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'I. INTRODUCTION

The purpose of the International Uranium Resource

Evaluation Project (IUREP) missions to host nations is to:,.

"Review the present body of knowledge pertinent to the
existence of uranium resources ,i to review and evaluate
the potential for the discovery of additional resources,
and to suggest new exploration efforts which might be
carried out in promising areas in collaboration with
the countries concerned."1

Guidance in the achievement of these goals is provided

through a check list of desired relevant information on:

General background, the potential role of nuclear
energy, and organizations involved.

Information on the mining industry

Technical manpower employed or available

Available maps, aerial photographs, and publications

National Geological Survey and organizations involved
in uranium

Private organizations involved in uranium exploration
and mining

Results of previous exploration

- Known uranium occurrences

Plans for further work

Legal and administrative requirements for exploration

Logistical information on facilities available

The IUREP mission to the UNITED REPUBLIC OF CAMEROON was

conducted by MICHEL de TREY and GEORGE W. LENEY during the

period March 1-2, 19 8 3 and April 27, 19 83. Counterpart

support was provided by the UNITED REPUBLIC OF CAMEROON in

the form of an office at the LABORATOIRE DE RECHERCHE
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ENERGETIQUES CLRE) of the INSTITUT DE RECHERCHES GEOLOGIQUES

ET MINIERES (IRGM). The DEPARTMENT OF MINES AND GEOLOGY in

the MINISTRY OF MINES AND ENERGY arranged contacts with

individuals and organizations working in geology and

uranium, exploration under their jurisdiction, provided access

to reports in their periodical and documents libraries, and

a tour of their laboratory facilities. One of their staff

accompanied us on a field trip to the Southwest project.

Additional information was collected in visits to the U.S.

DEPARTMENT OF STATE commercial officer at the Embassy, the

French commerciale attache, and the UNIVERSITY OF YAOUNDE.



SUMMARY

The economy of CAMEROON is sound and continues to
expand. A serious commitment to development, combined
with stable government and sound fiscal policies, have
enabled it to maintain annual growth rates of 5-6%.
Emphasis is placed on private investment3 with govern-
ment participation in major development projects. The
overall investment climate is good.

Minerals exploration is carried out under non-
exclusive Prospecting License and exclusive Exploration
License that may later be converted to a Mining Lease.or
Mining Concession. Many of the conditions must be neg-
otiated. Uranium is classified as a strategic mineral,
and may be subject to special review. There is no defined
policy on uranium development.

Two government organizations are concerned with
geology and mining. The INSTITUT DE RECHERCHES GEOLOG-
IQUES ET MINIERES (IRGM) conducts programs of geologic
mapping and research, mineralogy, hydrology, and alternate
energy sources. The DEPARTMENT OF MINES AND GEOLOGY (DMG)
is responsible for all minerals exploration and mining.
It includes a Geology Branch with mapping and exploration
services.

Most of CAMEROON is underlain by Precambrian granites ,
anatexites, migmatites, gneisses, and schists. The NTEM
complex in the south is Archean age. Most other areas
are probably Lower Proterozoic, with some Middle Protero-
zoic inliers of the LOM, POLI, and MBALMAYO-BENGBIS, and
the DJA series in the southeast. The DJA tillite is
probably Upper Proterozoic. There are small remnant basins
of Paleozoic volcanics, and larger basins and grabens of
Midâle-Upper Cretaceous. Tertiary rocks are present in the
Coastal basins and the southeast. The Lake Chad depression
is covered with Quaternary sands. All of the older rocks
except the NTEM complex and the DJA series are within the
Panafrican Mobile Belt. The border faults of the Cretaceous
BENOUE graben are throughgoing crustal features. Tertiary
intrusives and plateau basalts are found along the "LINE
OF CAMEROON", and volcanism has continued to present.

Uranium exploration from 19 50 to present has produced
mostly negative results. Only one important prospect has
been found at GOBLE-KITONGO, and has been the subject of
repeated exploration from 195 8 to present. An enriched
zone in syenite at LOLODORF is also under investigation.
Anomalies on an airborne survey of the DJA series are being
checked for mineralization similar to the FRANCEVILLIAN of
GABON. Total expenditures that may be assigned to uranium
are on the order of $10 million (U.S.).



There are no uranium ore reserves or reasonably assured
resources in CAMEROON. Speculative resources of 10,000 tonnes
have been assigned to the LOLODORT syenite, and 5000 tonnes
to the GOBLE-KITONGO prospect and Paleozoic volcanics at
$130/kg. (U.S.). Favorable areas are the DJA series, syenites
of the Panafrican granite and "granites ultimes", Mesozoic-
Cenozoic basins (especially DOUALA), LOM and MBALMAYO-BENGBIS
series, POLI-MAROUA, and Lower Proterozoic/Archean gneiss
and granite.

Recommendations have been made for topical studies of
the DJA series, the late tectonic granites and "granites
ultimes", and the Cretaceous basins (especially DOUALA).
A review of the DJA results, on completion of the'current
work, has been suggested with a possible shift of; emphasis
to other portions of the formation. A search for zones of
shearing and alteration has been recommended for the LOLO-
DORF syenite, with the possible aid of water sampling and
self-potential surveys.
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• I I . BACKGROUND OF CAMEROON

A, GENERAL

The UNITED REPUBLIC OF CAMEROON lies on the west coast

of AFRICA in the corner sometimes referred to as the "hinge

of AFRICA", where the ATLANTIC shoreline swings to the west,

near the center of the continent. CAMEROON has the approximate

shape of a right triangle with its base at 2°N latitude,

extending about 700 km from 8-16°E longitude. The altitude

of the triangle is about 1200 km, along the east side, to

LAKE CHAD at 13°N. The surface area is 475,439 km2. It is

bordered by NIGERIA to the northwest, LAKE CHAD and the

REPUBLIC OF CHAD to the north and northeast, the CENTRAL

AFRICAN REPUBLIC on the east, CONGO to the southeast,

GABON on the south, and MBINI (Equatorial Guinea) in the

southwest corner. It has about 400 km of coast line on the

ATLANTIC OCEAN, GULF OF GUINEA. The island of MALABO

(Fernando Po), a part of MBINI, lies about 50 km off shore.

FIGURE I. is an index map showing the general geography.

B. PHYSICAL GEOGRAPHY

For purposes of discussion, the physical geography of

CAMEROON can be conveniently divided into five regions

(FIGURE II): .

1. Coastal Region

The coastal region has about 400 km of shoreline

extending from AKPA-YAFE at the Nigerian border on the

northeast to the NTEM river on the south. It is an equatorial
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FIGURE 2; Physical Geography of CAMEROON
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lowland with an average elevation less than 100 m, but it

also includes MT. CAMEROON, an active volcanic peak rising

to 4070 m, one of the highest points in AFRICA. Major rivers

draining the central part of the nation cross the coastal

region on their way to the ATLANTIC. The most important are .;

the'WOURI at DOUALA (246 km), the SANAGA (918 km), the NYONG

(816 km), and the NTEM at CAMPO. The climate is warm and

humid throughout the year, with abundant rainfall, Temperatures

at DOUALA, the major port of entry, average 3 2.1°C in March,

and 22.3°C in September. Average rainfall is 4,300 mm

(TABLE I). There is a luxurious vegetation with many varieties

of flowering plants and fruits, and the beginnings of dense

forest in the south. Major cities are DOUALA, BUEA, VICTORIA,

EDEA, NKONGSAMBA, and KRIBI. Points of interest are the

volcanic mountain, MT. CAMEROON, the. seaside resort at

VICTORIA, and the beautiful beaches at KRIBI.

2. Mountains in the West

The mountainous region in the west covers an area

along the border with NIGERIA. It is rolling mountain country

with average elevations of 1500-2 000 m. Some of the higher

peaks are at MT. OKU (3008 m) , MT. BAMBOUTOS (2740 m) , MT.

LEFO (25 50 m) , MT. MANENGOUBA (226 3 m ) , and MT. KOUPE (2064 m) .

The mountain ranges trend northeast with MT. CAMEROON (see

Coastal Region) at the southwest end. Drainage from the

area is northwest in NIGERIA and south to the Coastal region.

Major rivers to the northwest are the CROSS and KATSEMA ALA,

a tributary of the 3ENUE. Major rivers to the south are the
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TABLE I :

climatic data
Town Average Rainfall Hottest Coldest
Latitude temperature in mm. month month
Altitude in C°

Douais
4O-I3m. °4

M 3 r c h September

Yaounde
4°-760m.

•5-joc i ccc March October
23 5 1,566 3 0 o 8 l 8 o 6

Bamends December
13°5

Ngaoundere
7° 5-1,100m. 22°2 CUE ooo, Dec-Jan,

i ,oyb J J / 1 2°5

Garoua g 0 Q 0 2 Dec-Jan.
9°-235m. ^ B ] 1 ' u u u 4 U z 17°7

Maroua
1O°5-5OOm. 28°6 811 38°4

From "Geography of Cameroon"
CEPMAE. Yaounde. 1976



WOURI (see Coastal Region), and the NOUN and MBAM, tributaries

of the SANAGA. A number of hydroelectric projects are in

place, or proposed. The climate of the mountains is temperate,

with a short dry season from mid-November to February, and a

longer rainy season. July, August, and September have the

most rain. TABLE I gives the average data at BAMENDA.

Vegetation consists of forests in the south and savannah,

mixed with some forest, in the north. Coffee, cocoa, bananas,

tea, and other agricultural products are produced, along with

domestic livestock. The principal cities are 3AFQUS3AM, DSCHANG,

BAMENDA, and FOUMBAN. In addition to the mountain scenery,

points of interest are the YEYAP historical museum and artisan

village at FOUMBAN, the DSCHANG health resort, and the artistic

creations of the BAMOUN and BAMILEKE craftsmen.

3. Hills in the South and East

The hill country of the south and east constitutes,

the largest physiographic province. Topography is moderatly

rugged, with small steep sided hills and youthful valleys.

South of the SANAGA river is a plateau with elevations up to

about 800 m. The area is covered with dense equatorial rain

forest, and is sparsely populated. The principal industry is

forest products. Drainage is to the southeast to the CENTRAL

AFRICAN REPUBLIC and CONGO basin. Principal rivers are the

DJA and BOUMBA, which unite to form the NGOKO, and the KADEI

which flows into the SANGHA. 3ERT0UA and 3AT0URI are the

principal towns in the east.

North of the SANAGA river, the forests give way to
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savannah and rolling hills. The climate is sub-tropical

with a long dry season from November to mid-March, followed

by a short rainy season ending in June, a short dry season

that lasts until August, and another rainy season from

August to November. Rainfall averages 1500-2000 mm,, and

temperature averages 22°C. Data for YAOUNDE are given in

TABLE I. A wide variety of agricultural, domestic livestock,

and forest products are produced.

Principal cities of the sou-ch and east are YAOUNDE,

the capital of CAMEROON, EBOLOWA, and BAFIA. The important

points of interest are the attractions of the capital at

YAOUNDE.

>4. High Central Plateau

In the center of CAMEROON is the plateau of

ADAMAOUA, with small rugged mountains at elevations ranging

from 700-1000 m. The northwest portion is drained by the

FARO, and the upper reaches of the BENOUE, which flows north-

ward before turning west into NIGERIA, as the main tributary

of the NIGER. In the northeast, drainage is to the east,

by way of the VINA and MBERE rivers into the LOGONE and north

to LAKE CHAD. The south half of the plateau is drained by

the MBAM, DJEREM, and LOM rivers, which join the SANAGA (see

Coastal Region). The plateau of ADAMAOUA has the best climate

in CAMEROON. There is a dry season from November to March,

and a rainy season from April to October. Teirtperatures range

from 10-35°C. Rainfall averages 1500 mm. TABLE I gives the

data for NGAOUNDERE. Vegetation is typical savannah. Prin-

cipal agricultural products are sesame, maize, and livestock.
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The largest city is NGAOUNDERE, with other important towns

of MEIGANGA, TIBATI, and SANYO. Points of interest are the

falls of TELLO and the LAMIDO'S SARE at NGAOUNDERE.

5. Plains in the North

The Plains in the North cover the smaller, northern

half of CAMEROON. Elevations are lower than the plateau of

ADAMAOUA, and range from 200-500 m, sloping north toward LAKE

CHAD. In the southwestern part are the MANDARA mountains and

RHUMSKI volcanic peaks with elevations of more than 1100 m.

The southern half is drained by the FARO, BSNOUE, MAYO KEBI,

and MAYO LOUTI rivers, turning westward into NIGERIA. The

northern part is drained by the LOGONE and CHARI rivers,.

northward into LAKE CHAD. The climate is hot and arid.

Temperatures range from 12-'+1+oC. A long dry season from

October to May is followed by a short rainy season in June-

September. Data for MAROUA and GAROUA are given in TABLE I.

Vegetation is typical steppe and grasslands suitable for

cattle raising and wildlife.. The major cities are MAROUA

and GAROUA. WAZA National Park is famous for its beauty and

the variety of animal life. The RHUMSIKI area is attractive

to tourists for its mountain scenery and interesting native

cultures.

C, HISTORY

Knowledge of the ancient past of CAMEROON has been trans-

mitted as legends. The 13th and 14th century SAO civilization

left statuettes, bronzes, and funeral urns along the LOGONE
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..river. It was succeeded by the MANDARA kingdom in the 15th

century, which was overwhelmed by the BORNOU Islamic Arab

Empire one century later. In the 17th century, FULA shepherds

coming from the west, invaded north CAMEROON and gradually

imposed a feudal system (18th century).

CAMEROON lies at the crossroads of several cultures.

The PYGMIES were the original inhabitants, but successive

migrations from the north have forced them to the south.

So.me of the earlier inhabitants, especially the MANDARA

kingdom and the KIRDI people, offered a stubborn resistance

to invasion, and were only defeated toward the end of the

19th century. By the 15th and 16th century, the BAMILEKE

had already formed a confederation, from which the BAMOUN

split off in the 18th century to form an independent kingdom.

They were led by great kings like NJOYA at the end of the

19th century. He was a man of letter, a cartographer,, and

a doctor. He adopted the Islamic religion and visualized

a system of writing.

Meanwhile, toward the end of the 15th century, Portugese

navigators had discovered the estuary of the WOURI river.

They were surprised by the abundance of shrimp, and called

it the "RIO DOS CAMAROES", from which the name of CAMEROON

was derived. Very soon the coast was raided by slave traders

of many nationalities. In 182 7, English traders, missionaries,

and explorers landed and entered the country. They reached

GAROUA toward the second half of the 19th century. The

French and Germans were also interested in the region.
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Germany signed a number of protective treaties with the local

monarchs. Their rights were recognized at the Conference of

Berlin in 1884, and they progressively extended their authority

to the vicinity of LAKE CHAD.(188S-190 5) against strong

opposition.

At the beginning of World War I, the French and English

ousted the Germans. After the war, th.e League' of Mations

placed EAST CAMEROON under a French mandate, and WEST CAMEROON

under the British from 1919-45. In 1923, the French undertook

the construction of the port at DOUALA, and built the railroad

from DOUALA to YAOUNDE. They created a network of roads and

began to exploit the agricultural resources; cocoa, coffee,

palm oil, and rubber.

In 1948, the CAMEROUNIAN PEOPLE UNION (CPU), a section

of the RASSEMBLEMENT DEMOCRATIQUE AFRICAIN (RDA), led by its

founder, RUBEN UM NYOBE, began working for immediate independence

and reunification of the country. In 1955, after serious

incidents, FRANCE banned the CPU and intervened militarily

against the resistance. In 1957, CAMEROON obtained internal

autonomy, and on January 1, 1960, the independence of eastern

CAMEROON was proclaimed. M. AHMADOU AHIDJO was elected as

President of the Republic.

In 1959, the western part, under British mandate,' decided

by plebiscite to maintain the British trusteeship, but in

1961, in a second vote required by the United Nations General

Assembly, the north part voted to join the FEDERATION OF

NIGERIA, and the south part the REPUBLIC OF CAMEROON. In

October, 1961, eastern CAMEROON (French part) and western

CAMEROON (English part), decided to form a Federation.
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In 1966j the political parties of the two parts joined to

form the CAMEROONIAN NATIONAL UNION (CNU). The new state

adopted a Presidential regime, however, each kept its own

government and assembly. The system evolved into a central

government, which became official after the Referendum of

March, 19 72. The UNITED REPUBLIC OF CAMEROON was proclaimed.

After four réélections, President AHIDJO retired on

November 4, 19 82 and transferred the functions of his office

to Mr. PAUL BIYA, in accord with the Constitution.

D, POPULATION

1. Distribution

CAMEROON has approximatly 8,900,000 inhabitants

(est. 1982), unevenly distributed within the 475,000 km2 of

national territory. The average population density is 18.7

inhabitants/km2, which is about one fifth that of NIGERIA,

its larger neighbor to the northwest, but almost four times

as much as GABON to the south. CAMEROON occupies a transition

zone, not only in geographical location and climate, but in

distribution of population as well. The birth rate, which

has reached 4.2%, is one of the highest in the world.

More than half the Cameroonians live in the highlands of

the western region (BAMILEKE area), and the middle north

(ADAMAOUA and MANDARA plateau). The lowest population density

is in the south and southeast, in the region of tropical 'rain

forest. About 20% of the population live in cities of more

than 50,000 people, among which the most important are
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YAOUNDE, the capital (500,000), DOUALA, the largest commercial

center and fifth largest port of AFRICA, (800,000), GAROUA

(85,000), NKONGSAMBA (80,000), BAFOUSSAM (75,000), and

MAROUA (70,000). The attraction of jobs and economic

opportunity has resulted in a substantial migration of pop-

ulation into cities and towns. FIGURE 3 shows the major

population centers.

2. Ethnic Background

The far north of the country is occupied by semi-

nomadic peoples made up of Sudanians of the KANOURI group

(CHOA, MASSA, T0UP0URI, and MOUSGOUM). There are numerous

groups on the northern plateau, but the most important is

represented by the shepherds, PEULS BORORO. The largest

ethnic group is the BAMILEKE (2,200,000), who live in the

western region with the BAMOUNS (120,000). In the southwest,

near the coast, the population is dense and diverse. Most

of the people are BANTOU and FANG, who have displaced the

indigenous population of PYGMIES in the course of successive

migrations.

3. Language

In keeping with this ethnic diversity, there are

a correspondingly large number of languages and dialects

(20 languages divided into 100 dialects). In the cities,

French is the principal language, especially among the middle

and upper classes. French and English are both official

languages, and about 20% of the people have been educated
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in English. CAMEROON is the only bilingual, French-English

country in AFRICA.

•+. Religion

CAMEROON is 17% Muslim, 33% Christian, and .45%

Animist. The President is a Christian, who recently succeeded

a Muslim, as head of the country. Muslims'and Christians

continue to be influenced by traditional religious practices.

5. Education

The percentage of children enrolled in school is

one of the highest in AFRICA, with an average of 9 0%. It

may be as high as 99% in the south, but is lower in the north,

where only about 35% of the children attend school. The

literacy rate is about 70%.

The objectives of the Fourth Plan (see Economy), have

largely been achieved for education, as follows:

Recruiting and better professional training for teachers

Development of technical education

Construction of 11,000 primary classrooms and 12 5
schools for secondary education

Decentralization of YAOUNDE University (10,000 students)
Three new university centers are now operating at:

DOUALA - A university center for law, economics,
and business, and an Ecole Normale Supérieure de
l'Enseignement Technique (advanced teachers training

DSCHAN'G - l'Ecole Nationale Supérieure d'Agronomie
(technical training in agriculture)

NGAOUNDERE - l'Ecole Nationale Supérieure de
l'Industrie Agro-Alimentaire (advanced technical
training for the food processing industry)

At present, more students are enrolled in law and classical
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studies than in science.

E, GOVERNMENT

1. Organization

CAMEROON is a republic of the Presidential type.

The President is the head of state, and is elected for a

five year term by direct universal suffrage. He is the chief

executive officer. He appoints the Prime Minister and other

members of the government. In addition to the President and

Prime Minister, there are four State-Ministers, nineteen

ji Ministers, and five Vice-Ministers .

|-: The legislative power is vested in the National Assembly,

j a single chamber of 120 Deputies elected for five years by

J direct universal suffrage.
I1-

|-; The judicial power resides in the Supreme Court.
h

< 2. Administrative Divisions
j ;

r
!•; CAMEROON is divided into seven Provinces , subdivided
I'-
ll into Divisions, Sub-Divisions, and Districts. The Provinces

;: are administered by a Governor, Divisions by a Commissioner,

Sub-Divisions by a Deputy-Commissioner, and Districts by a

; Chief of District. All administrative officers are appointed

; by decree. The Provinces from north to south are:

: - NORTHERN PROVINCE, the largest and most populous, is
: divided into ten Divisions. The capital is GAROUA.

: - NORTHWESTERN PROVINCE, with the capital at BAMEDA, is
; divided into five Divisions.

- WESTERN PROVINCE, the smallest, but with the highest
population density, has six Divisions. The capital
is BAFOUSSAM.
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- SOUTHWESTERN PROVINCE, capital at BUEA, is divided
into four Divisions.

- LITTORAL PROVINCE, with its capital at DOUALA, has
four Divisions.

- SOUTH-CENTRE PROVINCE, with capital at YAOUNDE (also
the capital of the country), is divided into eleven
Divisions.

- EAST PROVINCE has the lowest density of population.
It is divided into four Divisions, with capital at
3ERT0UA.

FIGURE <+ shows the Administrative organization.

F, ECONOMY

The economy of CAMEROON is sound and continues to expand.

It is a planned economy with emphasis on private investment,

and government participation in major development projects.

Fiscal 19 51/82 was the first year of CAMEROON'S fifth, five

year, National Development Plan. The nation is nearly self-

sufficient in tha production of food and energy, and is

realizing increasing revenue from petroleum production. A

continuous and serious commitment • to development, combined

with stable government and sound fiscal policies, have enabled

it to maintain annual growth rates of 5-6%. The average

growth of CAMEROON'S Gross Domestic Product (GD?) has been

20% (1976/77 to 1980/81), and is expected to be 18% in 1982/83.

