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SUMMARY

A full report has been compiled describing the findings of the
International Uranium Resources Evaluation Project (IUREP) Orientation Phase
Mission to Somalia.

The Mission suggests that in addition to the reasonably assured
resources (RAR) of 5 000 t uranium and estimated additional resources (EAR) of
11 000 t uranium in calcrete deposits, the speculative resources (SR) could be
within the wide range of 0 - 150 000 t uranium. The majority of these
speculative resources are related to sandstone and calcrete deposits. The
potential for magmatic hydrothermal deposits is relatively small.

The Mission recommends an exploration programme of about
US $ 22 000 000 to test the uranium potential of the country which is thought
to be excellent. The Mission also suggests a reorganization of the Somalia
Geological Survey in order to improve its efficiency.

Recommended methods include geological mapping, Landsat imagery
interpretation, airborne and ground scintillometer surveys, and geochemistry.
Follow-up radiometric surveys, exploration geophysics, mineralogical studies,
trenching and drilling are proposed in favourable areas.

INTRODUCTION

During the bibliographical study, the first phase of the International
Uranium Resources Project (IUREP), Somalia was rated as one of the countries
having a good potential for uranium and warranting further evaluation.
Following a meeting at which the IUREP Orientation Phase was discussed with
representatives of those countries having a good potential, the Somali
authorities requested an Orientation Phase Mission. This Mission was
undertaken by two consultants, E. MOller-Kahle and R. A. Levich, from
February to April 1983.

The Mission wishes to acknowledge the excellent cooperation of Somali
officials. They especially wish to thank Mr. Mohammed Said Abdi, Director,
and Mr. Ibrahim Ali Esra, Chief Cartographer of the Geological Survey
Department, as well as Messrs. R. T. Cannan, Chief Technical Advisor,
B. C. Sinha, Chemist; M. D. Baker, Geochemist; M. G. M. Julin, Geologist; and
Ali Yusuf Ahmed, Junior Programme Officer of the UNDP for advice and help.

The full report on the mission is available for study at the location
listed in Annex of this report.

GENERAL GEOGRAPHY

The Somali Democratic Republic covers an area of 637 657 km^ in East
Africa and is bounded by the Indian Ocean, the Gulf of Aden and the nations of
Kenya, Ethiopia and Djibouti. The country is generally mountainous in the
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north and dominated by an eastward sloping plateau. It is drained by three
river basins: the Nogal, the Shebeli, and the Juba. Somalia is generally hot
and arid and the climate consists of two dry seasons and two rainy seasons.
The population is dominantly comprised of Somalis and was estimated in 1975 at
ca. 3.8 millions. The SDR received Independence in 1960 and has a
presidential- parliamentary form of government dominated by the Somali
Revolutionary Socialist Party and the Somali Armed Forces.

Somalia has no railways and under 20 000 km of roads, ca. 10% of which
are paved. The Somali economy is based on agriculture consisting of livestock
production and cultivation. Mineral production was estimated in 1978 at
US$ 140 000 or ca. 0.03% of Somalia's GNP.

Topographic maps as well as aerial photographs are very difficult to
obtain. Topographic maps have been published at scales of 1:1 000 000,
1:500 000, 1:250 000, 1:125 000 and 1:100 000 for all or part of Somalia.
Conventional aerial photographs cover 96% of the country at a scale of
1:30 000 (northern Somalia) and 1:60 000 (most of southern Somalia).
Satellite imagery covers Somalia in 43 frames. Available geological maps of
Somalia consist of two series at 1:250 000 and 1:125 000 respectively and were
produced by British geologists, mainly before 1960. These maps cover parts of
northern Somalia, exclusively. There are no published geological maps of
southern or central Somalia.

GOVERNMENTAL ORGANIZATIONS FOR GEOLOGICAL AND MINING ACTIVITIES

All geological and mining activities are under the authority of the
Geological Survey and the Mining and Hydrocarbons departments of the Somali
Ministry of Mineral and Water Resources in Mogadiscio. The Geological Survey
has a staff of 128 persons including 29 professionals. Its projected budget
for 1983 is ca. US$ 2.2 million. There is a U.N.-TCD project to strengthen
the Geological Survey with a projected 1983 budget of US$ 450 000. The Mining
and Hydrocarbons department has a projected budget of ca. US$ 3.7 million.

The overall technical capabilities of the Geological Survey for uranium
exploration is very limited. Radiometric instruments are available but most
are unserviceable or in deteriorating condition. The geochemical laboratory
is equipped with a fluorimeter that has remained unused since 1974, but is
headed by a highly qualified UN chemist working under extremely difficult
circumstances. For all practical purposes, the Geological Survey has neither
the experienced technical personnel nor the modern field equipment to conduct
uranium exploration.

The Geological Survey's small library is almost totally disorganized,
contains few references on uranium geology and no up-to-date periodicals.
Many important reports are in deteriorating condition or are unavailable.

MINING LEGISLATION

Although a new mining code is in preparation (1983), current
regulations consist of the Mining Code (Law No. 77 of 22-11-70) and the Mining
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Regulations (Presidential Decree No. 173 of 3-4-71). The Mining Code empowers
the State to grant permits, licences and leases for exploration, mining and
production of mineral resources, and enumerates the period and type of
prospecting permits and mining permits and leases. The Mining Regulations
state the responsibilities and financial commitments for mining permits and
leases, and provides for a 5% net royalty for all minerals removed.

