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SUMMARY ' |
B

This report is written in response to an emquiry by the Offshore
and International Division of the Department of Minerals and Energy, which
in turn arose from a report by the Australian delegation to the U.N. Law of -~
the Sea Conference. | .

All available published information conc;rning geophysi%al surveys
of the continental margins of Ghana, Kenya, Liberia, Mauritius, Ni%eria, and
Tanzania has been studied, and that which is most pertinent is sumLarized
herein. Further marine geophysical reconnaissance surveys are nee&ed of the
margins of these countries, either to delineate more precisely the extent of
the continental margin or‘to assess its economic potential or both. For the
six copntries studied here these suggested sﬁrveys would totgl 25 000
nautical miles énd cost about A$3 million.

" An addendum extends the study to Sierra Leone.




1. INTRODUCTION

The confidential report of the Australiam delegation to the
Caracas Session of the United Nations Law of the Sea Conference led to a
request from the Offshore and International Division of the Department
of Minerals and Energy that BMR provide information on the continental
margins of Ghana, Kenya, Liberia, Mauritius, Nigeria, and Tanzania.

This report provides the following information:
1. The extent and type of reconnaissance surveys that could be

required to delineate the outer edge of the continental slope and the
outer edge of the continental rise.

2 The surveys required to delineate the transition zone between

oceanic and continental crust as determined from gravity measurements.

3. The surveys required to delineate and assess the general

resources potential of the continental margins, both within the 200
nautical mile zone and between that zone and the outer edge of the’
continental rise,.

4. ,,- A list of the principle contractors who could be intereéted in
such work,
S.  The cost of such SuUrveys.

Those countries bordering the Indian Ocean (Plate 1), viz.
Kenya, Tanzania, and Mauritius, are discussed first; and then Liberia,
Ghana, and Nigeria, which border the Atlantic Ocean (Plate 3). The
date presented here are merely from those reports and maps currently
available within BMR library and as such are very incomplete, It should
also be noted that the maps are sketches and should not be regarded as
being completely accurate.



depth below sea level (km)

| 2, PRESENT INFORMATION — WESTERN INDIAN OCEAN (Plate 1)

Kenya

TOTAL Exploration has taken an offshore petroleum exploration
lease which extends from near the shelf break out to about 3000 m of
water. They planned a seismic survey there for 1973 (Cortesini & Minner,

1973) .

The main sedimentary basin is the Lamu, which is a southerly
extension of the Somali Basin. Carboniferous-Permian (Karroo) to
Quaternary sediments are presente.

The only marine survey that we know of consists of a series of
refraction profiles shot by HMS Owen and RSS Discovery in 1963 as part
of the British contribution to the International Indian Ocean Expedition.
Francis, Davies & Hill (1966) used the results to draw a cross—section
from Lamu in Kenya to the Seychelles (Fig. 1); the section shows that
a thick sedimentary wedge underlies the continental slope and rise. At
a point 200 n. miles offshore the Tertiary-Cretaceous sedimentary
thickness is about 4 km. . |

The Glomar Challenger drilled 1174 m into the sediments of the
Bast African continental rise at Site 241, about 170 n. miles off north
Kenya (Simpson et al., 1972). The oldest rocks recovered were Middle
Cretaceous mudstone, shale, and siltstone. These data are in agreement
with the crosg—section of Francis, Davies & Hill,
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!' Ewing et al. (1969) have drawn a generalized sediment thickness
map of the Indian Ocean (Fig. 2) whioh shows that over 2 km of sediment
lies below.the continental slope and rise off Kenya and Somali.

Insofar as the morphology of the Kenyan continental margin is
concerned, Heezen & Tharp (1965) show the continental rise to extend
about 350 miles offshore where it adjoins the Somali Abyssal Plain at
about 5000 m depth.

o

5 TANZANIAY

EES

96° ‘ T20°

Fig. 3. Isopach map of unconsolidated sediments. Contours are in tenths of seconds of two-way

reflection time (0-1 sec approximates 100 m). The axis of the mid-oceanic ridge is represented as

a bold line, dashed where poorly known. Shaded arcas represent aseismic ridges and plateaus,

outlined by arbitrary isobaths defining best the extent and shape of each feature. Dotted isopachs
on the Indus cone arc after NEprOoCHNOV (1961).

