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SUMMARY
A report has recently been published on the findings of the mission to
Morocco under the International Uranium Resources Evaluation Project (IUREP)
Orientation Phase.
The IUREP Orientation Phase Mission estimates that the speculative
resources of Morocco range from 70 000 to 180 000 tonnes of uranium, half of
which could be expected to occur in the Northern Provinces, which are
relatively well explored, and the other half in the little explored Southern
Provinces. In the north, speculative resources are fairly evenly distributed
among the various types of deposit, in particular vein deposits (intragranitic
and contact) linked with Hercynian and Precambrian blocks, the sandstone type
deposits linked with Mesozoic strata and the volcanogenic deposits, especially
of Precambrian age. The potential for large high-grade deposits, especially
for those linked with unconformities and linear albitites, has been little
investigated in Morocco and is chiefly thought to lie in the Precambrian in
the Anti-Atlas and Southern Provinces. Here, the presence of acid volcanic
rock reinforces the uranium potential, and there is also some potential for
calcrete-related deposits. Phosphate-related uranium, to be recovered
shortly, constitutes by far the largest reserves in Morocco, estimated at
about 7 million tonnes of recoverable uranium.
Recommendations have been made for further study of known occurrences
and identification of new ones, such as unconformity and albitite-related
deposits.

INTRODUCTION
During the bibliographic study, which formed the first phase of the
International Uranium Resources Evaluation Project (IUREP), Morocco was
identified as one of the countries with good potential for uranium resources,
in addition to those reported on in "Uranium Resources, Production and
Demand", published in December 1977*. Following a meeting at which the
objectives of the IUREP Orientation Phase were discussed in some detail as far
as selected countries were concerned, the Moroccan authorities requested an
Orientation Phase mission, which was undertaken by two consultants,
Mr. P. Glasson and Mr. D.L. Hetland, in April-May 1983.
The full report on the mission (115 pages, 31 figures, 9 tables,
3 annexes) was recently published and is available for study at the locations
listed in the Annex to this report.

"Uranium -- Resources, Production and Demand, December 1977",
OECD(NEA)/IAEA.
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The Executive Group for the IUREP Orientation Phase wishes to
acknowledge the excellent co-operation extended to the mission by the Moroccan
authorities and all the personnel involved, in particular
Mr. Othmane Khettouch, Director of Mines, Mr. Bensai'd, Director of Geology,
Ministry of Energy and Mines, Mr. Lhatoute, Secretary-General and
Mr. Bachir Barodi, Head of the Mining Exploration Division, BRPM, and
Mr. Said Barrakad, Head of the Uranium Department, BRPM.

GENERAL GEOGRAPHY
Morocco covers an area of 712 000 km 2 and is located at the
northwestern tip of the African Continent, with about 3 500 km of coastline on
the Atlantic and the Mediterranean. It borders onto Algeria in the east and
southeast and is separated from Mauritania in the south by the Western Sahara,
over which it is claiming sovereignty. The Kingdom of Morocco may be
sub-divided into three main regions: 1) a region of mountains including the
Rif, the three Atlases with peaks of up to 4 166 metres (Mount Toublat) and
intersecting fertile valleys, and the Mesetas (high plateaux); 2) the highly
fertile Atlantic coastal plain in the north; 3) the desert in the east and
south, merging into the Sahara.
The climate (two seasons) varies considerably, depending on
topography. In Winter, the mountains in the Rif and Middle and High Atlas are
snowcapped, whereas in Summer they receive heavy rainfall. The coastal plain
has a Mediterranean climate with temperatures ranging from 8 to 17°C in Winter
and from 19 to 27°C in Summer. In the desert areas, rainfall is negligible
and temperatures range from 3 to 44°C.
The Moroccan population is estimated at 21 800 000 (1981, growth rate
of about 3 per cent per year), three-quarters of whom live in the coastal
plain north of Essaouira, with a high percentage (42 per cent) in urban
areas. The capital is Rabat, population 800 000, whilst Casablanca,
population 2.3 million, is the industrial and commercial centre and largest
port. Fez is the major cultural and religious centre.
The official language is Arabic. French is the usual second language,
except in a few areas of the Rif, where it is Spanish.
Topographic maps covering the whole of Morocco at scales of 1:100 000,
1:50 000 and for certain areas, 1:10 000, and also aerial photographs are
available from the Ministry of Agriculture. Geological maps of Northern
Morocco at scales of 1:500 000, 1:200 000 and 1:100 000 are available from the
Ministry of Energy and Mines, and 1:500 000 maps are currently being prepared.

ADMINISTRATIVE BODIES CONCERNED WITH URANIUM EXPLORATION
All geological and mining activities in Morocco are under the control
of the Ministry of Energy and Mines, sub-divided into three Directorates:

- 5-

Mines, Geology and Energy. The Prospection and Mining Bureau (BRPN) (*) is a
government body reporting to the Ministry. It carries out mining exploration
and development (except for phosphates and oil). It is also the main mining
shareholder. Uranium prospecting in Morocco has always been entrusted to the
Uranium Department of the Mining Exploration Division (DEM), BRPM. This
Department has been dissolved following the Government's decision to confine
its activities to uranium recovery from phosphates mined in Morocco.
The Directorate for Energy is responsible for nuclear research.
Morocco is about to acquire a small test reactor. For prospecting and
analytical work, Morocco has acquired a very modern laboratory.

