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Geology and petroleum resources of north-central and northeastern Africa

By

James A. Peterson

ABSTRACT

Large petroleum deposits in north-central and northeastern Africa are
present in the Sirte Basin of Libya, the western Sahara region of Algeria,
the Pelagian platform offshore from eastern Tunisia, and in the Western Desert
Basin, Gulf of Suez, and Nile Delta in Egypt. Approximately 55 major fields
(where estimated recovery is greater than 100 MMBOE), of which 15 are giants
(estimated recovery, greater than 1 BBOE), have been found in these provinces.
Total estimated ultimate production from existing fields is 60 BBO and 100 Tcf
gas; estimated undiscovered petroleum resources are 26 BBO and 93 Tcf gas.

The post-Precambrian sedimentary basins of north Africa were related to
the development of the Sahara platform during at least four main tectonic
episodes——the Caledonian, Hercynian, Late Cretaceous—early Tertiary, and
Alpine cycles. The sedimentary cover of the platform, which includes rocks
of all geologic systems, ranges in thickness from less than 1,000 m (3,250 ft)
in the south to more than 9,000 m (30,000 ft) along the Mediterranean coast.
Paleozoic rocks are primarily continental, deltaic, and nearshore marine
sandstone and shale, which are reservoir and source rocks for petroleum in the
the central and western parts of the Sahara platform. Early Mesozoic rocks
were deposited in a continental and restricted marine environment and contain
red beds and evaporites, including salt, which are seals for oil and gas
fields. Late Mesozoic and Tertiary rocks are related to the development of
the Mediterranean Tethys geosyncline and are characterized by numerous
transgressive-regressive cycles of the Tethyan seaway. Marine carbonate and
shale facies are dominant in the Upper Jurassic, Cretaceous, and lower Tertiary
section of northern Libya, the eastern Tunisia-Pelagian platform, and northern
Egypt. Late Tertiary beds are continental clastics on most of the platform,
except near the Mediterranean.

Basins in the western Sahara of Algeria, southern Tunisia, and north-
western Libya contain approximately 105 oil and gas fields, of which 17 are
major accumulations; these have an estimated ultimate recovery of 13 BBO and
55+ Tcf gas. Estimated undiscovered resources are 8 BBO and 25 Tcf gas.
Reservoir rocks are continental and marine sandstones of Cambrian-Ordovician,
Silurian, Devonian, Carboniferous, and Early Triassic age. The best source
rocks are Silurian graptolitic shale and Devonian and Carboniferous marine shale.
Most accumulations are on anticlines or faulted anticlines, many with a long
history of structural growth.

Several small onshore fields are present in eastern Tunisia, producing
mainly from Cretaceous and early Tertiary marine clastic and carbonate
reservoirs. Several gas and oil fields have been found in the offshore
Pelagian platform, which contains a thick marine sedimentary section.
Reservoirs are Lower and Upper Cretaceous, Eocene, and Miocene carbonate
rocks. Lower Tertiary and Upper Cretaceous marine shales probably are the
best source rocks. Fields are on anticlines or faulted anticlines.
Estimated undiscovered resources are 3.6 BBO and 20 Tcf gas.



The Sirte Basin is oil prone and contains approximately 100 oil fields,
21 of them major accumulations, of which 10 are giants, with estimated ultimate
recovery of 37 BBO. Estimated undiscovered resources are 9.4 BBO and 18 Tcf
gas. Reservoir rocks are sandstones and quartzites of Cambrian-Ordovician,
Early Cretaceous, and basal Late Cretaceous age, and marine carbonates of
Late Cretaceous—-Paleocene and Eocene age, including reefs and skeletal banks.
Source rocks are marine shales of Late Cretaceous, Paleocene, Eocene, and
Oligocene age. Most accumulations are on north-northwest to south-southeast
trending palechorsts of Late Cretaceous to Miocene age. Stratigraphic
pinchouts, discontinuous sandstones, and isolated reef and other carbonate
bodies are common on and near the paleohorsts.

The Western Desert Basin in Egypt has approximately 12 small oil and gas
fields that have estimated ultimate recovery of 300 to 500 MMBO, and unknown
but small reserves of gas. Estimated undiscovered resources are 1.7 BBO and
5.2 Tcf gas. Reservoirs are Cretaceous and Jurassic sandstones and Upper
Cretaceous and Eocene carbonate rocks. Source rocks are Cretaceous and
possibly Jurassic marine shales. Fields are mainly on faulted anticlines;
some are structural-stratigraphic accumulations. Potential for large
accumulations probably is small.

