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ABSTRACT

Through out the Mesozoic and Cenezoic eras the Horn of 
Africa including the Ogaden basin of southeast Ethiopia is 
classified as a shelf area. From Triassic to Cretaceous 
sedimentation in the region was controlled by the wide 
spread transgression covering the region from the 
southeast.

The presence of about 16,000 feet of unmetamorphosed 
Jurassic and Cretaceous marine rocks, and a certain 
geologic resemblance with the oil rich regions of the Near 
and Middle East, attracted the attention of foreign 
companies to do exploration in the Ogaden basin.

The primary targets are the middle and upper Hamenlie 
carbonates, the grainstones of the Lower Cretaceous sourced 
by the Upper Jurassic high oil potential source rocks and 
the Permo-Triassic clastic rocks sourced by the Bokh shales 
of the same succession.

Between 1969 and 1977, Tenneco Oil Company conducted 
an intensive oil exploration program in the Ogaden basin. 
Unmigrated sections from seven seismic lines shot by 
Tenneco in 1972-1974, in the central part of the Ogaden 
basin around the Calub region, some 12-fold and some 
24-fold, are interpreted for this study. The Calub-1 gas

iii



T-3297

discovery provided the only available subsurface control 
across the study area.

The seismic interpretation indicates that the dominant 
structural style in the area is basement-controlled
normal faulting with a general northwest-southeast trend. 
Post- Jurassic faults in the region are interpreted as 
resulting from the reactivation of the pre-existing 
basement faults.

Fault block movements have directly controlled the
erosion and sedimentary cover in the region. Paleo-highs 
show thinning and paleo-lows show thick accumulation both 
in the isotime map and in the seismic sections.

A detailed geological description of the area is thus 
provided in this study, with discussion of the regional 
geology. A brief preliminary account of the petroleum 
potential of the area is also discussed with emphasis to 
the possibility of stratigraphie traps in the region rather 
than structural.

The Mesozoic rocks of the Ogaden basin contain few
favorable structures for oil, being only weakly folded, but
nevertheless there remains a reasonable possibilities of 
the occurrences of stratigraphie traps and other fault 
related structural traps. Facies changes are common and 
sometimes abrupt, particularly in the evaporitic strata,
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and the elastics of the Cretaceous.
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INTRODUCTION

The Ethiopian sedimentary basins which are considered 
of interest for petroleum exploration extend over three 
different areas : Ogaden, Red Sea, and Gambela. The
evolution of each of these basins is associated with the
successive phases of the tensional fragmentation of the 
African continent into uplifts and rifts or grabens, that 
resulted from transcurrent block movements.

Epeirogenic movements of the basement have directly 
controlled the erosion and sedimentary cycles of the
sedimentary cover in the region. The area of the Horn of 
East Africa apparently was subjected to epeirogenic uplifts 
at least twice, once at the end of Jurassic time and again 
at the end of the Cretaceous ; in each case the withdrawal 
of the sea was accompanied by block faulting and
fracturing.

The thickest sedimentary section in the country lies 
in the Ogaden Basin in southeast Ethiopia and northwest 
Somalia. The basin lies to the southeast of the Somali 
Plateau and extends to parts of Somalia and northeast Kenya 
(Mandera Basin) Figure 1.

The presence of several oil shows, and a certain 
geologic resemblance with the oil rich regions of the Near
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and Middle East, attracted the attention of foreign 
companies to do exploration in the Ogaden Basin. The 
petroleum potential of the Ogaden basin is considered to be 
good due to several oil shows in the thick unmetamorphosed 
Jurassic and Cretaceous marine rocks, which proved to be 
petroliferous in the Arabian Peninsula, such as North and 
South Yemen. Rocks belonging to the Karroo Group, which in 
Africa south of the Equator contain large quantities of 
coal and gas, occur in the region (Beyth, 1972 and 
Moher, 1963).

To date, seven petroleum companies have worked or 
contracted to run geophysical surveys for oil and gas in 
Ogaden Basin. Sinclair Oil Company of U.S.A (1945-1957), 
Elwerath of West Germany (1959-1967), and Tenneco Oil 
Company of U.S.A (1969-1975) are the main ones. Twelve deep 
exploratory wells have been drilled in the Ogaden Basin and 
almost 15,000 km of seismic have been obtained. In at least 
seven of these wells, good shows of oil and gas have been 
observed, and in one well, the Calub well, gas condensate 
of commercial value was discovered in 1973 by Tenneco Oil 
Company.

This study reviews the work of these companies as well 
other geophysical work related to the region. Unmigrated 
sections from seven seismic lines shot by Tenneco Oil



T-3297 4

Company in 1972-1974, in the central part of Ogaden around 
the Calub region, some 12 fold and some 24 fold, were 
obtained from the Ministry of Mines and Energy of Ethiopia 
for this study.

The purpose of this study is summarized below:
1- To prepare a complete geologic record of 

sedimentation of the Ogaden Basin by analysing and 
integrating available geological and geophysical 
data and literature in the area and its 
surroundings;

2- To interpret seven seismic lines from the Calub 
region of the Ogaden, shot by Tenneco during 1972- 
1974, and to produce time structural and isochron 
maps for stratigraphie analyses ;

3- To analyse the general geology and tectonics of the 
area, including

a) stratigraphy, and
b) structure and tectonics;

4- To determine environment of deposition as related 
to subsidence (sea-level change) and the 
intermittent epeirogenic uplift movements that 
took place in the region;

5- To compare and correlate the geologic features of 
the region with surrounding regions and other areas
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of similar charactristics;
6- To analyze the oil potential in the region from the 

point of seals, source rocks, reservoirs, maturity, 
migration, and trap types ; and,

7- To give recommendations for further future 
exploration.

In general the purpose is to bring together knowledge 
of known geologic conditions in the region and to show the 
effect of these conditions on the generation and
accumulation of oil.

Previous efforts did not find economic petroleum 
reserves, only indications of their presence. New
observations and ideas will help explain this lack of 
success and promote some new interest in less well explored 
areas of Ogaden.

GEOLOGY OF THE AREA

Regional Setting
The Ogaden Basin is a roughly triangular semi-arid 

tract of land which lies in southeast Ethiopia and
protrudes into Somalia. It is bounded to the north and west 
by basement outcrops, beyond which lies the great African
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Rift valley. The area comprising the Ogaden basin of 
Ethiopia covers some 350,000 sq km. In Ogaden the country 
is flat or very gently rolling, and broken in only a few 
places by steep-walled gullies carrying seasonal streams.

Gravel, sand, and soil effectively conceal most of 
the underlying strata from surfacial geologic study, but 
limited outcrops indicate the plateau consists of several 
thousand feet of alternating limestones, sands, shales, and 
gypsiferous beds, mainly of Jurassic and Cretaceous age, 
dipping gently to southeast toward the Indian Ocean. In 
places lava flows, probably of Pliocene or Pleistocene age, 
cover the ground surface like the northern plateau of the 
country.

Previous Works
Records of work done before the Second World War are 

sketchy, some are lacking completely, but records of works 
done since then are documented properly, even though most 
of it is kept confidential.

A considerable amount of geologic work, largely 
reconnaissance in nature, was carried out by Italian 
geologists during the colonial period (1889-1940). These 
investigations culminated in a series of maps and several
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manuscripts (in Italian langauge) dealing with descriptions 
of sections, paleontology, and stratigraphy. The major 
references on the geology of Ogaden of Ethiopia and Somalia 
during this period are the reports by Stefanini and 
Dainelli. Their work deals with the whole of Italian 
colonies in East Africa (Tayler, 1948).

The earliest geologic report of East Africa was made 
in 1870 by W.T. Blanford of the Geological survey of India 
who was assigned as naturalist to a British Army in 
Ethiopia (Arkell, 1956). East Africa, including Ethiopia, 
British Somaliland, Italian Somaliland, and French 
Somaliland, first was mapped geologically as single units 
by J.Stefenini (1933) for the National research Council of 
Italy. Dainelli (1943) prepared the main hypothesis to 
explain the sedimentary sequence in the Horn Of East 
Africa, which is still accepted by most geologists who 
studied the sedimentary history of the region.

Soon after World War II ended, in 1945, Sinclair 
Petroleum Company started work in the Ogaden, and since 
then exploration by various companies have been virtually 
continuous. Elwerath and Tenneco were the other main 
explorers. Most of their exploration consisted of seismic 
surveys, both reflection and refraction, and limited 
aeromagnetic and gravimetric surveys. Whitestone of USA and
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Voyager of Canada have also conducted limited geophysical 
surveys in their respective concessions during the 1970s. 
Since 1980 the Soviets have been conducting extensive 
seismic exploration and drilling operations in the Ogaden. 
Several oil companies have been working in Somalia and 
northeast Kenya and have drilled several wells (Figure 2). 
Some of their work is included in this study.

Sources of Information
An appreciable number of publications dealing with 

details of the geology of various parts of the southern 
side of the Gulf of Aden are available, including a number 
of reports of the Geological Survey of the former British 
Somaliland and Italian Somaliland (see reference list). 
Good general accounts are found in Macfadyen (193 3), 
Dainelli (1943), Somali Oil Exploration Co. (1954), and 
Beydoun (1970).