CAMEROON classifies economic activity in primary, secondary,

and tertiary sectors.

1. Primary Sector

a. Agriculture

Agriculture remains the backbone of the
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CAMEROON economy. It employs 7 3% of the active labor force,

accounts for one-third of the GDP, and over one-half of export

earnings. The main commodities are coffee and cocoa, but

bananas, vegetable and palm oil, cotton, sugar, alcohol,

tobacco', and peanuts, are also important. Agriculture has

been declining in relative importance because of increased

earnings from, petroleum, and weak commodity prices. The

rehabilitation of the agricultural sector is the keystone

of the fifth National Developmant Plan. The government hopes

to stabilize the industry by raising prices, reducing depend-

ence on the volatile coffee and cocoa markets, and developing

the food processing industry.

b. Forest Products

CAMEROON has 20 million hectares of forest,

about 17.4 million of which (one-third the area of the country),

is considered exploitable. At present, 7.7' million hectares

are being worked by 120 concessionaires. Common varieties

of timber are AZOBE, SAPELLI, and ILLOMBA. Forest products

ranked fourth in export value.

The government of CAMEROON also seeks to stimulate the

production of finished wood products. The CSLLUCAM pulp factory

at EDEA, owned 65% by the government, represents an investment

of 75 billion FCFA, and is the largest industrial plant in

central AFRICA. Capacity is rated at 122,000 tonnes of

bleached sulfate pulp per year.

c. Fishing

Efforts at the development of commercial fishing
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have not been successful. The industrial catch declined to

13,700 tonnes in 1980/81.

2 . Secondary Sector

The secondary sector (electric power, industry,

manufacturing, and mining, including oil and gas) contributed

27% of the GDP in 1981. Of this amount, about 8% is from

manufacturing, 11% from mining (i.e. oil), and 5% from con-

struction and public works. The thrust of the current five

year plan is for vertical in-tegration. of the industrial base

to develop products for domestic consumption, and the development

of natural resources to provide export earnings.

a. Industry

Activity in industry is dominated by the

Société Nationale d'Investissement du Cameroun (SNI), a

government holding company, through which the state participates

in about eighty enterprises. Industrial development and

management are handled by a public corporation, MAGZI (Industrial

Area Development and Management Authority). In terms of

sales, the largest industries in 1979/80 were SABC (beer and

other products - 36.5 billion FCFA), SONEL (electric power -

approx. 20 billion FCFA), ALUCAM (aluminum metal - 11.3 billion

FCFA), CICAM (textiles - 11.7 billion FCFA), SOCATRAL

(aluminum fabricated products - 11.1 billion FCFA), CIMENCAM

(cement -10.3 billion FCFA), and GUINESS-Cam (beer -10.7

billion FCFA). Sales figures are not available for CELLUCAM

(forest products), and the SONARA oil refinery.
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b. Mining

CAMEROON reports the production of hydrocarbons

in the secondary sector, under mining. Petroleum production

started in 1977, and exports reached 3.4 million tonnes in

19 80/81. Export earnings were $429,690,000 U.S. in 19 81,

and are expected to reach $1.6 billion U.S. by 1985. Reserves

(19 80) are estimated at 60 million tonnes (450 million barrels)

The first refinery in CAMEROON (SONARA) was placed on stream

at LIMBE-VICTORIA, May 16, 1981, with a capacity of 30,000

barrels per day. It is able to satisfy CAMEROON requirements

of 800,000 tonnes/yr, and excess production is exported.

Substantial quantities of natural gas have also been

discovered at RIO DEL RAY, DOUALA, KRI3I, and ISONG. Reserves

are estimated at 160 billion cubic meters. A feasibility

study is under way to construct a $2.7 billion U.S. liquified

natural gas plant at KRIBI. The use of natural gas for prod-

uction of steel from domestic iron ores is under consideration.

The traditional mining sector is a minor factor in the

CAMEROON economy. Figures for calendar 19 31 (U.S. Dept. of

State, 1982), show 9.815 kg of fine gold, 55,625 tonnes lime-

stone (30% CaC03), 53,025 tonnes of Puzzolana (used in cement),

and 19.15 tonnes of cassiterite (66-70% Sn). The ALUCAM

refinery produced 36,756 tonnes of aluminum. Limestone'

production is probably for the cement industry.

c. Electric Power

Electric power is supplied by the National

Elecxricity Corporation (SONEL). Approximatiy 529 megawatts
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of installed capacity at the hydroelectric complex of EDEA

(460,000 kw) and various diesel generating plants (68,800 kw)

produced 1.384 million kwh in 1978. About two-thirds was

used by the aluminum reduction and fabricating plants of

ALUCAM and SOCATRAL. The electric power grid includes the

major cities and 104 localities are supplied with electricity,

Additional hydroelectric sites are available for development.

Flood control dams are in place at BAMENDJIAN on the NOUN

river, and MBAKAOU on the SANAGA.

3. Tertiary Sector

The tertiary sector includes transportation and

communications, commerce, public administration, and services.

This sector contributed 42% of the GDP in 19 80/81. Finance

was the strongest performer, transportation and communication

contributed 6% of the GDP, and public administration 7%.

a. Transportation

1. Shipping

The total tonnage of shipping handled by

the ports of CAMEROON amounted to 3,316,722 tonnes in 1979.

(crude oil not included). More than 90% passed through the

major port at DOUALA. Imports there were 2,218,000 tonnes

and exports 89 3,191 tonnes. New facilities for the fishing

port and for handling of container cargoes have recently been

completed. The port at KRIBI handled 17 3,000 tonnes of cargo

in 1979, and VICTORIA-TIKO, 21,085 tonnes of petroleum prod-

ucts. There is river shipping on the BENOUE at GAROUA, at

MOLOUNDOU on the NGOKO, and on the NYONG at MBALMAYO.
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2. Railroad

The Cameroon Railway Authority operates

1172 km of railway. The principal line is DOUALA-YAOUNDE-

NGAOUNBERE, with branch lines to MSALMAYO, NKONGSAMBA, and

KUMBA. Primary rolling stock in June, 1979, consisted of

52 locomotivesj 106 passenger cars, 1556 freight cars, and

167 special cars. Operations are being improved, but frequent

interuptions of service are reported.

3.- Air Transport

International service is available from

DOUALA to BORDEAUX, GENEVA, LYON, MARSEILLE/NICE, PARIS, and

ROME, in addition to seven major cities in AFRICA. DOUALA.

is the major international airport serving West Africa, used

by numerous international airlines for refueling and connections

to EUROPE and points in south, central5and west AFRICA.

Airports in DOUALA and GAROUA can accomodate the 3oeing 7M-7 ,

and YAOUNDE, NGAOUNDERE, and MAROUA can be used by 7 37's.

CAMEROON AIRLINES, the national carrier, provides service to

thirteen cities in CAMEROON and to points in AFRICA and EUROPE.

^. Highways

CAMEROON has 31,000 km of classified roads,

of which 2,6 89 km are paved. The highway network links all

the principal cities, and larger towns are served by secondary

roads. Travel by road may be difficult during the rainy

season. Major improvements are in progress on the DOUALA-

YAOUNDE highway, and YAOUNDE-3AFOUSSAM road.



- 25 -.

b. Communications

The Ministry of Post and Communications (PTT)

is charged with the development of the communication system.

The internal system is divided into two main transmission

axes: YAOUNDE-EDEA-DOUALA, and YAOUNDE-BERTOUA-NGAOUNDERE-

GAROUA-MAROUA-KOUSSERI. Approximatly 30,000 subscribers

are linked by 3000 km of microwave transmission facilities.

Two telex centers serve about 700 subscribers. International

telephone service is provided by an earth satellite complex

at ZAMENGOE. Traffic averages 650,000 minutes/month. Private

communications networks are operated by police, military, and

security agencies.

4. Trade

CAMEROON had an overall trade deficit of $315 million

U.S. in 1981. Imports increased by 4% to $1.4 billion U.S.,

while exports declined to $1.1.billion U.S. Declines of 26%

in the value of food products (coffee and cocoa), 21% for

tobacco and alcohol, and 35% for wood products, were partially

offset by a 24% increase in exports of petroleum. Petroleum

revenues, deposited in accounts maintained abroad, appear

adequate to cover the trade deficit.

The U.S. was the leading customer in 19 81, taking 3 8% of

total exports. FRANCE was second with 20%. In imports, FRANCE

retained its position as the largest supplier, with 41% of

the market. The U.S. share increased to 6%, followed by

JAPAN, WEST GERMANY, and ITALY, with about 5% each. Japanese

automobiles have made inroads in the CAMEROON market and
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increased their share. Trade with Communist countries is

small, with 2% of exports and 3% of imports. CHINA is the

largest supplier, and the SOVIET UNIOM is the principal market,

5. Budget and,Finance ' .

The unit of currency is the CAMEROON Franc (FCFA).

A fixed parity of 50:1 is established against the French

Franc, but it permitted to float against the U.S. Dollar.

Recent exchange rates have been 1979-220 FCFA, 1980-250 FCFA,

1981-2T5 FCFA. The rate in March, 1983 was 340 FCFA against

the U.S. Dollar.

The 1982/83 Cameroon National Budget is balanced at FCFA

410 billion, compared to FCFA 310 billion in 1980/81. The

increase is due primarily to increased royalties and tax

receipts from petroleum, and from other direct corporate

income, and turnover taxes. Direct and allied taxes of FCFA

203 billion represent 50% of the budget. The National Budget

has two sections for recurring expenses,and public investment.

Recurring expenses have been increased by 29% to FCFA 256

billion, and investment by 39% to FCFA 15 3 billion. The

Ministry of Education received a 40% increase in 1982/83 to

FCFA 40 billion, and is the largest single item. The Ministry

of Armed Forces is second at FCFA 28 billion. The public

investment budget was increased by 36% in 1932/83. FCFA.

97 billion or 41% is for capital investment, an indication

of CAMEROON'S determination to sustain economic growth.

CAMEROON'S external debt payments represent approximately

12% of export earnings. It is estimated that external debt

service will climb to 14% by 19 85 and then level off. No
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difficulty is anticipated in servicing the debt.

The UNITED REPUBLIC OF CAMEROON is a member of the

Organization of African Unity (OUA), African Development

Bank (BAD), African Development Fund (FAD), Bank of the

Central African States (BANCEAC), and Customs and Economic

Union of the Central African States (UDEAC). It has signed

the BIRD convention on guarantees of investments3 and is

associated with the European Economic Community.
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III. LEGISLATION AND REGULATIONS

A. MINING LAWS

1. Introduction

Minerals exploration and mining are under Law

No. 64LF/3, April 6, 1964. The law is patterned after

French legislation. Minerals deposits are separated into

"carrière" and "mines". Building materials and peat bogs

are "carrière". Other minerals including limestone, phos-

phates, and alkaline salts, are classified as "mines".

"Carrière" are the property of the surface owner. Other

mineral deposits belong to the national government and

may be the subject of a mining concession.

2. Exploration

a. Prospecting License

In CAMEROON law, prospecting (Prospection)

includes all types of airborne and surface investigations

intended for the discovery of mineral occurrences. Explor-

ation (la Recherche) includes all surface and underground

work for the purpose of proving the existence of a mineral

deposit. Prospecting requires a license from the Minister

of Mines. The license is valid for two years, and it may be

for one or several minerals. It may cover all or part of

the country. It is not exclusive. A Prospecting License

may be granted to any legally responsible individual or

company with a permanent legal address in CAMEROON. The
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license;.ma$jL-be renewed.for two additional years. It does

not include the right to' do exploration.

b. Exploration Permit

An Exploration Permit (Permis de Recherche)

gives its owner the right to carry out all types of explor-

ation within the permit area. The area may have any shape,

bordered by straight lines, or by natural boundaries. The

permit area is indicated by survey markers on the ground,

and on 1:200,000 and 1:10,000 scale maps. The map location

is the legal area of the permit. An Exploration Permit is

granted by the President of the Republic for a two year

period, but may be renewed for additional two year periods>

with or without a reduction in area. The issue and renewal

of an exploration permit are subject to an obligation of

expenditure. The permit may be transferred with approval

of the Minister of Mines. The holder of an Exploration

Permit pays an annual fee calculated by area.

3. Mining

a. Mining Lease

A Mining Lease is rectangular in outline with

north-south and east-west borders, and must be located

entirely within the Exploration Permit it is derived from.

The request for a Mining Lease must be supported by all

the information required to evaluate the deposit, e.g. maps,

reports, results of analyses, etc. The granting of a Mining

Lease is accomplished by publication of a decree in the
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Official Record. It may be for one or several minerals.

The term is established in the decree, but it may be renewed.

The lease may be sold or sub-leased. The holder of a Mining

Lease pays an annual fee based upon area.

b. Mining Concession

A Mining Concession may be granted if the

importance of the deposit justifies it. The concession is

rectangular in.shape with north-south and east-west borders,

as with a Mining Lease. It must be located entirely within

a Mining Lease or Exploration Permit. The request for a

concession must also be supported by all the necessary inform-

ation such as maps, reports, results of analyses, evaluations,

and feasibility studies related to the deposit. The grant

of a Mining Concession must be preceded by a public inquiry

lasting one month, during which time third parties opposed

to the concession may submit arguments to the Minister of

Mines. If there is no opposition, the concession is promul-

gated by a decree published in the Official Record. As

with a lease, the concession may be sold, inherited, or sub-

leased. The duration is not specified by law. There is a

1% institutional tax, and a 2% annual fee, not clearly defined

in the law.

4. Special Regulations for Uranium

Uranium and other radioactive minerals are classified

as Strategic Minerals. The standard mining regulations may

be applied, but they may also be modified or supplemented by

special decrees or agreements. Anyone wishing to mine or
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explore for uranium in CAMEROON must request the benefits of

a special agreement to specify the conditions of its activity.

Such an agreement must be negotiated with the representatives

of the government. The agreement will specify:

Shares of ail the parties involved, including the
government

Mining rights granted

Amounts to be invested in exploration

Applicable regulations of the Investment Code

Details on the nature and rate of taxes and duties,
especially on exports

B, INVESTMENT CODE

The Investment Code is defined by Law No 50 /5 M-, June 6,

I960, 64LF/6, April 5, 1964, 66LF, June 10, 1965, and by

decree No DF10 of January 16, 195 8. The code provides four

priority categories of investment; A,3,C, and D. Any new

agricultural or industrial firm may be able to benefit from

one of these categories, regardless of its legal form. The

Investment Commission, which rules on requests, is composed of

One representative each of the Ministry of Economics,
Ministry of Finance, and Ministry of Mines in the case
of a mining company

Two representatives of the National Assembly

One representative of the Social and Economic Council

One representative of the "Société Nationale d'Invest-
issement"

Other officials that may be appointed



- 32 -

1. Category -A

Category A allows a ten year exemption on import

taxes for raw materials, supplies, and equipment, which go

into, or are necessary for, the manufacture of products sold.

Companies may also benefit from low or non-existent export

taxes- They must, however, pay the general internal production

taxes. These may be readjusted from time to time, but the -

rate is generally low during the first three years.

2. Category B

Firms registered under Category B have all the

benefits of Category A, with additional advantages of:

Complete exemption from income taxes during the first
five years

Accelerated amortization of investments

Five year exemption from land, forest, and mining duties

3. Category C

Firms in Category C may request negotiations with

the government on:

General terms for starting production, operating
conditions, production goals, professional training,
social facilities, etc., that are accepted by both
parties

Legal, fiscal, and financial guarantees

Freedom from interference, and in the selection of
suppliers and contractors

Guarantees for renewal of mining leases

Eventual financial benefits of the A and B categories
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4. Category D

Additional benefits in Category D, beyond those

of Category 3 and C, include stabilization of all taxes and

fiscal measures for a period of 25 years after commencement

of production. A Category D firm may request.the benefit of

any future modification of common legal dispositions.

C, LABOR CODE

1. General

The Labor Code is defined by Law No 67/LF/6, June,

1967, and No 74/14, November 27, 19 7M-. Employers who wish

to hire local labor must apply to the Regional Labor and

Employment Office.

There is a standard 40 hour week in industry, with over-

time as follows:

1 - 3 hours in any one week + 15%
9 - 1 6 hours in any one week + 30%
over 16 hours in any one week . + 40%

Sundays and Holidays + 4-0%

Overtime at night + 50%

Vacations are calculated on a basis of 1H days for each

month of regular work. At least 2 4 consecutive hours of resx

must be allowed each week, normally on Sunday. There are nine

paid holidays. There are exceptional personal holidays for

family events (marriage, birth, death), with a maximum of ten

days per year.

2. Social Costs for Local Labor

Fringe benefits added to the cost of local labor are:



Employer

7.0 %
4.8
5.0
2.5
. 3

3.0

Employee

2.8%
_
1.0
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Family allowance
Retirement, disability, death
Insurance (rate for mining)
Credit Foncier (unemployment)
Professional training tax
Medical and drugs

TOTAL 2 2.6% 3.8%

With additions of vacation and holiday pay, indirect

costs are 33% of wages.

D, TAXES AND DUTIES

1. Registration and Stamps

To register a company or corporation, the tax on

investment is :

0 - 750 million FCFA = 2.0 %
750- - 1500 million FCFA = 1.5
1500 - 3000 million FCFA = 1.0
over 3000 million FCFA =0.5

2. Registration on the Trade Register - 10,000 FCFA

3. Tax on insurance premiums

Life Insurance 4.0 %
Fire Insurance 2 5.0
Automobile Insurance 10.0
Other Insurance 4.0

4. Special Tax on Gross Sales

0 - 1 billion FCFA 1.5 %
1 - 3 billion FCFA 1.0
over 3 billion FCFA 0.5

5. Vehicle 'Tax

2000 FCFA/hp/yr, maximum 30,000 FCFA/vehicle

6. Company Income Tax

3 8.5% on net taxable profit

7. Personal Income Tax

This tax is owed on total personal income from
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salaries plus allowances, and the value of benefits supplied.

The basic rate is 3.3%, with progressive 5% increases to a

maximum of 60% for salaries over 6 million FCFA per year.

Taxes are deducted from salary and paid to the administration

within 20 days after payment of salary.

8. Customs Duties . • ,

The customs regulations are those of the CENTRAL

AFRICA ECONOMIC AND CUSTOMS UNION (UDEAC). There are four

taxes on imports:

Customs duties (CD) 5 - 30% of value FCFA
- Import duties (ID) 5 - 90% of value FCFA
- Added tax (ACT) 10% of value, including duties

Complementary tax (CT) 0 - 25% of value FCFA

Examples :

Steel
Cement
Heavy Equipment
(cranes, dozers)

Truck (3-10 ton)
Machine Tools

There are extras as follows:

a. Port and Town taxes

Port taxes 170 - 2900 FCFA/tonne
Town taxes 50 - 300 FCFA/tonne

b. Temporary Admission

There are two temporary admission procedures,

the normal procedure (NTA), and the special procedure, (STA).

The STA requires payment of taxes on the basis of annual amor-

tization .

G. Export taxas

Rates are generally 2%, but may be as high as

32% (coffee and cocoa).

d. Loading taxes

Rates are 0 - 500 FCFA/tonne

CD

10.0
20.0
10 .0

15.0
10 .0

% of
ID

20.0
15 .0
10 .0

15 .0
10.0

FCFA
ACT

13.0
13.5
12 .0

13.0
12 .0

value
CT

10.0
15 .0
20.0

5.0
20 .0

TOTAL

53
63
52

48
52

.0 %

.5

.0

.0

.0
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-IV, ADMINISTRATIVE ORGANIZATION OF GEOLOGY AND MINING

A. DEPARTMENT OF MINES AND ENERGY

The Department of Mines and Energy is one of two organ-

izations of the government involved in geology and mining.

A modified organization chart provided by the Department is

given in FIGURE 5. . The chart indicates that operational

responsibilities under the Minister are divided between

Regional Services, the Department of Mines and Geology, and

the Department of Energy and Water. Uranium activities are

in the Department of Mines and Geology, which is further

divided into Mining and Technical Activities Branch, Geology

Branch, and Hydrocarbons Branch. The Geology Branch -has a

Geological Mapping Service, Mineral Prospection Service, and

Hydrology Service. The organization of the full Department

of Mines and Energy is undoubtedly much more complex than

suggested by the chart, since it deals with substantial

petroleum exploration and hydrology as well as mining. Annual

reports either have not been prepared, or are not readily

available. Details of manpower and budget were not provided.

As a practical matter, internal policy decisions of the

Department of Mines and Energy are made by the Minister.

Technical operations are supervised by the Director and Deputy-

Director of the Department of Mines and Geology. ' The Geology

Branch provides technical support in geology. Mines and Geology

has two libraries, a "Periodicals" library and a "Documentation"

library. The "Periodicals" library has not been maintained,

and many publications are missing or out of date. The
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• "Documentation" library is new, and is in the process of being

organized. It has most of the records of past exploration,

and a few annual reports. Mines and Geology is supported by

a substantial laboratory facility which has a core laboratory

with diamond saw.and polishing laps, two digital Fluorometers,

Franz Isodynamic Separator, Zeiss Spectrophotometer5 two Perkin-

Elmer Digital Atomic Absorption Spectrometers, a Hilger Spectro-

graph with two photo comparators and a plate reader, a wet

chemistry laboratory, and a sample preparation laboratory.

About 50% of their work is for the Ministry of Mines, and the

rest for other agencies. The Department of Mines and Geology

is currently involved in three uranium projects with the

United Nations Development Program (PNUD) in the southeast,

BRGM in the southwest, and the Bundesanstalt fur Gewissen-

schaften and Rohstoffe at POLI in the north.

A list of publications of the Department of Mines is

attached as APPENDIX A, to which should be added the Geological

Map of the United Republic of Cameroon (1979). Many of the

publications are not available.

