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ABSTRACT

Data from gravimetric and magnetic surveys and multichannel processed seismic profiles correlated with DSDP data
obtained by the Glomar Challenger at Sites 530, 531, 532/362, and 363 (Legs 40 and 75) permit definition of the region-
al stratigraphy and structural evolution of the Walvis Ridge and adjacent basins. The easternmost Walvis Ridge is prob-
ably continental crust thinned at a rifting center along the trend of the Namibian and Angolan margin. Oceanward dip-
ping reflectors within the western part of this thinned continental crust are probably volcanics with some sedimentary
interbeds. The central plateau of the eastern Walvis Ridge is interpreted as abnormal ocean crust emplaced near sea lev-
el. The western end of the eastern Walvis Ridge adjoins the N-S segment of the ridge and was formed after a late Apti-
an-early Albian eastward jump of the spreading center north of the ridge, translating the salt deposits to the South

American side of the young ocean basin.

INTRODUCTION

The Walvis Ridge is an aseismic ridge more than
3,000 km long extending from the Mid-Atlantic Ridge
to the African coast. It is divided into three sections: (1)
the eastern (Frio) segment, extending from Cape Frio to
6°E, is 600 km long and consists of two east-northeast
west-southwest trending basement ridges enclosing a
relatively large sedimentary basin; (2) a central segment,
500 km long, oriented roughly north-south; and (3) a
western section, consisting mainly of seamounts, which
connect the Walvis Ridge to the Mid-Atlantic Ridge in
the vicinity of Tristan de Cunha and Gough Islands.

The relative tightness of the fit of continents around
the South Atlantic Ocean (e.g., Bullard et al., 1965)
makes it seem reasonable to assume that the largest por-
tion of the Walvis Ridge should be of oceanic origin, al-
though van der Linden (1980) argued that it is a conti-
nental sliver. Hypotheses concerning the formation of
the ridge in the oceanic context can be divided in two
groups:

1) Formation synchronous with the opening of the
South Atlantic and related to mantle “hot spots” (Wil-
son, 1965; Dietz and Holden, 1970; Morgan, 1971, 1972),
or to transform directions and marginal offsets (Le Pi-
chon and Hayes, 1971; Francheteau and Le Pichon,
1972), or to a combination of both (Goslin and Sibuet,
1975); and

2) Formation after and unrelated to the opening of
the South Atlantic, involving major uplift (Ewing et al.,
1966; Maxwell et al., 1970).

1 Hay, William W., and Sibuet, Jean-Claude, et al., Init. Repts DSDP, 75: Washington
(U.S. Govt. Printing Office).

This chapter combines the results from recent multi-
channel seismic surveys and DSDP holes drilled during
Legs 40 (Bolli, Ryan et al., 1978) and 75 (this volume),
and explores the problem of the origin, formation, and
evolution of the Walvis Ridge. It demonstrates that at
Site 530 in the Angola Basin, the ridge plays a double
role for sedimentation, acting as both a dam to oceano-
graphic circulation and a source of turbidites, debris
flows, and basalt pebbles.

MORPHOLOGY

A new Mercator bathymetric map in corrected meters
(Matthews, 1939) has been prepared for the area from
2°E to 15°E and from 15°S to 23°S (Fig. 1) using pub-
lished information from Simpson (1981), Goslin et al.
(1974), Barnaby (1974), Heezen et al. (1978), and the
GEBCO chart as well as unpublished data from the
Centre Océanologique de Bretagne (C.0.B.), the Insti-
tut Frangais du Pétrole (I.F.P.), and the Bundesanstalt
fiir Geowissenshaften und Rohstoffe (B.G.R.). The rela-
tive closeness of tracklines gives substantially better mor-
phologic control than was available previously.

The eastern segment of the Walvis Ridge, oriented
ENE-WSW, is a linear structure of relatively constant
width (130 km) located at a mean depth of 2,500 m; it is
about 2,500 m higher than the adjacent Angola Basin
floor. The connection of the ridge with the continent
corresponds to a spur of the continental margin roughly
delimited by the 2,000 m isobath. The spur forms struc-
tural provinces 1 and 2 of the eastern segment of the
ridge; these two provinces are separated by a basement
depression which has no surface expression and which
will be discussed later. Between 8°E and 10°E, the
northern flank of the ridge is rectilinear and abrupt,
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Figure 1. Bathymetric map of the eastern Walvis Ridge in Mercator projection with the trackline control in dashed lines. Depths
are in corrected m (Matthews, 1939). Contour interval is 250 m. Position of CH 18-DR04 dredge and DSDP drilled sites is

shown.

characterized by a regular slope of about 10 degrees
down into the Angola Basin. Between 8.5°E and 9.5°E,
on Cape Basin side, the slope is irregular and marked by
the presence of several features having large relief. Be-
tween the two flanks of the ridge, from 8°E and 10°E
and from 20°S and 21°S, the ridge crest forms a terrace
tilted slightly towards the north. The western portion of
the eastern Walvis Ridge is bounded on the west by the
north-south ridge segment (which includes the Valdivia
Bank to the south of the area of the new map).

The depth in the Angola Basin, north of the ridge, is
5 km, while to the south of the ridge, in the Cape Basin,
the depth is only 4 km. The change in gradient at the
base of the continental slope in the Angola Basin is
about 200 km east of that in the Cape Basin. These dif-
ferences are the result of greater thickness of sediments
in the Cape Basin than in the Angola Basin. From in-
spection of the morphology (Fig. 1) it is evident that
downslope sediment transport from the upper Walvis
Ridge to the adjacent basins would be (1) into the Cape
Basin from structural provinces 1 and 2, which are bor-
dered on the west by the 2,000 m isobath and character-
ized by high accumulation rates (DSDP Sites 362 and
532), and (2) into the Angola Basin from structural
province 3, which forms the middle part of the eastern
segment of the ridge, located between 8°E and 10°E,
and which is characterized by lower accumulation rates.
Unfortunately the bathymetric and seismic coverage are
still inadequate to demonstrate the existence of channels
through the northern flank of the ridge which would fa-
cilitate the transport of sediment into the Angola Basin.
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STRATIGRAPHY

This stratigraphic interpretation utilizes two correlat-
ed sources of data. The first source of information is
the acoustic stratigraphy indicated by the seismic pro-
files from the eastern Walvis Ridge and adjacent basin
areas (Fig. 2). The second source is information from
R/V Jean Charcot dredges (Pastouret and Goslin, 1974;
Hékinian, 1972) and core samples from DSDP Sites 362,
363 (Leg 40, Bolli, Ryan et al., 1978) 530, 531, and 532
(Leg 75, this volume).

When investigations were initiated in this area for
IPOD, published information was scarce (Simpson, 1970;
Goslin et al., 1974; Barnaby, 1974; Goslin and Sibuet,
1975; Emery et al., 1975), and only single channel seis-
mic data were available. Three institutions (C.O.B.,
I.E.P.,, and B.G.R.) interested in the proposed program
carried out two regional multichannel seismic surveys in
1977 (5,000 km with the R/V Résolution and in 1978
(5,000 km with the R/V Explora). The University of
Texas undertook the final site surveys in 1979 (Musgrove
and Austin, this volume) (Fig. 2).