LEGISLATION GOVERNING URANIUM EXPLORATION, DEVELOPMENT AND PRODUCTION
At the moment, the Moroccan Government is strongly encouraging foreign
investment. Under the 1973 Code, foreign investors are entitled to hold up to
50 per cent of shares in companies, whereas management boards must comprise a
majority of Moroccans, including the Chairman. A new investment Code has been
drafted, however, which provides for up to 100 per cent foreign shareholdings
and also foreign majority on the boards of firms in Morocco. The Code is to
enter into force very shortly. In the case of uranium exploration, many
ventures are on a 50-50 basis with BRPM. In such cases, BRPM is responsible
for reserving the areas or obtaining licences. Mining concessions are in the
name of BRPM, which places all existing information and logistic support at
its partner's disposal. The partner finances the operation. If any uranium
is discovered, 50 per cent of the financing is credited to the partner. If
BRPM decides to sell its holding, the partner has the right of pre-emption.
There are no restrictions for export of uranium.

GEOLOGY OF MOROCCO
The geology of Northern Morocco is well established, showing the
influence of successive orogenies from the Precambrian, and even Archean
(Zagorides mountains), to the Tertiary (Alpine orogeny: the Rif), building a
succession of mountain chains from south to north. The geology of Southern
Morocco is much less known. It is dominated by the Archean and Precambrian.
On the whole, it is more uniform than in the north and little reference will
be made to it.
The Northern Provinces (see Figure 1)
In this region, there are three main structural areas: from south to
north, the Anti-Atlas, the Atlas and the Rif.