B. INSTITUT DE RECHERCHES GEOLOGIQUES ET MINIERES (iRGM)

The Institut de Recherches Géologiques et Minières (IRGM)

is part of the office of La Délégation Générale a la Recherche

Scientifique et Technique (DRGST), which was organized by

decree No 79/495 of December >+, 1979, under the office of

the Prime Minister, to bring together all scientific and

technical research under one administrative authority. The

organization chart of DRGST is shown in FIGURE 6. The mission
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of IRGM is to carry out research in geology, hydrology,

energy, and minerals. For this purpose, it has been organized

in two research centers and two laboratories':

Le Centre de Recherches Géologiques et Minières de GAROUA
in charge of geologic mapping and minerals investigations

- Le Centre de Recherches Hydrologiques de YAOUNDE (CRH),
for research and development work in hydrology

Le Laboratoire de Traitement des Minerais (LTM), to
provide analyses of rocks, soils, stream sediments, and
conduct mineral treatment, volcanic, and geologic studies

Le Laboratoire de Recherches Energétiques (LRE) for studies
of unconventional energy sources, solar, wind, geothermal,
and the peaceful uses of atomic energy in agriculture,
medicine, analytical chemistry, etc.

There is an administrative office and documentation section

in addition to the operating divisions.

The first Annual Report of IRGM was made for the 19 81/32

fiscal year. An operating budget of 400,738,0 85 FCFA was

provided by government contributions of 340,000,000 FCFA,

35,821,000 FCFA from other sources, and 24,917,085 FCFA

carryover from the previous budget. Spending was distributed

for personnel (38%), services (22%), program expenses (38%),

and other costs (2%). IRGM had a capital budget of 586,000,000

FCFA, which was distributed to construction (59%), purchase

of scientific equipment (25%), and other equipment (16%).

The total personnel of the institute consists of 25 profess-

ional scientific (two expatriate), and 6 8 other personnel

(accountants, secretaries, chauffeurs, maintenance,; etc.).

In 1981/82, both the geological research center at GAROUA

(CRGM) and the mineral treatment laboratory (LTM) were involved

in geologic and minerals investigations. CRGM had six

projects with a budget of 11,352,000 FCFA. These were:
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BANTADJE. Geologic mapping and mineral resource study
of 900 km2 at 1:50,000.

BOURTOL. Geologic mapping and mineral resource study
of 9 00 km2 at 1:50 ,000* •

MANGO. Geologic mapping and mineral resource study of
9 00 km2 at 1:50,000'.* Indications of sulfides in meta-
volcanics.

POLI. Geologic mapping and mineral resource study of
900 km2 at 1:50,003*. Indications of copper, and a
number of basic cumulates.

POLI. Petrology of the eruptive rocks.

POLI.' Petrology of the metamorphic rocks.

The Minerals Treatment Laboratory (LTM) budgeted five

projects for 31,289,000 FCFA. They were:

Gold mineralization of SE. ADAMAOUA and the Province
of the East.(not carried out).

Southeast project. Participation in the Ministry of
Mines-United Nations Development Project in the Southeast
Studies of the formations in the area 3°10'-3°15'N,
1U°5O'-15O00'E.

Southwest project. Participation in the Ministry of
Mines and Energy Southwest project.

Geophysical studies of the axis of ADAMAOUA. Primarily
seismic studies along the "Line of CAMEROON".

Geochronology of the Precambrian of CAMEROON (not
carried out).

C. CENTRE GEOGRAPHIQUE NATIONAL (CGN)

La Delegation Générale à la Res cherche Scientifique et

Technique also administers the Centre Géographique National

(CGN). The center supplies topographie and planimetric maps

and Atlas of CAMEROON. They also are the repository for aerial

photography and geodetic data. Available maps may be purchased,

but many are out of print. Current maps to be seen or purchased

are :
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1. CAMEROON. "1:5,000,000
Index map of cities, highways, rivers, etc.

2. Topographic Maps. 1:500,0 00
Ten sheets covering the country are KOUSSERI (19 64),
MAROUA (1975), GAROUA (197 3), NKAMBE (19 72),
NGAOUNDERE (1963), BAFOUSSAM (19 71), BERTOUA (1977),
BUEA-DOUALA (1976), YAOUNDE (1979), and ABONG-MBANG
(196 3). Many are not available.

3. Topographic Maps. 1:200,0 00
Forty-two sheets covering most of the country. An
index is shown in FIGURE 7.

4. Topographic Maps. 1:50,000
Coverage appears to be about 60%, mostly in the south
half. An index is available at CGN.

5. Aerial Photography.
Photography is complete for the entire country at
various scales and line spacing, resulting from
different surveys at different times for different
purposes. Overlays are available for 1:200,000
scale maps, showing surveys, flight lines, and
photo numbers. Photography is stored at the center.

6. Atlas Series.

An Atlas Series has been completed for the south half
of the country, plus BENOUE. FIGURE 8 shows Atlas
studies. A typical Atlas has a map of infrastructure
at 1:500,000, and text describing physical geography,
population, economy, social conditions, and natural
resources. Additional maps show property and resource
concessions, population density, ethnic distribution,
agricultural and timber production, and other data.
All of the Atlas are out of print.

7. Geodetic Data.
An index is available for geodetics and results of
leveling. It shows locations of survey markers,
and data can be obtained from the files.

8. Other maps.
Other available maps are CAMEROUN Carte Routière
(Highway) 1:1,500,000, Administrative Map (Provinces
and Sub-divisions) 1:2,000,000, and Map of YAOUNDE
1:10,000.

D, CONTRACT SERVICES

Because of the generally low level of activity in the

mining sector, there are few contract services available within
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CAMEROON. A few services are available for petroleum

exploration and drilling of water wells.

Drilling Companies

1. FORACO
B.P. 196
DOUALA

Telex: 5691KN Tel: 42.52.37

(all types of drilling)

2. SOTRAHY
No address

(mostly water wells)

Petroleum and Mineral Exploration

1. Compagnie Générale de Géophysique ( Ret>resentative)
B.P". 2 321
DOUALA

Tel: 42.53.42

(general geophysical services)

2. Compagnie des Services Dowell-Schlumberger
B.P. 5399
DOUALA

Tel: 42.31.15

(seismic well log interpretation)

E. UNIVERSITY OF YAOUNDE

The University of Yaounde has a Department of Earth

Sciences with a faculty of eight (five Cameroon and three

French). About 1,300 students enroll in introductory courses

as part of their general academic requirements. Last year

there were thirty-six who elected a geology major in their

third year, and twelve who graduated with a Master of Geology
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"degree. The number fluctuates from year to year. Historically

most graduates have accepted technical and administrative

positions in government, but currently, most are finding jobs

in the petroleum industry. There is a long range demand for

ground water hydrologists.
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-V. GEOLOGY OF CAMEROON

A, BACKGROUND

CAMEROON is located almost entirely within the Central

African craton. However, it is divided into several geologic

provinces, first by the Panafrican orogen, and later by the

graben of BENOUE, which is filled with Cretaceous continental,

and marine sediments. A number of other Cretaceous to

Quaternary basins cover the craton in places. They are:

Cretaceous to Quaternary coastal basins of the Atlantic
continental margin

Cretaceous basin of the Gulf of MAMFE, which extends
into NIGERIA north of MT. CAMEROON

Cretaceous basin of LAME, extending for nearly 100 km
along the border of CHAD, east of GAROUA

Cretaceous basin of MAYO REY, which runs for 9 0 km
along the river of that name, east of TCHQLLIRE

A small basin of upper Cretaceous rocks along the
VINA river, southeast of the MAYO REY basin

- The graben of MBERE, extending WSW-ENE for 2 30 km
north of MEIGANDA

Tertiary basin of OUESSO, at the southeast corner of
CAMEROON, underlain by the BATEKES sand of CONGO and
GABON

In the extreme north, the crystalline basement disappears

beneath the Quaternary alluvium of the LAKE CHAD depression.

The ENE faults bounding the BENOUE basin .are major

throughgoing regional tectonic features.

The most recent event is upper Cretaceous to recent

plateau basalt flows in parts of the craton, along an axis

known as the "Line of CAMEROON". Principal areas are in the

mountains of the west, around MT. CAMEROON, and in the ADAMAOUA



plateau, near the center of CAMEROON.

Discussion of the geology refers to the "Geological

Map of CAMEROON" (1979), which is included as APPENDIX B

of this report. It is the latest information available,

but the validity of portions of the map is under discussion.

Subdivisions of the Precambrian by lithology and age are

poorly defined and highly subjective. They could change

substantially with new mapping, age dating, or interpretation.

B, PRECAMBRIAN

1. Introduction

The Precambrian of central AFRICA is generally

divided into four complexes; A,B,C, and D. D is the oldest,

and is considered the equivalent of the Liberian of WEST

AFRICA. Its age is more than 2,300 million years. Meta-

morphism is generally catazonal, i.e. granulite and amphibolite

faciès. Precambrian C corresponds to the Eburnian erogenic

cycle, which includes the Birrimian of WEST AFRICA. Its

metamorphism is mesozonal, from amphibolite to greenschist

faciès. The age is between 1,800 and 2,300 million years.

Typical Precambrian 3 is represented by the Francevillian

series of GABON, and has a lower raetamorphic grade to

greenschist faciès. The age is between 1,200 and 1,800

million years. Precambrian A is relatively unmetamorphosed.

Examples are the formations of the NIARI syncline in GABON

and CONGO, whose age (600-1,000 m.y.) is the same as the

SEGOU-MADINA-KOUTA series in MALI and GUINEA. The A,3,C,

and D complexes correspond approximatly to the Upper, Middle,



and Lower Proterozoic, and Archean of North America.

The basement rocks have been intruded by syntectonic

and post tectonic granitoid rocks of the Panafrican orogen,

and by later "younger" granites.

2. Precambrian D

a. NTEM complex

On the Geological Map of the United Republic

of CAMEROON (19 79), anatectic granites, migmatites, and

gneisses, extending from the south to the extreme north of

CAMEROON are included in the Precambrian D. The map legend

classifies rocks by lithology rather than chronological age.

For example, post-tectonic granites, later than Panafrican,

are included in Precambrian D. Admittedly, there are few

measurements of absolute age, and the results are often

unreliable. In many cases, the degree of metamorphism is

the sole criteria available for classification. The results

are not always convincing.

Most current workers seem to agree that the oldest

formations of CAMEROON are those lying south of 3°N latitude

between the 10th and 14th meridian. They are the northern

extension of the old central African craton which includes

the CHAILLU and MAYOMBE massifs in GABON. According to

Gazel (1956), the Basement Complex is made up of a large-

area of crystalline schists with ectinites, migmatites,

and ancient concordant or sub-concordant plutonic rocks

represented essentially by syntectonic granites. Gazel's

Basement Complex covered most of CAMEROON. In 1976, Lassere

and Soba (1976), demonstrated a northern ending to the
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Congolese craton, and the existence of old charnockitic

cores of Liberian age within the Panafrican mobile belt.

They are now recognized as the only areas of Precambrian D

in CAMEROON.

It is difficult to stratigraphically divide the Archean

craton, although the granitic core of EBOLOWA-SANGMELINA (y1)

appears to be older (3,20.0 m.y.) than the leuco-mesocratic

pyroxene and biotite gneisses (ç, ç ) (granulite faciès),

which surround the core on the northwes.t, west, and south,

and extend to the borders of CONGO and GABON. Lithologically

it is difficult to precisely separate the two units because

there is no clear distinction between the granite core of

the EBOLOWA region and the surrounding gneisses on either a

regional, local, or microscopic scale. To the west, the

gneisses appear to plunge under migmatites (M^) of the

LOLOBORF area. In the recent reports of the United Nations

Development project, they have subdivided the Precambrian D

into the calco-magnesium complex of the massif of NTEM at

the north end of the Congolese craton, followed upward by

the migmatites of AYINA, a calco-alkaline complex of YOKADOUMA,

and a basement volcano-sedimentary series, including itabirites

and ultrabasic rocks (UNDP, 1982). The NTEM complex may have

been involved in the Eburnean orogenic cycle (2,300-1,800 m.y.)

but it was not affected by the Panafrican orogeny (550 m.y.).

b. Charnockites

On the basis of geochronological arguments',

Lassere and Soba (1976) have demonstrated the presence of

some lithologie units of Precambrian D which were mobilized
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by the Eburnean cycle (2,300-1,800 m.y.) and remobilized •

during the Panafrican orogeny (550 m.y.). They consist

primarily of hypersthene gneisses, slightly amphibolitized

pyroxene gneisses, clinopyroxene gneisses associated with

hypersthene granites, and norites. These rocks, which can

be classed as charnockites, are similar to those of the

NTEM complex, and are. considered to belong, to the Precambrian

D.

The charnockitic cores are found principally in -south-

west CAMEROON at KRIBI, at BIPINDI (60 km ENE of KRIBI),

at LAMBI (near BIPINDI), to the east and southwest of EDEA,

and near BONEPOUPA (40 km east of DOUALA). Some have been

included in ç1 on the map, but others have not been shown.

Similar smaller masses may be found almost anywhere as

large inclusions"in some of the migmatites of the mobile

belt. The ages of the large charnockite masses at KRIBI

and LAMBI are well established by dating, as 2,900 m.y.,

which is sufficient to place them in. the Precambrian D.

Most of the smaller ones have not been dated by whole rock

analysis, but their structural and pétrographie similarity

to the other massifs is sufficient to place them in Precam-

brian D by analogy.

3. Panafrican Mobile Belt

Most of CAMEROON north of the NTEM complex lies

within the Panafrican mobile belt, where the craton was

formed at about 550 m.y. Areas that are not included are

the DJA series in the southeast, which is Precambrian B,
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almost untouched by Panafrican metamorphism, and the

Cretaceous to Quaternary basins listed in the introduction

(V-A).

Parts of the series suffered a retrograde metamorphism

during the Panafrican orogeny, and the real age is not

established. Our opinion is that the complex is almost

entirely Precambrian C in age, corresponding to the Eburnian

(2,300-1,800 m.y.). We believe the metamorphism is too strong

for younger sedimentation. Some formations of Precambrian A

and B undoubtedly occur in places5 and will be described later.

However, they form an insignificant part of the total area of

the mobile belt.

The Panafrican mobile belt includes four pétrographie

complexes, probably corresponding to successive cycles of

sedimentation. Listed from lower to upper, they are:

The anatectic granites (y-'-)

- The migmatites (M^M^M 3)

- The gneisses (ç1,?2)

The late tectonic granites (y )

a. Anatectic Granites (y1)

The new geological map of CAMEROON at 1:1,000,000

(1979), does not distinguish the granites of the NTEM complex

(Precambrian D) from other anatectic granites of central

and north CAMEROON. Logically they should be separated

because the central and northern anatectites have been

subjected to retrograde metamorphism during the Panafrican

orogen.
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It is difficult to establish contacts for the anatectic

granites because there is an almost imperceptible transition

from diffuse granitic rocks to clearly anatectic granites.

Those that are associated with gneiss and embrechites are

more easily distinguishable. They appear as spindle shaped

concordant bodies similar to the syntectonic granites. Three

principal types of granitic texture have been recognized in s

the field. These are:

isotropic granites with porphyroblastic microcline-

oriented, medium grained, granites with poorly
defined textural and structural features

intermediate granites with alternating isotropic and
oriented faciès. Most of the anatectic granites are
of this type.

All three types are léucocratic with compositions

ranging from monzonite to calc-alkaline. The dominant minerals

are large crystals of perthitic microcline, grains or stringers

of quartz, showing undulatory extinction under the microscope,

oligoclase (15-25% anorthite), and biotite, either as layers

or inclusions in the larger feldspars. Muscovite and secondary

albite are subordinate minerals. Accessory minerals are

sphene, apatite, zircon, calcite, epidote, green hornblende,

and more rarely allanite, magnetite, and ilmenite. The

texture is often cataclastic.

The anatectic granites are found north of 4°N, especially

in the center, east, and northeast part of CAMEROON. They

also occur in smaller bodies west of the "Line of CAMEROON",

and along the border of NIGERIA, as far north as MORA, at

the edge of the depression of LAKE CHAD. The only area



- 54 -

where they do not occur is the quadrilateral CAMPO-NANGA-

SBOKO-FOUMBAN-DOUALA. Areas in the south, mapped as anatectic

granite Cy ), are considered to be part of the NTEM complex.

b. The Migmatites (M^M^M 3)

Migmatites are abundant in CAMEROON, as they

are- in NIGERIA, and especially in CHAD, and the CENTRAL AFRICAN

REPUBLIC. Their real importance is probably not reflected in

the geologic map, where large areas of predominantly migmatite

have probably been included in anatectic granite on the one

hand, and as gneiss on the other. The transition is gradual

in both cases , and mapping reflects the interpretation of

the geologist. The migmatite complex is very heterogeneous,

including some units that could be classed as gneisses, with

only minor perthitic alteration of feldspars. All lithologie

variations are represented, ranging from gneisses to true

granites, and including true migmatites (Bessoles and Trompette,

1980). There are areas of anatectic granite within the

migmatite.

Migmatites (M1,M2,M3) on the geologic map have been

classified as anatectic granites, anatexites, embrechites,

and diadysites. Migmatites often occur in peneplained areas

where the most refractory rocks that resisted migmatization

remain as small hills after erosion.

1. Anatectic Granites

Associated with the migmatites are anatectic

granites of the type previously described. Some authors

(Bessoles and Trompette, 19 80) would like to include them
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in the migmatite complex, while others are more vague. The

1:1,000,000 geologic map (1979) does not make any distinction

between large masses of anatectic granite and differentiated

migmatites with granite cores, which are both included in y .

They are separated on some of the individual 1:500,000

geological maps.

2. The Anatexites (M1)

The name anatexites is applied to a

group of rocks representing a transition between augen-

embrechites (see discussion below), and the anatectic granites.

In the field, mapping has distinguished between porphyro-

blastic anatexites, the large augen anatexites, banded

anatexites, and "nebuliform" anatexites. The first group are

close to porphyroblastic anatectic granite of y (see above).

Mineralogically, in decreasing order of importance, they are

composed of phenoblastic quartz with undulatory extinction,

large crystals of microcline or twinned orthoclase, and

partially, albitized oligoclase, surrounded by perthite,

myrmekite, biotite, and green hornblende. The augen anatexites

and banded anatexites have foliated crystalline textures

with crumpled banding,sometimes even vertical. There are

discontinous layers of mica along the foliation. The compos-

ition is the same as the porphyroblastic anatexite, but with

a more pronounced chloritization of the biotite, and the

addition of a few small pink or red garnets. The "nebuliform"

anatexites are distinguishable by a vague alignment of the

ferromagnesium components, which isolate the leucocratic

quartz-feldspar augen.

In all the anatexites, syngenetic differentiation has
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produced bodies of pegmatite and aplite. Near the Panafrican

syntectonic granites, the migmatites are often injected with

dense swarms of veinlets of saccharoidal quartz.

3. The Embrechites (M

The name embrechite has been applied to

a group of migmatites where banded textures are more prominent

than augen. They are found almost everywhere in CAMEROON.

Field geologists prefer a classification based on texture

while petrographers prefer to use the mineral composition

of the "barylites" (i.e. minerals with density over 2.77,

including amphiboles, pyroxenes , heavy minerals, etc.). In

the field classification, embrechites are divided into augen

embrechites, with textures closer to anatexite, and banded

embrechitesj which are closer to gneiss. The mineralogical

classification distinguishes:

two mica embrechite

biotite embrechite

biotite/amphibole embrechite

pyroxene/amphibole embrechite

The two mica embrechites occur principally in the south

half of CAMEROON. Their texture may be either banded or

augen. The mineralogy consists of quartz, microcline, albite,

plagioclase feldspar, myrmekite, muscovite, and biotite.

Accessory minerals are apatite and zircon. Garnet and kyanite

are frequently found.

Biotite embrechites occur principally in the area around

YAOUNDE and in the region of BAFIA, BANYO, and BATOURI.

Augen textures are frequent, but banding is not prominent.
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There are large mesocratic relict structures. They are

composed of quartz, in elongate crystals with undulatory

extinction, large areas of perthitized microcline with albite

and oligoclase inclusions, myrmekite, and large flakes of

biotite. Epidote, apatite, and zircon are accessories. Pyrite,

chalcopyrite, and iron oxides are fairly common.

The biotite/amphibole embrechites are essentially

migmatized ectinites (i.e. little metasomatic alteration).

They occur around EDEA and in the KIENE and LOBE valleys

north of CAMPO. The structure is rather homogeneous, gen-

erally banded and sometimes cataclastic. Recrystallization

has given the rock a generally granular texture. The mineralogy

is not very different from the biotite embrechite except for

the additional presence of hornblende.

The pyroxene/amphibole embrechites are more rare.

They are found as small altered exposures southwest of

YOKADOUMA. Hypersthene and green hornblende are of increased

importance, but biotite is rare.

4. The Diadysites (M3)

The name diadysite has been applied in

CAMEROON to a group of migmatites with a cross-cutting grid

of later veins oriented in all directions. There is only one

occurrence shown on the map, near OBALA, 50 km north of

YAOUNDE. Two faciès are distinguished, an aluminous faciès

which is very micaceous, with gray garnet , and a more basic

faciès, rich in amphibole. It is very different from the

other migmatites because of its chemical composition, which

makes it refractory to metamorphism.
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c. Gneissic Complexes (Y^,Ç>Ç^»Ç )

1.. Introduction

It is probably incorrect to group the

younger rocks solely on the basis of their lower metamorphic

grade. However, the present state of our knowledge of

structural geology and geochronology makes it more convenient

to use the field criteria for classification. In the absence

of a more accurate definition, we have grouped the great

gneissic complexed of CAMEROON in this chapter for discussion.

Listed from south to north, these are:

the western pelitic complex

the gneiss of the NYONG series

the gneiss of the YAOUNDE series

- the gneiss of the LOM and MBERE series

the gneiss of the BANYO series

- the orthogneiss

2 . The Western Pell.fic Complex

The western pelitic complex represents

the core of a synclinorium with calco-alkaline gneisses on the

flanks. The complex is about 100 km long and 50 km wide. It

is oriented north-south, and extends from the coastal Cret-

aceous basin near MUNDEMBA in the south to the Cretaceous

embayment of the Nigerian BENOUE basin at MAMFE in the north.