Seismic stratigraphic techniques of analysis (Payton,
1977) were used in this study. Seismic discontinuities,
identified by the lateral terminations of reflections, were
recognized and traced on all the processed French and
German seismic records. Three major discontinuities
above basement separate four major seismic units of
about equal thickness. These units are “mega-sequenc-
es” in the terminology of Vail et al. (1977). The identifi-
cation of these discontinuities and seismic units was
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Figure 2. Index map of seismic lines used in this study. Heavy lines correspond to seismic sections illustrated in this
chapter; numbers in circles refer to the figure number in this chapter. DSDP sites are indicated by bold numbers.

then extended to previous data and to the University of
Texas seismic profiles. After drilling, the basement and
sedimentary formations were calibrated using data from
DSDP Legs 40 and 75.

Acoustic Basement

In the deep basins, the acoustic basement corre-
sponds to a large contrast in acoustic impedance and is
highly diffractive because of its roughness. Computed
velocities of 5.3 km/s from processed seismic profiles
(e.g., Fig. 3) confirm the basaltic nature of the base-
ment drilled at Site 530 where lab measurements give ve-
locities for these basalts ranging from 4.7 to 5.0 km/s
(Boyce, this volume). The irregular character of the
acoustic basement in the vicinity of Site 530 is clearly
demonstrated by the University of Texas survey, which
shows ridges and troughs roughly perpendicular to the
strike of the northern flank of the Walvis Ridge on
which are superimposed local features such as conical
peaks or depressions (Musgrove and Austin, this vol-
ume). A Seabeam profile run in 1979 by the R/V Jean
Charcot through the Angola Basin, northwest of Site
530, confirms the existence of this general system of
ridges and troughs parallel to the rift direction and
shows that they are cut only by the fracture zones. Con-
sequently, it seems that at Site 530 the basement is typi-
cally oceanic.

On the Walvis Ridge, the basement character defined
on processed data (24-fold stack with variable filtering

and deconvolution), can be related to one of the three
following types:

1) The first type of acoustic basement produces a se-
ries of high amplitude and low frequency diffractions of
the sort characteristic of rough basement of probably
basaltic origin; the seismic character is similar to that of
the oceanic basement (example in Fig. 4).

2) The second type of acoustic basement lacks the
diffracting character but appears to be a major discon-
tinuity below which coherent reflections appear as deep
as 2 seconds double travel line (sdtt) below it. These
deep basement reflectors are subparallel, forming west-
ward (oceanward) dipping wedges (see examples in Figs. 5
and 18).

3) The third type of acoustic basement is distin-
guished by a flat, generally horizontal discontinuity.
Deep basement reflectors also appear below this discon-
tinuity, but it is not always possible to determine wheth-
er they dip predominantly oceanwards (example in Fig. 6).

Using all available data, the acoustic basement sur-
faces thus defined have been mapped in sdtt (Fig. 7)
and, using only the B.G.R. profiles, in km (Fig. 8). The
map of the depth to basement in kilometers (Fig. 8) was
prepared using velocity analysis of profile B.G.R. 39,
which was run along the top of the ridge (Fig. 2). A ma-
jor change in velocities occurs at the lower Oligocene
discontinuity as identified by correlation with Site 362.
Depths, therefore, have been calculated using a simple
two-layer velocity model (Prunier, 1980). The main to-
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Figure 3. BGR-41 migrated seismic section in the Angola Basin near Site 530. Location in Figure 2. The main acoustic units are identified as follows:
Unit 1, older than Cenomanian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early late Miocene; Unit 4, early late Miocene

to present.
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Figure 4. Processed seismic profile Wal 3 on the eastern Walvis Ridge. Location in Figure 2. The basement of probable
basaltic origin is marked by high amplitude, low frequency diffraction figures. The main acoustic units present are
identified as follows: Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early late Miocene; Unit 4,
early late Miocene to present.
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Figure 5. Processed seismic profile Wal 3 on the eastern Walvis Ridge. Location in Figure 2. Example of oceanwards dip-
ping reflectors within the basement. The main acoustic units are identified: Unit 1, older than Cenomanian may be
present and is indicated by question marks; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early

late Miocene; Unit 4, early late Miocene to present.

pographic features are also evident on the basement
maps, but as a result of the difference in the thickness
of sediments north and south of the ridge, the flanks of
the Walvis Ridge appear to be more symmetrical than
on the bathymetric map. The major structural provinces
identified on the ridge (1 to 4) are clearly delineated on
these maps.

Over all of provinces 1 and 2, except the area near the
continent where no seismic data are available, basement
lies at approximately 4 km and is marked by several
slight depressions oriented roughly north-south.

Total Thickness of Sediments

A time isopach map of the sedimentary cover above
basement (Fig. 9) was prepared using all available data
in the area between 7°E to 13°E and between 17°S to
23°S. The sediment thickness decreases from east to
west. Sedimentary basins are located between the two
crests of the ridge at distances up to 500 km from the

coast. No preferred direction of sediment input can be
established. On the continental margin adjacent to the
ridge, there is no trend of the isopachs which would sug-
gest the presence of a southward-flowing current sup-
plying the ridge depressions with sediment as suggested
by Goslin et al. (1974). On the Angola margin a 3.5 sdtt
deep basin abuts the ridge and extends southwestward
along its northern flank, suggesting a southwestward
transport of turbidites or a sediment source from the
easternmost Walvis Ridge. In any case, the role of the
Walvis Ridge as a dam for sediment transport (e.g.,
Goslin et al., 1974; Barnaby, 1974) is confirmed by the
presence of the northern ridge, extending into the conti-
nental margin and barely covered by sediments (Figs. 7,
8, and 9).

Acoustic Stratigraphy

The northern ridge with its thin sediment cover and
the steep Angola continental margin with many discon-
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Figure 6. Processed seismic profile Wal 3 on the eastern Walvis Ridge. Location in Figure 2. Example of landward and

oceanward dipping reflectors within the basement.

tinuities in the sedimentary sequence prevent the direct
tying together of the sedimentary units of the Angola
Basin and of the Walvis Ridge area. Correspondence be-
tween units of these two different regions has been es-
tablished by DSDP holes at Site 530 in the Angola Basin
and Sites 362 and 363 on the Walvis Ridge. The pattern
of transgressive-regressive cycles established by Vail et al.
(1977) does not give unique solutions in this area. The di-
vision of the sedimentary sequence by major unconfor-
mities is arbitrary in the sense that variations of the sed-
imentary regime permit each acoustic unit to be divided
into subunits. Nevertheless, distinctive changes in the
acoustic facies linked to the topography allow us to dis-
tinguish four areas: (1) geologic provinces 1 and 2 on
the Walvis Ridge; (2) geologic provinces 3 and 4 on the
Walvis Ridge; (3) Angola margin and basin; (4) Cape
margin and basin.

Acoustic Unit 1

On the Walvis Ridge this first sequence rests on the
dipping basement reflectors of structural provinces 1
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and 2 and on the basaltic reflector of structural province
3. It fills in the depressions in the basement and espe-
cially the large north-south depression which is the
boundary between provinces 1 and 2 and which contains
more than 2 sdit of sediments (Fig. 10). The base of
Unit 1 consists mainly of chaotic reflectors that onlap
the basement highs. There is an increase in the continui-
ty of reflectors upward in the sequence, with the appear-
ance of strong reflectors which are present only in prov-
inces 1 and 2. Acoustic Unit 1 wedges out in the middle
part of province 3.

