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ZUSAMMENFASSUNG

Die Expedition begann am [7. Dezember 1997 9:00 in Kapstadt und endete am 28.
Januar 1998 wieder in Kapstadt. Die ersten zwei Tage wurden zur Installation der Geriite
verwendet. Dies umfafite die Vorbereitung der Airguns und Versorgungsleitungen, die
Verbindung und das Testen der Registrierapparaturen und der Kompressoren. Nach
Beendigung der Installationsarbeiten verlieBen wir am 19. Dezember um 18:00 den
Hafen.

Auf dem Weg zum Agulhas Riicken wurde die Tiefenlage des Streamers tiberpriift und
korrigiert. Die seismischen Arbeiten begannen am 22. Dezember 10:45 auf dem Agulhas
Riicken bei 41° 10'S/ 13° 29'E. Trotz der rauhen See, es herrschten meist Windstidrken
von 6-8, verliefen die Arbeiten zufriedenstellend. Am 25. Dezember trafen wir die RV
JOIDES Resolution auf ihrem Weg in den Stiden.

Auf Grund auffrischender Winde, Windstdrke 9 und mehr, einer Diihnung von 7 m
und ansteigend, mufiten die Profilarbeiten am 26. Dezember 7:30 unterbrochen werden.
Gegen 11:00 am 27. Dezember hatte sich das Wetter soweit beruhigt, dafl die Arbeiten
wieder aufgenommen werden konnten.

Das reflexionsseismische Programm auf dem Agulhas Riicken wurde am 1. Januar
1998 17:10 beendet. Acht Profile mit einer Gesamtldnge von 1042 nm (1930 km) wurden
registriert. Wir fuhren dann zu der Position des ersten Ozeanbodenhydrophons (OBH)
und setzten sechs OBH auf einem Profil senkrecht zum Streichen des Riickens aus. Das
erste refraktionsseismische Profil (Ldnge 93 nm (172 km)) wurde am 3. und 4. Januar
geschossen. Anschlieffend konnten alle OBH ohne Probleme geborgen werden.

Wihrend des Transit vom Agulhas Ricken zum Agulhas Plateau wurden
Wartungsarbeiten an den Kompressoren und den Airguns durchgefiihrt. Der Streamer
wurde am §. Januar wieder ausgesetzt, und das reflexionsseismische Profil wurde um
15:00 bei 37° 20'S/ 24° 31'E begonnen. Wegen schlechten Wetters (Windstirke 9, 5 m
Diihnung) mufite am 10. Januar erneut unterbrochen und repariert werden. Ein Versuch,
die Arbeiten am 11. Januar wieder aufzunehmen, scheiterte, da die nordsetzende
Gegenstrémung das Fortkommen des Schiffes bei vertretbaren Geschwindigkeiten durch
das Wasser relativ zum Grund zu stark verlangsamte. Dies in Verbindung mit der zu
warem Oberflachenstromung auf dem ndrdlichen Plateau fithrte zu der Entscheidung, die
seismischen Arbeiten auf den stidlichen Teil des Agulhas Plateaus zu konzentrieren und
mit der Strémung zu fahren.

Parallel zur Erfassung des Profils 98017 wurden die OBHs fiir das
refraktionsseismische Profil 98200 ausgesetzt. Profil 98200 wurde am 18. Januar
abgearbeitet. Nach dem problemlosen Bergen der OBHs setzten wir die Arbeiten mit dem
letzten reflexionsseismischen Profil und dem Aussetzten der OBHs fiir das
refraktionsseismische Profil 98300 fort. Dieses Profil wurde am 22. Januar geschossen.

Die seismischen Arbeiten wurden am 24. Januar 5:00 mit der Bergung des letzten OBH
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abgeschlossen. Auf dem Agulhas Plateau wurden 835 nm (1546 km)
reflexionsseismischer und 173 nm (320 km) refraktionsseismischer Profile eingefahren.

Das Einpacken der Gerite dauerte vom 24, bis 26. Januar. Wir erreichten den Hafen
von Kapstadt am 27. Januar 10:00. Die Container verliessen das Schiff am 28. Januar
6:00, und wir gingen am 28. Januar 12:00 von Bord.

Insgesamt wurden 1877 nm (3476 km) reflexionsseismischer und 266 nm (492 kim)
refraktionsseismischer Profile wahrend der Expedition eingefahren. Mit den
Registrierparametern, wie sie in Tabelle 1 dargestellt sind, handelt es sich hierbei um ca
270 Gbyte an Felddaten.