An impressive amount of geological information about 
the southern Arabian Peninsula is found in the professional 
papers of USGS, which were sponsored jointly by the Saudi 
Arabian government and the U.S Department of State (see 
reference list). Among them are Gueken (1960, 1966);
Beydoun (1964, 1966, 1970); Powers et al,(1963); and
Greenwwood (1963).
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Among the many other authors on the geology of the 
region? Hall Taylor (1948) published an article about 
Sinclair's preliminary works in Ogaden as their chief 
geologist in the area; Taylor (1952) published an article 
about the geologic structures in the Ethiopian Region of 
East Africa? Dixy (1948) published an article on the 
Mesozoic-Cenozoic stratigraphy of northeast Kenya? Clift 
(1956) presented an article about the sedimentary history 
of the Ogaden district of Ethiopia for the 20 th 
International Congress of Geologists? Arkell (1956) in his 
classic "Jurassic Geology of the World" has good coverage 
on the Horn of East Africa? Beyth (1972, 1973) studied
northern Ethiopia Tigre and correlated it with northern 
Yemen? Barnes (1976) published an article on the geology 
and oil prospects of Somalia which covers extensively the 
area including some parts of Ogaden.

Regional Geological History
An understanding of the history of sedimentation of 

the Ogaden Basin can only be fully gained by considering 
the geology of the whole region of the Horn of Africa.

For a very long time, possibly throughout the 
Paleozoic era, this region was a stable land surface, a
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part of the Ethiopian/Arabian shield, and as such underwent 
considerable erosion and peneplanation. Then, during the 
Mesozoic, sedimentation began. The earliest deposits were 
interbedded sandstones and conglomerates, of a marine 
transgression. These increased from a thin veneer to the 
north and west to thick accumulation in a subsiding basin 
centering in southeastern Ethiopia (Ogaden Basin).

A sand similar to this, and unconformably overlying 
basement crystallines, is widespread throughout the region, 
extending to northeast Kenya, western Ethiopia including 
Eritrea, and southern Arabia (though at a few localities 
they have been removed by later erosion), and ranges in age 
from about Upper Triassic to Middle Jurassic. In Ethiopia 
and Somalia it is known as the Adigrat Sandstone named By 
W.T. Blanford in 1870 (Arkell, 1956).

This basal sand is found over all the Horn of East 
Africa with variable thickness and facies. Thickness 
increases linearly from north to south and from west to 
east (Hutchenson et al, 1970). Its equivalent in the 
Arabian Peninsula, the Kohlan Formation, also thickens from 
east to west and from north to south (Powers, 1963). In
wells too, the Adigrat Sandstone is observed to be of 
varied thickness and lithology. These variations are due to 
irregularities in the peneplained basement surface on which
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the Adigrat Formation was deposited, and to the existence 
of scattered local highs in the basement during the 
deposition of the Adigrat. Therefore across the shield an 
extensive littoral belt must have existed during a long 
geological period, and occasional minor deposits of gypsum 
lenses in the succession indicate lagoons or isolated bays 
at various times and localities.

Correlation of marine beds of the predominately 
continental Adigrat sandstone in Tigre central Ethiopia 
with the thick limestone beds of southeastern Ethiopia 
(Ogaden area) indicates northwest advance of the 
epicontinental seas until the Middle Jurassic (Figure 3). 
Therefore the Adigrat Formation is a progressive facies 
ranging from Upper Triassic age in the eastern Ogaden to 
Middle Jurassic in northeast Ethiopia. The gradational 
contact between the basal Adigrat and the overlying 
Hamenlie indicates continuity of sedimentation between the 
two.

Subsidence of the East African Horn continued. At 
about the time of transition from Middle to Upper Jurassic, 
the whole Horn of Africa, together with parts of Southern 
Arabia (including the Aden Protectorate and parts of the 
Yemen), were covered for the first time by an open shelf 
sea, and a period began, continuing up into the Portlandian
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Africa (modified from Clift, 1956). Arrows 
indicate direction of marine transgression.



T—3297 14

(Upper Jurassic), when similar conditions existed through 
out the whole region (Figure 4). During this time a strait 
formed across Yemen uniting the waters of the Ethiopian 
Gulf with those of western Arabia (Swartz and Arden, 1960). 
This is evidenced by the presence of closely related 
limestone fossils through out the region in all directions 
and localities (Arkell, 1956). Downwarping in the
southeastern Ethiopia embayment accounted for the increased 
thickness of marine beds during this interval.

The Upper Jurassic sea reached its maximum extent 
during Kimmeridgian, and in Portlandian times regression 
began. Evidence from the Ogaden district points to maximum 
uplift in western British Somaliland and centrai Ethiopia 
in Tithonian to Barremian.

Near the end of Upper Jurassic time, the sea began to 
withdraw from East Africa, probably as a result of 
epeirogenic movement (late Jurassic uplift), and it left 
behind a large evaporite trough (inter-tidal flats). In 
southeastern Ethiopia and in Somalia this phase is 
represented by the formation known as the "Main Gypsum", 
which will be described later in the Lower Cretaceous 
section. During Early Cretaceous time, the Jurassic beds 
were at the surface and underwent erosion so that at many 
places deposits from the upper part of the Jurassic
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succession are not present (Figure 5).
It is generally believed that compressional folding 

movements did not occur during the end of the Upper 
Jurassic period. Block faulting appears to have taken 
place, however, as compensatory adjustments to the Upper 
Jurassic epeirogenic uplift or as compensatory movement 
caused by the relief of old stresses. The uplift was also 
accompanied by more local tectonic movements, because we 
see many sudden changes in the thicknesses of Jurassic 
sediments over very short distances. When we see the 
lithology in drilled wells, we observe some are completly 
missing, while close to them very thick sediments exist.

The second major advance of shallow shelf seas 
commenced through the Ogaden embayment in Lower Cretaceous 
and spread to the shield along roughly similar lines as in 
the Jurassic, but never reached the same large extension 
(Figure 6). The sequence of sedimentation was more or less 
repeated ending again with the precipitation of gypsum and 
anhydrite. The oldest Cretaceous fossils found in the 
region are of Barremian age, which implies in many places 
between Portlandian and Barremian even later erosion 
removed a considerable portion of the Jurassic sediments, 
as can be observed in the regional lithologie correlation 
(Figure 5).
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The transgression and regression of the Cretaceous sea 
was not a simple process ; several subordinate to and fro 
movements caused by oscillations of the shield must have 
taken place, especially during Middle Cretaceous times, and 
such movements were responsible for the alternating 
sandstone-1imestone deposition in northeast of former 
British Somaliland and some parts of Ogaden (Figure 5). 
Regressions and transgressions and pinchouts within the 
Cretaceous were interrupted by local uplifts.

Towards the end of Cretaceous or early Paleocene the 
epeirogenic movement began to reverse in the Red Sea 
region; transgression began in the north, and regression in 
the south by a renewed uplift which makes the sea withdraw 
completely from the Horn of Africa during Upper Cretaceous 
and Paleocene. Continental sandy conglomerates of 
Cretaceous age were deposited over most parts of the 
region, but in the southeast, precipitation of gypsum and 
anhydrite was repeated. These were the regressive Nubian 
sandstone in northeast Ethiopia, and Tawilah group in 
Arabian Peninsula, and Cotton in Ogaden and Somalia, and 
the Morhan of northeast Kenya.

On the whole the Cretaceous period was characterized 
by uplift of various parts of the basin and frequent 
changes in conditions of sedimentation (shallow water-
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littoral, nearshore lagoon, and continental) in a 
continually shrinking basin, while areas of denudation 
grew. As elsewhere in southern Arabia, there is an
indication of a hiatus (unconformity) in the passage from 
Cretaceous to Eocene beds, as part of the Nubian sandstone 
seems older than the Jessomo sandstone (Figures 5 & 6).

An invasion of an oscillating shallow shoal sea to the 
end of Paleocene and the beginning of the Eocene, again 
repeated the same cycles of sedimentation in Ogaden, 
resulted in a series of interbedded limestones and shales 
(Figure 7). This was followed by a short interval of
emergence associated with fracturing. The fractures were 
the source of fissure eruptions which produced local
isolated basalt flows. This tensional orogeny is associated 
with the inception of the movements of the Rift Valley to 
the west and north (Clift, 1956).

Toward the end of Eocene, general uplift of the
Ogaden Basin and Somalia Plateau, with resultant upwarping 
and faulting, took place. The present day drainage system 
was established in late Miocene (early Neogene) when Arabia 
was separated from the Horn of Africa.

For the remainder of the Tertiary, the Ogaden and 
northeastern Kenya appear to have been emergent, and a 
period of erosion was followed by deposition of an eolian
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1956). Arrows indicate direction of marine 
transgression.
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sand mantle of varying thickness. British Somaliland and 
Somalia area were still sites of sediment accumulation. The 
sedimentation at this time looks oscillatory with movements 
of a shallow shelf sea succeeded by deposition of thick 
accumulations of elastics which accompanied recurrent 
uplifts.

The same cycle of sedimentation was repeated yet again 
in the Ogaden during the Tertiary period, ending again with 
the precipitation of gypsum and anhydrites on inter-tidal 
flats. It ended with the deposition of conglomerates, 
sandstones, and mudstones with some interbedded marls, and 
finally erosion as the area was uplifted.

Eocene and younger Cenozoic limestones, shales, and 
evaporite deposits form the surface rocks where Mesozoic 
beds are not exposed.

Most of the strata dip gently to the south or east, 
and thicken in the same direction. The source of Mesozoic 
sediments may have lain in the area now filled by the 
Indian ocean. Such a situation would be somewhat analogous 
to that which prevailed in eastern North America during the 
Paleozoic, where a sedimentary source east of the present 
coastline is needed to explain the record now revealed 
(Taylor, 1952).

The Basin may have originally had a much greater
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extent, possibly including areas as far north as southern 
Eritrea and the headwaters of the Blue Nile, where outcrops 
of Jurassic and Cretaceous strata have been noted.