In the Angola Basin, Unit 1 overlies the acoustic
basement and wedges out westwards at the longitude of
Site 530, where the reflector marking the top of Unit 1
onlaps the basement and appears to be discontinuous.
Unit 1 may be present at Site 530, depending on the ex-
act location of Site 530 with respect to the B.G.R. 41
seismic line (Figs. 3, 11). The thickness of this unit in-
creases regularly to a maximum of 0.5 sdtt at the foot of
the continental margin immediately north of the ridge;
its thickness decreases northwards. As on top of the
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Figure 7. Basement map of the eastern Walvis Ridge area in seconds of double travel time (sdtt). Contour interval,
0.5 sdtt. Seismic control in dashed lines. The four main geologic provinces on the ridge are indicated by large num-
bers and their boundaries shown by heavy dashed lines. Hatchures correspond to inferred fracture zones.

ridge, this unit onlaps the basement topography and
fills in depressions. Unit 1 is characterized by a series of
reflectors which become hummocky close to the margin
(Fig. 11), indicating a turbiditic origin from the Ango-
lan continental margin.

Acoustic Unit 2

On the Walvis Ridge, acoustic Unit 2 is a well-layered
sequence which decreases in thickness from 1.7 sdtt at
the eastern end of the profiles to 0.8 sdtt near Site 362
and 0.4 sdtt at the boundary between provinces 1 and 2
(Figs. 5, 6, and 10). This sequence is bounded by two
major unconformities which correspond to major hia-
tuses associated with downlapping reflections. Unit 2 is
characterized by a series of high-amplitude reflections
with alternating downlapping and onlapping reflections
which intersect. The character of the reflectors changes
from uniformly flat and continuous in the west to wavy
but continuous in the east. A major discontinuity exists
in the middle of the acoustic unit and represents a sig-
nificant hiatus. This discontinuity marks the base of
several channels cut into the underlying sequence, which
is characterized by onlapping reflectors and has a seis-
mic character associated with hemipelagic and turbiditic
sedimentation (Fig. 12). These channels trend along the
Angola shelf from north to south; some of them lead
down into the deep Angola Basin, and others lead into
the basin located on the ridge.

In the Angola Basin, acoustic Unit 2 corresponds to
acoustic Units 3 and 4 of the Site 530 chapter (this vol-
ume) and to acoustic Units 1 and 2 defined by Musgrove
and Austin (this volume). Because the limits between
Units 3 and 4 of the Site 530 chapter and Units 1 and 2
of Musgrove and Austin are not the same, but corre-
spond in both cases to different minor low-angle discon-
tinuities, it has been decided to consider these as minor
units within a major sequence. Although these two dis-
continuities are separated by only 0.15 sdtt, they corre-
spond to the transition between a lower subunit charac-
terized by a series of low- to moderate-amplitude reflec-
tors that form a variety of reflection configurations,
and an upper subunit characterized by a series of uni-
formly continuous, high-amplitude, even to wavy paral-
lel reflections (see Musgrove and Austin, this volume,
for details). The top of Unit 2 is the major seismic dis-
continuity recognized as horizon A II (e.g., Emery et
al., 1975) throughout the Angola Basin.

Acoustic Unit 3

Acoustic Unit 3 is a transparent layer (e.g., Figs. 3, 4,
and 10) with faint and discontinuous subhorizontal re-
flectors and within which a minor discontinuity can be
followed. The base of acoustic Unit 3 corresponds to a
major discontinuity which can be traced throughout the
Angola Basin and on the Walvis Ridge and has been
named horizon A II by Emery et al. (1975). This acous-
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Figure 8. Basement map of the eastern Walvis Ridge in kilometers. Contour interval, 1 km. Seismic contr_ol in dashed
lines. The four main structural provinces on the ridge are indicated by large numbers and their boundaries shown by

heavy dashed lines.

tic discontinuity clearly separates a lower stratified se-
quence from an upper transparent sequence; the con-
trast is enhanced on a constant gain seismic profile of
the Glomar Challenger-type (Site 530 chapter, Fig. 66).
Throughout the Angola Basin the lowermost acoustic
subsequence of Unit 3 onlaps the existing topography
which corresponds to the A II discontinuity. This is con-
firmed by the local (Musgrove and Austin, Fig. 17, this
volume) and regional (Fig. 13) isopach maps of acoustic
Unit 3 and by the local map of depth to the top of
acoustic Unit 2 (Musgrove and Austin, Fig. 18, this vol-
ume). Acoustic Unit 3 locally thickens towards the north
in the deep Angola Basin on the Musgrove and Austin
isopach map for the vicinity of Site 530, but on the
general isopach map (their Fig. 13), the thickness of
acoustic Unit 3 decreases from the Angola shelf edge
(0.9 sdtt) to the deep Angola Basin (0.2 sdtt at the level
of Site 530). This suggests a primarily turbiditic input,
which is also suggested by the medium- to high-energy
seismic character of this unit.

On the Walvis Ridge the major input of sediment is
from the shelf south of Cape Frio but north of the
Walvis Ridge axis. The shape of isopachs is similar to
those of a fan, with a maximum thickness greater than
0.9 sdtt (Fig. 13). The faint reflector which divides acoustic
Unit 3 in the Angola Basin could correspond to a strong
reflector present on the Walvis Ridge, where it divides
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this unit into two subunits characterized by different lev-
els of energy (Figs. 4 and 10). The lower subunit corre-
sponds to two-thirds of the total thickness of acoustic
Unit 3, with reflections of variable amplitude along
hatched and often hummocky reflectors. The upper
subunit produces an irregular reflection pattern charac-
teristic of sedimentation in a high-energy environment.
Deep sea fan features, such as channels, levees, and sig-
moidal bodies, are commonly observed in this upper
subunit on the easternmost Walvis Ridge (Figs. 10, 12,
14, and 15). Large-scale tectonic movements apparently
occurred at the time corresponding to the interface be-
tween acoustic Units 3 and 4; these resulted in a
smoothed irregular topography and small vertical offset
normal faults (Figs. 14, 16).

Acoustic Unit 4

In the Angola Basin, acoustic Unit 4 is characterized
by discontinuous subparallel or hummocky reflections
(Fig. 3) with lateral variations both perpendicular (Mus-
grove and Austin, this volume) and parallel to the
Walvis Ridge. Consequently, acoustic Unit 4 is partly a
series of slumps and flows coming from the top of the
northern Walvis Ridge. The local Miocene to Recent
isopach map of Musgrove and Austin (see their Fig. 23,
this volume) indicates two sources of sediments, one
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Figure 10. Processed seismic profile BGR-36 on the eastern Walvis Ridge. Location in Figure 2. The main acoustic units are identified as follows:
Unit 1, older than Cenomanian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early late Miocene; Unit 4, early late Miocene

to present.

from the southeast and another from the northeast.
This is also suggested by the regional isopach map of

Figure 17, where input from both the ridge and the An- tic Unit 4.

gola margin is suggested. These interpretations are con-
firmed by Stow (this volume), who describes the pres-

ence of a deep sea fan at Site 530 (“brown fan”) which
was active during the whole time of deposition of acous-

On the Walvis Ridge, acoustic Unit 4 corresponds to
the infilling of the topography created at the end of de-
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Figure 11. Processed seismic profile BGR-41 in the Angola Basin. Location in Figure 2. The main acoustic units are identified: Unit 1, older than
Cenomanian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early late Miocene; Unit 4, early late Miocene to present.

position of acoustic Unit 3 (Figs. 5 and 14). This is re-
flected on the late Miocene to Recent isopach map
(Fig. 17) by an irregular pattern. Regionally, the seismic
character of acoustic Unit 4 changes from a well-strati-
fied sequence to a younger, slightly less stratified to
wavy sequence, probably reflecting the effect of bottom
currents on the top of the eastern Walvis Ridge. The iso-
pach map (Fig. 17) indicates the origin of the sediments
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to be partly from the continental shelf and slope of the
South African margin.