It lies entirely to the west of the "Line of CAMEROON". The

principal rocks are plagioclase gneisses with some quartzites,

amphibolite, and alkaline gneisses, described as "leptynites"*

on the geologic map (1979). The western pelitic complex

includes units of ç and ç̂- on the map. Sedimentation appears

*leptynites is used in the broad sense of granular metamorphosed
arkosic rock, and does not imply granulite • faciès metamorphism.
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to be characteristic of a shallow epicontinental basin

developed by erosion of the old basement of migmatite and

anatectic granite. The age of the sediments is probably

2,300-2,000 m.y., and they were metamorphosed during the

Panafrican orogeny (5 50 m.y.).

3. Gneiss of the NYONG Series

The NYONG series gneisses occupy another'

synclinorium which extends over 300 km N30°E.from the lower

NTEM valley to MAKENENE, 50 km WNW of BAFIA. The width of

the synclinorium exceeds 100 km at the latitude of EDEA.

Rock types reported include.two mica gneisses, biotite

amphibole gneiss, leptynites, micaceous quartzite, ectinites,

and metabasites. Earlier authors have used the names of

Lower NYONG and LOKUNDGE series. Since the work of Lassere

and Soba (1976) demonstrated,by chronological dating, that

the rocks were of several different ages and origins , these

terms must be abandoned. In addition to the ancient charn-

ockites.(see Precambrian D ) , Eburnean ages have been reported

for the ESEKA migmatites (2,315*80 m.y.) and 2,026±80 m.y.

for gneisses in the region of LOLODORF. These ages prove

the existence of an Eburnean terrane within the Panafrican

mobile belt. The NYONG series includes areas mapped as ç,

1 2 2
ç , and ç . Units.'of ç along the SANAGA river valley are

grouped with the YAOUNDE series.

4. The Gneisses of the YAOUNDE Series

The YAOUNDE series includes many

heterogeneous, scattered gneissic complexes, along the lower

SANAGA valley between EDEA and MONATELE, north of MBALMAYO,



- 60 -

along, the 13th meridian around NGUELEMENDOUKA and ABONG-MBANG,

and in an arc extending from NGUELE30K, 5 5 km southeast of

BERTOUA, to the CONGO-GABON border. Other smaller pockets

of gneiss are present throughout the area. It includes units

shown as ç and Z on the map. The complex includes garnet

rich ectinite gneisses (two mica), biotite gneisses, and

amphibolites. The garnet gneisses are found north of MBALMAYO,

west of MATOMB, along the highway from YAOUNDE-DOUALA, and

particularly in the area, between NANGA-EBOKA and ABONG-MBANG.

The extensive exposure of these gneisses is probably due to

their low apparent dip. They may constitute a single strat-

igraphie horizon.

The biotite gneisses occur in an arc.along the IM-th

meridian, curving eastward from the CONG0-GA30N border almost

to BERTOUA, and in an eastward extension to NGATO. Amphibolites

are found in concordant layers within the biotite gneiss,

and probably constitute a particular former rock faciès of

a different composition. They may have been derived from

either calcareous marls or from doleritic sills.

5. Gneisses of the LOM and M3ERE Series

These gneisses, which include biotite

gneisses, two mica leptynites, and interbedded lenses of

amphibolite, are found in several synclinal basins extending

SW-NE on both sides of the right lateral fault that runs from

BAFOUSSAN to the MBERE river. The rocks of the synclines are

strongly folded and recrystallized with near vertical dips,

/reas mapped as ç^ and ç are included. Important areas are

the LOM series near BETARE-OYA and north of the MBERE river.

The LOM series may be Precambrian A or B in age.



- 61 -

6. The Gneisses of BANYO

The gneisses of BANYO trend N-S or NE-SW.

They are found close to the Nigerian border in a zone extending

from 30 km northeast of BANYO to 30 km north of KONTCHA. They

are mostly uniform biotite gneisses. Often,they have been

squeezed between granite massifs and are folded and tilted.

Dips are rarely less than 60°, and are often vertical. They

have been faulted and mylonitized in places. Large relicts

of amphibolite form a thick series north of MANA. They

are generally oriented like the gneiss, but may also have a

coarse grained isotropic texture.

7. The Orthogneisses

The legend of the geologic map (1979)

shows a group of ante or syntectonic orthogneisses (y*>), that

are probably younger than the surrounding metasedimentary

rocks. They are resistant rocks which often stand out in

relief, as for example, the massif north of BATOURI. The

gneisses are leucocratic, weakly oriented, with variable grain

size. They have elongated quartz grains between small bands

of ferromagnesium minerals. Mineralogy is generally simple.

Quartz, microcline, biotite, and amphiboles are the essential

minerals. Panafrican migmatitic metamorphism is indicated by

the presence of perthitized microcline and secondary quartz.

Most of the orthogneisses are located between 1+-6°N. Larger

bodies have been mapped at BATOURI and southeast of ESEKA.

Others, not mapped, are found in the HOUNYOPA region,

(5°19'N,9O47'E), south of DITAM (5°20'N , ll°30'E) , and to

the north of YOKO. There is a small body north of NGAOUNDERE.
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Lassere and Soba (1979), and Bessoles and Trompette

(1980), both agree on a Panafrican age for migmatization

(625+15 m.y.) in both south central and north CAMEROON.

4. Precambrian 3

a. Introduction

In central AFRICA, it is generally accepted ;

that the Precambrian B rocks were deposited in several basins

created by a slight subsidence of the older basement (syneclise).

These include the Francevillian basin in eastern GA30M., the

SEMBS-OUESSO basin in northern COMGO, and the 3ANGASS0U basin

in the REPUBLIC OF CENTRAL AFRICA. All of these basins are

open to the east or south and converge toward the big central

CONGO River basin (Cuivette Congolaise). Most of the Precambrian

sedimentary basins of CAMEROON have been oriented toward the

north by folding in the Panafrican mobile belt. The Precambrian

3, if it exists, has been more or less metamorphosed, and is

clearly different than in the basins to the south. Within

the mobile belt, a few small detrital continental basins may

be distinguished from the older formations by their sandy

texture, which has protected them from the effects of meta-

morphism. However, they are generally folded. In the southeast,

the DJA series, which appears to be on the upper slope of the

SEMBE-OUESSO basin is more clearly assigned to the middle and

upper Precambrian B.

b. The POLI-MAROUA Series

Several synclinal troughs separated by anticlinal

ridges have been recognized as middle or late Precambrian.



- 63 -

They rest unconformably on older migmatites and may be clearly

distinguished by their composition and degree of metamorphism.

This group is divided into three suites :

Lower suite. Keratophyric tuffs and rhyolites
becoming dacitic toward the top

Middle suite. More basic tuffs, principally chloritic
and sericitic tuff, tuffaceous shales and carbonates

Upper suite. Phyllites of silty, argilaceous, marly,'
and calcareous origin

On the geologic map (1979), the POLI-MAROUA series is

shown as upper and lower mica schist, in a belt extending from

POLI to MAROUA on both sides of the BENOUE basin.

c. LOM Series

This series forms two basins, 30 km wide and

2 00 km long in eastern CAMEROON and extending into the CENTRAL

AFRICAN REPUBLIC. They are oriented SW-NE, and cover about

2

2,500 km . The LOM series are sedimentary formations of

probable continental origin. They are intensely folded, but

with uniform SW-NE strike. Field mapping has distinguished

a wide spread phyllitic faciès and a siliceous faciès repres-

ented by more or less feldspathic quartzites interbedded with

schist. The quartzites include sericite mica schists, chloritic

schist with garnet, and itabirite (at MATELE). Some reddish,

friable units may be derived from rhyolite tuffs. Metamorphism

is epizonal.

The LOM series rest unconformably on the basement rocks.

The unconformity is accentuated by the discontinuity in

metamorphism between the gneissic basement and LOM series

rocks (Gazel and Gerard, 1954).
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d. MBALMAY0-BENG3IS-AY0S Series

The MBALMAYO-BENGBIS-AYOS series covers a large

area north of the NTEM complex between MBALMAYO and LOMIE. On

the geologic map, it includes units of Ç^, Z (lower and upper

mica schist), sch (schists), and q^ (quartzite). It is in

fault contact with the NTEM complex to the south, and the

younger rocks may have been overthrust on the Archean basement.

The contact with migmatites along the northern edge is probably

unconformable, although this is not evident in the field.

The series is made up of mostly green schists with a greasy

luster and scaly surface due to crumpling of the layers.

Alternating layers of chlorite-sericite and fine quartz are

visible with a hand lens. Amphibolites are found in the

eastern part. Near AYOS, mica schists (two micas), and

chlorite schist alternate with quartzites of variable thick-

ness. One of the important features of the series is the

presence of large garnets, generally rounded and partially

altered to limonite, of detrital origin (P. M. Vincent,

personal communication). The degree of metamorphism is generally

low, as the influence of the'Panafrican diminishes to the

south and east.

e. DJA Series

For the purposes of this report, the authors

have included in the DJA series, all the formations shown on

the map (1979), which are presently divided into the calcareous

rocks (Gc) north of MINTON II, the schisto-quartzitic series

(q 3), with KOKA sandstone at the top, and the granular schist

complex (q2,P). We have not included the tillite complex (Ct),
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which we consider to be Precambrian A by analogy with the tillites

in the syncline of NYARI (southern GABON), which have been

dated.

The DJA series is still very poorly known. The presence

of the jungle, the difficulty of access, and the lack of. good

exposures have hindered the establishment of good geologic

maps. By combining the observations o'f the French C.E.A.

(1967-68), those of Gazel (1956), LaPlaine (1971), the photo-

geologic interpretation of BRGM (1980), and the current work

on the UNDP Southeast Project, it is possible to correlate the

DJA series with the Francevillian (GABON), the SEMBE-OUESS0

series (CONGO), and the NOLA series of REPUBLIC OF CENTRAL

AFRICA (FIGURE 9). In this description, the basal schisto-

quartzitic series (q^) is included in the DJA series because

of its possible correlation with the lower Francevillian. This

suggests the following succession from bottom to top:

basal schisto-quartzitic series (q2)

schisto-dolerite complex (sch)

BEUK complex

schisto-arenaceous series (qu)
pelitic series (P)

schisto-calcareous-arenaceous series (Gc)

1. Basal Schisto-quartzitic Series

The basal schisto-quartzitic series (q )

probably rests unconformably on the NTEM complex, on the mig-

matite complex, and on the MBALMAYO-BENGBIS series. Although

This basal schisto-quartzitic series does not appear on the
geologic map 1:1,000,000, but is considered by J. M. Regnoult
(personal communication) as most probable. On the western
edge of the DJA series, the faciès are more and more quartzitic
and may constitute the basal unit of the series. The UNDP
does not reject this hypothesis.
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no real basal conglomerate has been identified, it is possible

to consider these rocks equivalent to the lower Francevillian

(FA and/or FB). There are many different faciès.

massive quartzite with oblique stratification and some
micas in the joints

breccia with angular quartzitic fragments in an
arenaceous micaceous cement

black slates with exudation quartz veins

micaceous quartzo-phyllites with thin alterations of
quartzite and pelites

indurated, micaceous pelites with ferruginous jointing

In the schisto-quartzitic series, quartz grains are

generally rounded and show secondary overgrowths. The thick-

ness of the series exceeds 1500 m. Accoring to J. M. Regnoult

(personal communication), the schisto-quartzitic series changes

progressively to KOKA sandstone, with increased percentages

of cross-bedded quartzitic beds. The quartzite sandstone is

white saccharoidal, medium to coarse grained. Thickness

ranges upward to 450-500 m.

2. Schisto-doleritic Complex

The schisto-doleritic complex (sen,6) is

useful on photogeologic interpretation. It is made up of thick

schistose series intruded by sills and occasional dikes of

dolerite and gabbro. The basic rocks probably intrude both

the schists and overlying quartzites of the BEUK complex, but

are particularly well developed in the schists. Contact meta-

morphism is indicated by the presence of actinolite and "jasper"

at distances up to 50m from the intrusion. The complex has

been folded and the thickness is unknown.
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3. Schisto-arenaceous 3EUK Complex

The base of the BEUK complex consists of

light gray or red quartzite and sandstone (q3) . The hardness

and continuity impose a typical morphology on ,the landscape

which indicates the bearing of 'the series. The complex starts

with a,bed of conglomerate and becomes finer grained toward .

the top. The C.E.A. geologists called this the "DOUMA" sandstone

A monotonous formation with little relief (P) constitutes

the upper part of the BEUK complex. These are red or blue-gray

shales and graphitic schists. Variegated pelites alternating

with calcareous beds also occur. Metamorphism is very weak,

to quartz-muscovite-sericite.

4>. Schis to-calcareous-arenaceous Series

Members of this series CGc) occur only

north of MINTOM II. It rests unconformably on the basement

and on the schists of the MBALMAY0-3ENGBIS series. It is

not possible to give its exact age because it is not in

contact with the other formations of the DJA series. The

series consists of alternating limestone (dolomite ?),

sandstone, and schist. It is not very highly folded and the

degree of metamorphism is low.

5. Discussion1

Other'alternative interpretations of the'

DJA series may be considered, and influence the favorability

for uranium. A logical starting point for discussion is the

schisto-arenaceous complex (sch,q3) and dolerite (6) in the

BEUK river area. If one uses the stratigraphy as shown on

the geologic map, 1:1,000,000, then the BEUK complex consists
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of two members, a lower schist (sch), and an upper quartzite

(q 3), intruded by dolerite (<5). The age of the dolerite is

defined by two measurements of 1360±70 m.y., and 1220+60 m.y.

(UNDP, 1982). UNDP (19 32) also reports that the dolerites are

part of a basic volcanic suite that includes tuffs and lava

flows. If these two pieces of information are correct, it

places the age of the schisto-a^enaceous series at 1,300 m.y.

Indeed, it would be unreasonable to expect widespread intrusion

of sills into rocks that were substantially older, and already
1

well indurated.

Most current workers appear to accept that the DJA series

rests with possible unconformity on the older schist and

ectinites (sch,?1) of the MBALMAY0-BENGBI5-AY0S series, which

we have included in Precambrian 3 (1,800-1,200 m.y.). In this

case, the sequence would be as suggested in the chart below,

and one would look for the time equivalent of Francevillian A

and B near the base of the MBALMAY0-BENG3IS-AY0S series .

1,300 m.y.

1,300 m.y.

MOLOUNDOU AREA

Tillite (Ct)

schisto-calcareous-
and sills

Basic flows
and tuffs

•BEUK complex. >-
Schist (sch) | 7 —'"""

?- """ arenaceous series (Gc)

MBALMAY0-3ENG3IS-AY0S
( s ch,C* )

Precambrian C

1. This opinion is not agreed by all the "African geologists".
In many countries, the intrusion of dolerite sills into the
shales and schists is much younger than the country-rock.
In southern MALI and northern GUINEA, for instance, the
dolerite sills are 700 million years younger than the
Proterozoic of SEGOU-MADINA-KOUTA.
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This interpretation ignores the quartzite -pelite

sequence southeast of YOKADOUMA, along the border of the

CENTRAL AFRICAN REPUBLIC. There appears to be an abrupt

change in structure and stratigraphy along the NW-SE fault

passing near MIKEL. Field work by the UNDP in the area between

KOUMELA and the SANGHA river, indicates that the sequence is

essentially schisto-dolomitic instead of schisto-quartzitic.

It is also an area of open folding, as opposed to close folding

to The southwest, and the quartzite-pelite sequence (q^,P)

appears to be very little disturbed and almost unmetamorphosed.

It is difficult to fit this sequence into the stratigraphie

column southwest of the MIKEL fault. The schisto-dolomitic

sequence most closely resembles the schisto-calcareous unit

(Gc). If one places this at the base of the BEUK complex,

(map version), the pelite-quartzite sequence (q2,P) may be

a window of older rocks resting on the basement complex, and

protected from later metamorphism and orogenesis. The UND?

has included a group of granitic rocks exposed in windows

around YOKADOUMA, in the basal complex, and called it the

calco-alkaline complex of YOKADOUMA (UNDP, 1982). The sequence

would be :

YOKADOUMA AREA

1, 300 m.y

1,800 m.y

Dolerite dikes
and sills

Basic flows
and tuffs

Quartzite (q3)]

Schist (sch)
BEUK complex (SW of MIKEL)

Schisto-dolomitic complex (sch, Gc)

Pelite (P)

Quartzite (q2)

Calco-alkaline complex of YOKADOUMA

(NE of MIKEL)
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9

In this case, the pelite-quartzite sequence (q ,P) '.

could be the time equivalent of Francevillian A and B.

6. Conclusions on the DJA series

The general metamorphism of the DJA series

is low (green schist) and sometimes imperceptible. However,

folding is often strong, especially in the schisto-doleritic

complex, and at the base of the BEUK complex. The age of

the series is not known, but it is at least 1,300 m.y.,

determined for intrusive dolerite sills. We are tempted to

consider most of the series as equivalent to upper France-

villian (Fd and FE) of GABON, with the possibility that the

basal quartzite (q ' °r quartzite-pelite sequence (q^,P)

may be equivalent to Francevillian A and/or B.

5. Precambrian A

The DJA tillites

Some previous authors have considered the DJA series

as belonging to Precambrian A. The dating of the dolerite

dikes and sills (1,300 m.y.) places most of the series in

Precambrian B. However, the DJA tillites probably belong to

Precambrian A. They rest with undoubted unconformity on the

formations of the BEUK complex , and they contain dolerite

fragments (VanDenHende, 1969). Moreover, they resemble the

tillites at the base of the NIARI syncline of western CONGO

and GABON, which are dated 700 m.y. It is also possible to

correlate them with the BANJA tillites of CENTRAL AFRICAN

REPUBLIC, dated as 675 m.y.

The DJA tillites outcrop in southeast CAMEROON, in an
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area of a few hundred km^ along the CONGO border, 30 km

west of M0L0UND0U. In the principal body of tillite, VanDenHende

(1989) distinguished some breccias with an argillaceous-marly

matrix surrounding fragments of quartzite ,. schist, and doLerite

of various sizes. These breccias alternate with clays and

dark gray, pyritic cal.cschis.ts with numerous joints filled

with calcite.

e, PALEOZOIC

1. Introduction

Whereas the Paleozoic is widely distributed in southern

AFRICA (KAROO complex), in western AFRICA (GUINEA and. GUINEA-

BISSAU), and in NIGER (TIA MERSOI basin), it is much less

frequently found in central AFRICA, including CAMEROON. The

geologic map (1979) does not show any Paleozoic rock; but, a

few small relicts are known to occur in the north.

2. MANGBEI-HOYE Series

Bessoles and Lasserre (1977) have reported the

presence of rocks that have not been folded (i.e. post

Panafrican) at MANG3EI, 70 km ENE of GAROUA. They have

obtained a Cambro-Silurian age of 370-490 m.y. by K/Ar

dating. Similar rocks are found at NOUGALA, 30 km south

of POLI, and at HOYE, north of POLI, where their E-W extension

reaches 30 km.

The series was deposited unconformably on the older

basement, and their dips, generally gentle, do not exceed

2 5°. According to Schwoerer (1965), the formations once
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covered all of north CAMEROON, but have been removed by

erosion. They are only preserved in places where they were

covered by later volcanics.

Paleozoic sedimentation began with an arkosic conglom-

erate, with cobbles of basement schists and gabbro in coarse

arkosic matrix. Higher in the section, the arkose is cross-

bedded. It is made up of fine grained quartz and plagioclase^,

which sometimes makes up 80% of the rock.• The cement is

often ferruginous, sometimes calcareous. Trachytes arid

andésites have intruded the sandstone. The series is unfossil-

iferous. It may reach 350 m in thickness. At MANGBEI,

it is covered by a thick, flow-banded porphyritic rhyolite

with idiomorphic quartz and plagioclase. Current exploration,

in the region of POLI, suggests that erosional remnants of

Paleozoic acid volcanic rocks may be much more widespread

than previously known.

D. PRE-CRETACEOUS TECTONIC EVENTS

All of CAMEROON except the NTEM complex in the south

is within the field of the Panafrican orogeny. It has imposed

a general SW-NE trend on 90% of the formations, with some

changes in direction due to rock competence. In the north .

and southwest, the trend is NNE. It is northeast in the

central and eastern region, and N-S in a small area of west

CAMEROON. The folded formations are affected by three sets

of fractures. From oldest to youngest, they are:

E-W faulting, more common in the south

NW-SE faults, downthrown on the east

N-S faults, cutting the other two
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The most important feature of CAMEROON is the major

WSW-ENE zone of faulting and mylonite that crosses the country

from FOUMBAN, in the west, to the border of the CENTRAL AFRICAN

REPUBLIC in the MBERE valley, on the east. This is one of

the major faults of AFRICA. It continues to the east as far

as the SUDAN. Southwest of FOUMBAN, it is covered by recent

volcanics, and by the Cretaceous-Tertiary coastal basins/

It continues on the other side of the ATLANTIC as the

PERNAMBUCO fault in BRAZIL. The total length exceeds 2,500.km

(Pichon and Louis, 1970). It is a right lateral fault with

a vertical component that elevated the north side. The

width of the mylonitized zone may reach 5-6 km.

Other mylonites occur frequently in CAMEROON. These

zones of weakness are sometimes injected with biotite and

garnet pegmatites, and microgranites. They were also a

path for trachytic intrusions. Movement and mylonitization

have been recurrent. Gazel (1956), gives an age date of

760+60 m.y. for galena from siliceous breccia in the main

mylonite zone, northeast of FOUMBAN. This breccia pre-dates

the Panafrican orogen. There is no doubt that faulting has

been recurrent over a long period of time, especially during

the lower Cretaceous opening of the ATLANTIC ocean.

E. MESOZOIC AND CENOZOIC

1. Introduction

The discussion is divided into the coastal basins,

which are predominantly filled with marine sediments, and

other basins which were developed as grabens during the
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-opening of the ATLANTIC ocean, where sediments are predom-

inantly continental in origin.