"-t'jufé 2. ("F'f'om\ Ew.:nj al"-\l.l "/6‘(1)
Tanzania

_ No offshore exploration licences are showrn by Cortesini &
Minner (op. cite).

Ewing et al. (1969) show one survey track of either Vema or

Conrad to lie offshore from Tanzania, but no specific results have come

to light. Their sediment thickness map (Fig. 2) shouws that the sediments
thicken northwards below the continental shelf and slope from a possible
basement ridge which runs from the southern border of Tanzania to the
northern tip of Malagasye.
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A gedimentary basin underlies the coastal strip of Tanzania
(Kent et.al.,‘1971). The general form of this basin is a wedge of
sediments thickening towards the east. Regional subsidence of the
continental margin accompanied by normal faulting down to the east has
occurred since pre-Triassic times, and there is about 12 km of Jurassic
to Miocene sediments at the coast. The same basin extends northwards to
Malindi in Kenya. -

Mauritius

Plate 2 gives an alternative version of the bathymetry, K of the
Mascarene Plateau area compiled by Fisher, Johnson & Heezen (1967), which
is probably more accurate than Plate 1. Fisher et al. give a comprehensive
description of the known geology of the area together with several
topographic profiles across the Plateau,

Texaco Mauritius Inc. is the sole holder of several large
exploratlon leases in the shallower waters of the Mascarene Plateau. It
conducted marine seismic and magnetometer surveys in the area during
1973 (World 0il, 1974).

Site 237 of the Deep Sea Drilling Project was drilled in 1630 m
of water on a saddle between the Seychelles and the Spya de Malha Bank,
both of which lie on the Mascarene Ridge. The hole penetrated 694 m of
Recent to Paleocene materials chiefly nanno chalk and ooze, and did not
reach acoustic basement. The results showed that the site has subsided
from a shallow marine environment during the Paleocene to its present
depth (Fisher et al., 1972).

In 1962 the research ships Argo and Horizon of Scripps
Institution of Oceanography carried out seismic refraction work over
the Mascarene Plateau. Shor & Pollard (1963) interpreted the results
as showing that the Saya de Malha Bank is formed of volcanic rocks over
vhich lie sediments up to 1 km thick in places. The Seychelles Bank on
the other hand is composed of granite with about 2 km of sedimentary
cover; it appears to be much older.

In 1964 the R.V. Chain of Woods Hole Oceanographic Institution
carried out a gravity, magnetic, and seismic sparker survey of the northwesi
Indian Ocean. Bunce, Bowin & Chase (1966) interpreted the results as
showing that the Mascarene Plateau or Seychelles-Mauritius Ridge comprises
two sections. The southern section from Mauritius to the north of the
Saya de Malha Bank is probably a volcanic ridge. The sparker results are
poor but show little sedimentary cover over the ridge. The tops of the
banks have been eroded flat. The northern section from just north of
the Saya de Malha Bank to the Seychelles is probably a granitic plateau
and shows horizontal sedimentary stratification.

It appears from the topographic profiles shown in Figures 3,
4, and 5 that there is no continental rise as such along the east and
west sides of the Mascarene Plateau. A continental rise is formed by
an apron of sediments derived from the continental slope, and since the
volume of sediments over the Plateau is probably small, this hypothesis
is reasonable., The sides of the Plateau in places are steep, linear, and
possibly faulted. However, the profiles do not extend far off the
Plateau and the sparker sections are not of good quality, so further
work will be needed to confirm this interpretation. .
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3. PRESENT INFORMATION — EASTERN ATLARTIC OCEAN (Plate 3)

!
Liberia

In 1973 Aracca/Oxoco was awarded a two-year seismic option with
subsequent acreage selection out to 3000 m of water, (Cortesini & Minner,
1973); it has presumably completed some seismic work by now. The
continental shelf out to the 200 m isobath is divided into several
petroleum exploration concessions. Four offshore wells have been drilled;
the deepest, to 3000 m, encountered a thick section of Cretaceous
sediments. The continental shelf is, however, thought to have limited

prospects (Economic Commission for Africa, 1974). i

The chief survey off Liberia was carried out during No&ember

1971 by the US Geological Survey, the Liberian Geological Survey, and
Instituto Geologico y Minero de Espana. A chartered ship, the Unitedgeo I
ran 2900 n, miles of geophysical profiling at a spacing of 15 n. miles;
the lines extended from the coast out to about 3000 m water depth (see

