
INTERNATIONAL
URANIUM RESOURCES
EVALUATION PROJECT

IUREP ORIENTATION
PHASE MISSION

Report

COLOMBIA

A report prepared on behalf of the
Executive Group for the IUREP Orientation Phase

by the
INTERNATIONAL ATOMIC ENERGY AGENCY



IUREP ORIENTATION PHASE MISSION

REPORT

COLOMBIA

FEBRUARY - MARCH 1980

J. Cameron

A, R. Meunier

M. Tauchid





21 -

21 -

24 -

39 -

50 -

78

23

38

49

56

CONTENTS

Paragraphs

I. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 1 - 2 0

II. BACKGROUND INFORMATION

A. Terms of reference

B. General geography

C. Administration and communications

D. Topographic maps, aerial photographs and geological maps

E. Administrative bodies concerned with the regulation of
geological and mining activities including those of
uranium 57 - 63

F. Legislation in regard to uranium exploration, development
and production 64 - 78

III. GEOLOGICAL REVIEW OF COLOMBIA 79 - 162

A. Introduction 79

B. Some elements of continental geology 80 - 91

C. Geology of Colombia 92 - 146

D. The geology of the Proterozoic, Palaeozoic and Mesozoic
"massifs" of the Colombian Andes 147 - 162

IV. HISTORY OF URANIUM EXPLORATION AND DEVELOPMENT 163 - 192

A. Pre-1976 163 - 167

B. TOTAL/MINATOME 168 - 171

C. ENUSA Contract No. 1 172 - 174

D. ENUSA Contract No. 2 17 5 - 177

E. COGEMA 178

F. PNC (Japan) 179

G. Other Companies 180

H. IAEA/UNDP technical assistance 181 - 186

I. COLURANIO 187 - 188

J. IAN 189 - 190

K. General comments 191 - 192

(i)



Paragraphs

193 -

193

194 -

205 -

205 -

207 -

214 -

214 -

218 -

222 -

230 -

213

204

213

206

213

221

217

221

229

233

V. STATISTICS ON KNOWN RADIOACTIVE ANOMALIES

A. Introduction

B. Statistics on radioactive anomalies and uranium
occurrences in Colombia

VI. PAST PRODUCTION AND PRESENT RESOURCE POSITION

A. Past production

B. Current status of resources

VII. SPECULATIVE RESOURCES

A. Introduction

B. General statement

VIII. RORAIMA, INCLUDING QUARTZ-PEBBLE CONGLOMERATES

IX. PROTEROZOIC UNCONFORMITY-RELATED DEPOSITS

X. DISSEMINATED MAGMATIC, PEGMATITIC AND CONTACT DEPOSITS IN
IGNEOUS AND METAMORPHIC ROCKS 234 - 245

A. Disseminated magmatic deposits in intrusive and
extrusive igneous and metamorphic rocks 235 - 239

B. Pegmatites 240

C. Contact deposits 241 - 244

D. Summary 244 - 245

XI. VEIN-TYPE DEPOSITS 246 - 255

A. La Baja-Vetas area (California, Santander) 246 - 249

B. Shear zones in Palaeozoic graphitic greenschists 250

C. Fracture zones in granites 251 - 252

D. Summary 253 - 254

XII. SANDSTONE AND SEDIMENTARY-TYPE DEPOSITS 255 - 321

A. Precambrian sediments 256

B. Palaeozoic (Carboniferous) sediments 257 - 268

(ii)



Paragraphs

C. Trias-Jurassic sandstones (Girón Formation) and
superimposed lowermost Cretaceous rocks (Tambor Formation) 269 - 274

D. Speculative Resources in the Girón Group 270 - 286

E. Lower Cretaceous sandstones 287 - 296

F. Upper Cretaceous sediments 297 - 299

G. Pre-Miocene/Tertiary basin 300 - 317

H. Other Tertiary basins 318 - 321

XIII. OTHER DEPOSITS 322

XIV. REVIEW OF GEOGRAPHIC AREAS 323 - 3 31

A. Pacific Zone 323

B. Caribbean Zone 324

C. Cordillera Occidental 325

D. Cauca Basin 326

E. Cordillera Central 327

F. Magdalena Basin 328

G. Cordillera Oriental 329

H. Interior Zone, Llanos Orientales 330

I. Guajira 331

XV. RECOMMENDED EXPLORATION PROGRAMMES 332 - 352

A. Review of recommendation for aerial gamma-ray
spectroraetrie surveys 332 - 339

B. Basic geological mapping 340 - 346

C. Reconnaissance geochemical and radon surveys 347 - 348

D. Drilling 349 - 352

XVI. EXPLORATION METHODS APPLICABLE IN COLOMBIA 353 - 369

A. Reconnaissance stage 355 - 363

B. Follow-up stage 364 - 366

C. Detailed stage 367

D. Exploration drilling stage 368 - 369

(iii)



Paragraphs

XVII. SUMMARY OF RECOMMENDATIONS AND POLICY OPTIONS
FOR THEIR IMPLEMENTATION 370 - 507

A. General 370 - 375

B. Policy options 376 - 386

C. National development with international technical
assistance 387 - 391

D. National and/or foreign commercial participation
in exploration and development 392 - 406

XVIII. ACKNOWLEDGEMENTS 407 - 411

(iv)



FIGURES

Page

1. Physical map of Colombia 9

2. Political map of Colombia 14

3. Geological map of Colombia at 1:1 500 000 (in pocket)

4. Geological map of Colombia at 1:7 500 000 18

5. Administrative structure of IAN 21

6. IAEA/UNDP project areas 22

7. Areas reserved to IAN by Decrees 137 (1975) 25

8. Main geological features of South and Central America 33

9. Orographic and geological units of Colombia 35

10. Outline of Mesozoic geosyncline in Colombia 40

11. Distribution of Triassic-Jurassic basins and outcrops 43

12. Distribution of pre-Barremian sedimentation 44

13. Correlation between principal Cretaceous litbo-stratigraphic
units of eastern Colombia 48

14. IAN priority classification for uranium exploration 60

15. Exploration concessions of MINATOME 62

16. Exploration concessions of ENXJSA Contract No. 1 65

17. Exploration concessions of ENUSA Contract No. 2 68

18. Uranium exploration concessions in Colombia (in pocket)

19. Anomalous areas in the Zapatoca area (in pocket)

20. Recommended areas for aerial survey with priorities (in pocket)

21. The Gualanday Group (Van Houten and Travis, 1968) 113

B.I. Areas with uranium occurrences and deposits in Early
Proterozoic quartz-pebble conglomerates 146

B.2. Areas of Proterozoic unconformity-related (U) and vein (V)
deposits 149

B.3. Areas of disseminated raagmatic, pegmatitic and contact

deposits in igneous and metamorphic rocks 152

B.4. Areas with uranium deposits in sandstones 160

B.5. Areas favourable for uraniferous duricrusts 162

B.6. Africa and South America prior to continental drift (after

Toens, January 1974, Continents Apart, Nuclear Active, p.26.) 165

(v)



TABLES

Page

1. Colombia - area and population 13

2. MINATOME contract areas with features of interest 63

3. ENUSA Contract No. 1 areas with features of interest 66

4. Approximate geological distribution of radioactive
anomalies and occurrences known at present (1980) 74

5. Geographic distribution of radioactive anomalies and
uranium occurrences 76

6. Upper Triassic-Jurassic areas proposed for helicopter
gamma-ray spectrometer surveys 106

7. Summary of recommendations for aerial gamma-ray
spectrometer surveys 121

8. Recommended priorities for aerial surveys 122

9. IUREP Mission proposed programmes: Summary and
approximate costs for a 10-year programme 133

10. Summary of estimated Speculative Resources and
exploration costs required to indicate such resources 141

(vi)



ANNEXES

Page

A. Definitions of uranium resources 143

B. Geologic setting of uranium resources 145

REFERENCES 166

(vii)





I. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

1. Uranium exploration in Colombia is of very recent date, with the majority

of activities getting under way only after 1970. In spite of the limited work

that has been done, however, over 1300 radioactive anomalies have been

recorded. The total number of uranium mineral occurrences resulting from

follow-up work is still very small, and some are unusual in world terms.

2. Topographic and geographic conditions in Colombia make geological and

exploration work very difficult and costly, especially in the Cordilleras and

the Interior Zone (Llanos Orientales).

3. There are, at present, no uranium reserves in Colombia that conform to

NEA/IAEA definitions for Reasonably Assured or Estimated Additional

Resources. It may be possible, however, to state figures for small reserves

within the next two years in respect of three occurrences currently under

exploration.

4. The geology of Colombia is very complex and is not, as yet, fully mapped

and described. It is the opinion of the IUREP Orientation Mission that there

are many aspects of the known geology that are favourable, or very favourable,

for the deposition of uranium. A large amount of geological work will first

have to be done, however, to acquire knowledge that might lead to further dis-

coveries. Responsibility for the promotion of such work will devolve largely

on the Instituto de Asuntos Nucleares (IAN).

5. In view of the above, the International Uranium Resources Evaluation

Project (IUREP) Orientation Mission to Colombia believes that Colombia's

Speculative Resources must be stated in a very wide range and suggests

20 000 to 200 000 tonnes uranium. The ranking given to Colombia by the NEA/-

IAEA Steering Group on Uranium Resources in the report on IUREP's first phase

may have been too low.
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6. The Mission believes that the potential for Speculative Resources

may be distributed as follows:

Type of deposit Tonnes uranium

(a) Quartz-pebble conglomerate (Llanos Orientales)
(b) Proterozoic unconformity-related deposits (Llanos

Orientales)
(c) Disseminated deposits
(d) Vein deposits
(e) Sandstone and sedimentary type

(i) Pre-Cambrian
(ii) Palaeozoic (mainly Llanos Orientales)
(iii) Jurassic (Girón)
(iv) Cretaceous (not including phosphate

resources)
(v) Tertiary

Total 20 500 to 216 500

The 20 000 to 200 000 tonnes range signifies (i) that the lower figure

is highly probable, even if the eventual producing types may be different

from those anticipated, and (ii) that the higher figure depends very much

on the obtaining of positive indications that are lacking at the moment

Hut which are possible. This maximum speculative figure may be broken

down into the following simple groupings:

(a) Deposits related to Middle Proterozoic
cover on Proterozoic basement 100 000 t

(b) Sandstone-type deposits in Palaeozoic to
Tertiary rocks 90 000 t

(c) Deposits related to metamorphic massifs
with granite intrusions 25 000 t

215 000 t

In addition, 40 000 to 60 000 tonnes of uranium exist in Cretaceous phos-

phates, but recovery from this source will be dependent on the develop-

ment of the phosphate industry.
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7. While the lower end of the range can be stated with a fair amount of

confidence, the upper end must be regarded as very speculative, and is

based mainly on geological analogues with world deposits elsewhere. Never-

theless, the geological evidence does point to such a possibility, and

the figures are given with a view to encouraging new exploration in these

areas.

8. The distribution of estimates expresses • the Mission's view that

there is a great need to encourage exploration in the Llanos Orientales

by all possible means and in the shortest possible time.

9. Despite the reconnaissance exploration that has been done, there is

a great need for co-ordinated geological and radiometric information con-

cerning the entire national territory. An aerial gamma-ray spectrometrie

survey, which can provide valuable geological and radiometric informa-

tion, is the first major recommendation of the Mission. This should not,

however, consist of "blanket" coverage, but be executed bearing in mind

the priorities described in the report and co-ordinated with geological

and geochemical work. This type of work is particularly important for

the Interior Zone.

10. Reconnaissance geochemical and radon survey techniques should be

developed more extensively.

11. Very little exploration drilling has been done for uranium. The

Mission estimates that there is justification for some 180 000 metres of

drilling, principally for geological information, but also for the con-

firmation of anomalies and the establishment of Speculative Resources.

12. The Mission recommends that some US $80 million — should be spent

in the reconnaissance and preliminary exploration stages over a ten-year

period in order to examine Colombia's potential for Speculative Re-

sources. This sum may be broken down as follows:

\J All monetary figures in this report are in US dollars unless

otherwise indicated.
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Activity Millions of dollars

Aerial gamma-ray spectrometric
surveys (fixed-wing or helicopter) 23.0

Ground surveys (geological, geochemical,
radon, geophysical) 27.0

Drilling 30.0

Total 80.0

The totals given are independent of the sources of financing (Government,

international or private sector). The Mission believes that, if such

work could be completed in a ten-year period, it is highly probable that

Speculative Resources within the range 20 000 to 200 000 tonnes of

uranium could be indicated. These figures imply establishing a cost per

kilogram of uranium for Speculative Resources of between $0.22 and

$4.00. Confirmation, of Reasonably Assured Resources would imply a con-

siderable additional cost.

13. At present, only 80% of the national territory has been reserved for

exploration by IAN by Government decree. This should be amended as soon

as possible so that the entire country is covered.

14. The terms of reference of IAN and COLURANIO should be defined by

Government decree. IAN should be established primarily as a regulatory

body with a secondary function of conducting preliminary reconnaissance

exploration. As a regulatory body, IAN should be the responsible Govern-

ment organization for (i) the collection, organization and analysis of

all data generated by private companies or other organizations, (ii)

regional compilations of radiometric reconnaissance data and geological

studies (the latter preferably in co-operation with INGEOMINAS), and

(iii) maintaining standards of work and reporting from all operations.
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IAN'S secondary function should entail actual field activities at the

preliminary reconnaissance level leading to the establishment of Spec-

ulative Resources. COLURANIO should be concerned only with detailed

exploration and development and the establishment of Reasonably Assured

resources. It should, in general, act as a State Industrial Company.

