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VHR seismic reflection data collected with the narrow-beam parametric echosounder
“SES-2000 deep” during two recent RV «Academic Ioffe» cruises, in autumn 2010
(AI-32) and in spring 2011 (AI-33), provide a new insight to the structure of upper
sediment strata in the Atlantic Ocean.
The continuous Transatlantic profile along the whole vessel route between the
southernmost South American shelf and the upper continental slope off Europe
documents actual lateral changes in the structure of the Quaternary oceanic
sediments. Individual acoustical images (seismic facies) of different sediment types
created by specific sedimentological processes were identified over continental slope
and adjacent abyssal plains. Most of the continental slope of South America and
North-West Africa is covered by distinctly stratified sediments consisting of inter-
bedded coarse turbidites and fine-grained calcareous hemipelagic mud. In some
cases, these acoustically stratified deposits are abruptly cut by erosional channels of
bottom currents, with an opaque and hummocky channel filling. In other cases, the
deep-sea channels display an eroded rigid floor. Several channels are filled with
stratified turbidites. Typical stratified deposits covering the continental slope are
replaced by massive chaotic features at the slope base, likely representing slumped
sedimentary bodies. Some troughs on the lover continental slope are filled by
sediments with specific rhythmic wavy structures which seem to represent soft
mudflow deposits. The most attractive deep-sea seismic facies are characterize
contourites, i.e. deposits of alongslope bottom contour currents, with inherent sedi-
ment waves, different drift features and other remarkable landforms.
Distinction between seismic facies deposited by downslope turbidity currents (turbi-
dites) and alongslope bottom currents (contourites) is ambiguous [Faugeres et al.,
1999]. Both have similar acoustic image, but quite different lithology and origin.
Correlation of sediment cores collected during the RV «Academic Ioffe» cruises with
simultaneous VHR SES seismic reflection profiles allows us to progress in solving
this recognition problem.
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Correlation of VHR seismic reflections profilesCorrelation of VHR seismic reflections profiles
SESSES--2000 deep with coring sediments2000 deep with coring sediments –– validvalid

approach to study deepapproach to study deep--sea sediments structuresea sediments structure
and origin of inner reflectors, Atlantic Oceanand origin of inner reflectors, Atlantic Ocean
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Two RVs of Shirshov Institute of Oceanology, Russian Academy of Sciences,
which have moonpool, are partly busy in oceanic tourism now.
The vessels cross the Atlantic Ocean twice per year - from Europe to Antarctica
in autumn and beck in spring.
This provides an unique opportunity to create the VHR seismic reflection data
base that may serve as the base for multidisciplinary studies in sedimentology,
paleoceanograpy and paleoclimatology of the Atlantic Ocean during recent
geological times.

RV Academic Sergey Vavilov

RV Academic Ioffe
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Installation procedure ofInstallation procedure of SESSES--2000 deep2000 deep transducer in moon pooltransducer in moon pool

above: at RV Academik Sergey Vavilov in moon pool open from below for turbulence air
bubbles generating high level noise;
below: at RV Academik Ioffe in moon pool sheltered from below from this noise.

Map of 4 cruises by P.P.ShirshovMap of 4 cruises by P.P.Shirshov
Institute of Oceanology RAS withInstitute of Oceanology RAS with
underway SESunderway SES--2000 deep survey:2000 deep survey:
pinkpink -- #26 of RV Academik Sergey Vavilov#26 of RV Academik Sergey Vavilov
Ushuaya (Argentina)Ushuaya (Argentina) –– Gdansk (Poland)Gdansk (Poland)
March 17March 17 –– April 28, 2009April 28, 2009
60 miles (110 km) and 10 Gb;60 miles (110 km) and 10 Gb;
whitewhite -- #32 of RV Academik Ioffe#32 of RV Academik Ioffe
Kaliningrad (Russia)Kaliningrad (Russia) ––Ushuaya (Argentina)Ushuaya (Argentina)
October 4October 4 –– November 18, 2010November 18, 2010
5 140 miles (9 500 km) and 39 Gb;5 140 miles (9 500 km) and 39 Gb;
greengreen -- #33 of RV Academik Ioffe#33 of RV Academik Ioffe
Ushuaya (Argentina)Ushuaya (Argentina) –– Szczecin (Poland)Szczecin (Poland)