" also Fig. 6). A proton megnetometer, stable platform gravity meter, and
a 140 kJ seismic sparker system were used. The seismic signals were
recorded via a single-channel 100-element hydrophone cable. Satellite
navigation supplemented by sonar Doppler was used, and a position accuracy

L

;;.;%M%&mwmﬂmﬁﬂﬁuﬁiﬁﬁwﬁ&me1%&.
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~<IN METERS

-

TRACK LINES WITH DATA POINTS
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ROCK OUTCROP

l (o} 100
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Aaore b (mor« GEHQ&NSr, Sawii and RefR, 1674 ) e
lFigurc 12B. Map showing inferred thickness of Sedimentary rocks above magnetic basement. Constructed by removing water dcp(ﬁ from depth to magnetic basement.

of 1 km was achieved. The resplﬁsjarg7;8202}8@\in»two_papepsﬁ(Behrendt’VA:_-
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A thickness of 4 to 5 km of Cretdceous to Tertiary sediments
underlies the lower continental rise. This sequence thins gradually
seaward, and thins abruptly below the continental slkope. A deep-sea
fracture zone intersects the continental margin in the southeast of
Libveria. Large Precambrian and Palaeozoic fault blocks below the
continental slope are covered with 1 km of Cretaceous to Tertiary
gediments. Small sedimentary basing 3 km deep lie in between these
blocks (Figs. 6 and 7).
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Figures 8, 9, and 10 illustrate the seismic reflection profiles
recorded by the Unitedgeo I off Liberia; the numbers on the profiles refer
to the line numbers as shown in Plate 3. None of the profiles appear to
reach the outer edge of the continental rise, although the small scale
shows insufficient detail to be certain. All profiles show at least
0.5 km of sediments at their seaward ends.

Figure 11 shows a Bouguer anomaly map, and Figure 12 some
computed gravity models over the continental margin. The models show
that the transition zone between continental and oceanic crust lies
about 40 ne. miles (75 km) offshore in the region of Bouguer anomaly
change from 150 to 200 mGal.

Ghana

‘ Petroleum exploration leases over the continental shelf out
4o 200 m are divided between nine companies. The first offshore well
drilled in 1970 discovered two oil-producing horizons, but since then
success has been poor. Numerous fault blocks, uncenformities, and
lateral facies changes have created a complex geology, and detailed
exploratlon will be needed (Economic Commission for Afrioa, 1974) «

) ‘Atlantic 0il Co.carried out seismic exploration on their
tdeep water acreage' during 1973 (Cortesini & Minner, 1973), but it
ig thought that this lies close to the 200 m isobath.
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Fig.8. Interpretative palaeogeographic sketch of the northern Gulf of Guinea. The Romanche and Chain fracture zones extend eastwards
in the northern Gulf of Guinea. Further east, the Romanche crest continues as the Ivory Coast ridge. The possible major fault
of the continental rise and the Ivory Coast-Ghana ridge would correspond to a_limit between a northern area of cratonic crust and
a southern one of oceanic crust. Upper Cretaceous and Tertiary (except Miocene) series seem to pass slightly southwards
beyond to the topographic high of the Romanche and Ivory Coast-Ghana ridge.
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Seismic profile No.8. The Ride de Cdte d'Ivoire-Ghana (Ivory Coast-Ghana Ridge) is well marked by a basement uplift, faulted to
the south. This feature closes the marginal plateau of the Ivory Coast which extends northwards, filled with pre-Cretaceous or
Cretaceous to Miocene (M) and Lower Tertiary (T)recent sediments. In this area, the basement position is undetermined. In the
abyssal plain, Cretaceous sediments become thinner below turbidites of Tertiary to recent age and should disappear southwards.
Upper Cretaceous, CS; pre-Upper Cretaceous, CI; Undifferentiated substratum, S.
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The R.V. Jean Charcot surveyed the northern Gulf of Guinea in
1968. Bathymetric, magnetic, and seismic data were recorded. The seismic
system used a 'flexotir' source and a single-channel recording system.
Navigation was by Toran, radar, and sextant. Arens et al. (1970) have
included data recorded by a Teledyne sparker survey and by Vema on cruise
19 to make their interpretation.