15. As a particular example of regulatory requirement (iii) above, IAN

should ensure that all aerial, geochemical and radon surveys are carried

out in accordance with standard specifications and that the results are

presented in a totally comparable manner. Specifications for such work

and result preparation should be drawn up by IAN and enforced on all

working partners.

16. In order for IAN to be able to play a strong role in the gathering

of basic information, the budget of the IAN's Division of Raw Materials

should be increased considerably from its present level.

17. It is recommended that maximum use is made of international tech-

nical assistance (for example UNDP/IAEA, UN, UN Revolving Fund for

Mineral Resources, World Bank and IMF) in the execution of the programme

described above. IAN should serve as the national counterpart organiza-

tion in internationally assisted projects. To this end, an increase in

¿rained personnel and funds will be needed.

18. Funding at the level required for the recommended programme are

perhaps unlikely to be made available by the Government, even with the

addition of international technical assistance. Risk capital should

therefore be sought from the private sector as the major contribution to

the recommended reconnaissance programme.

19. The present Government policy with regard to association contracts

with foreign companies is generally sound, but the Mission believes there

are a number of aspects that could be modified, improving conditions for

companies and, ultimately, for the Government. These are as follows:
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(a) The requirement to relinquish 90% of the original contract area
at the end of one year is harsh. The Government should adopt a
more liberal policy, allowing either a two-year initial period
or a 50% returned area after one year. This should be more
encouraging to companies and more productive of information
useful to the Government. As compensation, the Government
could request more information, such as aerial survey results.
The size of the areas under contract should be much smaller
than those under previous agreements.

(b) Although not strictly part of the contract, the Government tax
of 90% imposed on all foreign service contracts is very harsh
and has undoubtedly inhibited aerial reconnaissance, which
would have been of considerable value to the Government. This
tax requirement should be waived for uranium exploration under-
taken by foreign contractors.

(c) Information on the returned areas should be freely available to
other companies that may be considering association contracts.
The charge to companies after signing association contracts
should be nominal. In fact, IAN, as the regulatory body,
should have an obligation to keep "open files" after any nec-
essary period of confidentiality. It would be in the Govern-
ment's interest to keep the period of confidentiality as short
as possible.

(d) In the especially difficult terrain of Colombia, a maximum
exploration period of eight years may be too restrictive; a
twelve-year period for exploration (and a consequent total of
36 years) is suggested.

(e) Although not related to reconnaissance work for Speculative
Resources, there are other factors that may inhibit foreign
companies from entering into standard association contracts.
One of these is the confusion that currently exists over the
commercializaion and disposal of the final product. This
matter should be cleared up, with new legislation permitting
the export of concentrates by the foreign company after due
permission and licensing by IAN.

20. With such modifications, it is believed that more requests and

efforts will be made by foreign companies, with the combined effort

possibly equalling the IUREP programme recommended in this report. If

this does not appear to be effective in a few years, further liberaliza-

tion of the terms of association contracts and tax structures affecting

uranium exploration should be considered.
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II. BACKGROUND INFORMATION

A. Terms of reference

21. The basic objective of IUREP is to "review the present body of know-

ledge pertinent to the existence of uranium resources, to review and

evaluate the potential for discovery of additional uranium resources, and

to suggest new exploration efforts which might be carried out in promis-

ing new areas in collaboration with the countries concerned".

22. Following the initial bibliographic study, which formed Phase I of

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

the country in question would lead to a better delineation of areas of

high potential and a more reliable estimate as to the degree of favoura-

bility for the discovery of additional uranium resources. It was planned

that such work would be accomplished through field missions to the

country and that these field missions and the resulting report would con-

stitute the IUREP Orientation Phase.

23. The purpose of the Orientation Mission to Colombia was (i) to dev-

elop a better understanding of the uranium potential of the country, (ii)

to delineate areas favourable for the discovery of speculative uranium

resources, (iii) to make recommendations, as appropriate, on the best

methods for evaluating the favourable areas, operating procedures and

estimated possible costs, (iv) to develop the logistical data required to

carry out any possible further work, and (v) to compile a report that

would be immediately available to the Colombian authorities.

B. General geography

24. Colombia is a republic occupying the northwestern corner of South

America. It is bounded on the north by the Caribbean Sea and Venezuela;

on the east by Venezuela and Brazil; on the south by Brazil, Peru and

Ecuador; and on the west by Ecuador, the Pacific Ocean, Panama and the

Caribbean Sea. The country has an extreme length from north to south of

1690 km and an extreme width of 1385 km. It has an area of 1 141 748
2

km , or 1 141 704 km if the off-shore islands are excluded (see Figure 1).
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25. The western and northwestern sections of Colombia are occupied by

the terminal ranges of the great Andean system. The two closely parallel

ranges of northern Ecuador unite to form the Macizo de Pasto as they

enter southern Colombia. From this great mountain knot, in turn, the

Western and Central Cordilleras of the triple-spurred Colombian Andes

emerge and stretch away, side by side, towards the north. The Eastern

Cordillera originates in a secondary knot in the central range, not far

north of the Macizo de Pasto, and crosses the country in a northeasterly

direction until it splits, sending one spur north into the Caribbean to

form the Guajira Peninsula and the other to the east to form the Sierra

Nevada de Merida, south of Lake Maracaibo in western Venezuela.

26. The Eastern Cordillera sharply divides the mountainous district of

northern and western Colombia from the low-lying plains of the interior,

which comprise slightly more that half the total area. To the south, a

region covered by nearly impenetrable jungle growth is drained by the

tributaries of the Amazon. Except along the principal rivers, it is

largely unexplored. The northern part of these transmontane lowlands,

the so-called Llanos, is a region of open tropical plains, alternately

flooded and parched with the changing seasons and drained by tributaries

of the Orinoco. The approximate length of this region is 1030 km and the

average width is 515 km.

27. The Western Cordillera roughly follows the line of the Pacific

coast, terminating in three low, wooded spurs which merge into the Carib-

bean coastal plain in the southern part of Bolivar and Córdoba. A short

transverse range connects it with the Cordillera de Baudó, which extends

from the mouth of the San Juan River north to form the highlands of

Panama. The Western Cordillera is covered by vegetation, and its Pacific

slopes are precipitous and humid. Its highest point, the Nevado de

Cúmbal, is 4893 m above sea level and is near the Ecuador border. To the

north, the range is lower, with summits of 4050 m.

28. The Central Cordillera, also called the Quindio, is separated from

the eastern and western Andean ranges by the Magdalena River'on one side

and its principal tributary, the Cauca, on the other. It terminates in

low hills near the confluence of the two rivers. The Central Cordillera

- 8 -





has a series of lofty volcanoes, some of them perpetually snowcapped.

Its highest elevation is the Nevado del Huila (5700 m ) .

29. The Eastern Cordillera is the region of densest population and is

distinguished by its large area of plateaux and elevated valleys lying

within the limits of the vertical temperate zone. The sabana of Bogotá

(2640 m ) , with an area

higher of these plateaux.

2
(2640 m ) , with an area of 1100 km , is a good illustration of the

30. The Pacific coastline, omitting minor convolutions, is about 1287 km

in length; that of the Caribbean is about 1610 km. The Caribbean ports

are Barranquilla, Cartagena, Santa Marta and Riohacha. There are two

commercial ports on the Pacific coast, Buenaventura and Tumaco. Because

of its unhealthy character and the high mountain barriers, the Pacific

coast has played only a slight role in the country's development. The

Caribbean plain is hot and low except in the northwestern section of the

Department of Magdalena where the surface is elevated in the Sierra

Nevada de Santa Marta, whose lofty, snow-covered peaks reach 5697 m.

31. The Caribbean islands of San Andrés and Providencia, 480 km north of

the South American mainland and 195 km east of the Central America shore,

lie within Colombian jurisdiction, as does Malpelo Island off the Pacific

coast. These islands have not been considered in this report.

32. For convenience of description, the rivers may be divided into three

general classes: those that find outlet in the Pacific, those that flow

into the Caribbean, and those whose waters reach the Atlantic through the

Orinoco and the Amazon. The most important rivers in Colombia are the

Magdalena and its principal tributary, the Cauca. Both rise in the high

plateau of the Andes adjoining Ecuador. The Magdalena empties into the

Caribbean Sea near Barranquilla. It is about 1503 km long.

33. The rivers of the Pacific coast are numerous. They have short, pre-

cipitous courses with comparatively short, navigable channels.

34. The waters of the rivers of the great eastern plains pass to the

Atlantic through the Orinoco and Amazon Rivers. Some of them are
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navigable, a fact that may be of great importance to the future develop-

ment of this region, which is, as yet, only partially explored.

35. Colombia lies almost entirely in the north tropical zone. The heat

of the tropics is, however, modified throughout a large part of the area

by the elevation of the surface and the action of winds. In general,

high temperatures prevail in the lower areas, including the coastal

plains and the valleys of the larger rivers. These regions are char-

acterized by excessive moisture and dense forests, except where agricul-

tural colonization has been active. Above the tropical zone, in the

mountainous area, are found all gradations of cooler climate. The sub-

tropical disticts comprise the valleys and slopes lying between 460 m and

1830 m above sea level. Some of them are among the most fertile and pro-

ductive areas of the country. The temperate zone lies between 1830 and

4580 m, and the cold, bleak paramos at from 3050 to 4580 m. Above these

are wastes of ice and snow.

36. In general, the year is divided into a wet season (or winter) and a

dry season (summer). In some sections, there are two wet and two dry

seasons. The time when these seasons occur and their durations vary

greatly, however, in the different regions and even vary from year to

year in the same location. The driest area of Colombia is probably the

northernmost part of the Guajira Peninsula, where the average annual

rainfall is less that 250 mm. Humidity, however, is relatively high.

There are local pockets of aridity in the upper parts of the valleys of

the Cauca and Magdalena Rivers as, for example, the Dagua Valley on the

Calí-Buenaventura route and the Neiva area in Huila. The rainiest area

in Colombia, and probably in all of South America, is the Pacific coastal

zone, expecially near the San Juan-Atrato Divide in the Department of

Chocó. There, average annual rainfall exceeds 10 150 mm and there is no

dry season.

3 7. The Colombian vegetation is very rich, ranging through all tropical

varieties to the alpine species of the highest plateaux. A luxuriant

forest growth covers a large part of the country, including the foot-

hills, slopes and valleys of the cordilleras; a large part of the plains

adjacent to the north coast; the entire surface of the Western Cor-

dillera and coast; and the southern section of the eastern plains.
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38. Geographically, Colombia is divided into Che following main regions:

(a) Caribbean coastal lowlands: These comprise an extensive zone
of low rolling hills, marine terraces and river alluvium lying
between the northern Andes and the sea.

(b) Pacific lowlands: These comprise the narrow, rain-drenched
littoral between the Western Cordillera and the Pacific ocean.
By convention, they may include the physically and culturally
similar Atrato River drainage, although the Atrato empties into
the Caribbean, The Pacific lowlands thus comprise the Depart-
ment of Chocó and the forested, empty Pacific slopes of the
Departments of Valle del Cauca, Cauca, and Nariño.

(c) Eastern plains (the Oriente): Although they comprise two
thirds of the area of Colombia, the eastern plains contain less
than 2% of the country's population. They are the vast outwash
surfaces and fans of the numerous streams that drain the east-
ern face of the Andes, among them the Arauca, the Casanare, the
Meta, the Guaviare, the Caquetá and the Putumayo.

(d) Andean region: This area, whose temperate climate, mineral
wealth and large Indian population originally exerted so strong
an attraction on the Spaniards, is still the centre of polit-
ical and economic power in Colombia. Some 78% of the popula-
tion lives in the region, which includes the country's three
largest cities: Bogotá (pop. 1980 est., 4 293 912), Medellin
(pop. 1 442 245) and Calí (pop. 2 255 198). The Andean region
may be broken down into numerous sub-regions or economic-
physical areas, each with distinctive characteristics.

C. Administration and communications

39. Under the Constitution of 1886, Colombia is a republic, the public

powers of which are divided among the executive, legislative and judicial

branches of government. The President, who may not succeed himself, is

elected to a four-year term by universal suffrage. The Executive also

includes a Cabinet of 13 Ministers who are appointed by the President.

The seven-member Council of State acts in a consultative capacity to the

President.

40. The bicameral legislature is composed of a Senate and a House of

Representatives, both of whose members are elected by universal suffrage

to four-year terms. The Senate is composed of three or more repre-

sentatives from each Department (one for every 190 000 persons); the

House contains three or more representatives from each Department, or one

for every 90 000 persons. Legislation may be passed upon a simple

- 12 -



Table 1. Colombia - area and population

Administrative unit Area
(km2)

Population
(estimated)

DEPARTAMENTOS
Antioquia
Atlántico
Bolívar
Boyacá
Caldas
Cauca
César
Chocó
Córdoba
Cundinamarca
Huila
La Guajira
Magdalena
Meta
Nariño
Norte de Santander
Quindío
Risaralda
Santander del Sur
Sucre
To lima
Valle de Cauca

COMISARIAS
Amazonas
Guainía
Guaviare
Vaupés
Vichada

INTENDENCIAS
Arauca
Casanare
Caquetá
Putumayo
San Andrés y Providencia

DISTRITO ESPECIAL

63
3
25
23
7

29
22
46
25
24
19
20
23
85
33
21
1
4
30
10
23
22

109
72
53
54
100

23
44
88
24

1

612
388
978
189
888
308
905
530
020
210
890
848
188
635
268
658
845
140
537
917
562
140

665
238
460
135
242

818
640
965
885
44

578

3
1
1
1

1

1

1

1
2

4

740
323
111
197
760
848
538
266
948
233
566
284
710
361
072
922
362
506
358
475
052
775

18
5
68
19
10

34

168
93
32

293

773*
198*
824*
402*
380*
044*
126*
132*
898*
677*
675*
124*
000*
074*
766*
702*
888*
146*
288*
637*
777*
142*

000**
000**

ooo***
000**
000**

ooo**

000**
000**
000**

912*

Total 1 141 748 27 326 463*

* 1980 estimate.
** 1972 estimate.
*** 1976 estimate.