Correlation of the Acoustic Stratigraphy with Leg 40
and 75 Results

Site 530 is located near BGR profile 41 (Figs. 3 and
11) while Sites 363, 531, and 532/362 are all located
near BGR profile 36 (Fig. 18).
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Figure 12. Detail of processed seismic profile Wal 3 on the eastern Walvis Ridge showing channels sculpturing
acoustic Units 2 and 3. Location in Figure 2. The main acoustic units are identified as follows: Unit 1, older
than Cenomanian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early late Miocene;
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Figure 13. Isopach map of acoustic Unit 3 (early Oligocene to early late Miocene) in sdtt. Contour interval, 0.15 sdtt.

Seismic control in dashed lines. Sedimentary hiatuses hatchured.
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main acoustic units are identified as follows: Unit 1, older than Cenomanian; Unit 2, Cenomanian to early Oligocene; Unit
3, early Oligocene to early late Miocene; Unit 4, early late Miocene to present.

Site 530 (Figs. 19, 20)

Site 530 is located in the deep Angola Basin about
100 km west of the Angola continental ocean boundary
(Hay, Sibuet et al., 1982). Acoustic Unit 1 is absent or
represented by 50 to 100 m of basal sediments of proba-
ble Cenomanian to Albian age (Steinmetz et al., this
volume). Acoustic Unit 2 is complete; it corresponds to
acoustic Units 3 and 4 defined in the Site 530 chapter
and to Units 1 and 2 of Musgrove and Austin (this vol-
ume). Because the base of acoustic Unit 2 is close to the
basement in the vicinity of Site 530, the boundary be-
tween acoustic Units 1 and 2 is not firmly established
by drilling but may correspond to a hiatus near the Ce-
nomanian/Turonian boundary. Acoustic Unit 2 corre-
sponds to lithologic Units 8 (red and green claystone,
and marlstone with interbedded black shales), 7 (varie-
gated red, green, and purple claystone, siltstone, and
sandstone), and 6 (volcanogenic sandstone), which are
of early Campanian to late Albian age (790-1003 m,
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77.5-102.5 m.y.), and then to lithologic Units 5 (mud-
stone, marlstone, clastic limestone, and siliclastic sand-
stone), and 4 (multicolored mudstone, marlstone, chalk,
and clastic limestone), which are of Eocene to early
Campanian age (467-790 m, 37-77.5 m.y.) (see Site 530
chapter, this volume). The boundary between the trans-
parent and layered sequences corresponds to the bound-
ary between lithologic Units 5 and 6, which is associated
with a possible lower Campanian hiatus or at least with
a change in sedimentation rate (Site 530 chapter, this
volume). This boundary also corresponds to Anomaly
34, which marks a change in the South Atlantic kine-
matic motions (e.g., Sibuet and Mascle, 1978). Mus-
grove and Austin (this volume) have placed this bound-
ary within the Campanian at 704.5 m sub-bottom water
depth, corresponding to the boundary between litholog-
ic Subunits 5b and Sc.

The boundary between acoustic Units 2 and 3 (Re-
flector A II) is identified as the middle Eocene-middle
Oligocene condensed section or hiatus (467 m). A major



MORPHOLOGY AND STRUCTURAL EVOLUTION OF WALVIS RIDGE

SW 10 km

T
L

i NE

Seconds double travel time

Figure 15. Sigmoidal bodies in acoustic Unit 3. Processed seismic profile BGR-37 on the eastern Walvis Ridge. Location in
Figure 2. The main acoustic units are identified as follows: Unit 1, older than Cenomanian; Unit 2, Cenomanian to early
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Figure 16. Normal faulting ending at the end of deposition of acoustic Unit 3.
Processed profile BGR-36 on the eastern Walvis Ridge. Location in Figure
2. The main acoustic units are identified as follows: Unit 1, older than Ce-
nomanian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene
to early late Miocene; Unit 4, early late Miocene to present.
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Figure 17. Isopach map of sediments deposited from late Miocene to present (acoustic Unit 4). Contour interval,
0.15 sdtt. Seismic control in dashed lines. Sedimentary hiatuses hatchured.

change in the physical properties occurs at this level
(Boyce, this volume). Acoustic Unit 3 corresponds to
the lithologic Unit 3, a red and green mud sequence of
late Oligocene to late Miocene age (277-467 m, 10-37
m.y.). The acoustic discontinuity at the top of Unit 3
represents a short early late Miocene hiatus correspond-
ing to the CN6 and 7 calcareous nannofossil zones.
Acoustic:Unit 4 corresponds to lithologic Units 2 (nan-
nofossil clay, marl, and ooze, and debris-flow deposits)
and 1 (nannofossil and diatom smarl, marl and ooze,
diatom ooze and debris-flow deposits) of late Miocene
to Recent age (0-277 m, 0-10 m.y.).

Site 531 (Figs. 18, 21)

Only a rock fragment, consisting of sand-size frag-
ments of volcanic rocks, red coralline algae, and mol-
lusks, has been recovered on the top of a guyot-like fea-
ture located on the Walvis Ridge. From subsidence con-
siderations, this reef-like cap is probably of Cretaceous
age and probably formed in less than 250 m of water as
indicated by the restricted paleowater depth of the cal-
careous algae recovered at this site (Site 531 chapter, this
volume),

Sites 362 and 532 (Figs. 22, 23)

Site 362 (Leg 42) was drilled by rotary methods in the
central basin located on top of the Walvis Ridge. Site
532 was located in immediate proximity to Site 362, and
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was sampled by hydraulic piston coring during Leg 75.
Using velocities measured at Site 362 (Sites 362, 363,
Bolli, Ryan et al., 1978), acoustic Unit 4 is 335 m thick
and corresponds to lithologic Units 1 (marly nanno
ooze and nanno ooze) and part of lithologic unit 2a
(marly chalk). The base of this unit has been defined as
reflector green on the Walda profile 11 (Goslin et al.,
1974) by Bolli, Ryan et al. (1978) and is dated early late
Miocene. No clear hiatus has been identified at Site 362
and the sedimentary sequence appears to be rather con-
tinuous. Tracing the boundary between acoustic Units 4
and 3 laterally (Fig. 18, shot point 2500 on BGR-36 line)
shows that at least part of the late Miocene strata are
eliminated, suggesting that there were some early late
Miocene tectonic movements.

The base of acoustic Unit 3 is at 1.0 sdtt on the seis-
mic profile in Fig. 22, which corresponds to a depth of
920 m using the velocities measured in Holes 362 and
362A. Consequently the base of acoustic Unit 3 corre-
sponds to the base of lithologic Unit 3, a marly nanno-
fossil chalk with intercalations of “Braarudosphaera®
chalk. The Braarudosphaera blooms are characterized
throughout the Walvis area by strong acoustic reflectors
that are particularly apparent on constant gain seismic
profiles (Site 362-363 chapter, Bolli, Ryan et al., 1978,
and Site 532 chapter, this volume). The age of the base
of acoustic Unit 3 is early Oligocene, but the position of
this boundary cannot be located with a precision better
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than a few tens of meters in the lithologic column.
Acoustic Unit 3 therefore corresponds to lithologic Unit
3 (marly nannochalk with Braarudosphaera chalk inter-
calations), lithologic Subunits 2c¢, 2b, and part of 2a
(foraminifer-nannofossil chalk, marly nannochalk)
(Fig. 23).