*

Bureau de Recherches et de Participation Miniere.
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The Last-West lying Anti-Atlas area has been chiefly influenced by the
Precambrian and Variscan orogenies. To the north it ends at the South Atlas
Fault and in the south it joins up with the West African shield through its
Precambrian, or locally Archean, basement. The Archean component of the
basement rock (Zagorides mountain chain) is difficult to date owing to its
rejuvenation, and consists of thick schist series in greenschist facies, often
marked by retrograde metamorphism, and occasional sandstone facies (Ifni),
calc-alkaline to alkaline granites and migmatites.
The Precambrian sequence of the Anti-Atlas is fairly complete. During
the orogeny of the Berberides (1 950 to 1 750 million years) the Lower
Precambrian produced micaschists with biotite, garnet and sillimanite with
occasional amphibolites, often with subsequent retrograde metamorphism,
migmatites sometimes with albite, granite blocks with monzonite and a few
basic intrusions. To the north, on the other side of the major Anti-Atlas
Fault Middle Precambrian series consisting of plutonic, volcanic and
sedimentary complexes, and affected by slight metamorphism, are joining up.
Here we distinguish mostly serpentines, gabbros, diorites, lavas, breccias and
tuffs, with spilite and keratophyre and, in places sulphide bodies. Schists,
quartzites and limestones are associated with this basic and ultrabasic
sequence. South of the fault the Berberides are unconformably overlain by a
thick epicontinental cover consisting of limestones, quartzites, schists and
basic lavas heavily folded but only slightly metamorphosed during the orogeny
of the western Anti-Atlasides (1 650 to 1 300 million years or younger,
750 million years). During the Upper Precambrian, there was a build-up of
sometimes very thick conglomerates, occasionally showing a tillite facies,
volcanics and volcano-sedimentary complexes, and finally flysches and very
thick schists. In the north the volcanic rocks are chiefly basic, with mainly
andesite, whereas south of the major fault, in the stable Craton area, they
are markedly more acid with mainly rhyolite. During the orogeny of the
Eastern Anti-Atlasides, (about 1 000 million years ago) this unit was folded
and slightly metamorphised. The Pan African orogeny (650 to 500 million years
ago) led to rejuvenation. Extensive blocks of quartzite diorite and various
types of granite intersect the sequence. The Anti-Atlas area became
definitely cratonised at the end of the Precambrian, and in the early
Infracambrian it formed an amphitheatre for subsequent volcanic activity,
chiefly leading to rhyolite but also andesite, which then formed the first
continental cover and was accompanied by post-tectonic granite intrusions.
After a period of erosion, the Anti-Atlas domain was covered with 2 000 metres
of mainly marine sediments from the Aboudounian (Upper Infracambrian) with
limestones, schists, conglomerates and sandstones, a calc-dolomite series,
andesites and trachytes and red pelites.
At the beginning of the Palaeozoic, from the Cambrian to the Silurian,
epicontinental marine sedimentation interrupted by several regressions covered
the entire Anti-Atlas and Atlas, accompanied at first by submarine volcanic
activity producing andesite and rhyolite followed by more basic rocks. During
the Ordovician the Rif was also submerged. Three tectonic stages, the second
of which (Upper Ordovician) is of orogenic nature, have been identified. The
second stage was followed by major glaciation. From the Devonian to the
Permian, sedimentary cycles alternated with tectonic and orogenic stages.
Epicontinental marine sediments were overlain by flysch deposits following the
emergence of the Anti-Atlas during the Upper Devonian which was accompanied by
early basic magmatism. On the Western side of the Atlas, towards the end of
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the Devonian (Famenian) shallow sedimentation preceded the first major orogeny
in the Variscan cycle (Bretonian stage?), which led to extensive folding and
the emergence of a wide area. Sedimentation became of the sandstone type. On
the Eastern side, very thick subsiding formations of schists, arkose
sandstones and quartzites also underwent folding plus epizonal metamorphism
towards the early Carboniferous. In the Rif area, a schist-limestone series