- 13 -





majority vote. The total population of Colombia, as estimated. in 1980,

was 27 326 748.

41. The country is divided, for administrative purposes, into 22 Depart-

ments, four Intendencias, four Comisarías and one Special District (see

Table 1 and Figure 2). The Departments are headed by governors appointed

by the President; each Department has an elected legislature. The

Dapartments are subdivided into municipalities that are headed by mayors

appointed by the governors. The Intendancias of Arauca, Caquetá,

Putumayo, and San Andrés y Providencia, as well as the Comisarías of

Amazonas, Guainía, Guaviare, Vaupés and Vichada, are governed directly by

representatives of the central government. The Special District of

Bogotá is an autonomous administrative entity within the Cundinamarca

Department.

42. In the western Andean region, where over 80% of the population is

concentrated, various modes of transport are available (sea, river, land

and air). In the eastern regions of the Orinoco and Amazon, however,

transport is limited to aircraft and river-boats.

43. Water transport: Cargo ships ply the waters of both the Caribbean

and the Pacific, which are joined in the north by the Panama Canal. The

Caribbean ports of Cartagena, Barranquilla, and Santa Harta have rela-

tively deep water and are equipped with modern services and port facil-

ities. On the Pacific coast, the port of Buenaventura offers easy access

and has a good lighthouse and modernized installations; Tumaco, on the

other hand, was in need of further development in the early 1970s.

44. The most important river from the standpoint of transportation is

the Magdalena. Other rivers expected to play a larger role in transport-

ation include the Atrato, the Orinoco and the Meta.

45. Railways: The more than 3200 km of standard-gauge railroad lines

are owned by the Government. The main line is the Ferrocarril del

Atlántico, which runs north for 1000 kilometres between Bogotá and the

seaport of Santa Marta. At Puerto Berrio, in the Magdalena Valley, the

main line connects with the railway that passes south through Medellin
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and Calí and Chen turns northwest to the seaport of Buenaventura. Other

less important lines extend to the regional capitals of Bucaramanga,

Tunja, Ibagué, Neiva and Popayán.

46. Roads: There are some 46 700 km of roads; over 5950 km are paved

and 32 000 km covered with gravel and crushed stone. Two parallel trunk

roads traverse the country from north to south. The eastern road runs

northwards along the Cordillera Oriental to Bogotá, where it bifurcates;

one branch runs northeastward to the Venezuela border at Puerto Carreño

and the other continues north to Santa Marta. The western road runs

along the Cordillera Occidental from the Ecuador border to Barranquilla.

In the early 1970s, construction continued on Colombia's section of the

Pan-American Highway, which includes the western trunk road. In the

early 1970s, studies for a highway along the eastern foothills of the

Cordillera Oriental were being made.

47. Several roads run from east to west and serve to connect the two

trunk roads. In the north, the Caribbean road runs between Cartagena,

Barranquilla, Santa Marta, Richacha and Maicao, near the Venezuelan

border.

48. Air services: Because the construction of mountain roads is diff-

icult, much attention has been paid since 1919 to the development of the

airways. Air services now join the regional capitals and other important

cities with the national capital. The principal international airport is

that of the city of Bogotá. There are also international airports at

Calí, Medellin, Cartagena and Barranquilla and over 100 domestic air-

ports. Furthermore, international and domestic services are supplied by

three national airlines; there are also several domestic airlines.

49. The Colombian monetary unit is the Peso, which is subdivided into

100 centavos. At the time of this report's preparation (February 1981),

the official exchange rage was US ¿1 - Pesos 50.95.

- 16 -



D. Topographic maps, aerial photographs and geological maps

50. Topographic maps and aerial photographs are prepared by and are

available from the Instituto Geográfico "Agustín Codazzi" (Carrera 30,

No.48-51, Bogotá), which is an institution under the Ministerio de

Hacienda y Crédito Público and provides an excellent service. A general

national topographic map (1976) at a scale of 1:1 500 000 exists, and

partial topographic maps are available in a wide range of scales

(1:500 000, 1:200 000, 1:100 000, 1:50 000, 1:25 000 and 1:10 000).

Coverage of the country is incomplete in all cases, however, with the

best being in the north, northeast and central parts of the country and

on the smaller scales.

51. Most of the country, except the extreme southeast, has been covered

by aerial photography, and photographs on various scales are available,

Radar imagery prints are available of the southeast, the western coastal

areas, the north-central areas and a small part of the northeast. This

mainly covers areas principally affected by cloud cover in the direct

aerial photography series. Satellite imagery prints (Landsat 1 and 2)

are available, but with varying degrees of clearance from the clouds.

52. Tourist maps of most Departments in the western and central parts of

the country are available on scales ranging from 1:250 000 to 1:500 000.

City maps of the principal cities are available on scales ranging from

1:5000 to 1:25 000. There is also a selection of general political, his-

toric, tourist, meteorological, soil and hydroraetric maps available on a

national scale. A popular topographic road map exists on a scale of

1:2 000 000.

53. Topographic maps are also available from the Departamento Adminis-

trativo Nacional de Estadistica (DANE). These are on a scale of

1:100 000 and are on a different base from those of the Codazzi maps.

They cover the whole country except the southeast (that is, Amazonas,

VaupéSj most of Caquetá, Guainía and parts of Putumayo and Vichada).
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54. Geological maps are issued and sold by INGEOMINAS. A 1976 general

geological map of Colombia on a scale of 1:1 500 000 (Figure 3 in pocket)

and an older map (1944) on a scale of 1:2 000 000 are available. There

are also 1:200 000 and 1:100 000 sheets of the most important areas in

the northern and central parts of the country and of some Departments on

scales of 1:250 000 and 1:500 000.

55. A mineral map showing summarized geology and the principal metal

occurrences on a scale of 1:5 000 000 is available, as is a hydro-

geological map on a scale of 1:3 000 000.

56. A summary geological map on an approximate scale of 1:7 500 000 is

also available and is presented in Figure 4.

E. Administrative bodies concerned with the regulation of geological

and mining activities including uranium

57. Authority for prospection for and the development of nuclear raw

materials in Colombia is vested in the Instituto de Asuntos Nucleares

(IAN), set up under Article 16 of Decree No. 2345 of 29 August 1959. The

Decree established IAN and included, among its terms of reference, the

provision "that the technical management and control of exploration,

exploitation and distribution of uranium, thorium, radium and other sub-

stances related to the production of nuclear energy are the exclusive

functions of the Instituto de Asuntos Nucleares, to be carried out

directly or by means of other administrative organizations, especially

those capable of granting concessions or leases for these activities".

58. The functions of IAN were further elaborated by Decree No. 1171 of

1969 and Decree No. 258 of 1975. These decrees confirmed the control by

IAN of prospection, exploration, exploitation, beneficiation, production,

transport and distribution of uranium and thorium and made IAN an

advisory body to the Ministry of Mines and Energy in connection with the

preparation of association contracts with commercial organizations for

the exploration and raining of radioactive materials and for the control

of such contracts within areas which the Government had authorized IAN to

contract and supervise. IAN, which is responsible to the Ministerio de
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Minas y Energía, is located in Avenida El-Dorado, Carrera 50, (Apartado

Aéreo 85905), Bogotá.

59. The present Director-General of IAN is Dr. Ernesto Villarreal

Silva. The organization is divided into two Departments, Administrative

and Technical, the latter having seven technical divisions, of which the

most relevant to the present subject is the Division of Nuclear Raw

Materials, headed by Mr. Hernando Rodriguez Triana. Mr. Rodriguez Triana

has been designated as Co-ordinator of Raw Materials (a structural

diagram of IAN is given in Figure 5). The Division of Nuclear Raw

Materials employs five other senior professionals, four junior pro-

fessionals, 13 technical assistants, 13 general service assistants, two

secretaries and an administrative officer. The Division has access to a

laboratory that is capable of performing chemical and radiometric

analyses of rock, geochemical and water samples. The Division has at its

disposal ten vehicles, two drills and radiometric exploration equipment

(including 12 SPP-2 scintil,loraeters), five gamma-ray spectrometers, one

borehole logger and general survey equipment. At the present time, the

Division's annual budget is approximately 25 million Pesos (or ¿570 000).

60. As mentioned above, IAN has had responsibility for arranging asso-

ciation contracts with foreign commercial companies; however, some areas

with good favourability have been reserved for IAN's direct exploration.

For the exploration of such areas, IAN has requested assistance from the

United Nations Development Programme in an effort to obtain more detailed

information and, above all, to improve training for its personnel in the

application of modern radioactive mineral exploration techniques. A

project document was prepared by IAN in 1976 with assistance from the

International Atomic Energy Agency. Implementation of this large-scale

IAEA executed/UNDP-financed uranium exploration project (COL/76/031)

started in August 1978. The first phase was initially of two years'

duration; this was subsequently extended for a further 18 months. The

Work Plan consists of aerial radiometric and geochemical reconnaissance
2

of three areas totalling approximately 13 000 km (see Figure 6).

Detailed geological investigations and drilling will follow where

necessary. The project is fully integrated with IAN'S programme. Raw

Materials Division staff and equipment as well as
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equipment and expertise supplied by UNDP are being utilized. The total

funds invested over 3.5 years amount to an equivalent of $3.3 million

(UNDP/IAEA - 1.5 million; IAN - 1.8 million).

61. While prospection and exploration for nuclear raw materials will

remain the prime responsibility of IAN, responsibility for further stages

of development and production will be assumed by the Compañía Colombiana

de Uranio (COLURANIO), which is a new state industrial and trade organiz-

ation formed in March 1978 for the purpose of furthering the exploration,

processing and marketing of radioactive minerals. Its initial capital

assets were £750 000. The organization is based at Calle 35 No. 17-77

Bucaramanga . (Santander). The present Director General is Ing. Jaime

García Peña Ordonez. IAN is the principal shareholder in COLURANIO, and

it is foreseen by the Ministry of Mines and Energy that COLURANIO will

become a party to all the association contracts concluded by IAN with

foreign commercial companies. Responsibility for the contract with the

French company MINATOME was transferred to COLURANIO in November 1979 and

that with ENUSA (Spain) was to be transferred during 1980. Other share-

holders in COLURANIO are the State mining company (ECOMINAS), the

official geological institute (INGEOMINAS), the Corporación Eléctrica de

la Costa Atlántica (CORELCA), the Instituto de Interconexión Eléctrica

(ISA - the company in charge of constructing a national grid system for

electricity supply) and the state petroleum company (ECOPETROL).

62. The Empresa Colombiana de Minas (ECOMINAS) - located at Avda. 34,

No. 19-05, Bogotá - is responsible for the administration of State

resources of emeralds, copper, gold, sulphur, gypsum, and phosphate rock,

among other mineral commodities.

63. The Instituto Nacional de Investigaciones Geológico-Mineras

(INGEOMINAS), which was formed in 1968 from the old Servicio Geológico

Nacional (known as the Instituto Geológico Nacional prior to 1953) and

located at Carrera 30, No. 51-59 (Apartado Aéreo 4865), Bogotá, is res-

ponsible for mineral research and geological mapping and research

(including hydrogeology, remote sensing, geochemistry and geophysics).
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F. Legislation related to uranium exploration, development and

production

S4. General: Basically, uranium exploration, development and production

are regulated by Colombia's general mining laws; these are modified

where necessary by special uranium legislation. At the present time the

Mining Law of 1967, Law 60 of 26 December 1967, and the President's

Decree 1275 of 1970 are the major legal instruments governing mining in

the country. However, there are numerous older laws and decrees which

remain in effect, subject to the provisions of the new laws. Development

of most mineral resources is governed by Decree 805 of 5 March 1947, as

amended by Decree 2419 of 20 November 1958. Uranium development, how-

ever, is governed by Decree 2638 of 1955 and, subsequently, by Decree

1171 of July 1969. The Mining Law of 1967 gives broad powers to the

Ministry of Mines and Energy over concession grants, terms and productive

requirements for all State-owned mineral deposits.

65. Uranium; Under Decree 2638 of 1955 and Decree 1171 of 1969, uranium

and radioactive substances may be exploited only by the Government or by

other entities through special contracts with the Government. IAN is the

Government body responsible for the exploration and supervision of

nuclear raw materials development.

66. It was declared in Decree No. 137 of 1975 that the most promising

areas for radioactive minerals would be designated as special reserves

(see Figure 7). Later, through Decrees 257 and 258 of 1976, the raining

law affecting uranium and LAN's statutes were modified, with IAN being

empowered to undertake exploration for and to exploit by itself, or in

association with other parties, deposits of radioactive minerals. Decree

625 of 1976 increased the reserved areas that could be explored by IAN or

by associates; at present about 80% of the national territory is now set

aside for exploration by IAN (see Figure 7, Decree 625, 1976). It should

be noted that the remaining 20% of the national territory (which appears

unshaded in Figure 7) is not under IAN's control; raining claims for

uranium can be made in these areas at present merely by conforming to the

general mining laws of Colombia; Legislation is, however, being prepared

to reserve the entire national territory and to place it under the

control of IAN.
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6 7. Legislation, taxation and financial controls affecting foreign

commercial organizations exploring for uranium in Colombia; Since 1974,

a number of foreign companies have shown interest in uranium exploration

in Colombia and have been invited to participate in joint ventures with

IAN. Companies such as AGIP (Italy), ENUSA (Spain), TOTAL (later

MINATOME, France) and URANGESELLSCHAFT (Federal Republic of Germany) have

been involved in exploration since 1974. More recently, PNC (Japan), KMC

(South Korea) and COGEMA (France) have shown interest in uranium explor-

ation in the country.