SUMMARY

The expedition started in Cape Town on December [7th 1997 9:00 and ended on January
28th 1998 12:00, again in Cape Town. The first two days were spent on setting up the
equipment. This comprised preparing the airguns and supply cables and hoses,
connecting and testing the recording equipment and the compressor container. After
completion of mobilization we left harbour on December 19th 18:00.

On our way to the Agulhas Ridge the streamer buoyancy was adjusted. The seismic
reflection work commenced on December 22nd 10:45 on the Agulhas Ridge at 41° 10Q'S/
13° 29'E. In spite of the the rough sea, mostly we always had seastates of 6 to 8, the
work progressed satisfactorily. On December 25th we met RV JOIDES Resolution on her
way south.

Due to increasing winds, wind force 9 and more, a swell of 7 m and rising, the
profiling had to be interrupted on December 26th 7:30. On December 27th 11:00 the wind
had calmed down and the seismic work was resumed.

The reflection seismic program on the Agulhas Ridge was completed on January st
1998 17:10. Eight profiles with a total lenght of 1042 nm (1930 km) were acquired. We
then sailed to the position of the first ocean bottom hydrophone (OBH) and deployed 6
OBHs perpendicular to the ridge strike. The first seismic refraction profile (length 93 nm
(172 km)) was shot on January 3rd and 4th. Afterwards, all OBHs were retrieved
without problems.

During the transit from the Agulhas Ridge to the Agulhas Plateau maintenance
work on the the compressors and the airguns was carried out. The streamer was deployed
on J:anuary 8th, and the seismic reflection profile started at 15:00 at 37° 20'S/ 24° 31°E.
Due to bad weather (Wind force 9, 5 m swell) the shooting again was interrupted on
January 10th and repairs had to be carried out. An attempt to resume profiling on January
11th failed because we no encountered a heavy headon current (north setting) which led
to very slow ship's speed with respect to ground at acceptable speeds in the water. This
in combination with the too warm surface waters on the northern plateau led to the
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Project SETARAP with RV Petr Kottsov, 19 Dec 1997 - 27 Jan 1998
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Shaded satellite bathymetry image of SE Atlantic and SW Indian Oceans
black lines: seismic profites across Aguihas Ridge and Aguihas Plateau

Fig. 1: a) Map showing the location of the seismic profiles on the Agulhas Ridge and the
Agulhas Plateau. b) to e) show the detailed profile maps of both regions separated

into seismic reflection and refraction profiles.



SETARAP 1997/98 Agulhas Ridge
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Shaded satellite bathymetry image (from Sandwell & Smith, 1997)

black lines: seismic reflection profiles of SETARAP
white circles: drill sites of ODP Leg 177
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Agulhas Ridge OBH Profile 98100

SETARAP 1997/98
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Fig. 1d

SETARAP 1997/98  Agulhas Platcau
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Shaded satellite bathymetry image (from Sandwell & Smith 1997)

black lines: seismic reflection profiles of SETARAP
dashed lines: previously existing seismic reflection profiles
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to concentrate our work on the southern part of the Agulhas Plateau and to run with the
surface current.

Parallel to shooting line 98017 the OBHs for seismic refraction line 98200 were
deployed. Line 98200 was shot on January 18th. After safe retrieval of the OBHs we
continued with the last seismic reflection profile and deployment of the OBHs for seismic
refraction line 98300. This profile was shot on January 22nd. The seismic work was
finished on January 24th 5:00 when the last OBH was retrieved. 835 nm (1546 km) of
seismic reflection and 173 nm (320 kmj of seismic refraction profiles were acquired on
the Agulhas Plateau.

Packing of the equipment lasted from January 24th to 26th. We arrived back in Cape
Town on January 27th 10:00. The equipment was taken off board on January 28th 6:00,
and we left the vessel on January 28th 12:00.

In total, 1877 nm (3476 km) of seismic reflection and 266 nm (492 km) of seismic
refraction proiles were gathered during this cruise. With the acquisition parameters as

shown in Table 1 this amounts to about 270 Gbyte of field data.

