variable resolution of about 7 to 1 m across
track (maximum range to centre) and along
track (center to maximum range). During
TTR-13, the fish was towed at a nearly con-
stant altitude of about 100-150 m above the
seafloor at a speed of 1.5-2 knots for 30 kHz
surveys and about 50 m above seafloor for
100 kHz. The positioning of the tow-fish was
archived with a short-based underwater nav-
igation system.

The data from the tow-fish was trans-
mitted on board through a cable, recorded
digitally, and stored in Seg-Y format, with a
trace length of 4096 2-byte integer samples
per side. Time-variant gain was applied to
the data while recording, to compensate the
recorded amplitudes for the irregularity of
the directional pattern of the transducers as
well as for the spherical divergence of the
sonic pulse.

Onboard processing of the collected data

IOC Technical Series No. 68
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OKEAN long-range sidescan sonar fish. 
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included slant-range-to-ground-range (SLT)
correction of the sonographs, geometrical
correction of the profiles for recovery of the
real seafloor topography, and smoothing
average filtering of both types of records.
Individual lines were geometrically correct-
ed for the towing speed of the fish, converted
into a standard bitmap image format. Some
image processing routines, such as his-
togram equalization and curve adjustment,
which are aimed at improving the dynamic
range of the imagery were also applied
before printing out. Geographic registration
of the acquired images was also done
onboard.

Underwater photo and television system

The television system operating onboard
cruise TTR-13 is a deep towed system
designed for underwater video surveys of
the seabed at depths of up to 6000 m. It con-
sists of onboard and underwater units. The
onboard part comprises the control units
with video amplifier and VCR. The power
for the underwater system is supplied
through a conductive cable. The underwater
equipment comprises the support frame with
light unit, the high-pressure housing con-
taining a "Canon M1" digital camera and the
power supply unit.

The TV system is controlled from
onboard by the winch operator, who visual-
ly controls the distance from the camera to
the seafloor. This is assisted by a 1.5 m long
rope with a weight at the end attached to the

frame. It is usually towed along the seafloor
enabling the operator to estimate the altitude
of the instrument above the seafloor. Lights
and video camera are switched on/off by the
operator from onboard. The non-stop under-
water record on the digital camera lasts for 2
hours in the "LP" mode. Onboard VCR keeps
a continuous record during the whole sur-
vey, which can be up to 6 hours.

Sampling Tools

G r a v i t y  c o r e r

Coring was performed using a 6 m long
c. 1500 kg gravity corer with an internal
diameter of 14.7 cm. 

One half of the opened core was
described on deck, paying particular atten-
tion to changes in lithology, colour and sedi-
mentary structures. All colours relate to
Munsell Colour Charts. The other half was
measured for changes in magnetic suscepti-
bility using a Bartington Instruments
Magnetic Susceptibility meter with a MS2E1
probe. Magnetic susceptibility reflects the
ease with which a material can be magne-
tised. This property is most strongly influ-
enced by grain-size, heavy mineral content
and is inversely related to carbonate content
and diagenetic ferric mineral reduction. 

Samples were also taken for coccolith
and micropalaeontological assays from
smear slides. This was done to generate a
preliminary chronostratigraphy for the cores.

MAK-1M deep-towed sidescan sonar fish. Underwater photo and television system
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B o x  C o r e r

Box cores were taken using a Reineck
box-corer with a 50 x 50 x 50 cm box capable
of retrieving 185 kg of undisturbed seabed
surface sample. Lowering and retrieving
operations are conducted using a hydraulic
A-shaped frame with a lifting capacity of 2
ton.

K a s t e n - c o r e r  

The corer is square in crosssection with a
weight of about 600 kg and dimensions of
0.4x0.4x1.8 m. The recovery volume is up to
0.3 m3. The closure of the instrument is per-
formed by two sliding plates and triggered
during pull-up. The instrument is particular-
ly useful for obtaining large samples of
loosely packed coarse-grained sediment.

D r e d g e

The dredge comprises a 1 m2, rectangu-
lar steel gate with chain mesh bag trailing
behind and a 0.5 ton weight attached to the
wire 3 m in front of the gate. The mesh bag
also has a rope bag inside and the mesh size
is ~5 cm. The dredge was deployed ~250 m
in front of the identified target site and the
ship moved at 0.5 kts between 500 and 1500
m ensuring the dredge was pulled up-slope.
On some sites, the bottom was monitored
with a 3.5 kHz hull-mounted single-beam
echosounder. At all times, the ship's velocity
and position were monitored using GPS.
Tension on the trawl-wire was monitored in
the winch cab by both ink-line paper roll and
by a tension meter. "Bites" of up to 10 tons on
the trawl wire were recorded in this way.

T V - g u i d e d  g r a b

SGS-4/1 hydraulically operated grab
system was used during the cruise. The 3100
kg system is able to sample dense clayey and
sandy sediments as well as deep water

Gravity corer arrives on the working deck. 

Box corer on the working deck. 

Kasten corer.
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basalts and sulphide ores. SGS-4/1 can be
used at depths up to 4000 m. The maximum
sample volume for soft sediment is 1 m3. The
grab is controlled by an operator from
onboard and can be opened and closed again
at any given time. The grab is positioned
with the short base SIGMA 1000 underwater
navigation system. The grab is equipped
with a built-in digital camcorder with the
video signal being both stored locally and
transmitted back onboard to enable control
for the grab operation as well as back-up
recording. The lights are powered by a
rechargeable battery, enabling up to 1 hour
of continuous operation. A second battery
kept on board was used to perform consecu-
tive dives.

V i b r o c o r e r  D I S  ( D y n a m i c  I m p u l s e
S a m p l e r ) - O K E A N .

The system was used for the first time
during this TTR cruise.

Purpose and applications

Vibrocorer DIS-OKEAN is intended for
coring of a wide range of sediments includ-

ing marls, clays, sands and pebbles with
recovery up to 10 m in water depths from 20
to 5000 m.

Technical characteristics

Depth, 20 - 5000 m
Recovery, Up to 10 m
Sample diameter, 0.1 m
Drive mechanism type - Vibroimpulse
Penetration velocity, (min/max) 0.5/10
m/minute
Overall dimensions, 2 x 2 x 4.5/12.5 m
Weight, 1500 kg
Working time (at the bottom), 3 to 5 minutes
Roughness of the sea  Up to force 3

Dredge TV-guided grab
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Main components

Principles of operation

When the instrument approaches the
seabed the lights and TV camera are
switched on by an operator from onboard
and video survey commences. Once the sam-
pling site is chosen, the corer is lowered on
the seafloor and the operator sends the com-
mand to turn on a water pump. Water is
pumped under a pressure of approx. 12
atmospheres and with a flow rate of about
0.15 m3/min into a vibroimpulser where the
water energy is transformed into back-and-
forth motion of the corer, which penetrates
through the sedimentary sequence. Water
then moves along the space between the
corer and the casing and flushes the drill hole
out. The process is controlled from onboard
through the TV-channel.

Once complete penetration is achieved
or the penetration velocity decreases down
to 10 cm/min the recovery commences. At
this stage particular attention is paid to the
angle of the wire during the exit, which
should not exceed 5°. The recovery speed of
the corer from sediments is up to 0.5 m/s.
The speed of the instrument's retrieval is up
to 2 m/s.

1 - vibroimpulser; 2 - cased rotatable drill pipe; 3 -
frame; 4 - water pump; 5 - rechargeable battery in

high-pressure housing; 6 - lights; 7 - control unit; 10
- TV-camera.

Vibrocorer.
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11..  NNOORRWWEEGGIIAANN  MMAARRGGIINN  
((LLEEGG  11))

11..11..  VVøørriinngg  PPllaatteeaauu  ((AArreeaass  11  aanndd  22))

11..11..11..  IInnttrroodduuccttiioonn

J.S. LABERG, N.H. KENYON AND SHIPBOARD

SCIENTIFIC PARTY OF LEG 1 

The Vøring Plateau is a marginal plateau
situated offshore of the 200 km wide shelf of
mid-Norway at depths of between 1200 m
and 1600 m. Beneath the Plateau is a thick
SW-NE trending sedimentary basin, the
Vøring Basin of Cretaceous age, which is
flanked by the Vøring Marginal High to the
northwest. The steep Vøring Escarpment
forms the northern edge of the Basin. To the
east there are platform areas and the
Norwegian mainland. This structural config-
uration is caused by repetitive tectonic
episodes, which culminated with continental
break up and initiation of sea floor spreading
in early Tertiary (Brekke, 2000; Skogsheid et
al., 2000). The onset of rifting in the
Norwegian Greenland Sea at 57Ma was
accompanied by a transient phase of much
increased magmatic production. After the
magmatic phase abated, 2 to 3Ma after break
up, the margin started to subside by thermal
contraction (Eldholm et al., 1989). 

Mound fields on the Vøring Plateau
have been attributed to diapirism (Hjelstuen
et al., 1997; Hovland et al., 1998) caused by
the presence of relatively dense Late
Pliocene/Pleistocene glacial marine sedi-
ments overlying Tertiary biosiliceous oozes
of lower density. These have been called the
Vigrid Diapir Field, the Vema Diapir Field
and the Vivian Diapir Field. 

As a part of the testing of the scientific
equipment, air gun seismic and OKEAN
sidescan sonar lines were run across the
western margin of the Vøring Plateau in
order to cross the Vigrid Field (Area 1) and
another to cross the Vivian Field (Area 2)
(Fig.1). 

The Vema Diapir Field, in water depths
of about 1200 m, was investigated on TTR-8

(Kenyon et al., 1999). Mounds are up to about
200 m thick and without any organised inter-
nal structure on the single channel seismic
lines. The poor quality of the seismic pre-
vented a clear indication of how far down
into the sedimentary sequences the potential
diapirs extended, but at one place it was seen
that the mounds did not extend into the
underlying units. The sidescan sonar map-
ping showed that the mounds of the Vema
Field have a variety of shapes in plan view.
Some are elongate with an orientation and
others are near equilateral. All have irregular
outlines. The high resolution profiles show
them to have a veneer of about 10 m of well
stratified sediments.

11..11..22..  VViiggrriidd  DDiiaappiirr  FFiieelldd  ((AArreeaa  11))

The Vigrid Diapir Field, in water depths
of about 1100 m to 1500 m, was studied by

Figure 1.Location of the two seismic lines PSAT 225
and PSAT 226 on the Vøring Plateau. Depth con-
tours, at 100 m interval, are from GEBCO 2003

(IOC) 
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Vogt et al. (1999), who called it a probable
diapir field and showed by close spaced
mapping with 8 kHz profiles that the
mounds are elongated NW-SE and have no
heat flow anomalies in the one core studied.
We are not aware of seismic profiles across
this field or across the Vivian Field.

PSAT 225 air-gun seismic line
The PSAT 225 line (Fig. 2) runs north

east from about 3000 m near the foot of the
western slope of the Vøring Plateau to cross
the Vigrid Diapir Field at about 1350 m on
the top of the Plateau. The surface of the
slope has a series of steps down towards the
basin. These seem to mark the traces of shal-
low rotational faults that have left several
rotated blocks perched above the outer part
of the Storegga Slide, which runs out along
the base of the slope. There is a prominent
and gently sloping basement horizon, with a
prolonged character, that stops abruptly at
about 18.10GMT. It could be a side echo from
a canyon floor, as there is a bight in the con-
tours on GEBCO bathymetry, or perhaps it is
the top of a buried volcanic sill. Seismic
reflectors tend to thicken, and in some cases

to dip, towards the east from a point near to
19.30GMT. West of 19.30GMT there are bas-
inward dipping sequences, some of them
lens shaped. Thus a buried high may occur
somewhere near 19.30GMT. The most super-
ficial sequence pinches out on the upper
slope and thickens towards the east, reaching
a thickness of about 200 msec. A multi-
peaked mound stands up to 60 m above the
surrounding seafloor. This mound does not
originate from below the prominent reflector
at the base of the uppermost sequence and, in
fact, seems to have a base within the
sequence. The base does not seem to be hori-
zontal. 

The OKEAN record showed no map-
pable features. 

11..11..33..  VViivviiaann  DDiiaappiirr  FFiieelldd  ((AArreeaa  22))

PSAT 226 air-gun seismic line
This line runs northwards across the

Vivian Diapir Field. 1.5 sec of sediments are
seen at the southern end of the profile (Fig.
3). They are bounded by a steep escarpment
at 14.15GMT, the Vøring Escarpment, which
is known to bound the northern side of the

Figure 2. Seismic line PSAT 225 across the margin of the Vøring Plateau and the supposed Vigrid Diapir field.
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Vøring Basin. From the Vøring Escarpment
northwards there is a relatively shallow and
near horizontal basement marking the
Vøring Marginal High. Overlying the base-
ment is a relatively horizontal sequence but
overlying this is a sequence with a flat and
broad base and a triangular cross section
(resembling the cross section through a sub-
marine channel levee complex). It has a max-
imum thickness of about 250 msec and has
an irregular upper bounding reflector. There
is a similar triangular sequence above it but
situated to the south. This is in turn overlain
by an uppermost sequence which is seen to
drape the underlying topography. This drap-
ing is confirmed by the hull-mounted profil-
er which shows at least 20 m of well stratified
sediment covering the topography. Two sur-
face deeps, located where the Vivian Diapir
Field is plotted on the figure of Vogt et al.
(1999), have what appears to be high ampli-
tude reflectors beneath, but these could be an
artefact such as a focussing effect.

11..11..44..  CCoonncclluussiioonnss

The proposed Vigrid and Vivian Diapir
fields have not, as far as we are aware, been
confirmed by sampling. The hull-mounted
profiles show that sampling by shallow cor-
ing would be difficult. Our single channel
airgun profiles show features that do not fit
well with a diapiric origin. The Vigrid Field
mounds are "shallow rooted" and seem to
have an irregular basal reflector within the
uppermost identifiable sequence. An origin
as a field of carbonate mud mounds is possi-
ble e.g. Kenyon et al. (2003), but these should
have a depth control whereas the mounds
are identified as stretching from about 1100
m to over 1500 m depths and the belt of
mounds runs across the contours rather than
along the contours. Another possible origin
is as mounds from a large submarine slide. In
this case there should be a slide scar up slope
as well as more disintegrated debris flow
deposits both up slope and down slope. A
bight in the contours, that is over 100 m deep,

Figure 3.Seismic line PSAT 226 across the Vøring Escarpment and on to the Vøring Marginal High. The
Vivian Diapir field is crossed at about 1530-1600 but is not clearly identified. 
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is noted to the south east and upslope of the
Vigrid mounds (GEBCO bathymetry, 2003).
Consultation of existing seismic profiles
should readily confirm or disprove this
hypothesis. 

Without having any sidescan sonar cov-
erage over the Vivian Field it is not possible
to confirm whether there are craters due to
fluid flow, moated mounds or other indica-
tors of diapirism. It is noted that the upper-
most flat based, triangular or lens shaped
body has a prominent expression in the sur-
face relief. The latest GEBCO bathymetry
shows that the peak of this "mound" extends
as a 100 km long ridge running along the
southern part of the Vøring Marginal High,
with a crest at about 1200 m. The shipboard
party discussed the possibility of these two
triangular shaped sedimentary bodies being
some kind of contourite drift, shaped by for-
mer oceanic currents flowing along the
marginal high. They would be unusual in
lying on a horizontal plateau rather than on a
slope, like the more common perched drifts
(Faugeres et al., 1993). There is a Late Saalian
to Early Weichselian drift lying just to the
north in similar depths (Laberg et al., 2001). 

11..22..  LLooffootteenn  BBaassiinn  ((AArreeaa  33))

11..22..11..  IInnttrroodduuccttiioonn

J.S. LABERG AND N.H. KENYON

The Lofoten Basin, reaching a water
depth of more than 3000 m, is located in the
northern Norwegian Sea (Fig. 4). It is bound-
ed by the Norwegian continental margin to
the east, by the very large Bear Island glacial
trough mouth fan to the northeast, by the
mid oceanic spreading ridge to the north, the
Jan Mayen Fracture Zone to the west and by
the Vøring Plateau to the south. Significant
studies of the area can be found in Damuth
(1978), Kenyon (1987), Dowdeswell et al.
(1996) and Vorren et al. (1998). 

By far the highest sediment input to the
basin has been from the northeast, where the
input of glacigenic sediments from the
Barents Sea are mainly transported through
the Bear Island Trough, which was cut by
fast flowing ice streams. The resulting fan is
built mainly of large numbers of glacial
debris flow deposits prograding onto the
basin floor. 

Figure 4. Location map of the Area 3 (Traenadjupet Slide and Lofoten Basin Channel Mouth Sand Lobe).
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The other main input area is the
Norwegian continental margin through sev-
eral large submarine slides, including the
Traenadjupet, Andøya and Bear Island Fan
Slides, and through several large submarine
canyons whose continuation into the basin
plain is via the Lofoten Basin Channel. The
Andøya Canyon cuts furthest back into the
continental shelf and is the only one known
to connect directly with the Lofoten Basin
Channel. The channel can be followed for
almost 200 km into the deepest part of the
basin, where it is associated with what has
been interpreted, on the basis of location,
shape and backscattering style, as a sandy
depositional lobe or channel mouth lobe. The
distal extent of the lobe is not known as there
is no geophysical or geological data from the
Lofoten Basin Plain, which lies beyond it. 

11..22..22..  MMAAKK  ssiiddeessccaann  ssoonnaarr  iimmaaggeerryy  aanndd  55
kkHHzz  ssuubbbboottttoomm  pprrooffiilliinngg

The Traenadjupet Slide has been broad-
ly mapped with GLORIA sidescan sonar,
and parts of the upper slide have been
mapped in detail by TOBI sidescan sonar
(Laberg et al., 2002). Part of the lower slide
has been shown by TOBI sidescan sonar and
swath bathymetry to be areas of blocky
deposits (Dowdeswell et al., 2000). The 30
kHz MAKAT 80 line was run across the
lower slide in order to pass through an exist-
ing core site and to cross the Lofoten Basin
Channel. 

The Lofoten Basin Channel had been
mapped by GLORIA sidescan sonar
(Dowdeswell et al., 1996; Taylor et al., 2002)
and seen to be shallow and in part braided,
with only a poorly developed levee system.
A further survey of the channel mouth was
made with TOBI 30 kHz sidescan sonar and
ship mounted parasound profiler
(Dowdeswell et al., 2000). The channel
mouth has a braid-like pattern and beyond is

Figure 5. Termination of the younger of the two slide deposits identified from the lower part of the
Traenadjupet Slide on the line MAKAT 79.
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an extensive flat area with several kinds of
longitudinal bedform. 

1.2.2.1. Traenadjupet Slide to Lofoten Basin
Channel

J.S. LABERG, N.H. KENYON AND L. PLASSEN

MAK lines 79 and 80 run north and
north-northwest, respectively, from the dis-
tal deposits of the Traenadjupet Slide, cross-
ing the Lofoten Basin Channel and ending
just north of it (Fig. 4). Two sediment wedges
are seen on the Traenadjupet Slide. The
southern one (Fig. 5) having an off lapping
relationship with the northern underlying
and hence older one. The sediment wedges
have no apparent internal reflectors and each
have a rugged positive relief standing above
the general surface level. The upstanding
relief is assumed to be due to blocks within
slide deposits. These blocks are approximate-
ly equilateral in planview, unoriented and
up to about 60 m high. They are high enough
for many of them to cast acoustic shadows.
There is a crude sorting of the blocks, which
tend to become smaller and sometimes more
widely scattered towards the distal edges of
both of the wedges. There is a thin veneer of
bedded sediments above the older of the
wedges, that is not seen above the younger of
the wedges (Fig.5).

North of the termination of the older
wedge the profiler has well stratified sub-
bottom reflectors, fairly parallel, though
some discontinuities are evident, as are some
thin lenses due to a ponding process in the
slight depressions. A prominent reflector is
found at a depth of about 4 m. The sidescan
records show a faint SSE-NNW oriented, lin-
eated signature. The lineations are fairly par-
allel to one another, but a few bundles of lin-
eations cut across other bundles at a low
angle. No corresponding sea floor relief is
seen on the profile, whose resolution limit is
less then 0.5 m. The lineated fabric may be a
regular longitudinal bedform, with a wave-
length of about 25 m, caused by the passage
of currents running approximately north-
wards towards the Lofoten Basin Channel.
Presumably, because of the direction and the

ponding the currents are turbidity currents
rather than oceanic bottom currents.
Overbank from the channel there is no thin-
ning of sedimentary layers away from the
channel, as one would expect for levee build-
ing.

The prominent 4 m reflector is seen to be
an angular erosional unconformity near to
the channel. Terraces are found on both
channel walls producing a characteristic
steer-head geometry, commonly seen in
cross sections through channel fills in ancient
rocks and in other seismic profiles e.g.
Wheeler et al. (2003). On the channel floor
the sidescan record shows a train of wave-
forms. The wavelength is about 100 m, which
is lower than usual for mud waves and high-
er than usual for gravel or pebble waves.
They are presumed to be sand waves. 

In conclusion, the data shows two
wedges of sediment terminating in the
southwestern part of the Lofoten Basin. They
represent the distal part of two debris flow
deposits probably originating from the conti-
nental slope in the area of the Traenadjupet
Slide where two mass wasting events have
been identified, the Traenadjupet Slide at
about 4 ka BP and the Nyk Slide at about 16
ka BP (Laberg et al., 2002). The lineated sig-
nature may be due to turbidity currents, pos-
sibly contemporaneous with the 4 ka BP slide
event or a younger one, that flowed further
into the basin and fed into the erosional
Lofoten Basin Channel. Another prominent
turbidity current event is marked by the 4 m
deep reflector

1.2.2.2. Lofoten Basin Channel mouth sand
lobe

N.H. KENYON, J.S. LABERG, S. ARNOTT, M.
GUTJAHR, H. RASMUSSEN AND K. VAN LANDEGHEM

Line MAKAT 81 was chosen, on the
basis of existing GLORIA and TOBI sidescan
sonar coverage, to run through the mouth of
the Lofoten Basin Channel and into the sand
lobe area that had been predicted to lie
beyond it (Dowdeswell et al., 1996). The
sidescan coverage is here newly interpreted
as an aid to understanding the area.
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Figure 6. Fragment of the line MAKAT-81 showing smooth channel floors dividing around the end of an
"island". The profile shows a stronger echo on the channel floors. The “islands” are rough in places and

smooth in others. 