CONTRACTUAL MODELS FOR URANIUM EXPLORATION AND MINING

The Somali Government concluded uranium exploration and mining
agreements in 1968-69 with SOMIREM of Italy; Western Nuclear of the USA; and
a German consortium which included Uranerzbergbau-GmbH and
Urangesellschaft mbH. In 1977 Somalia entered into an agreement with the
Government of Iraq and the Arab Mining Company of Jordan to exploit the
calcrete uranium deposits of the Mudugh area.

SOMIREM (and its successor Nucleare Somala) was granted an exclusive
license to prospect, explore and develop more than 8 000 km^ in the Bur area
of southern Somalia which contained known radiometric anomalies. Western
Nuclear's subsidiary, White Star Mining Co., was granted a similar license for
an adjoining area. The Somali Government received participatory shares in
both ventures, but tax provisions included brief tax holidays and low taxes
for several years.

MANPOWER IN MINERAL EXPLORATION

Somalia has a shortage of young field geologists, although many of the
Geological Survey's professional staff have advanced degrees from foreign
universities. The Geological Faculty of the Somali National University offers
a four year course in geology and graduates ca. five geologists annually.

GEOLOGY OF SOMALIA (Fig. 1)

Seven major orogenies have been described in various parts of Africa
and range in age from the Archean through Tertiary times, however the two main
periods of deformation were the Kibaran (900-1 200 MY) and the PanAfrican
(450-600 MY), which were concentrated in several mobile belts. Outside the
mobile belts broad basins separated by upwarps have been formed by epirogenic
deformation. Phanerozoic strata are generally of continental or marginal
marine origin and rest unconformably on crystalline Precambrian rocks. The
most spectacular structures in Africa are the rift valleys which extend from
Mozambique to the Red Sea. Volcanism has occurred in Africa throughout
geologic time.

The geology of Somalia is, for the most part, poorly understood. A few
areas of northern Somalia have been mapped and studied, but most of the
country remains unmapped, geologically. Correlations between remote
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Figure 1 SOMALIA GEOLOGICAL MAP (UNDP, 1972)
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stratigraphic units are poorly documented. Rocks are commonly poorly exposed,
deeply weathered and/or covered by Quaternary deposits. Somalia's geologic
section consists of Precambrian, Mesozoic and Cenozoic rocks.

Precambrian rocks which are exposed over 30 000 km2 of northern
Somalia, and underlie 22 000 km^ in the Bur area of southern Somalia can be
correlated with both African and Arabian complexes.

The Archean rocks consist of gneisses, migmatites and amphibolites
which in northern Somalia are placed in the Daabrurruk Series and in the Bur
area belong to the Olontole Series. Absolute ages appear to have been reset
by thermal events during the Kibaran and PanAfrican orogenies.

The oldest Lower Proterozoic rocks in northern Somalia are quartzites,
metavolcanics, schists, gneisses, marbles and amphibolites of the Arapsio Dobo
Series. In the Bur area, equivalent rocks are quartzites, marbles, calc-
silicates and gneisses of the Dinsor Series. The youngest Lower Proterozoic
rocks in northern Somalia are amphibolites metadolerites, gneisses, schists
and ultraciafics of the Borama-Baraksan Series. No Precambrian rocks younger
than early Proterozoic have been reported from southern Somalia.

The Abdul Qadr Series consists of greenstones, meta-volcanics, schists,
quartzites, phyllites and marbles of late Proterozoic age exposed in northern
Somalia. It is overlain by the Upper Proterozoic greenstones, meta-volcanics,
schists, limestones and quartzites of the Heis Series.

The rocks of the late Proterozoic Inda Ad Series are cataclastically
metamorphosed clastic sediments ranging from mudstones to sandstones and
conglomerates, which are exposed in northern Somalia. Close to intrusive
granites these rocks have been thermally metamorphosed. The strata have been
compressed into tight, locally isoclinal folds. The Inda Ad Series shows
increased folding and metamorphism from east to west. These Upper Proterozoic
rocks may unconformably overlie all other rocks of Precambrian age, however
this idea is considered controversial.

Jurassic strata unconformably overlie Precambrian rocks in both
northern and southern Somalia. The Lower Jurassic Adigrat Sandstone consists
of sandstones, conglomerates and interbedded siltsones, limestones and
basalts, exposed in both southern and northern Somalia. The Upper Jurassic
Iscia Baidoa Formation overlies the Lower Jurassic strata, consists of
sandstones, conglomerates and limestones, and is in turn overlain by shales,
marls and limestones of the Anole Formation. The Upper Jurassic Uegit
Formation overlies the Anole strata and consists of reef and algal limestones
and calcarenites, which are overlain by limestones, marls dolomites and quartz
sandstones of the late Jurassic to early Cretaceous Garbaharre Formation.

In central and southern Somalia Cretaceous rocks overlie strata of
Jurassic age, but in northern Somalia they commonly unconfonnably overlie
rocks of Precambrian age. In early and middle Cretaceous times sediments were
mainly chemically deposited, however in the late Cretaceous period mostly
clastic sediments were deposited.