The Suez Graben, which lies within the Gulf of Suez and extends also
onshore, is a Tertiary basin that contains approximately 35 oil fields, 13 of
which have estimated recoveries, each greater than 100 MMBO. Estimated
ultimate recovery from known fields is 6 BBO. Estimated undiscovered resources
are 2.4 BBO and 3.2 Tcf gas. Reservoirs are Miocene sandstones and reefy
carbonate rocks, Cretaceous and Carboniferous ("Nubian") sandstones, and
Eocene carbonate rocks. Source rocks are Upper Cretaceous marine shale and
bituminous limestone and Eocene bituminous limestone. The basin is oil promne.
Accumulations of o0il in the basin are mainly on tilted fault blocks beneath
Miocene salt that forms the main seal.

The Nile Delta is gas prone. Several small gas fields have been
discovered in Pliocene-Miocene deltaic and nearshore marine sandstone
reservoirs. Source rocks are marine and coastal marine carbonaceous shales.



INTRODUCTION
Information sources

The information used in preparing this report was compiled from many
sources, particularly from the reports of Said (1962), Conant and Goudarzi
(1967), Bishop (1975), El Shazly (1977), Burollet (1967), U.S. Department of
Energy (1979), Parsons and others (1980), Brown (1980), Pallas (1980), and
Salem and Busrewil (1980), articles from The 0il and Gas Journal and World 0il,
and the information files of Petroconsultants, S. A. Additional references
are listed in the bibliography. Compilation on the project was completed in
1982 ; the report does not include data made available since that time.

Geography

The petroleum provinces of north Africa cover an area of about
2 million km2 (725,000 mi2) and include parts of Egypt, Libya, Tunisia, and
Algeria and the adjacent offshore Mediterranean Sea to a water depth of 1,000 m
(3,250 ft) (fige. 1; table 1). The productive provinces lie between about
lat 25° and 35° N. and long 0° and 33° E. The topography of this area ranges
from relatively flat basins with tablelands and plateaus to the hills or low
mountains of the Sinai, Cyrenaica, Jefara, and central Libya. Elevations are
generally less than 350 m (1,000 ft) but increase to 350 to 1,000 m (1,000 to
3,000 ft) on the south, where the region is bounded by uplifted areas of
Precambrian rocks, including the Ahaggar Massif, Tibesti Uplift, Jabal-Al
Uwaynat Uplift, and the Arabian-Nubian Massif (fig. 2). Most of the region
is within the great north African (Sahara) desert, and large segments are
covered with sand dunes or other eolian deposits. Desert climate with
negligible precipitation is prevalent almost everywhere except for the coastal
areas of northern Libya and Tunisia, where precipitation is more than 10 inches
(25 cm) per year. Temperatures average 80° to 90° F during midsummer and 50°
to 60° F in midwinter.
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Basement

Basement rocks in the north African Sahara are granitic, volcanic, and
metamorphosed sedimentary rocks of Precambrian and perhaps, in part, lowermost
Paleozoic age (Sander, 1968; El Shazly, 1977; Goudarzi, 1970; Klitzsch, 1968).
At least three orogenic cycles of Precambrian age, which have been described,
determined the basic structural pattern of the African continent.

Cambrian - Ordovician

Except where eroded on Hercynian uplifts, conglomerate and sandstone of
Cambrian age overlie basement rocks in all basin areas of the platform.
Cambrian—-Ordovician rocks are thin or absent in parts of the Sirte Basin and
on the Algerian anticlinorium and in much of Egypt (figs. 2, 3, 5, 7, 9, and
10) but are 1,000 m (3,250 ft) thick or more in central and northwestern
Algeria, northwestern and southeastern Libya, and on the Cyrenaica platform in
northeastern Libya and northwestern Egypt. These clastic beds are continental
in origin to the south but contain marine shale and sandstone beds to the north
and northwest, particularly in the Ordovician part of the section. In parts of
north Africa, glacial till is present in the uppermost Ordovician. Cambrian
and Ordovician sandstones are reservoirs in numerous fields in Algeria,
southern Tunisia, and Libya.