Figure 7. Fragment of the line MAKAT 81 showing a field of erosional scours in a channel floor. The scours
have an asymmetrical cross section and a depth of about 3 m.
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Channel overbank area 
The line starts south of the channel,

where the seafloor is very similar to that seen
on the nearby line MAKAT 80. The seafloor
is near horizontal with a prominent reflector
at about 6 m depth and, below that, well
stratified reflectors, seen down to about 25 m
below sea floor. These reflectors have some
discontinuities and tend to fill in the slight
depressions, both characteristics of turbidite
sedimentation. 

Channel mouth
The section of the line that runs along

the channel mouth shows it to have a com-
plex of highs and lows with a relief of about
10-20 m. The highs tend to be elongate and
lozenge shaped, typical of fluvial braid bars
(Fig. 6). However they are clearly not equiv-
alent to fluvial bars in being erosional, as dis-
cussed below, rather than depositional. The
channels run between these "islands" with a
low sinuosity of about 1.2. Channel floors
tend to be smoothed off, and flat or slightly
tilted. Of the four "braided" channels that
were crossed the sidescan backscatter level is
uniform and fairly low. There are no bed-
forms apart from a field of regular giant
scours (Fig. 7), similar to those seen on the
Valencia Channel mouth/pathway west of
the Rhone Fan (Morris et al., 1998). The pro-
filer shows a strong surface echo from the
channel floors and little penetration other
than a surficial layer of about 2 m, whose
base is an erosional unconformity.

The "islands" are characterised by strong
surface erosion that in places has planed off
both the underlying layer of acoustically
structureless sediment and the overlying
well-stratified sequence. The latter can be 30
m or more thick. The structureless sediment
has a rough surface that has in places been
filled by the well-stratified sequence. From
the acoustic properties, geometry and the
single core sample (Core AT 438V), it is
believed to be a muddy debris flow. The style
of erosion of this possible debris flow
includes:

1. Regular longitudinal furrows (Figs. 6
and 8) that are up to about 2 m deep and up
to 2 km long. Similar features in both muds

and sands have been described by, for
instance, Flood (1981) and Belderson et al.
(1988).

2. As well as the originally deposited
hummocky surface there are subsequently
eroded hummocky depressions with some
longitudinal and some transverse elements
(Fig. 9). The erosional depressions can be up
to 10 m deep. Some small dark specks, main-
ly positive features, because they cast shad-
ows, could be exhumed or ice-rafted blocks
or boulders. 

A group of six "blocks" that are larger
than any of the others, all elongate, oriented
on the sea floor in different directions, up to
35 m long and about 5 m high, could be
wreckage or ice-rafted blocks.

Channel mouth sand lobe
Beyond the channel mouth there is a flat

seafloor, shown on GLORIA sidescan sonar
to have patches of both very high and very
low backscatter (Dowdeswell et al., 1996)
(Fig. 10). It is hypothesised here, for the first
time, that the very low backscatter could be
due to the presence of sheets of sand. Sand
sheets would be expected beyond a channel,
where the flow expands onto the proximal
part of a basin plain (Komar, 1971; Kenyon
and Millington, 1995). This is supported by
observations that sheets of fine to medium
sand are often imaged by sidescan sonar as
low backscatter e.g. Gardner et al. (1991). The
profiler has a penetration of about 15 m and
shows fairly well stratified, horizontal reflec-
tors. Some reflectors stop abruptly when
traced laterally and some show an unusual
regular waveform with an apparent wave-
length of about 50 m and an amplitude of
about 1 m. The sidescan sonar shows a vari-
ety of medium backscatter patterns scattered
fairly randomly throughout: 

1. Near equidimensional spots with
widths from only a few metres up to about 60
m (Fig. 11). Most spots have a central nucle-
us, which on the larger spots is seen to be cir-
cular and crater-like. The surrounding medi-
um backscatter has the irregular outline seen
on volcanoes of all types which is due to flow
down the flanks from the crater. They are
interpreted as volcanoes and because of their
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Figure 9. Fragment of the line MAKAT 81 showing hummocky erosional topography, up to 10 m deep, in the
supposed slide deposits. 

Figure 8. Fragment of the line MAKAT-81showing longitudinal erosional bedforms, furrows, in the debris flow
deposit are up to 2 m deep and 2 km long. Location of the sampling site AT-438K is indicated.
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setting are thought to be sand volcanoes.
Some of these patches have transverse align-
ments and because of their association with
the waveforms seen on the profile they are
presumed to be parallel to the crests of sedi-
ment waves. 

2. Groups of narrow elongate streaks of
medium backscatter. They are aligned in the
expected flow direction of turbidity currents
and are thus believed to be longitudinal bed-
forms of some kind, with a separation of 8-20
m. They may correspond to streaks seen on
the GLORIA mosaic (Fig. 10B). 

Conclusions
The Lofoten Basin Channel is relatively

shallow, typically 10 m depth, and is eroded
into the deep axis of the basin that runs gen-
tly down towards the Lofoten Basin Plain.
There are either no levees or low levees
where it crosses the basin floor, though a
possible levee is seen on a seismic profile
(Laberg et al., 2003) from near the canyon

base. Just before it reaches the basin plain the
channel turns to the northwest and cuts
through what seems to be slide debris. The
possible slide debris is old, as it is covered by
up to 30 m of well stratified sediment, and
probably originates from the Bear Island Fan
Slide which has a headwall scar about 450
km to the north. The slide debris and its
cover have been eroded by turbidity currents
into elongate "islands" and channels. The
channels are probably floored by sand, as
this is consistent with the low backscatter
values and the acoustic character of the pro-
file, though no samples were obtained. There
are few bedforms on the channel floors apart
from erosional scours, resembling giant flute
marks, and some sediment waves. However
the high energy of the currents flowing
through the channels is shown by the deep
erosion of the "islands". 

The flat floor beyond the channel mouth
is dominantly depositional as it has parallel
bedding and some sediment waves. There

Figure 11. Perspective view based on 100 kHz sonograph from the line MAKAT-81 and reconstruction of the
bathymetry of features believed to be sand volcanoes. Their origin is thought to be due to dewatering following

rapid deposition of sand turbidites. A 4x4 car demonstrates the scale of the features.
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are probably extensive and thick sands. This
is supported by the very low, and unique for
this area, GLORIA backscatter pattern,
which is seen as far as the coverage extends
(up to 120 km from the channel mouth). It is
also supported by the possible sand volca-
noes and the one core sample (Core AT-
440V), which had 86 cm of fining upward
well sorted, quartz rich sand. The failure of
the gravity corer on this cruise at a number of
sites and on the Cruise of the RRS James
Clark Ross (Dowdeswell et al., 2000) also
points to fine, well sorted sand being
widespread near the seafloor.

11..22..33..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, E. KOZLOVA, E. SARANTSEV, O.
BARVALINA, A. BELAN, E. BILEVA, V. BLINOVA, R.
KHAMIDULLIN, D. KOROST, A. OVSJANNIKOV, E.

POLUDETKINA, T. PTASHNAYA, H. RASMUSSEN AND

Z. TSILIKISHVILI

The aim of the sediment sampling pro-
gramme was to ground truth sidescan sonar
interpretations of an extensive GLORIA sur-
vey, combined with a more detailed TOBI
survey, carried out at the mouth of the
Lofoten Basin Channel, and the three sides-
can sonar lines (MAKAT 79, 80 and 81)
recorded during this survey. The area com-
prises the Lofoten Basin Channel mouth
sand lobe, a braided part of the channel, the
extensive area separating the flank of the
channel and the northern part of the
Traenadjupet slide. Several attempts to
obtain samples using the gravity corer failed,
possibly due to the presence of well-sorted
sand layers. A total of 5 stations were sam-
pled in the area (Fig. 4) using a vibrocorer
and a kasten corer, and a bottom TV line was
run.

Sampling locations were chosen from
sidescan sonar and subbottom profiles. The
main sampling site parameters and the sedi-
mentological, acoustic and geological charac-
teristics are summarized in Tables 1 and 2.
Detailed logs for the sediment retrieved are
included in Annex I.

Core AT-437V and AT-440V
These two stations aimed to sample the

channel mouth sand lobe using a vibrocorer. 
Station AT-437V intended to sample a

high backscatter area observed on the GLO-
RIA imagery. The device retrieved about 50
cm of sediment that was heavily disturbed
during the extrusion operations. The top part
includes approximately 10 cm of moderately
sorted and compacted fine sand, consisting
of quartz, mica, feldspars, pyroxene and
amphiboles with dispersed Emiliana huxleyi.
The lower unit consists of brownish marl,
water saturated and with some foraminifera,
becoming greyer and compacted towards the
bottom. Part of the sand had probably been
washed out during the retrieval of the corer,
therefore there may have been a thicker
sandy layer than recorded. 

Station AT-440V sampled a flat area
with possible sand volcanoes observed on
profile MAKAT-81 (Fig. 12). Due to the high
water content in the sediment retrieved, the
upper part of the core was disturbed during
the extrusion from the liner, thus the thick-
ness given for the upper units is approxi-
mate. A few millimetres thick veneer of
brownish hemipelagic sediment is observed
above an 86 cm thick sandy unit. The fine
and very well sorted sand appears water sat-
urated in the upper part. The water content
gradually decreases towards the bottom
while the grain-size gradually increases,
changing to fine-medium at 15 cm, to medi-
um at 37 cm, and to coarse sand towards the
bottom where the sediment is well compact-
ed. The sand composition includes quartz,
feldspar, sponge spicules and other organic
fragments (e.g. plants fragments). The lower-
most unit consists of stiff stuctureless grey
clay. 

Core AT-438K
Station AT-438K aimed to sample the

unit seen on the deep towed profile as struc-
tureless/transparent and on the sidescan
image as high backscattering and eroded. It
is located within the channel. The kasten
corer retrieved 157 cm of sediment. The top
34 cm consists of brownish, structureless and
foraminifera rich hemipelagic marl. This
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unit, more water saturated in its upper part,
shows some planar lamination interval visi-
ble as oxidised layers. The unit below (34-69
cm) consists of greyish homogeneous clay
containing stiffer intervals. Below this unit is
a 60 cm thick unit of fine to coarse sand with
a clayey matrix, extremely rich in

foraminifera and small (~1 mm sized)
bivalves (shell debris?). The fine fraction
mostly consists of quartz and feldspars,
while millimetre sized rock fragments repre-
sent the coarse component. The coarse sand
embeds structureless and more consolidated
clayey clasts (up to 7 cm in size). Some irreg-

Table 1. Sampling sites in Area 3 (Traenadjupet Slide and Lofoten Basin Channel Mouth Sand Lobe).

Table 2. Summary of the sampling sites in Area 3. 
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ular sandy intervals were also observed and
towards the bottom the unit appears to be
more clayey. At 80 cm a continuous layer of
coarse sand containing drop-stones (up to 1
cm in size) of different roundness and lithol-
ogy was observed above a layer of indurated
dark brown clay. The lowermost unit (132-
157 cm) consists of homogeneous grey clay.

Site AT-439Gr 
No sampling was attempted at this site

on the braided part of the channel. The TV
grab camera shows flat sea floor and diffuse
biological activity on the sea floor sediment. 

TVAT-40
The TV line TVAT-40 was run along the

Lofoten Basin Channel floor, across the fur-
rowed transparent unit and the possible exo-
posed turbidite beds in the channel wall,
seen on line MAKAT-81 (Fig. 13). The video
record shows mainly hard seafloor covered
by a thin layer of soft bioturbated sediment.
The TV line initially planned could not be
followed due to strong bottom currents
(mostly flowing to the north or east) that

pushed the TV frame north of the ship's
track. The sessile fauna observed is not abun-
dant and mostly represented by sea
anemones. Several elongated outcrops were
also observed (Fig. 14).

Core AT-441K
The kasten corer targeted an area just

north of the main channel. 43 cm of biotur-
bated sediment were recovered. Most of the
sediment consists of brownish bioturbated
marl interrupted at 15 and 23 cm by a few
centimetres thick bioturbated sandy layers.
At 37 cm a layer extremely rich in
foraminifera and shell fragments is observed.

Core AT-442K
This station, sampling just beyond the

distal-most debris flow deposit of the
Traenadjupet slide (Fig. 15), recovered a 25
cm thick layer of brown marl. The marl
appears more water saturated in the upper 2
cm and in the lowest 10 cm. A foraminifera
rich layer is observed at 12 cm and is corre-
lated with a similar layer at station AT-441K.

Figure 12. Fragment of the line MAKAT-81 showing location of the sampling site AT-440G.
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Figure 13. Fragment of the line ÌÀÊÀÒ-81 and track of the TV line TVAT-40.

Figure 14. Video stills from the line TVAT-40. a and b, bioturbated seabed, note burrowing features in figure a
and sea anemones in figure b (arrowed); c and d, elongated rock outcrops (arrowed) covered by veneer of

hemipelagic sediments.
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Discussion 
It is difficult to draw definite conclu-

sions from the limited amount of successful
coring stations. Combined samples and
sidescan sonar record allowed a preliminary
interpretation of the area.

The topography, setting and the fea-
tures observed on the sidescan sonar record
on the channel mouth lobe suggest that this
is an area of significant sand deposition. This
is supported by the sandy units observed in
the top part of the cores AT-437V and AT-
440V retrieved from this area. The moderate-
ly to very well sorted sands and the fining
upwards grain size of the sand, confirm the
presence of a turbidity current that deposited
at the mouth of the channel. The sharp

boundary between the coarse sand and the
stiff clay (AT-440V) may indicate an erosion-
al contact.

Further south, where TOBI sidescan
sonar records show braided features, line
MAKAT-81 reveals elongated striped fea-
tures that indicate strong current activity and
erosion. The only sample in this area (AT-
438K) retrieved recent hemipelagic sediment
covering a clayey-sandy unit. The presence
of drop stones within the sandy unit suggests
a glacigenic origin for this deposit (ice-rafted
?) while the clayey clasts suggest a debris
flow transport mechanism for the whole
unit. It is possible that glacigenic sediment
deposited further north on the upper part of
the slope was later transported downslope
within a debris flow event. The subbottom
profiler record also supports this hypothesis.
A transparent reflector, interpreted as the top
part of the debris flow, has an uneven profile
when covered by layered sediments.

The sandy layers seen in core AT-441K,
from outside the main channel, are interpret-
ed as overbanking from the main channel or
possibly due to turbidity currents related to
the slides observed further to the south.

11..33..  AAnnddøøyyaa  SSlliiddee,,  AAnnddøøyyaa  CCaannyyoonn  aanndd
tthhee  uuppppeerr  LLooffootteenn  BBaassiinn  CChhaannnneell  

((AArreeaa  44))

11..33..11..  IInnttrroodduuccttiioonn

J.S. LABERG

In Area 4 the aim was to study the
Andøya Slide, the Andøya Canyon and its
deep-sea continuation, the Lofoten Basin
Channel. The focus was on the sedimentary
processes and age of the events.

The Andøya Slide is located at about 60°
30' - 70° 15' N and 12° - 17° E (Fig. 16). The
headwall is inferred to be located at the pre-
sent day shelf break (Kenyon, 1987). Slide
deposits have been identified up to 200 km
into the basin, the most distal part being
three elongated lobes identified on GLORIA
long-range sidescan sonar data (Dowdeswell
et al., 1996; Laberg et al., 2000; Taylor et al.,
2002). In total the slide affected area is esti-

Figure 15. Fragment of line MAKAT-79 showing
location of the sampling site AT-442G. 
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mated at about 9700 km2 (Vorren et al., 1998).
The age of the slide is inferred to be Holocene
on the basis of the thin drape of pelagic ooze.

On the continental slope immediately
south of the slide is the Andøya Canyon. The
upper part of the canyon is characterised by
a V-shaped cross-section and the maximum
width between its shoulders is about 8 km,
the incision is up to 1000 m. Further downs-
lope the canyon has a U-shaped form, is up
to 25 km wide and 900 m deep.

At the base of the slope the Andøya
Canyon continues as the Lofoten Basin
Channel. In its uppermost part the channel
has a thick unit of acoustically laminated
sediments on its northern flank, inferred to
represent levee deposits. Slightly further into
the basin the channel turns about 90° (from
NNW to WSW) and in this area levee devel-
opment is very limited. 

11..33..22..  IInntteerrpprreettaattiioonn  ooff  ssiiddeessccaann  ssoonnaarr  aanndd
pprrooffiilleess

N.H. KENYON, J.S. LABERG, K. VAN LANDEGHEM

AND M. GUTJAHR

MAKAT 82 and 83: Lower Andøya Slide
The line MAKAT 82 ran due north along

13°E, starting south of the Lofoten Basin
Channel and crossing the channel and the
three long supposed debris flow tongues
(Fig. 24), mapped by GLORIA as high
backscattering features. The sidescan was
run at 30 kHz. 

The section of line near the bottom of the
very steep slope, the steepest along this part
of the margin, is distinctive. Penetration on
the profiler is up to 25 m. Very well stratified
sediments show thickening and thinning of
sequences and are very contorted (Fig. 17).
The uppermost 5 m or more is missing in
places, with only a few remnants remaining.
The sidescan sonar record shows slide scars,
whose side walls are oriented SW-NE, imply-
ing that sheets of the surface sediments have
slid off to the southwest. A 20 m high peak is

Figure 16. Location map of Area 4.
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crossed that appears to have been uplifted by
tectonics or diapirism.

Immediately south of the channel a
transparent debris flow lobe, up to 12 m
thick, is seen on the profile (Fig. 24) but not
on the sidescan sonar record. Because a thin
surface layer, though less than 1 m thick, is
seen to cover it, the lobe is probably older
than those to the north, which accounts for it
not being identified from the GLORIA sur-
vey. 

The Lofoten Basin Channel is crossed
where it is about 10 m deep. A transparent
debris flow covers most of the channel floor,
as well as part of the overbank. A few small
blocks and some wave forms are seen on the
channel floor but the waves may be within
the debris flow rather than being traction
current waves associated with channel pro-
cesses. 

The three main debris flow tongues are

similar to each other. The southern one is up
to 20 m thick. Blocks are all smaller than 50 m
across and less than 3 m upstanding above
the surface. Well developed longitudinal
structures, presumably shears, are well seen
near the northern edge of the southern flow. 

The middle flow has split into two
tongues and both tongues fill and overflow
erosional deeps. The deeps are up to 12 m
deep and may be due to erosion by the flow
process itself rather than being pre-existing
deeps. The maximum flow thickness is about
20 m. The blocks are similar in size to those
of the other flows. 

The northern flow has a maximum
thickness of only 10 m. No basal erosion is
apparent, unlike in the other two flow
tongues. 

The areas between the flows are similar
to each other. Reflectors are closely spaced
and not very parallel, but have a tendency to

Figure 17. Fragment of the line MAKAT 82 showing a thick sequence of contorted bedding with some slide
scars on the downslope (western) sidescan record.
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asymmetric wave forms with a very low
amplitude (Fig. 24, N end). The most promi-
nent erosional horizon is at the near surface
where isolated scours of 1-3 m depth are
seen. The sidescan shows many isolated
arcuate features, which have a tendency to be
concave in the downslope direction. These
near surface scours are not seen below the
flow deposits, implying that they occur later,
though this may be immediately after the
flow emplacement. 

The 100 kHz line MAKAT 83 was chosen
to look at features on the western side of the
MAKAT 82 sidescan record in greater detail.
It crosses the northern side of the southern
flow and the middle flow. The depth sensor
failed and so the profile was less accurate
than usual. 

Both longitudinal shears and transverse
wave like features are seen (Fig. 18). Blocks
are distributed as if frozen in a swirling
motion, with little overall orientation (Fig.
19).

The arcuate deeps seen in areas between
flows are up to 1500 m long and 250 m wide
(Fig. 20). Ridges and grooves in the floor of
the deeps are common. They are oriented at
right angles to the long axis of the deeps and
may indicate the direction of failure. Part of
the surface layer has been removed either by
current scouring or by slab sliding (or per-
haps by a combination of both). The arcuate
shape and isolated nature seems more in
keeping with current scouring, though some
slab like pieces seem to have been left
behind. It is noted that the scours seen in the
bottom of the Lofoten Basin Channel Mouth
also have longitudinal grooves and ridges in
their floors. These are on a flat floor, swept
by currents and thus currents would be the
likely cause of the scouring seen in this area
also.

MAKAT 84: traverse up Andøya Slide
The 30 kHz line runs up the slope from

depths of 2800 m to 2050 m. The slope steep-
ens as it goes up. The deepest part shows the
near surface pattern found between debris
flow tongues on MAKAT-82 and 83. There
appears to be little evidence of erosional fea-
tures at or near the sea floor but there is a

pattern of low amplitude, asymmetrical
waves on the profiler, similar to deep sea
mud waves (Fig. 21). The asymmetry is con-
sistent with currents, active over a very long
period of time, that were flowing either
downslope or along the contours to the
south. 

The debris flows are first crossed at 1745
GMT and are continuous to the end of the
line. The style on the sidescan record varies,
with a tendency for blocks to comprise more
of the flow and to get larger upslope.
Longitudinal (southwestwards trending) fea-
tures predominate. A sinuous deep, with a
smoother, block free fill, crosses the track at
one point, rather like a fast flowing lava
channel on a volcano flank (Fig. 22). Between
0010 and 0210 there seems to be a pattern of
asymmetrical mud waves, buried beneath
the debris flow. Upslope from about 1300
GMT there is a parallel bedded, easily pene-
trated sequence beneath the debris flow. 

MAKAT 85: upper Andøya Slide and
Andøya Canyon 

The 30 kHz sidescan and profiler runs
across the southern margin of the slide and
crosses the lower Lofoten Canyon. There are
two upstanding large blocks within the slide
deposits that have not disintegrated. They
are up to 50 m above the surroundings and
up to 1.5 km across. It is not clear whether
they are in place or have moved. The north-
ern one seems to have been tilted at some
time as bedding is poorly seen, whereas the
southern one has the thick sequence of paral-
lel bedding that is found in place nearby.
Beyond the blocky slide deposits there are
two smooth surfaced debris flow lenses. One
extends about 3 km beyond and overlies
another that extends about 7 km beyond,
almost to the edge of the Andøya Canyon.
Between the two flow deposits there is a 2 m
thick parallel layer that has clearly been
eroded by the later flow. 

The lower Andøya Canyon is here flat
floored and has a steep, 80 m high wall on
the north side and a gentle, 25 m high wall to
the south. There are arcuate slide scars on the
canyon rim, north of the slide. Along the
floor there are trains of high backscattering
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Figure 18. Fragment of MAKAT-83 sonograph showing longitudinal shears and transverse waves within slide.

Figure 19. Fragment of MAKAT-83 sonograph showing a swirling pattern of blocks frozen within a debris
flow. 