The Main Gypsum Formation, comprised mainly of massive gypsum and
anhydrite interbedded with marly shales and claystones lies at the bottom of
the Lower Cretaceous section. It is conformably overlain by the massive
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gypsum and green gypsiferous shales of the Mustahil Formation which in turn is
conformably overlain by the anhydrite, gypsum, dolomites and limestones of the
Fer Fer Formation. The Jesoma Formation - Nubian Sandstone of late Cretaceous
to Paleocene age overlies the Belet Uen Formation and consists of coarse
grained red and brown non-marine sandstones interbedded with variegated
claystones or gray to black pyritic lignitic shales. The Jesomma Formation-
Nubian Sandstone lies at the top of the Mesozoic section.

Tertiary and Recent sediments are found near Somalia's coastal areas
and represent a wide variety of depositional environments. Paleogene
(Paleocene-Oligocene) rocks crop out only in northern Somalia. The Aurudu
Formation overlies the Cretaceous-Paleocene Jesomma Formation with
questionable conformity and consists of limestones, dolomites, marls,
siltstones and some interbedded gypsum. The Tahleh Formation lies conformably
above the Aurudu and is comprised of banded gypsum and anhydrite interbedded
with dolomites, siltstones and claystones. The Karkar Formation overlies the
Tahleh Formation and consists of limestones interbedded with marls and
siltstones. At the top of the Paleogene strata are the Lower and Middle Daban
Formations consisting of sandstones, siltstones, marls, gypsum and
conglomerates.

Neogene (Miocene-Pliocene) strata are generally poorly consolidated and
crop out along the Gulf of Aden and the Indian Ocean and in large parts of
northeastern and central Somalia. The Trap Basalts which lie between the Juba
and Shebeli Rivers consist of alkali-olivine basalts and mafic tuffs. Higher
in the Neogene section are the Upper Daban-Scusciuban Formations comprised of
sandstones, conglomerates, lagoonal marls and subordinate limestones, which
crop out in northern Somalia. The Durbar Series is mapped along the Gulf of
Aden and consists of fossiliferous marine marls and coralline limestones which
contain lenses of boulder conglomerate. Overlying the Durbar Series are
strata of the Merca and Mudugh Series which crop out in central Somalia and
were penetrated by boreholes south towards Kenya. These series contain clayey
sandstones and marls containing rare beds and lenses of gypsum and limestone
and grade upward into limestones containing lenses of breccia and sandstone.
Unconformably overlying various older rock units in northern Somalia are
basalts inter-layered with tuffs and other pyroclastic rocks including rare
rhyolites of the Aden Volcanic Series of Pliocene-Quaternary age. Several
varieties of Pliocene to Quaternary sediments overlie all other rocks in
Somalia.

Several episodes of intrusion and migmatization, mainly of Precambrian
or early Phanerozoic age have taken place in Somalia. These episodes include
intrusions of mainly granitic rocks but include also mafic and syenitic rocks
and even rare nepheline syenites. The intrusive and anatectic rocks of
Somalia include migmatites, several varieties of foliated and unfoliated
granites, alaskites, aplites, pegmatites, syenites, nepheline syenites,
gabbros, diorites, pyroxenites, anorthosites and periodites among others. The
relations of the various intrusive and anatectic phases to the other
Precambrian rocks of Somalia and each other are complex and not well
understood.

Several tectonic episodes took place in Somalia during Archean and
Proterozoic times. Complex patterns of deformation indicate either
polyorogenic development or polyphase deformational activity during a single
metamorphic-anatectic event.
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During the Jurassic period, India and Madagascar rifted away from the
Horn of Africa, which resulted in marine transgression and contemporaneous
folding in what is now Somalia. The structures remained active through-out
Cretaceous time. These Mesozoic structures were steep-sided and strongly
asymmetrical. Down-to-basin and drape faults, as well as pillow lavas are
evidence of local deep extensional faulting.

Tertiary tectonics are dominated by the Miocene formation of the Gulf
of Aden as Arabia rifted away from Africa by sea-floor spreading and the
mountains of northern Somalia were simultaneously uplifted. Complex faults
were formed and sedimentary blocks rotated with respect to the Gulf of Aden.
In mid-to-late Tertiary time a major downwrap formed along the Indian Ocean
coast, probably in response to uplift in the Bur Region.

Rift-related faulting began in early Miocene time and probably
continues into Recent time. The north Somali Plateau has been uplifted to
over 2 000 m in elevation, while the Gulf of Aden floor is more than 2 400 m
below sea level. The faulting follows three main directions: 1) the Gulf of
Aden trend (E-W to ENE-WSW); 2) the Red Sea trend (NW-SE to WNW-ESE); and 3)
the East African trend (N-S). The faults are steeply dipping normal faults,
are clean cut and unrelated to any mylonitized zones. Vertical displacement
is commonly between 500 and 2 000 m. The Red Sea trend is the most extensive
system and crosses the whole of Somalia from southeast to northwest. The Gulf
of Aden trend is important in northern Somalia and forms the main escarpment
of the North Somalia Highlands. The East African trend is quite extensive
along the coast in central and southern Somalia.

