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A. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

1. The IUREP Orientation Phase Mission to the Democratic Republic of

the Sudan believes that the Speculative Resources of the country

might fall between 20,000 and 40,000 tonnes uranium and more. This

indicates that the Speculative Resources of the Sudan could be sig-

nificantly higher than previously estimated (7,500 tonnes uranium)

by the NEA/IAEA Steering Group on the Uranium Resources - IUREP

Phase I.

2. The Sudan is a vast, geologically poorly known, mostly arid country

with limited basic infrastructures, low level of average earnings

and a chronic shortage of skilled manpower. All this has a direct

impact on the exploration and development of mineral resources.

3. However, the recent discoveries of oil in the Umm Ruwaba basin

(Southern Region) and natural gas with condensate on the Red Sea

Coast, and continuing exploration by several oil companies in the

interior and offshore, offer a prospect that important sources of

energy may become available in the foreseeable future not only for

large scale extractive mining but also for downstream processing of

mineral products. The future development of the inland oil resour-

ces, furthermore, will no doubt expand the basic infrastructures in

areas where uranium potential is either indicated or speculated.

4. The general climate for investment in the minerals industry is con-

sidered favourable.

The Government is willing to consider valid exploration programmes

presented by prospective partners as long as they serve the in-

terests of both parties.

Within the general six-year (1977/78-1982/83) plan for development

of the country's mineral resources, the Ministry of Energy and

Mining has set up certain priorities which it would like to see

expeditiously implemented: uranium exploration and production stands

high on the list of priorities.
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5. Except for a few areas, very little systematic exploration for ura-

nium or other nuclear raw materials has been done in the Sudan; con-

sequently, there are no quantified uranium resources in any

category. For a long time, the Hofrat En Nahs copper deposit and

associated uranium, gold and molybdenum, a few showings in the Nuba

Mountains area and some radioactive pegmatites in the Red Sea Hills

were the only uranium occurrences recorded.

6. In some parts of the country that have been recently surveyed, a

number of promising uranium occurrences have been reported and it is

speculatively expected that similar and new favourable settings will

be found -with increased basic research studies and exploration

efforts.

7. On the basis of very limited information on regional geology and on

previous exploration which was available to the Mission (most of the

relevant geological maps of the Sudan are either in various stages

of correction and revision, or waiting to be printed, or not readily

available for inspection in Kartoum, some are confidential, or not

accounted for), it is estimated that the greatest potential for the

Speculative Resources of possible economic significance will prove

to occur in the following geological environments of the Su,dan (Red

Sea Hills area is not included) (Map 4):

a) Precambrian basement complex

Type-deposits to be expected are:

Vein-like, stratabound ore bodies in faulted and sheared

graphite-chlorite-schists and gneisses (Beaverlodge and Ja-

biluka types)

Hydrothermal mono and/or polymetallic bodies in faulted and

altered schists and gneisses intruded by late to post tec-
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tonic or younger acidic granitic bodies (Shinkolobwe, Port

Radium, Hofrat En Nahas, and also Midnite types). Most

favourable areas are either known or speculated to occur in

the west-southwestern and central parts of the country.

b) Palaeozoic-Mesozoic-Tertiary Sedimentary Basins

Type-deposits to be expected are:

- Peneconcordant and roll-front deposits within fluviatile-

stream channels, flood plans depositional environments

(Colorado Plateau, Grants, Agades, sub-Andean Argentina)

(Wyoming, Uravan Mineral Belt types). Most favourable

strata in the Sudan are along the borders with Chad, at the

tricorner with Libya and Egypt, in selected outliers of

Nubian Sandstones and within the Nawa(?) and Umm Ruwaba

clastic sequences.

c) Tertiary to Recent Calcretes

Valley-fill, flood plain, delta and playa type calcrete depo-

sits are speculated to be found within a large, predominantly

east-west trending area displaying peculiar geological, mor-

phological and palaeo-to recent climatic conditions. Uranium

deposits to be speculatively expected are of the: Yeelirrie

type (Australia), Mudugh type (Somalia), Lang Heinrich and

Tubas type in Southwest Africa/Namibia, Dirks se Kop and Kam-

masoas types in the Northwestern Cape of South Africa

The IUREP Orientation Phase Mission, in consideration of:

a. the inadequate basic geological and geophysical knowledge for

the majority of the "frontier" areas outlined as being most

favourable to contain the Speculative Resources of the Sudan,
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b. the present lack of basic infrastructure and consequent severe

operating conditions,

c. the large "geographic" target areas selected,

d. the types of uranium deposits anticipated and/or speculated to

occur in them,

e. the complete lack of evidence that uranium is there,

believes that some 20 Million US$ (very rough estimate) will be

needed to:

- check the validity of the basic geological concepts formulated on

the uranium potential of the selected areas,

accumulate diagnostic geological, geophysical, geochemical data

indicative of a true uranium potential there,

study the basement complex rocks and the sedimentary formations

at least on a broad structural-stratigraphic reconnaissance

basis. (A tremendous amount of valuable water drilling data has

accumulated over the last years for some of the selected sedimen-

tary basins.)

determine the most appropriate investigation techniques to be

utilized in detailed uranium exploration programmes.

9. As it is basically unlikely that the considerable funding required

to meet with the above objectives could be generated in the short-

term from local sources, the Mission fully endorses the present

Government policies to raise exploration risk capital through the

participation of the private enterprises.
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However, it is the opinion of the Mission that exploration capital

from the private sector, under the present uranium market condi-

tions, would be more readily available than it is at present if the

above "Phase 1" objectives are obtained through combined Government

and International Organizations (UNDP/UN or IAEA, UN Revolving Fund

for Mineral Resources) efforts -
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B. INTRODUCTION

B .1 Terms of Reference

The basic objective of the International Uranium Resources Evalua-

tion Project (IUREP) is to "review the present body of knowledge

pertinent to the existence of uranium resources, to review and eva-

luate the potential for discovery of additional uranium resources,

and to suggest new exploration efforts which might be carried out in

promising areas in collaboration with the countries concerned".

Following the initial bibliographic study which formed Phase I of

IUREP, it was envisaged that a further assessment in co-operation

with, and within, the country concerned would provide a better de-

lineation of areas of high potential and a more reliable estimate as

to the degree of favourability for the discovery of additional ura-

nium resources. It was planned that such work would be accomplished

through field missions to the country concerned and that these field

missions and the resulting report would be known as the Orientation

Phase of IUREP.

The purpose of the Orientation Phase mission to the Democratic

Republic of Sudan was (a) to develop a better understanding of the

uranium potential of the country, (b) to delineate areas favourable

for the discovery of additional uranium resources, (c) to make re-

commendations where appropriate on the best methods for evaluating

the favourable areas, operating procedures and estimated possible

costs, (d) to develop the logistical data required to carry out any

possible further work, (e) to compile a report which would be

immediately available to the Sudanese authorities.

The Mission to the Democratic Republic of the Sudan was implemented

from February 17 to March 14, 1981.

Data compilation and report writing were accomplished at the IAEA

offices in Vienna from March 23 to April 7, 1981.
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B.2 Physiography

The Democratic Republic of the Sudan is the largest country on the
2

African continent, covering an area of about 2.5 million km

(Fig. 1).

Most of the vast area is a flat, eroded surface, gently rising from

300 m above sea level in the north to about 800 m in the south and

west of Sudan (Fig. 2) . Less than 2 per cent lies lower than 300 m;

about 45 per cent lies between 300 and 500 mj and a further 50 per

cent lies below 1200 m. High ground is restricted to the Red Sea

Hills in the north-east and along the country's western and southern

borders, where it forms part of the continental divide, from the

volcanic masses of Meidob Hills and Jebel Marra in western Darfur to

Imatong Hills in Equatoria, straddling the Uganda border. Along the

Red Sea coast is a narrow coastal plain up to 30 km wide.

The large central plain is broken by the Nuba Mountains in Southern

Kordofan, the Ingessana Hills in the Blue Nile province, the hilly

outcrops of the basement complex rocks in the Northern Province, and

isolated inselbergs in various parts of the country.

The Nile and its tributaries are the main rivers. The White Nile

enters the Sudan from Uganda, and a little north of Juba spreads out

through the Sudd, a large area of marsh where an estimated 50 per

cent of its water volume is lost through evaporation and seepage. A

little to the north of the marshes, the Nile is joined by Bahr El

Ghazal and Sobat River, draining the western and eastern parts of

the Southern Region, respectively. The next tributary is the Blue

Nile, 700 km downstream and the Atbara River, another 300 km to the

north. From Atbara to the Egyptian border 1100 km away, and indeed

to the Mediterranean, the Nile receives no further tributaries. On

the contrary, much of its water seeps away into the Nubian Sandstone

formation.



There are many desert wadis that flow occasionally, but few reach

either the Nile or the Red Sea. The largest of those draining to

the Nile are the Wadi Howar and the Wadi el Milk, both of which were

important watercourses during Pleistocene and Recent times.

B.3 Climate

Except for much of the Southern Region, the Sudan is an extremely

hot and arid country. The precipitation is hardly measurable in the

northernmost belt along the Egyptian border, and the 100 mm ischyet

crosses the country well to the south, from Port Sudan on the Red

Sea, through Atbara and on to the Chad border in a roughly east-west

direction (Fig. 3). From this line to the south and south-west an-

nual rainfall increases gradually to 1,500mm along the Zaire and

Uganda borders.

This distribution of rainfall determines the country's vegetation

cover, from the true desert in the northern third of the total area,

to a belt of arid savannah, followed by semi-arid grasslands and a

belt of acacia bush, to the rain forest of the extreme southwest

(Map 1) .

In exceptional areas of higher relief and, consequently, precipita-

tion, such as the Red Sea Hills, Ethiopian highlands, Jebel Marra

ranges, Nuba Mountains area and Imatong Mountains in the south, the

vegetation may differ significantly from that of the surrounding

countryside; as a result the local people have often developed their

own traditions and independent ways of l i fe . These higher areas

almost al l reflect different underlying geological conditions.

B.4 Population and Economic Status

The Sudan's population was estimated in 1980 to be 18.7 million. In

the desert of the northern third of the country settlements are

found only in a narrow belt along the Nile. In the semi-arid
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central belt the average population density is about 16 per square

kilometre, and in the Southern Region about 6.5. There is a strong

tendency to migrate to urban centres which in 1976 accounted for

about 30 per cent of the total population.

The Sudan is a country of low GDP, estimated in 1976/77 at Ls.

(Sudanese pound) 110 per capita (1 Ls = 0.8 US$/March 1981). Agri-

culture is the dominant economic sector, contributing 40 per cent of

GDP and 90 per cent of export, mainly cotton and groundnuts.

There is a severe shortage of skilled manpower at all levels. It

has been estimated that in 1980 more than 250,000 Sudanese citizens

were working abroad, mostly in oil-exporting Arab countries. What

makes this migration particularly detrimental to national economy is

that in the main it is not the manual labourers who migrate but

those already holding technical, educational and managerial posts.

There are no definite statistics available, but one recent survey

indicated that about 40 per cent of the country's doctors, 45 per

cent of surveyors, 30 per cent of engineers and 25 per cent of uni-

versity lecturers are working abroad where the earnings are many

times higher than at home.

The Government does not appear to be planning any drastic action to

restrict this migration. Instead, the university and various tech-

nical training institutions are making efforts to accommodate more

students. All such plans, however, depend heavily on the availabi-

lity of external assistance, both for the purchase of necessary

equipment and teaching aids and provision of teaching staff.

Productivity in all sectors has been disappointingly low, and fal-

ling, during the past decade. This is reflected in the high rate of

inflation and steadily increasing negative balance of trade, which

rose from Ls. 6.7 million in 1970 to Ls. 205.7 million in 1979.

Imports of petroleum products amount to one-third of total imports.
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B.5 Basic Infrastructure

In this enormous country transport is probably the most important

element in the development planning of all economic activities. The

Sudan's railway network extends to only 4,758 km of 3 ft 6 in.

gauge, single track lines. Neither the system's carrying capacity

nor the efficiency of its operations are sufficient to meet more

than a small fraction of the demand for its services (Fig. 1).

The road system has a total length of hard-surface and gravel-

surfaced roads of about 19,000 km. Considerable progress has been

made recently, and some additional hard-surface roads are at present

under construction. However, the road system remains inadequate and

for a long time to come road transport in many parts of the country

will depend largely on dirt tracks, many of them usable only during

the dry season (Fig. 1).

River transport is practicable on several stretches of the Nile and

Bahr El Ghazal, extending in all to some 4000 km. Of this total

only 1700 km are navigable all the year round. Major transport fa-

cilities are confined to the Kosti-Juba reach of the White Nile, a

distance of 1,435 km. The stretch from Wadi Haifa to Shellal, close

to the rail-head at Karima, is being developed.

The only sea harbour, Port Sudan, is usually badly congested, mostly

because of long delays in cargo handling by the railway.

The Sudan Airways operate scheduled services to all major provincial

centres. A number of other airfields and landing strips are avail-

able for unscheduled flights (Fig. 1).

Electric power is generated by turbines installed on the three large

dams and by diesel generators in major towns. The total installed

capacity of a little over 200 MW is never fully utilized, partly

because of the seasonal drop in water levels and partly because of

frequent collapse of machinery.
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Water supplies are inadequate except along the few perennial

rivers. In many parts of the country only small amounts are avail-

able from mostly unlined, shallow wells, and the supplies vary with

the seasons.