68. IAN, acting as the representative of the Ministry of Mines and

Energy, has pursued a policy of entering into association contracts with

such companies. Models of uranium mining contracts from other countries

and contracts developed by the Government for the petroleum and coal

industries were studied and draft contracts eventually submitted to those

companies which might be interested. The principal features of these

contracts and agreements are as follows:

(a) The contract is of the association type in which IAN (later
COLURANIO ) holds 51% and the foreign company ("Associate") 49%.

(b) The Associate shall bear the majority of the exploration costs
(although some costs shall be paid by IAN or COLURANIO ) up to
the point when a commercial declaration is made through the
Control Board. At that point, IAN shall pay its contribution
of 51% of the actual exploration costs.

(c) The exploration period shall initially be for four years, with
the possibility of two two-year extensions, for a maximum total
of eight years.

(d) With regard to the relinquishraent of areas, the Associate must,
at the end of the first year, give up 90% of the original area
stipulated, in the contract. At the end of the fourth year, the
area must be reduced to 5% of the original area and, at the end
of the exploration period, to the area of the commercial dis-
covery plus any necessary working area around it.

(e) The Associate shall present to IAN or COLURANIO monthly reports
on all activities, including all pertinent geological inform-
ation. Annual reports on the entire area shall also be pro-
vided .

(f) During or at the end of the exploration period, the Associate
may present a feasibility study on the basis of which the
Control Board may decide whether a commercial discovery can be
declared.
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(g) The "Operator" exists as a third party. However, in the con-
tract it is stipulated that the Associate (if the Associate
demonstrates the capacity therefor) shall be the "Operator"
during the first ten years of exploitation. Thereafter, the
Control Board is likely to decide in favour of a Colombian
entity as the "Operator".

(h) The development period shall be three years, with the poss-
ibility of a one-year extension if necessary.

(i) The exploitation period shall be 20 years.

(j) Control over development and exploitation operations shall be
exercised by an executive committee composed of two represent-
atives of the two parties to the contract.

(k) Royalties payable to IAN or COLURANIO shall be assessed at 5%
of the concentrate production.

(1) After the royalty is deducted, the remaining concentrate dis-
tribution shall be 51% to COLURANIO and 49% to the Associate.

(m) There shall exist a mutual right of first refusal over sales of
concentrates by either party.

(n) If one party does not wish to exercise its right to participate
in mine development, the other party shall be able to do so on
its own. If the Associate develops the deposit, it can be
reimbursed in concentrate product for the actual costs of
exploration and development that COLURANIO has not provided on
the basis of its 51% interest. After reimbursement, the oper-
ation will effectively become a joint venture. If, during the
eight-year exploration period, IAN or COLURANIO initiates mine
development, it shall reimburse the Associate for 100% of the
actual exploration expenses. If IAN or COLURANIO wishes to
develop the deposit with a third party, the Associate shall
have the first refusal right.

(o) In the case of disagreements, the Sociedad Colombiana de
Ingenieros shall adjudicate at the technical level and the
Junta Central de Contadores de Bogotá and Colombian courts at
the accounting and legal levels.

(p) A joint account and accounting procedure shall prevent uni-
lateral intervention and guarantee mutual control of invest-
ments, expenses and operation profits.

(q) The maximum duration of a contract shall be 32 years, dis-
tributed as follows: eight years for exploration, four years
for development and 20 years for exploitation.

(r) With regard to health physics and radiological protection,
operations shall be carried out in accordance with IAN and IAEA
regulations.
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(s) Glauses relative to termination in the event of non-compliance
are provided for in the contract.

(t) Previous authorization from the Colombian partner is required
for the transfer of the Associate's contract interest.

(u) With regard to personnel, the objectives shall be the provision
of thorough training to Colombian personnel and maximum part-
icipation of Colombian nationals. The major aim shall always
be to reduce the cost of the operation.

(v) The Operator must comply with the provisions of the Natural
Resources Code and ensure reclamation of land affected by
mining operations.

(w) The Associate shall permit the use of the patents that it or
its subsidiaries may own at no cost to COLURANIO .

(x) The Associate must renounce any claim to diplomatic privileges.

(y) The Control Board shall prepare programmes for the training of
Colombian personnel charged against the joint account.

69. Although there may be differences in details, contracts of essent-

ially this type were signed by TOTAL in December 1976 (later transferred

to its subsidiary MINATOME) and by ENUSA in 1977 and 1978. Discussions

under way with other companies - such as PNC (Japan), KMC (Republic of

Korea) and COGEMA (France) - may lead to similar association contracts.

70. In the case of COGEMA, a formal agreement to permit preliminary

exploration and choice of areas that may become the subject of nego-

tiation for a later association contract has been drawn up for a four-

year period. COGEMA has the right to examine areas relinquished by

MINATOME and ENUSA and has access to the reports and information on such

areas through IAN. However, when an association contract is eventually

signed, IAN shall be able to claim financial compensation for such

information.

71. While the above points basically cover the terms of association

contracts for uranium exploration between IAN (COLURANIO) and foreign

companies, there are many points of general Colombian law, taxation and

financial control that are not covered in the contracts, but which can

have significant influence on a foreign company's operations in Colombia.
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72. For example, the Associate is obliged to comply with Resolutions Nos

21 and 22 of 10 December 1976 and Nos 25 and 26 of 27 May 1977 of the

National Council of Economic and Social Policy (CONPES), based on Andean

Pact Laws. In respect of funds brought into the country by a foreign

company for mineral exploration purposes, the annual amount is registered

by the Government Exchange Control Office. Funds in such accounts

appreciate at a rate of 20% per year (for example, annual investments of

one million US dollars over an eight-year period would reach a value of

16.5 million dollars at the end of the eight-year period and continue to

accumulate thereafter). Once exploitation commences, any remittances

transferred out of the country are also registered with the Exchange

Control Office. These also appreciate at the same 20% per year rate.

This continues until the sum of the actual inputs equals the sum of the

actual transfers. Should this point eventually be reached, the foreign

investor will have gained 20% on his investment. From this point on,

there is an additional "royalty" of 42% after tax on any profits that are

remitted. This applies only to remitted profits because the reimburse-

ment of almost all of original investment remittances is not taxed. The

20% limit on profits is to some extent negotiable. In fact, the 42%

royalty is rarely applicable, except in cases of very large and profit-

able deposits.

73. Additionally, the general tax laws of Colombia are applicable during

the entire period of validity of the contract. Companies pay 40% of the

profits earned as tax. In the case of foreign companies, this is

deducted before remittance of profits is considered. There is further

remittance tax on profits by foreign companies of 20%; therefore, a

foreign investor pays 40% + 20% of the remaining 60% - 12%, making a

total of 52% before remittance of profits is considered. If the profits

are re-invested in Colombia, however, the 20% tax is not applicable.

74. A 12% tax is levied on technical assistance obtained from abroad or

any services performed abroad (for example, the analysis of samples).

There is an additional tax of 40% on services of foreign origin provided

in Colombia. Thus, any service provided by a foreign agent, such as an

aerial survey by a foreign contractor, will be taxed at a rate of 52%

(40% + 12%). However, given the manner in which the tax is calculated,

this actually means a 90% tax, as illustrated below.
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Total cost of aerial survey in Colombia 1.90 million
Of which 40% is for services provided in Colombia (0.76 million)
Subtotal 1.14 million
Of which 12% is technical tax (0.14 million)

Actual amount paid abroad for services
in connection with aerial survey 1.00 million

75. Thus, if a foreign company wishes to enter into a contract with a

foreign service contractor for $1.0 million, the actual contract to be

signed in Colombia will be for an amount of $1.9 million. For each

service dollar spent: on the aerial survey, an additional 90 cents will be

paid in tax.

76. It is understood that plant construction is exempted from taxation

of this kind and that such taxes have been waived in some exploration

contracts for coal and petroleum. While it may be possible to request

exemption for uranium exploration by analogy, this has not as yet been

done.

77. In Colombia, normal import taxes on equipment are levied on private

citizens and companies (for example, 200% on imported motor cars). To

encourage mineral exploration, however, all equipment and vehicles used

to this end can be brought into the country tax-free. This may also

apply to equipment for mine construction and industrial plant.

78. Finally, in accordance with Article 48 of Decree 2638 (1955), free

commercialization and export of uranium concentrates from Colombia is

prohibited. The producer must sell his product to IAN at a price and

under conditions laid down by IAN according to current circumstances. It

is possible, however, that a new law will be enacted permitting the

export of concentrates by foreign companies after authorization and lic-

ensing by IAN.
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III. GEOLOGICAL REVIEW OF COLOMBIA

A. Introduction

79. The nature of the Mission did not allow for a complete review of all

relevant literature on the geology of Colombia. Much of the information

presented below was drawn from the publications listed below. Lengthy

quotations were obtained from references (e) and (f).

(a) BURGL, H. (1961) "Historia geologia de Colombia" Rev. Acad. Col.
Cienc. Ex. Fis. Nat., Vol. XI, No. 43, pp. 137-191.

(b) JULIVERT, M. (1968) "Lexique stratigraphique international", Vol. V,
Amerique Latine, Fase. 4A, Colombie (premiere partie), Centre Nat.
Rech. Scient., Paris, 651 pp.

(c) PORTA, H. de (1974) "Lexique stratigraphique international", Vol. V,
Amerique Latine, Fase. 4b, Colorabie (deuxiéme partie), Centre Nat.
Rech. Scient., Paris, p. 692.

(d) RADELLI, L. (1967) "Geologie des Andes Colombiennes", Trav. Lab.
Geol. Faculté des Sciences Grenoble, Memoires, No. 6, 457 pp.,
12 pp. references.

(e) CEDIEL, F. (1968) "El Grupo Girón, una molasa mesozoica de la
Cordillera Oriental", Bol. Beol., Vol. XVI, No. 1-3, pp. 5-96.

(f) VAN HOUTEN, F.B., TRAVIS, R.B. (1968) "Cenozoic deposits, Upper
Magdalena Valley, Colombia", Am. Ass. Petr. Geol. Bull., Vol. 52,
No. 4, pp. 675-702. /

B. Some elements of continental geology

80. Some of the major features of south and central America are briefly

presented here to provide a background for the description of'the geology

of Colombia.

81. The South American land mass is centred on a craton welded together

during the Late Proterozoic. It has been extensively covered by unfolded

younger sediments and effusive rocks, and is bordered to the west and

northwest by a major orogenic system, the Andean Cordilleras (see Figure 8)
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82. The craton: This is composed of five old massifs joined by Upper

Proterozoic fold belts. A sixth one, the Patagonia massif, did not

become part of the craton before the Palaeozoic. These units are schem-

atically shown in Figure 8. Of interest to Colombia are the Guyana and

Guapore Massifs.

83. Guyana Shield, north of the Amazon, is better known in Venezuela and

the Guyanas, but also forms the eastern part of Colombia as well as the

basement of part of the cordilleras. It contains the oldest known rocks

in the craton, which belong to the Imataca Formation and have been dated

as being older than 3000 m.y.; the formation consists of granite

gneisses and schists. The Supano gneiss also forms part of the basement

complex and is 2600 m.y. old. These units are uncomformably overlain by

the Pastora Supergroup, a submarine eugeosynclinal suite of basalt, grey-

wacke, shales and associated volcanics, partly acidic. This rock suite

has been folded, metamorphosed and intruded by granitic bodies. These

rocks are of Lower Proterozoic age and are from 1750 m.y. to 2150 m.y.

old (Transamazonian cycle). After a long period of weathering and

erosion, these rocks were covered by the continental, often fluviae,

sediments of the Roraima Series (Middle Proterozoic) and again intruded

by granites (around 1500 m.y.). In the easternmost parts of Colombia,

rocks older than the Rorairaa Formation have been very extensively mig-

matized, and no distinctions are made in the "Transamazonian system".

84. The Guapore Massif is separated from the Guyana Shield by the Amazon

Basin. The limited information available on the geology and the geo-

chronology of the two massifs suggests that they are part of a single

unit forming the nucleus of South America.

85. The craton cover: The Amazon sync line is the major feature of the

northern part of the South American craton. Palaeozoic formations,

mainly marine, from Cambrain to Upper Carboniferous, are covered by

Tertiary continental or brackish water and marine deposits. Together

they reach a very considerable thickness. The axis of this subsidence

approximately follows the Amazon River. This extensive basin lies just

outside the southern and eastern borders of Colombia.
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86. In the southern part of Colombia, a smaller platform basin

(Putumayo) links up to that of the Amazon. In the "Saliente del Vaupés"

(Figure 9) Palaeozoic sediment was relatively reduced; the Tertiary

deposits are very thin. West and north of this "Saliente" other cratonic

basins cover the extensive margin of the shield, east of the Andes

(Llanos Basin in Colombia), continuing north and east into Venezuela.

87. Similar configurations can be found south of the Amazon Basin, along

the eastern margin of the Cordillera in Peru, Bolivia, and down to

Argentina.