NON-RADIOACTIVE MINERALS

Besides minor production of sepiolite and salt produced by solar
evaporation of sea water, there is currently no mineral production in Somalia,
nor has a single economic mineral deposit been discovered.

Stratiform occurrences of copper have been found in the Upper
Proterozoic Inda Ad Series near Seinat in northern Somalia. Most other
mineral occurrences are also in northern Somalia. Stratiform lead-zinc occurs
in Jurassic limestones at Golgeit, Lodjerty and Abasa, and lead-barite in
Lower Cretaceous sediments near Candala. Structures which crosscut the
Precambrian basement and its Jurassic sedimentary cover host occurrences of
lead in the Bihendula area and lead-zinc in the Elayu area. Tin and tantalum
minerals were reported from late Precambrian granites, pegmatites and
associated quartz veins in the Majahayan area. Tin was produced by the
Italians during World War II and known reserves consist of 200 000 tons of low
grade ore containing Sn, Cs, Rb and Ta. Eight molybdenum prospects are
associated with pegmatitic granite and nepheline syenite of Precambrian age in
the northwest. Numerous pegmatites contain feldspar, mica, beryl and
piezo-electric quartz and kaolin has been reported 50 km east of Adaleh.
Sub-bituminous coal was reported to occur in narrow seams in rocks of
Cretaceous age along the Gulf of Aden.

In Central Somalia near El Bur, low grade sepiolite (meerschaum) is
produced from metasomatic or pedogenic deposits in limestones. And near Bur
Galan, within the Bur uplift in southern Somalia, are found at least ten
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bodies of low-grade iron ore consisting of magnetite and martite in "banded
iron formations" of Precambrian age.

PREVIOUS EXPLORATION FOR RADIOACTIVE MINERALS

Exploration for radioactive minerals began after World War II. The
Geological Survey of the British Somaliland Protectorate examined samarskite,
betafite and orthite occurrences in pegmatites in northern Somalia during the
1950's. UNDP used an airborne survey to discover radioactive anomalies near
Alio Ghelle in 1965, and in the Mudugh area in 1968. Between 1966 and 1969
UNDP conducted extensive ground radiometric surveys in the Bur area near Alio
Ghelle. Further airborne surveying in 1970 led to the delineation of 18
radiometric anomalies in the Mudugh area, and between 1972 and 1974, UNDP
conducted detailed ground studies of this area.

Between 1969 and 1976 Nucleare Somala conducted exploration programmes
over ca. 8 000 km^ of the Bur area including airborne and ground
radiometrics, trenching, drilling and laboratory analyses, which confirmed the
presence of the albititic U-Th deposit first recognized by UNDP. Detailed
studies revealed the mineralized bodies contained ca. 3% Th but only low grade
U, mainly in refractory minerals.

Nucleare Somala conducted reconnaissance-type evaluation studies over
two areas of Precambrian and phanerozoic rocks covering almost 50 000 km^ of
northern Somalia between 1970 and 1971. These studies consisted of airborne
radiometrics and ground follow-up. The results were negative.

White Star Mining Co. examined the radioactive anomalies in its ca.
2 000 km^ concession near Yaq Brava in the Bur area in 1969 and 1970.
Ground radiometrics outlined five anomalous areas which were subsequently
tested by core drilling. No economic deposits were found and White Star
admitted to examining only 15-20% of the total concession, before pulling up
stakes.

German Uranium Company of Somalia "GUCOS" (subsidiary of the German
consortium) examined two concession areas totalling slightly under
10 000 kin̂  in the eastern and western parts of the Bur area between late and
mid-1970. Their study included a 29 000 line - km airborne radiometric survey
flown by Hunting which defined 78 high interest anomalies, mainly underlain by
Mesozoic limestones. Subsequent ground geological and radiometric studies did
not yield positive results. No drilling was conducted by the company.

In 1977, the Somali Government, the Government of Iraq and the Arab
Mining Company of Jordan formed the Somali Arab Mining Company (SOAMICO) to
further explore over 50 000 km^ in the Mudugh area and evaluate, develop and
mine the calcrete deposits at Wabo, Mirig and Dusa Mareb. SOAMICO contracted
for an airborne radiometric survey, metallurgical testing and a prefeasibility
study, which have all been completed.

The Geological Survey of Somalia conducted a carborne radiometric
survey in northern Somalia in 1980, along 9 000 linear km. A single
radiometric anomaly was discovered in Hagigarad, and follow-up pitting
revealed increasing radioactivity with depth in a gypsiferous crust.
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Mudugh area:
Bur. incl. Alio Ghele:
northern Somalia:

TOTAL

US$ 1
US$ 7
US$ 2
US$
US$
US$ 2

US$14

300
100
000
800
750
000

550

000
000
000
000
000
000

000

More than 100 000 km^ of Somalia have been covered by several
airborne radiometric surveys, and over 185 000 km^ were studies by various
ground survey methods.

Total expenditure for uranium-related studies between 1965 and 1982
amounted to ca. US$14,500,000 as summarized below.

Geol. Survey of Somal. Protect.

UNDP Bur. area: estim. US$ 600 000

Nucleare Somala

White Star Mining Co.
GUCOS: estim.
SOARMICO: estim.
Geol. Survey of Somalia

RADIOACTIVE OCCURRENCES

In northern Somalia several occurrences of radioactive minerals
including samarkskite, betafite and orthite (allanite) were reported from
migmatites. They are not believed to have economic significance.