The known groundwater basins, extending over 55 per cent of the

country's total area, contain more than enough water to meet any fu-

ture demand for domestic supplies. In fact, the annual recharge

rate leaves a considerable margin for large-scale irrigation

schemes, but l i t t l e of this potential has been developed as yet.

B.6 Survey Coverage

The parts of the Sudan covered by aerophotographs, at various

scales, are shown in Figure 5 and Map 2. Some of them were taken a

long time ago, and those prints may not be of the quality high

enough for photogeological interpretation.

All the country is covered by topographic maps on the scales 1:8

million, 1:4 million, 1:2 million, 1:1 million and 1:250,000. With

some exceptions, the 1:250,000 maps are not contoured, though most

show form-lines and post elevations. In mineral exploration they

can only be used in conjunction with photographic stereo-pairs.

Geological reconnaissance 1:250,000 mapping has been completed in

areas shown in Figure 6. Only 5 of the 71 sheets have been

printed. All the others are in various stages of correction and re-

visions, of waiting to be printed. All, of course, can be inspected

in the Geological and Mineral Resources Department offices by bona

fide enquiries.

A useful small-scale geological map (1:2 million) of the whole

country has been published (Map 4), but is not readily available in

Sudan. This map is presently being revised and updated by the GMRD.
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The aeromagnetic and gravity coverage shown in Figures 7 and 8, and

in Map 3 refer for the most part to the surveys carried out by the

UNDP-supported projects and the Russian, French and Federal German

assistance projects, and by the various oil companies.

The reports and maps concerning these projects are, in parts, avail-

able for inspection in Geological and Mineral Resources Department

offices.
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C. GOVERNMENT POLICY FOR THE MINING SECTOR

Notwithstanding the many difficulties, like the inadequate transport

facilities, the aridity of the country, the remoteness of many pro-

mising areas from the coast and from potential local markets, and

the shortage of skilled manpower, the climate for investment in the

minerals industry is considered favourable, and there is no notice-

able discrimination between local and foreign investors.

The importance the Government attaches to the mineral sector is re-

peatedly stressed in the documents issued by the Ministry of Na-

tional Planning. The "Perspective Plan, 1977/78 to 1994/95" states

that in achieving its objectives "the manufacturing and mining

sector . . . is envisaged to play an increasingly important and

crucial role". The long-term macro-economic projection shows that

the contribution of this sector is expected to rise from 9 per cent

of GDP in 1976/77 to 14.5 per cent in 1994/95.

The Government would therefore look favourable on any project con-

nected with the industrialization or semi-industrialization of known

minerals. One of the objectives of the current Six Year Plan of

Economic and Social Development, 1977/78 to 1982/83, is "encouraging

the private sector, both foreign and local, to play its role fully

and effectively in development".

Bulletin No. 31, 1981 of the Geological and Mineral Resources De-

partment states that for prospective investors in the mineral in-

dustry there are many channels and avenues through which their ob-

jectives may be realized. These can be summarized as follows:

1. Joint Venture Agreement with Government

This is the normal and most acceptable practice; a joint ven-

ture in the form of a partnership between the Government and
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the second party - each holding an agreed percentage of the

share of the partnership. However, it could be stipulated in

the agreement that a third party could be involved, but both

principal partners should agree to this. The shareholdings of

this third party would form a part of the shares of the prin-

cipal partner concerned.

2. Joint Venture with Local Private Sector

This is the same as the above except that the partnership is

between a foreign or a group of foreign companies and the

local private sector.

3. Independent Enterprises

Through independent efforts, without the participation of

either the Government or partners, companies (either national

or foreign) could hold concessions involving one mineral or a

group of minerals. In the case of a foreign company, a local

subsidiary company must be registered in the Sudan before it

could hold any licenses or leases.

Certain procedures concerned with the initiation and finalization of

agreements are followed and these are briefly outlined below:

1. A letter of intent is usually the starting point and this

should be directed to either the Minister of Energy and

Mining, or the Director, Department of Geological and Mineral

Resources {GMRD).

This letter should introduce the prospective partner and

should contain the principal points of the proposal.

2. A brief meeting in the Geological and Mineral Resources De-

partment (GMRD) could be held in which preliminary discussions

could take place to clarify certain points.



- 15 -

3. Receipt by GMRD of a draft agreement which will be the basis

of formal discussions.

4. A date acceptable to all parties will be set for formal dis-

cussions between the Government team and the representative(s)

of the other party.

5. On the successful finalization of discussions, the Ministry

would then receive the final text of the agreement.

6. A date will then be mutually agreed upon for the signing of

the agreement.

7. Because the Government team is usually composed of representa-

tives from other concerned departments, at least ten copies of

the draft agreement are needed, and ample time, not less than

four weeks, must be given before discussions are started.

Bulletin No. 31, 1981 enumerates also some of the principal points

which are common to all agreements. These ares

The agreement should cover both the exploration and

exploitation stages.

A technical programme to be implemented during the exploration

stage, showing the cost and duration, should be included in

the agreement.

Time of completion of the feasibility report should be

indicated and this report must be given to the government

agency for study.

Counterpart personnel from the GMRD would be expected to take

part in all stages of the work. This would be mutually agreed

upon.
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- All funds necessary for the completion of exploration and

feasibility studies will be provided by the foreign partner.

All capital investment, including the Government equity

participation, is expected to be provided by the foreign

partner.

A training programme for Department personnel, both on the job

and abroad, will be mutually agreed upon.

Mining leases will last for 21 years with possible extension

on advance request.

Other clauses dealing with topics such as relinquishment,

assignment, force majeure, arbitration and right of withdrawal

are also included.

- It must be mentioned here that the Government, in

consideration of some of the above conditions, will provide

concessions to the foreign partner in the form of tax

holidays, exemption from custom duties, free repatriation of

funds, etc. Other reasonable requests in this matter will be

considered during the discussion stage and will, if agreed

upon, be included in the agreement.

The laws which are directly concerned with mining and the mineral

industry are embodied in two acts; one specific, "The Mines and

Quarries Act (1972)", and the other, a more general one, "The En-

couragement of Investment Act (1980)". Both these documents are

available at the GMRD.

Within the general six-year plan (1977/78 - 1982/83) plan for the

development of the country's mineral resources, the Ministry of

Energy and Mining has pinpointed certain priorities which it would

like to see expeditiously implemented. Radioactive minerals belong

to these priorities.
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Radioactive minerals and precious stones are considered as strategic

minerals and therefore are treated differently. The "Mines and

Qiarries ACT (1974)" and its regulations (1976) do not apply here

and a special procedure is followed if exploration and development

of such minerals is intended.

After receipt of a letter of intent by the GMRD formal discussions

will be held in which the following points will be cleared and

agreed upon:

a. Programme of Work

At this stage, the programme will cover only the reconnais-

sance work to be conducted. It may include both airborne and

ground scintillometer surveys. The duration of such work will

be three to nine months, depending on the size of the area.

An extension of a few weeks may be allowed on reasonable

request. Outlined with the programme will be the cost of such

work.

b . Heads of Agreement

These are usually presented by the prospective investor and

agreed upon. Such Heads of Agreement should cover the recon-

naissance stage, detailed exploration stage and the final de-

velopment and production stage.

Upon the successful completion of discussions and signing of

Heads of Agreement, a temporary permit will be granted to the

investor which will allow him to enter into the land and

conduct bis survey. At the completion of the preliminary

survey, the investor may either elect to abandon the project,

which he can do without any further commitment, or agree to

continue into the second stage.
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c. The discussions regarding phases II and III will, of course,

take place after indication by the prospective investor that

be wisbes to continue with the project. In such a case it is

normal that phases II and III will be included in a ioint ven-

ture agreement to be signed by the investor and the Government.

The agreement will also include all other clauses found in

other similar agreements.

It should also be mentioned that in certain circumstances the

Minister is empowered to grant concessions under the provisions of

the Encouragement of Investment Act, 1980. While the Encouragement

of Investment Act does not explicitly extend these privileges to mi-

neral exploration ventures, and in fact requires a "feasibility or

at least a pre-feasibility study" to be produced before concessions

can be negotiated, the Government has been consistently granting the

privileges and concessions listed in the Act (exemption from payment

of customs duties, either totally or partially, on all imported ma-

chinery, equipment, spare parts and apparatuses necessary for the

project) to all exploration projects.
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D. NATIONAL CAPACITY FOR EXPLORATION AND DEVELOPMENT

D.I I n s t i t u t i o n a l Framework

All exp lora t ion and eva lua t ion of mineral d e p o s i t s , as well as

admin is t ra t ion of mining and petroleum l e g i s l a t i o n comes under the

Director General of GMRD, respons ib le to the Minis ter of Energy and

Mining (F ig . 9) .

In the Southern Region, much of the mineral exp lora t ion and

development, e s p e c i a l l y of bulk m a t e r i a l s for loca l u se , i s

administered by the Regional Ministry of Industry and Mining in

Juba. In o ther reg ions , t oo , some of the r e s p o n s i b i l i t i e s are being

delegated by the Central Government to reg ional a u t h o r i t i e s .

D.2 Geological and Mineral Resources Department (GMRD)

a. Organizat ional S t ruc tu r e :

To meet the r e s p o n s i b i l i t i e s broadly defined in the preceeding

paragraphs, GMRD se rv ices the Mines and Quarries Board and the

Petroleum Office, and opera tes the following major d iv i s ions

(F ig . 9 ) :

- the Mineral Resources General Adminis t ra t ion;

- the Geological Survey General Adminis t ra t ion;

- the General Adminis t ra t ion; and

- three Regional Off ices .

It can be noted that, in some cases, units with close operational

links fall under different General Administrations, for example

the chemical laboratory and the sample preparation unit, or the

exploration and evaluation unit and the geophysics and drilling

units.
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b. Establishment:

The total number of professional personnel is 155 of whom 38 are

classified as senior staff. In all 17 geologists and

geophysicists are on secondment to other public institutions or

to private exploration companies operating in the Sudan.

As in other professions, a rising number of the senior geologists

leave the country to work abroad for salaries very much higher

than those paid by the Sudan Civil Service. This also applies to

technicians, e.g. drillers, draughtsmen, surveyors and

mechanics. In recent years GMRD has been able to replace these

losses, but the newcomers have little, if any, practical

experience. Many of them are likely to leave the country, too,

once they have gained sufficient experience.

c. Equipment and Services:

On the whole, the equipment and instrumentation available to GMRD

is barely adequate for its present, limited scope of operations,

and falls far short of the requirements of the programmes

(regional mapping, detailed exploration, evaluation of deposits)

considered essential for development of the minerals industry.

There is no instrumentation for certain essential geophysical

methods, and little expertise in the use of others for which

equipment is available.

Other central services are also inadequate. Neither the map

printing press nor any of the five photo copiers are at present

usable, and there is no efficient system of data indexing,

storage and retrieval or facilities for numerical data processing

and interpretation.

D.3 The Sudanese Atomic Energy Commission

An organizational chart giving the present structure of the Sudanese
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Atomic Energy Commission and subsequent phases tbat are planned for

the future is given as Fig. 10. The chart is an unofficial

translation from the Arabic original.

D.4 The National Council for Research (NCR)

The NCR - established in 1970 - is operating through i ts 1973 Act

(Fig. 11). The aims of the Council are to encourage, organize and

promote scientific research in i ts various aspects with a view to

the realization of economic and social development within the

framework of the State Policy. The Council formulates a

comprehensive policy for scientific research and suggests the

required plans, organization and methods. The attached chart

describes the organizational structure of NCR. The President of NCR

is of a central ministerial status. NCR co-operates with a number

of scientific authorities abroad among them the International Atomic

Energy Agency (IAEA).

D.5 The Sudanese Mining Corporation (SMC)

The SMC operates two chromite mines in the Ingessana Hills,

producing about 25,000 tpy, al l for export. SMC intends to extend

i t s activit ies to the construction materials and industrial raw

materials. In the f irst instance, plans are being made for mining a

gypsum deposit on the Red Sea coast, and for production of caustic

soda, now being imported by the Sudan Oil Company for soap

manufacture.

D.6 The Sudanese Egyptian Mining Company (SEMC)

The company, owned in equal shares by the two Governments, was

established very recently and has not yet begun production

act ivi t ies . Its f irst proposed venture is to establish a marble

quarrying and polishing company. A prefeasibility study and market

research carried out by an Italian consulting group were most
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encouraging, indicating a return of investment of some 20 per cent a

year. But the company is unable to finance a full feasibility and

engineering design study without external assistance.

D.7 University of Khartoum - Geological Department

Since its inception in 1964, the Department has granted 171 B.Sc.

Honours degrees in general geology; in recent years the number of

graduates has varied between 14 and 20 a year. Because of limited

resources, the syllabus includes very little supervised field work

for the students and there are no facilities for specialization in

economic geology or mineral exploration at post-graduate levels.

The Department has formulated a programme of strengthening the

facilities at the undergraduate level and for expansion of its

activities to specialised courses at M.Sc. level, and to applied

research aimed at adaptation of advanced methodology and technology

to the specific geological and climatic conditions in the Sudan and

neighbouring countries.

D.8 Wad el Magboul institute for Earth Sciences Technicians

The Wad el Magboul Institute for Rural Water Technicians was

established in 1962 to train secondary school graduates as drilling

and water supply installations technicians. It has received support

from several external sources. The recent change of the Institute's

name reflects an expansion of its training programme to geology and

mineral exploration.