Regional Stratigraphy
The thickest and most complete succession of Mesozoic 

rocks are known in this area from deep wells near the 
Somalia border. With the exception of a few volcanic rocks, 
most of which are interstratified, the Ogaden Basin is 
almost entirely formed of sedimentary rocks ranging in age 
from late Paleozoic to recent. Some of the deep wells 
supplied information not well known at the surface, such as 
the pre-Adigrat formations (Karroo Type).

The succession thins westwards and northwards due to 
the non-deposition of the lower horizons of some 
transgressive units and the absence of the Upper Cretaceous 
part of the succession. To the southeast of Ogaden, there 
crops out several limestone, shale, gypsum, and sandlayers 
of Jurassic and Cretaceous age. Italian geolgists who 
worked in the region prior to World War II named these 
formations after Ogaden villages or districts and such 
names are retained in the literatures about the region 
(Figure 8). The sedimentary column of the region is 
summarized in Figure 9.
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Figure 9. Generalized stratigraphie column of the Ogaden 
(from Taylor, 1948).
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Basement (PreCambrian)-
Underlying the Somali plateau and exposed in places 

along the uplifted borders of the graben are basement 
rocks: granites, diorites and schists, cut by aplite, 
pegmatite; and quartzites of fairly high metamorphic grade. 
The basement rock is exposed only in the extreme north and 
west of the Ogaden and was revealed in a number of wells. 
Their ages, as in the massif, are uncertain. They are most 
probably PreCambrian, as indicated in southern Somalia and 
Yemen.

Paleozoic
Paleozoic sedimentary rocks are absent in most of the 

area except in very few wells identified as of late 
Paleozoic age. This is due to the high uplift at the end of 
Precambrian time, followed by a long period of erosion.

Three formations of possible late Paleozoic age 
(Permo-Triassic) are known from boreholes in the eastern 
Ogaden. To date none has been recognized at outcrops in the 
Ogaden area, though sediments of that age are known in 
central and northeastern Ethiopia (Beyth et al, 1972). The 
three formations are, from oldest to youngest:
Calub Sandstone- The oldest rocks of the sedimentary mantle 
in Ogaden so far Known are the Calub Formation, identified
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in Tenneco’s Calub 1 in 1973, but not encountered in 
outcrops. The late Paleozoic, predominantly Permian age of 
the deposits, was established on the basis of palynological 
tests, and also by lithologie correlation with the Wajid 
Sandstone in the southwest Arabian Peninsula (Powers et 
al., 1966) and the Entecho Sandstone of northeastern 
Ethiopia (Beyth, 1972). About 85 meters of arkosic 
sandstone, which rests directly on the crystalline basement 
and underlies Bokh shale in the Calub 1 well, may be 
derived from destruction of crystalline rocks. It is a gas 
reservoir in Calub well, sourced by the overlying Bokh 
shale.
Bokh Shale- Recognized first in Elwareth's wildcat Bokh 1 
in 1967, and not yet found in outcrop, mainly of shales 
with fine silty sandstone. It is source rock for the gas in 
Calub 1 well as is also its equivalent Khuff Formation of 
Saudi Arabia (Powers et al, 1963).
Gumbaro Sandstone- Not found in outcrop, sandstone with 
chert pebbles and anhydrite lie above the Bokh shale and 
below the transgressive Adigrat Sandstone in the Calub 
well.

In general during the Paleozoic time continental 
conditions dominate in Ogaden, and this was preserved 
during Triassic period too.
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Jurassic
Extensive Jurassic deposits, both in outcrop and in 

the subsurface, are present throughout Ogaden and Somalia 
and are divided into four units (Figure 9). The thickness 
increases from north towards south into the Somalia 
embayment (Figure 10) and from west to east (Figures 11 and 
12) and the facies change in the direction of thickening 
are from shallow-water (shelf) to basinal sedimentary 
rocks.
Adigrat Formation (Triassic-Lower Jurassic)- This is a 
thick basal sand, that rests unconformably on the basement, 
or with slight disconformity on sedimentary rocks of 
presumed Upper Paleozoic or Triassic age. It is arkosic in 
places and represents the first deposit of transgressive 
sea which covered much of east Africa in the early and 
middle Mesozoic. It consists mainly of medium to fine 
grained sandstone, with minor intercalations of clay and 
shale, locally grading upward into sandy limestones, 
commonly unfossiliferous, and is dated from late Triassic 
to lower Jurassic in Ogaden (Swartz and Arden, 1960). It is 
a good reservoir as is seen in the wells so far drilled. It 
was probably deposited near shore under partly sub-aerial 
conditions.
Hamenlie Formation (Lower Jurassic- Upper Jurassic)- It
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Figure 12. East-west cross section C - C  (from Barnes, 1976) 
See Figure 2 for location.
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consists primarily of marls, dolomite and limestones with 
considerable shale and some gypsum with anhydrite in the 
middle portions. Greatest known thickness is 1,250 metres 
(4,100 feet), with transgression from the southeast to the 
northwest. It is one of the oil source targets as can be 
seen in the drilled wells in the area, and recently in 
Yemen, it is a petroliferous stratum. The Hamenlie varies 
with thickness and age just like the Adigrat, with a 
variety of facies. In Ethiopia it is subdivided in to three 
units according to facies difference: Lower Hamenlie,
Middle Hamenlie, and Upper Hamenlie. Its equivalent Amran 
Formation of Arabian Peninsula also behaves the same way. 
In Yemen, four units of Amran limestone are identified 
(Gueken et al, 1963).

These Jurassic sediments were probably deposited in a 
shallow neritic environment in which source sediments came 
from distant cratonic elements. The presence of some 
evaporites suggests that arid conditions prevailed over the 
shallow lakes and lagoons, caused by a barrier that 
separates the sea from Ogaden. These barriers are believed 
to be some reefs identified by Tenneco in the Lower and 
Middle Hamenlie Formations.
Uarandab Formation (Oxfordian)- Although the upper boundry 

of the Uarandab formation is not well defined in the
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western Ogaden, there is an abrupt change in passing from 
the Uarandab to the Gabredarre Formation of the eastern 
portion of the Ogaden. These rocks comprise a sequence of 
dark shale, marly, and gypsiferous limestone with rich 
microfossil fauna. The Uarandab Formation represents a 
period of quiet tectonic conditions in east Africa, with a 
marine neritic environment. According to Tenneco's report, 
Uarandab is classified to be one of the best oil source 
rocks in Ogaden area (Cayce and Cary, 1979).
Gebredarre Formation (late Kimmeridcrian-Portlandian)- This 
formation comprises the uppermost part of the Jurassic 
succession in the western and eastern Ogaden, with maximum 
known thickness in Ethiopia about 629 meters, and consists 
of light coloured oolitic limestone and marl, very 
fossiliferous changing laterally westward to sandstone with 
lesser limestone and gypsum (Figures 11,12).

Cretaceous
Erosion as the result of the Upper Jurassic uplift 

took place before the deposition of the lower most 
Cretaceous limestones and penetrated to different depths 
(Figure 5). The Cretaceous deposits of Ogaden region vary 
lithologically from west to east, from being predominantly 
arenaceous to predominantly calcareous (Beydoun, 1970 and
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Barnes, 1976).
The sequence of beds suggests that several 

regressions and transgressions or shallowing took place in 
Cretaceous but no evidence has been found to prove any 
considerable intraformational erosion.
Gorrahei Formation (Main Gypsum) This unit varies in 

thickness from 100 to 500 metres, with massive anhydrite 
and gypsum with subordinate dolomitic limestone, marl and 
shale? sandstone predominates in the west. Because no 
fossils have as yet been recorded from this formation, its
age is estimated from the age of rocks above and below it
and is placed between Portlandian and Barremian 
(Migliorini, 1956). On the basis of outcrops in the western 
Ogaden, the composition of the Main Gypsum Formation is
predominately crystalline and massive gypsum with marly
shale intercalations.

Lithologically, the Main Gypsum Formation of the 
eastern Ogaden is similar to that of the west, except that 
the evaporite representation is entirely anhydrite rather 
than gypsum. There also appears to be a greater development 
of the limestone and a decrease of shale and anhydrite. The 
depositional environment of the lower member ranges from 
marine neritic to littoral and the upper member from lagoon 
to continental.
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Guiaburo Group- Upper Cretaceous rocks are not known to 
outcrop. In wildcat Gumburo 1, this group consists of 
shale, gypsum and anhydrite, and limestone with minor 
interbedded sands. It is assigned to Lower Aptian with up 
to 415 metres thickness.

This sequence, deposited in quiet water under 
restricted circulation, is mostly represented in the 
eastern Ogaden by accumulation of thick fossiliferous, 
pyritic dark gray marine shales.

The Gumburo series is the age equivalent of the 
Mustahill, the Ferfer, the Belet Uen formations.
Faf Formation (Albian/Aptian-Cenomanian)- Limestone with 

rare shales and marls in the higher parts, and with shale 
and sandstone in the lower part. In some places it is 
divided into sub-divisions such as Mustahil Formation, 
Ferfer Gypsum Formation, and Belet Uen Fomation. The 
northern and western margins of the basin are represented 
by sandstone, which is equivalent to the Amba Aradom 
formation in the northern and central parts of Ethiopia.