Figure 20. Fragment of MAKAT-83 sonograph showing arcuate deeps on the seafloor between debris flow
deposits, attributed to erosion by a strong downslope directed current.
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waves, wavelength 25 m (Fig. 23). These are
believed to be coarse grained, gravel or peb-
ble, waves because of their backscatter char-
acteristics, their wavelength and from the
common occurrence of such waves in the
lower reaches of canyons. The north side of
the canyon floor has a low backscattering
strip of sediment. This could be a covering of
sand over the sediment waves, which show
through in places on the sidescan sonar
record. The 50 m or more of parallel bedded
sediments, attributed to levee deposition
(Laberg et al., 2000), are very widespread,
extending at least 15 km beneath the slide. 

South of the Canyon there is a complex
of valleys and ridges. It is difficult to map the
shapes of the relief. The sedimentary
sequence on seismic (Figs. 23 and 24) is:

1. At base - a near parallel bedded unit,
up to 40 m or more thick and faulted in part. 

2. An erosion surface.
3. Lenses of transparent facies, up to 25

m thick and presumably debris flows. Found
especially in deeps.

4. At top - a prominent reflector beneath
an up to 6 m thick sequence with at least one
internal reflector.

S N

2650m

2700m

2
1

:0
0

2
0

:3
0

1 km

Figure 21. Part of profile MAKAT-82 showing asymmetric sediment waves, presumably due to currents active
over a long period.

Figure 22. Fragment of the line MAKAT-84 showing sinuous channel within Andøya Slide, possibly faster mov-
ing than surroundings. 
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11..33..33..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, E. KOZLOVA, E. SARANTSEV, O.
BARVALINA, A. BELAN, E. BILEVA, V. BLINOVA, R.
KHAMIDULLIN, D. KOROST, A. OVSJANNIKOV, E.

POLUDETKINA, T. PTASHNAYA, H. RASMUSSEN AND

Z. TSILIKISHVILI

Four sampling stations were occupied
near the bottom of the Andøya Slide. Stations
were selected on the basis of line MAKAT-82
that was run across the three long, narrow
terminal lobes that were originally observed
on the GLORIA sidescan sonar mosaic. The
three main lobes sampled will be described
as northern, central and southern according
to their geographical setting. In all three
cases the lobes were sampled at their edge
where the subbottom profiler shows the slide
deposit thinning, and overlying the layered
sediments that characterise most of the area.
The aim was to sample the superficial
hemipelagic sediment, penetrate through the
transparent unit, interpreted as debris flow
deposits, and reach the layered underlying
unit as observed on the subbottom profiler
(Fig. 24).

The southern flank of the Andøya slide
was investigated with three sidescan sonar
lines (MAKAT-84 and MAKAT-85) and three
sampling stations were selected from line
MAKAT-85 that was run from NE to SW,
across the edge of the slide and across the
Andøya Canyon.

The main sampling site parameters and
the sedimentological, acoustic and geological
characteristics are summarized in the Tables
3 and 4. Summarized core logs for the sedi-
ment retrieved are included in Annex I.

The terminal part of the Andøya Slide

C o r e  A T - 4 4 3 G  a n d  A T - 4 4 4 V
Two attempts were made at sampling

the northernmost lobe. The first attempt,
using the gravity corer, retrieved a small
amount of material from the core catcher.
The sediment consists of well sorted fine
sand presumably capped by the brownish
hemipelagic sediment that was also recov-
ered from the core catcher. 

The second station (AT-444V), done
using the vibrocorer, retrieved 139 cm of sed-
iment. Some disturbed portions of
hemipelagic sediment were retrieved overly-
ing an 11 cm thick unit of sand with silty
admixture. Alternations of thin clayey silt,
silty clay and clay (as grey or dark grey lay-
ers) occur throughout the core particularly
between 34-41, 63-64, 73-74, 77-78, 82 cm.
Thin sandy layers with silty and clayey
admixture are observed between 24-31, 106-
108, 117-119, 127-129 cm. Bioturbated and
irregular dark grey layers occur at several
depths. 

C o r e  A T - 4 4 5 G
Station AT-445G was the only attempt to

sample the central lobe of the Andøya Slide.
A small portion of hemipelagic marl and fine
sand, similar to the sample retrieved at sta-
tion AT-443G, is found in the core catcher.

C o r e  A T - 4 4 6 V  
This station aimed to sample the south-

ernmost lobe observed on the sidescan sonar
image. 75 cm of structureless clay with a sig-
nificant amount of silty and sandy admixture

Station N Date Time (GMT) Latitude Longitude Depth, m Recovery, cm

TTR13-AT-443G 25.07.2003 6:12 70°06.460N 13°00.093E 2741 10

TTR13-AT-444V 25.07.2003 7:09 70°06.454N 13°00.111E 2742 139

TTR13-AT-445G 25.07.2003 11:50 69°50.955N 12°59.845E 2769 10

TTR13-AT-446V 25.07.2003 15:18 69°43.474N 12°59.856E 2781 75

TTR13-AT-447G 28.07.2003 12:45 69°35.310N 15°06.777E 2114 554

TTR13-AT-448G 28.07.2003 15:00 69°39.337N 15°19.012E 2205 10

TTR13-AT-449G 28.07.2003 17:07 69°42.186N 15°27.824E 2086 478

Table 3. Sampling sites in Area 4 (Andøya Slide, Andøya Canyon and the upper Lofoten Basin Channel).



was retrieved. The fine sand consists of
quartz, mica, glauconite, amphiboles, pyrox-
ene. Millimetre sized rock fragments are dis-
persed throughout the section. Glacigenic
pebbles (drop stones?) of different size (up to
7 cm), lithology (quartzite, schist, granite and
others) and roundness are observed. The
largest clasts appear to have one or two flat
surfaces indicating the transport of pebbles
at the base of a glacier. 

The southern flank of the Andøya Slide

C o r e  A T - 4 4 7 G  
This station was taken to the south of the

Andøya Canyon, where the sidescan sonar
shows low backscatter with some patchy
areas of medium backscatter and the subbot-
tom profiler highlights irregular bathymetry
and discontinuous layers in the top part. The
gravity corer retrieved 554 cm of sediment.
The first 8 cm consists of brown marl. From 8
to 290 cm a homogeneous unit of greyish
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Table 4. Summary of the sampling sites in Area 4.
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silty clay is characterised by sponge spicules,
diatoms and a moderate amount of
foraminifera and shell fragments. Patches
and subparallel greenish grey layers (mostly
between 80-100 and 140-240 cm) of more
water-saturated clay, richer in forams, are
irregularly distributed. These greenish layers
show transitional boundaries and are some-
times discontinuous. Between 290-509 a sim-
ilar unit of slightly darker silty clay is charac-
terised by patches and thin (few millimetres)
subparallel layers of dark grey clay, rich in
diatoms and interpreted as the decay of
organic content in anoxic conditions. These
layers are mostly concentrated between 290-
300, 330-360, 390-500 cm. Fine sand mottles
and lenses are found at 317 and 350 cm.
Coarse sand mottling was seen at 457 cm,
and at 480 cm an 8 cm thick layer of sand

shows fining upwards of the grain-size, from
coarse to fine. From 510 until the bottom a
clayey silt unit shows a significant amount of
millimetre sized rock fragments and drop
stones up to 5 cm in size.

C o r e  A T - 4 4 8 G  
The aim of this station was to sample the

deepest part of the Andøya Channel. The
sidescan sonar image (Fig. 23) shows medi-
um backscatter values with sediment waves,
and the profiler shows a strong reflector with
no layered structure below. Only a small
amount of sediment was retrieved from this
station. The core catcher contains disturbed
brown marl capping gray clay with silty and
some sandy admixture. Between the teeth of
the core catcher and within the clayey sedi-
ment mostly sub angular pebbles of different

Figure 23. Fragment of the line MAKAT-85 showing trains of high backscattering waves along the Andøya
Canyon floor. Location of sampling station AT-448G is indicated.
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lithology and size (up to 6 cm) are found.
This would explain the unsuccessful penetra-
tion of the corer. 

C o r e  A T - 4 4 9 G  
Station AT-449G sampled north of the

Andøya Canyon and south of the blocky part
of the Andøya Slide (Fig. 25). Recovery was
similar to station AT-447G. 474 cm of sedi-
ment were recovered. The first 26 cm consists
of brownish marl, water saturated in the
upper 3 cm and rich in forams. Towards the
bottom the marl becomes lighter in colour
and more bioturbated. At 15 cm a dark
brown oxidised layer separates the lighter
sediment. The lower boundary is transitional
and separates the lower greyish silty clayey
unit. This unit, locally water saturated and
bioturbated, comprises the remaining length
of the core. This fairly homogeneous silty
clay is very similar to the one described for
station AT-447G, showing sponge spicules
and locally diatoms. Diatoms are more abun-
dant in the frequent thin dark grey clayey
layers, and in the patches that are interpreted
as due to organic decay in anoxic conditions.
These layers are sparsely distributed
throughout the core and show horizontal ori-
entation between 30-50, 80-110, 430-445 (the
latter with intense faulted layering); between

160-220, 340-430 cm there are horizontally
elongated patches of dark clay. Similar
patches and layers are observed between
230-330 cm showing oblique orientation.
There are also isolated thin sandy layers and
lenses. Fine sand is observed at 43, 130, 223,
367 cm, occasionally containing silty admix-
ture (i.e. at 265, 383 and 474 cm), while coarse
sand is seen at 134, 343, 360 cm. Between 88-
107 cm there is an irregularly shaped layer of
sand. This interval could be due to bioturba-
tion and shows fining upwards grain size of
the sand from coarse to fine. Between 30-49,
263-267, 278-279 and 296-297 cm there are
layers of lighter and more water saturated
grey clay. 

T V - l i n e  T V A T - 4 1
The TV line TVAT-41 was selected on

the basis of line MAKAT-85 which crossed
the lower Andøya Canyon. The canyon floor
has a strong reflector without subbottom
reflections on the profiler and moderate
backscatter with small sediment waves on
the sidescan (Fig. 26).

The video record shows mainly
monotonous seafloor covered by soft biotur-
bated sediment. There is a weak current, but
no evidence of sand or of seabed features
formed by strong currents. The sessile fauna

2
0

m

500 ì

TTR13-AT449G
SW NE

Figure 25. Fragment of subbottom profiler record along line MAKAT 85 showing location of sampling station
AT-449G.
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Figure 27. Video stills from the line TVAT-41. a - bioturbated seabed with burrowing features and sea
anemones (arrowed); b - one of the fish observed.

Figure 26. Location of the TVAT-41 line on the MAKAT-85 sonograph.
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seen is mostly anemones and sea stars. There
are also several shrimps and fish (Fig. 27).

Discussion of bottom sampling

The poor penetration of the gravity corer
and vibrocorer lead to poorer than expected
sediment recovery on the lower slope. In all
cores retrieved from the terminal part of the
Andøya Slide, fine sand was recovered, sug-
gesting that a layer of sand characterizes the
lobes and possibly the entire region. This
sand appears to be capped by hemipelagic
sediment but it was difficult to estimate the
thickness of this layer because of the poor
sampling of topmost sediments by the vibro-
corer. The sandy and silty layers observed in
the core AT-444V may indicate thin deposits
from turbidity currents, originating on the
upper slope. No clear evidence of the
inferred debris flow is seen at this site. It is
likely that the slumped unit lies deeper. The
only clear evidence of a debris flow deposit is
observed at coring station AT 446V where
structureless glacigenic sediments, including
clasts, mixed with hemipelagic clay indicate
mass transport of glacigenic and hemipelag-
ic sediment from the upper slope. 

The samples from outside the Andøya
Canyon (stations AT-447G and AT-449G)
suggest that there is a cover of layered
hemipelagic sediment. The dark grey clayey
layers, faulted and with oblique orientation,
suggest that the slide and debris flows have
not been active recently. Thin sand layers
and lenses in cores on both sides of the
canyon could be associated with turbidites
and are likely to be related to the sandy lay-
ers observed in core AT-444G. The
hemipelagic sediment retrieved from the
Andøya Canyon indicates that neither tur-
bidity currents nor tidal or other bottom cur-
rents are active in the area at present. This
conclusion is supported by the TV record
where no evidence of strong currents is
recorded. It is probable that a gravelly layer
just beneath the surface is responsible for the
wave forms observed on the sidescan sonar. 

11..33..44..  CCoonncclluussiioonnss

J.S. LABERG AND N.H. KENYON

Prior to the debris flows there is a long
history of current deposition forming mud
waves, either downslope directed turbidity
or cascading currents, or possibly a souther-
ly directed contour current flowing over a
seafloor that is now below 2000 m. These
mud wave deposits could be contemporane-
ous with the thick parallel bedded sequence
found further upslope and attributed to
levee deposition from turbidity currents. The
finding of the widespread distribution of the
parallel bedded sequence makes it less likely
that the turbidity currents, which are sup-
posed to have formed it, all came through the
Andøya Canyon. Unfortunately, no clear evi-
dence for or against thinning away from the
canyon was seen. This parallel bedded
sequence has been largely removed by the
sliding event. Some large slide blocks, with
the bedding still intact, are seen within the
flow. 

The Andøya Slide is the least known of
the three large slide complexes on the margin
west of mainland Norway. The debris flow
tongues at the base of slope seem to be ero-
sional and are blocky, unlike glacial debris
flows such as those comprising most of the
Bear Island Fan. They are similar in age,
because the overlying reflector is similar. The
process of emplacement may involve "freez-
ing" of the thinner outer flow whilst the
thicker, less viscous and eroding inner flow
carries on until finally freezing and leaving a
pointed, tongue shaped deposit. This
explains the lighter backscattering stripe,
running down the centre of two of the
tongues, that is seen on the GLORIA
imagery. An older series of debris flows is
seen to the south of the slide and on the
south side of the Andøya Canyon. They are
separated from the youngest debris flows by
a widespread layer of 1-2 m of bedded sedi-
ment.

After the emplacement of the Andøya
Slide, or of the latest slide event if there were
several, there was a strong erosional event.
This produced scour like features, in the near
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surface sediments outside the slide deposits.
Their orientation indicates downslope flow
and they are most likely due to a major tur-
bidity current which ripped up about 2 m of
the sea floor along bedding planes. Some
hemipelagic sediment covers fine sand on
top of the debris tongues. 

The Andøya Canyon was crossed near
its distal end. Downslope transport through
the canyon of, what from sampling and
backscatter character, are probably gravels or
pebbles was succeeded by possible sand
deposition. Such sand sheets could derive
from along slope sand transport on the upper
slope, still active (Kenyon, 1986), that is inter-
cepted by the canyon. The cores and the pho-
tographic traverse indicate that there is a thin
veneer of Holocene hemipelagic sediments
over the whole area. 

22..  WWEESSTT  OOFF  AAEEGGIIRR  RRIIDDGGEE  
((LLEEGG  22,,  AARREEAA  55))

N. H. KENYON, M. IVANOV, A. VOLKONSKAYA AND

A. BELAN

Introduction
Fields of possible diapirs were mapped

by Vogt et al. (1998) on the abyssal plain west
of the extinct Aegir Ridge and east of the
extinct Jan Mayen Ridge. The aim of Leg 2,
on passage to Reykjavik, Iceland, was to run
a seismic and hull mounted profiler line in
order to get a better feeling for what these
structures are. 

Seismic Profiling
PSAT 227 was run southwestwards

across the abyssal plain and up towards the
Iceland-Faeroe Ridge (Fig. 28). The plain is
flat, at 3480 m, and ponded (Fig. 29). The
underlying layers are distorted, even at quite
shallow depths, implying some continuing
tectonic activity. A rugged basement is seen
below the sediments, which have a thickness
of up to 1.3 sec TWTT. Within the basin fill
there is a mound, 35 m high where crossed,
that is underlain by a seismic signature that
is without any seismic horizons, in contrast
to the surrounding layered sequences. 

There is a strong basement return to the

west of the basin that shows as two or three
asymmetric steps, tilted gently to the west
and steeply to the east. They look like tilted
basement blocks separated by rotational
faults, downthrown into the basin. The shal-
lowest of the blocks outcrops as a steep
escarpment. There is a sedimentary sequence
on the slope, without obvious internal reflec-
tors, that buries the basement by up to 1.3 sec
TWTT. 

Hull mounted profiler
The hull-mounted profiler was switched

on just before the air gun seismic line.
Another possible 35 m high diapir is

seen just east of the one seen on the airgun
profile. There are signs of recent tectonic
activity because: 1. The seafloor is flat but the
underlying horizon, 5-10 m down, has relief
of up to about 7 m. 2. The seafloor west of the
westernmost diapir is uplifted (Fig. 30). 

Conclusions
There are diapirs on the basin plain. The

diapirs are still uplifting. The possible base-
ment high falls within the area of possible
diapirs of Vogt et al., (1998) but is clearly not
a diapir.

Figure 28. Location map of the Area 5 (west of Aegir

Ridge).
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Figure 29. Seismic line PSAT 227 showing possible diapir in ponded basin sediments and possible basement
rock outcrop near foot of slope.

Figure 30. Fragment of PSAT 227 hull-mounted profile showing two possible diapirs amid ponded sediment.
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33..  SSOOUUTTHH  GGRREEEENNLLAANNDD  
MMAARRGGIINN  ((LLEEGG  33,,  AARREEAA  66))

33..11..  EEiirriikk  DDrriifftt

33..11..11..  IInnttrroodduuccttiioonn

N.H. KENYON

The Eirik Drift is one of the largest and
thickest drift bodies in the North Atlantic,
with the highest rate of sediment flux. It is
situated to the south of Greenland, where the
currents coming down the eastern margin of
Greenland transport sediment as they slow
down and/or turn to the right and carry on
up the western margin of Greenland (Fig.
31). The purpose of the work on the drift is to
try to find out where is the thickest Holocene
sediment, prior to it being cored by a cruise
scheduled to take place in 2004. The task is
difficult because the drift is very large and
not well known. Surveys for ODP site 646, to
the north of the drift, collected a published
seismic line which crosses the drift crest at a
depth of about 2000 m (Srivastava et al., 1987;
Arthur et al., 1989). This profile shows that
the southwestern (distal) part of the drift has
little sedimentary deposition on its southern
flank and that the main deposition through-

out its later history is on the northern side.
Studies of a few cores have been published
(Chough and Hesse, 1985; Stoner et al., 1995;
Fagel et al., 1997) but have not been accom-
panied by any published profiles. The core
analysed by Fagel et al. (1997) for
smectite/illite ratios is close to the ODP site
646. It found about 4.3 m of Holocene but the
upper 2 m is not included in the analyses.
The three cores of Chough and Hesse (1985)
from the crest of the Drift in depths greater
than about 2200 m, were heavily bioturbated.

There are several major palaeoceano-
graphic studies currently being undertaken
on this region. A question of interest to the
UK's scientific programme investigating
rapid climate change (RAPID) is whether
global warming will lead to cooling in
Europe. The scenario is that an increase in
temperature will lead to an increase in ice
melt, freshwater "capping" of the driving
convective process of the Thermohaline
Circulation, that takes place east of
Greenland, leading to the Thermohaline
Circulation switching off. The Holocene has
had several major cold periods, for instance
the Younger Dryas (12.5 ka BP), the strong
8.2 ka BP event, and the Little Ice Age (c. 1450
- 1900). The latter helped to cause the aban-
donment of the Norse settlement in western
Greenland. Long Holocene sections in cores

Figure 31. Location map of the Eirik Drift working area (Area 6) The contours are from GEBCO (IOC, IHO
and BODC, 2003) but were found to be wrong in places.
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from the Eirik Drift could show, by detailed,
multi parameter investigations, how the
transition into and out of such phases takes
place. 

33..11..22..  55  kkHHzz  hhuullll--mmoouunntteedd  pprrooffiilleerr

N.H. KENYON, A. AKHMETZHANOV AND S. HUNTER

The survey in the area was accompanied
by 5 kHz hull mounted seismic profiles. A
long line (PRAT-1) starting in the northeast

corner of the work area ran obliquely up the
southern flank of the Eirik Drift (Fig. 31).
What is probably a mid ocean channel is
crossed at the deepest part of the Irminger
Basin. It is flat floored and 25 m deep. It
probably eventually feeds into the NAMOC,
which runs southwards through the
Labrador Sea. A possible submarine slide is
found in 2800 m of water and about six gul-
lies are crossed, possibly due to material
originating near the shelf break and passing

Figure 32. Part of seismic profile PSAT-229 showing the preferential deposition on the northern, lee side and
the consequent migration of the crest towards the north. The lower sequence has wavy bedding.

Figure 33. Part of seismic profile PSAT-230 showing the submarine slide affecting near surface sediments and
the earlier development of wavy bedding. 
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downslope. There are no subbottom reflec-
tors on the southern flank of the drift
between 2700 m and 1700 m. The only acous-
tic reflectors are on the crest and northern
flank of the drift where penetration down to
25 m is found. 

All other hull-mounted profiles (along
seismic lines PSAT-228, 229 and 230) are sim-
ilar in showing best penetration on the crest
and north flank of the ridge. PSAT-229 goes
into the southern part of what, from the
GEBCO bathymetry, seems to be a broad tur-
bidite dominated valley. The valley floor has
wavy bedding, not seen at the scale of the air-
gun profiles. PSAT-230 crosses the upper
part of a submarine slide. 

The crest of the ridge is crossed on
PSAT-230 at a position that is not consistent
with the GEBCO chart, which shows two
crests at the southern end of the ridge. There
seems to be only one crest and it is bent
round dramatically to the right at the distal
end of the Drift. 

33..11..33..  SSeeiissmmiicc  pprrooffiilleess

N.H. KENYON, A. AKHMETZHANOV AND S. HUNTER

PSAT-228, PSAT-229 and PSAT-230 each
cross the Drift crest. The crest has migrated
to the north throughout the history of drift
construction by over 20 km (Fig. 32). Most of
the deposition takes place on the north side,
which is in the lee in relation to the deep cur-
rent that is assumed to have formed it.
During one of the earliest periods of drift
development there is widespread wavy bed-
ding (Fig. 33) that is not present for up to
about 600 m of subsequent deposition. The
asymmetry of this wavy bedding, assuming
that it is due to deep sea mud waves moving
in the usual "antidune" mode, is consistent
with a current flowing approximately north-
wards at the position of line PSAT-230. 