The Institute is well housed at Wad el Magboul, some 20 km north of

Khartoum. At present the Water Resources Department has 80 students

in their third year of the three-year diploma courses. On 1 March

1981, a new intake of 96 Sudanese students and 30 students from

Somalia, P.D.R. Yemen and North Yemen began their courses. Also on

1 March 1981, the newly created Geology and Mineral Exploration

Department started with the first intake of 30 students.
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D.9 National Water Administration (NWA)

Under the authority of the Ministry of Energy and Mining (Fig. 9),

the NWA is responsible for management and development of the

country's water resources. Some of its functions are in the process

of being delegated to the Regional Administrations but NWA is

intended to remain the leading executive and co-ordinating agency.

The NWA has a staff of some 400 geoscientists and engineers, and

12,000 ancillary personnel.

An impressive amount of research and hydrogeological studies has

been done in the past 15 years, much of it with external support.
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E. GEOLOGICAL REVIEW

E.I Introduction

Map 4 is the latest published (1974) geological map of the Sudan

(1:2,000,000).

Geologically, the country is among the most inadequately mapped of

the African States and it was not until the publication in 1971 by

A.J. Whiteman of "The Geology of the Sudan Republic" that much of

the recorded information became readily available. The latest

review on geology and mineral deposits of the Sudan was given by

J.R. Vail (1978).

Within the last decade, considerable regional and detailed work,

with technical assistance from foreign governments and

organizations, has been conducted and consequently the quality of

the geological information varies widely for different places.

Of the total 2.5 million km of the Sudan, however, only a small

portion has been mapped in detail. in those parts of the basement

complex that have been surveyed, at least on regional scale,

numerous occurrences of mineralization have been recorded and it is

confidently expected that in the remaining areas totalling some
2

650,000 km , where not even rec

similar conditions may be found.

2
650,000 km , where not even reconnaissance surveys have been made,

Due to the very limited availability of basic geological maps to be

enclosed and referred to in this report (almost all of the relevant

geological maps of the Sudan are either in various stages of

correction and revision, or waiting to be printed, or not readily

available for inspection in Khartoum, or confidential), the

following account of the geology is lengthy, yet a necessary guide

to the subsequent sections of this report.
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E.2 Geological Sequence

An outline of the major lithological units is given in Fig. 12.

The oldest rocks belong to what is generally referred to as the

Basement Complex, most of which is Precambrian age. This group

remains largely undifferentiated and includes metamorphosed and

folded schists and gneisses of sedimentary and volcanic origin, as

well as synorogenic or late-orogenic granite emplacements and basic

and ultrabasic bodies. The Mozambique Belt is recognized in the

east. It exhibits mainly Pan-African dates (550 +/- 100 mill, years

ago) and is overlain by the last basement episode of greenschist

facies rocks in the northeast of the Sudan. Also usually included

in the Basement Complex category are post-orogenic younger

intrusives, many of which are in the form of ring-structures and

linear dyke swarms. However, many of the igneous rocks also belong

to post-basement events, and some may be quite recent in age. The

Basement Complex is exposed over more than half of the country's

total area.

Following the tectonism and igneous activity of the basement, which

lasted into early Palaeozoic times, there was a period of erosion,

after which predominantly depositional events occurred, evidence for

most of which has subsequently been removed. Remains of a number of

Palaeozoic formations can be recognized along the border with Chad,

and near the tricorner with Libya and Egypt. The oldest of these

are unfolded Cambro-Ordovician sediments conformably overlain by

Devonian and Carboniferous strata. In Central Sudan the Nawa

Formation is also thought to belong to this group.

The Palaeozoic era was also followed by an erosional hiatus over

much of the region and it was not until the Cretaceous that an

extensive cover of predominantly sandstone and grits, the Nubian

Sandstone Formation, was deposited. Soon after the deposition of

the Cretaceous strata similar beds of continental and marine origin
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were deposited during Tertiary times. These form an extensive cover

along the Red Sea coastal margin, where they thicken seawards.

During the Tertiary and continuing through the Quaternary times

widespread deposits of still unconsolidated, mainly fluviatile and

lacustrine silts and sands accumulated over much of central and

south-eastern Sudan. These are represented by the flat-lying Umm

Ruwaba, Gezira, El Atshan Formations.

The Tertiary was also a time of volcanic activity and a number of

volcanic fields developed, the most notable being those at Jebel

Marra, Meidob Hills, and in the Bayuda Desert. The most recent

sedimentary deposits are in places still forming today. They are

the wadi alluvium and river gravels and the wind-blown sands. The

latter cover most of northern Sudan and reach their southern limit

in a zone of fixed dunes, the "qoz" sands of Kordofan (Map 6).

Generalized geological columns for the Sudan and adjacent areas are

given in Tables I and II. In the latter, the approximate percentage

surface areas of each formation or group of formations are based on

the 1963 third edition of the Sudan Geological Survey, 1:4,000,000

Map.

Tectonic trends, regional metamorphic facies in the Basement

Complex, distribution of Nubian Sandstone Formation and correlatives

with generalized palaeocurrent directions, distribution of wind

blown sands, igneous ring complexes, Cainozoic volcanic rocks,

faults, hot springs and earthquake epicentres for the Sudan and

adjacent countries are also given in Figs. 13 to 18.

E.3 Basement Complex - General Considerations

The most extensive formations in the Sudan, excluding the surficial

deposits, are those of the Basement Complex and consist of a largely

undifferentiated group of gneisses and schists of mainly Precambrian
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age indicating a complexly related sequence of depositional,

metamorphic and tectonic events.

This group is of particular interest, since most of the uranium

deposits of Africa occur within Precambrian rocks or in younger

platform sediments, but close to the exposed Precambrian basement

(Fig. 19).

Due to the limited field and basic research work little is known

about the metamorphic environment of the country. Nevertheless,

three major metamorphic grades are usually recognizable in the

basement rocks, and generally it seems that the higher grades

probable belong to the older units. The pattern of distribution for

the three main metamorphic facies is shown in Fig. 14. Most of the

area is underlain by rocks of the amphibolite facies. Several

occurrences of granulite facies rocks are present, mainly in the

south, where they correspond to similar rocks in Uganda.

Greenschist-facies rocks occur mainly in the east, especially in the

Red Sea Hills, but also in places in the interior, such as in parts

of the eastern Nuba Mountains of Kordofan Province.

No systematic geocronological study has yet been undertaken for the

Basement Complex of the Sudan; consequently available results are

widely scattered, usually single analysis, mostly by K-Ar methods,

and hence requiring a cautious interpretation. Age determinations

for rocks of the Basement Complex in Sudan and adjacent areas are

listed in Table III. From the available analysis it is indicated

that a widespread isotopic event occurred in Upper Proterozoic to

Cambrian times (between 650 and 450 m.y. ago) which is the

Pan-African Tectono-Thermal Event. This is reflected in the results

from a wide variety of metamorphic rocks which include granulite,

amphibolite and greenschist facies unit. Igneous activity in the

form of granitic emplacements and pegmatite mineralization also

occurred within this period. Some evidence would also suggest that

some of the rocks, especially in the south and west, are much older
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in origin and that they have subsequently been rejuvinated by the

pervasive 650-450 m.y. ago event.

No major tectonic belts can be delineated in the Sudan on the basis

of evidence so far available. The orogenic cycle recognized in the

Mozambique Belt of east Africa can be traced into southern Sudan and

Ethiopia before disappearing beneath the younger cover, and it is

reasonable to suppose that it might continue northwards to include

perhaps the geosynclinal deposits of the Red Sea Hills.

The very ancient granulite-facies rocks of Uganda may be found to

have their counterparts in the charnockitic gneisses of the Sudan

and the Central African Republic. These cratonic nuclei have been

almost obliterated by younger events and the dominant basement oro-

genic features now are the NNE-trending gneisses of the Sudan.

These rocks may have originated during Kibaran Orogeny times

(1100 +/- 200 m.y. ago), but it seems likely that products of even

older, Eburnian Orogeny events (1850 +/- 200 m.y. ago) could also

have been present.

E.4 Sedimentary Formations

a. Palaeozoic strata

The western Sudan, in which Palaeozoic strata occur, lies on the

south-eastern flanks of the Palaeozoic depositional basins and

form the southern limits of sedimentary transgressions across

North Africa; the remnants preserved today are thin, dominantly

arenaceous, mainly continental deposits.

It is not expected that these formations will extend any distance

into Sudan, where they are obscured beneath a cover of Mesozoic

Nubian Sandstone Formation sediments. However, because the

lithologies of the formations are so similar, it may be that

Palaeozoic strata have been mistaken for the Nubian sandstones,
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and consequently they might be more widespread than presently

shown.

Palaeozoic rocks have been recorded from three main areas in the

Sudan:

1. the continuation of the Erdi-Ennedi outcrops of Chad and

Libya, between 16 N and 20 N along the western frontier;

2. the Jebel Uweinat area extending into Libya and Egypt; and

3. the outcrops of the Nawa Formation, rocks of doubtful

Palaeozoic age in Kordofan.

They are all dominantly arenaceous in character and continental

in origin.

Cambro-Ordovician coarse to medium grained arenaceous rocks form

the lowermost and oldest of the sandstone sequences. They rest

with a marked unconformity upon the metamorphosed basement rocks

north of Wadi Howar, near Geneina and Adre, and around the

Uweinat inlier.

In the latter, just as a reference, two formations have been

recognized: a basal conglomerate and about 200 m of sandstone

containing Tiggilites fossils (Hassouna Formation) are overlain

unconformably by fine to medium-grained sandstones and

conglomerates which reach about 150 m thick (Memouniat

Formation). These formations are said to have been uplifted on

the flanks of Jebel Archenu by the post-Carboniferous intrusion

that occupies the Uweinat area.

Lower and Upper Devonian strata are well developed in Chad, and

around the western side of the Uweinat basement inlier in Libya.

They have not yet been identified in Sudan.
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In the Mourdi Depression in Chad and around Uweinat in Libya,

Sudan and Egypt Carboniferous sandstones with some marls and

calcareous beds, resting partly directly on basement gneisses,

have been recognized.

There are three localities in central Sudan near Nawa village in

Kordofan Province, where argillaceous and arkosic strata overlie

the basement rocks. They do not crop out and are known only from

boreholes or shallow wells. The age of these Nawa beds is

problematic. The Nawa Formation is made up of purple and green

mudstones to arkosic grits containing up to 25 per cent undecayed

feldspar and has a maximum thickness of about 285 m. The

freshness of the detrital mica and feldspar suggests a local

origin, possibly from a source in the highland of the Nuba

Mountains basement terrain which is conveniently adjacent to the

south.

b. Mesozoic strata

The widespread Mesozoic Formations (Table IV) of the Sudan

include:

- outcrops of Nubian Sandstone Formation in the north central

Sudan, continuous with those of Libya and Egypt and with

tongues extending as far south as Suq el Gamal, near Nahud,

and Sennar and Singa in the east;

- Gedaref Sandstone Formation, possibly continuous with the

Adigrat Sandstone Formation of Ethiopia and the Mouka-Ouadda

sands;

- Yirol Beds west of the Bahr el Jebel, Bahr el Ghazal Province;

Fareig basalts; and
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Khor Shinab basalts and the Cretaceous sediments of the Red

Sea coast.

The Nubian Sandstone Formation (Fig. 15) covers almost a third of

the surface area of Sudan. The identification of the formation

depends largely on its lithology because of the lack of

diagnostic fossils or distinctive marker beds. There is

controversy over the correlation, age, origin, stratigraphy,

distribution, and even name of the formation and hence the unit

probably covers a wide stratigraphic and age range.

The Nubian Sandstone Formation in Sudan is dominated by

arenaceous and rudaceous beds, although siltstones and mudstones

are not uncommon and rare lignite has been reported from near

Dongola and gypsum near Shendi. Calcareous and ferruginous

horizons are also common, especially the latter. Silicified

wood, mainly parts of tree trunks, are the most common fossils.

Fossil plants are mostly found in situ. This evidence indicates

a continental origin.

The most common lithology is poorly sorted, coarse to

medium-grained cream or brown sandstone containing quartz pebbles

and mud flakes; quartz and feldspar are the main minerals.

Cross-bedding is common, and graded bedding is present, but

usually the sorting coefficient is poor.

Podrly sorted conglomerates occur especially near the base, and

reach a few metres thick. The underlying metamorphic and granite

basement rocks are almost entirely absent in pebbles.

There are very rapid facies changes in all the litbologies, and

beds do not usually persist for great distances.

The conditions that prevailed in the Sudan must have been

different from the estuarine or fluvio-marine conditions that
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prevailed along the southern shore of Tethys near Aswan (Egypt).

In Whiteman's view the Nubian Formation in the Sudan was

deposited in a great series of fans and playas separated by low

isolated jebels. In the initial stages of accumulation vast

pediplains must have been formed around the Basement Complex

jebels and as subsidence progressed the jebels were buried by

sands, conglomerates, silts and muds. At a couple of places in

Sudan the subsidence of the basins might be controlled by

faults. Plant cover was most probably limited to xerophilous

plants. The climate was wet enough to flush soils and prevent

the formation of saline lakes.

The Gedaref and the Adigrat Sandstone Formation, the Yirol Beds

and the Mouka-Ouadda Sands possibly are isolated outliers of the

Nubian Sandstone Formation.

However, the Adigrat Sandstone might be a separate unit,

especially as the sedimentary transport directions are rather

different from those observed in the Gedaref Formation.

The sequences consist of conglomerates, sandy mudstones and

mudstones and resemble the Nubian Sandstone Formation.

c. Tertiary strata;

The Hudi Chert Formation occurs as irregular ellipsoidal

boulders. The rock is very fine-grained and in parts

brecciated. A variety of non-marine fossils of Tertiary age are

present. The origin of the chert is thought to have been due to

silification of lacustrine deposits, although some of the

occurrences at higher elevations may have been originally

silcretes. It is probable that a number of shallow lakes or

pans, probably associated with the proto-Nile drainage, existed.