Tertiary
Sediments proven to be Tertiary are known in the 

Ogaden of Ethiopia and are wide spread in British 
Somaliland and Somalia as well in South Arabia.
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The Tertiary period commenced with the strongly 
transgressive Upper Paleocene, so that by the end of the 
Paleocene mainly carbonate deposites were spread over the 
greater part of the region of Horn of East Africa and South 
Arabia. This period is also marked by large-scale volcanic 
activity. Marine Eocene deposits were then laid down over 
the Paleocene in the entire region of the Horn of Africa, 
to be followed by the uplift in the Upper Eocene. During 
the Oligo-Miocene in Ogaden, marine sediments were 
deposited over very small areas, but Somaliland and former 
British Somaliland were having wide deposition around their 
coastal embayments.
Jessomma sandstone (Paleocene) -____  Sandstone, locally
quartizitic, with shale and limy sand with local 
gypsiferous bed at the base. This formation is typical 
only in the Sinclair wells in Ethiopia where it reaches a 
thickness of 1,410 ft (43 0 m) in the XF-5 well. In north 
and central Ethiopia, the Jessomo unconformably overlies 
older formations. The Jesommo sandstone, is the source of 
most of the sands in Ogaden.
Auradu Formation- found only in the eastern Ogaden, mainly 
of limestone with iron-stained chert concretions, dolomites 
and several submarine basalt flows near the base, of upper 
Paleocene/lower Eocene age.
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Taleh Formation- also confined to the eastern Ogaden, where 
its units interfinger with the upper part of the Auradu 
Formation. Massive banded anhydrite and gypsum with 
interbeds of cherty limestone. Lower to Middle Eocene age 
(Beydoun, 1970).
Karkar Formation- small outcrops near the Somalia border, 
of white cavernous limestone with interbeds of shale and 
gypsum. Of probable Middle to Upper Eocene age. Reaches 23 0 
metres thickness in Somalia, with a near shore environment 
of deposition equivalent to the Aden volcanic and Trap 
series.

Quaternary
In the Quaternary due to the uplift, the continental 

environment dominates. The Quaternary deposits of the 
Ogaden are of lateritic soil, sand and gravel.

Regional Geologic Correlation
It has been proposed that the Arabian Peninsula 

drifted from Africa during the Cenozoic. Beginning in the 
Lower Miocene, the Horn of Africa began to separate from 
the Arabian Peninsula. This separation became complete as 
the Arabian block moved toward the Tethys geosyncline, and 
during Pliocene, the Red Sea and Gulf of Aden were joined
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(Swartz and Arden, 1960).
The evolution of the Red Sea depression has been of 

general interest, and as a result, some evidence that 
supports the above idea (separation of Arabia from Africa) 
has been presented by various earth scientists. The 
lithologie and structural correlations between the two 
sides of the Gulf of Aden are part of this evidence .

A good stratigraphie correlation of the Paleozoic- 
Mesozoic sequence between the northern Ethiopian plateau 
(Tigre) and northern Yemen plateau is obtained by Beyth in 
1973 (Figure 13).

From this correlation the following can be summarized: 
(1) The troughs and glacial channels trending north 

and south cut the basement rock on both sides. The lower 
part of the Enticho sandstone, which is equivalent to the 
Calub sandstone in Ogaden is equivalent to the Wajid 
Sandstone of south Arabia (Gueken and Powers, 1966).
(2) The thining of the Kohlan and Amran formations in North 
Yemen is almost a mirror image of their equivalents, the 
Adigrat Sandstone and the Antelo limestone in northern 
Ethiopia. The Jurassic deposits thicken in north Yemen from 
west to east towards the Red Sea, and in Ethiopia from west 
to east (Gueken, 1966 and Hutchenson and Engels, 1970). We 
observe the same characterstic for the Jurassic deposits in
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Ogaden; they thicken from west to east (Figures 11 & 12).
(3) In the southern Arabian plateau, the sea 

transgresses from the west because the Amran thickens from 
east to west (Gueken, 1966 and Beyth, 1973).

(4) On both sides of the Red Sea, the Jurassic sea
transgression was terminated by structural highs which are 
mirror images to each other. In Ethiopia, uplifts in the 
west-northwest were the controlling limits, while in south 
Arabia, east-southeast trend were the limits of the
Jurassic marine sediments. This implies they were the same 
tectonic phase before rifting.

Beydoun (1966-1970) also made an extensive work on 
the comparison of the geological features of the southern 
Arabia and northern Somalia which is similar to the study 
area. He got several striking similarities and apparent 
continuity of the geological features between the two
sides. Beydoun also prepared a regional stratigraphie 
correlation between regions in southern Arabia and former 
British Somaliland south of the Gulf of Aden (Figure 14).

Correlation between British Somaliland and Ogaden of 
Ethiopia is straight forward from Figure 5. We have seen in 
previous sections that the history of Ogaden Basin 
coincides with broader regional sedimentary history of the 
Horn of Africa and southern Arabian Peninsula, from
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Triassic to Cretaceous as depicted in the paleogeographic 
map (Figure 4). Sedimentation was controlled by the 
extensive transgression covering the area from the
southeast and southern Arabia Peninsula from the southwest.

The aforementioned correlation between the two sides 
of the Gulf of Aden can be applied for many purposes, 
especially for a better understanding of the Paleozoic-
Mesozoic stratigraphy of the area, and for an allied 
investigation of the area especially for oil. Hunt Oil
Company of Yemen, after finding hydrocarbon bearing sand in 
the Jurassic-Cretaceous transition zone in the 
Marib/Al-Jawf Basin in 1984, has recently obtained a 
concession from Somalia to conduct exploration in northern 
Somalia parallel to the Marib Basin (Oil and Gas Journal, 
1986). It hopes to confirm the theory that the Mar'ib 
Al-Jawf Basin where Alif Oil Field was discovered extends 
to Somalia.

Structure and Tectonics
Ogaden forms part of an uparched region of the earth1s 

crust called the Arabo-Ethiopian swell or shield which 
covers an extensive region of continental dimensions that 
has been particularly stable and immobile throughout long 
periods of geological history.



T-3297 43

On the sometimes broad submerged edge of this shield 
extending from Mozambique to Arabia, a sedimentary 
succession was deposited in Mesozoic/Tertiary times. The 
main forces affecting this sedimentation appears to have 
been vertical movements of regional extend which caused 
periodic submergence of the craton or edge of the shield, 
resulting in deposition by epicontinental seas, followed by 
uplift and erosion. This vertical uplifting might be 
associated to expanding magmas at depth.

The Ogaden basin itself, at least from the Mesozoic 
time, has been affected by essentially epeirogenic 
movements which resulted in: (1) The deposition of a
sedimentary succession of Mesozoic to Lower Tertiary age, 
broken, however, by some disconformities in some regions as 
explained in the previous sections. (2) The sharp change of 
the structural plan that took place at the end of Jurassic, 
where the northern and northwestern parts of Ogaden was 
considerably uplifted, while the southeast was dawnwarped. 
Folding- By the end of the Paleozoic time, the Ogaden basin 
including Somalia was a peneplane of ancient crystalline 
and metamorphic rocks. Peneplanation, which followed the 
development of basement structure in the Horn of Africa, 
was probably the result of more than one erosion phase, 
with or with out intervening deformation.
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The history of subsequent events in Ogaden begins with 
the Jurassic transgression caused by epeirogenetic 
movements only. In the Horn of Africa this interval is 
marked by the deposition of Mesozoic sediments. The 
Jurassic deposits which covered this peneplain were not 
folded, but apparently were subjected to isostatic 
adjustments creating highs and lows, the highs being eroded 
and the lows created basins.

At the end of the Upper Jurassic, faulting took place, 
which seems to have been mainly block-faulting, possibly 
attributable to relaxation from uplift. During the 
Cretaceous, only epeirogenetic subsidences and local 
uplifts seem to have been developed in Ogaden because in 
some wells we see the whole Middle Cretaceous missing, 
which may be due to local differential uplifts (Figure 5).

Therefore, as far as surface sedimentary rocks are 
concerned, the Mesozoic strata exhibit no major compressive 
folding, but much normal faulting, and some of the faults 
have great throws. Minor folds which are closely associated 
with faults are identified, and were formed at the time of 
faulting like drape folds and drag folds. True folding of 
the type caused by compressional forces acting in 
approximately horizontal directions is not developed in 
this region, but lateral compression during the uplift may



T-3297 45

well have been a factor in the formation of the above 
mentioned structures (Somalia Oil Exploration Co., 1954 and 
Barnes, 1976) .

On the other hand. Eocene sediments in eastern Ogaden 
and northern Somalia show some anticlinal features in the 
surface. Seismic exploration has also resulted in the 
discovery of several of the above type of structures in the 
subsurface. They have been drilling targets in both 
Ethiopia and Somalia, but with negative results.

These anticlinal structures are believed to have been 
caused either by rejuvenation of Jurassic fault blocks 
which arched the younger sediments, or by drag along a 
fault. Such folds could also be a result of basaltic 
intrusion or a result of leaching of the thick underlying 
evaporites as there is much evidence of karst topography in 
the region.
Faults : The Ethio-Arabian shield is cut by three converging 
rifts: The Great East African Rift, the oldest; the Red 
Sea; and the Gulf of Aden, the youngest of all. These three 
rifts merge at the Afar depression in the north end of 
Ogaden. The great East African Rift valley separates the 
Ethiopian plateau to the West from the Somalian plateau to 
the east. These rift systems has great influence on the 
structure of the region. Faults in the region seem to trend
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in three main directions : Gulf of Aden (east-west), Red Sea 
(northwest- southeast), and East African (approximately 
north-south) (Lowell, et al, 1974).