2." Coastal Basins

The basement arch at KRIBI divides the coastal

basin into two èmbayments. In the south, the tiny CAMPO

2

basin, extending only 50 km into CAMEROON,'constitutes the

northern end of the basin.of GABON and EQUATORIAL GUINEA.

The larger DOUALA basin in the north (7,000 km2) is divided

into two parts and partially buried by the volcanic formations

of MT. CAMEROON.

a. CAMPO Basin

Sedimentation began with conglomerates alter-

nating with black marls. These were followed by conglomeratic

sandstones, banded marls, and oolitic limestones. Micas

are always present. Fossil impressions of fish and an

ammonite (Deshayesites consobrinoides Sinzou) place the

sedimentation in upper Aptian (L-M. Cret.). The series totals

400 m in thickness.

b. DOUALA Basin

1. Introduction

Discussion of the DOUALA basin includes

the smaller, outlying remnant at BANGEM, now largely covered

with Tertiary volcanics. The first sediments of the DOUALA

basin in CAMEROON are considered to be Cenomanian (M. Cret.)

Sedimentation has continued with some interruptions until

the present. Its total thickness is about 2,200 m on shore

but near shore drilling at DOUALA has penetrated more than
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4,000 m of sediments. From basement to recent, geologists

have successfully identified:

Lower and Middle Cretaceous

Upper Cretaceous ;

Paleocene

Lower and Middle Eocene •

Plio-Pleistocene

Recent alluvium

2 . Lower and Middle Cretaceous

The basal unit of the series is conglomerate,

followed by unfossiliferous coarse, cross-bedded sandstone

and purple shales. The series is continental and trans-

gressive, with traces of coal and slight laterization;. The

formations are apparently Albian (L-M Cret.) at the base in

NIGERIA, and lower Cenomanian (M. Cret.) at the top. The

middle and upper Cenomanian do not occur in the CAMEROON part

of the basin.

3. Turonian (M. Cret.)

The Turonian begins with alternating

sandstone and shale resting on the basal sandstone. It

ends with argillites and limestone with fossil ammonites.

The series, is best known .from .exposures in the MUN.GO valley.

4-. Senonian (U. Cret.)

The Senonian (U. Cret.) is essentially

argillaceous with some sandy intercalations, and a few limy

intervals. The lower portion is marine, while the upper

part was deposited in a regressive environment.



- 77 -

5. Paleocene

At the base of the Paleocene is the

.DIZANGUE series, 150-300 m thick,of cross-bedded sandstones

essentially continental in origin. They pass progressively

into the BONGUE series, 370 m thick, with kaolinitic sandstone

and lignite at the base. The formation outcrops in the

MUNGO valley, at BONGUE, 40 km north of DOUALA, and at

DIZANGUE, along the lower SANAGA river.'

6. Lower Eocene

The lower Eocene is represented by 300 m

of alternating calcareous sandstone, marly sandstone, gray

or yellow limestones, and black marls. They outcrop at

BONANGANDO, where they are very fossiliferous.

7. Oligocène

No exposures of Oligocène are known, but

southwest of DOUALA, drilling at POINT SOUELLABA. penetrated

more than 1000 m of sand, becoming argillaceous downward,

and ending with very fossiliferous black shale.

8. Mio-Pliocene

According to the drilling, the Mio-Pliocene

rest unconformably in places on the lower Eocene. It consists

of Burdigalian shale at the base, passing upward into deltaic

rocks, which outcrop north and south of MT. CAMEROON.

9. Plio-Pleistocene

The Plio-Pleistocene is made up of coarse

sands, often cross-bedded, marly or kaolinitic, frequently

interbedded with yellow, pink, or purple ferruginous members.
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At the top, they pass progressively into mottled shales.

They have been placed in the Plio-Pleistocene by analogy

with similar formations in NIGERIA.

10. Holocene (recent)

The recent alluvium of the coastal plain

consists of about 60 m of estuarine muds and loams, with

channels' and bars. Much of the sediment is of volcanic

origin, especially close to MT. CAMEROON. The sediments to

the south, between-the NYONG and SANAGA rivers, are more

sandy.

3. The MAMFE Embayment

At MAMFE, 170 km north of MT. CAMEROON, is a

Cretaceous basin 80 km long and 40 km wide, formed as an

embayment off the large Nigerian basin to the west. Cret-

aceous sediments have been deposited unconformably on the

older basement. They have been intruded by syenites, diorites,

and rhyolites, and are partially covered by extrusive trachyte

and basalt. From bottom to top, the Cretaceous sequence

consists of:

Lower conglomeratic sandstone with fragments of
basement rock and CZJGSS-bedding

- Argillaceous MANYU sandstone, transitional upward
into black shale with showings of pyrite, sphalerite,
and galena

A transgressive sequence beginning with conglomerate,
becoming conglomeratic sandstone

Argillaceous sequence with bituminous shales

CROSS river sandstone, with lenses of conglomerate

There is no precise dating, but it is generally assumed

that the sequence is Albian to Cenomanian (M. Cret. ).
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4. Cretaceous of North CAMEROON

a. Introduction

All of the Cretaceous basins in central-

northern CAMEROON are of continental origin. The general

sequence of formations, which are not everywhere present, is

from bottom to top:

Lower Cretaceous, continental and marginal marine
i

Middle Cretaceous, continental with rare, local
marine transgressions, and volcanic units

Upper Cretaceous, continental sediments, represented'
by the conglomerates of KA-BOROG.OP, formations of
PALA, and GAROUA sandstones

b. Lower Cretaceous Basins

Five small basins have detrital, lagoonal,

or lacustrine deposits, that have been dated as lower Cret-

aceous, by means of abundant fossils. These are:

- K0NTCHA,-on the Nigerian border at 8°N

- BANDA, 8°13IN,13°39'E (not on geologic map, 1:1,000,000)

- AMAKASSOU, 35 km north of GAROUA

- OULO-LERE, on the CHAD border at 9°40'N

- BABOURI-FIGUIL, 8 km north of OULO-LERE

Although details may be different, the basins have many

features in common. Sedimentation begins with arkosic or

conglomeratic sandstone, continuing with fine grained sandstones,

and alternations of fine grained sandstones, marls,, and shales.

There are some bituminous shales in the BANDA basin. The

total thickness may reach 1,500 m. Basins are folded and some-

times faulted synclines. Subsidence along faults may cause

an apparent repetition of rock units.
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c. Middle Cretaceous Basins

Most of the larger basins are middle Cretaceous

in age. These are:

- LAME, along the border of CHAD, east of GAROUA,
100 km long

- MAYO-REY, east of TCHOLLIRE, 90 km long

- MBERE and upper DJEREM. The basin is on the south side
of the major mylonite zone, south of NGAOUNDERE. It
is over 230 km long, separated in two parts by Tertiary
basalt.

BENOUE graben, which also includes upper Cretaceous rocks

The middle Cretaceous is represented entirely by contin-

ental formations except in the LAME and BENOUE basins, where

brief marine incursions have been identified. Sedimentation

usually starts with coarse grained sandstone, conglomeratic

in places, followed by deposition of clays and marls. In

the upper DJEREM basin, the sequence starts with fine grained

black, platy sandstone at the base, becoming arenaceous

upward, with' conglomerate at the top. Some shell limestones

are found in the LAME basin.

d. BENOUE Graben

The BENOUE basin is a true graben, oriented

ESE-WNW, and bounded by faults on both the north and south

sides. A north-south contact between upper and middle

Cretaceous in the center of the basin, probably also follows

a fault.

The thickness of Cretaceous rocks appears to be consider-

able, on the order of 3,000 m. The lower Cretaceous is missing

at the surface, and middle Cretaceous is similar to the other

basins described. The upper Cretaceous is represented by
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the GAROUA sandstone of fluvial origin, alternating with

layers of pebbles and clay. The thickness of upper Cretaceous

reaches several hundred meters. The sandstones are cross-

bedded and stand out with a characteristic tabular relief.

Weathering creates a reddish patina and the ferruginous

lateritic crust protects the underlying formations from

erosion. Characteristic fossils are lacking, and the precise

contact between middle and upper Cretaceous is difficult to

place. Volcanics (basalts and trachytes) and plutonics have

intruded the upper Cretaceous formations.

5. CHAD Basin

The large alluvial lowland of the CHAD basin

commences along a NW-SE line through MAROUA, with the

crystalline basement gradually disappearing under colluvium

along a zone 25-50 km wide. The Quaternary from youngest to

oldest is represented by:

fluvial sand and lacustrine clay of the Pleistocene
(Continental Terminal) Q3. The KELO sandstone
(KELO is the local name for LAKE CHAD), occurs down-
stream along the LOGONE river. Elluvium at the foot
of the mountains is considered the same age.

"old" sands (Q2) are laid down in a broad NW-SE band
whose width increases' to the south. They lie everywhere
on the lateritic crust which covers the basement. The
maximum thickness is unknown, but may reach 700 m.
The sands are speckled with flakes of clay minerals.
Quartz is fluvial rather than aeolian in origin, and
there is rare feldspar present. The color is yellow-
red ochre. The "old" sands (Q2) have been correlated
with the CHAD group of Nigeria.

"old sand dunes" (Q 1). There are two orthogonal sets
of NW-SE and NE-SW fixed longitudinal sand dunes that
converge at LIMANI (north of MORA). According to
Schneider and Tillemont (1970), the location indicates
the maximum extent of historic LAKE CHAD, 6,0 00 years
ago. The water level exceeded present levels by 37 m.
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F, OLDER POST-TECTONIC INTRUS IVES •

This group includes late tectonic and post tectonic

rocks of the Panafrican orogen, but does not include syntectonic

massifs such as the orthogneisses.

1. Syenites of the Panafrican Granite

Small circular' domes of syenite, a few. square

kilometers in area are found east of NGAOUNDERE, both'east .

and west of MAROUA,. and north and south of GAROUA. Most are

too small to show on the 1:1,000,000 geologic map. They

generally intrude older anatectic (Y 1) or syntectonic (yz)

granite, and may contain xenoliths of basement rocks.. They

sometimes form peaks on the erosional surface.

The color of the syenites varies from light pink for

coarse grained rocks,to dark gray for finer grained intrusives.

Textures tend to be granoblastic or porphyroidal. The

most common mineral associations are orthoclase and perthitic

microcline in excess of plagioclase,' and inclusions of

oriented hornblende, sometimes altered to biotite. Quartz

is rare or absent. The absence of quartz distinguishes

them from the subalkaline granites.

2. Charnokitic Syenites

This group of syenites is found in the area north

from YOKO, between 5°30'N and 8°30'N, around 12°E. Three

groups are identified, the double intrusive of LINTE and

INA, with the small dome at YOKO ( <5 ) , the hypersthene syenite

at BANYO (y 2), and the massif of BANGLAMG ( 8̂ 2 i+ ' N , 12°20 ' E) .
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The alkaline syenites of LIKTE occur in two large

massifs, 70 km west of YOKO, and a-, small one to the east.

Together they cover 1750 km2. Spheroidal weathering is a

prominent feature. Color is usually dark, either green or

black. There are two different textures, the most frequent

being one with contiguous feldspar porphyroblasts. Iridescent

potassic feldspars with sizes up to 3cm are common. They

have undergone perthitic alteration and albitization around

the margins. Some sodic microcline approaching anorthose

or even pure analbite (Na:K > 9), are interwoven with a few

grouped ferromagnesium minerals ; biotite, hornblende, augite,

hypersthene, and accessory sphene and apatite.

The other texture is porphyritic, and is apparently

late, because it occurs in veins or dikes, cross-cutting the

porphyroblastic rocks. ' Feldspars are less abundant, and

are scattered in a micrograined matrix, richer in ferro- •

magnesium minerals with occasional quartz. The large syenite

massifs are batholithic intrusions into the older basement

rocks.

The massifs at SANYO have a less intrusive character.

They are dark} granular rocks, blue-black on fresh surfaces,

that weather to yellow-brown. Co-position varies from

potassic to essentially plagioclase. Ferromagnesiums change

from augite to hornblende in the iron-magnesium rich phases.

The syenites of BANGLANG are part of a complex that

includes medium grained porphyritic granites, monzonites,

and pyroxene/amphibole diorites. In these syenties, micro-

cline is often perthitic, whereas andesine may be partially

altered to microcline. Alteration of ferromagnesiums may be
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very intense with kelyphitic alteration of olivene, ural-

itization of the pyroxene (augite-diallage), biotitization

of green hornblende, and numerous myrmekite intergrowths.

3. "Stretched" Syenites Along the Craton

There are a group of syenites in southwest CAMEROON that

are elongated and lying, parallel to the boundary of the

Archean craton between KRIBI and MBALMAYO. All the exposures

lie along the same line, suggesting intrusion along a fault

(Champetier de Ribes and Reyre, 1959). The largest of these

extends for over SO km east of L0L0D0RF. Two end members may

be distinguished: the nepheline syenite of NKONGLONG, near

KRIBI, and the L0L0D0RF syenite.

The NKONGLONG syenite is coarse grained and weakly

oriented. The texture is granoblastic. Mineralogy in

decreasing order of importance, consists of cryptoperthitic

microcline, oligoclase (An < 20%), nepheline, clinopyroxene,

amphibole (mboziite), accessory biotite, cancrinite, fluorite,

carbonates, zircon, and sphene. There is no apatite, and no

exsolution textures.

The LOLODORF syenite is light colored, slightly greenish,

with foliation due to alignment of the ferromagnesiums. The

texture is granoblastic and weakly oriented. Large perthitized

alkaline feldspars with undulatory extinction are distributed

in a matrix of albite and non-perthitic microcline. Minerals

that may be distinguished in addition to the feldspars are;

large crystals of pyroxene (hedenbergite), poikilitic amphibole

(tremolite-actinolite), pistacite (associated with allanite

and/or apatite), green pleochroic biotite, tiny quartz
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crystals, altered stubby zircon (metamict), and accessories

sphene, sericite, and opaques.

The syenites have been dated as Panafrican age or slightly

older,

4. Other Intrusives

In .addition to the syenites, post-tectonic intrusions

of granodiorite, diorite, and gabbro^have been mapped in a

few places. The intrusions are generally small and poorly

distinguished from the surrounding rocks. The intrusive

nature is not always clear.

G, RECENT PLUTONIC ROCKS

In CAMEROON, there are about forty small granitoid

intrusions of Eocene, or more rarely Paleocene age,distributed

along the main "Line of CAMEROON" that extends from SAO TOME

island to LAKE CHAD. They intrude, not only the basement

complex, but the Paleozoics of MANGBEI, and Cretaceous sand-

stones as well. They are younger than the "Younger Granites"

of NIGERIA (Jurassic), and are sometimes referred to as

"granites ultimes". The intrusions are concentric, with

ring structures, often incomplete, composed of distinct

granites, quartz syenites, syenite, diorite, and gabbro.

In the extreme north, they are replaced by rhyolites (RHUMSIKI)

in the MAMFE and BENOUE basins. The small intrusives are

too numerous to describe, and only four (y3) are shown on

the geologic map (1979). One of the most important is the

hyperalkaline (riebeckite/aegerine) intrusion of MAYO DARLE

(80 km 2). Its age has been established by Sr dating as 53 m.y.
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This intrusion has been thoroughly studied because of its •

cassiterite mineralization. The large intrusive (y3) at LOM

river, is probably Panafrican syntectonic.

H, RECENT VOLCAN ISM

1. Introduction.

Recent volcanism in CAMEROON began during the upper

Cretaceous, according to Geze (1943), or during the Eocene,

according to Dumort (1966). The volcanic formations cover

two principal areas in the west, along a SW-NE line from

MT. CAMEROON to NKAMBE, and in the ADAMAOUA plateau, along

an E-W zone at TIGNERE and NGAOUNDERE.

2. West and Southwest

The SW-NE axis of volcanic formations of the west

has been called the "Line of CAMEROON". In fact, it extends

well beyond the borders of the country to the volcanic islands

of MALABO and SAO TOME in the GULF OF GUINEA, and north

through NIGERIA and LAKE CHAD to the massif of TIBESTI. In

CAMEROON, the west region is divided into two parts, with the

big volcanoes of MT. CAMEROON, MANENGOUBA, and BAMBOUTO, on

the one hand, and the plateau basalts of BAMILEKE/BAMOUN on

the other.

a. The Big Volcanoes

MT. CAMEROON was already known in antiquity,

since the Carthiginian,. Hannon, who was present at the time

of an eruption, according to Herodotes. From the beginning

of the 19th century to present, 10-15 eruptions have been

reported, the latest in 1959. Since that time, activity has
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been limited to a few hydrogen sulfide and carbon dioxide

fumaroles. MT. CAMEROON, with a height of over 4,09 5 m

(FAKO peak), is one of the biggest volcanoes in AFRICA, and

the highest on the west coast. It is elliptical in shape,

35 x 50 km, with its long axis along the "Line of CAMEROON".

There are three groups of vents :

northeast group, north of BUEA

summit group, west of BUEA

- cone of ETINDE, overlooking VICTORIA BAY

There are more than one hundred craters, some of which

have cones filled with lapilli, scoria, and cinders. Others,

without cones, have erupted basalts and lava flows of the

hawaiian type. To a large extent, MT. CAMEROON is built up

of an accumulation of basalt flows,' but some Strombolean type

eruptions of lava from a central crater are also present.

Some eruptions (1909, 1922), have been accompanied by loud

explosions, flames, and nues ardentes (ash flows). The

chemical composition of the magma has varied.

MT. ROUPIS, west of KUMBA, reaches a height of 1,500 m.

It is characterized by trachyte and phonolite eruptions and

extrusion of solid volcanic spires. A few cones have no

lava flows at all, and are entirely explosive eruptions.

MT. KOUPE is located north of TOMBEL. Most of the

ejectmenta have come from a single crater, 300 m wide, on

the northwest side. Cinders and lapilli, with some lavas,

have accumulated in considerable thickness. The volcanoe

is of the explosave type.

MT. MANENGOUBA, north of NKONGSAMBA, is 2, "+11 m in

elevation. It is of the hawaiian type.
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b. BAMILEKE/BAMOUK plateau

The BAMILEKE/BAMOUN plateaus are at an elevatior

of 1100-1400 m. They range on both sides of the volcanic

ridge of BAMOUN, dominated by MT. MAMBUT0. The plateaus are

constructed of successive layers of basalt. The volcanic

history has been outlined by TCKOUA (1974):

- End of the Eocene. BAMILEKE and BAMOUN plateaus were
created by a succession of thick basalt flows.

Middle Miocene, there was an ignimbrite phase

Upper Miocene, a new basalt phase

Beginning of Pliocene, a trachytic phase, derived from
differentiation of the basaltic magma

3. ADAMAOUA Plateau

The ADAMAOUA highlands extend along a line parallel

to the BENOUE graben. Three massifs can be distinguished

along this axis :

- TOHABAL MBABO, to the northeast of BANYO, is 2,000 m
high, 15 km wide, and 45 km long

TIGNERE, with the same morphology, is shorter, and
about 2 5 km in diameter

- NGAOUNDERE plateau is 20-60 km wide, and 160 km long

The horst of the ADAMAOUA plateau divides CAMEROON into

two parts, the equatorial forest and agricultural areas to

the south, and the semi-arid SOUDANO-SAHELIAN pastoral zone

to the north.

The ADAMAOUA plateau volcanics may be classified in

three categories of

older, black alkaline group, with basic lavas of the
hawaiian type

middle, white trachy-rhyolite group

recent, black basaltic group
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The older lavas cover 80% of the plateau. They rest

directly on basement rocks in the north, and on the Cretaceous

of the MBERE-DJEREM graben in the south. The emission centers

formed lava lakes, which remain as resistant lava shields.

The- middle trachyte-phonolite-rhyolite group (8 m.y. old)

forms two massifs along the 14th meridian, east of NGAOUNDERE.

Their chemical composition allows us to classify them as "

explosiv-e or pelean type eruptions. They cover only 10% of

the area. The recent basic lavas cover an area 16 km wide,

and 30 km long southeast of NGAOUNDERE, along the road to

MEIGANGA. Ropy lavas are found in the present valleys,

proving a very recent age for the''last volcanic phase.
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VI, MINING INDUSTRY AND MINERAL RESOURCES

Except for petroleum production, the mining industry is

not a major factor in the economy of CAMEROON. As previously

discussed, there are no significant mining operations. Prod-

uction of cassiterite reached 350 tonnes in 1939, but had

dropped to 19.15 tonnes of low quality material by 1981.

Gold production from small placers reached 717 kg in 1942,

but was only 9.815 kg in 19 81. Rutile production peaked at. .

3,320 tonnes in 1944, but ceased entirely by 195 8. Limestone

and puzzolana are quarried for the local market.

CAMEROON has substantial known resources of bauxite

and iron ore, which are the subject of current feasibility

studies, with good potential for finding additional reserves.

There are known tin, base metal, gold, rutile, and kyanite

occurrences, not presently economic, with modest potential

for additional discoveries. Much of the current emphasis is

on uranium. Individual minerals are briefly discussed below

(see FIGURE 10):

1. Bauxite

Deposits of bauxite are known to occur at MINIM-

MARTAP and NGAOUNDAL, southwest of NGAOUNDERE, and at FONGO-

TONGO, near DSCHANG, in the west (FIGURE 100. The deposits

of MINIM-MARTAP are on the tops of small plateaus at elevations

of 1200-1300 m. They are widely distributed over an area of

about 20 x 30 km. The bauxite deposits are 5-15 m thick, with

an average grade of about 43% A12O3, and 3.4% total silica.

Reserves are estimated at 800 million tonnes in the main
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FIGURE 10 : Mining Areas and Important Minerai Prospects
Except Uranium.
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deposit area, with satellite deposits increasing the total

to 1.3 billion tonnes.(S. Betah, personal communication).

Th-e remote location has hindered development, but there is

a flood control dam at MBAKAOU, and feasibility of mining is

under review.

The deposits in the west near DSCHANG are smaller.

Reserves were estimated in 1969 as 46 million tonnes at

FONGO-TONGO and 4 million at BAMBOUTOS. Grades at FONGO-TONGO

were 47% Al-0,, with 3.6% total silica. The deposits are ' : '

5-11 m thick. A flood control dam is in place at BAMENDJIN

with 400 kw of developed power. The Ministry of Mines and

Energy is working with Alcan (Canada) to study the feasibility

of development (S. Betah, personal communication).