At Alio Ghelle in the Bur area of southern Somalia, UNDP discovered a
Th-U deposit associated with albitites and episyenites at the contact between
syenitic intrusives and gneissose country rocks of Precambrian age. The area
is covered by a thick caliche mantle and overlain by alluvial gravels. No
exposures of either the mineralized or host rocks are known. The deposit
occurs in a NE-striking anticlinal structure, both limbs of which contain
radioactive horizons which form the anomalies first discovered by the UNDP
airborne survey. Subsequent drilling revealed Th-U minerals hosted in
lit-par-lit injections of concordant tabular altered granitic bodies. The
mineralogy consists of mainly thorite with associated minor coffinite,
uranophane, allanite and monazite. In general, Th:U = 30:1. Tests of Alio
Ghelle ore indicated that only 19% of the total U3O8 was leacheable in
4N HNO3 at 25°C, and the remainder was unrecoverable by standard leaching
methods.

The Mudugh area contains calcrete occurrences and deposits in an
elongated area 210 x 85 km. Geologically, the deposits overlie Cenozoic
sedimentary rocks of disputed age, replaced or overlain by a gypsum crust up
to 12 m thick, and siliceous/algal limestone. UNDP suggested the sequence
represented gypcretes, calcretes and silcretes of possible Plio-Pleistocene to
Recent age. The main uranium mineral is carnotite which is found throughout a
horizon 2 to 15 m below the ground surface in Ca-rich layers, as well as in
unsorted sandstones and gravels partly cemented by carbonate minerals. The
known radioactive anomalies are always related to areas covered by gypsiferous
duricrust. The carnotite is not confined to a single lithologic unit, and is
found in gray clay at Dusa Mareb; gray clay, marls, limestones and poorly
sorted unconsolidated sands in paleochannels at Wabo; and in clays, marls and
poorly consolidated channel fill at Mirig.
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Reserve calculations for the SOARMICO concession are

Dusa Mareb: possible reserves
UNDP : 2 351 t U3O8; avg. grade = 0.083%
McKee : 3 040 t l^Og; avg. grade = 0.085%

Wabo: indicated reserves
UNDP : 4 000 t U3Og; avg. grade = 0.10%
McKee : 4 486 t U3O8; avg. grade = 0.095%

Mirig: indicated reserves
UNDP : 1 197 t U3O8; avg. grade = 0.085%
McKee : 1 070 t U3Og; avg. grade = 0.075%

A prefeasibility study McKee Overseas Corporation suggested the ore
could be mined open cast methods and treated in a 2 000 tpd sodium carbonate-
bicarbonate leach milling operation. The operation would treat 660 000 t ore
per annum.

McKee estimated the following capital and operating costs in 1979:

Capital costs
Mining
Milling
Admin. § Infrastructure

TOTAL US$ 65 874 200

Operating costs (per kg U3O8)
Mining US$ 5,612
Milling US$ 23,560
Admin. § Infrastructure US$ 11,385

us$
us$
us$

3
42
19

787
400
686

000
800
200

TOTAL US$ 40,557

= US$ 18,413/lb U3O8

In September 19.81, SOARMICO published a tendor for the construction of
the mine/mill complex and required infrastructure including roads, water,
power and housing. The total project value is estimated at US$ 150 million of
which US$ 70 million is for the mine/mill complex and US$ 80 million for the
necessary infrastructure (1982).

FAVOURABLE AREAS FOR URANIUM EXPLORATION (Fig. 2)

Areas in Somalia were determined to be favourable for calcrete,
magmatic-hydrothermal and sandstone-type uranium deposits.
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Figure 2

LOCATION OF FAVOURABLE AREAS FOR URANIUM EXPLORATION
(geology after UNDP, 1972)
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105 000 km2 in central Somalia underlain by the Upper Mudugh Series
are considered to have calcrete potential. The Karkar Series underlies an
additional 95 000 km2 in northern Somalia also determined as favourable for
hosting calcrete deposits.

The Precambrian metamorphic and intrusive rocks underlie 30 000 km2

of northern Somalia and the Bur area of southern Somalia which are considered
to be favourable as potential hosts for either authigenic deposits in the
intrusive granitic rocks or allogenic deposits in the metamorphic country-
rocks and shear zones.

Five areas of Somalia totalling 24 900 km2 are believed to be
favourable hosts for sandstone-type uranium deposits. In northern Somalia,
clastic rocks of Jurassic, Cretaceous and Paleogene age which mantle the
Precambrian basement rocks (6 000 km2) appear favourable including the
Adigrat Formation (Lower Jurassic), the Nubian Sandstone (Upper Cretaceous)
and the Daban Formation (Paleogene). Clastic rocks of the Nubian Sandstone
and Jesomma Formation which underlie the Bale Dobehe Basin (7 200 km2) along
the Somali-Ethiopia border, also appear favourable, as does the Inda Ad Series
of late Proterozoic age which consists of cataclastically metamorphosed
clastic rocks exposed along the Gulf of Aden (2 000 km 2). In the Shebeli
River Basin in southern Somalia, sandstones of the Jesomma Formation appear
favourable (8 000 km2) and the conglomerates and sandstones of the Jurassic
Adigrat Formation are considered favourable where they overlie the Precambrian
rocks of the Bur uplift (1 700 km 2). Other "longshot" potential uranium
deposits may occur in environments as yet undiscovered in Somalia because of a
lack of basic geological studies. These include: the Proterozoic
unconformity which may underlie the Inda Ad Basin; quartz pebble __
conglomerates in Lower Proterozoic or Archean rocks; marine phosphorites of
Mesozoic or Tertiary age; and carbonatites related to rift-type faults.
Several basins in northern Somalia are filled with continental and marginal
marine clastic rocks, however, no favourable source rocks could be located
from which uranium could be derived. These areas include the Las Daua-Meleden
Basin (10 000 km 2), the Adado-Bosaso Basin (1 800 km 2), the Alula Basin
(400 km2) and the Candala East Basin (700 km 2).

