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The western Somali Basin in the northwestern Indian Ocean is covered by thick deposits
of terrigenous sediments. Seismic reflection profiles show, however, the northern and southern parts to be very different. The northern sections is a deep basin filled with thick uniformly stratified sediments. It is enclosed by the continental margin to the west and north,
Chain ridge to the east, and shallow basement structure to the south. A change in depth
of basement occurs along an approximately eastr-west line at latitude 3°30'N very near the
southern end of Chain ridge. In the southern portion of the basin the basement is shallow,
and, immediately south of latitude 3°30'N, it has high relief. Stratified flat.-lying sediments
fill the basement depressions, and isolated hills formed of basement material rise above the
abyssal plain deposits. Farther to the south the abyssal plain becomes very narrow. Gabbro
dredged from the southeast slope of Chain ridge bas been dated by the potassium-argon
method as 89.6 ± 4.5 m.y., which should be considered a minimum age. The evidence suggests that the entire sediment sequence of the northern basin was deposited subsequent to
the formation of the ridge. The thin sediment cover of the southern portion of the basin is
probably no older than Tertiary.
INTRODUCTION

The Somali Basin, in the northwestern Indian
Ocean, is partiaLly enclosed by the coast of
Africa to the west and northwest and by the
Carlsberg ridge to the east and northeast. Its
southern boundary is taken as an east-west line
t hrough the Comores Islands and northern tip
of Madagascar, the Seychelles bank, and the
flanks of the mid-ocean ridge (Figure 1). The
basin is divided into eastern and western parts.
The western basin, which includes the Somali
abyssal plain, is bounded to the east by Chain
ridge and several less prominent structures,
oriented approximately north northeast-south
southwest, extending from the region of the
Owen fracture zone [Matthews, 1963, 1966] to
Madagascar.
During August 1963 the R.V. Vema of Lamont Geological Observatory made three crossings of the western Somali basin. In April 1964
the R.V. Chain of the Woods Hole Oceanographic Institution, participating in the International India n Ocean Expedition, traversed the
basin from the continental rise south of Socotra
1 Woods Hole Oceanographic Institution Contribution 1855 and Lamont Geological Observatory Contribution 1037.
2 Woods Hole Oceanographic Institution, Woods
Hole, Massachusetts 02543.
8 Lamont
Geological Observatory, Columbia
University, Palisades, New York 10964.

to the Seychelles bank. The pertinent tracks are
shown in Figure 1. Parts of the traverse by
Chain were planned to investigate in detail
structures found during Vema's crossings and
the earlier British geophysical investigations
conducted from H.M.S. Owen and R.R.S. Discovery [Admiralty Marine Science Publications,
1963, 1966; Anonymous, 1964].
Both Vema and Chain conducted continuous
measurements of the gravity and magnetic field
intensity and bathymetry. Continuous seismic
reflection profiles were obtained over the entire
track of Vema and over a major portion of
Chain's track. Cores and heat flow measurements were obtained by both vessels, and rock
was dredged from the southeast slope of Chain
ridge by Chain.
Gravity and magnetic measurements aboard
Vema were obtained by a Graf sea gravimeter
and a Lamont Geological Observatory proton
precession magnetometer; aboard Chain a LaCoste-Romberg sea gravimeter and a Varian
proton-precession magnetometer were used and
t he data computed by a shipboard IBM 1710
computer [Bowin et al., 1965]. The continuous
seismic profiler (CSP) [Hersey, 1963; Bunce
and Hersey, 1966] aboard Chain was used
throughout with the 100,000-joule sparker, operated at a repetition rate of 10 sec, as sound
source and a towed Chesapeake hydrophone
array as receiver.
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Fig. 1. Bathymetry of the Somali basin showing location of observations. Drafted on a portion
of the bathymetric sketch accompanying the
physiographic diagram of the Indian Ocean, published by the Geological Society of America.
(Copyright 1964 by B. C. Heezen and M. Tharp.
Reproduced by permission.) Contours in kilometers. Circled numbers refer to profiles of Figures
2--6, uncircled numbers, to refraction profiles reported by Franci$ et al. [19661.