88. The Cordillera: Although appearing as a geographic unit, the Cor-

dilleras present a rather complex geological picture. They can be

divided into two parts, a northern one (reaching from Central America to

the roughly Peruvian-Chilean border) and a southern part (starting from

that border to Cape Horn, with a much simpler structure which will not be

further descibed here).

89. The Colombian part, of the northern Cordilleras shows the most comp-

lex geological development. Three distinct structural provinces are

recognized and known from west to east; as (i) the Cordillera Occi-

dental, (ii) the Cordillera Central, and (iii) the Cordillera Oriental

(see Figure 9). They are separated from each other by two linear basins

- the Cauxa-Patia basin and the Magdalena basin. Both basins follow

major structural sutures and are filled primarily with Cainozoic clastic

sediments.

90. From the beginning of the Mesozoic era, a strong contrast has

existed between the "occidental" region - characterized by basic volcanic

and igneous rocks and deep-water sediments of Mesozoic age - and the

"oriental" region - where a Precambrian and Palaeozoic basement bears

continental and then becomes "miogeosynclinal" through the Jurassic and

Cretaceous. The division between the two regions is along the Cordillera

Central; its precise location in many parts is yet to be determined,

however. Such division could have already been in progress at the time

of the Palaeozoic Andes, a period of deformation which, at times, roughly
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corresponds to Che Caledonian and Hercynian cycles of Europe. To the

northeast, the Cordillera Oriental is extended by the Cordillera de

Herida towards Venezuela. To the north the Cordilleras Central and Occi-

dental give way to Caribe Province. There, marine sedimentation pro-

ceeded through most of the Tertiary era with intense subsidence.

91. Towards the south, in Ecuador, the Cordilleras Central and Oriental

merge into one (known as the Cordillera Oriental); they consist largely

of Palaeozoic (and possibly Precambrian) schists and gneisses. In the

west the oceanic crust features of the Colombian Cordillera Occidental

tend to disappear towards the south. The western Cordillera of Ecuador

is built up on a Palaeozoic and/or Precarabrian basement, which is lacking

to the north, and by intensive volcanism and magmatism during most of the

Mesozoic.

C. The geology of Colombia

92. The most significant geological units in Colombia are perhaps best

described using the following divisions:

(a) Precambrian and Palaeozoic rocks and formations (geological
records for these periods are far from complete).

(b) Mesozoic formations of the Cordilleras, which can be further
subdivided into two domains ("Occidente" and "Oriente" Andino).

(c) Tertiary sedimentation and magmatism which proceeded along very
distinct structural units, inherited from the tectonic phase
that closed the Mesozoic Andean geogyncline.

A separate discussion of the complex "Massifs" is found at the end of

this section.

93. Precambrian and Palaeozoic formations: The Precambrian rocks of

Colombia form part of the Guyana Shield, which extends to the eastern

borders of Colombia and outcrops or is found at shallow depths over about

a quarter of the country. Precambrian rocks are present on a large scale

in the following areas: east of the Llanos Orientales Amazónicos; as
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geological windows in some places of Che plains; in the Cordillera

Oriental (massif of Garzón, Serrania de La Macarena, massif of Santander

and Norte de Santander); in the Serranias de Perija and de Merdia on

both sides of the Maracaibo basin; and in the Sierra Nevada de Santa

Marta.

94. It is possible that many formations or rocks currently assigned

either Palaeozoic or Mesozoic age, without palaeontological or isotopic

dating, will in future be shown as also pertaining to the Proterozoic.

The most typical rock types of the Guyana Shield in Colombia are

gneisses, migmatites, granites and some remnants of mafic complexes now

metamorphosed to the amphibolite facies and highly granitized. The

oldest isotopic datings obtained correspond to a major tectonic and meta-

morphic event, the Transamazonian Orogeny at about 1800 m.y. More and

more granites and gneisses are appearing with isotopic apparent ages of

between 1400 and 1600 m.y., proving the existence of at least one later

tectono-magmatic episode of very wide distribution. These dates could be

tentatively attributed to the Parguazan episode (episodes), known as a

period of intense raagmatic activity but possibly corresponding, at least

in some parts, to a truly orogenic event.

95. The Roraima Formation, a sequence of fluvio-lacustrine sandstones,

overlying a basal sequence of quartz-pebble conglomerates alternating

with some pelites, is spread over a very large basin in Venezuela, Brazil

and southeast Colombia. It certainly postdates the Transamazonian

Orogeny. In the southeast of Colombia it is affected both by granitic

intrusions and folding of varying intensity, presumably of the Parguazan

episode. The time span during which the Roraima deposition took place

can thus be approximated at between 1700 and 1500 m.y. ago.

96. To date, none of the data obtained indicates the existence of an

Upper Proterozoic mobile belt in the part of South America. The most

recent apparent ages obtained which mark a thermal event were around

1200-1300 m.y. , with a wide distribution, but with effects limited to a

mild retrometamorphism (Nickerie episode). Perhaps of the same general

age, or even younger, the volcanic rocks of Yaca-Yaca, west and south-

west of Mitú (Vaupés), are the youngest formations that date from

- 37 -



the Proterozoic. These basic rocks (trachytic lavas, pyroclastics and

sub-volcanic intrusive bodies) might follow a north-south rift, which is

only partially defined in the most recent mapping (J. Galvis, personal

communication). Red clastic sediments are reported to be associated with

this volcanic sequence; details concerning the association are not yet

know.

97. The Gambro-Ordovician period is best represented by the "serie de

Guejar", in the Macarena, and the Cordilleras Central and Oriental. It

consists of shales (or schists), siltstones, sandstones and some lime-

stone. Thge environment of deposition seems to have, been a platform

basin of rather shallow water - a "miogeosyncline" but of vast geographic

extension - as the same characteristics are found over a very large

area. The Llanos Basin should be included here since some "mesas" mapped

previously as Tertiary or Cretaceous have now been re-interpreted as

Palaeozoic, starting with Cambro-Ordovician.

98. Some sericite schists, quartz-sericite schists and quartzites in the

Cordillera Central are considered as the equivalent of the Guejar

series. The original lithologies seem to have been very similar before

being metamorphosed to the greenschist facies.

99. The main part of the Cordillera Central, however, is formed by the

Cajamara group or its equivalent. It is composed of greenschists derived

from basic volcanic and associated pelitic sediments. The age attributed

to the group is the traditional one appearing in the 1976 "Mapa geológico

Je Colombia" (scale 1:1 500 000). Recent discoveries of rocks of

Parguazan age near Medellin indicate a more extensive distribution of

Proterozoic formations in the Cordillera Oriental and even in the

Cordillera Central. The lithologies of the Cajaraarca group are strik-

ingly different from either the Proterozoic rocks known to the east or

the Guejar-like sediments or metasediments. For a proper explanation of

these differences additional field information would be required.

100. A Caledonian orogenic phase closed this Lower Palaeozoic cycle, with

folding, metamorphism, and probably intrusion of granites of pre-Middle

Devonian age.
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101. A new sedimentary cycle began in the MiddleDevonian and concluded at

the end of the Permian. The corresponding formations are unequally dev-

eloped over the different Precambrian-Caledonian massifs deriving from

the preceding orogenesis. Sedimentation in these different basins,

located essentially on the eastern margin of the Cordillera Oriental, was

not synchronous. In all cases the rocks are predominantly clastic, with

some limestone intercalations. They are interpreted as having been dep-

osited in shallow, isolated marine to continental basins. In some parts

the Carboniferous is represented by alternating marine and thick ter-

rastrial clastic sediments, locally intercalated with some coal meas-

ures. Such sequences are noted north of Bucaramanga, in the massif of

Santander, in the Serrania de Perija and in the massif of Quetame.

102. In places where Mesozoic formations overlie these Devono-Perraian

formations, an unconformity marks a Hercynian phase, probably from the

very end of the Permian or Lower Triassic. No complex folding seems to

have resulted from it; block faulting appears as the dominant mechanism

of deformation. Intrusion of acidic igneous bodies took place during

this same general period, possibly related to the acid volcanics which

are often found together with the Early Mesozoic rocks of the "Oriente

Andino".

103. Mesozoic formations: Two palaeogeographic domains are clearly ind-

icated in the Mesozoic (see Figure 10). In the west, the Cordillera

Occidental presents very typical eugeosynclinal facies and is known as

the "Occidente Andino". The eastern domain is best represented in the

Cordillera Oriental, but is also present in part of the Cordillera

Cantral. Two large units are represented in the "Oriente Andino":

(a) Continental "red beds", frequently associated with volcanism
(their age is most probably Triassic-Jurassic); and

(b) Marine formations from the Cretaceous system, typcially "mio-
geosyncline" and without any known volcanics, in several sub-
basins with episodes of confined facies.
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Below are brief descriptions of the two domains, followed by a tentative

summary of the Mesozoic history of the Llanos and Amazonas regions.

104. Occidente Andino: Most of the zone belongs to two lithostratigraphic

groups:

(a) The Grupo Diabasico contains basalts, often in pillow lavas;
this feature gave rise to the name of the unit (diabase). The
few sediments found intercalated within the group contain Cret-
aceous fossils. The uppermost part of the group also includes
Palaeocene sediments.

(b) The Pagua group (Grupo del Dagua) is composed of greenschists,
with chlorite and actinolite, and associated with graphitic
schists, some limestones and siliceous schists. The only basis
for attributing this group to the Triassic-Jurassic is the fact
that it underlies the previously described Grupo Diabasico. No
palaeontological information is available to confirm this
attribution.

105. The Occidente Andino is of economic importance from the mining and

exploration standpoints due to (i) the high probability of porphyry

copper deposits related to the line of Tertiary tonalitic intrusions all

along the Cordillera Occidental, and (ii) nickel-bearing laterites and

platinum-bearing placers derived from the alteration of ultramafic

igneous rocks (dunites, pyroxenites). Those elements of the "ophiolite

suite" forming the Occidente Andino are in most cases to the east of the

Cordillera Occidental proper. Their rough linear arrangement along the

Cauca Basin and the western part of the Intioqueno Massif (see Figure 9)

could mark the main suture line between the Andes formed over a cratonic

basement and those which derive from oceanic crust.

106. The Triassic-Jurassic formations of the Oriente Andino: There are a

number of individual "groups" or "formations" which possess two main

characteristics:

(a) They are, to a large degree, red, continental elastics with
only local and restricted marine intercalations. Some acid
volcanics are present in most sections, the best developed of
which apparently at or near the base of the sedimentary
sequence.
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(b) These formations lie discordantly over the massifs, the result
of a complex Palaeozoic history, which included active erosion
after orogenesis and epeirogenesis in the Permian. Cretaceous
formations unconformably overlie these sequences.

107. Figure 11 shows the distribution of the main outcrops of the group

of formations under discussion. The most important names to be noted are

the Girón Formation (or group), found in the northern parts of the Cor-

dilleras Central and Oriental and Caribe Province, the Payande group,

south of Bogotá, and La Quita Formation, in the Sierra de Merida

(Venezuela).

108. It is quite probable that the Girón group (or formation) is equi-

valent to La Quinta Formation. Both are composed of alternating sand-

stones and siltstones or mudstones, with some conglomerates. The pre-

sence of volcanics is not constant; where present (Guajira Peninsula),

they are not very abundant.

10 9. What is known as the Payande group is distinguished from the pre-

ceding formations by the fact that the differenct litho-stratigraphic

units are better distinguished. At the base, rhyo-dacites are present

very frequently and show considerable thickness. The pre-Payande forma-

tion consists of conglomerates, sandstones and shales, most of which are

rich in iron oxides; this would be equivalent to the Girón facies more

to the north. The Payande Formation contains a basal arkose (10 m)

followed by 140 m of limestone with fine intercalations of cherts, before

a a new sequence of arkose, chert and quartzite. The post-Payande is a

volcano-sedimentary sequence, beginning with rhyo-dacitic tuffs and lavas

alternating with shales. Higher in the sequence the shales are described

as being intruded by andesite sills.

110. The "basin" shown in Figure 11 should not lead to the conclusion

that sedimentation was continuous and synchronous in all parts. Separate

'uasins were determined by structure and were kept alive from the Permian

to the Lower Cretaceous.

111. Cretaceous; In north and central Colombia the marine invasion was

at first limited to the Bogotá Basin and Guajira Peninsula (Figure 12).

This episode is taken to be extreme Upper Jurassic or Lower Cretaceous.
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112. Lover Cretaceous: In the Bogotá Basin, which is used here as a term

of reference for the whole Colombian basin, sedimentary strata begin with

a basal conglomerate, followed by siltstones and black shales through the

lower part of Neocomian. It is only during Hauterivian time that the

whole area (shaded in Figure 12) was submerged; subsidence started, but

nowhere at the same high rate as in the Bogotá Basin. Wherever this

trangressive episode is present, it is marked by arkoses and other

sediments typical of shallow-water facies (including coral limestones) of

limited abundance.

113. The Barremian is a period of relative regression, with sediments of

confined facies over most of the basin and evaporites in place.

114. The Lower Cretaceous sedimentary cycle developed in different sub-

basins, formed by fault movements originating from the basement which

remained active through most of the period. Their influence is particu-

larly evident in the lower part of the sedimentary sequence. Rocks of

Valanginian-Hauterivian age are found near the base of the marginal

basins located over the Cordillera Occidental and the Santander Massif.

A new and extensive sedimentary cycle began in the Aptian and developed

during the Upper Cretaceous.

115. Upper Cretaceous: The extensive Cretaceous basin assumed its final

form during the Aptian and Albian. The emerging land formed in the

Santander Massif and the Maracaibo Block was covered. Sediments are

mainly clastic, fine-grained and intercalated with some limestones in the

west, and are coarser towards the eastern margin.