Silurian

Ordovician rocks are overlain unconformably by widespread black to dark
gray, commonly bituminous graptolitic shale of Silurian (Gothlandian) age,
300 m (1,000 ft) or more thick in places, which are the main source beds for
petroleum in Algeria and parts of Tunisia and northwestern Libya (figs. 3-7,
and 12). The bituminous shale beds are overlain by a regressive marine
sandstone unit, which is present in most of the Sahara platform except where
removed by Hercynian erosion.

Devonian

Devonian rocks, which unconformably overlie Silurian sandstone beds, are
marginal marine or continental sandstone, siltstone, and shale beds, which
become more marine to the north and northwest. Carbonate beds intertongue with
clastic beds to the west, and Devonian reefs are reported in the Bechar and
Tindouf Basins of western Algeria and southwestern Morocco. Devonian rocks are
absent because of Hercynian erosion in much of north~central and northeastern
Algeria, northwestern Libya, the Sirte Basin, and most of Egypt. They are
thickest, as much as about 1,000 m (3,250 ft), in the I1lizi, Ahnet, Bechar,
and Tindouf (southwest of Bechar) Basins in Algeria, and the Hamada Basin and
Cyrenaica platform in Libya (figs. 2-7).
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Carboniferous

Carboniferous rocks are shallow-water marine and nonmarine sandstone,
siltstone, and shale, which are unconformable on Devonian rocks in most of
Libya and southern Algeria, but are probably conformable in the Illizi, Ahnet,
Bechar, and Tindouf Basins of Algeria. The Carboniferous marine transgression
spread across most of the Sahara platform from the west and northwest, and
erosion rook place on several of the main uplifts at this time, including the
Algerian anticlinorium, Nefusa Uplift, Amguid spur, and other associated north-
south uplifts, Gargaf Arch, Tibesti-Sirte Arch, and Jamal-Al Zalmuk Uplift
(figs. 2-7). Carboniferous rocks are thickest, 1,000 m (3,250 ft) or more, in
the I1lizi, Ahnet, Bechar, and Tindouf Basins in Algeria, the Hamada Basin and
the Jefara trough in northwestern Libya, and the Cyrenaica platform in north-
eastern Libya. Several hundred meters of Carboniferous sandstone and shale
are also present in parts of northeastern Egypt, particularly in the Suez
Basin, which probably was subsiding at this time (Said, 1962).

Permian

Permian rocks apparently are absent on almost all of the Sahara platform
as a result of prolonged Hercynian emergence. Thin clastic beds of possible
Permian age may be present in the northwestern part of the Hamada Basin south
of the Nefusa Uplift, which rose rapidly at this time. Concurrently, the
east-west Jefara trough, immediately north of the Nefusa Uplift, was strongly
downwarped and received a great thickness of fine clastic and carbonate units
of Permian age, including reefal carbonate deposits, 4,000 m (13,000 ft) or
more thick (Bishop, 1975; Burollet and others, 1978) (figs. 2, 3, and 6).

Triassic

After Hercynian emergence, Mesozoic transgression from the north
(Tethys) deposited a widespread marine and continental clastic unit ("Trias
Argilo-Greseux") in northern and central Algeria, which unconformably overlies
beds ranging in age from Carboniferous to Cambrian or Precambrian (figs. 3, 4,
6, and 13). These rocks are productive o0il and gas reservoirs in Algeria and
southern Tunisia. Thin Triassic clastic beds also are present in northern
Egypt, the Sinai, and the Gulf of Suez (El1l Shazly, 1977). In the western
Sahara, the basal Triassic clastic unit is 0 to 500 m (0 to 1,600 ft) thick and
grades upward into a marine shale, dolomite, anhydrite, and salt unit ("Trias
Argileux-Salifere"”), which in turn is overlain by the "Trias Salifere," a
predominantly salt unit. These beds are 0 to 1,000 m (0 to 3,250 ft) or more
thick and are the main regional seal for numerous Triassic and Paleozoic o0il
and gas fields in Algeria, northwestern Libya, and southern Tunisia.