The source of the silica in such lacustrine environments could

have been local volcanoes and hot springs.
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d. Quaternary strata:

A considerable portion of central and southern Sudan is overlain

by unconsolidated continental sands, sandy clays, and clays which

may vary in lithology and thickness.

The type area for these deposits is at Umm Ruwaba village in

eastern Kordofan Province. Drilling has revealed nearly 300 m of

sands, in part gravelly, clayey(?) sands, and green or grey

clays. The beds are unsorted and show abrupt facies changes.

The sediments of the Gezira Formation between the White and Blue

Nile, the El Atshan Formation in the drainage basin of the Rahad,

El Atshan and Dinder rivers in Blue Nile Province, and the Butana

Clays between the Blue Nile and the Atbara River are considered

to belong to the same broad group of the Umra Ruwaba-type

Formation.

Small lakes, oxbows, overflow flood plains, and the like were

probably extensive in the past as even today large areas between

the White Nile and Sobat River are inundated annually during the

seasonal flooding. The rate of sedimentation and the limitation

of the areas deposition and sediment accumulation may have been

influenced by tectonic features, such as regional warping and

local faulting, as well as by climatic and other environmental

factors. However, there is no apparent regional tectonic control

other than that central Sudan is on the extreme flanks of the

doming and arching across the East African Rift System, and that

a south-east trending belt of fracturing and igneous activity

passes from Libya across Darfur and beneath the Quaternary cover

of Bahr El Ghazal and Equatoria provinces before reappearing in

northern Uganda and Kenya.

The northern half of Sudan lies within the Sahara Desert,

characterized by vast expanses of windblown sands which obscure
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the bedrock and impede exploration (Fig. 16). The southern limit
o

of the moving sands is a belt, up to 4 of latitude in width,

along which fixed, fossil dunes predominate. Where the annual

rainfall exceeds about 500 mm no blown sands occur.

E.5. Igneous Activity

Igneous activity in the Sudan started in the earliest Precambrian

times and manifests itself in a number of ways: extrusive and

intrusive masses within the Basement Complex; high level plutonic

ring complexes; dyke swarms; extrusive, mainly basaltic, volcanic

rocks of Tertiary and younger age.

a) Extrusive and volcanic rocks

Almost all the various stratigraphic - lithologic units of the

Basement Complex contain some volcanic rocks. In many places

amphibolites and hornblende-gneisses have been interpreted as

original basic outpourings. Such rocks are usually confined to

the amphibolite - facies through the Bayuda (Map 5) and Nubian

deserts, to parts of the older basement of the Red Sea Hills, to

rare occurrences in the Nuba Mountains of southern Kordofan where

they have undergone the effects of granitization and

migmatization (Map 6 ) .

Less metamorphosed (greenschist-facies) are the volcanic rocks

which make up the younger units of the Basement Complex. They

are almost entirely confined to eastern Sudan and are extensively

represented in the Red Sea Hills (Fig. 29). Here, the volcanism

and the nature of the associated sedimentary rocks would suggest

that the Red Sea Hills probably formed the margin of a tectonic

plate at that time.

b) Plutonic igneous rocks

Intrusive events in the Basement Complex were widespread in time
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and space. Two types of igneous rocks dominate the basement;

acid granitic batholiths and basic or ultrabasic bodies.

Their ages are not known although a few preliminary radiometric

analysis have been made on some of them (Table III).

The granites comprise a variety of syntectonic or late-tectonic,

usually weakly foliated batholiths which range from small plutons

to extensive masses. Some alignments of granitic masses have

been recognized such as along the zone of intense folding and

high-grade metamorpbism between Kutum and Zalingei in northern

and southern Darfur Province; along the length of the Red Sea

Hills from Ethiopia to Egypt and from Wau in Bahr El Ghazal

Province towards the Central African Republic (Map 4).

The basic and ultrabasic bodies are just as widespread as the

granitic batholiths but much smaller in size. They are in the

form of small plugs or large masses of gabbro, epidiorite,

hornblendite, peridotite and serpentinite.

c) Ring Complexes

Ring complexes, usually high level, sub-volcanic emplacements,

occur in all provinces of the Sudan and in almost all the

neighbouring states (Fig. 17). At the present time some 85 ring

complexes are known or suspected from photo interpretation in the

Sudan. Few are properly mapped and many have never been

inspected. Most are intruded into metamorphosed basement rocks,

although a few protrude the Palaeozoic and Mesozoic sedimentary

cover.

General geological maps and sections of the Sabaloka Complex and

of Jebel Qeili, two of the largest and best known of the Sudanese

ring complexes, are given in Figs. 21 to 24.
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A variety of rocks are present in the ring complexes, and

although several have variations of only one rock type

present, others may have a wide range of compositions. The main

rock type is granite, usually fine to medium grained

soda-granite. Intermediate rock types are almost entirely absent

from the ring complexes, hybrid and assimilation types being the

only representative. Gabbro, dolerite, basalt or lamprophyre

dykes may also be associated.

The ring complexes in Sudan have been considered to belong to the

late stage of the Basement Complex since several occur beneath

Nubian Sandstone Formation strata, and hence presumed to be of

late Precambrian or early Paleozoic age. However, recently

isotopic results and palaeomagnetic determinations for the Sudan

and adjacent countries indicate five generations of ring

complexes during Cambrian, Late Devonian, Jurassic, Cretaceous

and Tertiary times.

E.6. Faulting

Until recently, descriptions of the structure of the Sudan, the

National Geological Map (1963), and the international Tectonic Map

of Africa (1968) indicated no faulting in the area except near Rift

Valleys around the southern borders (Whiteman, 1965, 1971a, 1971c).

Recent mapping in Sudan, however, as well as air-photo

interpretation, geological investigations, drilling for water and

the new maps of Egypt (Said, 1971) and of Ethiopia (Kazmin, 1973),

have clearly indicated widespread faulting, some with considerable

displacement. The regional fracture pattern, shown in Fig. 18, has

been described by Vail (1972) and Medani and Vail (1974).

Faults are found throughout the country, but because of lack of

regional and detailed ground mapping, with the exception of a few

areas such as the Red Sea Hills, the Nuba Mountains, the Bayuda
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desert and the general Hofrat Eu Nahas area in southern Darfur

Province, their distribution is presently not well known.

A significant fault system occurs in northern Uganda, where it is

followed by the Albert Nile along the Western Rift Valley'. The

fractures die out at Nimule and none of these faults continue far

into the Sudan.

A number of faults in Ethiopia affect Tertiary plateau basalts and

underlying rocks around lake Tana and the Abbai Valley (Map 4).

There is an E-W alignment of some of these fractures, which

continues across Sudan in a zone of faulting obscured by Quaternary

cover (Map 6).

Another fault system is well developed to the west in Darfur

Province around Zalingei where NW to NNW striking fractures and

dykes are associated at least in part with the Cainozoic volcanism.

Near El Fasher Nubian Sandstone strata fill fault-controlled

depressions more than 1200 m deep (Hunting Geology and Geophysics,

1970).

At Jebel Aulia, just south of Khartoum, NNW-trending faults are

reported to have a displacement of more than 1200 m. Around the

Sabaloka basement inlier, 50 miles north of Khartoum, faults with

E-W and N-S strikes displace Nubian Sandstone Formation, Basement

Complex and associated ring-complex rocks (Almond 1967).

In central Kordofan, a number of fault-controlled troughs of Nubian

Sandstone Formation and Umm Ruwaba Formation sediments have been

revealed by gravity measurements and drilling. Faults have also

been recorded in Southern Kordofan (Vail, 1973). The Bara

depression is about 50 km wide, over 150 km long, and up to 400 m

deep. Near Nahud (Fig. 26) an outlier of Nubian Sandstone and

shales is fault-bounded in part, while south of Babanusa, the buried

basin of Nubian Sandstone Formation, is expected to be largely

fault-controlled.
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Faulting is also present in the Red Sea Hills, although not to the

extent to be expected if the Red Sea trough is a rift

valley. Two sets of fractures are recognizable: those approximately

parallel to the sea; and those perpendicular to it (Figs. 27, 28,

29) . Satellite imageries have revealed lineaments not previously

recognized which strike NW or NS parallel to the shore between

Halaib and Muhammed Qol, and a strong fracture pattern perpendicular

to the coast. There is evidence from drilling and geophysics that

there is faulting beneath the coastal plains and just offshore, the

total displacement of which could be considerable (Carella and

Scarpa, 1962; Qureshi, 1971) .

The age of the faulting is not always easy to determine because in

many places the only rocks affected belong to the Basement Complex.

However, in several areas (e.g. Nuba Mountains, Map 6; Red Sea

Hills, Fig. 29), Cretaceous Nubian Sandstone Formation strata are

displaced, while in Egypt, or along the Red Sea Coast, and in

Ethiopia, Tertiary sediments or basalts are faulted. In southern

Kordofan Province and in the Ethiopian Rift Valley movements are

known to be associated with recent earthquakes (Fig. 18).
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F. MINERAL EXPLORATION AND MINING INCLUDING URANIUM

F.I General

Despite a very long tradition of mining in the Sudan, at present

mineral production makes a negligible contribution to the country's

economy.

Numerous mineral occurrences have been recorded, but it is difficult

to establish metallogenetic relationships. J«R. Vail (1978) noted

that "exploitation and search for economic minerals in Sudan and

Upper Egypt has gone for the past 3800 years or so; however, in the

present century mineral production from north-east Africa has been

negligible by world standards, and although the amount of effort and

money being invested is increasing annually the production of

mineral resources from most of the area under review remains

insignificant in the economics of the countries concerned".

Since the independence in 1956, the Geological and Mineral Resources

Department (GMRD) has been greatly expanded and much exploration has

been carried out. This is documented in a series of bulletins

dating from 1958 to 1973.

Notwithstanding these investigations, mineral occurrences of the

country are not yet well understood and only a few of them have been

adequately described; one or two have actually been investigated by

underground development or drilling or by modern geophysical,

geochemical or geological techniques.

The main surveys were concerned with copper at Hofrat-en-Nahas in

southern Darfur, gold in the Red Sea Hills and in the Blue Nile

province, kyanite in the Bayuda Desert, the wollastonite skarn zone

in the Red Sea Hills, fluorspar in the Nuba Mountains, general

exploration in Ingessana Hills and Qala-en-Nahl, lead, zinc and

graphite in northern Darfur, iron ore at Abu Tulu in Kordofan, and

others.
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GMRD has also been participating in projects supported by aid

organizations and those carried out by private companies. The major

projects have been:

United Nations Development Programme/Department of Technical

Co-operation for Development, UN. Mineral exploration surveys

in Hofrat-en-Nahas area, Ingessana Hills, Qala-en-Nahl and in

the Shereit area along the Nile north of Atbara (1967-72).

- U.S.S.R. assistance in the Red Sea Hills (1969-76).

- The Republic of China assistance in the Ingessana Hills

(1973-77).

Federal German assistance in the Bayuda desert and Nuba

Mountains (since 1976).

French assistance in the northern Red Sea Hills (since 1976).

- Belgian assistance in Equatoria province (since 1979)•

- A joint venture agreement (1976) with the Arabian Asbestos Co.

and Johns Manville Corp. for exploration and possible

exploitation of asbestos deposits in Ingessana Hills and

Qala-en-Nahl.

- A joint venture agreement (1976) with a Japanese consortium

for the exploration and assessment of chromite deposits in

Ingessana Hills with a view to establishing a ferro-chrom

industry in the Sudan.

- An agreement with Minex Corporation (USA) in 1979 for

exploration and possible development of gold and associated

minerals in the Red Sea Hills and a joint venture agreement

(1979) for exploration and development of uranium deposits in

southern Kordofan.
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The Government has also entered into an agreement with the UN

Revolving Fund for Natural Resources Exploration for diamond

exploration in the Hofrat-en-Nahas area. The first stage of

the projects field work began in January 1981.

- An agreement with Chevron (USA) in 1979 for exploration of

copper and associated minerals in the Hofrat-en-Nahas area.

- A joint venture agreement with the Korean Daawoo Company in

the northern Gedaref area for exploration of uranium in 1980.

- The Saudi-Sudanese Red Sea Joint Commission was established in

May 1974 to investigate the possibility of mining the mineral

bearing sediments of the Red Sea trough. Bureaux de

Recherches Geologigues et Minieres (BRGM) provides technical

consultancy and Preussag AG act as the main contractor, with

many other organizations taking part as subcontractors.

F.2 Mineral Occurrences and Mining Operations

Most of the presently known mineral occurrences are in the igneous

and metamorphic rocks of the basement complex which is exposed over

one-half of the Sudan's surface area. Since only a small part of

this favourable environment has been reconnoitered geologically, the

prospect for further discoveries is considerably high. In addition,

several areas of the sedimentary cover formations might be

prospectively favourable for the occurrence of mineral raw material

deposits.

Because of the scarcity of geological information a classification

of the deposits by age or origin is unsatisfactory. They are

therefore best briefly described in terms of the main economic

minerals.

Chromite; The two Government-operated mines and one small

private mine produced 28,176 tonnes of metallurgical grade
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chromite, a l l for export in 1979/80. This level has been

maintained since 1963/64, for an average output of 24,000 tonnes

a year during that period.

Mica: Only small, sporadic production was recorded in seven out

of nineteen years prior to 1975, for a total of 1,391 tonnes

during that period. Since then production rose from 550 tonnes

in 1975/76 to 1,000 tonnes in 1977/78 and 2000 tonnes in 1979/80.