Only part of acoustic Unit 2 is represented at Site 362
by lithologic Unit 4 (marly nannofossil limestone). The
base of acoustic Unit 4 may correspond to the yellow (2)
reflector defined by Bolli, Ryan et al. (1978) at 1.6 sdtt
(Fig. 21). If this identification is valid, then the Ceno-
manian discontinuity identified in the Angola Basin
would also correspond to this reflector. Assuming a
3.0 km/s velocity for the acoustic layer between 1.3 and
1.6 sdtt, this reflector would be at 1,800 m which is
about two times deeper than the base of the Oligocene
(920 m). Since the sedimentary sequence at Site 362
seems to be complete, this estimate for the depth of
the Cenomanian discontinuity compares favorably with
that projected from the mean relative sedimentation rate
for DSDP holes, which predicts that it should be deeper
than the base of the Oligocene by a factor of two.

Site 363 (Figs. 24, 25)

Site 363 was drilled on the top of the northerr flank
of the eastern Walvis Ridge (Fig. 1), where alkali basalts
belonging to the acoustic basement have been dredged
(Hékinian, 1972).

Acoustic Unit 4 is not detectable on the seismic pro-
files (Fig. 24) and is represented by only 1.5 m of late-
middle Miocene sediments recovered at the top of Hole
363. Two major acoustic reflectors can be identified on
the processed seismic profile BGR-36 (Figs. 18, 24) at
0.12 and 0.18 sdtt near Site 363, but these irregular re-
flectors define acoustic layers of variable thicknesses
over the top of the northern ridge. Because of the dis-
tance between the position of Hole 363 and the BGR-36
profile, direct correlation between the seismic and litho-
stratigraphic data is uncertain, but two groups of closed
identified hiatuses which limit major lithologic units al-
low us to propose a reasonable correlation with the pre-
viously defined acoustic units.

The base of acoustic Unit 3 is probably the late Eo-
cene-early Oligocene hiatus (Fig. 25) at 189 m, and the
acoustic unit corresponds to lithologic Subunits 1b (Braa-
rudosphaera ooze and foraminifer-nannofossil chalk)
and la (foraminifer-nannofossil ooze) (Fig. 25).

The base of acoustic Unit 2 is probably the late Ce-
nomanian-Turonian hiatus at 435 m, so that the acous-
tic unit corresponds to lithologic Subunits 2a (foramini-
fer-nannofossil chalk, marly nannofossil chalk), 1d and
1c (foraminifer-nannofossil chalk) (Fig. 25).

Late Aptian-Albian limestones and Cenomanian marly
chalk would belong to the upper part of acoustic Unit 1.

Sedimentary Evolution

Multichannel seismic reflection data allow us to ex-
tend knowledge of the sedimentary and geologic evolu-
tion of the eastern Walvis Ridge and the adjacent Ango-
la Basin beyond the area of the drill sites. Integrating
DSDP data, four major stratigraphic units have been

identified over the oceanic basalt basement in the Ango-
la Basin and in the western part of the eastern Walvis
Ridge (geologic provinces 3 and 4). On the easternmost
Walvis Ridge, deep reflectors within the basement dip
oceanwards in structural provinces 1 and 2 and sporadi-
cally in structural provinces 3 and 4. These dipping re-
flectors may represent successive fluid basalt flows with
possible interbeds of sediments and tuffs emplaced on
pre-existing topography (e.g., Hinz, 1981; Mutter et al.,
1982; Roberts, Schnitker et al., 1982). In an extensional
environment some of the dipping reflectors may repre-
sent prerift sedimentary reflectors within tilted fault
blocks, as will be discussed further.

Albian and possible late Aptian sediments of acous-
tic Unit 1 were deposited in the southeastern oceanic
part of the Angola Basin and do not exist west of the
longitude of Site 530. The thickness of these sediments
decreases westward with decreasing age of the oceanic
crust. The hummocky character of these infilling sedi-
ments suggests that they were deposited by turbidity
currents derived from the Angola continental margin.
On the ridge, the north-south basin at the boundary be-
tween structural provinces 1 and 2 has been partly filled
with lower Cretaceous detrital sediments. More distal
turbidites occur in province 2 west of the north-south
basin. Late Aptian-Albian limestones with terrigenous
components occur on the top of the northern ridge,
which was close to sea level at that time.

Late Cenomanian to early Oligocene sediments are
mostly marly limestones in the central basin of Walvis
Ridge and marly chalk to chalk on the northern ridge.
A major pulse of terrigenous sedimentation ended in
the late Campanian. This pulse of terrigenous influx
may reflect a peak of current activity which eroded sedi-
ments off the Walvis Ridge and deposited them in the
adjacent basins (Bolli, Ryan et al., 1978). In the Angola
Basin, fan deposits occurred throughout this period.
These fan deposits range from volcanogenic turbidites
in the Campanian to siliciclastic turbidites in the Late
Cretaceous and earliest Tertiary and to thick chalk tur-
bidites from Paleocene to late Eocene. Late Cretaceous
volcanic activity on the Walvis Ridge is documented by
volcanic wedges interbedded with the sediments (Figure
26).

Early Oligocene to late Miocene red and green mud
characterizes a quieter period in the Angola Basin, with
a small influx of turbiditic sediment probably derived
from the Angola continental margin. On the Walvis
Ridge, the marly ooze to marly chalk of equivalent age
shows extensive bioturbation. Cyclic sediments with
pulses of terrigenous material alternate with more pure-
ly biogenous sediments; submarine fan development is
indicated by channels, levees, and sigmoidal bodies
(Figs. 12, 14, and 15), reflecting terrigenous influx from
the northeast.

Upper Miocene to Recent sediments on Walvis Ridge
are calcareous and siliceous, biogenic, open-marine pe-
lagic deposits with variable amounts of terrigenous clay
and a high organic carbon content reflecting the devel-
opment of the Benguela upwelling system which began
in the late Miocene (Siesser, 1980; Sites 530 and 532
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Figure 18. Processed seismic profile BGR-36 on or near which are located Sites 362/532, 531, and 363. Location in Figure 2.

chapters, this volume). These sediments are the main
source for the turbidites and debris-flow deposits of
equivalent age emplaced in the Angola Basin at the foot
of the northern flank of the ridge (see Stow, this vol-
ume). Part of the upper Miocene to Recent sediments
deposited in the Angola Basin were derived from the
Angola continental margin as shown by the isopach
map (Fig. 17); these sediments smoothed the topogra-
phy which had been acquired during the late Miocene
when large-scale tectonic movements deformed both the
Walvis Ridge (Fig. 18) and, to a lesser extent, the Ango-
la Basin.

STRUCTURAL EVOLUTION OF THE
WALVIS RIDGE

Goslin and Sibuet (1975) have shown that the struc-
tural pattern and evolution of the Walvis Ridge and ad-
jacent basins could be documented largely by gravity
and magnetic data. Consequently, a magnetic anomaly
map and a new free-air gravity anomaly map have been
compiled.