URANIUM RESOURCES

The uranium resources of Somalia are found in all three categories:
Reasonably Assured Resources (RAR); Estimated Additional Resources (EAR) and
Speculative Resources.

The RAR are located in the calcrete deposits at Wabo and Mirig in
central Somalia, and consist of the following "indicated reserves" calculated
by UNDP and McKee Overseas Corporation:

Wabo: UNDP : 4 000 t U3Os
McKee : 4 486 t U3Og

Mirig: UNDP : 1 197 t U3O8
McKee : 1 070 t U3Os

The total RAR for the two deposits are estimated 5 500 t U3Og,
which the Mission believes can be produced between US$ 30 and 50/lb
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The EAR are located in calcretes at Dusa Mareb as well as the remainder
of the El Bur-Ghelinsor paleodrainage. These include the "possible reserves"
of McKee at Dusa Mareb, which were estimated at:

UNDP :

McKee :

2 357 t U3O8)

3 040 t U308)
) or ca. 3 000 t

For the remainder of the paleodrainage and based upon the cumulative
surface areas and possible extensions of known radiometric anomalies the
Mission estimates an additional 8 000 t U3O8. Therefore the total EAR for
Somalia is 11 000 t U3O8 at US$ 30-50/lb.

The Speculative Resources are located in possible calcretes, magmatic-
hydrothermal deposits and sandstone-type deposits. The Speculative Potential
for calcretes in the 74 700 km2 of central Somalia underlain by rocks of the
Mudugh Series which are not included in the RAR and EAR are estimated at
between 0 and 15 000 t U3O3. In addition the Speculative Resources for
calcretes in the 152 000 km2 underlain by the Karkar Series are estimated at
between 0 and 35 000 t U3O8. Speculative Resources in
magmatic-hydrothermal deposits located in areas of northern Somalia underlain
by Precambrian rocks range between 0 and 10 000 t l^Og. In the Bur area
of southern Somalia similar deposits are estimated to contain an additional 0
to 10 000 t

Estimates of Speculative Potential estimated to occur in sandstone-
type deposits of Mesozoic and Tertiary age are tabulated as follows:

Phanerozoic cover on northern
Somalia Precambrian

Nubian Ss-Jesomma Fm in Bale
Dobehe Basin

Inda Ad Basin

Jesoma Fm in Shebeli River Basin

Adigrat cover on Bur Precambrian

TOTAL for Sandstone-type deposits

0 20 000 t U 30 8

0 - 1 5 000 t U 30 8

0 - 2 5 000 t U 30 8

0 - 1 0 000 t U3<D8

0 - 1 0 000 t

0 80 000 t U3O8

The potential uranium resources of Somalia are summarized below. The
preponderance occurs in calcrete deposits, while magmatic-hydrothermal and
sandstone uranium deposits only contain Speculative Resources. In addition
several other favourable environments which may contain "highly" speculative
uranium resources are not included in the following estimates.
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Resource
Category

Resources
t U Q 3 8

Area;
Deposit-Type

Land
Status

RAR 5 500 Wabo, Mirig; calcrete Controlled by
S0ARMIC0

EAR 3

8

000

000

Dusa Mareb;

Ghelinsor-El
calcrete

calcrete

Bur;
Controlled by
S0ARMIC0

11 000

Speculative
Resources

0- 15 000

0- 35 000

0- 20 000

0- 80 000

Galcaio § remainder
of area covered by
Mudugh Series; calcrete

Area covered by Karkar
series; calcrete

Precambrian areas in
N- and S- Somalia;
magmatic-hydrothermal
deposits

Sedimentary basins
in N- and S- Somalia;
sandstone deposits

Partly controlled
by SOARMICO

Open ground

Open ground

Open ground

0-150 000

RECOMMENDATIONS FOR FUTURE EXPLORATION AND ESTIMATES OF COSTS

Recommendations for future exploration programs in the favourable areas
defined in Section "Favourable Areas for Uranium Exploration" are aimed at the
evaluation of these areas, at the discovery of their Speculative Resources and
the further evaluation required so they can be transferred into the EAR
category.