reveals the existence of a subsiding trough during the Upper Devonian.
Towards the end of the Lower Carboniferous, a major transgression covered the
entire country, resulting in conglomerate, sandstone and schist deposits and
reef limestones whilst vast subsiding troughs filled with flysch-facies
sediments. The sedimentation was accompanied by the formation of acid and
basic igneous rocks. In the Upper Carboniferous there were two major stages
of Variscan folding, metamorphism and plutonism, separated by a period of
molassic sedimentation with coal layers dating from the Upper Westphalian.
This orogeny led to the formation of Hercynian granite blocks in the Atlas
area. These granites are regarded as fertile in uranium. The above phenomena
did not affect the Rif and Anti-Atlas areas. After these orogenic stages,
continental sedimentation, mostly molassic, occurred locally in small
intermontane basins. The sedimentation continued during the Permian and early
Triassic. A late tectonic and magmatic stage produced major east-west
dislocations (South Atlas Fault) and dolerite sills and dykes.
From the Triassic onwards, geological evolution in Morocco chiefly
continued in the Atlas (basic volcanic rocks) and Rif areas with the gradual
uplift of the various components of the alpine chain. Until the Lower
Jurassic, the sea first spread north of the South-Atlas Fault (shallow sea
conditions with continental episodes and saliferous basins) then withdrew
during the Upper Jurassic. In the Rif, flysch-type sedimentation followed the
clay-limestone system of the Middle Jurassic.
The Cretaceous and the Tertiary were marked by the Alpine orogeny. The
first major stage at the end of the Jurassic and early Cretaceous produced
basic intrusions (gabbros and diorites) in the High Atlas and interstratified
basalts. It also initiated most of the folded structures in the High Atlas
and Middle Atlas. Partial dismantling of this configuration produced first
continental, then lagoonal deposits. The Cenomanian transgression which also
covered the Anti-Atlas area produced marine sediments. This was followed by
regression during the Senonian then further transgression during the
Maastrichtian with phosphate deposits. The entire area of Morocco emerged
except for the Rif, which followed a separate evolution with the formation of
an internal and an external (pre-Rifean) trough. During the Tertiary, the
Alpine orogeny first formed the "nappes" in the internal area (Eocene) then
the flysch "nappes" (Oligocene) and finally the external "nappes" (Miocene).
In the Atlas area block faulting predominates with the formation of
alkaline rocks. Thick fillings of molasse type also occurred. During the
late stages in the Alpine orogeny, submarine acid volcanism occurred in the
Rif followed by subaerial alkaline extrusions in the High Plateaux and
finally, phonolite lavas in the Anti-Atlas.
In the Quaternary a few vertical readjustments, alkaline volcanism and
highly active erosion (locally glacial) occurred.
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The Southern Provinces
The geology of the Southern Provinces (Saharian regions of Morocco) is
not well known. There are four main units:
I. The Reguibat Ridge: an extensive Archean and Precambrian unit,
begins in Mauritania and consists of phyllocrystalline and
plutonic rock.
II. The Tindouf Basin: located between the Anti-Atlas in the north
and the Reguibat Ridge, and characterised by transgressive and
marine Palaeozoic sediments which are subsequently covered by
Secondary and Tertiary formations.
III. The Atlantic coastal basins: Mesozoic and Tertiary areas are
transgressive over Ordovician formations along the Atlantic coast.
IV. The Mauritanides chain: located at the very south of Morocco,
this area chiefly consists of the northern tip of the chain.
Showing eastwards overthrusts and overturnings, it is composed of
Precambrian and Palaeozoic formations folded during the Acadian
stage (possible parallel between the Appalachians in North America
and the Mauritanides).
Mineral Resources
The most important mineral resources in Morocco are the phosphate
deposits, which are mined on a large scale. The uranium contained in these
phosphates will be recovered as from 1985. Various metals such as iron,
manganese, lead, zinc, copper, cobalt, antimony, nickel, tungsten and silver
are all mined from Moroccan deposits.