The Vema profiles were obtained by the
technique of seismic profiling described by
Ewing and Tirey [1961]. One-half pound explosive charges detonated at 1-min intervals
were used as source and a Lamont Geological
Observatory EEL was towed as receiver.
This paper presents the geophysical data and
proposes an interpretation of the structure of
the western Somali basin based on these data.
GEOPHYSICAL REsuLTS

Geophysical evidence presented here suggests
a natural structural division of the western
Somali basin into two sections, northern and
southern. The northern section extends from
the continental rise south of Socotra to near
latitude 3°30'N. Two profiles cross this section.
The southern section between latitude 3°30'N
and the Comores Island chain is traversed by
four profiles. The investigations reported here
are limited to the basin north of 4 °S.
Northern section. The Vema profile (Figure
2) crosses the abyssal plain from east to west,
from Chain ridge to a small ridge east of the

Somali continental slope. The Chain profile
(Figure 3) starts in the north on the slope of
a seamount near the base of the continental
rise, angles southeast and east, then turns south
to traverse the abyssal plain to Chain ridge.
The echo-sounding records show several continuous reflectors in the upper 20 meters of
sea floor material. This shallow stratification is
observed on the continental rise. It becomes
clearly defined and can be traced continuously
in the abyssal plain as well as southwest of
Chain ridge. Both the number of layers and
their clear definition diminish toward the southeast margin of the plain.
The significant features of the reflection profiles are the total thickness and the lateral uniformity of layering of the sediments covering
the floor of the abyssal plain. The sediments are
about 2 sec (two-way reflection travel time)
t hick near the continental rise at the northern
margin of the plain and reach a maximum
thickness of 2.2 sec near the foot of the small
ridge on the western margin (Figure 2). It is
possible to identify three zones of different reflective properties on this profile (Figure 2).
The uppermost sequence, 0.65 to 0.75 sec thick,
is strongly stratified. Although its thickness
appears remarkably uniform across the basin,
it does increase gradually to the east and north.
Below this sequence is acoustically transparent
sediment showing little or no stratification; i.e.,
there are few reflecting interfaces. The equivalent sequence on the profile of Figure 3 shows
some stratification in this region. This difference
may be more apparent than real, possibly
caused by the difference in profiling methods
and recording resolutions of the two systems
[Bunce and Hersey, 1966].
In the profile of Figure 2 the transparent
layer thickens toward the continent to the west.
The thickening results from the abrupt deepening of the deepest reflector which dips down
toward the ridge only partially crossed by the
track. The upper portion of the acoustically
transparent sequence is continuous with layers
that slope upward on the ridge and thin toward
its top. The sediment on the slope is less stratified than the upper zone of the basin but is
more clearly stratified than the sequence forming the acoustically transparent layer. The
material forining the ridge gives strong reverberant returns and shows no stratification.
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Fig. 2. Northern Somali basin. East-west crossing of Vema. Total magnetic intensity (regional variation removed), free-air gravity anomaly, and seismic reflection profile. The vertical scale of the reflection profiles of Figures 2-6 is expressed as seconds of two-way travel
time. To convert this t o meters knowledge of the compressional wave velocity of the layers
is necessary. An approximate value for sea water is 1500 m/sec.

Fig. 3. Northern Somali basin. North-south traverse of Chain. Total magnetic intensity,
free-air gravity anomaly, and seismic reflection profile. Ship heading and course changes
shown, lower left. (Modified from Bunce et al. [1966, Figure 2] .)
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The profile of Figure 3 shows the sediments
thickening gradually toward the north. At point
A in the profile the flat-lying layers are disturbed near the foot of a partially buried hill.
To the east, the northern portion of the basin
is bounded by the Chain ridge. The uppermost
highly stratified sediments, 0.5 sec or approximately 500 meters thick, terminate abruptly
against the ridge structure, whereas the deeper
layers are disturbed and appear to turn up so
as to conform with the ridge slope. This is more
clearly seen in Figure 2. Because of the large
vertical exaggeration of the figures, the steep
appearance of this ridge on the reflection profiles is misleading, its average slope being slightly
more than 5° on several crossings.
The magnetic profile along the essentially
north-south t rack (Figure 3) shows undulations
superposed on the regional trend. The east-west
profile (Figure 2), from which the regional
trend has been removed, is also undulating in
character. These variations may be due to high
relief or variation in directions of magnetization of the basement that underlies the thick
sediments but is not observed on the seismic
profiles. An anomaly of approximately 200
gammas is found on the crossing of Chain ridge,
a lower value than might be expected for a volcanic feature at this latitude.
Rocks were dredged from the southeastern
slope of the ridge near 5°36'N, 54°02'E, in the
profiler depth interval between 4.75 and 6.5 sec,
or 3200- and 4700-meter water depth (Figure
3, B). About twenty-five fragments of rock
were hauled aboard, the largest of which weighed
about 3 kg. The fragments comprised fresh
gabbro, gabbro in various stages of alteration
to clay minerals, and soft light-brown clay with
numerous tubular pores, partially coated with
manganiferous material. A potassium-argon
radiogenic age of 89.6 ± 4.5 m.y. was determined from a pyroxene concentrate from the
fresh gabbro by J. A. Miller and R. Grasty of
the Department of Geodesy and Geophysics,
Cambridge University (J. Cann, personal communication). A chemical analysis of the gabbro, which will be published at a later date,
shows it to have the normative composition of
an olivine tholeiite. Incipient alteration of the
pyroxene and development of small amounts of
nontronite seen in this section suggests that
escape of argon may have taken place since