In detail, the following recommendations and cost estimates are made
for the areas concerned:

- 17 -



Areas underlain by the Upper Mudugh and Karkar Series; surface area is
150 000 km2; recommended investigation and estimated expenditures:

Landsat imagery interpretation and
evaluation

Fixed-wing airborne survey over
23 000 km2

Ground studies covering 2 300
(radiometrics, pitting, trenching,
auger drilling, sampling)

Detailed ground studies (radiometrics,
pitting, trenching, sampling
metallurgical testing)

TOTAL US$ 2 495 000 100.0%

Based on Speculative Resources of 0 to 50 000 t or 0-110 000 000 lbs
U3O8, the minimum discovery costs amount to US$ 0.023/lb

us$

us$

us$

us$

75

575

345

1 500

000

000

000

000

3.

23.

13.

60.

0%

0%

8%

2%

Areas underlain by metamorphic and intrusive rocks of northern Somalia
and the Bur area:

The Precambrian of northern Somalia: surface: 10 000 km2,
recommended investigations and estimated expenditures:

Rotary-wing mag/gamma spec
survey covering 10 000 km2 US$ 750 000 48%

Ground studies covering 1 000 km2

(geology, geochemistry,
radiometrics), mineralogical and
metallurgical lab tests

Detailed ground studies covering
250 km2 (geology, geochemistry,
geophysics, trenching, pitting)

Drilling

TOTAL US$ 1 550 000 100%

Based on Speculative Resources for the Precambrian of northern Somalia
0-10 000 to or 0-22 000 000 lbs U3O8, the minimum discovery costs amount
to US$ 0.0705/lb U3O8.
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vs$

us$

125

75

600

000

000

000

8%

5%
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For the Bur Area which covers approximately 20 000 km2 the following
recommendations and cost estimates are made:

Re-evaluation of previous airborne
survey data US$ 20 000 0.2%

Ground studies over 7 500 km2

(geology, geochemistry, geophysics),
mineralogical and metallurgical lab

Tests
Drilling
Drilling

TOTAL

For Speculative Resources of 0 - 10 000 or 0 - 22 000 000 lbs
the minimum discovery costs are US$ 0.3663/lbs

us$
us$
us$

us$

2
5

8

162
625
250

057

500
000
000

500

2.
32.
65.

100.

0%
6%
2%

0%

The favourable areas geologically located within sedimentary basins
consists of the Phanerozoic cover adjacent to the northern Somalia
Precambrian, the Bale Dobehe Basin, the Inda Ad Basin, the Shebeli River Basin
and the Jurassic cover above the Precambrian Bur uplift.

For the evaluation of the Phanerozoic cover adjacent to the northern
Somalia Precambrian (6 000 km2) the following suggestions concerning
exploration methods and costs are made:

Rotary-wing mag/gamma spec
survey over about 6 000 km2

Ground studies (geology, geochemistry,
radiometrics)

Detailed ground studies (geology,
geochemistry, radiometrics,
pitting, trenching)

Drilling

TOTAL

With Speculative Resources of 0-20 000 t or 0-44 000 000 lbs U 30 8
the minimum discovery costs amount to US$ 0.0528/lb l ^

us$

us$

us$

us$

us$

1

2

450

45

30

800

325

000

000

000

000

000

19.4%

1.9%

1.3%

77.4%

100.0%
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For the Bale Dohebe Basin covering some 7 200 km^ the following
investigations and expenditures are recommended:

Fixed-wing airborne surveys US$ 180 000 8.7%
Ground studies covering 720 km^
(geology, geochemistry, radio-
metrics) US$ 54 000 2.6%

Detailed ground studies covering
100 kin̂  (geology, geochemistry
radiometrics, pitting and
trenching) us$

us$ 1

30

800

000

000

1.

87.

4%

3%Drilling

TOTAL US$ 2 064 000 100.0%

For Speculative Resources estimated to exist in the Bale Dobehe Basin
of 0-15 000 t or 0-33 000 000 lbs l^Og, the minimum discovery costs amount
to US$ 0.0625/lb "" "

For the investigation of the Inda Ad Basin which covers about
2 000 km^, the following suggestions are made:

Re-evaluation of previous airborne
survey data US$ 20 000 1* / 0.9++%

Eventual rotary-wing mag/gamma
spec survey (US$ 150 000) - / 7.4%

Ground studies covering 200
(geology, geochemistry,
radiometrics, VLF) US$ 30 000 1.6/ 1.5%

Drilling US$ 1 800 000 96.6/89.5%

TOTAL US$ 1 865 000+
US$ 2 015 000++ 100.

+ Excluding)
) airborne survey

++ Including)

Assuming Speculative Resources to be within the 0-25 000 t or
0-55 000 lbs U3O8 range, the minimum discovery costs will be US$ 0.0339+
or 0.0366+/lb U3O8.
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The Shebeli River Basin covers an area of about 8 000 km2 and should
be evaluated with the following techniques and expenditures:

Ground reconnaissance US$ 80 000 2.3%

Rotary-wing airborne gamma
spec survey covering 2 400 km2 US$ 360 000 10.5%

Detailed ground studies covering
240 km2 (geology, geochemistry,
radiometrics, trenching, pitting,
etc.) US$ 72 000 2.1%

Drilling US$ 2 925 000 85.1%

TOTAL US$ 3 437 000 100.0%

Based on Speculative Resources of between 0-10 000 t or
0-22 000 000 lbs U3O8, the minimum discovery costs amount to
US$ 0.1 562/lb U3O8.