2. Iron Ore

Large reserves of iron ore are known to exist,

principally at LES MAMELLES, about 30 km SSE of KRIBI. The

ore bodies represent enriched portions of quartz-magnetite-

hematite iron formations, probably averaging less than 30% Fe,

within the lower gneiss series (ç 1). The ore bodies include

massive hematite (martite)-goethite-limonite zones averaging

60-70% Fe.

The deposits at KRIBI have at least 300 million tonnes

of good concentrating ores averaging 30-35% Fe. The possibility

of development using natural gas from offshore fields at KRIBI

is being studied by a consortium of BRGM, KRUPP, and GFM

(Société G.F.M. Partners, Ltd), a U.S. company.

There are known occurrences of high grade iron ore

scattered throughout the southern area, and others have been
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19:76). There appears to be a substantial potential for dis-

covery of additional iron ore, whenever it becomes economic

to develop.

3. Tin

Cassiterite has been recovered by alluvial and

small scale surface mining operations, principally at MAYO

DARLE, southwest of BANYO. It has been recovered from recent

and fossil placers, and enriched zones in the eluvium, but

also occurs in primary zones of greisen and quartz veins in

altered granite. The granite is of Tertiary age, 5 6-65 m.y.

"It is a hyperalkaline granite with riebeckite and aegerine

partially replaced by biotite. In the mineralized areas, it

is cut by abundant rhyolite and doleritic dikes with zones of

greisen and quartz veins. Muscovite, fluorite, and molybdenite

accompany the tin mineralization, and niobium has been ident-

ified. There are other similar Tertiary granites, but no

other cassiterite deposits have been found.

<+. Gold

There has been a small continuing production of

placer gold, principally in the east along the LOM and KADEI

rivers around BATARE-OYA and BATOURI. Despite a continuing

interest, no significant source has been discovered, and it

appears the gold is widely disseminated in schists of the LOM

series and of the older crystalline basement around BATOURI.

A 1981/82 project of IRGM to locate the source was not carried

out. New work has just been started by BRGM under contract

with DMG.
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5. Copper

There are two well- known areas of copper mineral-

ization, one north of GAROUA, where numerous quartz veins in

mignatites and granite carry chalcopyrite, galena, and

specularite, with bornite, chalcocite, covellite, pyrite,

and common fluorite. They are not considered of economic

interest.

In the region of POLI, skarns at the contact of intrusive

granodiorites have pyrrhotite, scheelite, and molybdenite.

Copper mineralization also occurs in a volcanic-sedimentary

sequence of sericite, chlorite, and talc schists, with acid

and basic extrusives, intruded by basic rocks. Mineralization

is disseminated or in concordant lenses in greenstones and

schists. Aeromagnetic interpretation (Paterson, Grant and

Watson, 1976) has suggested the presence of other post-tectonic

granites in the region of POLI, as well as other possible

volcanic-sedimentary sequences of interest for base metals.

6. Rutile

During World War II, and for a few years following.,

rutile was recovered from small placer deposits in an area

centered east and northeast of YAOUNDE. Deposits averaged

100-500 m long, 20-30 m wide, and 10-60 cm thick. Recoveries
3

were 10-20 kg/m . The small size, poor recovery, and trans-

portation costs rendered the prospects uneconomic. Deposits

that are reported to be larger and better quality are currently

being studied in the southwest.

7. Other Minerals

Lignite - Lignites are known in a small lacustrine
basin at DSCHANG and elsewhere. Fixed
carbon is only 34%, with 31% ash.
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Bituminous - Known to occur in the basin at KRIBI,
schist and in the small Cretaceous basins in

the north.

Chrome - Recent studies of basic cumulates around
POLI (IRGM 19 81/82) may suggest some
potential for chromium and platinum

' group medals.

Molybdenum - In addition to the prospects at MAYO
DARLE and POLI, there are significant
showings of molybdenite at the borders
of two-mica pegmatite dikes at EKOMEDION..
south of NKONGSAMBA.

Lead-zinc

Tungsten

Nickel

Diamonds

There are small showings of lead-zinc
in Cretaceous sandy argillites in the
embayment of MAMFE at MANYU river and
CROSS river.

There is a significant tungsten showing
at GOUTCHOUMI, north of GAROUA. Widely
scattered quartz veins with wolframite
and argentiferous galena are reported
in the intrusive granite.

Ultrabasic intrusions of the Archean
basement complex in the southeast have
geochemical anomalies that are being
investigated for nickel latérites.

Recent prospecting has located 5 small
alluvial diamonds in the SANGHA basin
of the southeast. Further work is
proposed.
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VII. URANIUM EXPLORATION

A, RESULTS OF PREVIOUS WORK

For purposes of discussion, it is convenient to separate

the discussion of previous exploration for uranium in CAMEROON

into two parts, before and after 1969. The earlier work was

carried out under the Commissariat a l'Energie Atomique (CEA)

of France, and has been summarized by them in Bulletin de la

Direction des Mines et de la Ge'ologie No. 5 (1969). • Much of

the field work was of a geological nature, and has been

included in the review of the geology. Only the results

of radiometric and geochemical work are reported here. From

the reports, it appears that the prospects at GOBLE represent

the only significant showing of uranium mineralization discovered

during this period. Later work has been done under the auspices

of the government of CAMEROON, various international agencies,

and private organizations.

1. CEA Missions (1950-69)

A. Work Carried Out

Areas prospected under CEA or joint programs

are shown in FIGURE 11.

1. Mission Sarcia (1950-51)

In 1950-51, M. and Mme Sarcia made an

inventory of the resources of radioactive minerals and beryl.

They concluded there was a good probability for the discovery

of hydrothermal vein type uranium deposits.

2. Joint Programs (19 54-56)

From September,1954 to July, 19 56, CEA
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carried out a small joint exploration program with the

Direction des Mines et de la Géologie and Bureau Minier,

using geologists from these agencies and African aide-

prospecteurs. Explorations were not concentrated in any

particular area.

3. Mission of LOM-MBERE (1955-56)

A geologist with two prospectors worked

in the LOM-MBERE region during the field season from December,

1955 to April, 1956.

4. Car Reconnaissance (1956)

Additional vehicle reconnaissance of the

LOM-MBERE area was carried out in February-March, 1956.

5. Mission of POLI (1956-57)

During the field season, December, 1956

to April, 195 7, the group from BRAZZAVILLE, which had worked

at LOM-MBERE the previous season, carried out a similar mission

in the region of POLI.

6. Central AFRICA Mis sions-CAMEROON Group (1957-60)

A permanent mission to CAMEROON was

organized in 1957, with headquarters at -NGAOUNDERE. It was

part of a larger Central AFRICA Mission, and continued work

until July, 1960. The group consisted of a geologist and two

prospectors. The basic assignment was field checking of

anomalies on airborne radiometric surveys carried out in 195 8

.in northern CAMEROON (13,106 line km), and in 1959 in central

CAMEROON (24,173 line km). Soil samples were collected to

verify anomalies. Additional surface investigations were



- 99 -

made in the tectonic zone north of NGAOUNDERE, in the Cretaceous

at MAYO-REY, of the showings at GOBLE, which had been discovered

by private prospector A. Bauer in 1958, and of molybdenite at

SA30NGARI.

7. Mission GAROUA (1957)

In March-April, 1967, one geologist and

a prospector studied twelve anomalies in the region of MAYO

OULO, north of GAROUA.

8. Airborne Radiometric Survey (1967)

In May-June, 1967, an airborne scintillometer

survey was made in two areas of the lower DJA series in south-

east CAMEROON. The survey covered 6,6 45 line km at one km

spacing.'

B. Statistical Data and Expenditures

Statistical data and expenditures of the work

carried out by CEA during the period 1950-69, are given in

TABLE II, The explorations included '+3,92 4 km of aerial

surveys, 19,817 geochemical samples, and verification of

217 anomalies. Expenditures in TABLE II are to the end of

April, 1967, and include mobilization costs in 1966, but not

the airborne radiometric survey of 196 7. Actual expenditures

were 1,811,470 FF, equal 90,573,500 FCFA, after 10% adjustment

for overhead. Figures in TABLE II are in Trench francs, with

inflation at 5% for 1950-74 and 10% for 1974-83. The total

equivalent present cost would be 483,950,000 FCFA.
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TABLE II

Total Expenditures
by

Commissariat a l'Energie Atomique au Cameroun (19 50-69)
(in FF 1983)

Period

1950/1951

1954/1957

1957/1958

1959

1960

1966

1967

Total
direct

10% O.H.

TOTAL COST

General
Reconn.

1,019,000

101,000

92,000

-

-

-

-

1,212,000

121,20 0

1,333,200

} Poli
: Bantadje
Mayo-Rei

-

li5730,000

549,000

-

352,000

-

-

2 ,631,000

263,100

2 ,894,100

Airborne
Surveys

-

754,000

-

-

-

-

754,000

75,400

829 ,400

Verify
Anomalies

-

-

2,228,000

993,000

649,000

98,000

234-,000

4,202,000

420 ,200

4,622,200

Total
by year

1,019 ,000

1,8 31,,00 0

3,623,000

993,000

1,001,000

98,000

234,000

8,799 ,000

879,900

9,678,900

C. Exploration Results (Verification of Anomalies)

Discussion refers to FIGURE 12.

a. OURO MALI

Strong, sharp, airborne radiometric anomalies

at the base of a granite massif are caused by black sands

containing monazite.

b. GOUTCHOUMI

Anomalies are reported from veins of quartz

and microgranite in the intrusive at GOUTCHOUMI. ' No particular

concentration of minerals was noted. The intrusive is a two-

mica granite, enriched in fluorine and late stage minerals,
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FIGURE 12: Uranium Investigations of CEA (1950-69)



- 102 -

with albitization of feldspars. The intrusive is about 3 km2,

trending northeast. Veins of quartz and microgranite outside

the intrusive have been explored for tungsten, and a vein with

argentiferous galena and other sulfides is reported.

c. HOSSERE KOUROUK

Anomalies in a late granite massif north

of NGAOUNDERE are due to zones of fine grained granite and

monazite sands.

d. BADJOUMA

Anomalies are related to veins of micro-

granite, rhyolite, and quartz in a granite, intruded in the

migmatite basement.

e. . BOULA IBI

A granite at BOULA IBI is the same as at

BADJOUMA. Anomalies are found in the granite, in veins of

microgranite, and at the granite borders. One veinlet has

traces of copper and fluorite.

f. Region of POLI

Work in the area around POLI started in

1956, and has continued intermittently to the present. Early

work included investigations at:

1. MAYO NIELSE. Anomalies of 200cps

in sandstone and tuff of the HOYE series (part of the series

of MANGBEI) , were attributed to monazite. The sequence consists

of ferruginous conglomerates alternating with pink sandstones

and interbedded andésites, rhyolites, and tuffs.

2. GOBLE. The prospects, in a NNE



- 103 -

trending fault in red syenites, were discovered in 19 58.

Detailed work is described in later paragraphs.

3. Massif de NYORE. The massif is a

post-tectonic granite, 35 km northwest of POLI. Strong anomalies

are related to fracture zones or pegmatitic differentiation.

Analyses show the presence of thorogummite.

4. HOSSERE POLI. A small differentiated

massif with concentric structure of gabbro, granite, and

andésite. Some anomalies in the fracture zones are due to

monazite.

5. HOSSERE TCHERGUI. A small massif of

syenite.

g. MAYO ALIM

Airborne radiometric anomalies in schists

north of NGAOUNDERE are related to E-W veins of microgranite.

h. 0UAK

Anomalies are related to zones of faulting

in granite, migmatite, and gneiss with veins of pegmatite.

i. Mylonite Zone South of ADAMAOUA

Airborne radiometric anomalies in basement

rocks along the mylonite zone extending from FOUMBAN to

NGAOUNDERE appear to be mostly related to lateritie soils on

the tops of small plateaus.

j. MAYO OULO-SORAWELL FIGUIL

These are two small E-W Cretaceous basins

in the north, bounded by faults. Airborne radiometric surveys

indicated some anomalies at the contact between the sediments



and the basement rocks. The sequence consists of sandy

arkose, sandstone, shale, and marl, and is intruded by diabase

sills. It is suggested that anomalies are related to argillaceous

rocks.

k. HAMA-KOUSSOU

HAMA-KOUSSOU is a very small. Cretaceous.

basin, 35 km north of GAROUA. It consists of marls, calcareous

sandstones, and conglomerates. Some bituminous schists have

been noted. It is bounded by a fault on the south, and has

been intruded by diabase dikes. Weak anomalies at the granite

contact were accompanied by small soil anomalies of 1.0-1.5ppm.

1. BENOUE 3asin

Airborne radiometric anomalies were

observed in four areas:

- NAKONG sector, west of GAROUA. Anomalies could not
be verified.

- HOSSERE BANE. A small butte (2-3 km 2), with sandstone
resting on older granite. Anomalies could not be
verified.

BANGO sector, northeast of GAROUA. Anomalies correspond
to veins of microgranite.

MAYO1 TIEL. Along the Nigerian border. Anomalies were
found in sandstone, and along the basement contact.
Later follow-up suggests they are superficial concen-
trations in recent clays.

• m. MAY0-REI Basin

Results of airborne radiometric surveys and

soil samples were negative. A few points in river beds gave

60-130cps, due to monazite concentrations.
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n. MBERE Graben

Some airborne radiometric anomalies were

found. In the south, they are at the sandstone-granite contact.

In the north, they are in Cretaceous sandstone at the foot of

basalt flows. In the metamorphic rock (location not described),

there are radiometric anomalies and traces of base metal

sulfide mineralization. An anomaly of M-80cps in the bed of

the MBERE is due to monazite. The most interesting feature

appears to be a report of zones of red and green argillites

in the sandstone., suggesting an alternation of oxidizing and

reducing conditions.

o. HAUT DJEREM Basin

HAUT DJEREM basin is the southwest extension

of the MBERE basin. Airborne radiometric surveys found nothing

of interest.

p. LOM Basin

In the LOM basin., radiometric anomalies of

50-150cps were found in pegmatites or mylonitized granites

intrusive into LOM series metamorphic rocks. One anomaly of

lOOcps was found in a quartz lens.

q. DOUALA Basin

The only anomalies located by radiometric

reconnaissance were associated with phosphatic horizons in the

sediments.

r. DJA Series

No results were presented on verification

of anomalies on the airborne radiometric surveys of 1967.
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Anomalies in the portion of the survey extending south into

CONGO, were reported to be due to traces of uranothorium

minerals in the sandstones, and not indicative of exploitable

mineralization. The absence of significant indications was

not considered1 discouraging because of the small amount of

work and difficulty of exploration.

2. Aeromagnetic Survey (19 70)

In 1970, the Canadian International Development

Agency signed a contract with Survair, Ltd. of Ottawa, Ontario,

Canada, for a total intensity aeromagnetic survey of-168,365 km2.

Areas selected for flying were chosen by the CAMEROON Department

of Mines and Geology in consultation with the Geological Survey

of CANADA. Map survey sheets and areas covered by the flying

are shown in FIGURE 13. With the exception of the Cretaceous

GOLFE of MAMFE, they cover mostly Precambrian areas along

a zone from LAKE CHAD basin in the north, to the CONGO-GABON

border. Surveys were flown along NW-SE lines at 7 50 m

spacing, with a nominal terrain clearance of 235 m. The data

was corrected for diurnal, but not regional gradients, and

was presented as contoured maps at 1:200,000, and 1:500,000.

Details of aircraft and instrumentation are not available.

3. Photogeologic Interpretation (1973)'

In January, 1970, Kenting Earth Sciences, a division

of Kenting Exploration Services, Ltd., TORONTO, ONTARIO, CANADA,

was engaged by Canadian International Development Agency to

provide a photogeologic interpretation of the area included

in the aeromagnetic survey of 1970 (see above). The study
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took two years and eight months to complete, and results were

presented in a report by B. E. Manistre, dated June, 197 3.

The work consisted of a preliminary review of the literature,

preliminary photogeologic interpretation, verification of

interpretation by field observations, final interpretation,

and preparation of maps and report. Results were presented

on 1:200,000 scale maps. The work was not directed specifically

at uranium, and the only conclusion expressed was that the DJA

series offered the best potential for further work.

4. IAEA Mission (GOBLE) (1970-75)

During the period 1970-75, the Service de la Recherche

Géologique et Minière, and the IAEA carried out. a joint mission

in north CAMEROON. Work performed included systematic radio-

metric traverses of areas at HOSSE?E GODE, HOSSERE NYORE, the

formations of MANGBEI and HOYE, certain zones in the sands of

GAROUA, and certain granites of GNIDJIBA. It also included

profiling along the fault at GOBLE, six trenches dynamited

and sampled, collection of more than 1000 samples for study

and thin section, and 277.07 m of drilling in 11 holes at

GOBLE. Expenditures were reported as 30,6 36,6 87 FCFA, including

13,861,4 8 7 FCFA by the Department of Mines and Geology,

14,000,000 FCFA for equipment purchased by IAEA, and 2,775,200

FCFA for IAEA fellowships (Djapa, 1976).

The principal project of the mission was the mapping and

drilling at GOBLE. The prospects are located along a northeast

trending shear zone at the contact between pink-red syenite

and schist. Scattered radioactivity and mineralization has

been traced by drilling for 2.7 km, but the principal zone



- 109 -

is only about 400 m long. Drill holes were from 20 m to a

maximum of 50 m deep. Some were logged with an Eberline

portable logger, calibrated by using cuttings that had been

analyzed. Core was evaluated by assays of 5-10 cm samples

taken at intervals of about 5 0 cm. Samples were run by

fluorimetric analysis at the laboratory of the Department of

Mines and Geology. Uranium mineralization is. erratic, and

occurs in both schist and altered syenite, along the shear

zone. Because of the erratic nature of mineralization and

method of sampling, it is not possible to calculate grades

and thickness of mineralized zones. Averages for all samples

over lOOppm were:

Hole No

S-5
7
9
19
20
21
29

No of samples
over lOOppm Ur

15
23
15
11
5

25
1

Average
of samples

10M-1 ppm
602
367
317.
309
402
187

The best results were in drill hole S-5, where two

samples from 5.55-5.70 m averaged 4,200ppm , and other scattered

assays up to 3,200ppm were obtained. The best holes, S-5 and

S-7 were collared in a zone mapped as "minette", and later

identified as andésite. It is associated with a zone of

mylonite.

Radioactive minerals are described as uraninite with

some pitchblende, and a few secondaries close to .the surface.

Uranium is not in equilibrium with its daughter products, and

is predominant ever them. Mineralization includes substantial

pyrite, and some galena, sphalerite, copper sulfides, and
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possible molybdenite. Sericitization and kaolinitization

of feldspars is reported, with decomposition of ferromagnesiums

to chlorite and iron oxides. It was concluded that mineralization

is of hydrothermal origin.

4. Aeromagnetic Interpretation (19 76)

In July, 197 5, Paterson, Grant and Watson, Ltd.,

TORONTO, ONTARIO, CANADA, were engaged by the Canadian.Inter-

national Development Agency (CIDA) to provide an interpretation

of the aeromagnetic survey of 19 70. They recognized fourteen

different magnetic signatures and produced thirteen maps at

1:200,000, with discussion, outlining magnetic units and

indicating their correlation with geology, from existing maps

and interpretation of areal photos. Interpretation included

some detailed studies, using computer modeling to fit anomaly

curves, and some upward and downward continuations. Studies

were supplemented by ground reconnaissance follow-up in a

number of areas using magnetics, electromagnetics, and soil

and stream sediment sampling. With respect to uranium,

recommendations included a "watch" on basal portions of the

DJA, MBALMAYO-BENGBIS, AYOS, and LOM series for quartz pebble

conglomerates of the BLIND RIVER type, and on the unconformity

at the base of the DJA for Francevillian or unconformity

related deposits. Specific recommendations were for stream

sediment sampling at the western edge of the DJA, and pros-

pecting along magnetic bands in the MOLOUNDOU region. An iron

ore prospect near MVANGAN was considered to have some potential

for base metals and uranium.- Two small radioactive plagioclase

rich alaskites, yielding 300cps, in MVANGAN, were thought to
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have some potential for ROSSING type mineralization. Reconn-

aissance stream sediment sampling was recommended for an iron

ore anomaly at METZIMEVIN, interpreted as close to the contact

of the DJA series. A southeast trending zone north of MBALAM-

was interpreted as being, at the DJA contact, and was considered

an important target for uranium. .It was recommended for stream

sediment sampling. Other items of general interest:

- MOROLO-MAROUA-GAROUA-LERE sheet. A group of coarse
grained magnetic syenite intrusives forming a complex
12-15 km in diameter at DENT DE MINDIF.

- POLI-REY BOUBA sheet. Alkaline granites were interprétée
from the magnetics, including some not previously known.
Also, an area of discontinuous granite outcrops southwest
of TCHOLLIRZ, that may be recently unroofed.

TIBATI-BAGODO sheet. Linear magnetic anomalies along
the trend of the Cretaceous fault contact were consid-
ered to possibly be related to deep seated hydrothermal
magnetite deposits in the shear zones. If the magnetite
indicates reduction from meteoric or circulating formatic
waters along the fault, the anomalies could be of interes
for uranium.

3AG0D0-MEIGANGA sheet. Magnetic patterns suggest a
banded volcanic-sedimentary sequence, with chemically
precipitated magnetite layers, which are sometimes
known to carry small amounts of uranium.

- MINTON-NGOILA, MEDOUN-YOKADOUMA, and MOLOUNDOU-BAYANGA
sheets. A number of basement faults have been inter-
preted, passing under the DJA series. If the faults
can be verified, the horsts, grabens, and block faulting
at the unconformity may be preferred zones for exploratic
of the DJA series.