OBJECTIVES

The earth's climate is strongly influenced by the characteristics of the oceanic circulation.
This is especially true for the region south of Africa, where two different surface currents
(Antarctic Circumpolar Current, Agulhas Current) and the Antarctic Bottomwater
(AABW) interact (Dietrich et al., 1975). A high-resolution investigation of the sediments
allows the reconstruction of the circulation since the sedimentary column acts as an
archive of the circulation. The circulation itself is strongly controlled by the topography of
the ocean floor. Because of this we need to further constrain the tectonic development of
the area in order to correctly understand the oceanic circulation especially during the early
stages. The main aims of our investigation are the following which supplement each

other:

A. Sedimentation History of the Agulhas Ridge and the Agulhas Plateau

The seismostratigraphic interpretation of a working area leads to information on the
subsidence history of that area. Thus, a reconstruction of the paleomorphology can be
worked out. The paleomorphology is an important parameter because of its influences on
the oceanic current system. The mapping of attributes of horizons and sedimentary units
such as reflection amplitude and P-wave velocity give indications on sediment transport,
compaction, erosion, etc., and thus on the syn- and postsedimentary depositional and re-
depositional processes.

The Agulhas Plateau is located about 500 km southeast of the Cape of Good Hope in
the southwestern most Indic Ocean and rises up to 2000 m above the surrounding

seafloor (Fig. 1a). The Agulhas Ridge lies ca. 600 km southwest of the cape (Fig. 1a).
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Both structures are now of aseismic nature and were created during the early opening
phase of the South Atlantic and the Indic (LaBreque and Hayes, 1979; Tucholke et al.,
1981; Martin, 1987). Both the ridge and the plateau participated in the whole development
of the South Atlantic/Indic and thus show sedimentary features representative for this
region. Falkland Plateau (LaBreque and Hayes, 1979; Tucholke et al., 1981) as well as
Maud Rise (Martin, 1987) have been discussed as conjugate margins for the plateau. The
Agulhas Ridge together with the Falkland Fracture Zone forms a relief which crosses the
South Atlantic. Agulhas Ridge and Aguhas Plateau thus represent key regions regarding
geodynamic reconstructions of the break-up Gondwana's (separation South America -
Africa, Africa - Antarctica).

Furthermore, the Agulhas Plateau is characterized by shallow basement (Tucholke et
al., 1981) which enables the penetration of the whole sedimentary column. Little has been
known about the development of the plateau since sedimentation started. The analysis of
sediment cores showed a content of more than 85% of calcareous mud for the surface
sediments which was interpreted as only weak contributions of terrigeneous material
(Tucholke and Embley, 1984). A seismic reflection reconnaissance survey of the basins
surrounding the Agulhas Plateau (Cape Basin, Agulhas Basin, Mozambique Basin)
shows four prominent horizons which have been interpreted as hiatuses (Tucholke and
Embley, 1984). At least one of those hiatuses is assigned to be the result of the onset of
the Antarctic Bottomwater (Tucholke and Embley, 1984; Siesser et al., 1988). The
sedimentation in this area has thus mainly been affected by tectonics and modifications of
the current system.

On the Agulhas Ridge, the scientific objectives of this project are closely entwined
with the aims of Ocean Drilling Project (ODP) leg 177 (TRANSO, Gersonde et al.,
1996). Our investigations link the existing data for that area and connect the ODP drill
sites (Fig. 1b). Thus, a calibration of the seismic data is made possible and the results of
ODP leg 177 can be extrapolated laterally.

ODP leg 177 itself concentrates on paleoceanographic and -climatic questions
regarding influence and reaction of the southern high latitudes on long- and short-term
environmental changes. Datasets dealing with the reconstruction of the history of
Antarctica's glaciation and the stability of the Antarctic iceshield during the Cenozoic shall
be developed (e.g. Barron et al., 1991; Harwood et al., 1992; Wise et al., 1992; Zachos
et al., 1992). A number of drill sites along a N-S profile across the polar front have been

planed to achieve this.

B. Tectonic Development of Agulhas Ridge and Agulhas Plateau

No deep seismic soundings have been performed in the area of the Agulhas Basin. So,
little is known about the crustal structure of this feature. Few such investigations have

been carried out on the Agulhas Plateau (Barrett, 1977; Tucholke et al., 1981). Those
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data show that the southern part of the plateau consists of continental fragments which
were attached to the Falkland Plateau prior to the opening of the South Atlantic (Tucholke
et al., 1981). The Maud Rise is considered as the southern conjugate margin (Martin,
1987). In the period between magnetic anomaly MO and A34 (100-93 Ma) a ridge triple
junction might have been the cause for an overthickened oceanic crust of the northern
plateau (LaBreque and Hayes, 1979; Tucholke et al., 1981; Martin, 1987; Ben-Avraham
et al., 1995). Thus, the crustal structure of the Agulhas Plateau is twofold. Further
volcanism was active on the plateau from 80-69 Ma which was connected to the Bouvet
Hotspot (Martin, 1987). Additionally, seaward dipping reflectors have been observed on
the plateau indicating a passive continental margin of volcanic type (Hinz, 1996). Thus,
the Agulhas Plateau seems to be an ideal object to study processes and results of early
rifting.