The Romanche and Chain Fracture Zones cut across the south of
the area (see Fig. 13); and the Romanche crest continues eastwards as the -
Ivory Coast Ridge. These ridges have formed dams behind which terrigenous
sediments have accumulated, as shown in Figure 14. This illustration also
shows the good quality seismic records achieved by the 'flexotir' system.
The Ivory Coast Basin is thought to extend offshore from Ghana, but the
survey coverage is less dense south of Ghana and the convergence of the
Romanche Fracture Zone, the Ivory Coast Fault, and the Accra Fault make
for a complex situation which is not yet fully understood.

Nigeria

The continental shelf has been divided into many petroleum
exploration leases, from some of which o0il is now being produced. In
1972 a total of 75 oilfields both onshore and offshore were producing
1.8 million BOPD. Most o0il is produced from the Tertiary basih of the
Niger Delta., The Oligocene-liocene producing formations are generally
1500 to 3600 m deep. The 0il is trapped in fauli-bounded roll-—over
anticlines which are generally about 6-10 km long and 3-5 km wide. The
large masses of delta sediments has caused differential compaction,
gravity movements, and syndepositional faulting (Economic Commission for
Africa, 1974).

In 1971 the R.V. Jean Charcot surveyed the African continental
margin from Ivory Cozst to Southwest Africa. Gravity, magnetic, bathymetric,
and seismic data were obtaineds A 'flexotir' source was used for single-
channel reflection recording and also for sonobuoy refraction profiles.
Satellite navigation was used.

Mascle, Bornhold & Renard (1973) report that over the continental
slope south of the Niger Delta the seismic sections show sedimentary
sequences up to 3 km thick with definite sizns of deep-seated diapiric
structures. They postulate that the diapirs are composed of evaporites
of Aptian-Albian age, deposited in a major evaporites basin during the
early opening of the Atlantice. The tremendous volume of Tertiary sediment
from the Niger Delta overlying the salt layer provided the pressures i
necessary for diapiric structures. Burke (1972) mentions the possibility
that these diapirs are of shale composition (see Pigs 15 and 16) .

The R.V. Vema and R.V. Conrad of Lamont-Doherty Geological
Observatory have also surveyed south of Nigeria, but Leyden, Bryan and
Ewing (1972) have reported only on the results from the Angola Basin.

A oruise of the R.V. Atlantis II was planned by Woods Hole
Oceanographic Institution for the Gulf of Guinea (Emery, 1972) during
1973, but no reports of the results have yet been receiveds If the
seismic records from the 2 x 300 cubic inch air gun source are as good

a8 they were on the 1972 cruise off southwest Africa, then the selsmlc

penetratlon should be very good indeed.
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4. SURVEYS REQUIRED

Two different types of reconnaissance survey will be required
over the continental margins of these six countries.

(a) The first type is needed to delineate and assess the general resources
potential of the continental margins. The suggested traverses for these
surveys are marked in Plates 1 and 3 with solid coloured linese.

The ship should be about 60 m long, and at least 1500 tonnes
displacement. It should have a range of about 10 000 n. miles and a
cruising speed of 15 knotse. Satelllte/sonar Doppler navigation will be
required, together with other radar and radio positioning systems for
work close to shore. Bathymetric, magnetic, gravity, and seismic data
should be recorded. Since one of the aims of the survey is to look for
thick sedimentary accumulations the reflection seismic system should be
of good quality. A powerful seismic source and a multi-channel (up to
24) seismic streamer cable will be necessary. Subsequent digital seismic
data processing of selected profiles will probably be required. A survey
speed of 6 knots is probably the highest that is consistent with good
recorded seismic data.

(b) The second type of reconnaissance survey is that required to roughly
map the outer limits of the continental margin. The suggested traverses
for these surveys are marked in Plates 1, 2, and 3 with broken coloured
lines.