116. In the Bogotá Basin, black sháles ("lutitas negras") are almost

continuous, with some relatively minor intercalation of coarser elastics

and limestones from the upper part of Hauterivian (over the Caqueza sand-

stone), up to Senonian time. Overlying these shales, the Guadalupe form-

ation reflects the regressive phase of the cycle. This formation is pre-

dominantly composed of sandstones, intercalated in most locations by two

sequences of shales, cherts and phosphorites. The latter could be of

considerable economic importance in the marginal part of the Bogotá (or

Cundinamarca) trough. Preliminarily estimates indicate significant
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reserves in the Departament of Boyacá in the northeast and the Depart-

ments of Huila and Tolima in the southwestern part of the zone of maximum

subsidence. The average U3O0 content in the phosphorite is of the

order of 100 ppra; the significance of the uranium is very much dependent

on the economic viability of the phosphate. The age of the phosphorite

formation is Maestrichtian. After the last sandstone of the Guadalupe

Formation, red argillites, siltstones and sandstones mark the change to

paralic sedimentation, with some thin coal beds, which announces the

beginning of Tertiary orogenesis.

117. In the less subsident basins to the north of Bogotá, and parti-

cularly in the Departments of Santander and Norte de Santander, after

Cenomanian time (with shales and limestones on the west, and dominant

sandstones to the east), the Turonian-Coniacian-Santonian interval

corresponds to a regressive episode, much like the one previously des-

cribed for the extreme Upper Cretaceous. La Luna Formation, which is the

litho-stratigraphic unit that corresponds to this time span, begins with

black, calcareous shales, pyritic and kerogene-rich at the base (Salada

and Pujamana members upward). Overlying them, the Galembo member con-

sists of a sequence of limestones or limy shales where two episodes of

cherts and phosphorites, or phosphatic sandstones, are found. The last

one is at or near the top. In many locations the phosphate-rich

sequences give local radiometric highs over the general phosphorite back-

ground .

118. These deposits could also be of considerable economic importance

although preliminary investigation failed to indicate phosphate tonnages

as impressive as the ones noted in the "Maestrichtian" district to the

south and east, especially in the Department of Boyacá.

119. After the deposition of La Luna Formation in the northern region,

the sedimentation returns to shales, rich in organic matter to the point

of containing thin coal seams in the upper part.

120. The appearance of red facies and coal measures mark the end of

marine sedimentation and of the Cretaceous. No phosphates or cherts are

found in this last regressive phase.
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121. A correlation of the main Cretaceous litho-stratigraphic units found

in the Andean region is presented in Figure 13 (Julivert, 1968).

122. Cretaceous in the Llanos: On the Saliente de Vaupes (see Figure 9)

sandstones in horizontal beds (up tO 400 m thick) had until recently been

considered as either Cretaceous or Lower Tertiary. This was before the

recent discovery of fossils (findings not yet published) on the basis of

one can assign a Palaeozoic age to the base of the sequence. To complete

the historical "tour d'horizon" of the various datings successively

assigned to the Vaupés sandstones, it may be useful to recall that they

had been compared to and assimilated into, wrongly in all instances, the

Roraima sandstones; as such, they were thought to be Jurassic (in

Venezuela) as well as Cretaceous, before the Roraima Formation became one

more example of a discordant Middle Proterozoic clastic sequence.

123. The Putamayo Basin (south and west of the Saliente de Vaupés) and

the Llanos Basin (to the north) contain Cretaceous formations which are

entirely overlain by the transgressive Tertiary.

124. Tertiary basins and formations: Tertiary formations found in

several structural units in Colombia differ appreciably from one

another. Short descriptions of these various units are given below.

125. Pacific Province; Deep-water sediments and mafic volcanics from the

Lower Tertiary (Palaeocene to Oligocene) form the Serrania de Baudo (also

called Serrania de la Costa - Figure 9). To the west a probably dis-

cordant sequence of shallow marine, paralic sediments has been described

only along two cross-sections, in the Valle del Pacifico and even in

Bolivar Basin. The age of these thick formations (more than

4000 m) is probably post-Oligocene and mainly Miocene.

126. As uranium anomalies have never been reported in the area, no

further comment will be made on this subject. Further studies will be

necessary in order to obtain a better understanding of the Cordillera's

structural evolution. It should be noted that the Serrania de Baudo is

in some way a Tertiary repetition of the Cretaceous Cordillera Occ-

idental. The ultraraafic bodies (dunites, pyroxenites), which could be
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remnants of an oceanic crust, are found on the western flank of the

Serranía de Baudo "eugeosynclinal" pile along the Pacific Coast.

127. Caribe Province (see Figure 9): The Tertiary formations were depos-

ited in a main basin, from Uraba Bay to the western margin of the Santa

Marta Massif and its subsidiary, the Valle del Río César Basin.

128. In the both cases the following main features characterize the basin:

(a) Sedimentation seems to be continuous from the Upper Cretaceous
to the Palaeocene and Eocene. This necessitates the existence
of a major flexure at the northern ends of both the Cordillera
Occidental and the Cordillera Central that first appeared just
after or during the Palaeocene.

(b) The Palaeocene section of the sequence is largely coarse and
detrital, with an abundance of large blocks from nearby prov-
enance. Subsequently, the sedimentation was neritic, with
limestone intercalations into shales and siltstones during the
Eocene. Sediments with deeper facies were deposited during the
Oligocene and Lower Miocene until the regression, which pro-
ceeded from the southern end of the basin to the north, started
in the mid-Miocene. This could be related to the tectonic
movements responsible for the formation of Serranía de San
Jacinto (Figure 9) and similar structures throughout the
basin. It should be noted that this Miocene folding follows
structural lines parallel to the main Andean directions, where-
as basin subsidence was determined by east-west and/or north-
east-southwest structures.

129. The Tertiary on the Guajira Peninsula has the same general char-

acteristics, with frequent changes in facies over short distances and a

Palaeocene or Eocene base which lies unconformably over older Cretaceous

to Precambrian rocks. The Cerrejón Formation (Eocene) contains the

biggest known coal deposit in Colombia in a sequence of grey shales and

grey-to-brown sandstones (sometimes limy).

130. Andean Province: Most of the Tertiary sequences are of continental

origin. Here, again, several subdivisions will be necessary for purposes

of description, as deposition took place in distant, isolated basins.

The main Tertiary structures from west to east are described below:
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131. The basins along the Río Cauca major structure zone, between the

Cordillera Occidental and the Cordillera Central: The northernmost basin

is the Antioquia, straddling the Departments of Antioquia and Caldas

south of Medellin. The Socene-Oligocene Antioquia Formation begins with

conglomerates and sandstones at the base, passing to a middle member of

grey shales (250 m thick) containing nine coal seams between 0.6 and 2.2

m thick. These strata are succeeded by shales and sandstones (100 to 200

m thick). The entire sequence represents lacustrine facies.

132. The Miocene (?), represented by the Combia Formation, is composed of

andesitic lavas and tuffs with intercalated sandstones.

133. In the Calí Basin, the Cauca Group begins with an Eocene sequence

unconformably overlying the Diabase Group, which includes part of the

Palaeocene. The total thickness of this lacustrine or paralic sediment

reaches 1700 m. The. middle part of the group contains coal measures in a

sequene of argillites, siltstones and sandstones, with coarser detrital

rocks both at the base and at the top.

134. Here again, the Miocene/Pliocene period corresponds to a period of

intense volcanism, whose products lie discordantly over the Cauca Group.

135. The Rio Patia Basin deposits follow a different pattern. Sedimenta-

tion began only in Upper Oligocene. After a basal sequence of sandstones

and conglomerates, sedimentation through Miocene took the form of a thick

sequence of predominantly fine sandstones. Intercalations of limestone,

argillites and coal are found at various stratigraphic levels.

136. Marine fauna is present in two black shale horizons. This cycle of

paralic-lacustrine sedimentation came to an end in the Upper Miocene.

During the Pliocene and Pleistocene, volcanic activity resulted in the

Popayan Formation.

137. The Tertiary basin along the Río Magdalena Valley: The subsident

structure of Río Magdalena is cut by the Girardot High into two indi-

vidual basins: the Valle Medio Basin to the north of Girardot and the

Valle Superior to the south.
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138. Valle Medio Basin: From Girardot northwards, Tertiary formations

have been the subject of studies by various oil companies. This has

resulted in the use of a variety of stratigraphic nomenclatures, not

always easy to reconcile. The following are "recommended standard"

nomenclatures used in the Lexique Stratigraphique International from top

to bottom.

Mesa Group: Pliocene. Volcanic ejecta, with white kaolinitic
argillites, followed by tuffs, or tuffaceous sandstones (350 m ) .

Real Group: Miocene. Discordant over the underlying formation.
Conglomerates, sandstones and shales up to 4000 m thick; some vol-
canic material in the south.

Chuspas Group: Upper Eocene (?) - Oligocene (up to 4500 m thick).
- Colorado formation: versicoloured shales, with interbedded

sandstone horizons. At the top, black, carbonaceous argillites.
- Mugrosa formation: argillites with intercalated fine-grained

sandstone.

Chorro Group: Eocene

- Esmeraldas formation: alternating sandstones, siltstones and
mudstones in narrow beds: grey shales horizons with local coal
lenses (1200 ra total).

- Lapas formation: conglomeratic sandstones up to 1000 m over a
basal conglomerate (unconformity over the underlying formation).

Lisama Formation: Palaeocene. Red and grey shales, intercalated
with grey sandstones. Conformable over the underlying continental
facies.

Umir Formation: Upper Cretaceous. Shales and coal. Regressive
facies of the Cretaceous sedimentary cycle.

139. The above descriptions can be summarized as follows:

(a) The Tertiary sequence is detrital from top to bottom, alternat-
ing from sandy or conglomeratic members or formations to more
argillaceous sequences.

(b) Volcanic material is an important lithological constituent only
during the Pliocene (Mesa Group) and locally in the Miocene
Real Group.

(c) The subsidence rate remained very high throughout the entire
period; Tertiary deposits can reach a total thickness of
10 000 m.
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140. Valle Superior del Magdalena Basin: In the Neiva Region (Department

of Huila), the following succession has been noted, from top to bottom

(Van Houten and Travis, 1968):

Mesa Group: Pliocene. Conglomerates, sandstones, tuffs and
breccias, along with some mudstones (1200 ra thick, varying widely
over short distances).

Honda Group: Miocene. Conglomerates, sandstones and mudstones,
with some tuffs in the upper part. Discordant over older units
(1200-2000 m ) .

La Cira Formations: Upper Oligocene. Mainly mudstones with minor
sandstones and conglomerates. Lignite beds are present.

Gualanday Group (or Formation): Eocene-Lower Oligocene
- Upper: essentially conglomerates (350 to 1050 m thick).
- Middle: grey mudstones with some sandstones and conglomerates.
- Lower: thick conglomerates with intercalation of mudstones and

sandstones (800-1700 m thick).

Guaduas Formation: Palaeocene. Grey mudstones with some inter-
bedded sandstones (700-1700 m thick).

141. Compared to the northern basin, some of the main features are still

recognizable, with the same finer-grained interbeds in the conglom-

erate-rich sequence; however, thicknesses are not as great here as they

are in the Valle Medio del Magdalena. Similarly, volcanic material is

limited to the upper part of the Honda Group and the middle part of the

Mesa. No coal seams are known, at least not in the southern part of the

basin.

142. Tertiary of the Cordillera Oriental: Synclinorial structures in the

Cordillera Oriental contain Tertiary sediments that lie conformably over

the Upper Cretaceous. It should be noted that practically everywhere the

Palaeocene marks the change from paralic to truly continental sedimenta-

tion. The sediments are never as thick as in the Magdalena main trough;

they show a clear dominance of fine-grained lithologies: argillites and

siltstones, with intercalated coal seams. Some sandstones or conglomer-

atic sandstones form well-defined horizons or formations. Short marine

incursions are marked by specific fauna. To the north of Bogotá , in the

Paz del Rio-Sogamoso Basin, the Concentración Formation (1550 m thick)

contains a bed of oolitic iron oxides (4 to 20 m thick).
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This lithology seems exceptional in all the Colombian Tertiary. The same

general characteristics are observed in those basins which are on the

eastern margin of the Cordillera, at its junction with the Llanos. Here

the ratio of sandstones and conglomerates versus mudstones-siltstones and

argillites increases. Lignites are distinctive and quite thick in the

Norte de Santander Basin, near the border with Venezuela. The Los

Cuervos Formation, for instance (Upper Palaeocene-Lower Eocene), is comp-

osed of grey shales, thin sandstone beds and up to twelve coal seams

ranging in thickness from 0.1 m to 2.5 m.

143. Tertiary of the Interior Zone: Although a discussion of the thick

Tertiary sediments in the two basins of Putumayo and Llanos should be

included in this section, no general description is available, in spite

of their tremendous thickness (over 4500 m) and extensive distribution.

It can be deduced from the available descriptions that marine environ-

ments alternated with terrestrial conditions. The entire northern region

is under Quaternary sediments, and no surface geology is of any use. To

the south, a flat-lying sequence of conglomerates, sandstones and mud-

stones has been left undifferentiated on most maps.

144. The Vaupés sandstones, which were often attributed to Tertiary, have

been dealt with in previous discussion (see Mesozoic and Palaeozoic).