Rock Salt; Production in 1979/80 was 81,210 tonnes. It has

varied somewhat since 1956/57, for an average of 64,880 tpy

during th is period. The peak was reached in 1975/76 when 95,584

tonnes were produced.

Gypsum; In 19 79/80 production reached 30,000 tonnes

approximately having risen fairly steadily from 9,992 tonnes in

1974/75. Prior to that , the average production was 4,833 tpy

since i t s s ta r t in 1961/62.

Limestone; Production in 1980 was 189,497 tonnes, down by 30 per

cent from 1972 when i t reached 273,858 tonnes; the average output

since then has been 212,575 tpy. The fal l ref lects the

decreasing cement production in spite of increasing demand.

Clay for brick-making; In 1980, 32,400 tonnes were produced.

Here, again a steady fall has been recorded, from 55,303 tonnes

in 1972.

Marble ( t i l e s , facings): The two operating quarries presently

market about 20,000 square meters a year of polished marble

products. This represents a minute portion of the demand which

is met mostly by cement t i l e s and other products.

Manganese Ore; Productivity was very er ra t ic prior to 1977 when

i t stopped altogether.
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GoIdi In the recent past, underground mines in the northern part

of Sudan produced an average of 1,140 ounces a year during the

period 1956/57 to 1967/68 and only 28 ounces a year between

1968/69 and 1976/77 when mining was discontinued.
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G. HISTORY OF URANIUM EXPLORATION

G.I Introduction

The Sudan is a vast, poorly known geologically, mostly arid country

with limited basic infrastructure, low level of average earnings and

serious shortage of skilled manpower. All this has a direct impact

on the exploration and development of mineral resources.

Except for a few areas, very limited systematic exploration for

radioactive minerals has been done in the past. For a long time,

the Hofrat En Nahas copper deposit and associated minerals - gold,

molybdenum and uranium, a few localities in the Nuba Mountains and a

radioactive pegmatite in the Red Sea Hills Province (Annex 1) were

the only uranium occurrences recorded.

In the last twenty years, the Ministry of Energy and Mining, in a

serious endeavour to promote the discovery of the mineral resources

of the country and to attract the attention of the mining

enterprises, has made strenuous efforts to compile basic geological

and geophysical data and has set up wide ranging programmes,

sometimes with assistance from foreign governments and organizations.

Within the general six-year (1977/78 - 1982/83) plan for the

development of the country's mineral resources, the Ministry of

Energy and Mining has set up certain priorities; uranium exploration

and production stand high on the list of priorities as outlined in

Part C. of this report.

G.2 Hofrat En Nahas Area, Southern Darfur Provinces

a) Geography

The Hofrat En Nahas deposit lies in the western part of the Sudan

at about 360 km south of the town of Nyala.
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The deposit is linked with the Nyala railway terminal by two

unimproved bush tracks which can support vehicular traffic only

during the dry season. Nyala railway terminal is connected with

the sea port of Port Sudan by a single track railroad, 2,105 km

long. With the exception of wood, the area lacks energy

resource s.

The deposit is located on a plain 600-800 m above sea level.

The drainage system consists of the Umbelasba and Adda rivers

which are tributary to the Bahr El Arab (basin of the White Nile)

and the Khadra River which flows westward into lake Chad. All

these rivers are seasonal, but during the dry season (October -

April) plentiful ground water of good quality can be obtained by

drilling shallow holes.

b) Geology and Mineralization

The Hofrat En Nehas deposit has been known for a long time and,

until the end of the 19th century, was locally mined by

indigenous tribes. It is to date the most significant uranium

occurrence within Precambrian Basement complex rocks.

Geologically, the area lies within the Precambrian Basement

Complex and consists of gneisses, various metamorphosed schists,

quartzite, meta-basic rocks and marble.

Magmatic rocks are widespread and these can be divided into four

type s:

- Acid intrusive bodies (alkalic granite, porphyritic granite

biotite and tourmaline granite);

Basic and ultrabasic rocks (gabbro, norite, phyroxenite and

hornblendite) ;
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Syenite;

Lode complex (quartz and pegmatite lodes and aplite dykes).

There is much evidence of hydrothermal activity including mainly

silicification, tourmalinization and sericitization. The end

products are represented by micaceous quartzite, sericitic

granite, quartz-sericitic and quartz tourmaline rocks.

Within the lowermost series of rocks, two grades of metamorphism

are recognized.* 1) a lower unit is composed chiefly of gneisses

interbanded with metagabbro, amphibolite, nornblendite and lenses

of marble, and 2) an upper unit, made up of various schists.

A large fault runs through the central portion of the area,

between the Umbelasha and Adda Rivers, and was the locus of

several stages of tectonic and intrusive activity. Most

probably, the known mineralization is associated with this

tectonic phase. Some evidence implies secondary tectonic

movements that produced a regional north-east trending fault zone

with numerous intrusives. All this indicates that the structural

deformation of the area was multiphase.

The area is characterized by a patchy metallogenic pattern.

Numerous occurrences of copper, iron, manganese, gold, silver,

tungsten and uranium are known. To the south-west of the main

Hofrat En Nahas deposit, other copper showings are found to form

a copper mineralization over 100 km long.

At the Hofrat En Nahas deposit the most abundant rock is highly

fractured schist represented by quartz-carbonate-chlorite, quartz-

chloride-carbonate-tourmaline, quartz-plagioclase-carbonate and

mica-chlorite varieties.

Intrusive rocks are represented by steeply dipping pegmatite
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granite and quartz-feldspar gneiss.

The rocks of the deposit have been subjected to intensive

hydrothermal alteration and injected by a dense grid of quartz

veinlets with which the mineralization is mainly associated.

The depositional sequence of ore minerals is as follows: pyrite,

pyrrhotite, chalcopyrite, magnetite, molybdenite, hematite,

pitchblende, cuprite, bornite? tenorite, malachite, limonite,

torb_e r n_itei native copper and gold.

Because during all the various stages of geological exploration

within the oxidized and supergene - enrichment zones core

recovery was poor, little is known on these zones compared with

the sulphide zone. On the basis of what is known, however, the

oxidized zone can be placed at a depth of 50 - 70 m.

Practically, ore minerals are represented mainly by malachite,

supplemented by tenorite, cuprite, chrysocolla, torbernite.

Rather common in the deposit is molybdenite which forms, at

places, accumulation of possible economic interest.

Ore bodies at the main deposit are in the form of lodes and

mineralized zones formed under complex tectonic conditions.

Deposits of this type are characterized by complex fractured

lodes with numerous bulges, pinches, bunchings and off-shoots.

It would appear that whilst the geometry is variable, a steep

south-eastern dip is characteristic.

Incompleteness of geological information makes it difficult to

relate the mineralization to any definite source. However, the

presence of steep tectonic faults which were favourable for

emplacement of granitoid rocks as well as hydrothermal alteration

implies that the deposit is hydrothermal.
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c) Summary of Previous Work

The Hofrat En Nahas deposit has long been known. Numerous old

workings and pieces of metallurgical slags show that in the

not-too-distant past a considerable amount of copper was mined

and treated there. According to some old reports, the workings

were abandoned at the end of the 19th century.

Until the nineteen-thirties, the Hofrat En Nahas copper deposits

and surrounding areas were investigated from time to time, and

since 1921 prospecting and systematic exploration have been

carried out in increasing volume.

i) Nile Congo Divide Syndicate

Between 1921 - 1927 the Nilde Congo Divide Syndicate drilled

10 boreholes for a total of 1,028 m, dug about 100 pits and

trenches, drove 150 m of cross-cuts and adits.

In the general area, only the Hofrat En Nahas deposit was

considered to be promising. Exploration was discontinued

because of unfavourable economic parameters. it was,

however, noted that if there were a railway, the deposit

could be considered commercially viable.

ii) Geological Survey Department of the Sudan

The Geological Survey Department worked for three

consecutive field seasons in 1957-1959. Trenches were dug

to determine the configuration of old workings. A total of

132 auger holes were drilled. This drilling led to the

estimate that the dumps of the old workings would have

yielded 185,400 tonnes of ore with an average copper content

of 1.5% representing 2,850 tonnes of copper.
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Fifteen boreholes totalling 1,790 m were subsequently

drilled by diamond bits down to a depth of 150 m.

Government geologists calculated the reserves to be

10,180,000 tonnes of ore, at an average grade of 2.8% copper

(283,000 tonnes Cu) with a cut-off of 0.15%. In addition to

copper ore, uraninite was detected in a few holes around the

junction of the "southern" and "branch" lode and in one hole

at the western corner of the "central" area. Uraninite was

found associated with copper sulphides but no effort was

made to estimate the tonnage of uranium ore.

iii) Nippon Mining Co. Ltd.

In 1964-65, the Nippon Mining Company compiled a schematic

geological map of the "central" area and run a few traverses

at J. Bishara, J. Hirogona and J. Waranga. They restored

old openings, dug new test pits and drove underground

cross-cuts. As a result, ore reserves were estimated at

1,060,000 tonnes equivalent to 71,160 tonnes of copper

(average grade 6.7% Cu, cut-off grade 2%). No estimate of

uranium occurrences was made. Technical and economic

evaluations led to negative conclusions.

iv) UNDP Phase I Project (1967-71)

Since 1967, prospecting and systematic exploration were

carried out by UNDP with the aim of providing the Sudanese

Government with a preliminary commercial estimate of the

known deposits and hopefully the discovery of new ones.

Following is a brief review of the project's main activities:

A photogeological survey covering 18,800 km was done

by Hunting in 1968 over the general Hofrat En Nahas area.

In 1968, airborne magnetic and total count radiometric
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surveys (17,000 line km) were flown by Survair;

radiometric equipment was Exploranium DGRS-1000. Flight

spacings and terrain clearance were 1 km and 150 m

respectively. Flight direction was N-S. The airborne

radiometric survey revealed mostly radiation caused by

potassium. The strongest radiation was detected on a

few places along a line Jebel Angwawa (in the

south-west), Jebel Morai, Jebel Patapan and Khor Siomo.

It should be noted that the airborne radiometric

activity did not increase significantly on flight lines

over the Hofrat En Nahas mining works where out-crops of

ore veins occur with relatively high content of uranium

minerals (torbernite) . Ground radiometric measurements

over these outcrops revealed high (3,000 c/s) intensity

of radiation (Scintrex BGS-1S). As a result of this

survey, however, three major structural units and a few

large intrusive bodies were distinguished.

In 1969, ground geophysical surveys were done over se-

lected areas. In total , main works carried out were

(line km): radiometric (72 km), I.P.. (37 km), E.M.

(193km), electrical self potential (370 km), electric

resist ivity mapping (80 km). A number of rather inten-

sive anomalies against a common low background were

located.

Geochemical surveys and geological reconnaissance
2

traverses covered about 19,000 km . Recommendations

to prospect for diamonds in the upper reaches of the

Adda River were made at that time. The f i rs t stage of

this project (Government - U.N. Revolving Fund for

Natural Resources Exploration) began just recently

(January 1981), as previously reported.
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Core drilling: a total of 26 holes (3,380 m) were

drilled, 19 of which in the Hofrat En Nahas "Central"

area.

All the above activities confirmed the ore potential of

the deposit which was estimated at about 9 million

tonnes of 4% copper, cut-off 1%. Again no estimates for

uranium were given.

v) UNDP Phase II Project (1971-73)

Based on the results of Phase I, 10 anomalous areas (Map 9)

extending in a south-westerly line from Hofrat were also

selected for follow-up investigation. Work conducted,

mainly drilling, confirmed the ore potential of the deposit

and up-graded the reserve estimate calculated in 1971.

Also, areas adjacent to the main deposit were reported as

promising for the discovery or further outlining of other

mineralized zones.

However, because of the curtailment of the drilling

programme (5,350 m, 28 bore holes with generally poor core

recovery), no detailed reserve figures for the main deposit

could be calculated; furthermore, it was not possible to

obtain a clear idea of the geometry of the deposit,

continuity of ore bodies or ratios of oxidized to supergene

to primary ores.

Main recommendations of the UNDP Phase II Project were:

"This data could be gathered only by underground

exploration, including the construction of shafts, drifts,

cross-cuts and additional drilling.

Such work could be carried out as a venture of faijrly high

risk by an experienced mining company concurrent with a
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limited initial exploitation of high-grade ore to limited

depth. To attract such investment, the Government should

extend every possible co-operation and approach such a

venture with a sympathetic attitude on taxes and royalties

in the initial stages. Remoteness of the area and lack of

infrastructure are seriously limiting factors."

vi) AGIP S.p.A. - Preliminary Investigation

Early in 1975 AGIP S.p.A. approached the Sudanese mining

authorities to evaluate uranium exploration policies and

also to collect general information on geology and known

uranium occurrences of the country.

On the basis of available data, two areas of possible

interest were located: one in the Hofrat En Nahas area and

one in the Nuba Mountains.

A temporary exploration permit for the two areas was granted

to AGIP for a period of six months ending April 1976.

Two technical missions were carried out> in October-November

1975 and January-March 1976.

A preliminary ground radiometric survey in the Hofrat En

Nahas mine area confirmed the results obtained by the

Sudanese Geological Survey Department in 1957-59 and further

indicated that surface radioactivity was fairly coincident

with known copper ore distributions. Areas showing low

surface radioactivity were also found to contain uranium ore

mineralization at depth. Most significant available drill

cores were logged and radiometrically scanned.