The main movements affecting the region are recognized 
to have began near the end of Lower Eocene time, when a 
paar developed between Africa and Arabia which caused 
tensional forces in the southern Red Sea area (Arden and 
Swartz, 1960), and this has persisted at intervals until 
recent historical times. Figure 15 shows block movement 
directions as a result of the separation of Arabia from 
Africa. In the Horn of Africa including Ogaden, it is 
believed that the Tertiary faults not only rejuvenated 
older structures, but are also responsible for the major 
present morphology of the area. It seems in this region, 
the old basement structural trends exerted a controlling 
influence on younger fault trends.

Formation of the Rift Valleys in this area is by 
tensional force, not compressive force, as many suggested. 
Some geolgists, among them Gregory, Cloos, and Busk(1945), 
have considered the troughs to be the result of 
downdropping of the earth's crust through tension, much as 
a keystone of an arch collapses if the supporting sides 
give away. Others, including Wayland, Bullard, and Wills 
(1936), have suggested that horizontal compressive forces
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separating crustal blocks (from Baker, 1970)
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have caused blocks of the earth's crust to override and 
depress the elongate central troughs, and to hold them down 
through pressure from the sides.

Evidence can be cited supporting either view. The 
author supports the idea that the Rift Valley in the Ogaden 
area is a tensional response rather than a response from a 
horizontal compressive force. In the seismic lines that 
were interpreted in this study, the only faults that can be 
traced are normal faults ? not a single overthrust fault was 
identified. The area is near the Red Sea where updoming was 
going on, which could result in tension breaks in the thick 
sedimentary cover. Still another evidence suggests lack of 
compressional forces. Two thick evaporite sequences, 
largely gypsum, occur in Jurassic and Cretaceous beds, and 
additional gypsum layers appear higher in the section. 
Gypsum is notably weak in resistance to compressional 
forces. If the origin underwent compression suffient to 
override great blocks of the earth's crust, it appears 
likely that there would have been extensive deformation of 
the gypsum beds near the graben walls, yet such has not 
been observed in the drilled wells, nor in outcrop.

Therefore the dominant structural forms of the Ogaden 
and surrounding regions are normal faults. Systematic 
folding is absent, and compression structures are confined
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to occasional thrusts and folds, and these are apparently 
caused by local (lateral) compressional forces developed 
during the movement of the normal fault blocks. This should 
give oil explorationists a good clue not to focus only on 
anticlinal structures in Ogaden of Ethiopia as has been 
done up to now by most of the companies.

OIL AND GAS EXPLORATION

Oil and gas exploration in the Ogaden basin started 
during the Italian occupation of Ethiopia. In 1936 to 1939, 
the Italian company AGIP carried out a geological 
reconnaissance of parts of eastern Ogaden and Somalia. 
Nothing appears to have been published on this work other 
than a few stratigraphie and paleontological memoirs.

Geophysical prospecting aimed at the discovery of 
structural trap containing oil and gas in the Ogaden basin 
was conducted from 1949-1977 by five companies ; three 
American, one Canadian, and one West German. Locations of 
their concessions are shown on Figure 16. Most of their 
works were through seismic surveys both reflection and 
refraction and limited aeromagnetic and gravimetric surveys 
for delineating deep structural traps.
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Sinclair Petroleum Company
Sinclair began its operations in Ethiopia in 1947 on 

the basis of surface studies by Italian engineers before 
the war. The first well Gumburo-l on the Gumburo Hills was 
spudded in 1949 based on surface topographic information. 
The well penetrated 10,127 feet of sedimentary section and 
stopped in the Adigrat Sandstones of Triassic/Liassic age, 
which in most sedimentary areas of Ethiopia directly 
overlies the Precambrian basement rocks and marks the 
beginning of post-Paleozoic sedimentation.

No shows of oil and gas were met, but it proved the 
existence of a sedimentary basin with favorable facies for 
generation and entrapment of hydrocarbons. The bore 
penetrated a sill of igneous rock lying between 1823 and 
2 318 feet below the surface. The intrusion of this sill led 
to the positive surface structure observed in Gumburo 
Hills, in otherwise flat-lying rocks.

The second deep test well Geladi-1, 45 miles east of 
Gumburo-l, was sited on the basis of seismic survey 
accompanied by gravimeter and magnetometer, and bottomed in 
the Adigrat Sandstone at about 9086 feet. No oil or gas 
were encountered in the thick Jurassic limestone section, 
but a show of oil of no commercial significance occurred in 
the Adigrat Sandstone between 8000 and 8100 ft.
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Sinclair drilled about 12 shallow structural wells, 
averaging 4507 feet (12891-59891), in the eastern part of 
Ogaden. As a result, it was observed that Eocene rocks 
subsided regionally toward the south. Oil shows were also 
seen in four of them, from the Gebredarre Formation and the 
Hamenlie limestones, indicating that there could be 
stratigraphie trapping possibility in some stratas in this 
area. Sinclair concluded that the known techniques could 
not locate favorable traps and relinquished its concession 
in 1957.

Elwerath Oil Company of West Germany.
The Elwerath Company of Hannover, Germany, in 1959 

signed a Concession Agreement to search for oil over an 
area of 72,000 square miles of the Ogaden basin. Work 
started in the same year with aerial photography and 
surface geological mapping to check the nature and 
thickness of the Mesozoic strata exposed in the Ogaden 
basin. From 1960 to 1966, geophysical surveys for Elwerath 
Oil Company were carried out by PRAKLA. During this period, 
over 1200 line miles of reflection seismic surveys were 
carried out over the areas of Abred, Gumburo, Geladi, and 
Bokh. Field technique and recording instrument did not 
differ much from that of Sinclair (explosive-source,
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analog-recording). Along with seismic survey, magnetic and 
gravity surveys were conducted.

The geophysical surveys located several promising 
structures, the best of which was drilled by wildcat 
Abred-1, spudded in 1963. The well bottomed in the 
crystalline basement rocks at 10,184 feet. No oil or gas 
shows were encountered. Reservoir rocks in the Middle 
Jurassic Upper Hamenlie limestone series and Adigrat 
Sandstone tested salt water (Plate 1). The absence of 
hydrocarbon discovery was attributed by Elwerath 
specialists to the relative youth of the structure, but 
later interpretations indicate that Abred-1 was drilled on 
the flank of the structure, rather than the crest. It did 
not properly evaluate the hydrocarbon potential of the 
structure.

In 1964 a second wildcat, Bokh-1, was drilled to 
10,04 3 feet. No gas or oil shows were encountered. In this 
well the Lower Cretaceous and Upper Jurassic rocks were 
missing, and the Middle Jurassic reservoirs contained fresh 
water, probably as a result of their long exposure during 
the erosional or non-depositional period. The basal parts 
of the Jurassic carbonates and the Adigrat Sandstones 
contained salt water. The seismic surveys of Elwerath and 
Sinclair were only able to trace continuously only one
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horizon in the Middle Jurassic. Elwerath relinquished its 
concession in 1967.
Tenneco Oil Company

Tenneco obtained its concession from the Ethiopian 
government in 1969 and increased its holding in 1972 to 
102,628 square miles.

The company began its work by reviewing and 
re-evaluating all the geological and geophysical data 
collected by earlier companies in the area, to avoid 
duplicating any work done previously. Tenneco conducted a 
systematic and very extensive seismic study accompanied by 
gravimetric and aeromagnetic surveys. Up to the 
relinquishment of the concession in 1975, Tenneco was 
conducting its seismic prospecting with three seismic teams 
working simultaneously. The seismic coverage in relation to 
the exploratory wells is shown in Figure 17.

Tenneco1s first wildcat El-Kuran-1, was spudded from 
March 1972 to June 1972. The well penetrated a sedimentary 
section of 10,462 feet. Good trace of oil shows were 
recorded from 2700 to 6560 feet, and several gas-bearing 
zones were penetrated from 2700 to 9550 feet. Towards the 
end of 1972, a 12-fold CDP seismic survey was conducted 
around the El-Kuran-1 well. This survey indicated that the 
El Kuran-1 structure was not closed. El-Kuran-2, located
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about 1000 feet north-northwest of El-Kuran-1, was drilled 
to 6610 feet. The objective was to find zones of better 
porosity and permeablity in the Jurassic Hamenlie 
carbonates within the El Kuran structure. The results 
showed such conditions to be virtually identical within 
those of El Kuran-1. Oil and gas shows occurred through the 
entire section.

Tenneco's third well Calub-1, located about 400 km 
northeast of the El Kuran wells, flowed gas at the rate of 
35 MMCFGD, and was completed at 12,139 feet depth as a gas 
discovery on March 14, 1973. The gas was encountered in the 
Adigrat Sandstone and in the older Calub Sandstone. Oil 
shows were also encountered in the Hamenlie carbonates.

Two other wildcats drilled in 1973, Magan-1 and 
Callafo-1, had non-commercial oil shows in the Hamenlie 
carbonates. A fault of regional extent was identified in 
the Magan-1 well (Plate 1).

In 1974, Tenneco drilled the Bodle-1 and Gerbi-1, 
which were dry, and the Hilala-1, which had non-commercial 
oil and gas shows in the Hamenlie carbonates.

Since 1980 under a service contract between Ethiopia 
and the Soviet Union, the Soviets have been conducting an 
extensive Vibroseis survey in a concession that includes 
the Calub well. They have drilled several wells, the
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results of which have not been made public. The author 
worked in this project for three years before coming to 
CSM.