PAST URANIUM EXPLORATION
Uranium exploration in Morocco started in 1946 when the CEA (French
Atomic Energy Commission) intervened for the first time. From 1946 to 1953,
CEA completed various missions in the phosphate basins, the Jereda coal basin,
various Hercynian granites and in the mines. Uranium occurrences were
discovered in crystalline rock (Azegour) and uranium mineralisation in the
cobalt mine of Bou Azzer.
From 1946 to 1953 SOMAREM (Societe Marocaine de Recherches et d'Etudes
Minieres), a joint French and American body, investigated (reconnaissance)
hydrothennal mineralisations related to Hercynian granites and, to a lesser
extent, continental sedimentary formations dating from the Triassic, Jurassic
and Cretaceous. All mines were surveyed radiometrically. Aerial prospecting
was undertaken in 1953.
From 1956 to 1970 prospecting activities ceased except for airborne
radiometry in 1960 in South Jebel Ougnat by the Directorate of Mines,
revealing anomalies in the Acadian sandstones.
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From 1970 to 1983: prospecting (airborne radiometry) was resumed in
1970/71 in the Anti-Atlas by the Directorate of Mines/BRPM with the assistance
of an IAEA expert, resulting in the discovery of new occurrences. From 1973
to 1975, an IAEA expert assisted BRPM in its exploration activities in the
Anti-Atlas (helicopter-borne radiometry over the Sarhro and Ougnat
mountains). The Directorate of Mines and Geology carried out airborne
radiometry over the North Mesetas basement. In 1974 BRPM set up a Uranium
Section. As from 1975, it launched extensive prospecting campaigns throughout
Morocco (covering the Palaeozoic in the Rif, Permotriassic basins in High
Atlas, Cretaceous continental formations in the phosphate basins, the
Precambrian in the Anti-Atlas etc.). In 1976, a USSR mission investigated the
uranium potential of the Anti-Atlas. Detailed prospecting (trenches,
drilling, shafts, etc.) was carried out on the most promising occurrences at
J. Wafagga, the Triassic in Upper Moulouya, Assaka, Akka Bou Tiouit etc. In
1979, helicopter-borne radiometry was carried out over the weald of Bou Azzer
with the assistance of an IAEA expert. The Japanese carried out work in Upper
Moulouya between 1978 and 1981 (see also Figure 2 on page 13).
By the end of 1982, a total of about US$ 7.5 million had been spent on
uranium exploration.
In the long term, Morocco is planning to meet its nuclear fuel
requirements with uranium recovered from Moroccan phosphates. One of the
direct consequences of this option is the discontinuation of the uranium
exploration programmes conducted by BRPM and the disbanding of the Uranium
Section. By early 1985, uranium production is expected to be running at 150
to 200 tonnes per year, rising to 1 100 tonnes as from 1990. The recovery
cost per pound of ^ O g is estimated at about US$ 25 to 30 (US$ 65 to 78
per kg of uranium metal).

URANIUM OCCURRENCES (by region)
In spite of the many uranium occurrences in the Atlas and Anti-Atlas,
no exploitable deposit has been discovered to date. The molybdenum, tungsten
and copper deposits at Azegour (High Atlas) have, however, supplied about one
tonne of uranium. Occurrences are related either to Infracambrian and
Hercynian granite intrusions or to sedimentary formations, a small percentage
being related to acid volcanism or basic complexes.
1. Anti-Atlas
Assaka — located in the central block of the Anti-Atlas at a height of
2 000 metres, this occurrence is linked to a highly weathered Infracambrian,
post-tectonic granite, showing alkaline differentiations. The granite forms
intrusions in the volcano-sedimentary rocks of the Upper Precambrian, which is
itself intersected by rhyolites, aplites and dolerites. Mineralisation is
related to a major north-south structure. The most extensive anomaly is about
300 metres long and 15 metres wide with a maximum of 818 ppm ^ O g at
surface. Weathering phenomena (kaolinisation, chloritisation, sericitisation,
hematisation, formation of quartz veins and silicification) have not been well
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investigated. These peneplain areas in the Anti-Atlas are overlain by recent
acid lavas and tuffs showing high radiometric background. The occurrence has
been drilled with negative results: chemical analysis over a total
core-length of 7 000 metres has yielded a maximum of 113 ppm U3O8. The
uranium here might be due to supergene concentration arising from leaching of
recent volcanic rock. The possibility of hydrothermal veins is not entirely
excluded, however.
Akka Bou Tiouit -- located in the Jebel Sarho region at a height of
about 1 200 metres, the anomaly lies on Infracambrian granite cut by two
faults. The main structure striking east-north-east is extremely crushed and
filled with a quartz vein and located at the interface between two granites:
one pinkish white and fairly radioactive, and the other greenish red with
micas and less radioactive. The highest radioactivity level is probably in
the white granite at the intersection of the two structures. This occurrence
shows features similar to the previous one.
Agoujal -- this occurrence lies south-east of the Kerdous weald in
arkoses and sandstone dolomites at the base of the Infracambrian (Aboudounian)
unconformably overlying Precambrian granite. The uranium-bearing
mineralisation (chalcolite, cupro-sklodovskite and yellow products) is related
to stratiform copper mineralisation. The arkose bed containing the
mineralisation is highly tectonised by structures extending into the granite,
itself anomalous over about ten metres from the contact. Quartz veins in
granites or dolomites and dolerite dykes are frequently radioactive in this
region.
Bou Azzer — the presence of uranium-bearing mineralisations in the
form of brannerite has long been known in Veins 5 and 7 of the cobalt deposit
at Bou Azzer, where they are related to the tectonised walls of quartz
diorites in a series of basic to ultra-basic rocks. Uranium mineralisation
was preceded by cobalt mineralisation and occurred at low temperature.
Reserves have been calculated at 38.5 tonnes of U3O8 and the potential is
considered very low.
Zgounder -- this silver mine is located in the Siroua mountains in the
central Anti-Atlas. Uranium mineralisation occurs alongside rhyolites and
dolerites in schists and seems to be governed by north-south and east-west
tectonics. The geochemical uranium content of the rocks in the mine is
generally high (10 ppm). Small uranium-bearing zones from 600 ppm to 2.21 per
cent U 3 0 8 have been detected around silver-bearing bodies. Hydrothermal
processes have led to chloritisation, silicification and bleaching. The
primary mineralisation consists of pitchblende and coffinite.
Ifni -- anomalies have been detected in the acid volcanic series of the
Upper Precambrian and also in two-mica granites of the Lower Precambrian in
contact with lamprophyres and with granites of the Upper Precambrian. In the
sedimentary cover of the Cretaceous, along the Atlantic Coast, many anomalies
have been detected in sandstone channels containing organic matter.
Zenaga and Iguerda --in the Zenaga weald the Wozane occurrence is
related to potash metasomatites in a tone of ultra-metamorphism and
granitisation. Values of up to 0.25 per cent ^ O g have been obtained.
The mineralisation is thought to be due to protereactivation of the African
Craton approximately 1 800 million years ago.
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Figure 2