initial crystallization. Thus the age of 89.6 ±
4.5 m.y. should be considered a minimum, and
the gabbro is at youngest of Cretaceous age.
Southern section. Three reflection profiles
traverse this area of the basin. One crosses
from the ridge on the western margin southeast
toward the Seychelles (Figure 4), the second
runs south-southwest from Chain ridge (Figure
5), the third crosses the basin from the Seychelles bank to the coast of Kenya at Mombasa (Figure 6a and 6b). These profiles show
that the structure differs markedly from that
of the northern basin. The rough basement
surface is buried beneath relatively thin sediment deposits. The vertical relief varies by
0.5 to 1 sec (1-2 km). The depressions in the
basement topography have been filled by stratified sediment forming an abyssal plain in the
sentral part of the basin through which some
of the basement hills protrude. The sediment of
the sea floor is finely stratified, as in the northern section, and is probably continuous with it.
The sediments near the slope of the small
ridge on the western margin of the basin (Figure 4, right-hand side) are stratified but are
neither flat lying nor always conformable with
the basement structure. About 50 km from this
ridge the basement is not detected, and the
profile suggests that it may drop off rapidly. A
negative free-air gravity anomaly of about 80
mgal associated with this small area and a twodimensional Bouguer calculation [Talwani et al.,
1959] show that the basement probably lies
no deeper than 2 km.
The eastern margin of the abyssal plain is
clearly defined topographically by a small but
abrupt upward change in bottom slope. The
depth to basement decreases gradually east of
this slope break, and the sediments thin to 0.25
sec or less.
Except for the anomaly already described,
the gravity field is smooth along the profile, the
free-air anomaly decreasing toward the southeast to a value of -20 mgal. The variation in
magnetic intensity increases from northwest to
southeast along the profile, perhaps corresponding to the rising basement. A 300-gamma anomaly is observed over the marginal structure east
of the slope break.
The profile south of Chain ridge (Figure 5)
crosses the track of Figure 4 near 1°50'N,
52°10'E. It shows the characteristically rough
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Fig. 4. Somali basin south of Chain ridge. Northeastr-southwest crossing of Vem a. Total
magnetic intensity, free-air gravity anomaly, and seismic reflection profile. Arrow indicates
intersection of profile 5 (Chain).
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Fig. 5. Somali basin south of Chain ridge. Portion of north-south traverse of Chain. Total
magnetic intensity, free-air gravity anomaly, and seismic reflection profile. Arrow indicates
intersection of profile 4 (Vema).
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Fig. 6a. Somali basin, southern portion. Eastern part of Vema's crossing. Total magnetic
intensity (regional field removed), free-air gravity anomaly, and seismic reflection profile.
Numbers show projected positions of refraction profiles 4, 5, and 6 [Francis et al., 1966].