The ship and equipment will be as for the first survey type
with the exception that a single~channel seismic system will be satisfactory
and a survey speed of 10 knots may be used., The emphasis during these
surveys will not be on seismic data but more equally spread between
seismic, bathymetric, and gravity data.

Kenya

Requirements for a marine gophysical survey of type (a) here
depend entirely on the results of existing surveys within and possibly
outside of the TOTAL offshore acreage. A survey was carried out there
in 1973 and possibly one in 1974 but we have no further information.

The one refraction traverse offshore shows thick sediments, so petroleum
prospects are goods It now remains to determine the structural style,

and to pin-point areas for a more detailed petroleum search., A line
spacing of 20 nautical miles (37 km) is therefore recommended since the
onshore geology shows a fair amount of faulting and structural complication.

~ About 4000 nautical line miles would need to be surveyed, and at 6 knots

this would take 28 days.

There igs a probability that the thick sedimentary wedge extends
past the 200 mile zone to the limit of the continental rise. Six
reconnaissance traverses of type (b) would give sufficient information
to delineate the extent of the continental rise and the outer limits of
the crustal transition zone. The traverses should extend well over the
Somali Abyssal Plain to ensure that the edge of the continental margin
has been reached. These traverses total about 2200 n. miles; at 10
knots this would take 9 days.

. It would be useful to record several seismic refraction
profiles using sonobuoys at selected sites across the entire width of
the continental imargin during both surveys (a) and (b).
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Tanzania

A survey similar to that suggested for Kenya would be required
offshore from Tanzania. However, since the lower parts of the continental
rise lie closer to the Cosmoledo Group of islands than to Tanzania, only
one regional excursion of survey type (b) is proposed.

A total of 4200 n. miles of survey type (a) at a 2CG-mile line
spacing would take 29 days, and the 600 miles over the outer continental
slope would take 2% days.

4

Mauritius

Any survey prorposed for Mauritius and its dependancies should
be based on the results of Texaco's work of the last two years. Slnce
the southern part of the Mascarene Plateau is of volcanic origin,
probably composed mainly of oceanic basalts, it is not expected to have
a ‘'continental margin' as such. However, a survey of the margins and
an investigation. of the economic potential of the area could be combined
into a single round-trip reconnaissance survey of type (b). The total
mileage proposed is 42C0 n. miles, taking 18 survey days.

Liberia

The Unitedgeo I survey has provided sufficient data for a
regional interpretation. The data appear to be very good, and could
be improved on only by using a more powerful seismic source coupled
with a multi-channel recording system. The crustal transition zone has
been well defined by the gravity results, but it appears that the outer
edge of the continental rise was not delineated.

Several lines spaced about 70 miles apart extending from the
shelf out to the Sierra Leone and Guinea Abyssal Plains could be run in
between existing survey tracks. This survey, of type (b), would delineate
the outer limits of the continental rise; the 2600 n. miles would take
11 days to complete at a survey speed of 10 knots.

Ghana

A survey is definitely needed over the eastern part of Ghana's
continental margin to provide further information on the complex tectonic
pattern and to extend the existing coverage. The data from the 1973 cruise
of Atlantis II and from the cruises of Vema and Conrad are needed before
the survey could be planned. In view of the complex geology, a type (a)
survey of the continental shelf and slope at a line spacing of 10 n. miles
is suggested. The 2600 n. miles would take 18 days at 6 knots.

A few additional reconnaissance lines of survey type.(b) could
supplement the information from the many existing regional traverses over

“the outer continental rise. These add up to 1000 n. miles and would take

4 survey days at 10 knots.

Nigeria

The petroleum potential of the confinental margin south of

Nigeria appears very favourable. There is the possibility of further

oilfields within the Tertiary deltaic sediments and also within the
underlying Cretaceous section. It is suggested that the margin be
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surveyed in two or more stages. Firstly a regional reconnaissance of
survey type (a) at a 20 n. mile line spacing is required, then detailed
surveys should be made over areas of interest using a 5 or 2 n. mile
spacing in order to delineate more clearly any anticlines or diapiric
structures. The survey need not extend over the continental shelf as
this has been adequately surveyed. The results of the 1973 cruise of

Atlantis II will have to be studied before further planning of this

survey. The total mileage is about 3200 n. miles, which would take 22
days at 6 knots.