Seismic refraction experiments across the Agulhas Plateau will enable the solution of
structural questions such as 1. regarding the crustal thickness and composition of the
palateau and its margins, and 2. regardig the cause of the frequent magmatic events and
their effects on the formation of the plateau.

Of what kind is the chronological development of the Agulhas Ridge? The Agulhas
Ridge is a fracture zone of an enormous relief which together with the Falkland Fracture
Zone crosses the South Atlantic. Up to now it remains unknown what effect the
spreading axis jumps within the South Atlantic (80 Ma, 64 Ma, 60 Ma ago, Tucholke et
al., 1981) had on such a relief. Magmatism of the Bouvet and the Shona Hotspots have
been discussed as additionally contributing events. Why does the thickness of the
sedimentary layers increase towards the ridge? The interpretation of the seismic refraction
data will allow better understanding of the development in time and the structural history

of the ridge system.

DATA ACQUISITION

A. Seismic Reflection

16 seismic reflection profiles (about 1900 nm) were acquired on both the Agulhas
Ridge and the Agulhas Plateau (Figs.1a, Ib and Id, Table 1). In order to achicve a high-
resolution of the sedimentary layers while still penetrating the whole sedimentary column,
two GI-GunsT™ were used to generate the seismic signals. Both guns were run in the so-
called true GI-mode with a generator chamber volume of 45 inch? and an injector
chamber volume of 105 inch3. This led to signals comprising frequencies up to 300 Hz.
The data were received with a 96-channel streamer (2400 m long). Three stretch section
of 50 m length each and 50 m of lead-in cable led to a maximum offset of 2700 m. Data
recording was performed by an EG&G ES 2420. The data were sampled with a sampling
rate of 1 ms and total recording length was 8 s. Global Positioning System (GPS) was
used for navigation.
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B. Seismic Refraction

A total of three seismic refraction profiles were acquired during the cruise (Figs. ¢
and le, Table 2). Profile 98100 stretches across the Agulhas Ridge, and profiles 98200
and 98300 form an east-west transect across the Agulhas Plateau. Six ocean-bottom
hydrophone systems (type GEOMAR-OBH) were deployed along profiles 98100 and
98300, seven OBHs were placed along profile 98200. Each OBH system consists of a 4-
channel recording instrument, a seismic hydrophone, an acoustic and time release
transponder, and a flasher and radio beacon for recovery, all attached to a central rod and
a syntactic foam buoy. Data were recorded with a sampling frequency of 100 Hz on all
four channels, each set at a different gain to accommodate for varying signal strength
along shot-receiver distances. The internal clock was synchronized with GPS-time before

deployment, and time skew was checked after retrieval.

40°04'S 28°05'E 3375
40°04'S 27°43'E 3160
40°04'S 27°20'E 2925
40°04' S 26°58'E 2745
40°04'S 26°35'E 2590

Profile OBH Station No. Latitude Longitude Water Depth (m)
98100 1 41°49'S 10°36'E 4388
2 42°02'S 10°46'E 4837
3 42°15'S 10°56'E 2250
4 42°26'S 11°05'E 4612
5 42°34'S 11°12'E 3585
6 42°43'S 11°20'E 4560
98200 1 40°04'S 23°55'E 4066
2 40°04'S 24° 18'E 3465
3 40°04'S 24°42'E 3000
4 40°04'S 25°04'E 2850
5 40°04'S 25°28'E 2606
6 40°04'S 25°50'E 2400
7 40°04'S 26°12'E 2438
98300 1 40°04'S 28°28'E 3844
2
3
4
5
6

Table 2: OBH Stations
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A 60-litre sleeve airgun (type PS-100), towed 30 meters behind the stern at about 15 m
water-depth and fired every 60 seconds at the full GPS-minute, provided the seismic
source. Air pressure was kept at 110 bar most of the times. With the vessel's speed of 5
knots, the nominal shot spacing resulted to 154 m. Severe weather caused frequent
damage to the airgun supply hoses along profile 98200, resulting in a shot gap west of
OBH Station No. 5 and an abandoned shot profile west of OBH Station No. 4.