Two airborne radiometric anomalies located at Jebel Morai,

70 km S-W of Hofrat, were ground prospected and tested by
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trenches and pits up to a depth of about 4 m; the largest

anomaly strikes for about 10 km, average width about 1 km.

Chemical analyses of mostly latritic material indicated that

radioactivity was due to thorium and potassium. The second

anomaly, to the north, was found to occur in potassium rich

porphyroblastic granitic gneisses.

At Jebel Waranga East, 50 km S-W of Hofrat, fairly high

radioactivity with measurements 8-10 time background were

located in an old trench. Samples yielded copper content up

to 13% and a few hundreds p.p.m. n 0 . Uranium was
3 o

found to be in equilibrium.

A third, southernmost airborne anomaly, which is the

strongest recorded in the area, could not have been

investigated due to the onset of the rainy season and poor

access to the area-

Relevant data and results of previous investigations for the

Hofrat En Nahas deposit were evaluated and an interpretation

of the geometry of the deposit was attempted.

On the basis of the above considerations, a two-phase

detailed exploration programme covering an area of 14,000
2

km was prepared by AGIP and submitted to the Sudanese

authorities. The area considered was made up of part of the

UNDP project area and part of a new area adjacent to the

former. Objectives of exploration were: to explore for

uranium-copper minerals all over the project area, to prove

and increase the copper ore reserves indicated by UNDP in

the Hofrat En Nahas main area. Subsequent negotiations,

however, failed to reach positive conclusions.

vii) Government - Chevron Joint Venture

In 1979, a joint venture agreement was signed between the
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Government and Chevron for exploration and development of

copper deposits and associated minerals. The project area,
2

which covers 10,000 km , is shown on Map 4.

No information is available to the Mission on Chevron's

exploration programmes and recent results.

G.3 Nuba Mountains Region, Kordofan Province

The Nuba Mountains region lies almost in the geographical centre of

the country (Fig. 25).

a) Geology

i) Basement complex and associated intrusives

The oldest rocks belong to the metamorphosed and folded

Basement Complex which is made up of a variety of gneisses

and schists, migmatites and igneous rocks (Map 6 and Fig.

14). The relation between the gneisses and some of the less

intensely metamorphosed rocks is not yet known, but they

appear to share at least the latest and dominant tectonic

activity.

At several localities crystalline limestones have been

recognized thus indicating a sedimentary origin for some of

the rocks. They form long, narrow bands and appear to be

conformable with the surrounding gneisses and schists.

Sedimentary rocks with a different degree of metamorphism

and tectonic fabric probably belong to another sequence,

perhaps with the limestone. They occur in narrow bands near

Talodi and south of Abu Gubeika and are made of graphitic

schists, mudstones and siltstones.
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Metavolcanic rocks are rare in the Nuba Mountains basement,

and this may in part be due to the effects of granitization

and migmatization which have produced widespread granitic

gneisses.

A small but significant basic igneous phase followed the

largely metamorphic events of the crystalline gneisses. It

is represented by a number of small gabbroic masses, most of

which are slightly foliated. Some of these bodies are

serpentinized and chloritized, suggesting they underwent

retrogressive metamorphism.

Mostly unfoliated granitic and syenitic intrusive masses

provide some of the highest ground in the area. A number of

different petrographic rock types are present but it is not

known whether they represent more than one period of igneous

activity. Many of the bodies are of soda-granite or

quartz-syenite. Several of these intrusions, such as those

near Kadugli and at Jebel Bair, probably belong to the

post-orogenic Younger Granite-type Ring Complex Province,

whereas others, such as the granite around Billing, are

older and related to basement tectonic events.

Dykes form regional E-W swarms across the centre of the Nuba

Mountains. Two types have been recognized: basic dykes,

some of which are related to the granite-syenite complexes,

and brecciated felsite dykes, which are associated with

quartz veins and gold mineralization in parts of the area

(main known occurrences of gold, however, are the scattered

alluvials near Tolodi) .

The regional metamorphic grade of most of the basement rocks

is amphibolite facies (Fig. 14). Many of the rocks are

granitized and migmatized, and in places cataclastic

deformation has resulted in the formation of mylonites. The
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graphitic schists and siltstones are in a lower grade and

generally belong to the greenschist facies of regional

me tamorphism.

The high-grade metasedimentary rock show two distance

folding events, whereas the lower-grade graphitic schists

share only the dominant foliation of the gneisses, as they

do the cataclastic deformation. It seems, therefore, that

the dominant basement folding affected all the rock types,

and is cut across by most of the granitic entrusions.

Faults of regional significance affect most of the area.

The strongest fracture pattern is that cutting across the

trend of the foliated rocks to form two E-W zones between

Kalogi and Lake Keilak and through Rashad and Abu Tulu.

Several NW-SE fractures and a few N-S faults are also

recognizable. Most of the movements seem to post-date both

Nubian and Umm Ruwaba formations, which would place them in

Pleistocene to Recent times. Earlier activity cannot be

ruled out, however, since many of the dyke swarms,

presumably intruded earlier than the Nubian Sandstone

Formation deposition, are also aligned E-W. There seem to

be no obvious alignment of the granite-syenite intrusive

complexes.

ii) Post-Basement Complex Formations

Following the tectonic and magmatic activity which closed

the geological events of the Basement Complex there followed

a considerable period of erosion and then the deposition of

various sedimentary groups.

Nawa Formation

The early Palaeozoic (?) Nawa Formation is basically a
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sequence of purple, schistose mudstones and minor

limestones. Lack of outcrop prevents a study of their

stratigraphy and structure but some slight metamorphism is

evident.

This formation is known only from borehole data in the

vicinity of Rahad.

Nubian Sandstone Formation

After deposition of the Nawa Formation there followed a long

hiatus during which time the earlier rocks were eroded to a

generally uneven topography upon which were eventually

deposited the continental sediments of the Nubian Sandstone

Formation. This unit consists of Cretaceous (?)

cross-bedded pebbly grits, sandstones and mudstones. The

extension of these beds beneath the younger cover is not

well known, but geophysical surveys and drilling for water

are providing more information. Available data indicate the

presence of basins or troughs of these sediments around the

western and northern margins of the Nuba Mountains basement

area and suggest that they were affected by some of the E-W

and NNW trending faults.

Umm Ruwaba Formation

Widespread continental deposits of largely unconsolidated

sands, gravels, silts and clays probably of Plio-Pleistocene

age surround the upstanding Nuba Mountains region and

blanket all the older formations. They in turn are overlain

by wind-blown qoz sands, particularly in the north.

Extensive drilling for underground water has shown that they

may reach about 325 m thick, but that their thickness

depends upon the basement topography for they thin rapidly
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towards the Nuba Mountains (Fig. 26).

Alluvial deposits, "qoz" sands, dunes

The youngest events are the development of widespread clay

soil, deposition of wind-blown sands and the development of

a river system which is now partly chocked by sands.

Because of the arid climate there are no permanent flowing

streams in the area, although during the rains floods occur

in which considerable quantities of alluvium and reworked

sands and clays are deposited along the main streams

(Khors)• In the south-east the drainage tends to become

lost on entering the flat plains south of Kadugli and small

lakes as Keilak and Abyad have formed in old truncated river

meanders.

The following is a provisional sequence of the events in the

Nuba Mountains area:

19. Erosion and earthquake movements Present day

18. Accumulation of "qoz" sands and

alluvium Pleistocene-Recent

17. Erosion and some faulting

16. Deposition of Umm Ruwaba Formation Plio-Pleistocene

15. Deposition of Nubian Sandstone

Formation Late (?) Cretaceous

14. Erosion

13. Slight folding and metamorphism
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12. Deposition of Nawa Formation Early (?) Paleozoic

11. Erosion

10. Intrusion of ring complexes

dykes

9. Folding N-S to NE, and tnetamorphism

(greenschist facies) and cataclasis(?)

8. Extrusion of meta-volcanic unit

7. Intrusion of late-orogenic gra-

nite-syenite igneous complexes

6. Deposition of graphitic si l ts tone,

mudstones, and possible limestones

and andesites

Cambro-

Ordovician(?

Late Proterozoic(?)

5. Folding (NNE-SSW), metamorphism

(amphibolite facies) and grani-

tization

4. Intrusion of gabbroic masses (?)

3. Deposition of psammites, shales,

limestones and possibly minor

volcanic rocks Pre cambrian

2. Erosion

1. Granite gneisses of earlier cycles

(basement unknown).
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b) Summary of Recent Work

i) Government - Minex Inc. Joint Venture

On September 19 79 the Sudanese Government and Minex Inc.

(USA) signed a 3-1/4 years agreement to explore for uranium

and associated minerals in selected areas of the central

Kordofan Province.

The main exploration area is from latitudes 12 15'N to

14°N and longitudes 30°E to 32°E (Maps 4 and 6).

Reconnaissance and detailed work including geological

mapping, radiometric traversing, geochetnical and

hydrogeochemical sampling has been conducted over parts of

the project area.

Targets defined to date include potential vein-type

mineralization at Jebel Dumbeir and potential calcrete type

mineralization at Jebel Kon.

At Jebel Dumbeir the uranium mineralization is associated

with important quantities of fluorite. Samples show high

values of molybdenum and anomalous levels of strontium,

barium, rare earth metals, lead and zinc. At least three

sub-parallel fractures with strike lengths of 1,500 m and

widths up to five meters have been located. Lit t le is known

about the Jebel Kon occurrences.

Minex's interest in the venture is 45%; the project is

operated by Robertson Research International Ltd.

i i ) Sudanese-German Exploration Project

The area under investigation is from latitudes 10 43'N to

ll°00'N and longitudes 30°00'E to 30°26'E (600 km2)

(Map 4).
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Prospecting and mapping work, mainly for radioactive

minerals, commenced in 1979 and is presently underway.

Basically, the area is underlain by granite and syenite

intrusives and possibly multiphase (?) ring-complexes.

Project's activities and results were unavailable to the

Mission, being still confidential.

iii) University of Khartoum

Regional mapping and prospecting is also being conducted by

the Geological Department of the University of Khartoum in

one area to the north-west of the SGEP's project area. This

area is located between Kadugli and Lagowa (Map 6) .

Polymetallic (chalcopyrite, sphalerite, pyrite, galena)

mineralization was found in one locality to the north of the

motor track connecting the two towns. High radioactivity

(total count) is associated with fluorite occurrences in a

mylonitic zone to the north of the previous sulphides

occurrences. Geochemical soil sampling and reconnaissance

radiometric traversing are being conducted. No detailed

maps or reports on these investigations were readily

available to the Mission.

G.4 North Western Sudan - Darfur Province

a) General Geology

The grade of regional metamorphism is unknown in this area

because of lack of field work. However, from the few specimens

available and from the notes of reconnaissance parties, it would

appear that most of the area is made up of amphibolite-facies

gneisses (Fig. 14).

Structural information is also lacking. The sequence of

geological events in this part of the country remains rather
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speculative pending field work,

b) Summary of Previous Work

In 1976-77 a 6-month special permit to conduct exploration for

radioactive minerals over a large area was granted to

Wyoming/Gulf International (Map 4) .

Despite full co-operation and intensive search made by the

officials, reports of project activit ies could not be found.

GMRD

It is believed, however, that this joint venture carried out an

unsystematicC?) airborne survey over a short period of time and

subsequently did not elect to continue its activities.

There is no evidence of other uranium activities in the area.

G.5 Kassala Province

A six-month (October 1980 - March 1981) special permit was granted

to the Daewoo Company of Korea.

2
The area of interest covers two square degrees (23,000 km )

(Map 4 ) . Reconnaissance and detailed work including carborne

radiometric surveys were conducted during this period. A report on

exploration activities is being compiled.

Results are confidential and.were not available to the Mission.

G. 6 Bilateral Projects

a) Red Sea Hills

i) USSR Assistance Project
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USSR technical assistance to the Sudanese Government in the

Red Sea Hills was conducted during the period 1969-1976.

Geophysical coverage and periods of surveys during the

co-operation phase are shown in Map 3.

The Mission was informed by GMRD officials that there was no

provision in the agreement for airborne radiometric surveys

within the areas shown on the above map.

All reports are available, for inspection only, at the GMRD

library in Khartoum.

Since 1977 the French BRGM has conducted a complex

geological and geophysical mineral evaluation study over a

very large area of the Red Sea Hills (Map 4).

During the period in Khartoum, the Mission was informed of

the ongoing negotiations and signature of a joint venture

agreement between the two parties.

Needless to say the Mission's exposure to the results of the

BRGM mineral evaluation study was nil.

iii) Sudanese - German Exploration Project

The Nuba mountains bilateral exploration project has been

briefly described in Section G.3 ii) of this report.

Continued regional prospecting and mapping for all minerals

was conducted in the Bayuda Desert (Map 4) during the period

1976 to 1979. A geological map of part of the project area

is given (Map 5).
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It would appear that main exploration effort was focused on

the Kyanite deposit at J. Gerein which is located 60 km NW

of Atbara.

The J. Gerein deposit is reported as being a hill of pure

kyanite and occurs in basement gneisses along a skarn zone.

Further exploration and development is planned.

G.7 Equatoria Provinces

Applied Atomics (Dec. 19, 1978) reported that: "The BBC monitoring

service reports that regional Sudan Minister of Trade, Industry and

Supply, Ezekiel Kodi, said preliminary studies have established the

presence of uranium in the area west of Bahr al-Ghazal province and

in west and east Equatoria provinces. He was replying to a question

put to him by a member of one of the delegations attending the

Afro-US conference which visited Juba earlier this month. A British

company had carried out a geological survey for minerals and had

submitted reports based on maps, indicated the presence of uranium

in encouraging quantities in those areas, he added".