In 1983 the Ethiopian Ministry of Mines and Energy 
launched a comprehensive program for petroleum promotion in 
the country. Under this program, consultants reviewed 
results of past exploration, designed an exploration 
strategy, and assisted in offering new acreage to oil 
companies. Under this program, 1989 km of Vibroseis digital 
data from Tenneco's 1972-1974 work and 77 km of 24-trace 
6-fold analog dynamite data from Elwerath's work of 1966 
were reprocessed by Prakla-Seismos Inc. USA. In addition to 
reprocessing, Prakla-Seismos created seismic cross sections 
based on the Tenneco data of 1972-1974. Some of these data 
have been made available to the author. Although the 
existing data can not be fully utilized for stratigraphie 
analysis, reprocessing has shown great improvement; line 
Rl-15 (Plate 4) is one of the reprocessed lines.

A seminar to promote oil exploration by western 
companies, held in Addis Ababa from 7-10 April 1986, was 
attended by nine western firms; Amoco, Exxon Corporation, 
Mobil Corporation, Murphy Oil Corporation, Union Oil 
Company of California, France's Elf-Aquitaine, CFP-Total, 
Britoil, and Royal Dutch/Shell group.
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From the available concessions of 350,000 sq km, about 
23 5,000 sq km is from the Ogaden basin covering 15 blocks.

In general, exploration prospects in the Ogaden basin 
are encouraging. Seven of the twelve wells have shown good 
traces of oil and one has shown commercial gas. Moreover, 
the drilling density is very low, with just one well sunk 
for each 20,000 square kilometers of sedimentary basin.

SEISMIC INTERPRETATION

Seven unmigrated reflection seismic lines where chosen 
from the Calub area of the Ogaden for interpretation; lines 
Rl-14, Rl-15, Rl-16, Rl-17, R2-31, R2-57, and R2-58,
(Plates 3-9, respectively). The interpretation involves 
correlating reflected events with stratigraphie horizons in 
the subsurface, identification of significant structural 
features, mapping of the time-structures of top of Adigrat 
and top of Mid-Hamenlie formations, and later converting 
these into an isotime map for the Hamenlie carbonates (from 
top of Adigrat to top of Mid-Hamenlie). Identification of 
seismic events was made using velocity checkshot survey and 
a synthetic seismogram (Plate 2) from the Calub well 
located on Rl-15, at shot point 425. This provided the only
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available subsurface control. Other lines in the area were 
made available to the author to aid in the regional 
structural interpretation.

The seismic data were acquired during 1972-1974, with 
different Vibroseis source parameters and as a result the 
character match was poor. On lines in study area shown in 
Figure 18, Rl-14, Rl-15, Rl-16, and Rl-17 are 12-fold, with 
group interval of 125 m, and sweeps of 10-45, 14-56, 12-56, 
and 10-48 hz, respectively, while lines R2-31, R2-57, and 
R2-58 are 24-fold, with 100 m group interval and sweeps of 
14-56, 10-45, and 14-56 hz, respectively. In general, the
reflection quality is poor throughout the area, the faults 
of different ages and the unconformities that are 
geologically known to exist in the area are not easily 
identified in the sections. This makes stratigraphie 
analysis difficult. Reprocessing will probably offer little 
improvement for stratigraphie analysis as sweeps are very 
low, 10-48 hz or 14-56 hz, but the ringing on the shallow 
strata might be suppressed through reprocessing. Static 
problems observed in the sections may be due to datum 
variations. As a result, it is difficult to follow the 
character and pattern of the reflections. The low-velocity 
zone has caused some structure-1ike complications, and 
shallow structures are difficult to follow.
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Figure 18. Seismic base map. Scale 1: 250,000.
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By using the T-D chart for the Calub-1 well given in 
Table-1, the series of events on line Rl-15 are identified. 
The strongest reflection between 0.9 and 0.95 sec 
interpreted as the top of the Mid-Hamenlie Formation 
(green), due to the velocity contrast between the anhydrite 
and the overlying limestone, provides a prominent marker 
horizon observed on all the seismic sections. The second 
strong reflector observed between 0.5 and 0.65 sec is 
interpreted to be the top of Gebredarre Formation, due to 
the contrast between the limestone and the massif gypsum 
and anhydrites of the overlying Gorrahie Formation. The 
Adigrat Formation (red) is also some what traceable over 
most of the area and is common throughout. Time-structure 
maps on the tops of the Mid-Hamenlie and Adigrat and the 
isotime map for the Hamenlie carbonates were prepared. 
Horizons like Gorrahie, Bokh, Calub, and the basement are 
identified to some extent. All these horizons are marked on 
the interpreted sections (Plates 3-9). The shift in tying 
Rl-15 to the other seismic lines may be due to the datum 
problem; about 120 msec must be subtracted from Rl-15 to 
tie it with the remaining lines.
Significant structural features- The gross view of the 
seismic data indicates that the structure setting of the 
area is uncomplicated, mainly dominated by basement
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Table 1
T-d Chart for Tenneco Calub-l/Datum-400 meters

2T Depth (m) V a.-v<ei Elevation (m)
1 0.5900 1058 3586 3586 -596 T. Gabredarre
2 0.7020 1305 3718 4413 -843 T. Uarandab
3 0.7780 1447 3720 3738 -985 T. Hamenlie
4 1.2320 2729 4430 5647 -2267 B. Hamenlie
5 1.3060 2843 4354 3089 -2381 T. Gumburo
6 1.4800 3244 4384 4609 -2782 T. Bokh
7 1.6400 3607 4399 4538 -3145 T. Calub
8 1.6800 3700 4405 4651 -3238 T. Granite
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controlled normal faults, that trend southeast to northwest 
related to the separation of Arabia from Africa. Figure 19 
is a time structure map at the base of the Adigrat 
Formation from the time picks and the faults trend as 
obtained from the seismic sections. The beds appear to show 
a slight dip to the south such as in Rl-16, Rl-17, R2-31, 
and R2-57. In addition to the series of deep seated normal 
faults associated with grabens and horsts, some low 
amplitude, broad anticlinal features controlled by basement 
block faults are observed on some of the seismic lines 
(Plates 6, 7, and 8). However, in general the reflectors 
have little dip. The faults in the area are of extensional 
fault block style related to the rifting and drifting that 
took place in the region, mainly the East African Rift 
system, the Red Sea, and Gulf of Aden Rift systems (Lowell, 
1985).

Although the basement level can not be accurately 
picked, it does appear that there are some deep seated, 
probably basement-related faults. These apparent basement 
faults can be determined by looking for reflector offset, 
reflector phase changes, reflector truncation, or drape 
folding in the overlying sedimentary packages.

Based on the above clues, basement-related block 
faulting associated with horsts, grabens, and drape folding
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Figure 19. Regional trend of faults during the Adigrat
Formation. Teeth indicates down-dip direction.
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or arching of overlying sedimentary strata is visible in 
most of the seismic lines. All the identified fault 
structures are traced on the sections (Plates 3-9).

On line Rl-14 (Plate 3), an asymmetric horst is 
bounded by a high-angle normal block fault in its steep 
northern edge. Draping of overlying sediments is observed 
on the edge of the block fault. The sedimentary section of 
the graben in the north end is thicker than in the horst 
indicating reactivation of the faulting during the 
deposition. Similarly on Rl-15 (Plate 4), which is a dip 
line (east-west), the structure is dominated by two large 
horst blocks with intervening graben between shot points 
315 and 415, and all bounded with several high-angle 
basement-controlled normal faults associated with 
antithetic faults. Facies are thicker in the graben part 
relative to the horst, which indicates that basement 
tectonics controlled the stratigraphy of the region. Near 
shot point 12 5 on the same line, we observe a vertical 
fault extending from the basement to the Tertiary 
sedimentary strata suggesting the presence of faults of 
different ages. On line Rl-16 (Plate 5) a graben in the 
center is bounded with deep-seated normal faults on both 
sides. The sedimentary section is thicker in the 
down-thrown side of the faults. On line R2-31 (Plate 7), a



T-3297 66

low amplitude, but broad block faulted anticline or horst, 
bounded on both sides by late Paleozoic normal faults, with 
drape folding of the overlying sediments on the edges of 
the blocks is identified. Several younger faults are also 
observed at the shallower stratas. Similar features, 
grabens and horsts associated with normal faults can be 
observed in the remaining sections too, as indicated on 
Plates 3-9.

Subsequent reactivation of the basement faults caused 
the drape (forced) folding of the overlying sediments, and 
triggered some faulting, within those strata. Slump faults, 
rolling out away from the fault block, could indicate that 
the reactivation of the basement fault occurred at the time 
of the deposition such as in Rl-15 and Rl-17 (Plates 4 and 
6) .
Fault displacement- A possible clue to the nature of 
reactivation in the fault systems in the area is the 
concept of fault displacement. Displacement refers to the 
movement of two sides of a fault, which could cause 
reflection offset. If the displacement is the same for 
every marker horizon, then the fault can be considered as 
occurring in a single event. However, if the displacement 
differ from marker horizon to marker horizon, then the 
fault can be interpreted as having undergone recurrent
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movements which in turn implies associated thickness 
changes across the fault (Davies, 1974 and Weimer, 1980).

A brief look at the seismic sections of Plate 3, 4, 5, 
6, 7, and 9, reveals that displacement on marker horizons 
varies with depth across both the deep and shallow faults 
in the section. The faults on these seismic profiles show 
apparent increase in offset with depth, which also implies 
larger displacements as velocity increases with depth. On 
R2-58 the two deep seated faults that bound the graben 
indicate an increase of fault displacement with depth, from 
the top of Hamenlie up to the lowest marker horizon, which 
is followed by another reactivation of displacement on the 
top of Gebredarre and Gorrahie. Because of the data quality 
and very small offset displacement, it is difficult to 
identify shallow faults in most of the lines. However, from 
the geological history and from the flexures that can be 
observed on the reflectors, the author thinks that there 
was reactivation of the faults even in late Tertiary.