For the assessment of the ca. 1 700 k2 Jurassic cover above the
Precambrian Bur uplift, the following suggestions are made:

Re-evaluation of previous airborne
survey data US$ 15 000 5.5+ / 3.7++%

Possible rotary-wing airborne
gamma spec survey (US$ 127 500) - /31.7%

Ground studies covering
ca. 200 km2 (geology,
geochemistry,
radiometrics) US$ 20 000 7.3 / 5.0%

Drilling US$ 225 000 81.7 /55.9%

TOTAL US$ 275 000+
US$ 402 500++ 100.0%

+ Excluding)
) airborne survey

++ Including)
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Related to Speculative Resources of 0-10 000 t or 0-22 000 000 lbs
U3O8, the minimum discovery costs amount to US$ 0.0125*/lb U3O8 or
0.0183**/lb U3O8.

In summary, the total expenditures recommended for the investigation of
the areas mentioned above amount to between US$ 22 068 500* and
US$ 22 351 000**, which related to the Speculative Resources of 0-150 000 t or
0-330 000 000 lbs U3O8 amount to minimum discovery costs between
US$ 0.067* and US$ 0.068++/lb U3O8.

OPTIONS TO THE SOMALI GOVERNMENT FOR THE IMPLEMENTATION OF RECOMMENDATIONS

Because of the inherent risk of mineral exploration it cannot be
expected that government funds will be expended for the implementation of the
Mission's recommendations. As the UNDP-TCD Project also does not have the
resources to carry out any of the suggested investigations, it is concluded
that funding for a uranium exploration program must be sought from other
sources.

The logical alternative would be to attract private mining investors,
as Somalia has in the past. However, as the international uranium market is
very weak and may remain so for some time, it appears unlikely that foreign
mining companies will show any interest.

The second, and for the time being probably only valid alternative is
for the government to request the assistance of either bilateral or
multilateral organizations (IAEA, UNDP, World Bank, etc.) to conduct basic
investigations, e.g. aerial surveys, which are also very useful for obtaining
regional geological information in addition to their application for uranium
exploration.

It is further suggested, that the Somali authorities elaborate the
legal base for uranium exploration and mining investments. This instrument
should provide reasonable, fair and practical terms in regards to size of
concession areas, their reduction schedule, annual exploration commitments,
royalties, income tax regulations, tax and duty-free imports of capital goods,
repatriation of earnings, export of uranium concentrates, etc.

After implementing all or parts of these suggestions, it is believed
that Somalia would be in a very favourable position to attract foreign capital
when the uranium market improves.

* Excluding )
) airborne survey

** Including )
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ADDITIONAL RECOMMENDATIONS

The Mission has a few additional recommendations to add to those which
appear above, as these points have not been expressly stressed in the
appropriate Sections.

It is strongly recommended that an attempt be made to more carefully
preserve all records of previous uranium investigations in Somalia, as some
reports have already "vanished". Important studies by Nucleare Somala in
northern Somalia and the German Uranium Company of Somalia in the Bur area are
unavailable and the whereabouts are unknown.

Equal care should be taken to safely store "splits" from all rock and
stream sediment samples collected by the Geological Survey and the UNDP
projects. This material, in addition to cuttings and cores from boreholes
should be analyzed for uranium and may provide significant clues in the search
for new occurrences.

It is recommended to routinely check the geophysical logs from oil
wells for possible radioactive anomalies. The lithologic descriptions of
cuttings from sedimentary units should also be examined for evidence of
geochemically reduced or oxidized sandstone horizons. Interesting features
should be formally reported to the Director of the Geological Survey.

Furthermore it is suggested that the Ministry obtain the standard IAEA
and U.S. Doe publications on uranium deposits, exploration techniques and case
histories for the Geological Survey library.
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ANNEX

Those wishing to consult the full report on which this summary is based
should write to one of the following:

J. Dardel
Commissariat a 1'Energie
Atomique - DgKfJ

31-33, rue de la Federation
75752 Paris Cedex 15 (France)

U.S. Geological Survey
345 Middlefield Road
Menlo Park
California 94025
(USA)

The Library
Bundesanstalt filr Geowissen-

Schaften und Rohstoffe
Stilleweg 2
D-3000 Hannover 51
(Federal Republic of Germany)

M. Zaccaria
AG1P Esum
S. Donato Milanese
Milano (Italy)

U.S. Geological Survey
Denver Federal Center
P.O. Box 25046
Denver, Co. 80225
(USA)

U.S. Geological Survey
National Center
Reston
Virginia 22092
(USA)

Power Reactor and Nuclear Fuel
Development Corporation

Sankaido Building
9-13, 1-chome, Akasaka
Minato-ku
Tokyo 107 (Japan)

D.M. Taylor
Commission of the European
Communities

200, rue de la Loi
B-1049 Brussels
(Belgium)

The Library
N.V. Kema
Utrechtsweg 310
P.O. Box 9035
6800 Et Arnhem
(The Netherlands)

International Atomic Energy
Agency

Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna
(Austria)

U.S. Dept. of Energy
Grand Junction Office
P.O. Box 2567
Grand Junction, Co. 81502
(USA)

OECD Nuclear Energy Agency
38, boulevard Suchet
75016 Paris
(France)
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