We simultaneously recorded the airgun shots with the 2400-m streamer to provide
water depths along the profiles and, possibly, reflection data from the middle and lower

crust.

FIRST RESULTS

A preliminary interpretation of the online reflection plots on board already supplied
initial information on the basement and sediment structure of the Agulhas Ridge and the
Agulhas Plateau. A more detailed interpretation followed by mapping will be carried out
once the data will have been carefully processed. Due to problems with computer
hardware processing of the reflection and refraction data could unfortuntely not be begun

during the cruise.

The Agulhas Ridge
About 1050 nm of seismic reflection data were gathered on the Agulhas Ridge (Fig.

1b, Table 1). Those lines not only cover the ridge with a fine grid but additionally tie
three sites of ODP leg 177 (Subsat-1B, TSO-2B, TSO-3C).

The Agulhas Ridge consists of two parallel segments separated by a deep depression.
The flanks of the segments facing each other are much deeper than the outward lying
flanks, thereby indicating the zone where the ridge sheared. The northern ridge segment
appears broader than the southern. The depression separating the ridge segments is filled
with well stratified sediments. Litte sediments cover the ridge segments. Only on the
outer flank of the northern segment packages of up to 300 ms thick sediments have been
deposited. This might be an indication for currents actively overspilling the ridge and
thereby transporting and depositing sediment.

The sedimentary layering is disturbed by intrusions which led to deformation and
faulting of the sediments (Fig. 2, Subsat-1B). In places, those intrusions are found to
pierce through the seafloor (lines 98003, 98004 and 98005). All this points to post- or, at
least, syn-sedimentary volcanism and shows that this area has been volcanically active
until quite recently. The basement itself is characterized by surface reflections which
might be interpreted as volcanic flows.

The sediments north, south and in between the ridge segments are horizontally layered
(Fig. 3, SUBSAT-1C). The online record shows at least 1250 ms of sediments. They
wedge out towards the ridge flanks with deeper layers slightly being pulled up (Fig. 4). A
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band of strong reflections (200 ms thick) which indicates a period of strong episodicity
can be found in the whole area. North of the ridge and in the depression between the
ridge segments, an up to 500 ms thick nearly transparent unit can be observed. This may
be due to overspilled and/or re-deposited material. The uppermost 100 ms of the
sedimentary column are again characterized by high frequency reflections probably as the
result of CaCO3/Opal variations during the glacial-interglacial cycles in the Quaternary.

A moat and channels up to 300 ms deep have been observed directly north and south
of the ridge. This is indicative for the erosive activity of strong bottom currents. Further
indications for current activity have been found on line 98006 where the seafloor has a

strongly hummocky appearance.

The Agulhas Plateau
The work on the Agulhas Plateau had to concentrate on the southern part of the plateau

due to too warm surface waters in the north and the seawater cooling system of the
compressors used showed signs of breaking down. Thus, about 900 nm of seismic
reflection data were gathered in the cooler south (Figs. la and 1d, Table 1).

The basement of the Agulhas Plateau is characterized by flow-like reflections near the
surface. Towards the central part of the western plateau the basement rises and forms a
ridge like structure. In contrast to the apparently still active Agulhas Ridge, no signs for
intra-sedimentary volcanism have been found on the plateau.

The sediments are up to 1000 ms TWT thick. A prominent reflection, an erosional
unconformity, can be found immediately on top of the basement (Fig. 5). A second
pronounced unconformity is found in depths up to 200 msbsf. Generally, the
sedimentary layers are well stratified which indicates high episodicity during deposition.
A strong reflection band (50 ms thick) approaches the erosional unconformity on the
plateau. The sequences above are characterized by downlap indicating progradation. The
uppermost 200 ms of the sedimentary column can be subdivided into 50 ms thick bands
of high frequency reflections. This is interpreted to be a result of short-term variations in
sediment composition. Down to a depth of 500 msbsf vertical transparent zones have
been observed on a few lines. The southern flank of the Agulhas Plateau is characterized
by prograding sequences as a result of N-S sediment transport.

Channels several kilometres wide and up to 400 ms deep cut the ocean floor. The
sediments appear to be shaped by contour currents. Where the ocean floor slopes the
sedimentary layers are cut laterally. Bedforms observed in the south (line 98013) provide

strong evidence for current activity in this particular area.
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