Figure 34. Subbottom profiler record from the line MAKAT 86 showing the character of the sedimentary
sequence in the area of deposition on the northern side of the Eirik Drift. Location of Core AT451G is shown.
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33..11..44..  MMAAKK--11MM  ssiiddeessccaann  ssoonnaarr  ddaattaa

N.H. KENYON, A. AKHMETZHANOV AND S. HUNTER

The MAKAT-86 line was run across the
top of the ridge crest at a depth of about
1700-2030 m, where a lens of sediment had
been identified on PSAT-229. It was intended
to run the line along the crest but the line had
to be run into the strong northwest wind.
The penetration is up to 60 m (Fig. 34).
Bedding is very near continuous and paral-
lel. There are three closely spaced strong
reflectors, which in places appear to be
merged together, at a maximum depth below
the seafloor of 25 m. The sediment above
these reflectors thins both to the west and to
the east. 

The sidescan sonar was operated at 100
kHz. It shows a speckled pattern (Fig. 36) on
both sides of the ridge crest, below about
1730 m, and a low backscatter level on the
north side of the crest down to about 1950 m.
The speckled pattern may be a bedform due
to current sweeping the silty sediments. 

33..11..55..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, A. AKHMETZHANOV, E. KOZLOVA, E.
SARANTSEV, O. BARVALINA, A. BELAN, E. BILEVA,

V. BLINOVA, R. KHAMIDULLIN, D. KOROST, A.
OVSJANNIKOV, E., S. HUNTER, POLUDETKINA, T.

PTASHNAYA, AND Z. TSILIKISHVILI

Two gravity cores, AT-450G and AT-
451G, were collected on the Eirik Drift. The
locations of the stations are given in Table 5
and core logs in Annex 1.

Core TTR13-AT-450G
The core was collected at the south-west

of the study area in the vicinity of the seismic

line PSAT-230 and along 5 kHz hull-mount-
ed profiler line PRAT-3 (Fig. 35). Its site was
chosen on the basis of the GEBCO
bathymetry to be on the northern side of the
ridge but was, in fact found to be on the
south side of the ridge. The total recovery
was 569 cm. 

In general, three main intervals are rec-
ognized in the recovered sequence. The
upper interval (0-155 cm) is represented by
brownish-grey silty clay, rich in foraminifera
and bioturbated. IRD material is found scat-
tered throughout the interval and also forms
individual layers of water-saturated clay
with rock and semi-lithified sediment frag-
ment (< 2 mm in diameter). Interval from 155
to 300 cm is a similar clay but grey in colour.
In the lower interval (300-569 cm) the
amount of silty admixture increases and clay
is denser which is reflected by the increasing
level of magnetic susceptibility.

Core TTR13-AT-451G
The core was collected on the north flank

of the Drift near seismic line PSAT-229 and
chosen from looking at the the deep-towed 5
kHz profile along line MAKAT-86 (Fig. 36).
The total recovery was 465 cm. The upper 25
cm are brownish grey medium to coarse
sand with clayey admixture and
foraminifera. The interval from 25 to 97 cm
is interbedded clays with various amount of
silty or sandy admixture. From 97 to 465 cm
the sediment section becomes more uniform
and is bioturbated grey silty clay with rare
foraminifera and scattered IRD.

The magnetic susceptibility curve shows
noticeable variations of the signal level in the
upper 2 m of the core and below it becomes
more uniform. This correlates well with sub-
bottom profiler data. The deep-towed record

Station N Date
Time

(GMT)
Latitude Longitude Depth, m Recovery, cm

TTR13-AT-450G 09.08.2003 13:51 57°59.998N 45°49.002W 2326 569 cm

TTR13-AT-451G 10.08.2003 13:43 58°30.886N 44°54.333W 1927 465 cm

4:51 59°37.570N 46°50.268W 2555

6:40 59°37.193N 46°49.220W 2130
TTR13-AT-452D 11.08.2003 0.5 t

Table 1. Sampling sites in Area 6.
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Figure 35. Seismic line PSAT-230 and fragment of hull-mounted profiler record along the line showing loca-
tion of the sampling site AT-450G.

Figure 36. Fragments of the seismic on line PSAT-229 and deep-towed line MAKAT-86 showing location of the
sampling site AT-451G.. Note regular speckled pattern on the sonograph.
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from MAKAT-86 shows an acoustically well-
stratified sequence made by alternating close
spaced, high amplitude reflectors and thick-
er transparent units (Fig. 37). The core pene-
trated through the uppermost high ampli-
tude unit (Unit 1) and sampled the upper
part of the underlying transparent Unit 2.
Unit 1 has a variable magnetic susceptibility
signal. The transparent Unit 2 is 2 m thick
and has a more uniform level of MS signal. 

Correlation of cores AT-450G and 
AT-451G

Magnetic susceptibility data were partic-
ularly helpful for the tentative correlation of
the core logs (Fig. 38). The MS curves have a
similar pattern in their upper part, allowing
correlation of individual peaks and troughs.
According to the correlation the core AT-
451G is characterised by an almost twice
higher sedimentation rate than AT-450G.

33..11..66..  CCoonncclluussiioonnss

N.H.KENYON AND M. IVANOV

The Eirik Drift is very thick and bends
round to the northwest at its distal end, pre-
sumably because it is swept by strong cur-
rents. This trend of the ridge crest is not as
shown by the GEBCO data, which has a sec-
ond ridge to the north that we did not find.
The earlier phase of mud waves gives way to
sub parallel beds with a smooth profile and
which show a migration of the crest to the
north and deposition on the northern flank
and erosion on the southern flank. The seis-
mic lines analysed for the drilling of ODP
hole 646 also show a wavy sequence,
sequence 2 underlain by reflector 2, which is
below a smoother bedded sequence 1, under-
lain by reflector 1. Sequence 2 is clay domi-
nated Pliocene deposited during the main
phase of ridge building. There seems to be
increased sediment supply coinciding with
turbidites feeding into the Irminger mid
ocean channel (Laughton, Berggren et al.,
1972) and an increase in current velocities. It

Figure 37. Profiler records with different resolution across the site AT-451G and magnetic susceptibility curve
of the recovered sedimentary sequence. 
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may be equivalent to Reflector "Blue" in the
western North Atlantic (Mountain and
Tucholke, 1985). The smooth bedded, siltier
deposits of sequence 1 are said to involve
more deposition, less vigorous circulation
and waning sediment supply. R1 probably
corresponds to the bottommost occurrence of
ice rafted debris at 2.5 Ma. 

There are up to 10 or so reflector
sequences identifiable within the upper
sequence, sequence 1 of Arthur et al. (1989).
Such reflectors are attributed by Arthur et al.
(1989) to changes in the carbonate/clay ratio.
They may coincide with the major glacial
cycles.

There are many sediment failures on the
flanks of the Drift. They are seen in the map
of Kristoffersen (1977) as well as in this sur-
vey. Failures on drifts have been noted on
Feni Drift (de Haas et al., 2003) and else-
where but this appears to be a particularly
failure prone drift, perhaps because it has

such a relatively high sedimentation rate. 
There appears to be thickest deposition

just north of the crest and this is where the
main core site (Core AT-451G) was located.
The core is apparently less bioturbated than
the cores of Chough and Hesse (1985). The
deeper core (AT -450G) is highly bioturbated
like the Chough and Hesse (1985) cores. The
bioturbation and the deep position of the oxi-
dation front in the core may be due to the
more vigorous currents at this depth. 

From this reconnaissance it is proposed
that suitable places to look for long Holocene
cores are:

1. anywhere close to, but below, the
DWBC in depths of greater than 3500 m

2. above the DWBC in depths of less
than 1900 m and just to the north of the ridge
crest.

Figure 38. Possible correlation of core logs AT-450G and AT-451G showing higher sedimentation rates at the
site AT-451G.
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33..22..  SSeeaammoouunntt

N. POULSEN, A. AKHMETZHANOV AND SHIPBOARD

SCIENTIFIC PARTY OF LEG 3

Seismic and gravity data held at the
Geological Survey of Denmark and
Greenland (GEUS) indicate the presence of a
prominent seamount on the continental mar-
gin of southern Greenland. Seismic records
show a steep sided high with complex inter-
nal structure. There are several proposals on
the nature of the high including it being a
diapiric structure formed by clays or serpen-
tinite and an uplifted block of pre-Cretaceous
basement. 

33..22..11..  SSeeiissmmiicc  aanndd  OOKKEEAANN  ddaattaa

The survey of the structure comprised
two lines (PSAT-231 and PSAT-233) running
along the margin and across the structure
and another short one connecting them
(PSAT-232). 

The beginning of the seismic record
along the southernmost Line PSAT-231
shows a portion of flat seabed at a depth of
2500 m. The upper 300 msec (3450-3750

msec) are represented by a sequence of par-
allel coherent reflectors within which a few
features with chaotic internal structures are
observed. These features could be due to
buried mass-wasting complexes. Below 3750
msec the record becomes chaotic with only
occasional coherent reflectors. 

The high is shown in Fig. 39. It is almost
10 km wide and 675 m high and appears
almost vertical on the record due to the dif-
ference in vertical and horizontal scales. The
internal structure is chaotic. The western
slope is about 24° and appears as an almost
straight surface, although minor irregulari-
ties could be masked by hyperbolic reflec-
tors. The eastern one is about 4° and has a
complex topography with a well-marked
peak and several step-like features. Beyond
the high, the line goes uphill across a gently
sloping seafloor with a 200 msec thick
sequence of parallel, sometimes undulating,
coherent reflectors. The sequence appears to
onlap on the eastern slope of the hill, while it
sharply abuts the western one. 

Line PSAT-233 also shows the high as a
distinct topographic feature (Fig. 40). Its
height is about 400 m and width about 4 km.
Both slopes have a similar gradient of about

Figure 39. Seismic line PSAT-231 showing seamount on the southern Greenland margin.
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Figure 40. Seismic line PSAT-233 showing that the seamount becomes smaller to the north.

Figure 41. Lithology, grain size and roundness of rock fragments collected at the dredging site AT-452D.
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24°. The seafloor to the northeast of the fea-
ture is almost 260 m higher than to the south-
west. Such an offset could be due to a fault
but is probably due to sedimentation pro-
cesses. The seafloor has an irregular topogra-
phy due to several normal or listric faults.

The OKEAN mosaic shows several lin-
ear features running in a NNW-SSE direc-
tion, which correspond to the flanks of the
high. Therefore, the overall geometry of the
feature is more of a ridge than a dome, as it
was previously thought to be. Faults
observed on the PSAT-233 line are also
expressed on the image as linear features
with W-E and NW-SE trends. 

Another interesting feature, seen as a
low backscattering gently curving band, is
found to the southwest of the high. It is inter-
preted as a shadow cast by an escarpment
undercut by the NADW bottom current.

33..22..22..  BBoottttoomm  ssaammpplliinngg  

One dredge sample (AT-452D) was col-
lected from the steepest southwestern slope
of the high along line PSAT-231 (Table 5).
The dredge contained about half a ton of rock
fragments up to 70 cm in size. 

Most of the fragments are rounded.
Rock types include sedimentary/metasedi-
mentary (sandstones, siltstones and clay-
stones), igneous/meta-igneous (granite, gab-
bro), volcanic (basalt) and metamorphic
(gneiss, schist, quartzite). The latter is the
dominant type, comprising up to 50 % of all
clasts (Fig. 41). 

The majority of the clasts are believed to
be ice-rafted debris. It was not possible to
determine on board whether any of them
came from the outcrop. 

33..22..33..  CCoonncclluussiioonnss

Considering the internal structure of the
high observed on GEUS seismic data and
new seismic/ OKEAN data we can conclude
that the high represents a N-S oriented ridge
formed by an uplifted basement block The
morphology of the block is believed to be
controlled by a system of deep-rooted faults.

The large amount of ice-rafted material

and the limited amount of time available for
sampling did not allow to an unambiguous
characterisation of the material outcropping
on the high's flanks. 

44..  SSOOUUTTHHWWEESSTT  GGRREEEENNLLAANNDD
MMAARRGGIINN  ((LLEEGG  44,,  AARREEAA  77))

44..11..  IInnttrroodduuccttiioonn

T. NIELSEN, A. KUIJPERS AND F. DALHOFF

The deep-water areas offshore south-
west Greenland have so far been subject to
few and restricted studies concerning the
seabed and near-seabed geology. Thus, to get
a first appraisal of the seabed processes and
shallow geological conditions, a desk study
was made by GEUS based on pre-existing,
conventional 2D seismic data. Building on
this study, areas of special interest were
selected for detailed investigations during
the TTR13 cruise (Fig. 42), focussing on three
different subjects, i.e. outcrops of presumed
pre-Cretaceous strata, possible seepages of
gas or fluid flows, and the nature of some
diapir-like seabed features.

For studying outcrops of pre-Cretaceous
sediments and rocks, two areas of different
geological settings were chosen for mapping
and sampling. One area, informally named
'Davis Strait High outcrop', is situated across
the Greenland-Canada border, in the centre
of the Davis Strait. Here a structural high,
which until recently was interpreted as a
solid basement high, shows some eastward
dipping internal reflections on the conven-
tional 2D seismic data indicating the existing
of sedimentary rocks. However, possible
outcropping of these older strata were not
detectable due to the low resolution of the
seismics. Furthermore, a very strong, high-
amplitude seabed reflector was found in the
area. Thus, the aim of the present study was
to confirm the existence of the dipping strata
and to map and sample possible outcrops, as
well as investigating the cause and nature of
the strong seabed reflector.

The second area for outcrop studies,
informally named 'Canyon outcrops', is
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located further south, on the northeastern
Labrador Sea slope. Here a large canyon cuts
into the western flank of the Fylla Structural
Complex, exposing strata of unknown, but
presumable pre-Cretaceous age. The primary
aim of studying this canyon was to search for
and sample seabed outcrops of these older
strata. 

In the southern Davis Strait region, in
the central part of the northern Labrador Sea
margin, the conventional 2D seismic data
shows various signs of possible seepage of
gas or fluid-flows like hydro-fracturing,
bright-spots, and faint internal reflections.
One of the potential sites of seepage lies on
the crest of an un-named, large contourite
drift. Here, numerous small notches that
could be pockmarks cut the seabed reflector.
It was hoped to confirm - or disprove - the
presence of gas or fluid flow in the selected
area with the aid of high-resolution acoustic
investigation and seabed sampling.

Various kinds of diapiric or seamount-
like features are found at several locations
along the northern and eastern Labrador
margin. Despite having the appearance of
piercement and all being located at the base,
or near the base of the slope, these seabed
features seem different in nature and origin.

The southeasternmost one was investigated
during Leg 3, and a second one, informally
named 'Seabed highs', was chosen as a study
target during Leg 4. The 'Seabed highs' area
is at the base of the central northern Labrador
Sea slope, west of the mouth of the canyon
mentioned above. On the conventional 2D
seismic data it turns up as an up-doming fea-
ture with two large spikes penetrating
almost 500 m above the seafloor. The aim of
the investigation was to map and sample this
feature to gain a better understanding of its
nature and origin.

Due to the large variations in geological
and oceanographic setting of the areas cho-
sen for detailed studies, additional knowl-
edge was expected to be gained on a variety
of issues like the nature and genesis of a
deepwater canyon system, bottom current
activity and contourite sedimentation, the
appearance and origin of mound features, as
well as studies of glacial related features and
deposition. The eastern part of the Labrador
Sea-Davis Strait region being almost unex-
plored with respect to seabed and shallow
geological issues, understanding of this area
will benefit highly from these additional
studies. 

Figure 42. Working locations on the southwestern Greenland margin (Area 7).
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44..22..  SSeeaabbeedd  hhiigghhss

44..22..11..  SSeeiissmmiicc  ddaattaa

C. KOESER, A. AKHMETZHANOV AND A.
VOLKONSKAYA

The survey consisted of two seismic
lines (PSAT-234 and PSAT-235) with a total
length of approximately 70 km. The lines
were run in a North-South direction in a par-
allel pattern with an offset of 10 km, with
PSAT-234 to the west and PSAT-235 to the
east (Fig. 43). In the next section a short
description of each line is given followed by
interpretation for both profiles.

Description

P S A T - 2 3 4  ( F i g .  4 4 )
In the southern part of this profile the

lowest recognizable reflector is seen in 3.8 s
TWT (surface A). It rises toward the north
and penetrates the seafloor at ca. SP 525.
Despite some high amplitude reflectors on
top of the feature, it is more or less exposed
up to SP 150, where it steepens dramatically
and is again covered with sediments. The
internal reflection pattern underneath sur-
face A is transparent which points toward a
homogeneous lithology. 

On the basis of the internal seismic pat-
tern, the layers on top of surface A are divid-
ed into two sedimentary units (Unit 1 and
Unit 2). The upper boundary of Unit 1 is
called surface B and the upper boundary of

Figure 43. Location map of the “Seabed highs” area in the northern Labrador Basin (Leg 4). Bathymetry from
GEBCO 2003.
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Unit 2 is called surface C. The internal seis-
mic pattern in Unit 1 is generally weak with
a few medium amplitude reflectors, which
have a wavy appearance.

The internal seismic pattern in Unit 2
shows very strong, high amplitude reflec-
tors. In the southern part of the profile trun-
cations are seen together with onlap/down-
lap features. The truncations are attributed to
an erosional episode.

P S A T - 2 3 5  ( F i g .  4 5 )
In the southern part of the profile the

lowest recognizable reflector is seen at 4.0 s
TWT (surface A). It appears to have a couple
of small diapir-like features on its surface. As
for the previous profile, this reflector rises
towards the north and penetrates the
seafloor at SP 910.

From SP 950 to SP 1425 this reflector is
more or less flat with a wavy appearance.
Near SP 1425 the reflector steepens dramati-
cally downwards towards the north and dis-
appears after SP 1450. 

It is possible to recognize Unit 1 and
Unit 2 from the previous described profile
although Unit 1 has a significantly different
appearance in the northern part of this pro-
file than in the previous profile. It still
appears transparent, but now contains 3 or 4
sets of well defined high amplitude reflec-
tors. It was not possible to recognize Unit 1
on top of the high. In the southern part of the
profile (SP 910 and southward) the whole
sedimentary package is affected by the small
diapir-like features described above. Unit 2 is
recognized throughout the profile but is
much thinner on top of the possible diapir

Figure 44. Seismic line PSAT- 234 with interpretation.
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than on the flanks. It is well developed in the
northern part of the profile and the internal
reflection pattern is similar to that seen in the
southern part of line PSAT-234. Both onlap
and truncation features are recognized here. 

Interpretation 

The seismic data shows very steep
flanks which could indicate a thermal up
doming maybe caused by a nearby magma
chamber. 

Unit 1 is interpreted to represent a
homogeneous sedimentary package formed
as a result of continuous hemi-pelagic sedi-
mentation. 

Unit 2 is interpreted as contourite
deposits. As seen on both profiles, Unit 2 has
a variable thickness which is minimum or
none in the vicinity of the high and increases
outwards. Such a thickness distribution is

attributed to the existence of a bottom cur-
rent flowing around the high and forming a
moat with associated sediment drift. 

44..22..22..  OOKKEEAANN  lloonngg  rraannggee  ssiiddeessccaann  ssoonnaarr
aanndd  hhuullll--mmoouunntteedd  pprrooffiilleerr  ddaattaa  

J. STILLING, A. AKHMETZHANOV AND P. SHASHKIN

OKEAN data were acquired simultane-
ously with airgun seismic and hull-mounted
profiler data. An additional profiler line was
run as a reconnaissance for a deep-towed
survey.

The hull-mounted profiler along line
PSAT-234 identified a very steep sided
seamount rising more than 500 m above the
surrounding sea floor. A layered sedimenta-
ry sequence was clearly seen around the
seamount while the seabed at the seamount
seemed to consist of bedrock without cover-

Figure 45. Seismic line PSAT- 235 with interpretation.
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age of soft sediments. 
The seamount has a narrow peak,

approximately 2.5 km wide, rising to 2025 m.
To the NNE of the peak is a platform at a
depth of around 2200 m, beyond which the
depth drops to around 2500 m correspond-
ing to the surrounding sea floor. To the SSW
of the seamount the depth drops to around
2600 m, approximately 100 m deeper than to
the north of the seamount.

The hull-mounted profiler record along
line PSAT-235 does not show a narrow peak
as seen on line PSAT-234. Instead, the
seamount consists of an irregular surface at a
depth around 2400 m with topographic vari-
ations of about 30 m. To the north of the
seamount the depth falls to around 2500 m
while it falls to approximately 2600 m to the
south of the seamount.

The OKEAN image (PSAT-234) identi-
fied a relatively dark area with a high
backscatter corresponding to the seabed
peak (Fig. 46). A decrease in backscatter cor-
responds to the northern and southern limits
of the seamount (PSAT-234). The rugged

topography revealed by the hull-mounted
profiler to the south of the peak corresponds
to a zone of varying but in general high
backscatter values (PSAT-234). A backscatter
high is located just to the west of the line and
corresponds to another peak whose presence
was later confirmed by the hull-mounted
profiler. Approximately 5 km to the east of
the peak two circular features are observed
consisting of a dark eastern and a light grey
western side. These features correspond to
another two peaks later confirmed by the
hull-mounted profiler. A similar feature is
seen at the very western limit of the image.
The hull-mounted profiler confirms the pres-
ence of a peak at that location. 

The seamount identified on PSAT-235
has a relatively high backscatter level. At the
centre of the seamount two depressions have
a slightly lower backscatter value. The PSAT-
235 sidescan image shows no significant
peaks on the seamount.

To the north and south of the area
defined as 'seamount' the sidescan sonar
image has a uniform backscatter. These areas

Figure 46. 10 kHz OKEAN image of the study area and bathymetric map derived from the newly obtained
soundings and sidescan image. Compare with Fig. 43.
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are most likely covered by soft sediments as
indicated by the hull-mounted profiler
which shows a layered sequence beneath the
sea bottom. 

44..22..33..  BBaatthhyymmeettrryy  

S. HVIID AND A. AKHMETZHANOV

A detailed bathymetry map of the study
area has been produced on the basis of the
echosoundings obtained from hull-mounted
profiler data and OKEAN and MAK imagery
(Fig. 46). Sidescan sonar data give a good
control of the shape and lateral extension of
the structures, and the profiler provides an
accurate depth control. The OKEAN data
covers most of the structure and the high res-
olution deep towed MAK system was used
on the western flank of the high where sev-
eral peaks are identified. The base of the high
has gentle slopes and the seamount structure
rises abruptly from 2600 up to 1900 m. The
entire feature consists of several peaks rising
above a rounded hill about 20 km in diame-
ter. The steepest flanks face southwest
whereas the eastern flanks are more rounded
and gentle. This indicates a thicker sediment
cover to the east.