Furthermore, Mining Journal, April 1979? "The regional Government

of the southern region, the Democratic Republic of Sudan has

retained Hunting Geology and Geophysics Ltd. to undertake mineral
2

surveys over 30,000 km of southern Sudan. The contract is valued

at approximately £370,000 (US$635,000). A team of four geologists

from Hunting will be searching the area for a variety of metallic

minerals as well as a number of industrial minerals techniques

to be used on the project include general prospecting, photogeology,

exploration, geochemistry and geological mapping of areas of high

potential. The contract follows a reconnaissance survey carried out

by the company throughout the Sudan during 1976, in which a number

of target zones for further exploration were identified. Work on

the new project has just started".
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Further follow-up on this matter was not possible as the Mission

learned about the survey after having left Sudan.

It would appear that the area surveyed by Hunting is, at least in

part, covered by an assistance agreement between Sudanese and

Belgian Governments, and as such, is reported in Section F.I of this

report.

It would also appear that little geological mapping or mineral

prospecting has been conducted in the past in the region.

It is noteworthy however that the area is now included within the

GMRD new regional mapping project. (GMRD Bulletin No. 31, April

1980) .
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Annex I

REPORT ON THE

OCCURRENCE OF RADIOACTIVE MINERAL AT

KHOR INDERAIKWAN, RED SEA PROVINCE

By: DR. HANNFRIT PUTZER

In August 1956, during my last field work (mapping two areas of Sheet

46-E Sinkat, I;250 000) I have found some specimens of a radioactive

mineral in a pegmatite. I had no geiger- counter with me, but I observed

the minerals by means, of a lens.

I) SITE

The occurrence of the radioactive minerals has been found at the

right bank of Khor Inderaikwan, some 40 km to the SEE of Tohamyiam

Station. The place of the interesting outcrop is about 4.5 km

upstream from Bir Sanganeite. The corresponding co-ordinates are

18° 05 3/41 N and 36° 41 1/2' E. It is understood that one

cannot give the very exact situation of a small geologic element in

this map, scale 1:250 000, because of the general lack of accuracy

of the topographical base.

Khor Inderaikwan is one of the large and wide valleys in the

southern part of Sheet Sinkat; the headwaters of the Khor are

situated some 15 km to the N of Jebel Sebidana (1 906 m) , the most

notable landmark of the country.

Although the Khor Inderaikwan has mostly the same morphological

feature like the other wadis, i.e. very wide and flat ground and in

rare real blanks there are some steep rocky banks in the middle

course of the Khor, just where the outcrop of vein - rocks occurs.
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2) ACCESS

The access to the outcrop is not very difficult; a motor truck

coining from Tohamiyam, going to Derudeb, crosses the wide Khor Asot

near Ashraf village; from there one has to follow Khor Asot upstream

up to Khor Shankuk (the watershed between them is nearly not

perceivable). One passes through the wide sandy plain with small

bushes between Khor Inderaikwan and Khor Tiggia (see sketch) up to

Bir Sanganeita, situated at the left side of the valley. It is easy

to drive upstream Khor Inderaikwan along the sandy bed for some 5

km. Time from Tohamiyam is about 3 hours.

3) GEOLOGY

The area is built up entirely by igneous rocks, partly covered by

Quaternary sands. The hills at both sides of Khor Inderaikwan

belong to a large mass of diorite rocks between the massive of Jebel

Gwalid and the spurs of Jebel Eshama. Acid and basic intrusions are

frequent. Partly the hornblende rocks have had assimilated some

metamorphic material; partly transitious from diorite to

grandiorite, rich in hornblende, are seen. Epidotization is common

in all types of rocks. The fabric of the granodioritic rocks shows

a trend of N 90 , the same is the strike of "Schlieren" in the

younger granite. Main jointing N 170 - 180 , second in order a

jointing of N 90° - 100°.

We have found the radioactive minerals just downstream of a rock -

bar crossing the Khor from W to E. A large mass of red,

coarse-crystallized biotite-granite ("younger granite") has cut the

diorite-massive. This granite did not suffer from metamorphism.

Two generations of basaltic dykes cut as the diorite as well as the

above mentioned "younger granite". The strike of the older basalt

is N 15 25°, the strike of the younger basalt N 65° and N

80°.
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Some pegmatites cut as the diorite massive as well as the older

basalt dyke-system. The strike of the pegmatites is N 45 - 50

dip vertical width a few cm up to 0.35 m. The pegmatite veins thin

out and begin again. The bright veins of the pegmatites are well

visible in the blackish - green country rock. Neither the two

generations of basalt nor the pegmatites show any signs of

metamorphic influence.

The pegmatites show a certain "zoning", consisting of large biotite

crystals, arranged more or less vertically to the well, the main

part of the gangue are white and rose feldspars, with some

chloritized hornblende and biotite - crystals, some black tourmains,

pyrite and milk quartz. The inner zone, not continuously but

intermittent, is built up by milky quartz.

The three samples of a radioactive mineral have been found within

the feldspars. These radioactive minerals are brown-blackish,

highly glossy like pitch, non-crystallized, hardness about 7. One

sample shows the primary mineral covered by yellow-brownish earthy

stuff, apparently being a product of weathering. The second sample

has a tiny fringe of yellow colour. The minerals were found by

careful study by lens; we have not had a geiger- counter with us.

Later, in the laboratory of the Geological Survey, we tested the

three samples as well as some samples of the pegmatite and wallrock

by means of a geiger- counter, brand Field Ratemeter 1292 - A. The

background reading resulted in an average of 40 clicks per minute.

The samples of the pegmatite devoid of visible radioactive minerals

had an average of 35 clicks/minute, the country rock (diorite) 41

clicks/minute. The 3 samples with the minerals have the following

average clicks: sample I : 80, sample II : 86 and sample III (a

very small grain) : 59. By this, a certain, not very strong

radiation has been stated. The radioactive minerals may belong to

the thoriante-group, but this can be stated accurately by a chemical

analysis only.
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CONCLUSIONS:

a) The finding of radioactive minerals in a pegmatite at Khor

Inderaikwan, Kassala Province, Sheet 46 - <E (Sinkat) means the

second proved finding of radioactive substance in the Sudan.

(The first known occurrence of radioactive minerals up to today

is that at Hofrat-en-Nahas, Darfur. )

b) The presence of radioactive minerals at Khor Inderaikwan has

certainly no significance for economic geology. Its statement

and the occurrence are rather interesting and can have a

considerable scientific importance.

Further investigations on the same pegmatites and the neighbour-

hood would certainly be interesting and worthy, if a portable

geiger-counter is available for the field work. It is sure that

these occurrences, even if more would be found, are not minable.

The presence of quite a number of radioactive minerals is no

wonder, but must be expected according to the formation of peg-

matites built up by the last acid solutions and gases. I may

mention that pegmatites containing radioactive minerals in a

greater scale are extremely seldom minable pegmatites and only in

such cases where the radioactive minerals can be got as a by-

product. As far as I know only two minable pegmatites are known

and actually mined all over the world; a large one of 20-50 m

width in Central Brasial (Nasare, Minas Gerais), consisting of

feldspar, quartz, mica and tentalite, cassiterite, spodumen and

djaimaite (a newly discovered radioactive mineral of the micro-

lite group); the other occurrence is a group of pegmatites near

Tahanariva, Madagascar. In the latter case not a few big crys-

tals of betafite occur, associated with beryl and colimbite. In

both cases all useful minerals together allow the mining of the

pegmatites. By this it is proved that pegmatites with minable

radioactive minerals are very exceptional.



Annex 1-5

c) On the other hand, the pegmatite of Khor Inderaikwan has

scientific importance.

First, for the relative relation of age at different types of

dykes cutting the basement rocks at the spot, the pegmatite

containing radioactive minerals cuts the older generation of

basalt dykes (N 15 - 25 ) and cuts the principal jointing

(W - E) of the granite and diorite. That means the pegmatite is

somewhat parallel to one of the younger basalt dykes (N 65 ) ;

the pegmatite did not suffer from metamorphism and may be the

youngest of all present rocks at the spot. Probably the

pegmatite is related to the intrusion of the red ("younger")

granite, which is certainly younger than the dioritic country

rock. Secondly, besides the relation to the relative age, the

finding of radioactive minerals can help in the determination of

the absolute age, and by this result a better founded

interpretation of the Pre-Cambrian. If in the future the

absolute age of the radioactive minerals could be stated by a

petrochemical analysis (U- Pb or Th - P b methods) the absolute

age of the source rock, the pegmatite, can be established helping

considerably the co-ordination of the different igneous rocks in

the geological column of the Sudan. Moreover, correlations to

other occurrences of radioactive minerals in the Basement of East

Africa can be traced.

Khartoum, 1st September 1956

(Dr. Hannfrit Putzer)

, /Mary.



Geological column for
Sudan and adjacent areas

Table I

Letter svmbol Formation Age

Q

T

V
o
H
Te Ta
Ku
N
Ny
Nmo
Ng
A
Nw
Cju

D Ou Dl
Co

O
G
Pg
G Ga
Pa
Px

Superficial deposits
Umni Ruwaba, Gczira. El Atshan and
Tchad formations, and Butana clays

Abu Shagara Formation
Dunganab Formation
Abu Imama Fonnation
Xfaghcisiim Formation
Hamamit Formation
Mukawwar 'Formation
Volcanic rocks, mainly basaltic lava flows
Ring complexes, mainlv granitic intrusive rocks
Hudi Clu-ri Formation
Tertian* beds of F.gvpt and F.ast Africa
Upper Cretaceous beds of Egypt
Xubian Sandstone Formation
Yirol Formation
Mouka-Ouadda Sandstones
Gcdaref Formation
-Adigrat Sandstone Fonnation
Nawa Formation
Cinia Sandstone
Wadi Waddan Shale
Ktirkur Murr Sandstone
Devonian Beds
Memouniat Formation
Hassouna Formation
Ring complexes and dyke swarms
Latc-orogenic granite emplacements
Younger mainly grecnschist-facics units
Granite and gabbroic emplacements
Older mninlv anipfiiboliie-facics units
Granulite facics unit

Present-Recent
Quaternary-Tertiary

Pleistocene- Pliocene
Pliocene-Miocene
Middle Miocene
Middle Miocene
Middle-Lower Miocene (?)
Paleocenc (?)
Quaternary-Tertiary
Tertiary (?)
Oligoccne (?)
Eocene - Pa leoccne
Late Cretaceous
Middle- Lower Cretaceous (?)
Lo\ver(?) Cretaceous
Cretaceous (?)
Mesozoic
Middle-Lower Jurassic
Palaeozoic (?)
Lower Carlwnilcrous
Lower Carboniferous
Lower Carljonifcrous
Upper-Lower Devonian
Ordovician
Cambrian
Possibly early Palaeozoic
Possibly early Palaeozoic
Possiblv late Precambrian
Possibly late Precambrian
Possibly early Prccambrian
Possibly early Prccambiian

Table II General geological column, Sudan Republic

Name of unit
Sudan Geological Survey

i .-4 ooo ooo maps, 2nd
and 3rd cdns

Superficial deposits
Coastal deposits (Red Sea
margin)
Uram Ruwaba Series

Lavas, Tertiary

Hudi Chert, Middle Tertiary
Nubian Series, Mesozoic
Yirol beds

Not differentiated

Nawa Series
Palaeozoic sandstones

Basement complex

Name of unit
(this work)

Superficial deposits
Continental-marine formations
Red Sea Littoral
Gezira Umm Run-aba and
£1 Atshan Formations
Volcanic and intrusive rocks,
mainly lavas (undifierentiated)
Hudi Chert Formation
Nubian Sandstone Formation
Yirol Formation (? equivalent
to Nubian Fonnation)
Gedaref Sandstone Formation

Nawa Formation
Palaeozoic Formations
(undiflerentiated)
Basement Complex Group

Age
(this work)

Quaternary-Tertiary
Quaternary-Tertiary-
Mcsozoic
Quaternary-Tertiary

Quaternary-Tertiary

Tertiary ? (Oligocene ?)
L. Cretaceous ?
L. Cretaceous ?

Jurassic (pre-Oxfordian)

Palaeozoic?
Palaeozoic?

Pre-Cambrian mainly

Surface area

Not difFercntiafed

19

2

28

Included in
Nubian estimate

<O-c

49



Table 111 Radiometric age determinations of Basement Complex rocks from Sudan and adjacent areas

No.