Post-Jurassic fault system is visible also on the 
seismic profiles from the small offset of reflectors on 
steeply dipping normal faults such as Rl-15 at shot point 
125 and Rl-17 between shot points 300 and 340. Resolution 
of small offset on the deeper reflectors is poorer than for 
shallower reflectors because reflection frequency content



T-3297 68

generally decreases with depth.
At times during the Phanerozoic when the crust was 

highly stressed, the stress was relieved primarily by
movement along pre-existing zones of weakness, that is,
along faults or shear zones. Preexisting zones of crustal 
weakness influenced the later position of younger faults, 
as a result most secondary faults in the area repeat the 
regional fault trends.
Seismic mappinq-In areas where well log control is sparse, 
isotime and time-structural maps constructed from the
seismic data provide more information for a detailed and 
efficient interpretation. Time-structural maps for the top 
of Adigrat and the top of Mid-Hamenlie formations and an 
isotime from the top of Adigrat to the top of Mid- Hamenlie 
(the limestone interval in the area) are constructed
(Figures 20-22) using the Vax system at CSM. These 
time-structure maps are constructed only from time picks, 
therefore does not honour faults as the main aim is to see 
the gross structural trend.

Due to poor data quality, which makes it very 
difficult to pick the top of Adigrat Formation, and an 
unbalanced distribution of the seismic lines (Figure 18), 
the effectiveness of such maps is suspect. The 
interpretation is only on gross view and the program is not
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Figure 20. Top of Adigrat time-structure map. Contour
interval 20 msec.
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Figure 21. Top of Mid-Hamenlie time-structure map. Contour
interval 20 msec.
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Figure 23. Isotime map of the Hamenlie limestone contour
interval 20 msec.
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allowed to interpolate for places where there is no data, 
which is logical for such kind of sparse data.

The time-structure map for the top of Adigrat 
Formation (Figure 20) reveals the existence of some 
localized structures, paleostructural lows and highs before 
the deposition of the Jurassic carbonates. Thus there could 
be buried structural traps in the region. The general 
structural trend is southeast to northwest, which agrees 
with the regional fault trend of the area during lower 
Jurassic, as obtained from the seismic sections (Figure 
19). The lows are sites of maximum limestone accumulation 
according to the isotime map above the Adigrat.

The time structure map for the top of Mid- Hamenlie 
shows almost similar structural trends as that of the 
Adigrat time structure. The time-structure maps of Hamenlie 
and Adigrat formations (Figures 20 & 21) show that in the 
Ogaden Basin the regional structural plan at various levels 
of the sedimentary cover is similar. This is visible in the 
seismic sections too. The Hamenlie is a remenant of the 
Adigrat rudes (cherts and lag gravels) reworked by the 
advancing seas during the Jurassic transgression which 
followed the Paleozoic erosion and Triassic unconformity. 
The time-structures indicate some localized structural 
highs and lows, the horst and grabens that we observed. The
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existence of a Jurassic paleo-lows and paleo-highs could be 
a result of some erosion or faulting in pre-Jurassic.

An isotime map (Figure 22) of the top of Adigrat to 
the top of Mid-Hamenlie limestone reflection events shows 
good relationship between paleostructures and
sedimentation. A thickening over the paleostructural low, 
as well as a localized thin which appears to be associated 
with a small structural highs during the top of Adigrat 
Formation is observed. This would agree with what is 
observed in the seismic sections where sedimentary 
thickness was observed on the down-thrown side of the 
faults (grabens). The general trend of the paleo-highs 
which corresponds to thins is observed to be in southeast 
-northwest trend. Facies thickness change is also observed. 
The isotime maps indicate that there was little variation 
of thickness during the Hamenlie Formation, which indicates 
that the tectonic movement subsided at that time.
Calub-1 well- Good gas flow was encountered in the Adigrat 
Formation at 8990-9300 feet and in the Calub Sandstone at 
11,830- 12,108 feet. The areal extent of this reservoir was 
not tested, but an estimate is made from seismic lines
Rl-15, Rl-14, Rl-16, and R2-57. The time-structure map
(Figure 23) together with the seismic data indicates that
gas is contained in a horst block, with the elliptical
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field being about 20 kilometers long and 7 kilometers wide, 
totalling some 140 square kilometers.

The time-structure map (Figure 23) and the regional 
fault map in Figure 19 show some local structures similar 
to the one about the successful Calub-1. The horst block 
east of the graben that separates it from Calub-1, seems 
the most promising target for gas, if enough analysis is 
done for the spill point gas/water contact of the Calub-1 
well. These horst structures are also visible on the time- 
structure maps (Figures 20 and 21), and on seismic lines ; 
Rl-17, Rl-15 and R2-31. The flanks as well the crests of 
these horsts offer promising targets for drilling in this 
area.

OIL AND GAS PROSPECTS

A discussion of the oil prospects of Ogaden or any 
region, involves analysis of fundamental conditions of 
source and reservoir rocks, caprock, and the existence of 
suitable traps in the area which should be favourable for 
good accumulation of oil. All of these, with possible 
reservations about the last, do exist in Ogaden basin.

Oil seeps around Jigiga, together with good oil and
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gas shows in most of the wells and in particular a good 
potential of gas in Calub well tells us that oil has been 
generated in Ogaden, in the Cetaceous and Jurassic 
carbonates and the Permian shales of Bokh Formation.
Source rocks- The general criteria for the identification 
of oil source rocks is high enrichment of in organic 
fossils and deposition in those parts of the sea where 
oxidation processes of organic matter are limited. Such 
conditions are mostly created during periods of maximum 
transgression or in the restricted basin environments.

In the Ogaden Basin as previously explained, maximum 
transgression (rapid basin development) commenced during 
Uarandab times (Oxfordian- Kimeridgian) and culminated with 
the deposition of the Tithonian evaporites of Gebredarre 
Formation. The Uarandab shales are classified as the best 
source rocks in Ogaden (Cayce et al, 1979). Good oil source 
rocks were also formed during the transgression period 
within sectors separated by some barriers from the open 
sea, in upper to lower Jurassic Hamenlie carbonate rocks 
and evaporites.

Oil source rocks also occur locally in the regressive 
clastic sections of the lower Cretaceous, and have proved 
recently to be very petroliferous in North Yemen and the 
Tawilah Formation of Saudi Arabia.
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Shales of the Bokh Formation (Karroo-Phase) could have 
generated hydrocarbons in Ogaden Basin. This is confirmed 
from the Calub Well, where a commercial gas condensate
field was discovered in clastic sandstones of similar phase 
(Calub Sandstone). Calub Sandstone lies directly on the 
crystalline basement, and neither the basement nor the 
clastic sandstones of the Calub Formation could generate
hydrocarbons. The source could be only the shales of the 
overlying Bokh Formation. Its equivalent formation, the
Khuff in Saudi Arabia is known as a source of gas 
(International Petroleum Encyclopedia, 1984), and in Africa 
south of the Equator the Karroo Group are known for their 
coal and gas production.

Maturity-level analyses utilizing vitrinite
reflectance techniques were taken on samples from several 
wildcat wells drilled in Ogaden Basin by Tenneco Oil 
Company (Cayce and Cary, 1979). This study indicates that 
the Lower Cretaceous with Jurassic section of the Ogaden is 
at the proper maturity level to generate liquid 
hydrocarbons, down to near the base of the Hamenlie 
limestones, while below the Hamenlie limestones the section 
appears to be over-mature and capable of generating only 
dry gas.
Reservoir rocks- a few widely scattered wells (Plate 1)
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have penetrated the Middle Jurassic and a few have also 
penetrated the Pre-Triassic rocks, encountering potentially 
favorable reservoir units at several levels. The most 
attractive and wide spread of these is the sucrosic 
dolomites and limestones of the middle and upper Hamenlie.

The clastic grainstone of the Lower Cretaceous, 
post-rift platform phase sourced by Upper Jurassic high oil 
potential source rocks are also good reservoirs, provided 
seals are not removed by erosion due to the Late Cretaceous 
uplifts. The clastic Calub Formation (of Karroo-rift phase) 
are good reservoirs, sourced by potentially black shales of 
the Bokh Formation of same sequence, Adigrat Sandstone and 
Gorrahie formations are also good reservoirs, with porosity 
and permeability enhanced by diagenetic dolomatization of 
the limestones. The oil accumulations in most formations in 
the area are indigenous to the formations in which they are 
formed, as a result porosity is sometimes low unless 
enhanced by secondary diagenesis dolomitization which is 
common. Fracture-enhanced porosity and permeability due to 
the recurrent deep faulting is also possible in the area. 
Seals-In the lowest part of the section, seals are shales 
of the Bokh Formation, and the transitional shale-limestone 
of the Lower Hamenlie. This is confirmed from the Calub 
well, where a gas condensate field was discovered in the
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Calub sandstones of the same sequence as the Bokh Formation 
and in the Adigrat sandstone underlying the Hamenlie 
Formation.

The hydrochemical deposits of anhydrite and gypsum are 
considered to be the best seals in the middle and upper 
sections. These are common in mid-Hamenlie and Gorrahie 
formations, mainly concenterated in the upper parts of 
these formations. Analogous conclusions can also be drawn 
concerning the shales of Uarandab and Upper Hamenlie 
formations. In the lower sections dense limestone could be 
a good seal because it is less liable than anhydrite to 
fracture without re-sealing through diagenesis or 
plasticity under load.
Traps-As there is no evidence of large-scale compressive 
folding in the region, traps in Ogaden basin are related to 
the basement-controlled block faults and fault-generated 
traps, such as fold drape, fold flexures, rollover 
anticlines, and drag folds.