Magnetic Data

Magnetics were extracted from the BNDO (Bureau
National des Données Océaniques, Brest) data bank,
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which contains data from Woods Hole Oceanographic
Institution (R/V Atlantis II and Chain), Lamont-Doh-
erty Geological Observatory (R/V Vema and Conrad),
the Deep Sea Drilling Project at Scripps Institution
of Oceanography (D/V Glomar Challenger), and the
Centre Océanologique de Bretagne (R/V Jean Charcot).
These have been combined with more recent magnetic
data obtained by the Bundesanstalt fiir Geowissen-
schaften und Rohstoffe (R/V Explora) and the Institut
Francais du Pétrole (R/V Résolution). Magnetic anom-
alies have been computed using the 1975 International
Geomagnetic Reference Field (IGRF). Discrepancies of
as much as 100 nT existed at some profile intersections.
These discrepancies are mainly the results of the imper-
fect definition of the secular variation and of the fact
that diurnal variations and magnetic storms were not re-
moved. Because the BGR survey is a homogenous re-
gional survey, all previous data have been slightly ad-
justed to it. A 200 nT contour interval was used for the
magnetic anomaly map (Fig. 27).

High-amplitude short-wavelength magnetic anoma-
lies characterize the main part of Walvis Ridge and re-
flect the volcanic nature of the acoustic basement. Vol-
canics may also occur in geologic province 1, where the
amplitudes are less. The northern limit of the ridge
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Figure 19. BGR-41 migrated seismic profile in the vicinity of Site 530
(shot point 3275) in the Angola Basin. Location in Figure 2. The
main acoustic units are identified as follows: Unit 2, Cenomanian
to early Oligocene; Unit 3, early Oligocene to early late Miocene;
Unit 4, early late Miocene to present.

shows a prominent magnetic edge effect. Several lateral
offsets of a few km to a few tens of km or of unknown
magnitude have been mapped (Fig. 27). In the Cape Ba-
sin, magnetic lineations parallel to the coastline have
been identified as Anomalies M2 and M4 by Rabinowitz
(1976). East of these oceanic anomalies, a north-north-
east to northeast trending pattern is probably associated
with thinned continental crust. In the Angola Basin,
subdued northwest trending lineations exist on the con-
tour map but are more prominent on profiles projected
perpendicular to the tracklines (Sibuet et al., in prep.).
At present, these magnetic anomaly lineations with
more than 100 nT amplitudes cannot be related to any
particular anomalies of the standard magnetic anomaly
sequence. Most likely, these anomalies belong to the
same part of the M sequence as those identified south of
the ridge. The result of magnetic studies at Site 530 and
of a previous analysis of magnetic anomalies in the
southern Angola Basin and Argentine Basin (Cande
and Rabinowitz, 1978) show that a ridge jump may have
occurred in the late Aptian, explaining the absence of
salt in the southern part of the Angola Basin. It is also
possible that these anomalies belong to the faint and not
well-identified short reversals of the Cretaceous quiet
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Figure 20. Lithologic column and units correlated with acoustic units
at Site 530 in the Angola Basin. (Revisions of stratigraphic ages are
given in Steinmetz et al., this volume.)

zone, but their amplitude is larger than is expected by
computation.

Gravity Data

A free-air gravity anomaly map has been prepared
using the same data sources as for the magnetic map ex-
cept that gravity data were not acquired by the D/V
Glomar Challenger or by the R/V Résolution (Fig. 28).
Difference of gravity values at intersections of track
lines do not exceed 10 mgal, which is a normal error val-
ue because reference values are different from one cruise
to another and because a cross-coupling error could re-
main for some data. The contour interval for the map in
Fig. 28 is 10 mgal. The map was continued on land us-
ing the Bouguer anomalies given on the Geological Map
of South West Africa (South Africa Geological Survey,
1963). Only a small discontinuity between free-air and
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Figure 21. BGR-36 processed seismic line in the vicinity of Site 531
(shot point 1308) on a guyot-like feature of the eastern Walvis
Ridge. Location in Figure 2.

Bouguer anomalies should exist at the shore line be-
cause the shelf is wide and there is little relief on land.
Strong anomalies with high gradients are associated
with bathymetric relief because the free-air anomaly is
largely dependent on the bottom topography. Neverthe-
less, the eastern Walvis Ridge is underlain by a large
positive anomaly of about 30 mgal, flanked on each
side by negative bands 50 km wide in the deep abyssal
plains—a typical edge effect. Gravity values in the abyssal
plains are close to zero, which indicates that the basins
are in isostatic equilibrium. Goslin and Sibuet (1975)
have shown that the ridge is also in local isostatic equi-
librium and was consequently emplaced simultaneously
with the adjacent oeanic crust. Two-dimensional (De-
trick and Watts, 1979) and three-dimensional (Bulot et
al., 1982) spectral analyses of the gravity data have con-
firmed these results. Note that the Walvis Ridge has no
gravity extension on land and that the fracture-zone
trends are also evident in the gravity data (Fig. 28).

Structural Map of the Walvis Ridge Area

Based on topography and basement morphology, the
Walvis Ridge has been divided into four structural prov-
inces; two additional complementary provinces corre-
spond to the Cape and Angola basins. On seismic sec-
tions, provinces 1 and 2, bounded on the west by the
2,000 m isobath, are characterized by the presence of
parallel internal basement reflectors dipping towards the
ocean at angles up to 8° (Fig. 5) and interrupted by
faults every 5 to 10 km. The vertical offset of these
faults varies from hundreds of meters (Fig. 10) to kilo-
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Figure 22. BGR-36 processed seismic line in the vicinity of Sites 362/
532 (shot point 3200) on the eastern Walvis Ridge. Location in Fig-
ure 2. The main acoustic units are identified as follows: Unit 1,
older than Cenomanian; Unit 2, Cenomanian to early Oligocene;
Unit 3, early Oligocene to early late Miocene; Unit 4, early late
Miocene to present.

meters (Fig. 5). The density of tracklines allows us to
draw approximate faultlines (Fig. 29). These faultlines
are grouped into two main directions, N 10° and N 60°.
The N 60° direction is obvious on the gravity and mag-
netic maps and corresponds to the general orientation
of the Walvis Ridge. In particular, it corresponds to the
trend of the northern and southern flanks of the ridge,
which is also the trend of the fracture zones in this area
(Mascle and Sibuet, 1974). The N 60° faults delimit
elongated bands parallel to the ridge. The N 10° faults
lie within these bands. The acoustic basement, with its
dipping reflectors offset by the faults, suggests that ear-
ly tensional movements produced tilted fault blocks.
The tops of some of the blocks are truncated (Fig. 18).
Most of the N 10° faults dip toward the continent
(Fig. 29). The axis of the main elongate basin form-
ing the boundary between structural provinces 1 and 2
seems to consist of a series of N 10° en echelon sinistral-
ly offset depressions (Fig. 28). These N 10° structural
directions are also present on the southern Angolan
margin, although the general trend of this basin and of
the isobaths along the southern Angolan margin is N
350° (Fig. 1). The eastern flank of the basin is only part-
ly visible on some of the seismic profiles, none of which
extends to the coastline. More than 10 km of sediment
fill the N 350° trending depression. The acoustic base-
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Figure 23. Lithologic column and units correlated with acoustic units
at Sites 362/532 on the eastern Walvis Ridge.

ment rises toward the coastline but because of the depth
of the acoustic basement no internal reflectors can be
Seen.

One of the initial objectives of Leg 75 sites on the
Walvis Ridge was to determine the lithologies of the dip-
ping reflectors which have also been observed in other
areas, including the continental margins of Antarctica,
East Greenland, Rockall, the Véring Plateau, and in the
Lofoten and Wharton basins. We wanted to understand
the nature and significance of basement with dipping
reflectors adjacent to oceanic basement such as that
dredged on the top of the northern flank of the ridge
(Hékinian, 1972). We also wanted to know if there were
any differences in the processes of formation of an
aseismic ridge anchored to a continent rather than
locked to the adjacent typical oceanic crust.