(Figure 6a, right-hand side) slopes down
steeply to a terrace about 50 km wide having
a rough highly reflective surface almost devoid
of sediment. The terrace terminates abruptly in
a steep slope (12°), dropping into a 3650-meter

basement structure of the southern basin, with
little or no accompanying variation in the
gravity and magnetic profiles.
The southernmost profile runs almost due
west across the basin. The Seychelles bank
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valley. Continuing west, a few small peaks
border sediment-filled pockets whose surfaces
form terraces that step down gradually to the
basin. An abyssal plain about 140 km in extent
lies in the floor of the basin. The sediment sequence of the abyssal plain is not well defined,
except in a pocket on the eastern side of an
isolated steep hill near 6 in Figure 6a. From
a point near 5 (Figure 6a) the bottom rises
gradually from the abyssal plain to the continental shelf on the western side of the basin.
The sediments on this slope are thick and
clearly stratified.
In the deep part of the basin (near 4, Figure
6a), the gravity and magnetic anomalies suggest a shallow rough basement structure. The
presence of isolated hills piercing the sed.iment
confirms that basement is nowhere very deep.
Seven seismic refraction profiles were made
in the southwestern basin and reported by
Francis et al. [1966]. Three are close enough
to the reflection profile to make comparisons of
the results for the sedimentary section. The
relative accuracies of the positions, shown in
Figures 1, 6a, and 6b, are of course subject to
the errors inherent in comparing positions obtained by celestial fixes and dead reckoning. All
the refraction profiles were oriented SSW-NNE,
oblique to the line of the reflection profile,
which crosses within 2 km of profile 6 on the
eastern margin, lies about 8 km south of profile
5 and about 40 km south of profile 4.
The comparison bas been made by computing vertical reflection times for the wave
velocity and layer thickness data of the refraction profiles, and direct reading of the seismicprofiler reflection times.
Table 1 presents the results for refraction
profiles, 4, 5, and 6. On profile 4, which lies near
the foot of the continental rise, 700 meters of
1.79-km/sec material were measured. The reflection profile, about 40 km to the south
shows clearly stratified sediment in the uppe;
0.7 sec above a more acoustically transparent
layer (not clearly shown on the reproduction
of Figure 6a). The bottom of the stratified
layer possibly corresponds to the top of the
2.5-kmjsec layer. A deeper reflector at 1.3
sec is also observed on the original profiler
records.
The uppermost sediment section indicated
by the data of profile 5 and the reflection pro-
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TABLE 1

Profile
4

5

6

VL,
km/sec

TL,
km

tL,
sec

1.79
2.49
1.91
(2.5)
(1.8)
6.2

0.7

0.8

t,, sec
0.7

0.10 0.10 0.10
0.3

0.33 0.15 (average)

V L, wave velocity in km/sec, refraction measurement [Francis et al. 1966, p. 243].
T L, layer thickness in km, refraction measurement.
tL, computed reflection time, using the relation
2TLIV L·
t,, measured reflection time from profiler record.

file are comparable. The base of the thin (0.1
sec) transparent layer appears to be the top of
a 2.5-km/sec layer. Below the transparent layer
there are indistinct reflections, suggestive of
stratified sediments, to a depth of 0.5 sec.
In the vicinity of refraction profile 6, the reflection record shows a relatively thin veneer
of sediment (average thickness about 0.15 sec),
in a region of gently rolling bottom topography
and moderately rough basement surface. The
refraction profile thickness of 300 meters (0.33
sec) is based on an assumed sedimentary velocity of 1.8 km/sec. This difference in sediment thickness is not surprising in view of the
basement surface roughness and the averaging
nature of the refraction process.
The location of refraction profile 3 (2°31'S,
44°56'E) is 110 km north of the reflection line.
However, comparison of the two shows that the
depth of the deepest observed reflector of the
stratified sequence of the rise is comparable
to that of the top of the 2.5-km/sec velocity
layer as identified by Francis et al. [1966].
DISCUSSION AND SUMMARY