44..22..44..  MMAAKK  3300  kkHHzz  ddeeeepp--ttoowweedd  ssiiddeessccaann
ssoonnaarr  aanndd  55  kkHHzz  ssuubbbboottttoomm  pprrooffiilleerr  ddaattaa

A. AKHMETZHANOV AND A. LAURIDSEN

The MAKAT-87 line was run across sev-
eral conical peaks identified on the OKEAN
imagery on the western flank of the high. The
approximate length of the line is 10 km and
the water depth ranges from 2150 m to 2600
m.

Weakly backscattering v-shaped bands
surrounded by smooth textured terrain are
observed at the northern end of the line
between time marks 03:50 and 04:20 (Fig. 47).
The bands vary in length up to 1000 m and in
width up to 100 m. These bands are most
likely to be longitudinal sand patches or
streaks formed by bottom current. Sand rib-
bons (sensu stricto) are longer and narrower
than this, and also much straighter (Kenyon
1970).

Two closely spaced peaks are seen on
the sonograph between time marks 04:35 and
05:20. The line crosses their eastern flanks
which appear as a medium to high backscat-
ter area on the portside, with the peaks cast-
ing large shadows on the starboard. From the
size of the shadows the height of the peak is
estimated at about 270 m. Further weakly
backscattering bands are seen south of the

Figure 47. 30 kHz sonograph and subbottom profiler record along line MAKAT 87. Dredging sites AT-453D
and AT-454D are shown.
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peak and are interpreted as sand patches.
The general trend is SE-NW although varia-
tion of trends of individual patches indicate
that the current is split by the peak and flows
around it. The subbottom profiler record
shows that in the zone of the patches the
seafloor topography changes from concave
to convex for about 1 km. This is possibly
due to the presence of a small sedimentary
drift formed by the bottom current. The
thickness of the drift is estimated to be 5-10
m. Between time marks 06:20 and 07:00
another peak is crossed. The line goes almost
across the summit of the 400 m high peak. On
the portside the peak casts a large shadow
although there are some high backscattering
linear bands suggesting the presence of lin-
ear outcrops of rocks. The starboard record
shows a large area of high backscatter with a
local elevation casting a shadow. On the star-
board record, between time marks 6:40 and
6:50, there is a pattern of closely spaced
rounded features. This pattern is interpreted
as a possible pillow lava field.

44..22..55..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, M. CUNHA, E. KOZLOVA, 
E. SARANTSEV, O. BARVALINA, A. BELAN, E. BILEVA,

V. BLINOVA, R. KHAMIDULLIN, D. KOROST, 
A. OVSJANNIKOV, E. POLUDETKINA, T. PTASHNAYA

AND Z. TSILIKISHVILI

The seabed highs were investigated
using a TV line and two dredge stations in
order to establish the origin of the hills and
the type of sedimentary deposition charac-
terising the flattish areas surrounding the
steep flanks. 

TVAT-42
TV line TVAT-42 was chosen on the

basis of sidescan sonar line MAKAT-87 in the
area of high backscatter. The line begins in a
gentler area with a large number of stones
and boulders lying in sandy silty sediments.
The stones are mostly rounded and dark
brown to reddish brown in colour. Their size
varies from several cm up to 1.5-2 m. The
stones are covered by different types of
fauna (see below) and there was strong cur-

rent activity. 350 m along the line large crusts
and slabs appear. The last 200 m shows an
extremely steep slope with walls covered
with black pillow-lavas, up to 0.5 m in diam-
eter.

B i o l o g y  ( A n n e x  I I )
Section 1: (12:46-13:45; boulders). The

abundance and number of species of
megafauna increases from the beginning to
the end of the section. The boulders are colo-
nized mainly by small (<10cm) colonies of
branched white anthozoans that increase
progressively in abundance, accounting for
60 to 85 % of the observed megafauna.
Sponges (mainly globular and yellow or
irregular shaped and white) account for 2 to
17% and echinoderms (mainly crinoids but
also ophiuroids and asteroids) account for 9
to 23%. A few small white crabs and fish and
other undetermined animals are also
observed. 

Section 2: (13:45-14:00; sediment with
scattered boulders). The number of species
especially the abundance of the megafauna
decreases in this section that appears to be
highly attractive to fish (most of the speci-
mens are observed in this section).
Anthozoans (62%) and sponges (32%) domi-
nate the assemblage.

Section 3: (14:00-14:10; boulders). Similar
to section 1 except for the increase in the
dominance of anthozoans that account for
92% of the observed specimens.

Section 4: (14:10-14:20; steep slope, vol-
canic wall). The wall is almost exclusively
colonized by anthozoans (95%) and a few
crinoids (2%) and ophiuroids (1 %).

Section 5: (14:20-14:36; deeper section
with some sediments and many boulders).
This section has a variety of cnidarian
species, both anthozoans and hydrozoans (66
to 87% of the assemblage), and sponge
species (9 to 28%) and a lower abundance of
crinoids. The boulders are densely covered
by epifauna but most of the organisms could
not be identified due to their small size.

Station AT-453D
The less steep area on the western flank

of the peak with high backscatter was
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dredged in order to retrieve samples that
could indicate the origin of the boulders
observed on the TV record. The dredge
retrieved 49 rock samples of different litholo-
gy, roundness and size. All the rock surfaces
show a dark microbial coating and no sedi-
ment cover. The sediment has possibly
washed out during the retrieval since brown-
ish silty clay is observed on the external
structure of the dredge. Two large sponges
(10x8 cm approx.) and different species of
encrusting sponges, bryozoa, hydrozoa and
serpulid tubes are observed attached to the
external surfaces of the samples. Most sam-
ples are subrounded, between 5-10 cm in size
and consist of metamorphic and igneous
rocks. A roundness versus lithology his-
togram shows that intrusive and metamor-
phic rocks are the most rounded samples and
that sedimentary (dolomite and sandstones)
and the volcanic rocks (mostly basalts) are in
small percentage. Several Porifera (class
Demospongia), Cnidaria (class Hydrozoa)
and Bryozoa species were collected.

Dredge AT-454D
A steep flank of one of the conical fea-

tures, where an the inferred pillow lava field
was observed on geophysical data, is sam-
pled at this station. Most of the 23 rocks are
subrounded and, apart from one large gneiss
boulder reaching 60 cm, they are mostly
between 10-20 cm in size. Approximately
half are metamorphic and magmatic rocks,
while half are irregularly shaped very
porous basalts with freshly broken surfaces.
The spherical vacuoles present in the
youngest are often filled with rounded min-
erals that have a calcite nucleus with zeolite
coating. Same samples of volcanic ash are
also observed. The same type of sessile fauna
is found (Demospongia, Hydrozoa and
Bryozoa).

44..22..66..  DDiissccuussssiioonn

Bottom current features
A typical seismic signture for sedimen-

tary drifts and the presence of the zone of
erosion and non-deposition around the
seabed high indicate that the area is affected

by the bottom current of the North Atlantic
Deep Water (NADW). The fauna and the
absence of sediment on the rocks also sug-
gest that strong currents are sweeping the
area. Possible sandy bedforms resemble lon-
gitudinal sand patches and indicate that
peak current speed can up to 50 cm/sec.
From the variations of the patch trends the
flow of the bottom water and therefore, sedi-
ment transport, is affected by the seabed
topography. The latter causes the flow to
split around pinnacles or deflect from the
walls of the rise.

Volcanic features 
The overall morphology of the surveyed

“seabed highs” area comprises a 300 m high
hill with several, up to 400 m high, conical
pinnacles. A possible field of pillow lavas is
identified from a detailed deep-towed sur-
vey of one of the pinnacles. Such morpholo-
gy and the presence of the pillow lavas sug-
gests a volcanic origin for the seabed high
which could be related to seafloor spreading
in the Labrador Sea. The zeolites filling the
vacuoles in the volcanic rocks suggest the
presence of possible hydrothermal activity
or, more likely, of a sustained flux of fluids
ongoing with the volcanic activity. This con-
clusion is supported by the TV record and by
the large amount of porous basalts at dredge
station AT-454D and not present at the pre-
vious station. It suggests that the seabed hills
are volcanic structures that are probably
related to the continuation to the north of one
of the transform faults of the main spreading
zone situated SW of Greenland.

44..33..  CCaannyyoonn  oouuttccrrooppss

44..33..11..  SSeeiissmmiicc  aanndd  OOKKEEAANN  ddaattaa

A. AKHMETZHANOV

Multichannel seismic data held at GEUS
show a deeply incised submarine canyon
bordering the western flank of the Fylla
Structural Complex (FSC) (Bate et al., 1994).
The canyon lies in water depths from 1700-
2400 m and deepens to the south. In the north
the canyon has an asymmetrical V-shaped
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profile with steeper eastern flank and more
gentle western one. The sedimentary
sequence outcropping on the western flank is
represented by 4 sub-horizontal units. The
eastern flank is made of rocks of the FSC. To
the south the canyon's profile becomes U-
shaped as the lowermost unit from the west-
ern flank covers the FSC rocks. Sampling of
the outcrops was the primary target for this
part of the leg. Seismic and OKEAN line

PSAT-239 was run along the axis of the
canyon in order to map the distribution of
the outcrops and select appropriate sampling
sites (Fig. 48).

Most of the line runs across the FSC,
which forms an acoustic basement on the
record. Several crossections of the canyon are
seen with the deepest one being about 900 m
(Fig. 49). Sedimentary cover is thin (up to 75
m) and is found mostly on the top of the
Complex. Canyon flanks are steep and often
affected by normal faults and slumping with
displaced sediments found at the base of the
flanks. Beyond the FSC the seafloor flattens
and acoustic basement is covered by a 100
msec thick sedimentary unit. Internal struc-
ture of the unit is represented by parallel
continuous reflectors. On the south of the
line 8:10 the acoustic basement dips to the
south and the thickness of the sedimentary
units increases up to 450 msec. Internal struc-
ture also changes slightly and a wavy pattern
is observed. The thickness increase and the
presence of the wavy pattern suggest that
bottom current flowing along the Labrador
basin margin affects the sedimentary cover.

Where the canyon cuts through the FSC
it is seen on the OKEAN image as a well-
defined sinuous feature. Canyon walls are
imaged best as distinct shadows and illumi-
nated areas. The blocky character of the
image at some places along the canyon flanks
indicates the presence of failed slopes.
Beyond the FSC the canyon opens into the
Labrador Basin and loses its appearance,
suggesting that flows running along the
canyon become unconfined. The sonograph
across lower reaches of the canyon shows
several sinuous discontinuous features,
which may be  abandoned channels.

44..33..22..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, M. CUNHA, E. KOZLOVA, 
E. SARANTSEV, A. OVSJANNIKOV, A.

AKHMETZHANOV, O. BARVALINA, A. BELAN, 
E. BILEVA, V. BLINOVA, R. KHAMIDULLIN, 

D. KOROST, E. POLUDETKINA, T. PTASHNAYA AND

Z. TSILIKISHVILI

Underwater TV surveys and several
sampling tools were used to observe the

Figure 48. Location map of the “Canyon Outcrops”
area. 
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Figure 49. Seismic line PSAT-239 and perspective image of the OKEAN sonograph draped on the GEBCO
bathymetry.



IOC Technical Series No. 68

Page 60

character of the seabed and to collect samples
at different locations along the canyon. Two
TV lines and most of the sampling stations
(AT456D-AT488GR) targeted outcrops and
one core (AT-455G) was collected from the
mouth of the canyon in order to test its recent
activity. See Tables 6, 7, Annex I and II for
sampling sites, core log details and mac-
robenthos data.

Canyon mouth

S t a t i o n  A T - 4 5 5 G .
The core was collected from a flat por-

tion of seafloor and recovered a 554 cm long
sequence of silty clayey sediment. The upper
100 cm is grey silty clay characterised by a
magnetic susceptibility curve gradually
decreasing down core, which becomes
monotonous throughout the following 200
cm (Fig. 50). This pattern indicates the
increased content of coarse-grained material
in the upper part of the sequence which
could be due to the enhanced activity of bot-
tom current. Below 300 cm bsf the sequence
contains several darker intervals of silty clay.
These intervals are characterised by distinct
asymmetric peaks on the magnetic suscepti-
bility curves with relatively sharp bases.
Such a signature could be explained by the
presence of graded bedding within the inter-
vals and suggests that they are fine-grained
turbidites (Fig. 50). 

Preliminary interpretation of the core
concludes that the upper 300 cm of the
sequence are deposited under the influence
of bottom current with increased activity
during the Holocene. Most of the sequence
below 300 m is deposits from low-density
turbidity flows which probably came from
the canyon. 

Outcrop stations were selected along
two submeridional GEUS multichannel seis-
mic lines running across the canyon. The
northern line shows that the western flank of
the canyon is formed by a sequence of 4
units, while the eastern one is formed by
rocks of FSC. On the southern line the upper-
most (1st) unit is absent along the western
flank and 3rd and 4th units make up most of
the eastern flank. Stations AT-456D, AT-

457GR and AT-486D are on the southern line
and stations AT458D-AT461G, AT-484D, AT-
485D, AT-487D and AT-488GR - are on the
northern one. 

Figure 50. Magnetic susceptibility pattern along core
log AT- 455G suggests interbedding of turbidites and

contourites.
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Station N Date Time (GMT) Latitude, N Longitude, W Depth. m Recovery

17:36 62°27.550 56°26.529 2398

18:49 62°27.615 56°26.612 2398

21:36 62°27.288 56°26.516 2506

22:32 62°27.545 56°25.965 2302

TTR13-AT-455G 17.08.2003 12:29 62°52.173 55°11.216 2381 554cm

0:05 63°14.118 55°25.777 2186

1:45 63°14.135 55°26.239 2119

3:55 63°14.110 55°26.003 2140

4:07 63°14.105 55°25.934 2142

TTR13-AT-458D 18.08.2003 16:18 63°18.016 55°23.569 2145 0.3t

17:18 63°18.024 55°23.072 1950

TTR13-AT-459G 18.08.2003 18:50 63°18.071 55°25.724 2094 5 cm

TTR13-AT-460G 18.08.2003 20:17 63°18.046 55°26.714 1883 15 cm

22:03 63°18.039 55°26.718 1910

22:07 63°18.042 55°26.707 1910

TTR13-AT-462G 22.08.2003 14:47 66°29.258 58°00.960 605 150cm

15:48 66°29.256 57°58.810 585

16:03 66°29.248 57°58.945 585

TTR13-AT-464V 22.08.2003 19:21 66°33.240 57°18.170 677 110 cm

9:35 66°33.600 57°17.794 679

10:27 66°33.515 57°18.438 678

4:51 66°33.198 57°18.109 675

5:25 66°33.060 57°17.510 680

TTR13-AT-467G 26.08.2003 12:09 64°38.083 56°46.897 793 138 cm

TTR13-AT-468G 26.08.2003 14:17 64°34.495 56°26.510 718 61 cm

TTR13-AT-469G 26.08.2003 15:46 64°29.231 56°25.764 727 56cm

TTR13-AT-470G 26.08.2003 17:46 64°19.195 56°15.275 793 52 cm

TTR13-AT-471G 26.08.2003 19:51 64°12.540 56°29.012 697 42 cm

TTR13-AT-472G 26.08.2003 22:20 64°01.793 56°26.567 711 15 cm

TTR13-AT-473G 27.08.2003 11:39 64°21.937 55°41.927 1063 440 cm

TTR13-AT-474G 27.08.2003 13:24 64°24.375 55°45.077 1032 487 cm

TTR13-AT-475G 27.08.2003 14:45 64°26.089 55°46.940 1020 355 cm

TTR13-AT-476G 27.08.2003 15:48 64°27.145 55°48.322 1006 280 cm

TTR13-AT-477G 27.08.2003 17:46 64°27.141 55°48.330 1007 packed

TTR13-AT-478G 28.08.2003 14:08 64°26.085 55°46.936 1019 packed

TTR13-AT-479G 28.08.2003 15:26 64°24.374 55°45.081 1033 packed

TTR13-AT-480G 28.08.2003 17:05 64°22.200 55°38.786 1045 packed

TTR13-AT-481G 28.08.2003 18:14 64°21.944 55°41.924 1058 packed

TTR13-AT-482G 28.08.2003 23:03 64°38.080 56°46.853 792 packed

TTR13-AT-483G 29.08.2003 7:07 63°49.851 55°45.079 1440 packed

12:03 63°19.833 55°25.239 1921

13:22 63°20.149 55°24.750 1856

14:37 63°20.240 55°24.579 1840

15:49 63°20.600 55°24.058 1562

18:00 63°14.120 55°22.370 2080

19:07 63°14.114 55°21.300 1940

21:19 63°18.659 55°27.031 2105

22:00 63°18.540 55°27.195 2003

0:07 63°18.046 55°26.709 1969

0:23 63°18.043 55°26.483 1970
30.08.2003

TTR13-AT-454D 15.08.2003 0.2t

0.5 t

0.1 t

0.5 t

TTR13-AT-485D 29.08.2003

TTR13-AT-486D 29.08.2003

TTR13-AT-487D 29.08.2003

TTR13-AT-488GR

TTR13-AT-484D 29.08.2003 0.2 t

0.4 t

TTR13-AT-465D 24.08.2003 0.3 t

0.4 t25.08.2003TTR13-AT-466D

TTR13-AT-461Gr -18.08.2003

0.5t22.08.2003TTR13-AT-463Gr

TTR13-AT-456D 18.08.2003 0.5t

0.2t18.08.2003TTR13-AT-457GR

TTR13-AT-453D 15.08.2003 0.4 t

Table 6. Sampling sites in Area 7 (Southwest Greenland Margin).
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Table 7. Summary of the sampling sites in Area 7.



IOC Technical Series No. 68

Page 63

Southern outcrop sampling area

T V A T - 4 3
TV lines TVAT-43 and TVAT-44 are

selected on the basis of OKEAN sidescan
sonar line PSAT-239. The video record starts
at the south-western flank of the canyon and
shows mainly monotonous seafloor covered
by soft bioturbated sediment and linear out-
crops with fields of drop-stones. Outcrops
appear as light grey crusts and slabs mostly
covered by hemipelagic sediments. They are
mostly rounded, from dark brown to black
and up to 1.5 m in size. Weak current activi-
ty is also noticed. 

Biology (Annex II)
The megafauna is dominated by ophi-

uroids. Fish are usually resting near the bot-
tom. The line is divided into four different
sections.

Section 1: (18:20-19:30; sediments with
scattered rocks; canyon floor). Besides the
ophiuroids (69% of assemblage) and fish
(8%) this section has cerianthids (sea
anemones) (17%) buried in the sediments. 

Section 2: (19:30-20:05; more rocky area).
This section has a higher species richness.
Ophiuroids (31%) and fish (12%) share dom-
inance of the assemblage with holothurioids
(19%), other echinoderms (10%) and sponges
(19%).

Section 3: (20:05-20:40; sediments).
Similar to section 1 except for the absence of
cerianthids and the presence of holothurioids
(7%). Ophiuroids (52%) and fish (27%) are
again the dominant fauna.

Section 4: (21:00-21:20; more rocky area)
Similar to section 2 (holothurioids: 18%,
fish:8%) but with a higher dominance of
ophiuroids (60%) and fewer sponges (3%).

S t a t i o n  A T - 4 5 6 D
The dredge haul is from the western

wall of the canyon, in depths of 2119-2186m.
It crosses units 3 and 4 where the TV record
shows several types of outcropping rocks.
Areas of dispersed,rounded and subrounded
rocks are interrupted by elongated and linear
outcrops. The dredge retrieved a large
amount of rocks mostly between 5-10 cm and

different lithologies. A small amount of
brownish and greyish silty sand was
observed covering the rocks. Most of the
rocks appeared to be metamorphic or
igneous, but many are poorly lithified and
tabular silty clay blocks or lithified limestone
clasts, both showing burrowing. This type of
rock appears to be from the elongated linear
outcropping rock. The largest rock (50x15x20
cm) is conglomerate covered with different
species of biota. 

S t a t i o n  A T - 4 5 7 G R
The station is located on the same slope

dredged by AT-456 but was intended to tar-
get only unit 3 where the TV record shows a
higher density of elongated and linear out-
crops. The device retrieved three large boul-
ders (60x40x40 cm) of semi-lithified silty clay
intensely bioturbated and biota-rich on the
upper surface. (Fig. 51). A few rounded drop
stones (?) of metamorphic/igneous origin
are also found covered with greyish silty
sand with gravels and clay 

S t a t i o n  A T - 4 8 6 D  
The dredge sampled foot of the slope of

the eastern flank of the canyon where out-
crop of unit 4 was identified on the seismic
data. The rocky part of the recovery is about
95% and consists mostly of sedimentary
rocks (limestones, claystones and grey silty
clay). Some metamorphic and igneous rocks
are found as well.

Northern outcrop sampling area

T V A T - 4 4
The video record is in the northern part

of the canyon and starts from its western
flank. It also has outcrops showing lineations
but with less cover of soft bioturbated sedi-
ment than on TV-line TVAT-43. Outcrops
look like light grey crusts and slabs with
some fields of drop-stones. The eastern flank
of the canyon is a steep slope that shows dark
brown outcrops (mostly slabs). The bottom
of the canyon is covered with sediments and
some small drop-stones.
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Biology (Annex II)
This TV line consists of two parts, the

first down the western flank (WF) and the
second down the eastern flank (EF) of the
canyon. The megafaunal assemblage on the
upper flank has abundant stalked crinoids
but changes gradually down the slope and
onto the canyon floor. The overall abundance
of organisms is lower on the eastern flank
where fish are more frequently observed.
The following sections are identified.

WF Section 1: (9:20-10:15; upper flank).
The assemblage is dominated by stalked
crinoids (2 different species; 64-77% of the
assemblage), several species of sponges (11-
22%) and ophiuroids (8-11%).

WF Section 2: (10:15-10:35; lower flank).
There is a decrease in the dominance of
crinoids (26%) accompanied by an increase
in the dominance of ophiuroids (38%) and
sponges (26%) and by the occurrence of
holothurioids (15%).

WF Section 3: (10:35-10:40; transition to
the canyon floor). Similar to WF Section 2
except for the presence of cerianthids and a
further decrease in crinoids (18%).

EF Section 1: (13:25-14:00; lower flank).
Similar to WF Section 2 but with lower abun-
dance of organisms. Large actinaria (sea
anemones) attached to rocks account for 5%
of the megafauna (these are also present in
the western flank but account for 1% or less
of the assemblage).

EF Section 2: (14:00-14:05; transition to
the channel of the canyon). There are a wide
variety of species that show some similarity
to those of Section 2 of TVAT43 but have ceri-
anthids (3%) and a high dominance of ophi-
uroids (75%).