145. Late Cainozoic (?) sediments are widespread in the lowlands of the

Colombian Llanos; they are the only rocks visible inbetween the "mesas"

formed by the sandstones of the Araracuara Formation. At the base, iron

oxides cover all basement rocks; an oolitic iron formation near Mitú is

up to 1 m thick, and lies directly over the "migmatitic complex". This

is followed by thin, very extensive beds of clayey or sandy material in

which a very continuous horizon of lignite (carbonized wood) seems to

mark a destructive event in the recent geological history.

146. An INGEOMINAS report to be issued soon (compiled by J. Galvis) will

give more information on these formations and their probable ages. They

have not been considered as potential hosts for uranium; from the

exposures visited, the Mission could not conceive of any circulation sys-

tem nor any trapping structure that would be productive of ore-grade,

material. No further mention of these formations is made in this report.
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D. The geology of the Proterozoic, Palaeozoic and Mesozoic "massifs" of

the Colombian Andes

147. An important part of the Colombian Andes is made up of blocks of

metamorphic and intrusive rocks that at present are only imperfectly

mapped. These units have to be treated separately from the description

of the sedimentary basins. The massifs in question, from north to south,

are:

(a) Cordillera Oriental; (i) Santander and Norte de Santander
Massifs, (ii) Floresta, (iii) Quetame and (iv) Garzón and to
the east, still attributed to the Cordillera Oriental, (v) the
Macarena Massif.

(b) Cordillera Central: (i) The axial metamorphic massif, from
north Antioquia down to the Ecuadorian border, (ii) the Ibague
Massif.

(c) Santa Marta Massif; Isolated from both Cordilleras, as is also
the Guajira.

In the absence of individual descriptions for each massif, a number of

general comments are made below.

148. Except perhaps for the Ibague Massif, where granites are apparently

either unique or predominant, all massifs contain Proterozoic gneisses,

raigmatites or foliated granites, probably in greater proportion than what

has been depicted on the large-scale geological map in Figure 3 (between

co-ordinates 7-8 and from K to N ) . Not many isotopic ages are avail-

able. Those that are known are consistent with the general setting

presented before - that is, pervasive metaraorphism and granitization of

Transamazonian age (- 1800 m.y.) hidden by later events, hence giving

Middle Proterozoic or "Parguazan" dates. At present, a few younger ages

(Upper Proterozoic) have been reported. Proper interpretation of these

data is difficult at the moment. It is possible to assume that the back-

bone of the Palaeozoic Andes was essentially the old Guyana Shield, with

very little change since the events 1300-1400 m.y. ago. Much more is

still to be said about the Andes' Proterozoic history, which may be more

complex and extensive than what is currently known.
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149. One of Che major problems in Colombian geology lies in the post-

Proterozoic (?) metamorphic complexes, probably of Palaeozoic age, which

form most of the Cordillera Central, but are also found in all "old

massifs".

150. In the Cordillera Central (Figure 3, Co-ordinates 7, 8, 9 and G to

P), a thick sequence of schists (greenschists, quartz-sericite and

graphitic schists) is metamorphosed to greenschist facies. The latter

are associated with quartzites and limestones, which possibly overlie

them, but are also, in part, a lateral equivalent indicating a change of

facies toward the eastern margin of the basin. Various names have been

assigned to these rocks in different places along the belt; most well

known are the Valdivia Group or Cajamarca Group. No well-preserved mafic

or ultramafic rocks of an "ophiolite suite" have been found. However,

the abundant greenschists, interpreted as deriving from mafic tuffs,

hyaloclastites or the like, are probably sufficient to justify the hypo-

thesis of an "eugeosyncline" pile, best developed in the western part of

the Cordillera Central, passing to more external, miogeosynclinal facies

to the east (increase of limestones and quartzites).

151. There is at present no direct evidence for the ages of these seq-

uences. On the eastern flank of the Cordillera Central, some schists

have been assigned an Ordovician age on the basis of abundant grapto-

lites. No clear-cut stratigraphic relationship can be established

between these schists and the raetamorphic complex. Their lithological

facies are quite different from those typical of the complex, in spite of

the light metamorphism that affected them. The only conclusion, already

suggested in previous discussion, is that if the Guejar Formation, or

Guejar-like sequences, are contemporaneous with the Cajaraarca, they

should pertain to very different environments (a platform basin for the

Guejar and a geosyncline, or even an eugeosyncline, for the Cajamarca,*

both of them would have been folded and unequally raetamporphosed).

152. Indirect indications point to a Lower Palaeozoic age. Not far from

Floresta (Floresta Massif; Figure 3, 13 J, north of Sogamoso) a non-

raetaraorphic, fossiliferous, mid-Devonian formation, lies unconformably

over metamorphites correlated with the Silgara Formation of
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the Santander Massif, itself considered as a time-equivalent of the

Cajaraarca Group, with attenuated "eugeosynclinal" lithologies. Similar

observations can be made with regard to the Quetame Massif. The evidence

points to a Caledonian age for the metamorphistn.

153. However, these greenschist facies metamorphic rocks are intimately

associated (at the scale of the present mapping) with higher-grade meta-

morphic sequences deep into the amphibolite and/or migmatitic facies. In

many cases, and particularly in the Cordillera Central, most metamorphic

rocks have been lumped together into the same mapping units. This inter-

pretation is guided by the fact that the initial sedimentary components

of high-grade and low-grade raetamorphics seem consistently the same.

Difficulties arise when one has to explain the very steep and localized

changes in metamorphic gradients. Passages from greenschist facies to

amphibolite facies and back to the greenschist facies again are left

essentially unexplained; this still leaves open the possibility of an

older Proterozoic (?) sequence which is as yet unidentified. The raeta-

morphic "complexes" would then be more complicated than what has been

described; they would, in other words, be composite massifs.

154. The history of the raetamorphic complexes is still imperfectly under-

stood. In much the same way, the intrusives pertaining to different

magmatic or migraatitic cycles are only imperfectly described. "Migmatiz-

ation" has been the essential process at work during The Proterozoic. No

isotopically dated Proterozoic granites are known, but many ortho-

gneisses, foliated granites and "granites d'anatexie" could be of such an

age.

155. Some intrusive granites certainly seem older than the Caledonian

raetamorphisra discussed above, as they are affected by the same foliation

as the metamorphic host rocks. Such rocks have been called "intrusive

gneisses" in the Cordillera Central and "orthogneisses" in the Santander

Massif. They represent some of the best indications for a rather complex

history within the formations and rocks of these all-embracing meta-

morphic complexes.
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156. No intrusions date from the latter part of Palaeozoic, corresponding

to the Late Caledonian and/or Early Hercynian cycle and postdating the

last main metamorphic phase. Such an absence could be due to an isotope

resetting by a Jurassic thermal event, which could have resulted in

exaggerated importance being given to the Trias-Jurassic magmatic cycle.

157. In most massifs, the Trias-Jurassic magmatic cycle (most probably

including the Upper Permian) appears important. Volcanics mark the rift-

like structure that separates the Cordillera Oriental from the Cordillera

Central, where the Girón, Payande and post-Payande Formations were depos-

ited. Individual plutons and stocks and hypabyssal rocks of the same

general age are only described in any detail in the Santander Massif,

where they show varying composition, mainly from granodiorite to

granites. The more acidic and the more basic seem to indicate younger

ages. Among them are leucocratic granites, with muscovite (Durania

granite) and two micas (Pescadero granite). Similarly, the existence of

complex magmatic sequences is possible more to the south, in the Garzón

Massif (Cordillera Oriental), the Ibague Massif (Cordillera Central), and

the Santa Marta Massif. No mention is made here of the Serranía San

Lucas Massif to the north and east of the Cordillera Central proper

(Figures 3, 9, 10 and 11, F to J). New information indicates the pre-

sence of a volcanic suite (possibly of Trias-Jurassic age) of acid to

intermediate composition instead of the different units depicted in the

published map. Hydrothermal activity (Au, U) in the Santander Massif

seems to be related mainly to the late phases of this magmatic cycle.

158. A Cretaceous magmatic cycle is important mainly in the Cordillera

Central, in the "Batolito Antioqueno", which is very possibly a huge

sheet-like intrusion in an almost horizontal position. Other smaller

stocks are also noted in the vicinity, with composition varying from

quartz-diorite to quartz raonzonite. Near Mocoa, south of the closure of

the Magdalena River structure, another raagmatic complex, tentatively

assigned Cretaceous age, is associated with prophyry-copper-type mineral-

ization.
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159. Conclusions: In the Andes, the "old massifs" have been kept alive

through a long history. A Lower Palaeozoic geosyncline developed over an

extensive Proterozoic basement and was affected by major folding and

raetamorphism during a Caledonian episode. This event prefigures the

Mesozoic evolution.

160. From what is known at present, no major intrusive "cycle" followed

this orogeny. Later on, at the close of the Palaeozoic, and again during

Upper Cretaceous (_+ 80 m.y.), complex raagraatic bodies (including, for the

first time, abundant lavas) were emplaced. Study of these massifs is far

from complete. This represents one aspect of Colombia's geology that is

likely to evolve very considerably in the near future.

161. The metamorphic sequences intruded by these plutons will still be

the subjects of many discussions. Apart from the greenschist facies

sequences (Cajamarca or Silgara Groups, in a restricted sense), the

higher-grade series and associated migmatites should still be considered

as something of an unresolved question.

162. An evaluation of the favourability of the massifs as hosts for

uranium ore bodies is very difficult at this time, as detailed inform-

ation on these units is still lacking. They should not be neglected,

however, as they form a sizable part of Colombia's prospectable territory.

IV. HISTORY OF URANIUM EXPLORATION AND DEVELOPMENT

A. Pre-1975

163. The earliest report of uranium in Colombia was in 1909 by Ricardo

Leras Codassi in Norte de Santander. Codassi later (between 1926 and

1931) reported further occurrences in Norte de Santander and in the

District of La Baja. Following the emergence of uranium an an energy

resource, from 1949 onwards, some reconnaissance work on uranium was

carried out by the National Geological Survey, and from 1953 to 1959

jointly the IAN and geologists of the US Atomic Energy Commission

(USAEC). The early work by IAN and USAEC consisted of carborne
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scintillometer traverses and the examination of mines, mills and dumps in

the La Baja and Vetas areas. Between 1959 and 1962 IAN alone was res-

ponsible for six field campaigns. As a result of these programmes,

several promising indications of radioactivity were found. The work was

carried out in several regions, in sedimentary, metamorphic and igneous

rocks; occurrences of definite uranium-bearing minerals, however, were

confirmed only in the mining districts of La Baja and Vetas, Municipality

of California, Santander, in some pegmatites in Norte de Santander, and

in a few other regions where minor radioactive anomalies had been ident-

ified.

164. In the period 1963 to 1965 no uranium exploration work was under-

taken in Colombia. In mid-1967 exploration work was revived in a small

way by two geologists on LAN's staff; the number of geologists was

increased to three in 1970. Between 1967 and 1971 LAN's uranium explor-

ation section was reorganized and, under the leadership of Mr. Hernando

Rodriguez Triana, made an extensive bibliographic study to determine the

favourability of various areas of the country, reviewed existing radio-

metric data from MINIMA-S and INGEOMINAS, examined INGEOMINAS rock samples

(70 000 specimens), and completed a 10 000 km carborne survey of the road

networks in the Departments of the Santander, Boyacá, Antioquia, Huila,

To lima and Meta and the Intendencia of Caquetá. As a result, 106 radio-

metric anomalies were discovered, and Mr. Rodriguez was able to define

priority areas for exploration as indicated in Figure 14. The extent of

the areas is shown in the table below.

Priority Area

Priority
Priority
(Subtotal
Priority

I
II
I + II
III

78
45
124
196

299
809
108
775

km2

km2

km2)
km2

Total 320 883 km2

The total represents some 28% of the land area of the country
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Figure 14. IAN priority classifications for uranium exploration.
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165. As a result of the energy/financial crisis of 1973-1974, IAN's

uranium exploration programme was substantially increased, leading to a

build-up of the Division of Nuclear Raw Materials to its present size and

structure.

166. Selection of priority areas by Mr. Rodriguez also led to a growth of

interest in uranium exploration in the country by foreign companies.

Various exploration activities have been undertaken by AGIP, ENUSA, TOTAL

(later MINATOME) and URANGESELLSCHAFT since 1974.

167. Owing to this interest, Decree No. 137 of 1975 and Decree No. 625 of

1976 were issued, stipulating that the areas considered most favourable

for radioactive minerals would be designated special reserves. These

zones, shown in Figure 14, are extensions of Mr. Rodriguez's priority

areas of 1973.

B. TOTAL/MINATOME

168. Perhaps the most exhaustive preliminary reconnaissance work done to

date was by TOTAL/MINATOME, which started with a programme of road and

foot traverses at approximately 10 km spacing over the entire country.

This activity was begun on Guajira Peninsula in April 1975, and was

continued systematically throughout Santa Marta, all the Departments of

the Cordillera Oriental (1976) and the Cordillera Occidental (1977). On

the basis of the results, TOTAL/MINATOME applied to IAN for an associa-

tion contract; such an agreement was reached in December 1976.

169. The original area, amounting to 156 000 km , and the residual

areas (14 876 km after the release of 90% of the area at the end of

the first year) are shown in Figures 15 and 18. The residual areas and

their main features of interest are listed in Table 2.