Because of safety limitations, the initial Site SAI-4
which had been proposed to drill into these dipping re-
flectors was moved to the location of Site 531, where
dipping reflectors outcrop nearby. Unfortunately, the
bottom was firm and could not be penetrated by the
drill. The problem of the nature of internal oceanward
dipping reflectors in this structural setting has been par-
ticularly addressed during DSDP Leg 81 on the Rockall
margin. Drilling through the sequence of dipping reflec-
tors allowed Roberts, Schnitker et al. (1982) to interpret
them as a voluminous eruption of basic flows and tuffs
with possible thin sedimentary interbeds. The deposi-
tion of these rocks took place during rifting in a shallow
marine to subaerial environment. The divergent form of
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Figure 24, BGR-36 processed seismic line in the vicinity of Site 363 (shot point
150) on the northern flank of the eastern Walvis Ridge. Location in Figure 2.
The main acoustic units are identified as follows: Unit 1, older than Cenoma-
nian; Unit 2, Cenomanian to early Oligocene; Unit 3, early Oligocene to early

late Miocene.

the dipping reflectors toward the ocean in the Rockall
area has been interpreted as resulting from the subsi-
dence associated with an increase in rate of crustal ex-
tension simultaneous with the occurrence of volcanics.
On the eastern Walvis Ridge such divergent reflectors do
not exist. This suggests that if the dipping reflectors are
mainly within a volcanic sequence, these volcanics could
have been emplaced either rapidly or during a longer
time in a uniform extensional or quiet context,

The structural map, Figure 23, shows that fracturing
played an important role during the formation of prov-
inces 1 and 2 and that the dipping reflectors cannot be
interpreted simply as volcanic emissions in a slope envi-
ronment. The structural pattern, morphology of the
blocks, and presence of the N 350° basin rather suggest
that tensional stresses have modified a previously strati-
fied sequence. This initial sequence may have been con-
tinental crust overlain by a sedimentary sequence or,
more probably, by an intercalation of sediments and
volcanics associated with the probable Jurassic lavas
that were drilled on the South African continental shelf
and which have a certain but unknown regional extent
(Gerrard and Smith, 1983). Davis (1982) has shown that
on a slope of only 1 per 1,000 a submarine basaltic flow
initially 3 m thick could extend 20 km if it had an initial
temperature of 1150°C and 80 km if it had an initial
temperature of 1250°C. This suggests that massive inde-
pendent volcanic flows and tuffs with possible interbed-
ded sedimentary layers could have been emplaced not
only in a subaerial environment as suggested by Mutter
et al. (1982) but also under submarine conditions (Rob-
erts, Schnitker et al., 1982). Then the resulting stratified
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sequence could have been affected by later extensional
tectonics, so that the resulting broken basement resem-
bles that of the continental margins of North Biscay (Le
Pichon and Sibuet, 1981) and West Iberia (Sibuet et al.,
1982) formed at the end of the Early Cretaceous rifting
episode. As the maximum of extension probably corre-
sponds to the deeper part of the N 350° trending depres-
sion, blocks must have been tilted inward toward the
edges of the N 350° depression as predicted by Le Pi-
chon and Sibuet (1981). This is clearly shown on the
structural map where faults face the axis of the N 350°
depression. The consequence of this hypothesis is an in-
crease of the initial dip of the internal basement reflec-
tors westward in structural province 2, while this angle is
reduced in structural province 1.

Discussion of Structural Provinces

Structural Province 1 (Fig. 29)

Structural province 1 is limited on the east by the
coastline and on the west by the axis of the N 350°
trending basin which lies approximately beneath the
500-m isobath. It corresponds mostly to the continental
shelf and is about 100 km wide (Fig. 1). It also corre-
sponds to the 10 mgal anomaly contour. Weak positive
gravity anomalies (Fig. 28) associated with magnetic
anomalies (Fig. 27) are observed in geologic province 1
and are related to isolated structures (Goslin and Sibuet,
1975). There are too few multichannel seismic and geo-
physical profiles to define in detail the deep structure of
province 1 and in particular the nature and morphology
of the acoustic basement.
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Figure 25. Lithologic column and units correlated with acoustic units
at Site 363 on the northern flank of the eastern Walvis Ridge.
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MORPHOLOGY AND STRUCTURAL EVOLUTION OF WALVIS RIDGE

Structural Province 2 (Fig. 29)

Structural province 2 is limited on the east by the axis
of the N 350° trending depression and on the west by
the western limit of the oceanward dipping reflectors
within acoustic basement, which lies approximately be-
neath the 2,000-m isobath. The northern limit of this
province corresponds to the northern flank of the ridge,
but the southern limit is far south of the eastward pro-
jection of the southern flank of the ridge, extending to
about 21.5°S. This province is also distinctive on the
magnetic and gravity anomaly maps, which probably re-
flect differences in the nature of basement between
province 2 and the basement of the adjacent province 3.
We propose that the basement morphology was ac-
quired during a tensional phase affecting stratified vol-
canics overlying sediments or continental crust.

Structural Province 3 (Fig. 29)

Structural province 3 is the central plateau of the
eastern Walvis Ridge and is limited on the west by the
2,250-m isobath. Its northern and southern limits are
the northern and southern flanks of the ridge. The
width of this province is considerably less than that of
province 2 (Fig. 29). The western boundary indicated on
the bathymetric and gravity map marks the position
where the Walvis Ridge increases in width. The acoustic
basement appears to be exclusively volcanic, with no
dipping reflectors. Near province 2, the presence of in-
terstratified volcanic flows within the sediments is inter-
preted as a Late Cretaceous eruptive phase.

Structural Province 4 (Fig. 29)

Structural province 4 joins the western part of the
eastern Walvis Ridge to the north-south trending seg-
ment which contains the Valdivia Bank. This province is
marked by an offset of the Walvis Ridge to the south
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Figure ’246. BGR-37 1:[mce_ssed seismic profile showing the probable Late Cretaceous volcanism intercalated within the
sed;ments. Location in Figure 2. The main acoustic units are identified: Unit 2, Cenomanian to early Oligocene;
Unit 3, early Oligocene to early late Miocene; Unit 4, early late Miocene to present.
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and an inversion of relief. Magnetic anomalies are simi-
lar to those of the adjacent typical ocean crust (Fig. 27).

Principal Stages of the Structural Evolution

From these observations and conclusions we propose
a scheme for the structural evolution of the eastern
Walvis Ridge based on the hypothesis that structural
provinces 1 and 2 are of continental origin. Three obser-
vations support this hypothesis: (1) The seismic struc-
ture of the acoustic basement reflects a tensional phase
which affected an initial continental crustal block prob-
ably capped by interbedded volcanic and sedimentary
layers. The tilted fault blocks (e.g., Fig. 5) allow us to
compute a tensional stretching factor of 1.2, which is
less than the theoretical value of the stretching factor of
1.3 if we suppose that the continental crust was initially
at sea level (LePichon and Sibuet, 1981). (2) Structural
provinces 1 and 2 have unique bathymetric, magnetic,
gravimetric, and seismic characteristics. In particular,
gravity modelling of a profile, along the axis of the
Walvis Ridge, shows that for models in isostatic equilib-
rium and for reasonable values of crustal density there is
a difference of 2 to 3 km in the thickness of the crust on
each side of the boundary between structural provinces
2 and 3 (Sibuet et al., this volume). (3) In terms of kine-
matic reconstructions, a gap exists just south of the Sao
Paulo plateau that corresponds to the spur formed by
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provinces 1 and 2 of the eastern Walvis Ridge (Sibuet et
al., this volume).