Two regional excursions of survey type (b) are suggested.
One would extend over part of the outer edge of the continental rise
and. the other over the Calabar Fan (see Figs 15, 16). About 600 n. miles
would be required, which would take 23 days at 10 knots.
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5. POSSIBLE CONTRACTORS

. The following is a provisional list of geophysical contracting
companies that may be interested in these marine surveys.

1. Compagnie Generale de Geophysique, France
2. Digicon, USA

3. Geophysical Services International, USA '.

(office in Sydney)

4. Petty-Ray Geophysical, USA

5+ Seismograph Service Corporation, USA

6. Seismograph Service Ltd, England

7. Teledyne, USA

8. United Geophysical, USA

9. Western Geophysical,USA
10. Seiscom-Delta, USA. ' ' |
11. Eastern Marine Associates,USA

12. Prakla, Germany

6. COSTS

Statistics collected by the Subsidy Section of the Petroleum
Exploration Branch of BMR indicate that during 1972 a large marine
seismic survey off Australia cost about $120 per mile. Inflation has
probably now increased this figure, but on the other hand it can be
reduced by paying for the contract on a time basis instead of mileage
and accepting risks of non-productive time. I have therefore assumed
a figure of $120 per mile for a survey at 6 knots, and reduced the figure
in proportion for a survey speed of 10 knots to $72 per mile.

The latest fees quoted by Geophysical Services International
of Sydney for digital processing and stacking of 24-fold CDP marine
seismic data are about $80 per mile.

These costs have been incorporated into Table 1 to produce an
estimate of the total costs for éach survey. They would apply to a
survey which started during the first half of 1975; thereafter they
should be increased at the general rate of inflation,

The mobilization and positioning costs could range from $100 000
to $500 000 depending on how far a ship has to travel to start the survey
and how much equipment modification is necessary. The cost of this per
survey would be significantly reduced if the surveys were consecutivee.

The daily running costs could also be reduced for a long=term operation.

Table 2 gives the costs for alternative surveys which would
provide bathymetric, gravity, megnetic, and single—channel seismic data
for a brief reconnaissance of the entire margin.



TABLE 1. SURVEY MILEAGES AND COSTS

(Costs are in thousands of A$)

Survey mileage Operating Costs ~ Seismic processing Total survey costs
— costs, assuming excluding mobilization
(a) (b) (a) (b) Total | %2? :: g:::zeﬁ::g and position:mg fe‘e
Country Multi-channel Single-channel at $120/ at $72/ (a) + (b) at $80 per mile
. seismioc at 6 seismic at 10 mile mile
knots knots

Ghana 2600 1000 312 T2 384 41.6 425.6
Kenya 4000 2200 480 158.4 638.4 64 1702.4
Liberia 0 2600 0 - 187.2 187.2 o 0 ' : 187.2
Mauritius 0 o 4200 0 ./ 302.4 302.4 ‘ o ~ 302.4
Nigeria ) 13200 600 384 43.2 427.2 4 5162 478.4
Tanzania 4200 . 600 504 4342 547 2 67.2 614.4

Grand Totals 14,000 11,200 1680 806.4 248644 224 , 2710.4

ce
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TABLE 2. ALTERNATIVE MILEAGES AND COSTS

H
]
t

(Reconnaissance survey from coastline to abyssal plain at 10 knots.
Costs are in thousands of A$. No seismic processing. The traverses
are not marked on the maps but would be similar to the broken lines).

Country Line spacing Mileage Cost at $72/mile
' (n. miles) (n. miles) . |
i
, : i
Ghana ) 40 2000 144
Kenya | 60 3400 244.8
Liberia 90 2600 187.2
Mauritius Zig-Zag 4200 302.4
Nigeria 40 2000 144
Tanzania 60 ‘ 2200 : 158.4
TOTAL 16400 1180.4
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ADDENDUM 1 — SIERRA LEONE

Present information

Crystalline basement rocks crop out along almost the whole
coastline of Sierra Leone. There is a small belt, 400 m thick, of
sedimentary rocks at the northwest end of the coast. Offshore, sedimentary
rocks underlying the continental shelf and slope attain a thickness of
1200 m at 300 m water depth, and thicken to the southwest. There has been
little petroleum exploration during the past decade and no drilling to
date (Economic Commission for Africa, 1974).