MAP OUTLINING URANIUM-BEARING AREAS AND
PROSPECTED FROM 1970 TO 1983

OCCURRENCES

Areas drilled
BRPM exploration area
|

| BRPM I UNDP project area
TECHNOEXPORT report area
BRPM I Japan project area

1.
2.
3.
4.
5.
6.

Beni Maden
Ment Granite
Assaka N'Tebahirt
Sidi Ayad
Assaka Idji
Tarrekochid

7.
8.
9.

10.
11.
12.

Rehamna Granite
Jebilets
Chichaoua basin
Wafagga
Azegour
Assaka
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13.
14.
15.
16.
17.

Zgounder
Bou Azzer
Argana
Agadir
Cretaceous
Agoujgal

Other occurrences -- anomalies have frequently been detected in acid
volcanic rocks of the Upper Tertiary and Infracambrian. Acadian sandstone
often contains areas of monazite and zirconium concentrations.
2. Western and Central High-Atlas
Wafagga -- this occurrence lies on the western side of the northern
sub-Atlas Cretaceous trough in bleached white sandstone 10 metres thick in the
middle of a continental red series from the Lower Cretaceous. The bed
contains organic matter, devitrified volcanic glass and pyrite. The base of
the bed contains clay. The mineralisation has been identified as carnotite.
At the surface, contents of 1 000 ppm to 4.52 per cent U3O8 have been
obtained. Drilling samples more usually contain between 300 and 500 ppm
U3O8. These bleached white sandstones containing organic matter seem to
extend over several kilometres and contain a large number of radiometric
anomalies, thus suggesting a fairly high potential for the Lower Cretaceous in
the Imin Tanout region, although on the basis of 9 600 metres of drilling, the
Wafagga occurrence is not considered to be of any economic interest.
Argana Permo-Triassic -- the Argana gap, which contains a thick series
of red continental detrital deposits dating from the Permo-Triassic (2 000 to
6 000 metres) and lying unconformably on a fertile Palaeozoic basement is
generally regarded as a favourable area for uranium and contains many signs of
uranium mineralisation. The occurrences (Amlal, Tanamert, Bou Anas etc.) are
of the red-bed type, associated with copper-bearing mineralisation. At Amlal,
in the western High-At las near Tanamert, radiometric anomalies are over
fine-grained light grey sandstone and argillaceous sandstone containing
organic matter, and close to a fault. Uranium mineralisations consisting of
cupro-sklodowskite, sengierite and uranophane are associated with the copper
mineralisations and are generally small. They also have low contents, between
250 and 3 370 ppm U 3 0 8 .
Permo-Triassic in the High-Atlas near Marrakech -- in the High-Atlas,
near Marrakech, Triassic continental to littoral basins contain similar facies
to those of Argana with more or less the same type of uranium anomalies. The
only difference is the absence of association with copper-bearing
mineralisations.
Azegour -- the occurrence was discovered over the molybdenum, copper
and tungsten mine, in association with a contact zone between Hercynian
granite and the sediments surrounding the latter. This contact zone features
skarn containing molybdenum, copper, tungsten, bismuth, cobalt, etc. and also
pitchblende veinlets. About one tonne of uranium metal has been extracted,
but owing to the sporadic and lentiform type of mineralisation and the short
and very thin mineralised veinlets this occurrence is of no economic interest.
3. Meseta and Middle-Atlas
Ment Granite — this Hercynian Calc-alkaline granite occurs as
intrusions in Palaeozoic (Carboniferous) terrain and covers an area of
200 km 2 . It is frequently intersected by large quartz veins, some of which
are radioactive. The Marquis vein is the largest occurrence, over 7 km long
and up to 2 metres wide. Filled with quartz and hematite it has developed in
a crushed granite area. Secondary minerals occur to a depth of 80 metres and
contain up to 0.35 per cent of ^ O g in highly discontinuous zones.
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Zaers Granite — this is in the form of Hercynian granite intrusions in
dolomites, schists and Ordovician quartzites. The two anomalies occur in the
Ordovician cover of the granite. One is associated with copper mineralisation
in dolomites (up to 800 ppm of U3O8), whilst the other seems to be related
to a concordant hermatised quartz area.
Oulmes Granite — one of the thermal springs in this Hercynian granite
is highly radioactive.
Rehamna Granite -- Hercynian batholith with a calc-alkaline tendency
occurs as intrusions in Cambrian metamorphic schists. Occurrences such as
those at Jbel Chouikhane, near Bou Achrine, are related to iron breccia
areas. The mineralisation consists of pitchblende, gummite, autunite and
chalcolite, the highest concentration occurring at the intersection between
the north-south breccia and a quartz vein.
4. Upper Moulouya
Sidi Ayad -- this uranium occurrence consists of a series of
quartz-iron or sometimes quartz-baryte veins enclosed in Hercynian
granodiorite inside a Palaeozoic schist block. Lamprophyres, microgranites
and granulites are also present. At surface level contents of up to 1 000 ppm
U3O3 and at a depth of 2 metres, up to 1.65 per cent of l^Og have been
obtained at a few places alongside veins. Mineralised veins show signs of
rubefaction and some of them are Post-Triassic. The mineralisation is
hydrothermal with enrichment at ground water level. The minerals identified
include tuyamunite, uranopilite, carnotite, kasolite, and uranophane.
Associated mineralisations are copper, lead, barium and vanadium.
Assaka N'Tabahirt -- this occurrence is located in the same sector as
Sidi Ayad, 8 km from Assaka Idji. It is very similar to the one at Sidi
Ayad. Radioactivity is confined to brecciated quartz-iron-baryte veins
enclosed in Hercynian leucocratic calc-alkaline to alkaline granites (Zayda
granite). Contents range from 170-670 ppm U3O8 up to 1.1 per cent
U3O8. The minerals identified are yellow products, autunite and
hydrothermal kasolite. They are associated with lead, copper, barium, pyrite
and ankerite.
Assaka Idji -- 12 km north-west of Medelt, at a Cenomanian/Turonian
limestone level within a small syncline in faulted contact with granite, the
mineralisation occurs as carnotite in a network of diaclases affecting a soft
marly limestone. Contents are very low, with supergene concentrations.
Tarekochid -- at Bou Mia, anomalies have been detected in the
weathering crusts of granite ("pedologic" type) and at bleached levels within
Triassic red bed sediments. Highly discontinuous low-content ores have been
found in the course of a major drilling programme.
Area of the BRPM-Japan Project -- in the Zayda region, a Permo-Triassic
white sandstone with arkose has been found to contain 516 ppm of l^Og over
a depth of 4 metres (in one drill hole). The facies does not contain any
organic matter capable of trapping the uranium, although the basement is
fertile (granite containing 12 ppm of l^Og). The economic potential is
low.
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5. Rif area
In the Rif, no major indication has been reported.
6. Phosphate-related Uranium Occurrences
Morocco currently owns 75 per cent of known world phosphate reserves,
spread over 14 areas along the Atlantic Coast, with four main areas. The ore
mined has an average content of 32 to 34 per cent P2O5. It is linked with
the marine limestone facies of the upper strata of the Cretaceous and of the
lower strata of the Tertiary. The phosphates have been formed through highly
condensed chemical and biochemical sedimentation (thickness 30 to
100 metres). They mainly occur in the form of carbonated fluoro-apatite with
uranium contents of below 100 to 400 ppm U3O8 (uranium mineral not
identified). 80 to 85 per cent of the uranium could be recovered. With
phosphate reserves of about 56 billion cubic metres, there ought to be a
recoverable reserve of 7 to 10 million tonnes U3O3.
Uranium Recovery Estimate
From 1985 to 1990:
200 t/year x 5 years = 1 000 tonnes of uranium
From 1990 to 2000: 1 100 t/year x 10 years = 11 000 tonnes of uranium
Representing a total of 12 000 tonnes of uranium by the year 2000.