1
2
3
4
5
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43

44

45
46

47
48
49
50
51
52
53

54

55
56
57
58
59
60
61
62
63
64
65

Locality

SUDAN

Wadi Galol
Banjadeed SW
J. Siomo
Burg Wad Bilal
Idd Abu Sufyan
Sheinat Abu Sufyan
J. Qurein
J. Hamlab
J. Umm Arad
Banjadeed W
Bau
Red Sea Hills
Batholithic Granite

J. Waranja
Tohamiyan
J. Tagoti
Gebeit SW 1
Rahaba II a
Khor Rahaba 1
Khor Rahaba 2
Zalingei
Gebeit SW 2
Erkowit A
Sufeiya
Rahaba I a
RahabaIb
Rahaba l i b
Erkowit B
J. Hamashaweib
J. Ankur E
J. Njaru
Kutum 1
UGANDA

Kaabong
Obongya R.
Kango Hill
Kaabong
Nakothongwan
Labwor Hills
Gulu-Kitgum
Okollo
Pakwash
Gulu
Okollo
Okollo
KENYA

Gochodin
ZAIRE

River Pongo
MtUko
CENTRAL AFRICAN REPUBLIC

Ouandja-Djalle
Quijoux massif
Quijoux massif
Djalle massif
Djalle massif
Ouanda-Kotto
Ouanda-Kotto
LIBYA

Uweinat W
EGYPT

Urn Shilman E
Um Shilman N
Urn Shilman
Um Shilman S
J. Abu Sway el
Bir Haimur
Wadi Nagib
Wadi Nagib
Um Krush
Abu Swayel Mine
Wadi Haimur

Latitude

N

12° 50'
16° 12'
9° 38'

15° 56'
15° 30'
15°31'
13° 32'
17°51'
21° 15'
16° 10'
11° 20'
21° 52'
22° 00'
9° 24'

18° 20'
21° 08'
21° 00'
18° 43'
18° 42'
18° 42'
12=53'
2 TOO'
18° 50'
15° 25'
18° 43'
18° 43'
18° 43'
18° 50'
20° 40'
21° 15'
9° 08'

14° 12'

3°31'
3° 30'
2° 36'
3° 35'
3° 39'
2° 45'
2° 59'
2°41'
2° 30'
2°35'
2° 40'
2° 40'

2°01'

2° 09'
2° 05'

8° 54'
8° 50'
8° 50'
9° 20'
9° 20'
8° 30'
8° 30'

22° 00'

22° 43'
22° 45'
22° 41'
22° 40'
22° 50'
22° 43'
22° 48'
22° 49'
22° 39'
22° 47'
22° 40'

Longitude

E

24° 06'
32° 55'
24° 28'
28° 22'
27° 52'
28° 02'
34° 47'
36° 08'
36° 14'
32° 50'
34° 04'
36° 09'
36° 12'
24° 05'
36° 32'
36° 10'
36° 15'
33° 10'
33° 12'
33° 12'
23° 29'
36° 15'
37° 13'
34° 35'
33° 11'
33° 11'
33° 10'
37° 13'
37° 00'
36° 20'
24° 10'
24° 37'

34° 09'
32° 35'
30° 51'
34° 07'
34° 04'
33° 40'
32° 38'
31° 09'
31° 15'
32° 20
31° 10'
31° 10'

35° 47'

31° 12'
31° 05'

22° 48'
22° 20'
22° 20'
23°
23°
23° 53'
23° 53'

24° 30'

33° 39'
33° 36'
33° 34'
33° 34'
33° 43'
33° 46'
33° 43'
33° 44'
33°43'
33° 38'
33° 28'

Rock type

granite
granulite
gneissose granite
granite gneiss
granite gneiss
gneissose granite
granite gneiss
amphibolite
alkali granite
gneiss
granite
granite
granodiorite
gneiss
schist
muscovite granite
granite gneiss
pegmatite
pegmatite
pegmatite
mica schist
pegmatitic granite
lamprophyre
greenschist
pegmatite
pegmatite
pegmatite
lamprophyre
dolerite
granodiorite
metagabbro
quartz vein

granite dyke
granulite
gneiss
granite dyke
pyroxene gneiss
gneiss
gneiss
charnockite
gneiss
gneiss
granulite
granulite

gneiss

pegmatite
pegmatite

granite
gneiss
gneiss
granite
granite
granite
granite

gneiss

granite porphyry
muscovite granite
muscovite granite
adamellite
rhyolite
rhyolite
greenstone
granite
diorite
biotite schist
hornblende schist

Material

biotite
whole rock
biotite, feldspar
biotite
biotite
whole rock
biotite
hornblende
whole rock
mica
whole rock
whole-rock
isochron

biotite
biotite
whole rock
whole rock
muscovite
muscovite
muscovite
whole rock
whole rock
whole rock
whole rock
muscovite
muscovite
muscovite
whole rock
whole rock
whole rock
whole rock
galena

biotite
biotite
fuchsite
whole-rock isochron
biotite
zircon
biotite
biotite
zircon
zircon
whole-rock isochron
zircon

hornblende

microcline
biotite

biotite
biotite
microcline
biotite
microcline
biotite
muscovite

p

whole rock
whole rock
whole rock
whole rock
whole rock
whole rock
whole-rock isochron
whole rock
whole-rock isochron
whole-rock isochron
whole-rock isochron

Method

K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar

Rb-Sr

K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
K-Ar
Pb-Pb

K-Ar
K-Ar
K-Ar
Rb-Sr
K-Ar
U-Pb
K-Ar
K-Ar
U-Pb
U-Pb
Rb-Sr
U-Pb

K-Ar

Rb-Sr
Rb-Sr

Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr

Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr
Rb-Sr

Isotopic age

Ma

238 ± 10
315 ±75
420
448 ± 18
490 ± 20
490
514 ±20
528 ± 25
530
533 ± 20
540

545 ± 54

560 ± 22
570 ± 22
575
580
589 ± 25
593 ± 24
594 ± 24
604 ± 24
610
610
627 ± 25
634 ± 26
641 ± 26
645 ± 26
660
740 ± 80
770
842 ± 200

1100 ±200

515 ± 18
540 ± 20
540 ± 20
565 ± 20
575 ± 2 0
635 ± 30
650 ± 25
660 ± 25
950

2550 ± 10
2750 ±75
2880

560 ± 20

415 ±260
490 ± 25

550 ± 9
600 ± 1 0

1960 ± 7 0
560 ± 30

1180 ± 7 0
615 ± 5 0
805 ± 50

2060

80
90
93

605
654
665
856
890
980

1195
1293

Ref.

1
1
1
1
1
1
1
1
2
1
1

3

1
1
2
2
1
1
1
1
2
4
1
1
1
1
4
5
2
1
6

7
7
7
7
7
8
7
7
8
8
8
8

7

7
7

7
7
7
7
7
7
7

9

10
10
10
10
10
10
10
10
10
10
10

References
1 Vail and Rex (1971)
2 Technoexport (1974)
3 Gass and Neary (1970, Written communication,

Nov. 1974)

4 Brook and Rundle (1974)
5 Whiteman(1968)
6 Coomer and Vail (1974)
7 Cahen and Snelling (1966)

8 Leggo (1974)
9 Klerkx(1971)
10 El Shazly and others (1973)



Table IV

Correlation chart for Palaeozoic and Mesozoic formations in Ethiopia, the Sudan, and Egypt

fMMpia and Mom of Africa Sudan
Stable shel!

Egypt
Unstable shelf

Time-
scale

n Ethiopian
•UIMIllMl

GMarafCriumtnwd Hudi Chert in

Nile vallsr

Jibel Amu sands and gravels
Ur< Nil deposits

Oligocene

MahafUlaf
a-ItiiioBM-Sudan swell

Related ayliftn Eastern Sudan and Nile valley

Kadar

AradaaSwu

Jesoman
S a n d m n

Sea retreated
almost completely,
from Hem of Africa.

Shallowing with
widespread
(agoenat conditions

Deepening of sea
laps on to Jurassic
and Basement Complei

Regressive

Period of erosian
M-NubilntoPre-Hudi)

? Msghersum formBlion
?Cretaceous-Paleocene

Marine Red Sea
coastal strip

Position of
southern shore of

Tertiary and
Cretaceous Tethyi

uncertain. Ltes
south ol Kharhga
but north of Nubia

Ogadu Ti|ie Eritrea E.Suda»

BeletWen
Limestone

;;:> Sandstone .̂

> Pre-AdigratAbbal
: , / l canyon sediments

p/ (age uncertain)

feriedflf erocioA
t toa-SawnKiua
ftt-Adigrat

KhorShinab basalt
(148130m y I intruded
into conglomerates
grits and sandstones

Continental facies

not differentiated

or eroded

Period of erosion

(port-Cartamileroirt to ore-Nubian

Maddi formation

Mokattam lornution

Minia formation

Thebes formation

Faralra limestone

Esna shales

Chalk
Oakbla shales
Phosphate formation

Variegated shales

Marine

Sandstone, marls,
limestone, north
eastern desert.
Smai
marine sandstones,

.imestones. marls,
northern Sinai

Jtbel

Maglwa

Marine

Limestones.ntarls.
and shales

No fossils recorded

Ataqa Fonnation
Lepidodendron
flora
UmmBogma
Formation
(mariu)

Sabaloka
ring complei

M0±25>l0<icar

Western Oesert

Gib Afia-1
8 039-10 066 ft

Dev?-?Camb

Gaialat-I
10045-10082 ft

and Bertr-I

14 200 14 643 ft

TCambrian

U- •

nxti

Palaeo-
eene

Dan

Maes

Sen

Tut

Cen

Port

Kim

Oxf

Cat

Bath

Baj

Lias

Triassic

Permian

U

Devonian

Silurian

Ordovician

Cambrian
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GRAVITY WORK IN SUDAN FIGURE 7

GRAVITY SURVEY

PROPOSED GRAVITY SURVEY
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FIGURE 11

CHART OF THE ORGANIZATIONAL STRUCTURE OF THE NATIONAL SCIENCE AND TECHNOLOGY

POL..!CY_QF THE SUDAN

PRESIDENT
OF

THE REPUB-
-LIC

High Council

for Planning

NATIONAL COUNCIL

FOR RESEARCH
( N C R ]

1
National Dotu
•nation Centie

National Com

Centre

General
Secretariat

me-

1
General Service

Laboratories

Natonal Atomic
Energy Com missia

Agricultural
Research Council

I A R C )

Council For Scientific
8, Technological
Research

I C S T R )

Medical Research
Council ( M R C )

Economic 8. Social
Research Council

[ E S R C )

- a

Agri

Food

ultural Re
Corpora

Research

Institute

ea
tio

Ce

istr-

ch

ntre

G-Pro

10 Pro

uncial Station

vincial Research
Station

Ministry of A
Food & Natu

Resou

ficulture.

rces

Meteorological Department

Hydrobiological Research
Unit

University
of

Khartoum

Institute For Solar Energy 2 Related

Optical Satellite Tracking

Electron Microscopy! Liqui
Nitrogen Unit

Ministry of Defence

Geo

Institute

ogical&Mineral Resourc
Department

es

ey Ministry o Industry

I—- Hospital tor Tropical Diseases

Medicinal iAromatic Herbs Uni
Central Medical Laboratorie:

Ministry of
Health

Institute of Economics ft Social Research
I I ESR)

^
Department of Social

Welfare

Ministry of; Youth
Sports& Social

Welfare



Yirol Formations

Nawa Series

. _. p _

/7I\

Limestone
Basement Complex (unditf.)
Quartzite
Paleozoic Formations
(undifferentiated)
General tectonic trends
and linears

Continental marine
formations Red Sea
Littoral Group
Umm Ruwaba Formation

KENYA

Lavas (undifferentiated)

FIG. 12. Major Lithological Units of the Sudan
/

SCALE \ 10,000,000

IOO 0 100 200 500 400 500 kmc :x: nz i n m



# Late-orogenic granitoid emplacements

Figure 13 Tectonic trends in the Basement
Complex rocks of Sudan and adjacent areas
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Figure 16 Distribution oi wind-blown
sands in Sudan and north-east Africa,
showing: the main sand sheets of the
eastern Sahara Desert; the principal
trend directions of the sand dunes; and
the generalised sand-flow movements
(after Wilson, 1971; and Vail, in press,
a and d)



22 E

LIBYA

•20*N

CM40

-16 N

-12 N

- 8 N CENTRAL ^,

AFRICAN X
1

REPUBLIC *

30*E

EGYPT

- 4 N
'mb'/flot L. Rudolf 1:4 s v^

'UGANDA \ \ \ KENYA

Figure 17 Distribution of igneous ring-complexes
in Sudan and adjacent areas (after Vail, 1973b).
Numbers refer to Table III



-26 N \VTO IK

-22 N

-̂ = y \

rtr „ u4

CENTRAL
AFRICAN

REPUBLIC ?-

Fau l ,S

Catnozaic volcanic rocks

A Hot springs

Earthquake epicentres

v)O"N

Figure 18 Distribution of Cainozoic volcanic
rocks, fractures, hot springs, and earthquake
epicentres in Sudan and adjacent areas (after Vail,
1972d; Medani and Vail, 1974; with additions from
Mohr, 1962; Said, 1971; Sykes and Landisman,
1964)



. hlliiiill A , piMr

2 } > _ - I | HERCYNIAN

3 | j PRECAMBRIAN (OVERLAID)

t l;-:'Vs"ll PRECAMBRIAN (EXPOSED)

1 • [ URANIUM DISTRICTS:
I. HOGGAR. ALGERIA / 2.ARLIT. NIGER
3. BAKOUMA. CENTRAL AFRICAN REPUBLIC
t.OKLO, GABON / 5.SHINKOLOBWE. ZAIRE
6. KARIBA LAKE. ZAMBIA / 7. ROSSING. NAMIBIA
8. WIT WATERSRAND. SOUTH AFRICA
9. MADAGASCAR / 10.KARROO. SOUTH AFRICA
II. MUDUGH. SOMALIA

FIG.39 Distribution of uranium deposits and occurrences in relation to geology.

MOBIL BELT
(450-600 m.y-old)

MOBIL BELT
(300-1200 m.y. old)

URANIUM DISTRICT

CRATON:
I.GUINEO

II. NILE
III. CONGO
IV. KALAHARI

/7G.2O Tectonic setting of uranium deposits and occurrences. (Adapted from Molina and

Besombes[5].)



N

16-151-

Nubian Sandstone Formation

Kilometres

Ring dyke

>/| Rhyolite ^ Basement Complex

Gneiss

32°45"
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F I G . 27. Dungunab-Maghersum area, Red Sea Littoral, structural sketch map
(Based on Carella and Scarpa 1962)
