EF Section 3: (14:05-14:20; canyon thal-
weg). The assemblage is very similar to
Section 1 of TVAT43, also in the thalweg:
ophiuroids (66%), fish (4%) and cerianthids
(20%) are the dominant organisms.

S t a t i o n s  A T - 4 5 9 G ,  A T - 4 6 0 G ,  A T -
4 6 1  G R  a n d  A T - 4 8 8 G R

Stations AT-459G, AT460G and
AT461Gr aimed to sample the north-eastern
part of the canyon where the TV line TVAT-
44 shows rounded clasts and elongated sedi-

mentary (?) outcrops. Station AT-459G was
an attempt to sample the outcrop of unit 4 in
the central part of the canyon. The corer
recovered only a few fragments of granite
and iron oxide rich clayey crusts (?). It is pos-
sible that the corer hit one of the large clasts
or that fine grained sediments prevented the
penetration of the corer. A new attempt to
obtain sediment beneath the inferred ice-raft-
ed rounded clasts was made at station AT-
460G. A small number of rock samples were
retrieved in the core catcher. The two largest
samples (10x5x4 cm) are metamorphic
(gneiss) rocks; the remainder are mostly sub-
angular pebbles (< 5 cm) of different litholo-
gies mixed with mm sized rock fragments
and sandy fraction. Many clasts of semi-lithi-
fied and bioturbated brownish silty clay
(similar to that in the grab AT-457Gr) are
found. The third attempt to sample the area
is with the Grab AT-461Gr. The TV record
shows subrounded rocks with fauna
attached to their surface. Due to malfunc-
tioning of the electronic system the TV sur-
vey and the sampling were aborted. TV-Grab
(AT-488GR) was collected later and recovery
consists mostly of recent silty clayey sedi-
ment (85%). The remaining 15% are rock
fragments of various lithologies, mainly
metamorphic and igneous. Several frag-
ments of characteristic wormy brown silty
clay are also found. There is abundant fauna
within the sediment and on the rock surfaces.

S t a t i o n  A T - 4 8 7 G
The dredge sample was collected along

the same outcrop as the above station but
about 2.5 km to the north. The recovery is of
small volume and consists of rock fragments
representing ice-rafted debris and several
fragments of characteristic wormy silty clay.
A clast of conglomerate, like the one sampled
at station AT-456D, is covered with fauna.
There are also several samples of semilithi-
fied and bioturbated silty clay.

S t a t i o n  A T - 4 5 8 D
The eastern flank of the canyon was

sampled at this dredge station in the depth
range of 1950-2145 m where the TV line
TVAT-44 shows a sea floor characterised by
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irregularly shaped outcrops. The dredge was
half full of clasts of different lithology
(including sedimentary, intrusive, volcanic
and metamorphic), size and roundness. Two
exemplars of sponges are also found.
Together with the rounded (ice-rafted ?)
rocks of varied lithology, there are a large
number of angular and subangular intrusive
(granite) and volcanic (basalt) rocks. The
angular basalts are fewer in number, while
the heavily weathered intrusive rocks have
two types of texture: a porfiroid-like texture
showing large K-feldspar crystals and a nor-
mal texture. 

S t a t i o n s  A T - 4 8 4 D  a n d  A T - 4 8 5 D
These dredge stations were also on the

eastern flank of the canyon, about 8 km to the
north of the above station. Station AT-484D
sampled the slope in depths between 1562
and 1840 m and station AT-485D in depths
between 1940 and 2080 m. Recovery at the
station AT-484D consisted of 70% of recent
sediment and 30% of rock fragments. The lat-
ter are represented by igneous, metamorphic
and sedimentary rocks up to 10 cm in size.
Fragments of metamorphic rocks are usually
rounded. Angular fragments are mostly sed-

imentary (sandstones and argillite) and vol-
canic (basalt) rocks. Recovery at station AT-
485D was represented mainly by fragments
of igneous and metamorphic rocks. The most
angular rocks are basaltic. Some samples are
semilithified silty clay with bioturbation
(similar to those retrieved at station AT-456D
and AT-457Gr). There are possible  bacterial
mats (?) on the rock surfaces.

Conclusions

A representative collection of rock frag-
ments was collected from various units out-
cropping along walls of the submarine
canyon separating the FSC and Nuuk basin.
A large portion of the sampled material is
ice-rafted debris (typically in the western
side of the canyon), which can be identified
by its high degree of roundness. IRD frag-
ments are usually represented by weathered
metamorphic and igneous rocks.

Characteristic wormy brown silty clay is
found to come from the outcrops where it is
most likely a part of the sedimentary
sequence of unit 3 recognised on GEUS seis-
mic data. Other in-situ rocks are semi-lithi-
fied limestones and carbonate clays of, prob-

Figure 51. Large fragment of semi-semilithified silty clay with characteristic heavily bioturbated, "wormy",
surface recovered at the station AT-457G. 
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ably, Paleocene and Eocene age. Also among
fragments believed to be in-situ there are
limestones, siltstones and sandstones, which
could be much older, up to Ordovician (F.
Dalhoff, pers. comm.).

The eastern part of the channel also has
drop stones but angular igneous intrusive
granites, found at station AT-458D,  probably
represent the outcropping rocks. The pres-
ence of semilithified silty clay in the eastern
part of the canyon (AT-485D) suggests that
the reflectors observed on the seismic profile
of the western part probably extend also to
the eastern part where they occasionally
cover the intrusive rock. It is suggested that a
fault separates the two flanks of the canyon
and that the canyon follows the fault orienta-
tion. 

Recent sedimentary processes were
accessed in the mouth of the canyon. The
sedimentary record recovered at station AT-
455G suggests that in the Holocene sedimen-
tation is strongly affected by bottom current
while in the Late Pleistocene most of the sed-
iments were deposited from turbidity cur-
rents.

44..44..  SSeeeepp  ssiittee

The study area was located on the west-
ern flank of the Nuuk Basin of the southwest
Greenland margin, immediately to the north
of the upper reaches of the canyon. Satellite
data indicate the presence of oil slicks on the
sea surface and fluid seepage sites were
expected on the seafloor. Available GEUS
seismic data show a number of faults in the
upper part of the sedimentary section, some
of which seem to reach the seafloor. Such
places are the primary targets for further
detailed studies.

A number of methods were used in
order to locate potential seep sites (Fig. 52).
Geophysical survey consists of three seismic
and OKEAN lines and four 30 and 100 kHz
MAK lines. The bottom sampling pro-
gramme comprises 17 stations, at 7 of which
the cores collected were hermetically sealed
for geochemical studies onshore.

44..44..11..  SSeeiissmmiicc  aanndd  OOKKEEAANN  ddaattaa

S. HVIID AND A. AKHMETZHANOV

A total of 400 km were recorded along
three lines (PSAT-236, -237 and -238) using
the single channel airgun system, with
OKEAN sidescan sonar and the hull-mount-
ed 5.1 kHz subbottom profiler recorded
simultaneously. Average survey speed was 6
knots. The survey followed a continuous line
on a southeastern dipping slope towards the
proximal part of the canyon (Fig. 52).

OKEAN data are featureless and are not
discussed further.

4.4.1.1. Seismic description

The seismic data are of excellent quality
throughout. Penetration is up to 2.5 sec TWT,
and allows up to seven seismic units to be
identified, labelled units 1 to 7 (Figs. 53, 54
and 55).

Unit 1 is the lowest identifiable sequence
and the bottom is not observed, and there-
fore only internal reflectors are shown in the
interpreted profiles, the acoustic facies are
characterized by discontinuous subparallel
reflectors with low to medium amplitude. At
time mark 13:00, a SE dipping sequence
forms an erosive unconformity with the
overlying unit 2 (Fig. 53), and from 15:00 to
16:20 a similar but N-dipping sequence is
identified, here unit 2 is very thin or absent
and unit 6 onlaps the unconformity (Fig. 55).
From 18:30 to 19:10 the unit is preserved in a
small half-graben along a NW-dipping fault
(Fig. 54). Near the proximal part of the
canyon, the unit is interpreted as forming the
bottom of a small basin, downfaulted by a
normal fault to the NE. Unit 1 is not identi-
fied elsewhere with confidence, but possibly
underlies unit 2 in most of the area.

Unit 2 is easily picked all over the area,
with a discontinuous high amplitude top
reflector, sometimes broken up in small seg-
ments or undulating. Often it only consists of
the 3-double reflectors originating from the
pulse of the airgun. The bottom of the unit is
only traced where it overlies the erosional
unconformity of unit 1.



IOC Technical Series No. 68

Page 67

Unit 3 consists of the widespread dome-
like structures on the top of unit 2. The top of
the structures are high amplitude, low fre-
quency reflectors and the internal signal is
chaotic to transparent. The underlying unit 2
is followed undisturbed by energy loss or
velocity pull up under the structures, but the
possibility that the structures are an artificial
side effect are here excluded on the basis of
the way the reflectors surrounding the struc-
tures are affected by their presence (see
description of unit 6). Faulting in the under-
lying sequences seems to be a controlling fac-
tor for the features in some way, as most of
the structures are associated with faults. The
structure at time mark 21:10 is different from
the others with respect to its chaotic internal
character and the absence of signal from the

underlying unit 2 (Fig. 54).
Unit 4 is divided into two subunits,

based on different seismic facies. Unit 4a
makes up the infill of a small basin in the SE,
time mark 22:10 to 00:40. It pinches out by
onlap to the SSE and NNW. From 22:00 to
21:00 it is also present between two domes. It
is identified by its very transparent acoustic
signal and its location beneath unit 4b. Unit
4b is readily picked by its discontinuous
medium amplitude reflector that makes a
thin sequence draping unit 4a.

Unit 5 is like unit 4 restricted to the
southeastern part of the area where unit 2
makes a SE dipping slope towards the proxi-
mal part of the canyon (Fig. 54). Reflectors
are discontinuous and subparallel with a
transparent to low amplitude signal. To the

Figure 52. Location map of the Seep Site.
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SE it terminates against unit 4b by baselap
(time mark 00:00 to 01:00) and to the NW it
pinches out by onlap against units 2 and 3.
Some erosion and reworking of the sequence
is observed near the southeastern flank of the
dome structure of unit 3 at time mark 21:20.

Unit 6 is found all over the investigated
area, with downlap on the substrata. The
continuous to discontinuous reflectors show
a characteristic wavy pattern, with multiple
internal reflector terminations (see time mark
21:00 to 22:00, Fig. 54). This acoustic signa-
ture is especially pronounced near the south-
eastern flanks of the dome structures and at
depth below 1.2 sec. TWT. The waves are
approximately 1.5 km in length and up to 250
m in height. At time mark 22:00 to 00:00 a
NW-divergent pattern of the unit are
observed.

Unit 7 is differentiated from the under-
lying unit 6 by an increase in amplitudes. The
overall character of the unit is parallel to sub-
parallel reflectors, draping the area. In the
southeastern part, where the sequence dips
below 1.2 sec, there has been some reworking
of the strata due to current activity, and at
time mark 20:35 a deep incision into the stra-
ta below is present (Fig. 54).

4.4.1.2. Preliminary interpretation of seismic
lines PSAT-236, -237 and -238

The spatial distribution of the sediments
is mainly controlled by the eastern dipping
slope, defined by the top-unit 2 reflector. The
segmented nature of unit 2 suggests a con-
solidated material reacting competently
when subjected to stress, this together with
its high impedance contrast to the overlying
sediment indicates that it could be the
Paleocene/Eocene volcanics that forms the
acoustic basement in most of the area. The
dipping reflectors of unit 1 make an erosive
unconformity to unit 2, and could then be
either pre-Cenozoic deposits, preserved in
half-grabens and grabens from a previous
deformation event, or could be the expres-
sion of different lava flows. Ordovician and
Cretaceous limestone also are penetrated by
wells in the area, and are another possible
origin of unit 2.

On the basis of the distribution of the
current deposits around the dome structures
of unit 3 (see below), it is evident that they
were positive features on the seafloor at the
time of deposition, and not post-depositional
subsurface intrusions. This interpretation
leaves two possibilities for the origin of the
features: 1 - volcanic cones that were formed
along fault planes and fractures during erup-
tive activity. 2 - biogenic build-ups. These
also are believed to grow along fault planes

Figure 53. Seismic line PSAT-236. Main seismic units are shown.
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or other disturbances on the seabed, where
there is current activity and/or fluid escape
from beneath that can facilitate biogenic
growth.

Unit 4 infills the topographic lows in the
southeastern part, e.g. a small basin at time
mark 23:30, that is partly controlled by subsi-
dence, and partly by the fault at time mark
22:10 (Fig. 54). The downlap of reflectors to
the SE on unit 4b indicates a sedimentantary
hiatus here, and it is reasonable to interpret
the higher amplitude reflectors of unit 4b as
a hardground, where the bottom was consol-
idated. Based on the reflector character of
unit 4 it can be correlated to unit 2 of the
“Seabed Highs” area (section 4.2.1). With
unit 5 the deposition and infill of the lows

continues, and the fault at time mark 22:10 is
still active.

The dome-like structures affect the sedi-
mentation pattern around them. This is evi-
dent from the development of large-scale
sediment waves to the SE of the seamounts,
especially in unit 6 (Figs. 53, 54 and 55). This
indicates a contour current from the NE, that
makes a dynamic environment with
enhanced energy to the SE of the structures
as a result of the Coriolis force. Based on the
depth of the contourite deposits below 1.2
sec. TWT (app. 900 m waterdepth), the
undercurrent would be the eqivalent of a
deep layer of the present day Labrador
water, which is running north along the
southwestern margin of Greenland and then

Figure 55. Seismic line PSAT-237 showing onlap of the sedimentary cover onto the basement sequence.

Figure 54. Seismic line PSAT-238. Main seismic units are shown.
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is forced around in a southwestern direction
in this area due to decreasing water depth
(Fagel et al., 1997).

With the initiation of unit 7 the reflector
amplitudes increase and become more con-
tinuous forming a drape over the underlying
wavy topography. This implies a change in
the sedimentation pattern, during which the
activity of the bottom current decreases and
the environment becomes dominated by
hemipelagic processes. Such a transition may
be equivalent to the onset of glaciation in
West Greenland in the early Pliocene.

44..44..22..  DDeeeepp--ttoowweedd  ssiiddeessccaann  ssoonnaarr  ddaattaa  
((MMAAKKAATT--  8888  ttoo  9911))  

A. AKHMETZHANOV, C. KOESER AND L. ABBUEHL

Four lines were acquired with a sidescan
frequency of 30 kHz (MAKAT-88, 89, 91 and
MAKAT-98) and one line with 100 kHz
(MAKAT-90) (Fig. 52). 30 kHz lines were run
across potential seep sites chosen from seis-
mic and satellite data. Lines MAKAT-88 and
89 were run in a NNE-SSW direction over an
area lying in depths of 700-750 m. Line
MAKAT-98 is located to the east of these two
lines, on the western flank of the Nuuk basin
and covering a deeper portion of the slope
between depths of 900 and 1000 m. Line
MAKAT-91 connects these two survey areas
running down slope from 700 to 900 m. 

The overall level of acoustic backscatter
on images from all five lines is medium to
high and they all show a chaotic pattern on
the seabed, with a predominant lineation
going SE-NW (Fig. 56). The lineations, which
are interpreted to be ploughmarks from ice-
bergs, have a medium backscatter axis but
are bounded by higher backscattering edges.
The widths of the lineations varies from 10 m
to 130 m and the maximum length is 5750 m,
though the data indicate that some could be
far more extensive. Some lineations are
straight whilst others have a low sinuosity.
Most of the features are rather small and can
only be seen by zooming in, although a few
are prominent. The sonographs also show
that although there is a predominant orienta-
tion, many of the lineations cross-cut each

other. 
The subbottom profiler records along

MAKAT-88 and MAKAT-89 lines reveal an
overall planar sea floor sloping slightly
towards the north. Small depressions at the
seabed correlate with lineations on sidescan
images.

Line MAKAT-98 has almost featureless
sonographs characterised by uniform
backscatter. The subbottom profiler record
show an acoustically stratified sequence with
a thickness of about 15-20 m. The sequence is
formed by continuous parallel and undulat-
ing high amplitude reflectors separating
acoustically transparent units up to 4 m
thick. The only feature standing out on the
sonograph is a band of medium- to high
backscatter about 500 m wide running along
the slope at a depth of 1010 m. The band cor-
responds to the flatter floor of a local, 10 m
deep, depression on the profiler record. The
depression is interpreted as due to the pas-
sage of a filament of bottom current. The
increased backscatter level could be caused
by a higher concentration of coarse-grained
material in the zone affected by bottom cur-
rent. 

44..44..33..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, A. AKHMETZHANOV, E. KOZLOVA, 
E. SARANTSEV, A. OVSJANNIKOV, O. BARVALINA, 

A. BELAN, E. BILEVA, V. BLINOVA, R. KHAMIDULLIN,
D. KOROST, E. POLUDETKINA, T. PTASHNAYA AND

Z. TSILIKISHVILI

Ten sediment cores collected in the area
were opened onboard and studied. 6 gravity
cores (AT-467G - AT-472G) were taken in the
western, shallower, part of the area and 4
cores (AT-473G-AT-476) in the eastern, deep-
er part of the basin, area along line MAKAT-
98 (Fig. 52, Tables 6, 7, Annex I and II).

Western area

C o r e  A T - 4 6 7 G
The core recovered a 138 cm long

sequence of clayey sand. The upper 23 cm of
sediment consists of structureless clayey silty
fine sand with drop stones. Interval 23-60 cm
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Figure 56. Sonographs of lines MAKAT-88, 89 and 90 showing widespread ploughmarks covering the seabed
at the seep site area. Blow-ups show details of individual ploughmarks including “kettle holes” at the northern

end of some ploughmarks..



IOC Technical Series No. 68

Page 72

is particularly rich in gravel and pebbles rep-
resenting ice-rafted debris (IRD). Interval 60-
100 cm is silty sand and in the interval below
(100-138 cm) the amount of clay admixture
increases.

C o r e  A T - 4 6 8 G
The recovered sequence was 61 cm long,

the lower 31 cm being the IRD interval pene-
trated at station AT-467G. The upper part
consists of water saturated darker silty fine-
medium sand containing drop stones of cen-
timetre size.

C o r e  A T - 4 6 9 .
Also a mostly sand sequence, 55 cm

long. The bottom of the sequence is enriched
with IRD and perhaps the IRD interval pre-
vented the corer from going deeper.

C o r e  A T - 4 7 0 G
A mostly sandy sequence, 52 cm long.

IRD was found to be scattered throughout
the core with  the amount gradually increas-
ing down core.

C o r e  A T - 4 7 1 G
Another sandy core, 42 cm long, with

IRD-rich interval (17-42 cm) at the bottom
consisting of very well compacted clay
mixed with pebbles and small rock frag-
ments (till).

C o r e  A T - 4 7 2 G
Only limited recovery of silty sand with

scattered IRD.

Eastern area

Four cores were collected along a tran-
sect sloping from north to south from 960 to
1115 m with core AT-473G being the deepest
and AT-476G the shallowest (Fig. 57). The
subbottom profiler record shows an acousti-
cally well-layered sequence with high ampli-
tude reflectors separating more transparent
units. Penetration of the signal is about 15 m.
The record also shows that the thickness of
the transparent units gradually increases
downslope. For the uppermost units, for
example, this comprise a change from 2 m at

site AT-476G to 4 m at site AT-473G. The
recovery varies from 280 cm to 487 cm and
generally also increases downslope. The
recovered sequence is represented by
interbedding of silty clay and clayey-silty
sand intervals. Ice-rafted debris is common
in the cores, being scattered throughout the
sediment or forming well-defined intervals.
Intervals of clayey-silty sand have increased
values of magnetic susceptibility (MS). The
general pattern of the MS curve comprises
several broad intervals with values around
300 SI units separated by intervals with
lower values (around 100 SI units). In some
places individual peaks up to 700 SI units are
observed within higher value intervals. They
are usually caused by IRD layers or large
dropstones. The broad intervals with high
MS values and coarser grained composition
are thought to signify episodes of increased
flux of terrigeneous material, which took
place during glacial periods. Magnetic sus-
ceptibility curves provide a good basis for
core correlation and show that sedimentation
rates are approximately twice as high in the
cores located in the deeper part of the tran-
sect. This is in a good agreement with sub-
bottom profiler data, showing the increase of
unit thickness with water depth. Cores from
the shallow part of the transect have a higher
proportion of sand-rich intervals. This
increase in coarse-grained material content
could be related to iceberg discharge of IRD,
which is particularly abundant in the water
depth shallower than 700 m, where the
seafloor is covered by a dense network of ice-
berg ploughmarks. Higher sedimentation
rates in the downslope cores are believed to
be due to increased input of fine-grained
material by bottom current. The evidence of
bottom current activity is seen on the seismic
record PSAT-238 showing a field of sediment
waves developing on the slope below 1000 m
water depth.



IOC Technical Series No. 68

Page 73

44..55..  DDaavviiss  SSttrraaiitt  HHiigghh

44..55..11..  IInnttrroodduuccttiioonn

The survey in the Davis Strait High tar-
geted the area where GEUS multichannel
seismic data shows dipping units of
unknown age approaching the sea bed. The
presence of outcrops was expected and the
goal of the survey was to accurately locate
and sample the outcrops. The reconnaissance
includes seismic profiling accompanied by
OKEAN data acquisition, which allows
selection of a smaller area for MAK-1M 30

kHz survey. Several targets identified on the
MAK-1M data were sampled with various
tools and surveyed with the underwater
video system (Fig. 58).

44..55..22..  SSeeiissmmiicc  ddaattaa

A. LAURIDSEN, A. AKHMETZHANOV AND

A. VOLKONSKAYA

Line PSAT-240 - 243
The aim of the seismic survey was to

locate and map exposed paleo-outcrop at the
ocean bottom for later sampling. Four lines
were shot. Line PSAT-240, PSAT-241 and

Figure 57. Location of sampling sites AT-473G-AT-476G on the profiler record along the line MAKAT-98 and
suggested correlation of core logs. 
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PSAT-243 run parallel in an east-west direc-
tion. Line PSAT-242 runs in a north-south
direction. The water depth in the area ranges
from 550 m to 720 m. 

Line PSAT-240 (Fig. 59)
The strongest reflector on this section is

the bottom return. 120 ms beneath the bot-
tom reflector the secondary reflector occurs.
This reflector continuously follows the bot-
tom reflector. In the eastern part of the sec-
tion eastwards dipping hummocky reflectors
are truncated by the bottom reflector. This
might indicate the presence of paleo-out-
crops exposed at the seabed and the possibil-
ity of a thin or absent sediment cover.