The deep floor of the entire western Somali
basin is covered by abyssal plain sedimentation.
Seismic reflection results show, however, that
the northern and southern par ts are very different. An abrupt change in depth to basement
occurs across a line at about latitude 3°30'N
which is very near the southern end of Chai~
ridge.
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The abyssal plain is most extensive in the
northern area. Small abyssal hills intrude the
plain deposits in the central region, and the
plain is narrow and appears to pinch out to the
south.
The northern portion is characterized by a
sedimentary sequence 2 km or more thick,
ponded between the continental rise of Africa,
Chain ridge, and shallow basement t o the south.
The clearly defined stratification in the upper
part of the sedimentary sequence is probably
the result of deposition by a long series of
turbidity flows, the reflectors being interfaces
of coarse material at the base of each flow.
The underlying acoustically transparent layer
contains fewer turbidity flows and less clastic
material. The sharp change in character from
transparent to strongly stratified sediment possibly resulted from uplift of the East African
watershed with a consequent increase in the
influ.-...: of more clastic material. The deepest
reflector, because of its relative flatness and
occasional stratification, is interpreted as a deep
sediment.'try layer.
The abrupt deepening of the deepest reflector
(Figure 2, arrow) appears to be a fault. If the
fault exists it must be older than the overlying
sediments, because it does not extend upward
into them. The faulting and the formation of
the ridge on the western margin of the basin
may be contemporaneous. The reflection profile
suggests that the ridge was formed during
deposition of the stratified and transparent sediment layers. It appears to have formed slowly,
lifting on its slopes some of the sedimentary
layers originally deposited on a level sea floor.
In contrast, the upper 0.50 sec (500 meters)
of sediments terminate abruptly against the
western slope of Chain ridge, whereas the
deeper layers have a slight upturn. This implies
deposition of the upper sequence after the last
uplift of the ridge. The gentle upturn of the
deeper layers may be the result of a small uplift of the ridge subsequent to their deposition,
or alternatively the upturn could have resulted
from differential compaction of the sediment.
Thus, it is possible that the entire sediment
sequence seen on the profile of the basin postdates this ridge, and, if the date of 89.6 ± 4.5
m.y. determined for the dredged gabbro represents the age of Chain ridge, deposition of the

sediment seen in the profiles started no earlier
than the Cretaceous.
Matthews [1966, p. 176] suggests that Chain
ridge is a continuation of the Owen fracture
zone system; however, Heezen and Thm-p
[1964] interpret it as an isolated feature. The
lack of change in sediment level on the two reflection profiles (Figures 2 and 3) that cross it
suggests the ridge is not continuous with the
Owen fracture zone. Profiles crossing the Owen
fracture zone north of the Carlsberg ridge show
that recent sediments are displaced along the
fracture zone (J. Ewing, personal communication). In contrast, the profiles of Figures 2 and
3 show Chain ridge to be relatively a stable
feature in late Tertiary and Quaternary times.
I t is obvious that the structural relation between the Chain ridge and Owen fracture zone
is not clear and surveys farther north are required.
In the southwestern Somali basin, the continental rise and slope are covered with thick,
well stratified sediments. Francis et al. [1966,
p . 260] have correlated the results of two refraction profiles (2 and 3), on the rise west of
longitude 45°E, with the geological column at
Lamu on the Kenya coast. They suggest that
the material having 2.5-km/ sec velocity 'is
possibly consolidated sediment of Jurassic and
Cretaceous age, laid down perhaps when the
water depth in these areas was not so great.
The soft sediments (1.8 km/sec) probably
started to form during the Tertiary.'
The reflection profiler results show stratified
sediments to a dept h of 1 km on the continental
slope (Figure 6b). This section of sediment can
be correlated with a layer having a velocity
of 1.9 kmj sec observed by Fmncis et al. [1966]
The reflection profile shows that the sequence
continues without significant thinning int o the
deep basin. In the vicinity of refraction profile
4 it is overlain by a wedge of flat-lying sediment. This means that the top of the 2.5-km/
sec velocity layer lies deeper than the interpretation of the refraction profile suggests. The
covering wedge of sediments is possibly more
recent, Tertiary or later.
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The western Soma:11 Basin i n the northwestern lndian Ocean is
covered by thi ck deposits of terrigenous sediments. Seismic reflection profiles show, however, the northern and southern parts to be
ve ry differ ent. The nor thern sections is a deep basin filled with
thick untform l y stratified sediments. It is enclosed by the continental margin to the west and north , Chain ri dge to the east, and
shallow basement structure to the south. A change in depth o f basement occurs along an appro xi ma tel y eas t-west line at latitude 3°30'N
very near th~ southern end of Chain ridge. In the southern portion
of the basin the basement is shall a~~, anrf, invnediately south of
latitude 3°30' N, it has high relief. Stratified flat-lying sediments
fill the basement depr essions , and isolated hills fanned of basement
mater ial rise above the abyssal plain deposits. Farther to the south
the abyssal plain becomes very narrow. 'Gabbro d r edged from the southeast slope of Chain ridge has been dated by the potassium-argon method
as 89.6t4.5 m. y .• which shou l d be conside red a minimum age. The evidence suggests that the entire sediment sequence of the no rthern basin
was deposited subsequent to the formation of the ridge. The thin
sedimen t cover of the southern portion of the basin i s probably no
de th n Tertiary.
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as 89.6:!:4.5 m.y • • which shoul d be considered a minimum age . Th e evidence suggests that the entire sediment sequence of the northern basin
was depo~ited subsequent to t he formation of the ridge. The thin
sediment co~r of the southern portion of the basin is p robably no