March 18March 18 –– April 28, 2011April 28, 2011
6 300 miles (11 650 km) and 120 Gb;6 300 miles (11 650 km) and 120 Gb;
yellowyellow -- #35 of RV Academik Ioffe#35 of RV Academik Ioffe
Halifax (Canada)Halifax (Canada) ––Montevideo (Uruguay)Montevideo (Uruguay)
September 23September 23 –– October 21, 2011October 21, 2011
5 800 miles (10 730 km) and 25 Gb5 800 miles (10 730 km) and 25 Gb

Total:Total:

17 300 miles (32 000 km) and 194 Gb17 300 miles (32 000 km) and 194 Gb

5 th Workshop “Seabed Acoustics”, Rostock, November 17/18, 2011

152



Examples of some uniqueExamples of some unique sedimentary featuresfeatures

revealed by peculiarity of SES technique:revealed by peculiarity of SES technique:

 very high lateral resolution due to fast pingvery high lateral resolution due to fast ping
rate providing very close location of adjacentrate providing very close location of adjacent
reflections;reflections;

 very high vertical resolution due to highvery high vertical resolution due to high
sounding frequency and narrow beam,sounding frequency and narrow beam,

which are intensified by Motion Sensor for thewhich are intensified by Motion Sensor for the

roll, pitch and heave compensation.roll, pitch and heave compensation.

Acoustic AnomaliesAcoustic Anomalies
Neotectonic DeformationsNeotectonic Deformations

Piercement or DiapirPiercement or Diapir--like structureslike structures

Recent local tectonic folds and faults as well as magmatic diapers
within interior of stable oceanic lithosphere plates are very unusual
because these features are located near the plates’ boundaries.
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Sierra Leone Basin

AI-33

So-called “neotectonic deformations”

Basin

Acoustic anomalies similar to
so-called “pagoda structure”
but with distinctive peculiarity

Sierra Leone
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NWAfrica continental slope

Rather erosion by bottom
currents than tectonics

AI-33

Slumps
Mud flows
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NWAfrica continental slope

Slumps seem to be related to active erosion of continental
slope by bottom water circulation (contourite currents).

AI-33

Brazilian continental slopeAI-33
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Brazilian continental slope: rhythmicity of mud flows

AI-33

AI-33

Sohm Abyssal Plain
AI-35
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Correlation of the SES profilesCorrelation of the SES profiles
with the DSDP and ODP Siteswith the DSDP and ODP Sites

Crossing of the DSDP and ODP sites provided chancesCrossing of the DSDP and ODP sites provided chances
to interpret the SESto interpret the SES--deep records in terms of lithologydeep records in terms of lithology
and stratigraphy, and in some cases even to estimateand stratigraphy, and in some cases even to estimate
the age of seismic reflectors.the age of seismic reflectors.
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Site 958 on base of the African continental
slope in the Canary Basin

Upper and lower reflectors correlate with turbidite
interbeds whereas other reflectors correlate not so
evidently with diagrams of physical properties
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Site 660 in the Cape Verde Basin
“SES-deep” record correlates with density
and CaCO3 records measured in the borehole

SES-deep record manifests prominent
climatic events such as glacials (acoustically transparent
clay layers) and interglacials (reflectors corresponding to

calcareous ooze beds) during the entire
Pleistocene (1.8 million years)

Site 659 on top of the Cape Verde PlateauSite 659 on top of the Cape Verde Plateau

Reflectors on the SES-2000 deep profile within regularly
rhythmic upper 20 m of the section correlate with
boundaries between interbeds high-carbonate calcareous
and clayey calcareous nannofossil ooze.
Gentle wavy morphology of these boundaries and the sea
floor assumes seismic facie - “contourites”
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Site 664 in a small basin on the northSite 664 in a small basin on the north--easterneastern
flank of the Midflank of the Mid--Atlantic RidgeAtlantic Ridge

Alternation of calcareous and clayey calcareous nannofossil
ooze is recovered in this site. Reflectors well correlate with
relatively dense high-carbonate calcareous nannofossil ooze
interbeds.

958

661
660

664

657

659

953

120

900

119

366

Preliminary conclusions from the correlationPreliminary conclusions from the correlation
of SES profiles with DSDP and ODP sites:of SES profiles with DSDP and ODP sites:

1. Accumulative apron over the continental slope of South America, North-West
Africa and South-West Europe formed in the Quaternary by three main
sedimentological processes: permanent hemipelagic sedimentation, gravity flow
sedimentation and bottom (contour) currents sedimentation. Adequate genetic
types of deposits – hemipelagites, gravitites (mostly distal turbidites) and
contourites as well as their combinations are imaged in seismic profiles as
individual seismic facies.