Jurassic
Lower Jurassic (Lias) salt and anhydrite O to 500 m (0 to 1,600 ft) or

more thick overlie Triassic evaporites in central and northern Algeria and
Tunisia, and in northwestern Libya north of the Nefusa Uplift. These beds
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grade into overlying Upper Jurassic marine fine clastic deposits and limestone
0 to 500 m (0 to 1,600 ft) thick in northern Algeria and southern Tunisia and
more than 1,000 m (3,250 ft) thick in eastern Tunisia and the Pelagian platform
north of the Nefusa Uplift (Bishop, 1975). The Upper Jurassic carbonate facies,
which represents the first widespread transgression of the Tethyan sea, is also
present in northeastern Libya and northern Egypt and in northeastern Egypt
adjacent to the Mediterranean coast (figs. 4, 6, 7, 9, 10, and 13). Jurassic
continental sandstone beds may be present in the "Nubian'" sandstone facies in
southern Libya and Egypt.

Cretaceous

Periodic transgressions of the Tethyan sea continued across the Sahara
platform during the Cretaceous, becoming increasingly more widespread with
time, and reaching as far south as northern Sudan and southern Libya in
Cenomanian time. It is questionable whether the maximum Cretaceous
transgression established a narrow linkage between the Tethys and south Atlantic
oceans through Niger and Nigeria (Furon, 1963; Kennedy, 1965; Nairn, 1978;
Reyment and Reyment, 1980; Petters, 1979a, 1979b).

Lower Cretaceous beds are represented by part of the continental "Nubian"
sandstone facies ("Continental Intercalaire" in Algeria) in Egypt, southern
Libya and southern Algeria. The "Nubian" grades northward into a nearshore
marine facies, which contains some marine limestone in northern Algeria, Tunisia,
northwestern and northeastern Libya, and northern Egypt. Age of the "Nubian"
is questionable; the lower part may be as old as Carboniferous and the upper
part as young as Late Cretaceous in places. Thickness of the "Nubian" and its
Lower Cretaceous marine equivalent ranges from 100 to 200 m (325 to 650 ft) or
less in the south to 1,000 m (3,250 ft) or more in northern Algeria, Tunisia,
the Pelagian and Cyrenaica platforms, and northern Egypt (figs. 4-10, and 13).
Thickness of these rocks may be 3,000 m (10,000 ft) or more in the subsurface
of northern Egypt along the Mediterranean coast.

During Late Cretaceous time, the northern part of the Sahara platform
continued to tilt northward into the Mediterranean Tethys region, accompanied
by north-northwest to south-southeast rifting, which formed the Sirte Basin
and probably affected parts of northern Egypt. Upper Cretaceous rocks are
dominated by a thick Tethyan shelf carbonate and offshore marine shale facies
to the north, which becomes intertongued with nearshore marine and continental
sandstone facies to the south. In the Sirte Basin, a basal nearshore marine
sandstone unit, resting on Cambrian-Ordovician or Precambrian rocks, is
present. The basal sandstone is thickest on horst blocks and grades upward to
predominantly carbonate beds, which may be reefy on horst blocks, and dark
marine shale, which is thicker and highly bituminous in adjacent grabens. 1In
the Erg Occidental and Erg Oriental Basins in Algeria, Upper Cretaceous rocks
are marine carbonate and clastic deposits and some evaporites, including a
thin salt layer (figs. 4 and 6). Upper Cretaceous rocks are
thickest in basinal areas bordering the Mediterranean in north Africa and are
1,000 m (3,250 ft) or more thick in northern Algeria, eastern Tunisia, the
Pelagian platform, graben troughs of the Sirte Basin, and several small Late
Cretaceous basins in northwestern Egypt (figs. 4, 10, and 13). Marine
phosphatic beds of latest Cretaceous age are present in west-—central Egypt.
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Tertiary

Tertiary rocks that have petroleum potential in north Africa are confined
to the region bordering the Mediterranean Tethys seaway, including the Sirte
Basin, the Pelagian platform, Western Desert Basin, Nile Delta, and the Nile
and Suez Grabens. Tertiary sedimentary facies are primarily marine carbonate
and fine clastic deposits as much as about 3,000 m (10,000 ft) thick, except
for the deltaic, alluvial, and marine clastic deposits of the Nile Delta, which
are 5,000 m (16,000 ft) thick or more (fig. 15). The Tethys marine
transgression, which began in Late Cretaceous time, continued into the early
Tertiary and extended as far south as central Egypt and southern Libya, where
preserved Tertiary rocks are mainly remnants of a thin carbonate and fine
clastic section not more than a few hundred meters thick (figs. 9 and 10).
Tertiary rocks are thin or absent in the western Sahara region of Algeria and
western Libya, and where present are primarily continental clastic beds of
Miocene-Pliocene age a few hundred meters thick or less (figs. 3 and 4).