FAVOURABLE AREAS FOR SPECULATIVE RESOURCES
In Morocco, past exploration suggests that there are a number of
favourable geological conditions for the formation of uranium-bearing
mineralisation: in the Anti-Atlas, post-tectonic Infracambrian granites,
frequently intrusive in volcano-sedimentary rocks, might have a substantial
potential for speculative resources in the form of fault-related vein
deposits. Such deposits might be intragranitic or lie in the granite cover.
Consequently, Upper Precambrian and Infracambrian acid volcanics may have a
sufficiently high uranium geochemical background to be considered as
favourable. The Bou Azzer type is a special case which does not seem to offer
major potential.
In the Atlas (High Atlas, Middle Atlas and Meseta), it is mainly
Hercynian granites that show fairly high potential for hydrothermal vein
deposits. This region also has a major potential for sandstone or red-bed
deposits in Permo-Triassic, Jurassic and Cretaceous formations. The Azegour
type apparently has very little economic potential.
The Rif has only limited potential for deposits in Permo-Triassic and
Tertiary sedimentary formations (of the sandstone and red-bed type).
In the Northern Provinces, certain geological contexts have hardly been
studied, in particular the possibility for unconformity related uranium
deposits, for linear albitites and for uranium concentrations linked with acid
volcanism. The Anti-Atlas area alone contains all the geological conditions
favourable for uranium.
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In the Southern Provinces, owing to the lack of data, the uranium
potential is difficult to estimate. Nevertheless, roughly the same favourable
conditions that occur in the Anti-Atlas basement are found. Sedimentary
basins along the Atlantic coast and the Western side of the Tindouf basin may
contain promising areas for exploration. There might also be uranium
concentrations connected with calcrete formations.

ESTIMATE OF SPECULATIVE RESOURCES BY THE IUREP MISSION
In view of the favourability criteria, the consultants of the IUREP
mission estimate that by studying new subjects and exploring the Southern
Provinces, the total reserves estimated for the Northern Provinces might be
almost doubled (see Table 1 on the following page). The uranium potential for
the entire country would in this case lie between 70 000 and 180 000 tonnes.

RECOMMENDATIONS
Although almost all exploration programmes are practically at a
standstill owing to the Moroccan Government's opting for the recovery of
uranium from phosphates, a number of recommendations still seem to be
appropriate. These are of two types:
- Recommendations concerning the investigation of known occurrences;
- Recommendations concerning exploration and the investigation of new
geological contexts or new exploration areas.
Investigation of known occurrences
Many of the occurrences detected in basement rocks (Hercynian or
Precambrian granites) in Morocco are worth reinvestigating in detail by means
of suitable methods. They should be situated in their regional context, in
other words the massifs (granite or acid volcanic rock) in which they lie
should be studied in terms of fertility and the uranium-bearing stock. Before
moving on to the drilling stage, it is important to try to define as well as
possible how the mineralisations are controlled by means of detailed surveys:
-

Close grid (5 to 10 metres) radiometric surveys;
Detailed mapping of the various facies;
Soil geochemistry;
Random survey;
Structural survey of outcrops using geophysical methods;
Petrographic surveys (weathering, identification of mineralisation
types, etc.).

In many cases, the interpretation of results helps to determine trench
and, where applicable, drilling sites.
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Table 1
ESTIMATED SPECULATIVE RESOURCES*

GEOLOGICAL UNITS

I.

(TONNES OF URANIUM)

ANTI-ATLAS
Assaka-Zgounder + granite region of
Askaoun-Ouzellagh

500

to

5 000

2 000

to

6 000

Agoujgal

500

to

1 500

Bou Azzer + occurrences in the sector

150

to

500

4 000

to

6 000

4 000

to

6 000

300

to

800

Lower Cretaceous in the Imin Tanouit
region and Chichaoua basin

5 000

to

15 000

Amlal occurrence and Permo-Triassic at
Argana

4 000

to

8 000

Permo-Triassic in the High Atlas region
near Marrakech

1 000

to

4 000

to

6 000

Akka Bou Tiouit sector

Precambrian granite (broadly defined)
in the Anti-Atlas
Pr II-III and III acid volcanic rocks
in the Anti-Atlas
II.

WESTERN AND CENTRAL HIGH ATLAS
Wafagga occurrence

Lower Cretaceous at Beni Mellal
(Ksiba and Naour Ben Cherron sector)

*

2 000

Speculative Resources refers to uranium, in addition to Estimated
Additional Resources, that is thought to exist mostly on the basis of
indirect evidence and geological extrapolations, in deposits discoverable
with existing exploration techniques. The location of deposits envisaged
in this category could generally be specified only as being somewhere
within a given region or geological trend. As the term implies, the
existence and size of such resources are highly speculative.
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Table 1 (continued)
III.

MESETA AND MIDDLE ATLAS
Hercynian granites at Ment, Zaers, Oulraes,
Rehamna and Jebilets (intragranitic and
contact beds)
Permo-Triassic basin of Chougrane
Upper Jurassic and Lower Cretaceous at
Oulet Abdoun and Settat

IV.

to

15 000

500

to

1 500

3 000

to

8 000

50

to

2 000

1 000

to

3 000

500

to

3 000

33 500

to

89 500

UPPER MOULOUYA
Triassic in the Bou Mia and Zeida regions,
Tarrekochid sectors -- BRPM-Japan project
Sidi Ayad and Assaka Tebahirt occurrences

V.