2. Calcareous nannofossil oozes are most important among all genetic types of
deposits over the Atlantic Ocean continental rise. Alternation of fain-grained
mud with various content of clay creates the acoustical stratified seismic facies of
hemipelagites and contourites. Reflectors within the distal turbidites related to
Sharp changes of density and clearly acoustical impedance at the boundary
between low carbonate basal units and underlying hemipelagic calcareous
nannofossil ooze.

3. In general, subbottom profiler «SES-2000 deep» is highly useful for seismic
facial analysis of the Quaternary deep-sea oceanic deposits from the IODP sites.
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Correlation of the SES profilesCorrelation of the SES profiles
with the corer’s columnswith the corer’s columns

Brazilian continental rise (south of the Columbia channel)

AI-33

Rare combination of turbidites and contourites in the
same short muddy section. Terrigenous sand turbidite
and calcareous biourbidite at depths of ~ 1 m and 2 m
correlate well with strong reflectors.
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AI-33 North Brazilian Basin (Pernambuko Abyssal Plane)

Prominent acoustic stratification of upper sedimentary strata in the abyssal
plane with homogeneous hemipelagic mud lithology without distinct boundaries.
The visible reflectors appear to represent some variations in density within the
lithologically homogeneous sediments due to their irregular compaction.

AI-33

AI

AI-35

Brazilian continental rise

Stratified terrigenous sand-mud contourites consisting of
calcareous mud intercalated with fine-grained sand interbeds.

2 km
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AI-35

Brazilian continental riseBrazilian continental rise

Brazilian continental rise
turbidite levee of submarine channel

at the base of the Santos Plateau escarp

Upper 5 m of sedimentary section consists of fine-
grained mud deposited by turbidite currents flowing
through the channel. Numerous reflectors correlate
with very thin strong compacted layers and rare thin
sandy interbeds representing local hiatus surfaces.

Sohm Abyssal Plain

Strong reflector at depth of 2.5m
is correlated with sand interbed
of basal turbidite. Shallow water
benthic foraminifers in the sand
is evidence of its reworking.
Other weaker correspond to less
prominent changes in physical
properties water content and
wet density) of the quite
homogeneous hemipelagic mud.

foot of continental slope

AI-35
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Preliminary conclusions from the correlationPreliminary conclusions from the correlation
of SES profiles with corer’s columns:of SES profiles with corer’s columns:

1. The strongest reflectors on the continental slope and in adjacent abyssal
plains are related to sand interbeds representing basal members of turbidites.

2. Acoustic stratification of hemipelagic mud and muddy contourite strata of
the continental rise results from alternation of sediment layers with different
biogenic carbonate content and correlating physical properties, in turn,
related to the glacial-interglacial cycles.

3. In sand-mud contourites, the stratification is created by intercalation of soft

mud with denser fine sand interbeds, whereas weak reflectors in mud
contourites are related to thin hardgrounds possibly formed during short-
term hiatuses.

Preliminary general conclusions from SESPreliminary general conclusions from SES--200200
deep survey in Atlantic Ocean:deep survey in Atlantic Ocean:

1. The echosounder/subbottom profiler «SES-2000 deep» provided very high-
quality data up to water depth ~ 6 km with penetration more than 100 m and
resolution 40-50 cm depending on sediment properties. Collected data reveal new
and detailed characteristics of the uppermost (mainly Quaternary) sediment layer
in the Atlantic Ocean.
2. In general, the VHR profiles of «SES-2000 deep» in the presence of adequate
analyses of sediment cores allow us to specify main processes of recent oceanic
sedimentation and tectonics and palaeenviroment, as well as influential
palaeooceanologic events during the Neogene -Quaternary.
3. VHR survey with «SES-2000 deep» sowed a great number of specific features
on the continental slope evidenced active contour currents over the continental
slope and adjacent basins. Apparently, hemipelagic sedimentation everywhere is
controlled by the bottom currents more or less.
4. VHR survey with «SES-2000 deep» sowed that contribution of gravitites
(including turbidites) in generation of the accumulative apron of continental rise
is much moderate than the same of contourites. We confirmed speculation about
underestimate of contourites, which can cause error in prognosis of presence of
oil-and-gas on continental rise.
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Thanks forThanks for

your attentionyour attention
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