Offshore petroleum licences over the continental shelf and upper
slope are held by Clinton International and Occidental Petroleum, but a
large proportion was considered unprospective and relinquished in 1972
(Cortesini & Minner, 1973). : : :

The most accurate bathymetric survey of the margin to date was
that by the USNS Kane in 1968 for the US Naval Oceanographic Office.
Satellite navigation was used together with a 3.5 kHz echo-sounder which
gave high resolution of the upper sub-bottom strata. Egloff (1972) combdined
these results with soundings from many other ships to produce the bathymetric
contour map (Fig. 1A) and the accompanying physiographic diagram (Fige 24).

Sierra Leone appears from these results to have a fairly narrow
continental margin; the shelf is 12 to 70 miles wide, the slope about 35 -
miles wide, and the rise 80 to 130 miles wide. The adjacent Sierra Leone
Abyssal Plain is considered to be bounded by the 5050 m isobath and is
generally over 5200 m deep. The Sierra Leone Rise is an area of minor
plateaus and seamounts dissected by fracture zones, and is separated from
the mainland by a channel 5000 m deep.

Templeton (1970) reviewed the known geology and structural
framework of this part of West Africa, Two of his meps are shown here in
Figures 3A and 44, Figure 3A shows undifferentiated Precambrian rocks in
the area of the Rokel River Syncline (Fig. 44); however, Precambrian to
Cambrian sediments were deposited here (Allen, 1968). Templeton's general
conclusion was that much more needs to be known about the onshore geology
of West Africa.

In 1952 Lamont Doherty Geological Observatory used the ships

-Atlantis and Kevin Moran to record a series of seismic refraction profiles

across the Atlantic Ocean. The eastern end of the traverse crossed the
Sierra Leone continental margin (Fige. 5A). The results were re-examined

and presented in the light of more recent knowledge by Sheridan et al. (1969) .
Their interpreted cross—section (Fig. 6A) shows that over 2% km of Cretaceous
to Quaternary sediments underlie the continental slope and rise. These
sediments thin gradually seawards below the Sierra Leone Abyssal Plain.

If it is assumed that these post-Palaeozoic sediments formed the continental

“rise then, according to Figure 6A, the rise may extend as far as 300 to

400 n, miles from the coast, :

Underlying the Cretaceous sediments in the area of the continental
shelf and upper slope they postulated a sequence of Cambrian-Devonian
sediments 25 km thick which may be equivalent to those in the Rokel River
Syncline (Allen, op. cit.).

Sheridan et al. also suggested that the anomalously high crustal
velocities in the vicinity of the Sierra Leone Rise were caused by regional
metamorphism which accompanied the intense igneous activity of the area.
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In 1971(?) the R.V. Trident measured the magnetic field off
Sierra Leone. The Guinea and the Sierra Leone Fracture Zones were delineated
(see Fige TA)e The magnetic rocks of the Fracture Zones appear to be
covered with thick sediments although the exact thickness was not calculated.
(MqNaster, Ashraf and de-Boer, 1973), '

The US. Coast and Geodetic Survey used the 0SS Discovery to
record bathymetric, gravity and magnetic data in 1968 off the West African
coast, including Sierra Leone (National Geophysical and Solar-Terrestrial
Data Center, 1972). No reports of the survey results have been obtained.
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Fig. 1. Location of seismic-refraction profiles and major physiographic provinces. The location
of structure section W-E through Sencgal [after Aymé, 19651 is also shown.
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Fig. 3. Interpreted structure section based on scismic refraction data off Sierra Leone. Vertical exaggeration, 20:1.
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Fig. 1 Magnetic anomaly map of region off Sicrra Leonc with coastal Jand geology*-*. Inserts show location of study arca and position

of RV Trident's track lines. F.Z., Fracture zone.
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Surveys required
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