There are some local anticlines in the area, but they 
are proved to have been caused either by rejuvenation of 
old fault blocks or drag along major faults, and in some, 
by large igneous intrusion. In either case, the movements 
were associated with the Miocene separation of Africa and 
Arabia (Swartz and Arden, 1960) and therefore are good with
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post.-Mesozoic and post-early Tertiary hydrocarbon
accumulations. In Ogaden, the Tertiary cover is very thin, 
unlike that of southern Somalia and Arabia, because 
intensive erosion has been going on since the late Eocene 
uplift of the region. As a result, commercial oil and gas 
accumulations in Ogaden must be sought in older structures 
and stratigraphie traps, because those of the late Tertiary 
have so far been barren of hydrocarbon.

The anticlinal features on Ogaden that have been 
drilled in the last 37 years have been unproductive except 
for Calub-1, and the author thinks that the stratigraphie 
approach to oil finding in the region is the most likely to 
achieve success.

Seismic attribute measurements (amplitude, phase, 
frequency, etc.) are very difficult if not impossible to 
analyse from our present seismic data, but gross-thinning 
over paleo-highs and thickenning of the facies over 
paleo-lows (graben) was observed in the seismic sections as 
well as from the isochron maps (Figure 22) and the 
well-log correlation (Plate 1).

Nearly all the hydrocarbon shows in Ogaden have been 
in the carbonate rocks of the Jurassic and Cretaceous, 
although there has been some shows and discoveries, 
especially gas from the pre-Jurassic sandstones.
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As a result of the large limestone buildup in Ogaden 
both during Cretaceous and Jurassic, a large part of 
southeast Ogaden seems to have good potential for carbonate 
reservoirs. There is an area which was covered by deep- 
water embayment to the southeast of Ogaden adjacent the 
Somali embayment, but this is relatively small when 
compared with the area that was covered by the shallower 
epicontinental seas where bedded limestones were formed 
during the Jurassic and Cretaceous transgressions in the 
region.

Inspite of the affinity which oil has for reefs, great 
quantities of oil do manage to accumulate in the other 
limestone areas. In almost every area of limestone 
production, there are fields which produce from non-reef 
reservoirs. West Texas, with several fields in the 
hundred-million barrels class and dozens of smaller ones, 
is no exception.

The lithology and structure of the Somali embayment 
and southeastern Ogaden are similar to those of the Midland 
basin of west Texas (Barnes, 1976). The former is a 
Mesozoic basin, the latter a Paleozoic basin, but they have 
many similarities, especially in their shelf carbonate 
buildup.

Oil fields in Midland basin in carbonate rocks are
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either in porosity pinchout traps, or in biohermal and 
biostormal reefs, or in anticlinal traps (Adams, 1953). 
These are all good possible types of traps in Ogaden. Such 
areas can be localized from lithofacies isopach maps like 
(Figures 24, & 25) from the Somala side, which shows areas 
of maximum limestone buildup in the late Cretaceous and 
Jurassic where oil accumulation of these ages should have 
occurred and remained despite later Tertiary diastrophism. 
Although this study was made from the Somalia side, still 
it shows the existence of a vast area of bedded shelf 
limestone within the Ethiopian side too. Also, locations of 
structures and reefs in these area can be refined by 
seismic and/pr gravimetric methods.

Stratigraphie traps in clastic sedimentary rock are 
another good possibility for the Ogaden. Facies changes are 
common and sometimes abrupt, particularly in evaporitic 
strata, and in the clastic rocks adjacent to structural 
highs. The Cretaceous in the Ogaden changes facies from 
west to east from sandstone to limestone and gypsum. The 
Cretaceous in northeastern Somalia is about 90 percent 
limestone and 10 percent sandstone, in central former 
British Somaliland, it changed to only 10 percent limestone 
and 90 percent sandstone, and in eastern Ogaden of 
Ethiopia, one-third limestone, one third sandstone (Barnes,
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1976). In the Jurassic compared with the Cretaceous, facies 
changes are less, but still we can see variations in 
thickness and facies from limestone, dolomite, and gypsum. 
In the Hamenlie Formation from south to north, there is a 
facies change from predominantly basinal to shallow-water 
sediments, thus offering possibilities for porosity 
pinchouts, overlaps, and porosity traps.

Subtle unconformity traps on the flanks of the grabens 
and thickness and facies variation that occur across fault 
blocks could provide possible targets for stratgraphic 
investigation in Ogaden basin. In most of the wells there 
are good traces of oil and gas from many horizons 
(mult-pay). The reason for lack of success may be due to 
lack of porosity and permeability.
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FUTURE WORK

Future work based on the study given above should be 
focused on the acquisition of additional seismic data which 
would be suitable for stratigraphie analysis. The 
considerable potential for stratigraphie entrapment of oil 
and gas in the area has not been explored to any 
significant degree.

More geological work must be done in the Ogaden basin. 
Specifically, well logs and core samples from previous 
wells in the region must be reorganized and reinterpreted, 
if it is available. After all, dry wells are not dry of 
geological information. Good information about pinchouts, 
facies changes, and many other important stratigraphie 
attribute measurements can be analysed from such data.

Although stratigraphie analysis might not be possible, 
because of narrow sweeps, reprocessing the existing data 
could enable a more detailed interpretation, and a higher 
confidence level in identifying the zones of interest for 
future works in this vast sedimentary basin.

Shooting a line in north south trend between Rl-14 and 
Rl-16 to see the reservoir extent of the Calub-1 well is 
recommended before production, which is cheaper than 
drilling additional well.
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Future studies should target the paleostructure of the 
area by both geological and/or geophysical methods. 
Geologically, various isopach maps that might indicate 
paleostructure of the area could be constructed. 
Geophysically, gravity and magnetic data might indicate 
basement structure which would help to see trends of 
paleostructure. Also, isochron intervals from the seismic 
data could be used for paleostructure determinations, 
provided lateral velocity changes do not significantly 
affect isochron times. Then an isochron thin can be 
interpreted to denote an area that was paleostructurally 
high, and conversely, a thick would indicate a 
paleostructurally low area during the deposition of the 
unit. This could be useful, particularly with the carbonate 
reservoirs in Ogaden, because structural closure and 
accumulation on carbonate prospects is commonly due to the 
topography generated during deposition of the carbonate 
buildups.

Seismic modeling in one and two dimensions from sonic 
and density logs should be created for each stratigraphie 
unit in the area and compared with actual seismic data to 
see if anomalies can be observed with facies changes.

In general utilization of seismic data to locate 
stratigraphie traps while structural traps are still



T-3297 88

eagerly sought is the recommended exploration strategy for 
Ogaden.
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CONCLUSIONS

1) The Ogaden basin possesses all the basic 
requirements for a petroliferous basin. Hydrocarbons have 
been generated in Jurassic and Cretaceous rocks. 
Conditions of source, reservoir, and caprock exist in the 
Ogaden of Ethiopia which should be favorable for some 
accumulations of oil. The sedimentary column amounts to at 
least 16,000 ft with about 11,900 ft of this in the proper 
oil maturity range. Deformation aside from recurrent 
faulting is slight as the region was in the hinterland. 
Many porous reservoirs are known both from carbonates and 
clastic rocks, and various types of traps probably are 
present. In view of the good amount of gas discovered in 
the Calub well in 1973, several barrels of oil flow from 
the Magan well, and good shows in the other wells, it is 
obvious that the region could be a petroliferous province.

2) The seismic interpretation agrees with the general 
structural style of the Horn of East Africa, that the 
dominant structural style is recurrent extensional block 
fault style rather than compressional folding. A system of 
deep seated block faults probably developed in Precambrian 
time was repeatedly rejuvenated throughout the Mesozoic and 
Cenozoic times along pre-existing fault zones. Major



T—3297 90

paleostructure in Calub area trend southeast-northwest, 
which is related to the rifting that took place in the 
region.

3) There is no evidence of large-scale compressive 
folding in the Ogaden basin like that of the Middle East. 
During the Eocene time strong compressional and tensional 
stresses were active in the Gulf of Suez region, whereas 
only tensional stresses were active further south. The 
result of these stresses caused the opening of the Gulf of 
Suez, and instigated folding movements in the eastern 
Mediterranean countries while strong northwest-southeast 
faults (Red-Sea faults) were developed in the southern 
regions.

4) Fault block movements controls sedimentation in the 
area. Paleo-highs show thinning in the isopachs and 
paleo-lows show thick accumulation. If older paleo- 
structures are present they can be good targets for oil. 
Recurrent movement on the old fault zones has controlled 
thickness variations and facies in Paleozoic and Mesozoic 
strata.

5) The regional correlation indicates that the two 
sides of the Gulf of Aden had many similar geological 
characteristics and there is a good possibility that the 
the formations that are productive in the northern side of
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the Gulf could extend into the Ogaden. From Triassic to 
Cretaceous, sedimentation on both sides of the Gulf was 
controlled by the extensive transgression from the south.

6) Besides the fault-generated traps, stratigraphie 
traps in the clastic sedimentary rocks and carbonate 
reservoirs are another good possibility in the Ogaden 
basin. The Ogaden basin has a good potential for carbonate 
reservoirs as was evidenced from the lithofacies-isopach 
maps of the Jurassic and Cretaceous. Facies changes are 
common and sometimes abrupt, particularly in the evaporitic 
strata, and in the clastic rocks of the Cretaceous. 
Porosity pinchouts and subtle stratigraphie traps 
associated with unconformities and flanks are some of the 
promising traps if they can be delineated by seismic.
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