6. Utah Development Company (19 76)

In 1976, Utah Development Company (Australia)

obtained the necessary permits, and contracted with Compagnie

G'in'érale de Géophysique (CGG), for a radiometric and magnetic

survey of 6,135 km in the area of POLI. Flying was done at

a line spacing of 500 m and 120 m altitude, using an Exploranium
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-DGRS3000, with 800 in crystal. Readings were taken at one

second time constant, and data was presented for total counts,

U, Th, and K channels.

This survey was not available for inspection, but is

reported to have identified three granitic rock signatures

for intrusives with radiometric and magnetic anomalies,

radiometric anomalies only, and magnetic anomalies only.

Sixty anomalies of interest were recognized, half of them on

granitic margins. First priority was given to intrusives

with radiometric anomalies in basement rocks, and second

priority to those in sandstone and arkose of the MANGBEI

(Paleozoic) formation.

7. Essex Minerals Company (1979)

A two month mission of four geologists from the

European office of Essex Minerals Company (U.S. Steel),

visited CAMEROON in March-May, 19 79. Primary emphasis was

on a study of the Cretaceous basins, using water sampling as

a reconnaissance technique. A secondary target was the post-

tectonic albitized "younger" granites.

Work in the Cretaceous included reconnaissance in the

small basins northeast of GAROUA, BENOUE basin, MAYO-REI (KOUM),

MBERE-DJEREM, and LAME basins. Their conclusion was that the

sandstones were generally immature, with a large component of

feldspar, and fragments of weathered granite, and were generally

clean, with no evidence of pyrite or organic materials. Shales

and mudstones have some fossil wood, but generally low perm-

eability. No radiometric or geochemical anomalies were found.

In the LAME basin, they found only lateritic outcrops of
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gneiss and mica schist, and concluded the geologic mapping

was in error.

A number of granite massifs were visited, mostly in the

area north of BENOUE basin, at GREA (NW of MORA), MOHOUR

CSE of M0K0L0), DJ0ULG0UF (E of MAROUA), ZUELVA GOLDA (SW of

MORA), KAELE area, Nigerian boundary massif, and LAM. Small

hematite veinlets, albitization, and fluorine were found in

syenites and riebeckite-aegerine granites, but no evidence

of anomalous radioactivity.

8. IAEA Mission (1980-81)

In January, 1981, Dr. H. A. Hussein, who had

previously worked on the 1970-75 mission of IAEA, returned

to CAMEROON on a new mission to be carried out in cooperation

with the Department of Mines and Geology. It was decided to

study two massifs àt HOSSERE GODE and HOSSERE NYORE, north

and west of POLI. Radiometric reconnaissance was carried

out, including spectrometer measurements with a Scintrex

GAD-6, and 57 samples were collected for fluorimetric analysis

by the Laboratory of the Department of Mines and Geology. At

HOSSERE GODE, radioactive anomalies were found in relatively

unaltered pink granite along the west margin. Six of sixteen

.samples analyzed showed uranium enrichment of 2 59-6 3 2ppm,

confirmed by GAD-6 counts of 125-353ppm eU. At HOSSERE

NYORE, radioactive anomalies were found in altered rocks along

the southeast side. Analysis of 37 samples yielded thirteen

with fluormetric values ranging from 176-2 8l+7ppm Ur. Comparable

GAD-6 reading ranged from 13-1013 ppm eU.

The cost of the project was 15,319,615 FCFA, representing
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a contribution of 11,880,517 FCFA from IAEA, and 3,439,099

FCFA from the REPUBLIC OF CAMEROON. 6,7 86,516 FCFA was spent

for instruments and equipment.

B. CURRENT EXPLORATION

1. Introduction

There are four current exploration projects in

CAMEROON, being carried out under contract with the Department

of Mines and Geology. The Department also participates by

providing technical and scientific staff and laboratory support.

The aim is to develop indications of significant mineralization

which would later be developed, after negotiations, by private

organizations. The programs are financed by national or inter-

national development organizations. The exploration includes

a variety of ferrous, metallic, precious metals, and industrial

minerals, but uranium occupies a prominent role in three of

the projects. The fourth is specifically oriented to gold.

Each project is limited to an exclusive area.

2. Southwest Project

The contractor for the Southwest project is BRGM

(Bureau de Recherches Géologiques et Minières, ORLEANS, FRANCE),

with partial funding from FED (European Development Fund) and

FAC (Fonds d'Aide et de Cooperation, FRANCE). The boundaries

of the project area are U°N latitude on the north, 13°E long-

itude on the east, the borders of GABON and EQUATORIAL GUINEA

on the south, and the ATLANTIC OCEAN to the west. It covers
2

about 70,000 km , About 95% is underlain by Precambrian rocks.
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The other 5% consists of the coastal basin of CAMPO, and

the south half of the DOUALA basin. The south half of the

project area is in the NTEM complex (Archean), the north

edge of which is laid out in an elliptical arc, more than

40 0 km long, through CAMPO, MVENGUE, and NLOBESSE. Various

units of Precambrian C, in the Panafrican mobile belt, cover

the rest of the permit area. They consist of the gneiss-

migmatite complex on the northwest, and the schistose series

of MBALMAY0-BENG3IS-AY0S, on the northeast.

a. L0L0D0RF Syenite

BRGM started work on the Southwest project

in 197 8. Their first activity was to produce a photogeologic

map at 1:500,000 scale, which was field checked during the

next reconnaissance phase. Initially, BRGM was principally

interested in base metals and iron ore. The radioactive

anomalies of the LOLODORF syenite were first discovered

by field work in 1979. A general exploration was then carried

out.

The syenite occurs in a narrow band along the northern .

edge of the NTEM complex. The orientation changes from

southwest on the west end to S-W in the eastern part. It

follows the arc of a circle. It is 2 to 5 km wide, and about

60 km long. On the south, it is in contact with catazonal

gneisses of the NTEM complex, and on the north, with leptynites

of the NYONG series. The syenite is divided into eight massifs

dipping to the north at various angles. On the east, they

are almost vertical ; they dip about 70°N in the center, and

20-25°NW near LOLODORF. On the ground, anomalies reach 5000 cps ,
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(SPP-2), and some samples show the presence of uranothorite

and uraninite, associated with pyrite and minor chalcopyrite,

molybdenite, and galena.

With the initially encouraging results, BRGM contracted in

19 80, with the German firm,Prakla-Seismos, for a helicopter

airborne spectrometer survey of 4,500 km2, of which, 3580 km2

was over the LOLODORF syenite, and the rest along the contact »

between gneiss and Cretaceous sediments, south of EDEA. The

survey was made with an Alouette III (SNIAS), equipped with

a McPhar ACRS2 (22 1 of Nal crystal), at an elevation of 90 m

with flight speed of 20m/s, and a one second time constant.

Fifteen anomalies were reported in. four sectors. These

have been mapped on the ground, with 3 50 km of survey lines

at 50 m spacing, and all of them were confirmed. They generally

have surface readings of 250-600cps (SPP-2), which is 2-5

times background. The highest ancmaly recorded was SOOOcps

(SPP-2), and analysis reported a grade of 0.1% U, in uraninite.

In the AWANDA sector, a boulder gave, 17,732cps (GAD-6), with

channel counts of K=67cps, U=496cps, and Th=2 89cps. Results

of analyses are not available, but it appears most radioactivity

is essentially due to uranothorite that can be recognized in

thin sections.

The present campaign, 19 82-8 3, is centered around a

drilling program using a Winkie drill. About one dozen holes

have been completed, at depths of 20-50 m, with numerous

shallow holes to sample the bed rock. The holes are logged

with an ST222T sonde coupled to an IPPU scintillometer

(Staphimo-Stel). Results of analysis and pétrographie studies

are not yet available, but mineralization appears to be
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restricted to a particular layer of finer grained syenite

conformable to the gneissocity, and flanked by coarser syenite.

In the western part, finer grained syenite is present in two

places, and there is a double line of anomalies.

The drilling campaign will be finished in Ĵ une , 19 83, and

the later orientation of the project will depend on .the results

If an interesting area can be selected, a systematic grid may

be drilled in 1984.

b. Nepheline Syenites of KRIBI

About 15 km southwest of KRIBI is a nepheline

rich intrusive syenite (MT. DES ELEPHANTS), with very high

radioactivity. Field reconnaissance has demonstrated that

anomalies are due to thorite and thorogummite. Thorium

values up to 2 6% have been reported. Rare earth minerals are

also present. The nature of the mineralization has discouraged

further uranium exploration by BRGM. The intrusive is being

investigated as a source of nepheline.

c. Alaskite of MVANGAN

Paterson, Grant and Watson, Ltd. (1976)

reported the presence of a radioactive alaskite at MVANGAN,

southwest of SANGMELINA. in follow-up reconnaissance, BRGiM

discovered a zone of alaskitic granites oriented E-W,, over

a distance of 5 0 km. Fairly uniform radioactivity reaches

3CL0cps (SPP-2). A good correlation of radioactive and geo-

chemical anomalies has been observed. More than 600 samples

were studied. Uranium values average ISppm, and exceed

30ppm in an area of 17 km . The highest anomaly was 3000-50C0

cps (SPP-2), and assay results were 280ppm. No shear zone
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was detected. BRGM plans an airborne survey with special

ground follow-up for detection of fracture systems.

.3. Southeast Project

In 1975, the United Nations Development Program

(UNDP) and the Department of Mines and Geology initiated a

joint program for the exploration of mineral resources in

southeast CAMEROON. The project area is bounded by 4QN lat-

itude, 13°E longitude, and the borders of GABON, CONGO, and

CENTRAL AFRICAN REPUBLIC. It adjoins the southwest project

area (BRGM) on the east. Project work has been carried out

in two phases, 1975-78, and 1978-present. A preliminary

report of the phase, 19 78-81, is available. Expenditures

during this period were indicated as approximatly $4,000,000

U.S. (Bundesanstalt fur Geowissenschaften un Rohstoffe, 19 81).

Eight geologists are currently employed on the project.

Information available at the beginning of the project

consisted of the geologic mapping on ABONG-MBANG W (1975),

ABONG-MBANG E (1969), and NOLA (partie CAMEROUN) (1971)

sheets, 1967 airborne radiometric surveys of CEA, and the

aeromagnetic survey of 1970 (CIDA). Principal work carried

out to the end of 1981, is listed by UNDP (1982) as:

- Aeromagnetic interpretation by Patterson, Watson and
Grant, Ltd. (1976)

2
Airborne radiometric survey of 35,000 km , 1980

Photogeologic mapping on six sheets by BRGM (19 80)

Semi-detailed reconnaissance of aeromagnetic anomalies
at KONDONG, MESSEA, NKOIEMBOULA, METZEMEVIN, and SAMIS

Semi-detailed scintillometer survey at GRIBI
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Semi-detailed geochemical reconnaissance at KONGO
and MANG-ASSIP

Diamond sampling of 45 pits (total 185 m )

Index of geochemical samples

Statistically, they report:

16,106 km of geologic reconnaissance and systematic
geochemistry

7,65 3 stream sediment samples

1,104 alluvial samples

- 4,461 soil samples along survey lines

9 83 rock samples

17 4.8 km of ground magnetic surveys

45 km of electrical surveys

hundreds of km of routine scintillometer traverses

With respect to uranium, the highlights appear to be:

a. Airborne Radiometric Survey (19 80)

In 1980, an airborne radiometric survey of

35,000 km was carried out by the Aero Service Division of

Western Geophysical Company, HOUSTON, U.S.A. Flying was done

with a fixed wing aircraft along NW-SE lines one kilometer

apart, with tie lines at ten km intervals, at a mean terrain

clearance of 110 m. The instrument was equipped with 50 1

Nal crystal, and readings were taken at 1 second intervals.

Later in the survey, the interval was changed to use Doppler

navigation readings at about 50 m, or 0.7 sec. Flight path

recovery was difficult, and only about 15% of the tie line

intersections could be verified.

Data was presented as equivalent Ur, Th, and K, on

contour maps at 1:50,000 scale, on 1:200,000 profiles, and

on 1:200,000 contour maps of eU, eTh, %K, and total count.
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b. Photogeologic Mapping (19 80)

The photogeologic mapping by BRGM (see Southwesi

project)j included six sheets within the Southeast project

area at MINTON, ABONG-MBANG, NGOILA, MEDOUM, YOKADOUMA, and

MOLOUNDOU. •

c. GRIBI (1976)

A systematic scintillometer survey (SPP-2) of

an airborne radiometric anomaly at GRIBI, verified the 'anomaly

and showed it to be over a migmatite gneiss, at the contact

with cover rocks. Some metasomatism of the basement rocks

was reported. The scintillometer survey gave a maximum of

600cps (SPP-2) in sandstone, 40-70cps in argillite, and an

average of 300cps in augen gneiss. Sampling results for

uranium gave 4-6ppm in granite, l+-2 8ppm in gneiss, 13-22ppm

in augen gneiss, 0 .1-0 . 3ppm in amphibolite , O.U-li+ppm in

amphibolite schist, 2-5ppm in sandstone, 0.lppm in tuff,

and 0.7-10 3ppm in latérite.

d. KOUMELA-LIBONGO

From January-June, 1979, three missions carried

out field work in the KOUMELA-LIBONGO area, covering 1300 km2

between KOUMELA and the SANGHA river. Three hundred sixty

six samples of alluvium and 22 soil samples were collected.

Uranium results were generally negative. The highest mobile

uranium reported was lOppm, and most samples were less than

2ppm. Scintillometer counts of 40-150cps were obtained in

pellites, 40-60 in sandstone and quartzite, 15-35cps in

gabbro, and 50-100cps in tillite.

A few grains of pyrite were observed in dolerite, and
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there was no evidence of important mineralization, but some

geologic observations were of interest. The area east of

KOUMELA is one of open folding with generally northeast or

southeast strike. The DJA series consists of quartzites,

pelitesj dolomites, and bedded chert, with some conglomerate.

Quartzites are not prominent, and the series is essentially •
i

pelite-carbonate1. Dolerite and gabbro is present as sills.

A small"area of tillite at the SANGHA river is schistose

with E-W strike and dips of 50-60°N. The metamorphism makes

it appear older than the DJA.

e. MONGUELE Area

Field work on uranium in 19 82, consisted

of grid surveys and soil sampling of an airborne radiometric

anomaly at MONGUELE (St Gals de Pons, personal communication).

Soil samples taken along the survey lines showed good correlation

with scintillometer readings. Mobil uranium is 50-70% of

total uranium. A maximum of 16ppm total uranium was obtained

It was concluded that the airborne anomaly is due to concen-

tration of uranium in the latérite.

f. Current Plans

Current plans call for field verification

of a group of anomalies just north of the DJA river, northwest '

of NDONGO. The project will be supported by a helicopter

equipped with a 7 1 crystal and recorder. They hope to bé

able to locate anomalies from the air and direct the ground

field party to the proper spot. Errors of a few hundred

meters in flight path recovery make it very difficult to

verify anomalies is the dense rain forest.



- 122 -

Planning also calls for an interpretation of the airborne

radiometric survey of 19 80, probably under contract with

Paterson, Grant and Watson, Ltd., who interpreted the

aeromagnetic survey in 1976.

4. Northern Project (Region of POLI)

The Northern project, in the region of POLI, is

the only project directed exclusively at uranium. The project

area is restricted to essentially the area of the POLI' series,

south'of GAROUA. The project is being carried out under

agreement between the Department of Mines and Geology, and

the Federal Institute of Geosciences and Natural Resources

(FEDERAL REPUBLIC OF GERMANY), and has just completed its

first field season (April 20, 1983). Funding for the two

year program is estimated at 300,000,000 FCFA, provided

sixty percent by the German FSderal Ministry of Economic

Cooperation, and forty percent by the government of CAMEROON.

During the 1982-83 field season (Nov.-April), the party

carried out helicopter supported reconnaissance of the POLI

series, late tectonic and "granites ultimes" intrusions in

the region of POLI, Paleozoic sediments and volcanics of the

MANGBEI series, and some investigations in the Cretaceous.

The helicopter was equipped with a GAD-6 spectrometer, with

7 1 crystal and recorder. Radioactivity for the entire area

is generally low, averaging 30cps (SPP-2). Results were

completely negative in the Cretaceous basins, and for the

POLI series rocks. Anomalies in the granitic intrusive at

HOSSERE NYORE are apparently caused by thorium, and frequently

occur in soils below the massif. HOSSERE GODE appears to be
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an enriched granite with 10-15ppm uranium. Granites that are

both magnetic and radioactive are the most interesting, and

magnetite may be an indicator of mineralization. The most

interesting result of reconnaissance was the discovery that

remnants of Paleozoic sediments and volcanics of the MANGBEI

series are much more widely distributed, than previously thought,

and most are slightly radioactive. Uranium mineralization

in the area may be related to Paleozoic volcanism. Further

investigations are planned.

The principal objective o.f the first year program was

additional exploration of the uranium prospect at GOBLE-KITONGO.

The new work showed that, the host rock, previously described

as syenite, is an albitized granite. Near the mineralization,

the granite is desilicified, with complete albitization of

feldspars, and reddish alteration. Sodium increases from a

normal 2-3% to as much as 9-11%. An additional discovery

was that mineralization is present on the face of the cliff,

which is 200 m high, and at the top, where there is an

unconformity with Paleozoic conglomerate. Lamprophyre dikes

are late, and unrelated to mineralization. Uranium is present

as uraninite and pitchblende. There are ve.ry few secondary

minerals, and no thorium. Mineralization is in two zones of

50 m and 200 m, over a distance of 500 m. The second year

program will consist mostly of 2,000 m of angle drilling at

the GOBLE-KITONGO prospect (V. Thoste, personal communication).



VIII. URANIUM FAVORABILITY

A, RESERVES AND REASONABLY ASSURED RESOURCES

CAMEROON does not have any known deposits of uranium

and there are no known reserves or reasonably assured resources..

B. SPECULATIVE RESOURCES

Most of CAMEROON is underlain by Precambrian granitic

complexes, anatectic granites, anatexites, migmatites, gneisses,

and schists, that are probably either Lower Proterozoic or

Archean age. There are several series of schists, gneisses,

and quartzites of probable Middle Proterozoic. Significant

areas are underlain by Cretaceous continental sediments, with

some Tertiary sedimentation and Quaternary sands. Volcanism

and intrusive activity have occurred at several periods,

including Tertiary and Recent. All of these are imperfectly

known and poorly explored and, in theory, they might possess

significant uranium resources.

The problem of CAMEROON is that a substantial exploration

effort,from 1950 to present, has failed to provide evidence

of generally high levels of uranium, that would suggest a

uraniferous province, or positive indications of favorability.

Results have been almost uniformly negative. The known prospect

at GOBLE-KITONGO appears to be a unique case of albitite

mineralization at the sheared contact between granite and

schist, and the extent is not yet known. Exploration of the

enriched zone in syenite at LOLODORF is in the early stages,

and has yet to demonstrate evidence of any mineralizing process.
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The analogy between the DJA series and the Francevillian A/3

of GABON appears to be overdrawn, and difficult to support in

the areas of current exploration. The present work has pro-

duced only negative results for the POLI series, and no

encouragement has been received from the small amount of

work in the. Cretaceous. We further believe that extrapolation

o'f Brazilian, deposits in the mobile belt is too tenuous to

warrant assignment of speculative resources on that basis,

in CAMEROON. We have therefore preferred to assign speculative

potential only in the two areas of known mineralization, and

to consider the other possibilities under the category of

favorable areas. Speculative potential is assigned on the

basis of forward costs of $130/kg (U.S.).

1. L0L0D0RF Syenite

Speculative Potential: 10,000 tonnes

Type Deposit: orthomagmatic ?, autometasomatic ?

Model: ?

Recognition Criteria: ?

Discussion :

As presently understood, the uranium enriched

zones in syenite at LOLODORF, do not appear to fit established

models of ore bodies for which recognition criteria are avail-

able. The syenite, 2-5 km thick, extends for 60 km east of

LOLODORF, and is considered to be intrusive. Uranium enrich-

ment is in a finer grained pyritic zone, a few meters thick,

with coarser syenite on either side. The enriched zone pinches

and swells along strike, and the sequence is repeated in places.

Analyses are not available , but results up to 1% Ur have been
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obtained. Most values are undoubtedly much lower. Uraninite

has been reported, but most uranium seems to be in uranothorite.

The presence of a thin, finer grained, pyritic unit

persisting over many kilometers, between coarser grained

faciès, tempts one to interpret this as a volcanogenic

sequence. The area is being actively explored, but it appears

the best chance for economic mineralization is to find an

area where later metasomatic or hydrothermal processes could

have remobilized and concentrated uranium mineralization.

With deep weathering, an altered zone, enriched in mobile

uranium, might not provide the strongest anomalies on airborne

or ground radiometric surveys ,. and would best be indicated

by water sampling, or perhaps electrical self-potential

anomalies related to heavy pyrite concentrations.

Assignment of resources is based on the assumption that

at least one important area of shearing, alteration, remobil-

ization, and concentration of uranium, can be found by

further exploration.

2. GOBLE-KITONGO and Paleozoic Volcanic Series

Speculative Potential: 5,000 tonnes

Type Deposit: vein, episyenite

Model: Midnite mine, WASHINGTON, USA,
LIMOUSIN, FRANCE

Recognition Criteria:

vein type: shearing, with mineralization in shears,
ore minerals near contact with uran-
iferous pluton.
U/Th > 1, sulfides, pitchblende
post orogenic

episyenite: shearing in quartziferous granite
presence of source rock > 10 ppm
desilicification of host rock
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contact or intersection with imperviou:
rock to form traps

Discussion:

New work on the prospect at GOBLE-KITQNGO has

developed evidence that mineralization is more extensive and

more interesting than previously known. It has been demonstrated

that mineralization is present on the face of the cliff, over

a vertical distance of 2 50 m, and at the top, where it may be

close to a Paleozoic unconformity. The host rock is a desil-

icified, albitized, granite, with hematitic alteration. Mineral-

ization is in thorium free uraninite and pitchblende (V. Thoste,

personal communication). A drilling program is planned to

determine the horizontal width of altered and mineralized

zones. So far, it appears that the prospect at GOBLE-KITONGO

is an isolated occurrence, resulting from a unique set of

circumstances that placed a late tectonic Panafrican granite

in contact with impervious schist, in an area exposed to

Paleozoic mineralizing solutions. Repeated efforts by the

CEA, IAEA, and the current project, have not discovered any

other prospects of this type, but if drilling confirms extensive

alteration and/or mineralization, a further detailed search

for similar sheared contacts in areas of Paleozoic volcanism

may be warranted.