Paleocene and Eocene carbonate rocks and marine shale are as much as
2,000 to 3,000 m (6,500 to 10,000 ft) thick in northeastern Tunisia, the
Pelagian platform, and the Sirte Basin, 1In these areas, this facies contains
reef or carbonate mound buildups, including the nummulites reservoir facies,
which are good reservoir rocks, and widespread marine shale of Eocene age,
which are good seals. According to El Shazly (1977), parts of northern Egypt
may have been structurally high during the Paleocene-Eocene, as these beds
are more sandy and thinner than beds to the south, where marine carbonate
rocks are more prevalent. Equivalent beds in the Gulf of Suez are mainly
marine carbonate and fine clastic beds, where thickness of more than 500 m
(1,600 ft) is greater than that in surrounding areas and indicates subsidence
of the Suez graben at this time.

Clastic sedimentation, including thick northerly derived molasse deposits
in Tunisia, was more dominant in Oligocene time, which also was a time of uplift
and erosion in much of the eastern Sahara and Egypt. Relatively thick marine
carbonate beds are present in the Pelagian platform but tend to be shaly rather
than reefy. 1In the Sirte Basin, Oligocene rocks are primarily marine shale.

The final transgression from the Mediterranean region took place during
the early Miocene when marine carbonate and shale beds were deposited in
eastern Tunisia, the Pelagian platform, Sirte Basin, Cyrenaica platform,
Western Desert Basin, and in the Suez Graben where reef beds are significant
0il reservoirs. During the middle and late Miocene, widespread regression
of the Tethys Sea occurred, related to Alpine orogeny in the Mediterranean
region. Continental and nearshore marine deposits are prevalent in beds of
this age, and thick deposits of calcium sulfate and salt were laid down in
the Suez graben, the Red Sea, and the central Mediterranean.

The Sahara platform was a region of general uplift during the Pliocene;
deposits of this age are relatively thin or absent over most of the platform.
Continental clastic deposits are present in parts of Algeria and southern
Tunisia, and marine Pliocene beds are present in Tunisia, in offshore areas
of the Pelagian platform, and in northern Libya and northern Egypt. 1In the
Gulf of Suez, Pliocene sediments as much as 500 m (1,600 ft) thick grade from
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Ramadan field.

A, southwest-northeast, July field,

B, southwest-northeast, Ramadan field (Brown, 1980).
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marine clastic deposits in the south to continental gravel and sand in the
north. According to El Shazly (1977), at this time, the proto-Nile River
formed in the Nile graben, a fracture system more or less parallel to the
Red Sea graben. Post-Miocene sediments several thousand meters thick in the
Nile Delta north of Cairo consist of shallow marine sand and shale that,
because the modern delta was forming, are increasingly sandy and deltaic
upward.

Quaternary

During Quaternary time, the Mediterranean shoreline in north Africa
regressed slightly to the north, and a veneer of dune, small lake, and alluvial
sand and fine clastic units was deposited on the Sahara platform. The Nile
Delta accumulated as much as about 800 m (2,500 ft) of sand and clay. Some
oolitic carbonate beds were deposited along the Mediterranean coast, and
several hundred meters of marine clastic deposits accumulated on the Pelagian
platform.

PETROLEUM GEOLOGY
Sirte Basin

The Sirte Basin in northeastern Libya contains approximately 100 oil
fields, 21 of them major accumulations (greater than 100 MMBO), of which at
least 10 are giants (greater than 1 BBO), and 8 gas fields; it is the most
economically important north African petroleum province (fig. 1; table 2).
The largest field is Sarir, which has an estimated ultimate production of
6.5 BBO (fig. 1; table 2). The basin is oil-prone; only one major gas field,
Hateiba (17 Tcf) in the north-central part, has been found. To date,
approximately 15 BBO have been produced in the basinj; remaining reserves are
approximately 23 BBO; and undiscovered resources means are estimated to be 9
BBO and 18 Tcf gas (figs. 16 and 17). The basin covers about 500,000 km?2
(190,000 mi2) and contains approximately 1,800,000 km3 (440,000 mi3) of
sedimentary cover, primarily of Mesozoic and Tertiary rocks.