Line PSAT-241
As on the line PSAT-240 the strongest

reflector is from the seafloor. Again a sec-
ondary reflector and multiple is seen and
and in the eastern part of the section east-
wards dipping hummocky reflectors are
truncated at the seabed. In the western part
of the section there is a valley. The reflection
pattern in the valley is chaotic and the type of
infill is unclear. 

Line PSAT-242
This section also shows a strong bottom

reflector, secondary reflector and multiples.
In the southern part a paleo-incision is
observed and again the infill structure is not

clear. The incision is overlain by an acoustic
package interpreted as contourites. At the
northern end of the line a dipping reflector is
observed which appears to be covered by the
surface drape.

Line PSAT-243
This section also shows a strong bottom

reflector, secondary reflector and multiples.
In the eastern part of the section eastward
dipping, wavy reflectors are seen. Some of
these reflectors seem to be truncated by the
surface reflector, which may indicate the
presence of outcrops. In the western part of
the section the penetration is poor and no
subsurface features are seen.

Discussion
The bottom reflector is represented not

by a single reflector but by three, each of dif-
ferent origin. The first reflector seen is the
primary reflector. 15 ms below the primary
reflector is another reflector that  is most like-
ly to be the ghost. 85 ms further down is a
reflector that is sourced by the air gun bub-
bles bursting at the surface, and could easily
be mistaken for a structural reflector. In the
eastern part of the area there is a set of dip-
ping reflectors truncated by the bottom
reflector. The paleo-outcrop is most likely to
be found here and the zone of truncation is
the most promising for gravity core and
dredge sampling.

Figure 58. Location map of the study of the Davis Strait High area.



IOC Technical Series No. 68

Page 75

44..55..33..  SSiiddeessccaann  ssoonnaarr  ddaattaa

A. AKHMETZHANOV, A. BELAN AND L. ABBUEHL

Although OKEAN data were acquired
during the survey the sonograph is feature-
less suggesting that the seafloor has very
smooth meso-relief. 

MAK-1M data were acquired along a
series of lines running in a NNW-SSE direc-
tion and give an almost complete coverage of
an area of about 190 km2 (Fig. 58).

The sonographs show a seabed inten-
sively covered by iceberg ploughmarks (Fig.
60). Most of them are about 50-70 m wide, up
to 10 m deep and have variable lengths with
some being up to 3 km long. They usually
have various planforms from linear or sinu-
ous to arcuate. Criss-crossing is often
observed suggesting the presence of several
generations of ploughmarks.

In some cases a broader hole can be seen
at one end of a ploughmark, indicating the
place where the iceberg was finally ground-
ed after ploughing through the seafloor. The
holes are usually found at the northern ter-
minations of ploughmarks, suggesting ice-
berg drift to the northwest with average
direction of about 330°. A few ploughmarks
show that some transport was to the north-
east with a direction of 10 to 45°. 

In some places larger marks are seen on
the sonographs. Their width is up to 270 m
and they probably represent giant plough-
marks.

44..55..44..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, E. KOZLOVA, E. SARANTSEV,
A. OVSJANNIKOV, A. AKHMETZHANOV, 

O. BARVALINA, A. BELAN, E. BILEVA, V. BLINOVA,
R. KHAMIDULLIN, D. KOROST, E. POLUDETKINA, 

T. PTASHNAYA AND Z. TSILIKISHVILI

Core AT-462G
The core was taken in the western part

of the study area outside of the MAK-1M
coverage. The sedimentary section is 162 cm
long and consists of medium to coarse-
grained sand with abundant scattered drop-
stones up to 1 cm across. 

Core AT-463Gr
The same site was tried with the TV-

guided grab sampler. Recovery consisted of
about 30% of sandy clay and 70% of rock
fragment represented mainly by metamor-
phic and volcanic rocks. 

Core AT-464V
The core was collected in the eastern

part of the study area using the DIS-OKEAN
vibrocorer . The sampling site was located on
the western flank of an elongate depression
interpreted as a giant ploughmark. The core
recovered a 110 cm long sequence with a 25
cm thick basal layer of till-like sediment rep-
resented by rock fragments up to pebble size
in a silty-clayey matrix. Above is a well-grad-
ed sequence ranging from pebbles with grav-
el at the bottom to fine sand at the top (Fig.
61). The nature of this sequence is not clear.

Figure 59. Seismic line PSAT-240 showing the zone of possible outcrops of dipping strata.
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Although well-graded sequences are com-
mon for gravity flow and fluvioglacial
deposits, the location of the sampling site
and the character of the seabed are not in
keeping with such processes. Such a
sequence could have been formed by large
quantities of glacial material, rich in coarse-
grained sediment, falling through the water
column. The material could have been deliv-
ered by a large iceberg, and then dropped
during, for instance, a keel-over event. This
idea is partially confirmed by the giant size
of the ploughmark, which must have been
left by a larger than usual iceberg. 

Dredges AT-465D and AT-466D
Two dredge samples were collected

along transects across the giant ploughmark.
Transect AT-465D is located at the northern
extension of the ploughmark, where it has lit-
tle expression on the 30 kHz sonograph. This
probably explains why the recovery con-

tained up to 20% of silty-clayey sediment.
80% are fragments of magmatic, metamor-
phic and sedimentary rocks. The latter are
mainly limestones, which are believed to
have come from the outcropping strata (Fig.
62). Transect AT-466D was made close to the
centre of the ploughmark, where it is well
expressed on the sonograph. The recovery is
mostly rock fragments of similar lithologies
to those of the previous station. 

44..55..55..  MMaaiinn  rreessuullttss

A.KUIJPERS, A. BELAN AND A. AKHMETZHANOV

Several lithologies sampled in the Davis
Strait High area are likely to be samples of
the sedimentary sequence which forms dip-
ping strata on the seismic records. Angular
fragments of limestones found in both
dredge hauls are believed to come from the
outcrops while rounded fragments of mag-

Figure 60. Fragment of MAK-1M mosaic showing seabed scoured by icebergs. A giant ploughmark is seen and
sampling stations are shown.



matic and intrusive rocks are likely to repre-
sent ice-rafted debris.

In addition to the main goal of the work
in the study area interesting data on iceberg
transport and its influence on sedimentation
in the past were obtained. 

Referring to studies of modern iceberg
drift on the East Greenland margin (Syvitsky
et al., 2001), it may be concluded that, con-
sidering the water depth (> 500 m), wide-
spread iceberg grounding in our study area
must have occurred in the past, and plough-
marks may not reflect modern iceberg drift.
At present, few icebergs advected by the East
Greenland Current towards coastal waters
around Kap Farvel will drift from there
northwards with the WGC. Other potential
areas of modern deep-draft iceberg dis-
charge should be taken into consideration.
On the West Greenland coast the most pro-
ductive, and simultaneously the fastest mov-
ing tidally controlled glacier on the global
scale (Clarke and Echelmeyer, 1996), is
Jakobshavn Isbrae. This glacier produces ice-
bergs moving northward from Disko Bay,
where the glacier is located, along the coast
of Greenland into Baffin Bay, from where
they move westward and, off the Canadian
coast, become entrained in the southward
flowing Baffin Current. Water depth in the
Disko Bay near the Jakobshavn Isbrae calv-
ing front is 300-400 m, which is thus the max-

imum keel depth of the icebergs produced
there. It cannot be excluded, however, that
due to collapse and turnover of large ice-
bergs at a later stage some of them could
increase their draft. 

It is known that the direction of drift of
icebergs mainly depends on the prevailing
current. In addition, tidal currents and winds
may cause periodic deviations from the main
current direction. Measurements of the ori-
entation of the relict ploughmarks show that
the iceberg drift can be related to a (paleo)cir-
culation pattern corresponding to the actual
WGC. At least 2 generations of plough-
marks appear to exist, but the difference in
orientation between the older and younger
generation, i.e. between 330-350° and 315-
345°, respectively, is not significant. Marine
geological investigations on the Southeast
Greenland margin (Kuijpers et al., 2003)
demonstrate the existence of a pre-Holocene
East Greenland Current reaching far into the
Irminger Basin and transporting numerous
icebergs from East Greenland glaciers
towards the south. We may conclude that, in
contrast to present-day conditions, many of
these icebergs reached the area around Kap
Farvel. Furthermore, by analogy with the
actual circulation pattern, this early East
Greenland Current system is likely to have
had a well-developed WGC extension
towards the Davis Strait, which could thus
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Figure 61. Graded bedding in core AT-464V.
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have been responsible for transporting deep-
draft icebergs to the area of investigation.
Within this context, we should note that the
sea level at that time was probably at least
100 m lower than at present. During the
same, late glacial period the Laurentide Ice
Sheet collapsed, and iceberg discharge from
the Hudson Strait was considerable (e.g.
Andrews et al., 1995). Although the general
surface circulation may have favoured ice-
berg transport from the Hudson Strait main-
ly south(east)wards towards the region off
Newfoundland, the general cyclonic surface
circulation pattern of the Labrador - Irminger
Sea region could have caused part of the ice-
loaded water masses from the Southern
Labrador Sea to deflect northwards into the
north-eastern Labrador Sea, joining any
WGC iceberg drift.

44..66..  CCoonncclluussiioonnss

N.H. KENYON AND A. AKHMETZHANOV

The sampling of pre-Cretaceous out-

crops in the area of the 'Davis Strait high' was
hindered by the widespread cover of coarse
ice-rafted material and iceberg ploughmarks.
The sedimentary cover over any outcrop is
probably at least as thick as the depth of the
majority of ploughmarks i.e. up to 10 m
deep.  However it is likely that samples of
underlying rocks were obtained and are rep-
resented by the angular fragments of lime-
stones from the base of the largest plough-
mark, which may have been scoured down
to bedrock. In the 'Canyon outcrops' area a
wide variety of sedimentary rocks are
believed to have been derived from local out-
crops. They are thought to be of both pre-
and post-Cretaceous ages and await further
analysis at GEUS.

In the 'Seep site' no evidence was found
for escape of fluids through the seabed.
Faulting was not seen to extend to the seabed
on the seismic data, despite its high quality.
However there are possible bioherms
beneath up to 500 m of overlying sediment,
which may indicate seepage of fluids up
fault planes in the past. As no pockmarks

Figure 62. Rock fragments collected at dredging site AT-465D and believed to come from the outcrops.
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were found on the high resolution sono-
graphs it is concluded that the notches on the
seabed, seen on previously obtained profiles,
were due to iceberg ploughmarks. However
seepage cannot be ruled out as it less likely
that pockmarks would form in the coarse
sediments covering the seafloor here and
even if present would be difficult to identify
in such a heavily scoured area.
Hydrocarbons may be found in the cores
taken for further analysis. 

The seamount within the 'Seabed highs'
area was mapped and shown to be consistent
with a volcanic origin. 

There were new insights into recent sed-
imentary processes. Bottom currents had
some effect on the seafloor in all areas.
Around the seamount in the 'Seabed highs'
area there is an asymmetrical moat and asso-
ciated drifts at depths of between 2200 m and
2500 m. In the 'Canyon outcrops' area there
are recent contourite deposits in depths of
about 2400 m. Both of the shallower areas
showed sedimentary evidence for currents.
In the seep site area there is recent bottom
current influenced deposition in depths
below about 1000 m. Both of the shallower
areas of study had iceberg ploughmarks. The
age of these ploughmarks is not known but
the great depth of occurrence, down to 750
m, points to an early Holocene age, a time
when sealevel was lower and icebergs may
have been larger. The dominant drift direc-
tion at the time was northerly, determined
from the orientation of the marks and from
the predominance of submarine 'kettle holes'
at their northern ends.

55..  WWEESSTTEERRNN  PPOORRCCUUPPIINNEE  BBAANNKK
((LLEEGG  55,,  AARREEAA  88))

55..11..  IInnttrroodduuccttiioonn

X. MONTEYS AND M. IVANOV

During Leg 5 of the TTR 13 cruise, geo-
logical and geophysical studies were carried
out on the western slope of the Porcupine
Bank on the Irish continental margin. The
main objectives of this survey were: to define

the nature of some characteristic mounds on
the seafloor; to study the fauna of the mound
ecosystem; to sample the bedrock exposed in
the area and to investigate areas of inferred
fluid escape structures. In order to fulfil these
objectives the areas of interest were covered
by a survey with MAK-1Ì deep-towed sides-
can sonar in 30 kHz mode with subbottom
profiler. The data were then analysed and a
number of sites for underwater video survey
and seabed sampling were selected (Fig. 63).

The Rockall-Porcupine continental mar-
gin is a part of the Atlantic continental mar-
gin. Its width is 600 to 1000 km and it extends
for 1200 km or so to the north-west of the
British Isles. 

The Rockall-Porcupine continental mar-
gin has a very complicated bathymetric
structure. The continental margin is divided
into two parts, inner and outer. The inner
part extends from the Hebrides shelf to the
south-western part of the Ireland shelf and
the Porcupine Bank. The outer part includes
the Rockall Plateau and Bank, Hatton-
Rockall Basin, Hatton Bank and several
smaller seamounts. The Rockall Trough sep-
arates these two shallow platform areas. The
Porcupine Basin is situated to the south-west
of Ireland. It adjoins the Porcupine abyssal
plain with water depth up to 3.5 - 4.5 km.

Large seabed mounds in the northern
part of the Porcupine Basin were first
described in seismic profiles and proposed as
posible carbonate structures by Hovland et
al. (1994). Sidescan sonar data and bottom
sampling obtained on Cruise TTR-7 have
confirmed that despite diversity of shape,
size and location, all these mounds and sim-
ilar groups on western Porcupine Bank and
southern Rockall Bank, are associated with
colonies of cold-water corals mainly
Lophelia pertusa and Madrepora sp. The car-
bonate mounds are located on the continen-
tal slope in water depth 500 - 1000 m. The
shape of the structures varies from separate
circular or elongated mounds to ridges with
several peaks extending for 1 to 10 km. The
height of the mounds reaches up to 350 m.
The areas of mound are swept by bottom
currents, which can be clearly identified on
the sidescan sonar data. 
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The objective of the TTR-13 Leg 5 survey
was to study in detail an extensive carbonate
mound field situated in the western part of
the Porcupine Bank. The field is formed by
ridges and individual mounds fringing the
head of Porcupine Bank Canyon, a large
canyon system developing on the western
flank of the Bank. The field was imaged for
the first time by multibeam data obtained
during a high resolution survey onboard
R/V Bligh in the year 2000, the first year of
the Irish National Seabed Survey.

55..22..  MMAAKK--11MM  3300  kkHHzz  ssiiddeessccaann  ssoonnaarr
ddaattaa

A. AKHMETZHANOV, M. IVANOV AND X. MONTEYS

Survey lines MAKAT-99 - MAKAT-104
were run parallel to each other from north-
north-east to south-south-west, to provide a
complete acoustic coverage over an area of
about 200 - 250 km2. Water depth varied from
600 to 1000 m. 

A chain of asymmetrical, steep-sided
hills, 50 to 220 m high with base diameter of
300 to 2000 m, are identified along the west-
ern edge and in the central part of the survey

Figure 63. Location map of Area 8 on the western Porcupine Bank. Bathymetry from GSI.
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area. The features are characterized by high
backscatter, which results mostly from reflec-
tion from steep slopes (slope gradients 1:2 to
1:3). Some of the features have several peaks
(Fig. 64). Some of the slopes have a smooth
surface while others appear to be hum-
mocky, which may be due to the distribution
pattern of coral colonies. 

Four ridges were studied in the area.
They appear to be formed through inter-
growth of several individual conical
mounds. The seafloor between ridges often is
characterised by the presence of sinuous
bands of low backscatter, interpreted as
pathways of bottom currents sweeping the
area. According to previous studies in other
carbonate mound areas (Kenyon et al., 1998,
2003) and underwater video observations
made during this study the low backscatter is
due to accumulations of fine-to medium
sand formed along the pathways. 

Local areas of high backscattering inter-
preted as small landslides, are identified at
the base of the mounds.

The two longest ridges extend for 8 and
10 km in south-north and southwest-north-
east directions, respectively. The ridges also
contain the largest mounds in the area.
According to the multibeam data these
ridges are likely to develop along a series of
escarpments existing along a regional fault
system with southwest-northeast trend.
Outcrops of basement rock are expected
along these escarpments.

Another system of escarpments extends
from south to north for up to 10 km in the
north-eastern part of the area in a water
depth of 650 and 700 m. The height of the
escarpments reaches 50 m (Fig. 65). The ter-
races between the escarpments are character-
ized by medium backscattering. These
escarpments are also fault related. The main
fault appears to be divided by smaller faults
into several offset segments. The steep scarp
of the main fault is characterised by high
backscattering for most of its length, suggest-
ing a high exposure of bedrock outcrops. In
some places the high backscatter zone along

Figure 64. Fragment of the sonograph and subbottom profiler record along line MAKAT-101 showing complex
morphology and ridge-like alignment of carbonate mounds in the study area. 
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the escarpment is disrupted by low backscat-
ter intervals and small individual carbonate
mounds are found here, growing from the
edge of the escarpment.

The south-eastern part of the area is gen-
erally characterized by smooth relief and low
to medium backscattering levels. Abundant
linear high backscattering irregularities
observed on the sonographs are due to half-
buried escarpments formed along the south-
ern extension of the above described fault
system. 

Line MAKAT-105 was run to the south-
east of the surveyed area for reconnaissance
purposes. For most of the line the seafloor is
characterised by low uniform backscatter.
Several circular to ellipsoidal conical
mounds, up to 500 - 600 m across, are
observed at the southern end of the line.

55..33..  TTVV  sseeaabbeedd  iinnssppeeccttiioonn

V. BLINOVA, M. IVANOV AND X. MONTEYS

Five lines of TV observations were run
in the survey area. The lines were chosen in

order to study the details of features previ-
ously observed on 30 kHz sonographs.

Three TV lines (TVAT-48, TVAT-49,
TVAT-50) were run from the tops of large
mounds (the northern, southern, and central
one) down the slopes at water depths of 750
to 1000 m.

Sediments from the tops and slopes of
the mounds are represented by silty-clayey
deposits and ice-rafted debris (20 - 40%) with
abundant colonies of white and pink corals.
Crustacea and Echinodermata are commonly
observed along the tracks while bivalves are
less abundant. Dead coral debris are seen
down the slope. The sediments at the base of
the mound are also represented by silty clay
with occasional ice-rafted debris and slabs
(i.e. TVAT-49) (Fig. 66).

TV line TVAT-51 runs across flat ter-
races in the eastern part of the survey area
separated by an escarpment. Water depth
varies from 750 to 600 m. Sediments from the
terraces are sand and coral debris. The scarp
reveals carbonate crusts and IRD. Fauna is
abundant sea stars and white shell debris.

TV line TVAT-52 was run on the flat sur-

Figure 65. Perspective visualization of the MAK-1M acoustic imagery showing some of the carbonate mounds
and the 50-m high escarpment with widespread rock exposure as suggested by high backscatter. Sampling sites

along the escarpment are indicated. Bathymetry from GSI.
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face of the furthest eastern part of the survey
area in water depths of 480 - 490 m across a
seabed covered with ploughmarks. The sedi-
ments are mainly sandy without evidence for
fluid escape. Large shoals of sardine-like
fish, which often concealed the sea bottom,
are seen on the TV.

55..44..  BBoottttoomm  ssaammpplliinngg

A. MAZZINI, A. AKHMETZHANOV, E. KOZLOVA, 
E. SARANTSEV, A. OVSJANNIKOV, O. BARVALINA, 

A. BELAN, E. BILEVA, V. BLINOVA, R. KHAMIDULLIN,
D. KOROST, E. POLUDETKINA, T. PTASHNAYA, 

S. NIGGLI AND Z. TSILIKISHVILI

Bottom sampling had several aims: to
study recent geological processes and sedi-
mentation on the western slope of the
Porcupine Bank; to study the fauna associat-
ed with carbonate mounds; to sample the

outcrops of basement rocks and to study
areas of suggested fluid escape. Sampling
station locations were chosen on the basis of
the sidescan sonar data obtained during Leg
5 and multibeam data previously obtained
by the GSI. 11 stations are sampled using the
gravity corer; 3 stations using the box corer; 6
stations using the dredge and the TV-guided
grab was used at one sampling station.
(Tables 8, 9 and Annex I)

Station TTR-13-AT489B
This station sampled the northern edge

of the canyon. Many fragments of pteropods,
occasional small drop stones, worms and
burrows are observed on the surface. The
upper part of the sequence (0 - 5 cm) is light
olive-brown foraminifera-rich sand. The
lower part of the sequence (5 - 23 cm) con-
sists of light-grey thick silty clay with abun-

Table 8. Sampling sites in Area 8 (Western Porcupine Bank).
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dant foraminifera and some sandy admix-
ture. A vertical lens of poorly sorted sand is
seen at 15 - 22 cm.

Station TTR13-AT490Gr
This station aimed to sample the upper

part of a carbonate mound seen on TV line
TVAT-48. The full recovery from the grab
consisted of corals of different species,
sponges and live fauna (shrimps, shells,
crabs and coral-symbiont fauna) in the top
part. The uppermost corals consist mostly of
alive Madrepora and some Lophelia corals
that are growing on the top of dead Lophelia,
Madrepora and Desmophyllum branches.
The lower part of the sample is dense silty
clay with coral and shell debris. No drop
stones are found.

Station TTR13-AT491B
The station was sampled using the box

corer. The recovery consisted only of corals.
Coral species are represented mainly by
Lophelia and some Madrepora.

Station TTR13-AT492G
The station was located on the top of a

carbonate mound to the south-west of the
study area. The recovery consisted only of
corals and a small amount of silty clay. The
corals are Lophelia, Madrepora and rare
branches of Desmophyllum.

Station TTR-13AT493G
The station is located on the top of a car-

bonate mound. The recovered sample con-
sists of a mixture of corals, shells and brown-
ish silty clay with sand admixture. Also, frag-
ments of shells attached to the corals and
some rock fragments (up to 3 cm in size) are
observed in the sample.

Station TTR13-AT494G
The total recovered sequence is 10 cm

long. The upper part of the sequence (0 - 4
cm) is coral debris and rock fragments up to
3 cm in diameter. The lower 6 cm consists of
light-brown marl with foraminifera and sand
admixture. There are also some shell debris

Table 9. Summary of the sampling sites in Area 8 on Western Porcupine Bank.
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and rock fragments with carbonate cement.
Towards the bottom the ooze becomes stiffer
and a few samples of semilithified carbonate
rich sediment were retrieved.