We have included the Paleozoic MANGBEI-HOYE series in

the discussion of GOBLE-KITONGO, because of the apparent

importance of the role of volcanics in mineralization. Three

small areas of Paleozoic volcanics are known, and the current

POLI project has suggested that numerous other remnants are

present (V. Thoste, personal communication). Some have been



misidentified on the geologic map, and others are not shown.

All are slightly radioactive (2 x B.G.). Although the total

area is small, it may be enlarged with further work.

In the estimate of speculative resources, 2,500 tonnes

has been assigned to the prospect at GOBLE-KITONGO, which has

been reasonably well delimited by exploration, and an additional

2,500 tonnes has been assigned for one or more similar deposits,

not yet discovered.

C. FAVORABLE AREAS

Favorable areas are discussed in order of decreasing

importance, from those that are most favorable, to those that

are least favorable, but are still considered to have some

potential for the discovery of uranium resources.

1. DJA Series

Type Deposit: sandstone, Lower-Middle Proterozoic
unconformity

Model: Mounana, Oklo, GABON. Rabbit Lake, SASKATCHEWAN,
Key Lake, SASKATCHEWAN, Ranger One, AUSTRALIA,
Jabiluka II, AUSTRALIA

Recognition Criteria:

sandstone: ore bodies in fluvial sandstone
host sandstone overlain by thick

organic rich shale sequence (ampelite)
relatively unmetamorphosed
proximity to block faulted Archean

basement
presence1 of volcanics in overlying

section, as possible source rocks
age of 1,700-1,900 m.y.

Lower-Middle Proterozoic unconformity:
Lower-Middle Proterozoic unconformity
with well developed regolith

proximity to domes of Archean gneiss,
granulite, with evidence of uranium
enrichment

sediments composed of mixed pelites ,
psammites , graphitic, carbonate rich roc.1
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albitization, magnesium metasomatism,
magnesium and iron chloritization

faulting, shearing, brecciation
Middle Proterozoic sandstone above

unconformity

Discussion:

The DJA series does not fit the recognition

criteria for sandstone deposits of the Francevillian A/3 in

the area of current exploration. It appears to overlie the

MBALMAYO-BENGBIS series of chlorite, garnet, and mica schists,

and there is no evidence to suggest the presence of Archean

or other granitic basement, except along the southwest side,

from MINTOM II to MBALAM. Even here, the relationship is

obscure because the pattern of lithology and structure is

normal to the contact. The lithology of the DJA series

north of M0L0UND0U appears to be reversed from Francevillian

A/B, with schists in the lower part, becoming quartzitic

upward. The schists do not appear to include large amounts

of organic material, and quartzites tend to be massive. The

sequence is tightly folded, and its .age is probably not much

more than 1,300 m.y.

The failure of the Francevillian analogue does not, of

course, eliminate the potential for uranium deposits. There

is an aeromagnetic survey, with interpretation, and a detailed

airborne radiometric survey. Substantial ground follow-up

has been done by UNDP. Results of exploration to date have

been negative as anomalies have turned out to represent either

slightly enriched granitic basement (GRIBI), or latérite

(MQNGUELE). There are current plans for a project at 3ADIK0K,

near NDONGO, and we understand that a detailed study and

interpretation of the airborne radiometric survey is planned.
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Unless this work develops positive evidence of favorability,

it may be desirable to shift uranium emphasis to other areas.

Two other alternatives that could provide a better fit

to the Francevillian analogue have been suggested in our

discussion of the DJA series. One is the quartzite-pelite

sequence southeast of YOKADOUMA. One possible correlation

places this at the base of "the DJA series, in proximity to

the Archean basement. The age would be closer to Francevillian

A/B, and the stratigraphie sequence, is similar. The small

size (2500-3000 km2) offers a limited target for exploration,

but should be investigated. An absence of airborne anomalies

has discouraged work to date, but may not be diagnostic in

an area of nearly flat lying formations.

A second alternative is to look lower in the MBALMAYO-

BENGBIS-AYOS-DJA sequence for Francevillian A/B, or other

Lower-Middle Proterozoic age rocks. A portion of the schisto-

quartzite series extending southwest from GRIBI to M3ALAM

may be a separate series (J. M. Regnoult, personal communication),

and could correlate with the pelite-quartzite southeast of

YOKADOUMA. It is probably older than the schisto-arenaceous

series intruded by the dolerite. One might also look for

Francevillian age rocks at the base of the MBALMAY0-3ENG3IS

series. On older mapping, these rocks have been called the

YAOUNDE series, with quartzite and chlorite-muscovite schists

at the base, becoming two-mica garnet, kyanite, and graphitic

schists higher in the section. There has been some investigation

of this contact on the Southwest (BRGM) project.

In considering the DJA series, interest need not be

restricted to sandstone deposits of the Francevillian model.
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The DJA series and the underlying MBALMAY0-BENG3IS-AY0S

series are in the age range of Lower-Middle Proterozoic

unconformity related deposits, and are made up of mixed

pelites, psammites, graphitic and carbonate rich rocks.

Parts are in close proximity to Archean basement, and

shearing, faulting, and brecciaticn are undoubtedly present.

There1 is not enough information on other recognition criteria.

2. Syenites of the Panafrican Granites and Recent

"Granites Ultimes"

Type Deposit: episyenite, contact metasomatic,
autometasomatic, hydrothermal, allogenic
authigenic

Model: LIMOUSIN, FRANCE, Mary Kathleen, AUSTRALIA,
Bokan Mtn., ALASKA, Daybreak and Mi.dnite mine,
USA, Schwartzwalder mine, USA

Recognition Criteria:

magmatic: leucocratic, hyperalkaline granite, syer
albitization and metasomatic alteration
riebeckite-aegerine
evidence of differentiation
shear zones
hydrothermal veins
skarns and alteration of host rock

episyenite: high uranium background > 10 ppm
original quartzitic pluton desilicifia
by hydrothermalism

fracturing to improve circulation of
hydrothermal/meteoric fluids

traps formed by lamprophyre dikes or

veins

Discussion,:

The "Syenites of Panafrican granite" and recent

"granites ultimes" may be considered for all types of magmatic

and episyenite deposits associated with post-orogenic, leuco-

cratic, hyperalkaline granites and syenites. From their

description, it appears that many of the late tectonic (y2)
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and post tectonic (y3) granites fit the recognition criteria

for magmatic types of, deposits. They are hyperalkaline granites

with riebeckite-aegerine, they appear to be differentiated,

with ring structures and evidence of hydrothermal activity.

Some albitization and alteration is reported, with uranium

enrichment in highly altered rocks at HOSSERE NYORE .(Djapa, 1981).

A number of the syenites and "granites ultimes" have been

recognized, and are shown on the geologic maps. Some of the

more important are at MAYO DARLE (cassiterite mineralization),

GOLDA-ZUELVA (northwest of MAROUA, mapped as andésite), NYORE

(40 km NW of POLI) .NL0NAK0 (20 km S of NKONGSAMBA), GODE (W

of POLI), GREA (NW of MORA, not on map), and DJOULGOUF ( E of

MAROUA). Many others are not shown, or are incorrectly

identified on the geologic map.. The aeromagnetic interpret-

ation of 1976 (Paterson, Grant and Watson, Ltd.) suggested

new syenitic intrusives and previously unknown alkalic

granites on the MOK0L0-MAROUA-GAROUA-LERE and POLI-REY BOUBA

sheets. About sixty radiometric anomalies were reportedly

recognized on the Utah airborne radiometric survey, about

half of them at the margins, of granitic intrusives. Many

intrusives are probably too small for the 1:1,000,000 map.

Uranium occurrences of magmatic-hydrothermal affiliation

of the, type described, have riot been significant uranium

producers, and only a few have been 'economic to mine. The'

differentiated late tectonic granites, and "granites ultimes"

may be of more interest for other types of base metal, cassiterite,

and hydrothermal mineralization, than for uranium. The inform-

ation on them from geologic maps, photogeology, airborne

magnetics, and airborne radiometric surveys should be collected
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and correlated. A number of the intrusives have been

investigated in the past, and a current project is being

carried out. The results of reconnaissance to date have

been negative. Only HOSSERE GODE is reported to be enriched

in uranium to 10-lSppm.

Recognition criteria for episyenite deposits of the

LIMOUSIN type have been listed. The same intrusive complexes

discussed, could be considered for episyenites3 but most are

probably too small, with too low background in uranium to

provide interesting possibilities. The possibilities for

authigenic deposits are limited by the same low background

and small size of intrusives. Tertiary intrusions into the

Cretaceous sediments of the BENOUE, and other basins, offer

the best chance of desilicification and remobilization of

uranium by heated connate waters present in the sediments.

3. Mesozoic-Cenozoic Basins

Type Deposit: sandstone deposits of all types;
"Wyoming" roll front, "Texas" roll front
channel controlled peneconcordant,
non-channel controlled peneconcordant

Model: Shirley Basin, WYOMING, Live Oak, TEXAS, White
Canyon, UTAH, Uravan mineral belt, COLORADO-UTA

Recognition Criteria:

permeable aquifers ,. either arkosic or clean and
well washed sands

presence of reductants - organic, pyrite, H-S
presence of oxidized and reduced faciès , or

evidence of oxidation-reduction boundaries
growth faults (TEXAS type roll front)
presence of volcanic or granitic source rocks

Discussion :

We have classified the Mesozoic-Cenozoic basins

as a favorable area for all types of sandstone deposits. The



stratigraphy is generally too poorly known to identify

particular formations as targets for investigation, or for

particular types of sandstone deposits. Most of the basins

are middle-upper Cretaceous in age and, except in the coastal

basins, sediments are fluvial and lacustrine in origin.

Tertiary sediments are present only in the coastal basins

and a small,area in the southeast.

a. Coastal Basins

The Coastal basins are considered to be the

area of greatest interest, and a target that has been neglected

to date. In the DOUALA basin, the sequence consists of mixed

continental and marine formations extending from middle

Cretaceous (Cenomanian) to Recent. It includes conglomerates,

and cross-bedded sandstones, with purple shales, argillites,

limestones, kaolinitic sandstones, marls, fossiliferous black

shales, lignites, and other sediments of variable lithology.

There are permeable and porous sand bodies that have provided

traps for hydrocarbons both on and offshore, and are aquifers

in other areas. Organic reductants are present in the shales

and lignites, and it seems likely that hydrogen sulfide may

be present as well. At least one probable growth fault is

indicated on the 1:1,000,000 geologic map. The sequence rests

unconformably o^ Precambrian gneisses, migmatites, and

anatectic granites, as potential source rocks, in the area

around LOUM. Tertiary volcanism at MT. CAMEROON has supplied

sediments of volcanic origin. Most are derived from basic

lavas, but some trachytes and other acidic volcanics are

present, and provide a possible source of uranium. MT. CAMEROON
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has hydrogen sulfide fumeroles. The area around MT. CAMEROON,

or even under the basalt flows, could be of interest because

of the effect of heat, volcanic sedimentation, hydrogen

sulfide,, and possible hydrothermalism, in remobilizing and

concentrating any uranium present.

The basin at CAMPO provides some of the same features, ''

but lacks the influence of volcanism, and offers 'only a very

small target for exploration on shore.

b. MAMFE Embayment

The MAMFE embayment offers some of the same

features as the DOUALA basin, except for Tertiary sedimentation

and presence of hydrocarbons. Conglomerates, argillaceous

sandstones, and black shales, with pyrite, showing traces

of sphalerite and galena, have been intruded by syenite,

diorite, and rhyolite, and are partially covered by trachyte

and basalt. The basin is fairly large, and almost no work

has been done.

c . MBERE-DJEREM B a s i n

The MBERE-DJEREM basin also has many of the

same features. In the upper DJEREM, the sequence is reported

to have black platy sandstone, becoming conglomeratic and

arenaceous upward. Essex Minerals reported only immature

arkosic sandstone and conglomerate, with three small anomalies

due- to monazite, but CEA found red and green argillites in

the sandstone. They also found radiometric anomalies in

sandstone at the foot of some basalt flows , and at the granite-

sandstone contact in the north. Paterson and Grant (1976),

suggested hydrothermal iron miner.=lizatim at depth, more or
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less parallel to the fault zone in the north. The possibility

of mineralization related to the border faults and recent

volcanism should be considered.

d. BENOUE Graben

Work on the follow-up of airborne radiometric

surveys by CEA, and review by Essex Minerals, was negative,

but cannot be considered conclusive. A very thick series of

fluvial sandstones and conglomerates is present,, and areas

along the border faults may be of interest, particularly where

they intersect the acid volcanics of the POLI-MAROUA series.

The areas of Tertiary intrusives should also be considered

because of the possible remobilization and concentration of

uranium by heated meteoric waters, both within and adjacent

to the intrusions.

e. Southeast . .

In the southeast corner of CAMEROON is an

area of flat lying formations of probable Cretaceous age,

that covers about 30 0 0 km2. It was omitted from the geologic

map, 1:1,000,000. It has been called the "Grès Horizontaux"

(PNUD), or the sandstone of LIBONMBOLO (CEA). The sequence

consists of conglomerate, argillaceous sands, argillites,

and heterogeneous sands, with suggestion of oxidized and

reduced faciès. The sequence' may be only about 100 m thick,

and offers a limited target for exploration, but should be

checked for recognition criteria and radiometric anomalies.

f. Small Cretaceous Basins of the North

There are a number of smaller Cretaceous basins
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in north CAMEROON that have many of the same features as the

larger basins described. Most are only small erosional

remnants of the larger basins, and have limited potential.

We would be most interested in those associated with recent

volcanism or intrusive activity.. Other small Cretaceous

basins are probably only outlying remnants of the larger

basins,, and would be of inter'est only as a secondary target.

4. LOM and MBALMAYO-BENGBIS Series

We have described the LOM and M3ALMAY0-BEÎÏG3IS

as sedimentary formations of probable continental origin.

In the LOM series, there are reddish, friable units that may

be derived from rhyolite tuffs. We have included both series

in Precambrian B, which places them within the age group of

Francevillian, or possibly other Proterozoic, unconformity

related, deposits. The basal unconformity may be considered

for this type of deposit.

5. POLI-MAROUA Series.

We have described the POLI-MAROUA series as kera-

tophyrictuffs and rhyolites , grading upward into more basic

tuffs, tuffaceous shales, and silty argillaceous phyllites.

We have considered it to be Precambrian B in age. It was

deposited on migmatiters and anatectic granites of probable

Precambrian C. The acid volcanics could be considered for

deposits of volcanogenic origin such as at Pena Blancha,

CHIHUAHUA, MEXICO. One would look for evidence of uranium

enrichment in the rhyolite, and later leaching by meteoric

waters. Reconnaissance on the current program at PCLI

produced only totally negative results.
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6. Precambrian C and D

Other areas that have been assigned to Precambrian

C, include rocks of appropriate age for the formation of

unconformity related deposits. The gneissic complexes, would

be of principal interest. The possibility of quartz pebble

conglomerates in older rocks may also be considered. The

NTEM'complex includes a volcanogenic-sedimentary series with '

iron formations. One anomaly' in alaskite has been investigated

at MVANGAN. These possibilities are too poorly defined to

warrant more than passing mention.
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IX. RECOMMENDATIONS

In the determination of speculative resources and

favorable areas, such as we have attempted on the present

IUREP "Mission to CAMEROON", we are using the method of

geologic analogy to known uranium mining districts and

occurrences. Favorability is determined through the use

of recognition criteria that are considered significant

features of the geologic analogue, and is assigned when

these features can be identified in the area under review.
s

It goes without saying that, the geology of the area being

evaluated must be sufficiently well known to decide if at

least some of the recognition criteria are present, or can

be shown to be missing. Such is not the case for a large-

part of CAMEROON. For example, we have attempted to use

the Francevillian analogue to evaluate the DJA series. As

it turns out, there is no clear definition of what is the

DJA series, its areal extent, its ag.e, or its stratigraphy.

The Francevillian analogue is useless as a guide for explor-

ation, or evaluation of favorability, and it becomes necessary

to turn to direct exploration techniques, such as airborne

radiometric surveys or soil sampling, to develop prospects

for exploration. Much the same is true for the Cretaceous

basins where most of the information on recognition criteria

for sandstone deposits is also lacking.

We believe the principal need, at this time, is for

better geologic information, and the long range interests

of CAMEROON will best be served by strengthening the geologic

mapping, research programs, and data base. In accord with
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this philosophy, we are recommending essentially three

topical studies in geology, as follows:

A, DJA SERIES

A study of the.age, lithology, stratigraphy, and areal

geology of the DJA series.. If the Francevillian analogy is

to be used in exploration of the DJA, it is necessary that

the age of the units be determined. The age of the dolerite

should be confirmed, and if the presence of any associated

flows or tuffs can be verified, they should also be dated.

Other schist, quartzitic, and pelitic series should be dated,

if possible, as an aid to correlation. There has never been

any substantial field mapping of the DJA, and this should

be done to establish stratigraphy and units of interest for

exploration.

B, LATE TECTONIC GRANITES AND "GRANITES ULTIMES"

A topical study of the Panafrican late tectonic granites

and "granites ultimes" should be made to determine the age,

petrology, alteration, and uranium background. A starting

point would be the systematic compilation of data from the

geologic maps, photogeologic interpretation, aeromagnetic

interpretation, and airborne radiometric data. Intrusives

identified should be mapped in the field, and samples

systematically collected for pétrographie study and analysis.

From the standpoint of uranium, the intrusives of interest

will be those that are enriched in uranium, of substantial

size, and with evidence of desilicification or remobilization
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of uranium. Intrusives into Paleozoic and Cretaceous rocks

offer the best possibility of later "hydrothermal" alteration

by heated connate water in the unmetamorphosed sediments.

C. CRETACEOUS BASINS

A topical study of the stratigraphy of the Cretaceous

basins, especially the DOUALA basin. Oil company records,

and any records of deeper water wells, should be examined.

Any available radioactive logs should be reviewed. The

interest is in identifying permeable units and in discovering

any evidence of oxidation-reduction boundaries. Acid volcanics

in the section should be identified as possible source rocks.

Available water wells should be sampled for evidence of

shallow deposits. The areas of greatest interest may be

where recent volcanism has added hydrethermal effects, and

possibly, hydrogen sulfide reductants. The DOUALA basin

is a logical starting point because it is the largest, and

will have the most available information. The study may

later be extended to other basins where volcanism is present,

and finally to the southeast "Grès Horizontaux", and other

continental Cretaceous.

D. CURRENT PROJECTS

There are three mineral exploration programs currently

underway, with a substantial effort in uranium.

For the LOLODORF area, we believe future emphasis should

be placed on locating zones of shearing and alteration,

where uranium present may have been remobilized and concentrated
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to commercial gra.de ores. The strongest airborne and ground

radiometric anomalies may be coming from the least altered

and most highly resistant parts of the intrusive, that stand

out in relief, and are more likely to outcrop. We suggest

water and stream sediment sampling as a technique to locate

areas of higher mobile uranium. The topography and drainage

of the'area lends itself very well to this technique, as the

BIQOUE river parallels the outcrop area over most of its

length. Seeps and small tributaries draining the enriched

zone may be sampled. Self-potential mapping could be useful

in locating areas of heavy pyrite concentration. Special

attention should be directed to the iron minerals,, magnetite,

pyrite, and hematite. The syenite is weakly-moderately

magnetic, with magnetite in both coarse and fine grained

faciès. It seems likely that pyrite replaces magnetite as

the predominant iron mineral in the enriched zone, and that

any alteration, with hematitization, would result in further

destruction of magnetite. Weak magnetic lows, with correspond-

ing self-potential, and/or water anomalies, may offer a

useful signature in exploration for altered and enriched

zones.

Plans for the Southeast project include an interpretation

of the airborne radiometric survey, and helicopter supported

anomaly verification in the BADIKOK sector. On completion

of this work, the project should-be reviewed, and unless

positive evidence of favorability for uranium is developed,

emphasis should be shifted to other areas, or to other parts

of the DJA series. The area of current work does not appear

similar to the Francevillian, and other evidence is needed



- 143 -

to support further work.

Field work has just been completed on the first year

of the project in the north at GOBLE-KITONGO. Additional

recommendations will not be warranted until the second year

drilling is completed, and can be reviewed. If further work

indicates significant mineralization of Paleozoic age, a

complete review, to identify and map remnants of Paleozoic

volcanics, will be indicated.

E. METHODOLOGY

With regard to methodology, we would point out that

airborne scintillometry, or spectrometry, with fixed wing

aircraft, above the equatorial forest, does not give generally

good results.' The use of a fast aircraft above a strongly

undulating terrain, with steep slopes and 40-50 m of veg-

etation, usually locates only geological contacts and the

edge of lateritic crusts. Fresh exposures occur mostly in

narrow, deep valleys, and anomalies will be missed by

systematic flights at 150 m elevation above the surface.

We also feel that reconnaissance stream sediment,

alluvial, or soil sampling surveys, with widespread samples,

are not an effective technique for uranium. Interest tends

to be concentrated on broad areas where a number of samples

show slightly elevated values, indicative of regional g.eology.

Statistically, the chances of missing an isolated ore body,

outcropping over a tiny fraction of the sample area, are

very high, and single point anomalies are usually ignored

on follow-up, unless the values are extreme. The technique
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is only effective in detailed exploration with high sample

density.

Information on the areas we have described, as favorable

is relatively sparse, and most results to date have been

negative. We believe positive evidence of favorability

should be established by surface geological, geochemical,

or geophysical reconnaissance, before undertaking detailed

airborne surveys. If favorability is established, and the

area of interest can be restricted, then helicopter surveys,

with careful geological and ground scintillometer follow-up

can be justified, and are likely to give the best results.
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