STRUCTURE OF THE WESTERN SOMALI BAS!tl by Elizabeth T. Bunce ,
H. G. Langseth , R. L. Chase, and H. Ewing. Pp. 2547-2555 . July 1g67.
Contracts Nonr-4029(00) , NR 260-1 01 , Nonr-266(48). Grants GP 2370,
GA 283 , G-22260, 5538.

Woods Hole Oceanographic Institution
Reference No. 67-38

------

This caro is UiiCLASS!FIEU

The western Somali Basin 1n the northwestern Indian Ocean is
covered by thick. deposits of terrigenous sediments. Seismic reflection proftles show, however , the northern and southern parts to be
very different. The northern sections is a deep basin filled wi th
thick unifonnly stratified sediments. It is enclosed by the con tinental margin to the west and north, Chain ridge to the east , and
shallow basement structure t o the s outh. A cha nge in dep th of basement occurs along an approximately east-west 1 ine at latitude 3"30'N
very near the southern end of Chain ridge. In the southern portion
of the basin the basement is shallow, and, iiTinediately south of
latitude 3°30' N, it has high relief. Strattfied flat-lying sediments
fill the basement depr ess ions, and isolated hi 11 s formed of basement
mater ial r ise above the abyssal plain deposits. Farther to the south
the abysslll plain becomes very narrow. Gabbro dredged from the southeast slope of Chain ridge has been dated by the potassium-argon method
as 89.6:!:4.5 rn.y . • wh i ch shoul d be considered a minimum age. The evidence suggests that the entire sediment sequence of the northern basin
was deposite d subsequent to the formation of the ri dge. The th i n
sed.1ment cover of the southern portion of the basin i s probably no
lder t han Tertiary.

STRUCTURE OF THE WESTERN SOMALI BASIN by Eli zabelh T. Bunce,
H. G. Langseth, R. L. Chase, and M. Ewing. Pp. 2547-2555. July 1967.
Contracts Nonr- 4029(00), NR 260-101, Nonr-266( 48). Grants GP 2370 ,
GA 283, G-22260, 5538.

Woods Hole Oceanographic Institution
Reference Ho. 67-38

e
,_, . , . :J
G-22260, 5538

GA 283

lV.

GP 2370

VII.

Nonr-266( 48)

VII I.

VI.

tlonr-4029(00) , NR 260-101

Ewing, M.

v.

Langseth, H. G.
Chase , R. L.

Bunce, Elizabeth T.

I.
II.

Magnetic Profiles

7.

Ill.

Reflection Profiles
Gravity Profiles

6.

Geophysical Investigations

4,

5.

Indian Ocean

3.

Somali Abyssa l Plain

:J

Somali Basin

1.
2.

_,. ., . :J

Ewing , M.

IV.

Bunce, E1 izabeth T.

1V.

VI I I.

VII.

G-22260, 5538

GA 283

GP 2370

_j

tlonr-4029 (00), NR 260-101
Honr-266( 48)

VI.

Ewing, H.

Chase , R. L.

V.

IV.

Ill.

Langseth, H. G.

1.

Gravity Profiles

Reflect ion Profiles

Geophysical Investlgations

Magnetic Profiles

II.

_j

" " :J
Indian Ocean

Somali Abyssal Plain

·~·"

G-22260, 5538

7.

6.

5.

4.

3.

2.

1.

IV.

GA 283

VI I.
VI I I.

Nonr- 266(48)
GP 2370

VI.

tlonr-4029(00), NR 260-101

Chase , R. L.

I I I.

V.

Bunce, E1 i zabeth T.
Langseth, H. G.

7.

1.

Magnetic Profiles

6.

II.

Reflection Profiles
Gravity Profiles

5.

Geophysical Invest>gat10ns

Indian Ocean

Somali Abyssal Plain

4.

3.

2.

1.