Station TTR13-AT495G
The station is located in the depression

on the top of a multi-peaked carbonate
mound. The total recovery was 502 cm. The
sedimentary sequence is represented by sev-
eral intervals rich in coral debris (0-58; 79-
134; 140-217; 217-502) separated by clayey or
sandy layers of different colours.

Station TTR13-AT496G
The station is located on the upper part

of a scarp on the western slope of Porcupine
Bank. 40 cm of sediment was recovered. The
sediment is brownish-grey medium to
coarse-grained sand with foraminifera and
shell debris. The upper part of the sequence
is more water-saturated and is yellowish in
colour. An angular fragment of ice-rafted
rock (about 5 cm in diameter) is found at a
depth of 26 cm. 

Station TTR13-AT497G
The station was on the lower part of the

scarp and 60 cm of sediment were retrieved.
The upper part of the sequence (0-29 cm)
consists of brownish-grey structureless water
saturated sand. The lower part of the sand
layer is better sorted, less water-saturated
and the sand is coarser. Some rock fragments
of IRD are seen in the sand layer. The lower
part of the sequence (29-43 cm) consists of
brownish silty clay with shell debris and
sand admixture. The amount of sand admix-
ture and shell debris increases towards the
bottom of the layer. The fining upward
observed in the two units suggests that they
could be turbidites but IRD points to a possi-
ble contour current deposit..

Station TTR13-AT498D - TTR13-AT500D
Sampling was focused on the steep slope

of an escarpment in the eastern part of the
area. 

The recovery at station AT498D accord-
ing to visual inspection was: 60% - carbonate
rocks; 20% - igneous rocks; 20% - metamor-

phic rocks. Most of the rock fragments are
large, reaching up to 50x50x10 cm in size.
About 50% of all carbonate rocks are brown-
ish-grey tabular carbonate crusts and layers.
The crusts have a rough surface. Some ben-
thic fauna is observed in the sample. The car-
bonate rocks were divided into three groups
according to lithology and also to their reac-
tion to HCl. The first group are whitish semi-
lithified carbonate rocks that have an active
reaction to HCl. The second group consists of
massive, dense, pinkish dolomitized blocks
that show no reaction to HCl (Fig. 67). The
third group have a minor reaction to HCl
and are slabs (phosphate rich?) of shell
debris cemented by micritic carbonate. 

The samples recovered from stations
AT499D and AT500D are similar to those
from station AT498D. The carbonate rocks
are divided into two groups corresponding
with the first and the third groups of carbon-
ate rocks from station AT498D; and another
(fourth) group that appeared to be transition-
al between the first and the third groups.

Station TTR13-AT501D
The station is located on a carbonate

mound from the northernmost group of
mounds. The recovered sample consists of
25% sediment, 25% rocks and 50% corals.
The sediment is water-saturated carbonate
clayey marl with a small amount of silt
admixture. Corals are mostly dead Lophelia
and Madrepora with only a few living exam-

Figure 67. One of the large dolomitised blocks recov-
ered by dredge AT-498D.
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ples. The sediment contains a small amount
of rock fragments, both sedimentary and
igneous. Fragments of sedimentary rocks are
divided into two groups: carbonate rocks
and sandstones. The carbonate rocks are sim-
ilar to those recovered at station AT498D
(first group). They consist of corals, shells
and other fossils cemented by carbonate and
tabular micritic limestone.

Station TTR13-AT502B
The location of this station was chosen

from the GSI seismic data in order to sample
a feature interpreted as a possible pockmark.
The sediment at the surface is medium and
well-sorted sand with a clay admixture and a
small amount of IRD and a few burrows. The
lower part of the sediment sequence is
foraminifera-rich. A small amount of IRD is
also found at 35 cm below the sediment sur-
face.

Station TTR13-AT503G
119 cm of sediment sequence was recov-

ered at this sampling station. The upper part
of the sequence is grey-brown, fine to medi-
um grained sand with silt and clay admix-
ture, abundant foraminifera and some IRD.
The lower part of the sediment sequence (41
- 66 cm) is grey silty clay. The clay is biotur-
bated with burrows filled by sand. A thin
layer of IRD is seen at a depth of 55 cm. The
next part of the sequence (66 - 113 cm) con-
sists of clayey sand with some traces of bio-
turbation. The grain size of the sand increas-
es towards the bottom of the sequence. The
lowest 6 cm is a layer of light-grey coarse-
grained sand.

Station TTR13-AT504G
The station is at the entrance to a valley

between two carbonate mound ridges (Fig.
68). The sediment core was 53 cm long. The
upper layer of sediments (0 - 21 cm) is
brownish sand rich in foraminifera. It over-
lies a 19 cm thick layer of poorly sorted fine
to coarse-grained sand with clay admixture
and some IRD. The lower part of the
sequence (40 - 49 cm) is silty clay with IRD.
The bottom of the sequence (49 - 53 cm) is
brownish medium to coarse grained poorly

sorted sand with coral and shell debris.

Station TTR13-AT505G
The station is located at the bottom of

the valley characterized by low backscatter
and interpreted as a pathway for sand trans-
ported by bottom current. 

The recovery consists of 36 cm of sedi-
ment. The upper layer (0 - 15 cm) is olive-
brownish medium to coarse-grained sand
with abundant foraminifera. The upper part
of the layer is oxidized and water-saturated.
Shell debris and rock fragments are found in
this layer. The next layer (15 - 31 cm) is olive-
grey clay with sand admixture and traces of
bioturbation with burrows filled by sandy
sediment from the upper layer. The lowest
part of the sequence (31 - 36 cm) consists of
medium to coarse-grained sand with clay
admixture and rock fragments.

Station TTR13-AT506G
The core is collected from the base of a

carbonate ridge forming the southern flank
of the valley. The core sampled a patchy area
on the sonograph with high backscatter
patches on a generally low backscattering
seafloor. 58 cm of interbedded sand layers of
different composition were recovered. The
upper part of the sequence is brownish medi-
um to coarse-grained, well-sorted bioclastic
sand. It lies on the top of an interval (15 - 42
cm) of brown medium to coarse-grained ter-
rigenous sand with a large amount of clay
admixture. The lowest part of core is poorly
sorted bioclastic sand with ice-rafted peb-
bles. Layers of well-sorted terrigenous sand
are found at depths of 13 - 15 cm and 42 - 43
cm. Sandy layers rich in bioclastic material
are believed to be formed by imput from the
carbonate ridge while terrigeneous sands
probably represent the bedload of the bottom
current flowing along the valley axis.

Station TTR13-AT507G
A delta-shaped area of low backscatter

interpreted as a sandy wash-out fan at the
mouth of the valley was sampled at this sta-
tion. The total core length is 26 cm. The sedi-
ment is grey poorly sorted sand with pebbles
(up to 3 cm in size) and shell debris. The
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grain size of the sand increases towards the
bottom of the core. 

Station TTR13-AT508D
The dredge station is located on the

steep slope of an escarpment in the south
part of the canyon crowned by carbonate
mounds. This location is one of the deepest
in the area (1133-1212 m) where carbonate
mounds are observed. The major part of the
recovery is dead coral debris with a few frag-
ments of living corals. Madrepora, Lophelia
and Desmophyllum coral species are identi-
fied. Three angular fragments of igneous and
sedimentary rocks were recovered.

Station TTR13-AT509D
The dredging line ran across the north-

ern flank of a small mound identified from
sidescan sonar data in the north of the study
area. The recovery consists mostly of coral
debris of Madrepora and Lophelia (85%) and
silty clay (15%). One sample of lithified
hemipelagic sediment had colonies of dead
coral growing from this hard substratum.
Some small branches of live corals growing
from the dead ones are also seen.

Discussion 
Sampling stations AT490GR, AT492G -

AT494G in the southern part of the survey
area confirm that the carbonate mounds are
associated with colonies of cold-water corals.
A sediment sequence made of intervals of
coral rubble, typical for a carbonate mound,
was recovered at station AT495G. 

Carbonate rocks of four types (sampling
stations AT498D - AT500D) were collected
from the steep slope of an escarpment, iden-
tified on the multibeam data and shown to be
exposed by the newly obtained 30 kHz sides-
can sonar data. 

Groundtruthing of low backscattering
bands seen on the 30 kHz sonographs weav-
ing between the mounds confirmed that they
are pathways of sand transported by bottom
current. The recovered sequences usually
contain intervals of well-sorted, medium to
coarse grained sand.

Coral colonies seem to grow mostly on
dead branches of coral or on carbonate-
cemented slabs or blocks of semilithified sed-
iment.

Figure 68. Perspective visualization of the MAK-1M acoustic imagery showing sampling sites from the top of a
multi-peak mound and along the inter-ridge valley. Location of the dredging site AT-508D on the deepest car-

bonate mound in the area at the depth of c. 1150 m is also shown. Bathymetry from GSI.
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55..55..  CCoonncclluussiioonnss

X. MONTEYS, A. AKHMETZHANOV AND M. IVANOV

Recent depositional environments and
processes were investigated using high-reso-
lution deep-towed sidescan sonar, underwa-
ter TV-system and bottom sampling on the
upper continental slope of the western
Porcupine Bank. 

The study area is dominated by a recent-
ly discovered cluster of giant carbonate
mounds limited to the east by a N/S trend-
ing system of fault scarps and by the steep
edge of the deep-water canyon system,
Porcupine Bank Canyon, to the west. The
new survey finds that these large carbonate
mounds occur in water depths between 700-
1100 m. They are up to 220 m high, 900 m
wide and the carbonate ridges are up to 4 km
long. 

The dataset allows us to address several
issues related to the large-scale distribution,
morphology and growth of this recently dis-
covered field of carbonate mounds associat-
ed with deep-water corals. The pre-existing
seabed topography has the primary control
over mound distribution and morphology.

The majority of the mounds are located along
the edge of the canyon system or inherit the
pattern of a complex fault system which has
been traced around the canyon head. The
faults are usually expressed in the seabed
topography as escarpments, up to 50 m high
and several kilometres long.

Hydrodynamic processes particular to
banks, escarpments and seamounts seem to
have an important role promoting carbonate
mound growth and influencing their shape
and distribution. The presence of strong bot-
tom currents is confirmed by both acoustic
and sampling data. The study area repre-
sents an excellent example, which demon-
strates the importance of slope breaks for the
development of the mature carbonate
mounds promoted by deep-water corals.
Enhanced turbulence, existing along such
slope breaks, is believed to provide a high
level of food supply necessary for growth of
the corals.

Carbonate rocks of different types recov-
ered at several locations of the study area
including the base of the mounds and escarp-
ments may shed light on complex diagenetic
processes taking place during growth of car-
bonate mounds.
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ANNEX I. CORE LOGS (LEG 1, the Norwegian Margin)
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ANNEX I. CORE LOGS (LEG 1, the Norwegian Margin)
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ANNEX I. CORE LOGS (LEG 1, the Norwegian Margin)
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ANNEX I. CORE LOGS (LEG 1, the Norwegian Margin)

Core log TTR-13-AT-447G
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ANNEX I. CORE LOGS (LEG 1, the Norwegian Margin)

Core log TTR-13-AT-449G
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ANNEX I. CORE LOGS (LEG 3, the South Greenland Margin)

Core log TTR-13-AT-450G
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ANNEX I. CORE LOGS (LEG 3, the South Greenland Margin)
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-455G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-462G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-467G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-469G

Core log TTR-13-AT-470G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-471G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-473G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-474G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-475G
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ANNEX I. CORE LOGS (LEG 4, the Southwest Greenland Margin)

Core log TTR-13-AT-476G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-489B

Core log TTR-13-AT-494G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-495G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-496G

Core log TTR-13-AT-497G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-502B

Core log TTR-13-AT-503G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-504G

Core log TTR-13-AT-505G
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ANNEX I. CORE LOGS (LEG 5, Western Porcupine Bank)

Core log TTR-13-AT-506G

Core log TTR-13-AT-507G



IOC Technical Series No. 68

Annex II - page 1

ANNEX II. MACROBENTHOS DATA

S
o
u
th

w
es

t 
G

re
en

la
n
d
 m

a
rg

in
. 

T
V

li
n
es

. 



IOC Technical Series No. 68

Annex II - page 2

ANNEX II. MACROBENTHOS DATA

S
o
u
th

w
es

t 
G

re
en

la
n
d
 m

a
rg

in
. 

S
a
m

p
li

n
g
 s

ta
ti

o
n
s.

 



IOC Technical Series No. 68

Annex III

Limonov, A.F., Woodside, J.M. and Ivanov, M.K.
(eds.)., 1992. Geological and geophysical investi-
gations in the Mediterranean and Black Seas.
Initial results of the “Training through Research”
Cruise of R/V Gelendzhik in the Eastern
Mediterranean and the Black Sea (June-July 1991).
UNESCO Reports in Marine Science, 56, 208 pp.

Limonov, A.F., Woodside, J.M. and Ivanov, M.K.
(eds.), 1993. Geological and geophysical investi-
gations of the deep-sea fans of the Western
Mediterranean Sea. Preliminary report of the 2nd
cruise of the R/V Gelendzhik in the Western
Mediterranean Sea, June-July, 1992. UNESCO
Reports in Marine Science, 62, 148 pp.

“Training-Through-Research” Opportunities
Through the UNESCO/TREDMAR Programme.
Report of the first post-cruise meeting of TRED-
MAR students. Moscow State University, 22-30
January, 1993. MARINF, 91, UNESCO, 1993.

Limonov, A.F., Woodside, J.M. and Ivanov, M.K.
(eds.), 1994. Mud volcanism in the Mediterranean
and Black Seas and Shallow Structure of the
Eratosthenes Seamount. Initial results of the geo-
logical and geophysical investigations during the
Third UNESCO-ESF “Training-through-
Research” Cruise of R/V Gelendzhik (June-July
1993). UNESCO Reports in Marine Science, 64,
173 pp.

Recent Marine Geological Research in the
Mediterranean and Black Seas through the
UNESCO/TREDMAR programme and its
“Floating University” project, Free University,
Amsterdam, 31 January-4 February 1994.
Abstracts. MARINF, 94, UNESCO, 1994.

Limonov, A.F., Kenyon, N.H., Ivanov, M.K. and
Woodside J.M. (eds.), 1995. Deep sea depositional
systems of the Western Mediterranean and mud
volcanism on the Mediterranean Ridge. Initial
results of geological and geophysical investiga-
tions during the Fourth UNESCO-ESF ‘Training
through Research” Cruise of R/V Gelendzhik
(June-July 1994). UNESCO Reports in Marine
Science, 67, 171 pp.

Deep-sea depositional systems and mud volcan-
ism in the Mediterranean and Black Seas. 3rd
post-cruise meeting, Cardiff, 30 January - 3
February 1995. Abstracts. MARINF, 99,
UNESCO, 1995.

Ivanov, M.K., Limonov, A.F. and Cronin, B.T.
(eds.), 1996. Mud volcanism and fluid venting in

the eastern part of the Mediterranean Ridge.
Initial results of geological, geophysical and geo-
chemical investigations during the 5th Training-
through-Research Cruise of R/V Professor
Logachev (July-September 1995). UNESCO
Reports in Marine Science, 68, 127pp.

Sedimentary basins of the Mediterranean and
Black Seas. 4th Post-Cruise Meeting, Training-
through-research Programme. Moscow and
Zvenigorod, Russia, 29 January-3 February.
Abstracts. MARINF, 100, UNESCO, 1996.

Woodside, J.M., Ivanov, M.K. and Limonov, A.F.
(eds.), 1997. Neotectonics and Fluid Flow through
Seafloor Sediments in the Eastern Mediterranean
and Black Seas. Preliminary results of geological
and geophysical investigations during the
ANAXIPROBE/TTR-6 cruise of R/V Gelendzhik,
July-August 1996. Vols. 1, 2. IOC Technical Series,
48, UNESCO, 226 pp.

Gas and Fluids in Marine Sediments: Gas
Hydrates, Mud Volcanoes, Tectonics,
Sedimentology and Geochemistry in
Mediterranean and Black Seas. Fifth Post-cruise
Meeting of the Training-through-research
Programme and International Congress,
Amsterdam, The Netherlands, 27-29 January
1997. IOC Workshop Reports, 129, UNESCO,
1997.

Geosphere-biosphere coupling: Carbonate Mud
Mounds and Cold Water Reefs. International
Conference and Sixth Post-Cruise Meeting of the
Training-through-Research Programme, Gent,
Belgium, 7-11 February 1998. IOC Workshop
Reports, 143, UNESCO, 1998.

Kenyon, N.H., Ivanov, M.K. and Akhmetzhanov,
A.M. (eds.), 1998. Cold water carbonate mounds
and sediment transport on the Northeast Atlantic
Margin. IOC Technical Series, 52, UNESCO, 178
pp.

Kenyon, N.H., Ivanov, M.K. and Akhmetzhanov,
A.M. (eds.), 1999. Geological Processes on the
Northeast Atlantic Margin. IOC Technical Series,
54, UNESCO, 141 pp.

Geological Processes on European Continental
Margins. International Conference and Eighth
Post-cruise Meeting of the Training-Through-
Research Programme, University of Granada,
Spain, 31 January - 3 February 2000. IOC
Workshop Reports, 168, UNESCO, 2000.

ANNEX III. LIST OF TTR-RELATED REPORTS



IOC Technical Series No. 68

Annex III - page 2

Kenyon, N.H., Ivanov, M.K., Akhmetzhanov,
A.M. and Akhmanov, G.G., (eds), 2000,
Multidisciplinary study of geological processes
on the Northeast Atlantic and Western
Mediterranean margins. IOC Technical Series, 56,
UNESCO, 119 pp.

Geological processes on deep-sea European mar-
gins. International Conference and Ninth Post-
Cruise Meeting of the Training-through-Research
Programme. Moscow/Mozhenka, Russia, 28
January - 3 February 2001. IOC Workshop
Reports, 175. UNESCO, 2001, 76 pp.

Kenyon, N.H., Ivanov, M. K., Akhmetzhanov, A.
and Akhmanov, G. G. (eds), 2001.
Interdisciplinary Approaches to Geoscience on
the North East Atlantic Margin and Mid-Atlantic
Ridge. IOC Technical Series, 60, UNESCO, 134
pp.

Geosphere/Biosphere/Hydrosphere Coupling
Processes, Fluid Escape Structures and Tectonics
at Continental Margins and Ocean Ridges.
International Conference and Tenth Post-Cruise
Meeting of the Training-through-Research
Programme. Aveiro, Portugal, 30 January - 2
February 2002. IOC Workshop Reports, 183.
UNESCO, 2002, 50 pp.

Kenyon, N.H., Ivanov, M. K., Akhmetzhanov, A.
and Akhmanov, G. G. (eds), 2002.
Interdisciplinary studies of geological processes
in the Mediterranean and Black Seas and North
East Atlantic. IOC Technical Series, 62, UNESCO,
134 pp.

Geological and biological processes at deep-sea
European margins and oceanic basins.
International Conference and Eleventh Post-
Cruise Meeting of the Training-through-Research
Programme. Bologna, Italy, February 2-6, 2003.
IOC Workshop Reports, 187. UNESCO, 2003, 32
pp.

Kenyon, N.H., Ivanov, M. K., Akhmetzhanov, A.
and Akhmanov, G. G. (eds), 2003.
Interdisciplinary geoscience research on the
North East Atlantic margin, Mediterranean Sea
and Mid-Atlantic Ridge. IOC Technical Series, 67,
UNESCO, 152 pp.

North Atlantic and Labrador Sea Margin archi-
tecture and sedimentary processes. International
Conference and Twelfth Post-Cruise Meeting of
the Training-through-Research Programme.
Copenhagen, Denmark, January 29-31, 2004. IOC
Workshop Reports, 191. UNESCO, 2004, 47 pp.


	TITLE
	TABLE OF CONTENTS
	ABSTRACT
	ACKNOWLEDGEMENTS
	INTRODUCTION
	LIST OF PARTICIPANTS
	METHODS
	1. NORWEGIAN MARGIN
	1.1. Vøring Plateau (Areas 1 and 2)
	1.1.1. Introduction
	1.1.2. Vigrid Diapir Field (Area 1)
	1.1.3. Vivian Diapir Field (Area 2)
	1.1.4. Conclusions

	1.2. Lofoten Basin (Area 3)
	1.2.1. Introduction
	1.2.2. MAK sidescan sonar imagery and 5
	1.2.2.1. Traenadjupet Slide to Lofoten Basin
	1.2.2.2. Lofoten Basin Channel mouth sand

	1.2.3. Bottom sampling

	1.3. Andøya Slide, Andøya Canyon and
	1.3.1. Introduction
	1.3.2. Interpretation of sidescan sonar and
	1.3.3. Bottom sampling
	1.3.4. Conclusions


	2. WEST OF AEGIR RIDGE
	3. SOUTH GREENLAND
	3.1. Eirik Drift
	3.1.1. Introduction
	3.1.2. 5 kHz hull-mounted profiler
	3.1.3. Seismic profiles
	3.1.4. MAK-1M sidescan sonar data
	3.1.5. Bottom sampling
	3.1.6. Conclusions

	3.2. Seamount
	3.2.1. Seismic and OKEAN data
	3.2.2. Bottom sampling
	3.2.3. Conclusions


	4. SOUTHWEST GREENLAND
	4.1. Introduction
	4.2. Seabed highs
	4.2.1. Seismic data
	4.2.2. OKEAN long range sidescan sonar
	4.2.3. Bathymetry
	4.2.4. MAK 30 kHz deep-towed sidescan
	4.2.5. Bottom sampling
	4.2.6. Discussion

	4.3. Canyon outcrops
	4.3.1. Seismic and OKEAN data
	4.3.2. Bottom sampling

	4.4. Seep site
	4.4.1. Seismic and OKEAN data
	4.4.1.1. Seismic description
	4.4.1.2. Preliminary interpretation of seismic

	4.4.2. Deep-towed sidescan sonar data
	4.4.3. Bottom sampling

	4.5. Davis Strait High
	4.5.1. Introduction
	4.5.2. Seismic data
	4.5.3. Sidescan sonar data
	4.5.4. Bottom sampling
	4.5.5. Main results

	4.6. Conclusions

	5. WESTERN PORCUPINE BANK
	5.1. Introduction
	5.2. MAK-1M 30 kHz sidescan sonar
	5.3. TV seabed inspection
	5.4. Bottom sampling
	5.5. Conclusions

	REFERENCES
	ANNEX I. CORE LOGS
	ANNEX II. MACROBENTHOS DATA
	ANNEX III. LIST OF TTR-RELATED REPORTS