5 000

RIF AND PRE-RIF
Continental formations of the PermoTriassic and Tertiary
TOTAL

Generally speaking, in order to identify exploration targets in the
basement, radiometric and geochemical surveys (rock, water, soil), mapping of
facies plus petrographic and structural (photos and ground level) surveys are
proposed.
Further occurrences have been discovered in the sedimentary. The IUREP
experts propose that an environmental classification of such occurrences (e.g.
continental and littoral sandstone, limestone, evaporites etc.) should be
drawn up on the basis of which the uranium concentration mode could be defined
(syngenetic or epigenetic). This should be followed by a search for
favourable facies, structural traps, organic matter, sulphides, oxido-reducing
fronts, permeable and impermeable levels and, last but not least, uranium
sources (either close to a fertile basement or sandwiched in acid volcanic
ash) in order to evaluate the potential of the occurrence.
The classification of the potential deposit (rolls, table, fault or
channel concentrations) will govern future exploration strategy (geophysics
and drilling).
Investigation of new geological contexts or new exploration areas
Bibliographic surveys of the geology of Morocco and the analysis of
geological maps have revealed several exploration themes of particular
interest.
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(a) Unconformity-related deposits
The best chance of discovering unconformity-related deposits (of the
Alligator River and Saskatchewan type) are found in the Precambrian area of
the Anti-Atlas and in the Southern Provinces. As seen under the Section
"Geology of Morocco", the Anti-Atlas from the Archean to the Infracambrian was
built up by a succession of several orogenic cycles with a major unconformity
between each sedimentary and volcano-sedimentary cycle, hence the potential of
the ancient Moroccan basement for unconformity-related uranium deposits with
high quantities of high-grade ore.
(b) Deposits related to linear albitites
Major uranium deposits related to linear albitites seem to show a
preference for the rim of ancient cratons affected by deep structures and on
the edge of mobile zones.
In Morocco, the Anti-Atlas, the Mauritanides and the Reguibat Ridge are
joined to the ancient West African Craton. In the Anti-Atlas, following
cratonisation of the sub-stratum of most of the present Anti-Atlas area by the
Zagorides and Berberides, a large continental break, i.e. the major Anti-Atlas
Fault, was formed and north of this, a mobile zone arose which was then
gradually cratonised. It is along the major structures bordering on the West
African Craton that a search should be made for deposits related to linear
albitites. The literature also mentions evidence of albitisation South and
North East of Siroua in connection with large structures. The Northern tip of
the Mauritanides and the Reguibat Ridge in the Southern Provinces may also
show similar contexts.
Uranium deposits related to linear albitites frequently hold large
reserves of high-grade ore.
(c) Deposits related to acid volcanism
Volcanics of the Upper Precambrian, Infracambrian and late Tertiary
often show a fairly high uranium chemical background. As well as acting as a
uranium source, they may also host economically viable uranium
concentrations. Owing to the complex Precambrian volcanism, it is recommended
to inventory by means of geological, radiometric and geochemical surveys and
to carry out a structural analysis in order to locate tectonic traps,
stockworks or uranium-bearing breccia pipes.
(d) Calcretes
Little work has been done on calcretes in the Northern Provinces, and
most seem to be of the pedologic type (weathering crusts).
Large uranium occurrences related to calcretes occur in Mauritania, and
the Southern Provinces very likely contain beds of this type.
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FUTURE EXPLORATION - SUMMARY
In view of the potential of the several occurrences already studied and
the favourable conditions for uranium in certain geological contexts that have
not yet been surveyed, it is important that as part of a long-term policy,
Morocco should maintain exploration at a certain level either by allocating
appropriations for priority projects or by seeking partnerships. Opting for
uranium recovery from phosphates is undoubtedly a wise and realistic step
which should secure Morocco's uranium supply before too long. In the longer
term, however, the search for deposits in the form of unconformity- or linear
albitite-related deposits currently holding large reserves of high-grade ore
may turn out to be extremely profitable.
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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 l'Energie
Atomique -- DgMN
31-33, rue de la Federation
75015 Paris
(France)

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

The Library
Bundesanstalt fur Geowissenschaften
Und Rohstoffe
Stilleweg 2
D-3000 Hannover 51
(Federal Republic of Germany)

U.S. Geological Survey
Denver Federal Center
P.O. Box 25046
Denver, CO.
(United States)

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

U.S. Geological Survey
National Center
Reston, Virginia 22092
(United States)

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 Bruxelles
(Belgium)

The Library
N.V. Kema
Utrechtsweg 310
6800 Et Arnhem
(Netherlands)

Agence Internationale de l'Energie
Atomique (AIEA)
Wagramerstrasse 5
P.O. Box 10
A-1400 Vienna
(Austria)

U.S. Dept. of Energy
Grand Junction Office
P. 0. Box 2567
Grand Junction, Co. 81502
(United States)

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