Origin of Structural Provinces 1 and 2

During the Late Jurassic (Oxfordian-Kimmeridgian),
tensional stresses affected the band of crust which be-
came the South American and African continental mar-
gins (Figure 30A). The crust was progressively thinned,
particularly in the area of structural provinces 1 and 2
and their South American counterpart (Fig. 30B). The
axis of this rift zone was the N 350° trending depres-
sion, which is the natural prolongation of the Namibia
and Angola continental margins. The brittle continental
crust was broken by faults striking N 10° and dipping
into the axis of the depression. Tilted fault blocks were
created in the upper stratified continental crust, thereby
producing the oceanward dipping reflectors west of the
axis of the N 350° depression. The end of this tensional
phase occurred before late Aptian time, because lime-
stone and calcarenites of late Aptian age have been
drilled at Site 363 in structural province 3. During this
phase some of the blocks may have been exposed to
subaerial erosion, producing the flat tops observed on
many of the blocks.

Formation of Eastern Part of Structural Province 3

The formation of structural province 3 began after
the locus of maximum thinning jumped from the N
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350° trending depression to the boundary between prov-
inces 2 and 3 (Fig. 30C). The abnormal oceanic base-
ment of province 3 was emplaced either close to sea lev-
el, as shown by the fragments of late Aptian shallow-
water calcareous algae found in the massive limestones
at Site 363, or in a subaerial environment as suggested
by the presence of probable erosion surfaces (Fig. 30D).
Less thinning of continental lithosphere is necessary to
reach a lithostatic level of emplacement of oceanic crust
close to sea level, as has been demonstrated in the Afar
region. A stretching factor of about three is required to
reach a mean water depth of 2.5 km for emplacement of
oceanic crust at the foot of continental margins (LePi-
chon and Sibuet, 1981). At least part of the oceanic
crust of province 3 may have been emplaced before any
oceanic crust formed in the adjacent basins (Fig. 30D).

Formation of Western Part of Structural Province 3,
Structural Province 4, and the Adjacent Oceanic
Basins

Oceanic crust began to be emplaced both south and
north of the Walvis Ridge during Barremian-early Apti-
an times as has been proposed by Rabinowitz (1976) and
Cande and Rabinowitz (1978), who have identified mag-
netic Anomalies M4 south of the ridge and M3 (?) north
of the ridge on the South American side (Fig. 30E).

A ridge jump occurred during the late Aptian-early
Albian in the southern part of the Angola Basin; this

translated the previously formed oceanic crust and its
overlying salt deposits to the South American side (Can-
de and Rabinowitz, 1978; Site 530 chapter, this volume,
and this study, Fig. 30F). Then new oceanic crust was
created, starting probably in the vicinity of the conti-
nent/ocean boundary of the Angola continental mar-
gin. The Cape Basin and the Walvis Ridge continued to
grow (Fig. 30G). The boundary between structural prov-
inces 3 and 4 probably corresponds to a major change in
the mode of formation of the ridge from the construc-
tion of a large oceanic crustal pile between two close
fracture zones defining the northern and southern flanks
to an accretionary spreading center located between two
fracture zones separated by 500 km and defining the
northern and southern ends of the N-S segment of
Walvis Ridge. Several ridge jumps occurred on both
sides of the Walvis Ridge (Sibuet, in prep.) during the
Cretaceous and early Tertiary producing a 500-km-long
segment of mid-oceanic ridge without any significant
offset.

Note that in this model a fracture zone must exist in
the Angola Basin at the foot of the Walvis Ridge and
must have an offset of up to 150 km. If this is true, the
Walvis Ridge was emplaced just before the adjacent ba-
sins; this would explain both the fact that the eastern
Walvis Ridge and its adjacent basins are in local isostat-
ic equilibrium and the fact that seismic profiles perpen-
dicular to the Walvis Ridge indicate that the Angola
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Figure 29. Structural map of the eastern Walvis Ridge.

Basin has been subsiding faster than the Walvis Ridge
(Musgrove and Austin, this volume). Thus, the base-
ment slopes, divergent reflectors, and basinward pro-
grading clinoforms of acoustic Unit 2 can be interpreted
as resulting from the different subsidence rate of two
adjacent oceanic crusts of different age (e.g., Sibuet and
Veyrat-Peinet, 1980).

CONCLUSION

Analysis of data obtained by drilling during Legs 40
and 75 of the D/V Glomar Challenger, and interpreted
in the framework of multichannel surveys planned both
to define Leg 75 drill sites and to outline the early stages
of the South Atlantic evolution, has established the seis-
mic stratigraphy of the region and suggests a new model
of the structural and sedimentary evolution of the east-
ern Walvis Ridge and adjacent basins.

The acoustic stratigraphy established in the Walvis
Ridge and southern Angola Basin areas has been cali-
brated by DSDP holes drilled at Sites 530, 531, 362/532,
and 363.

Acoustic Unit 1 has not yet been drilled with certain-
ty in the Angola Basin but, based on estimation of the
mean thickness of sediments belonging to this unit at
the Angola continent/ocean boundary compared to the
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mean relative sedimentation rate, an oldest age for the
oceanic crust of late Aptian/early Albian is expected.
Acoustic Units 2 to 4 are well correlated with lithostrati-
graphic data in the Angola Basin.

Acoustic units 3 and 4 are well correlated with litho-
stratigraphic units on the Walvis Ridge and adjacent
shelf area. The base of acoustic Unit 2 (Cenomanian) is
not well defined at Site 363, and therefore cannot be
correlated over the whole area. In the sedimentary basin
on the ridge, the base of Unit 2 is inferred on the basis
of mean relative sedimentation rate. Because of uncer-
tainties regarding the identification of the Cenomanian
reflector on the Walvis Ridge, we only present isopach
maps of acoustic Units 3 and 4 for the whole area.

Four structural provinces can be recognized on the
eastern Walvis Ridge, numbered 1 through 4 from east
to west. The two easternmost provinces, 1 and 2, form
the junction of the Walvis Ridge with the continental
margin and have a basement of thinned continental
crust. They are separated by a N 350° trending depres-
sion and are characterized by thick sediment cover and
internal basement reflectors which, in the western of the
two provinces, 2, dip oceanward. The remainder of east-
ern Walvis Ridge comprises two structural provinces, 3
and 4, having an oceanic basement and thinner sedi-
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ment cover. Structural province 3 is the central plateau
of the eastern Walvis Ridge and province 4 to its west
abuts the N-S trending segment of Walvis Ridge that
includes Valdivia Bank. Structural provinces 1 and 2
represent the two sides of an early rift resulting from
thinning of the continental crust and are underlain by
eastward and westward dipping tilted fault blocks, re-
spectively. Structural province 3 represents abnormal
oceanic crust, emplaced near sea level before the ridge
jumped eastward in the adjacent Angola Basin, trans-
lating the evaporite deposits to the South American side
of the young ocean basin. Structural province 4 was
formed after the ridge jump and corresponds to a major
change in the mode of formation of oceanic crust, from
construction of an oceanic crustal pile between two
closely spaced fracture zones bordering the northern
and southern flanks of the eastern segment of Walvis
Ridge to an abnormal accretionary spreading center lo-
cated between two fracture zones separated by 500 km,
forming the northern and southern ends of the N-S seg-
ments of Walvis Ridge.
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