Paleozoic rocks are generally thin or absent in the basin owing to late
Paleozoic Hercynian uplift. However, erosional remnants of fractured
Cambrian-Ordovician quartzite beds, as much as 600 m thick, are reservoir
rocks in several oil fields of the basin, particularly in the western part
(figs. 5, 7, and 12). Subsidence and northward tilting of the Paleozoic
high began in Late Cretaceous time as the Mediterranean Tethys geosyncline
opened and the Cretaceous seaway transgressed southward. The subsidence was
accompanied by the formation of a northwest-southeast horst and graben system,
which set the basic structural pattern of the modern basin. Growth of the
horst and graben system continued until Paleocene time, after which the
basin began to sag and finally was covered by widespread late Neogene
continental deposits several hundred meters thick. Basal Upper Cretaceous
or upper Lower Cretaceous sandstones of different thicknesses unconformably
overlie Precambrian or Cambrian-Ordovician rocks in most of the basin
area. These clastic beds grade upward into Tethyan carbonate and shale
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(MMBO, million barrels of oil;

Table 2.--Data on major fields, north central and northeast Africa

BBO, billion barrels of oil; Tef, Trillion cubic feet; mD, millidarcy;

cond., condensate; N, net; G, gross; GOR, gas/oil ratio; pct., percent; ss., sandstone)
No. of Depth Reservoir Porosity Proved 0il
Field name and producing to top (Age and Thickness and Cumulative ultimate Gravityj Sulphur
discovery date Structure wells of pay lithology) of pay permeability Production production (API) {(percent) Remarks
ALGERIA 122 Bef (1969) 5.6 Tcf gas On production 1965; water drive;
Anticline & 2075- 6-14 m 6-25 pct. 12 MMB cond. 300 MMB Cond. cond./gas ratio: 67.5 B/MMCF
Alrar (1954) stratigraphic 37? 2460 m Dev. ss. (N) 35-7000 mD (1971) 235 MMBO 47.5 Low gas
Draa El Tamra Anticline- 30 m (av)| 15 pect. On production 1975; GOR: 1300;
(1971) stratigraphic 3700 m Lower Tri. ss. (N) 150 mD 100 MMBO 45 0.1 water drive
Edjeleh (1975) 178 MMBO (1979){ 220 MMBO On production 1957
El Agreb-Zotti- Faulted 70m 13-23 pct. On production 1960; GOR: 1040;
El Gassi (1960) anticline 83 3065 m Camb. ss. (N) 30-100 mD 213 MMBO (1978)| 525 MMBO 45-48 0.12 water drive
El Borma (ouest) Faulted 45 m 14-20 pct. On production 1969; GOR: 1250; water
(1967) anticline 8 2378 m Lower Tri. ss. (N) 45-380 mD 54 MMBO (1978) 100 MMBO 43 and solution gas drive
Faulted 1390- 68 m 15 pct. 500 MMBO
Gassi Touil (1961)| anticline 93 1690 m Lower Tri. ss. (N) 15-100 mD 305 MMBO (1978)| 2.7 Tef gas 43-47 0.02 On production 1963
Guellala and Faulted anti- 3324- 95 m 15 pct. On production 1972; GOR: 1300;
Guellala NE (1969)|cline-stratigr. 2t 3600 m Lower Tri. ss. (G) 150-200 mD 42 MMBO (1978)| 130 MMBO 40-45 0.1 water drive
Haoud 3175- 27 m 2-16 pct. 300 MMBO
Berkaoui (1965) Anticline 10 3225 m Lower Tri. ss. (N) 10-130 mD 132 MMBO (1978)| 1.3 Tcf gas 43-46 0.1 On production 1965; GOR: 1319
Hassi Messaoud Anticline- 180 m 2-13 pct. 9 BBO On production 1956; GOR: 790; water &
(1956) stratigraphic 350 3110 m Camb. ss. (N) 0-1000 mD 2.7 BBO (1979) 7 Tcf gas 43-49 0.13 solution gas drive; gas injection 1976
Dome and 2135- 52 m 5-22 pct. 2.5 Tcf gas; 135§ 50-75 Tcf gas On production 1961; gas/cond. ratio:
Hassi R'Mel (1957)| stratigraphic 152+ 2185 m Lower Tri. ss. (N) 100-1000 mD {MMB cond. (1978){ 3.0 BB Cond. 53 45B/MMCF; water & gas expansion drive
Mereksene (1974) Anticline 10 2100 m Dev. ss. 56 MMBO (1978