170. MINATOME had invested some $8 milion by the end of 1979. This

amount was spent mainly on geological and general reconnaissance explor-

ation with laboratory support. In November-December 1977, MINATOME

carried out an aerial (helicopter) survey, totalling 4340 line kilo-

metres, over the Quetame Massif. Some trenching and a minor amount
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Figure 15. Exploration concessions of MINATOME,
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Table 2. MINATOME contract areas with features of interest

Name of
area

Area Department Features of
interest

Potential and
future priority

Ocafla 1275 N. Santander/César Bucararaanga gneiss,
granites, Palaeozoic
schist contact zone

Good potential;
priority 3 at
contact zone

San Luis- 715 Caldas/Antioquia Lower Cretaceous Good potential;
Berlin black shales and sands priority 1

La Unión 97 Antioquia Quartz, diorite-mica Nil
schists

Monte Bello 199 Antioquia Granodiorite, raigma- Moderate
tites

Abejorral 217 Caldas/Antioquia Lower Cretaceous, Moderate potential
carbonaceous black (like Berlin)
shales

Irra 409 Caldas/Risaralda Granite, monzonite, Moderate potential
Cretaceous basalt

Chaparral 1027 Tolima Cretaceous Poor - moderate

Gaitania 45 Tolima/Huila Upper Triassic
continental beds Nil

Palermo 1670 Huila Tertiary Gualanday
sediments

Good potential;
priority 2

Prado 662 Huila Tolima Granite, Jurassic-
Cretaceous sediments

Moderate

Sumapaz 6600 Huila/Meta/ Palaeozoic Quetame
Cundinaraarca/Boyacá Group Low potential

Paez 960 Huila/Caucá Granites Poor

Total 13 876
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of a cut-raining reconnaissance was performed at Berlin and, during 1979,

a small non-systematic aerial (helicopter) survey was made at Sumapaz

(Quetame), along with about 900 metres of drilling (four holes).

171. The conclusion of this drilling programme is very illustrative of

the difficulties encountered in the physical exploration of the country.

In the Quetame area, it was necessary to move the drill to new sites by

suspending it by cable from a helicopter. In moving from the last hole

completed to the next one proposed, the helicopter encountered an air

current that required the pilot to disconnect the cable and drop the

drill. No further drilling has been done by MINATOME since.

C. ENUSA Contract No. 1

17 2. ENUSA started preliminary reconnaissance work in 1974. By mid-1977

the firm had signed an association contract with IAN (this later became

known as Contract No. 1). It covered a total area of 58 371 km . The

areas selected are shown in Figures 16 and 18. The original areas were

as follows:

I. Bucararaanga 44 000
II. Guaduas 5 000 km2

III. Villavicencio 9 000 km2

Total 58 000 kra2

173. During the first year (1977-78) of the association contract SNUSA

carried out reconnaissance exploration consisting of geological and

radiometric traverses and preliminary investigation of anomalies iden-

tified by these methods. As a result of this work, and in conformity

with the clause in the contract stipulating relinquishraent of 90% of the

original area at the end of one year, ENUSA chose 20 areas for more

detailed exploration. These areas are listed in Table 3 and shown in

Figures 16 and 18.
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Figure 16. Exploration concessions of ENUSA Contract No. 1.
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Table 3. ENUSA Contract No. 1 areas with features of interest

Name o f
area

Tocaima

Sardinata

Area
(km2)

436

75

Department

Cundinamarca

N. de Santander

Features of interest

Upper Cretaceous

Cretaceous phosphates

Potential
(June 1979)

Good potential

Moderate potentia

Las Isabeles 1192 Santanderes

Santa Elena

Vanegas

Lebrija

Tunebia

Contratación

Santa Barbara

Aratoca

Pesca

Tuta

Iza

Paipa

Caño Negro

San Alberto

El Silencio

Tarra

Las Flores

Floresta

318 N. de Santander

45 Santander

487 Santander

720 N. de Santander

374 Santander

245 Santander

200 Santander

15 Boyacá

70 Boyacá

66 Boyacá

60 Boyacá

93 Cundinamarca

783 César/Santander

18

494

49

Santander

Santander

Santander

89 Boyacá

Gneiss de Bucararaanga,
Palaeozoic (Silgava)

Gneiss de Bucaramanga,
Cretaceous sandstones

Cretaceous phosphates

Jurassic (Girón)

Upper and Lower
Palaeozoic

Jurassic (Girón)

Palaeozoic (Silgara)
Granites

Cretaceous phosphates

Cretaceous phosphates

Cretaceous phosphates

Cretaceous phosphates

Palaeozoic (Quetame
Group)

Gneiss de Bucaramanga
Quartz-monzonite
pegmatites

Jurassic (Girón)

Jurassic (Girón)

Palaeozoic sediments,
Jurassic (Girón)

Palaeozoic sediments,
Jurassic (Girón)

(phosphates)

Moderate potential

Moderate potential

Low potential

Moderate potential

Moderate potential

Very good potential

Low potential

Low potential

Low potential,

depending

on phosphate

exploitation

Good potential

Moderate potential

Low potential

Low potential

Moderate potential

Moderate potential

TOTAL 5833
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174. By June 1979, work had been completed in 12 of Che areas, with

ground traverses at 250, 500 or 1000 metre intervals, depending on con-
2

ditions. Some 1104 km had been surveyed in detail out of a total of

5834 km (or 18.9%); work continued through the remainder of 1979,

with no systematic aerial surveying or drilling perfomed. In the early

part of 1980, a systematic rotary-wing aerial survey was carried out over

San Alberto Tarra, El Silencio, Santa Elena and Tunebia. Approximately

four to five million US dollars were spent by ENUSA on preliminary

reconnaissance and the above work under Contract No. 1.

D. ENUSA Contract No. 2

175. In the middle of 1978, a new association contract was signed with

ENUSA for exploration in Vaupés and Guainia, Interior Zone (Figure 17 and

18). In view of the difficulty of exploring in these areas, the terras of

the contract were slightly modified to take into account the fact that

there are only four months per year of dry weather. The areas are as

follows:

Area
Area

Total

21,
22,

Guainia
Vaupés

27
30

58

180
870

050

km2

km2

km2

176. By June 1979, ENUSA had carried out the following reconnaissance

work:

(a) Vaupés: 19 traverses totalling 73.4 km and covering an approx-
imate area of 3800 km2 (12.3% of the total area); and

(b) Guainia: 26 traverses totalling 75.5 km and covering an area
of approximately 4300 km2 (15.8% of the total area).

2
The total is thus 45 traverses (148.9 km), amounting 8100 km , or 13.9%

of the area. Eight radioactive anomalies were found in each area.
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Figure 17. Exploration concessions of ENUSA Contract No. 2.
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17 7. ENUSA intends to conduct an aerial spectroraetric survey over the

whole of these two areas; this is planned for December 1980 - January

1981. Only after the results of this survey have been analysed will the

areas for retention (10%) be defined.

E. COGEMA

178. COGEMA (France) has been carrying out preliminary exploration since

1978 and recently signed an agreement with IAN under which the firm will

be allowed to conduct preliminary exploration over a four-year period;

this may lead to an association contract. The company's main interest

appears to be in the Interior Zone, an area in the Serranía de San Lucas

west of IAEA/UNDP Area II, and in the area north of Ocafla (Norte de

Santander) up to the Venezuelan frontier. COGEMA does, however, have

four years to decide on areas to be requested in an association contract

and a further year to decide on the 10% areas to be explored in detail.

F. PNC

179. PNC (Japan) geologists undertook a mission during July-October 1977

in order to make a preliminary study of the uranium potential. It is

understood that the company carried out exploration in the country during

1979-80, but without any official agreement. An aerial radiometric sur-

vey is being conducted over Jurassic rocks on the southeastern edge of

the Santa Marta Massif, in the Departments of Magdalena, César and

Guajira. Carborne radiometric and geocheraical work has also been done in

the Departments of Huila and Caquetá. This may lead to a request for an

association contract.

G. Other companies

180. In the period 1974-76, URANGESELLSCHAFT and AGIP carried out pre-

liminary exploration, but appear to have withdrawn. Whether their decis-

ions were based on geological or political/legislative reasons is not

known. KMC (Republic of Korea) also carried out preliminary reconnais-

sance work in 1978, but no decision appears to have been reached.
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H. IAEA/UNDP technical assistance

181. The first contacts between the IAEA and IAN in respect of uranium

exploration were made in 1972 when an Agency staff member visited IAN's

division of Raw Materials with the aim of helping the organization to

assess the work done to date and to discuss possible future programmes

and technical assistance. Subsequently, in 1973-74, the IAEA provided

one field expert and some exploration equipment.

182. In 1976, IAN requested technical assistance in uranium exploration

through the Agency to be financed by the United Nations Development Pro-

gramme (UNDP). The first draft project document was prepared in 1976 by

IAN with Agency assistance. The document went through several revisions,

and the project did not commence until October 1978, at which time the

Project Manager, Mr. M. Tauchid, arrived. The project is designed to

strengthen IAN1s Division of Raw Materials through the use and demonstra-

tion of modern uranium exploration methods in three field areas; these

are given below (see also Figures 6 and 18).

Departments Designation Area
(km2)

Area I Córdoba and Antioquia

Area II Bolivar and Antioquia

Area III Santander

San Jerónimo

Serranía de
San Lucas

Zapatoca

6230

5025

1200

183. The project is being executed by the IAEA utilizing long-term

experts, short-term consultants, foreign sub-contractors and IAEA-

supplied equipment; the total IAEA/UNDP contribution in the initial

phase amounted to &760 000. The project is being carried out jointly

with IAN's Division of Raw Materials, which supplies field and laboratory

staff. A crew of geologists from COLURANIO has also been assigned to the

project to conduct field work. On the advice of a consultant, an aerial
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spectrometric survey was carried out under a sub-contract with Geodata

International Inc. (Dallas, Texas, USA) over all three areas, for a total

of 7300 line kilometres. Geological mapping has been completed in Area

III, as has radioraetric, stream sediment and stream water geochemical

surveying. Anomaly areas have also been identified (see Figure 19).

Exploration drilling has been initiated to test a previously known

anomaly (Quebrada del Ramo). Five holes, totalling 540 m, had been com-

pleted at the time of the Mission.

184. In Area II, the aerial survey results, which indicate numerous total

count, thorium and uranium anomalies, were being analysed, and one feasi-

bility/reconnaissance mission had been undertaken for the purpose of

studying logistics and suitable working areas.

185. In Area I, the aerial survey results were completely negative; it

is thus probable that no follow-up ground work will be undertaken in this

area.

186. In February 1980, an agreement for the extension of the project for

an additional 18 months (to April 1982) was signed by IAN, UNDP and the

IAEA. The additional IAEA/UNDP contribution amounts to ¿340 000 (this

figure does not take into account LAN's cost-sharing contribution).

I. COLURANIO

187. COLURANIO consists of six state agencies. It plans to carry out

advance exploration, development of uranium resources, ore processing and

marketing of the product. At the present time, it acts as a technical

assessor of MINATOME's work and will have the same function in respect of

work carried out by ENUSA when the association contract with IAN is

transferred to COLURANIO.

188. Its own work is currently focuses on the reserved Area IV, Cali-

fornia, Santander, which has a long history of gold mining and geological

investigations.
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J. IAN

189. By 1978, the Division of Raw Materials had (i) "covered" some 30% of
2

the original reserved area of 321 000 km , (ii) completed 16 000 km of

carborne survey, and (iii) discovered some 260 radiometric anomalies (the

total number of anomalies in now 300).

190. At the present time, its main efforts are directed towards co-

operation with IAEA/UNDP project personnel and the fiscalization of

company activities. It is foreseen, however, that exploration activities
2

within the 321 000 km area will continue after the termination of

IAEA/UNDP assistance to the project as trained local personnel will then

be available, making an expansion of activities possible. The present

annual budget of the Division of Raw Materials is 25 000 000 Colombian

pesos or $500 000.

K. General comments

191. The first impression gained from a review of uranium exploration in

Colombia is that there has been a very marked reliance on elementary

radiometric foot and carborne traversing by both the foreign companies

and IAN. This would suggest "anomaly hunting", an activity that is

detrimental to acquiring a wider understanding of geological favoura-

bility; it is true, however, that a large amount of geological data has

been acquired and, at least in the case of the early MINATOME and C0GEMA

work, this has been applied in the further selection of other favourable

areas.

192. It is none the. less surprising that so little aerial survey work,

photo interpretation, geochemical/emanometric work and drilling have been

undertaken. The lack of systematic application of normal, modern methods

of uranium exploration appears to be disadvantageous to both the private

companies and the Government.
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V. STATISTICS ON KNOWN RADIOACTIVE ANOMALIES

A. Introduction

193. In a comparatively brief period of time - essentially the decade of

the 1970s - a very substantial number of radioactive anomalies and

uranium occurrences have been located in Colombia. It would be possible

to present these geographically by host rock or by age, but, as an intro-

duction, the statistics of occurrence are given first, followed by a

classification of occurrences according to the IUREP categories. (1.

quartz-pebble conglomerates; 2. Proterozoic unconformity-related occur-

rences; 3. disseminated inagmatic, pegmatitic and contact occurrences in

igneous and metamorphic rocks; 4. vein occurrences; 5. sandstone and

sedimentary rock occurrences; and 6. other occurrences).

B. Statistics on radioactive anomalies and uranium occurrences in

Colombia

194. It should be realized that the definition of "radioactive anomaly"

is difficut and equivocable. Most workers in Colombia have used the most

common definition, which is a measure of radioactivity at a point or a

limited location that is at least two and a half times greater than the

background radioactivity of the local host rocks. This definition seems

to have been generally applied in respect of the anomalies listed for

Colombia; there may, however, be some exceptions. Another difficulty is

in the sheer number of "anomalies" in prolific areas. For example, in

the Contratación area of Santander, anomalies are very numerous. If all

radioactive boulders in the streams of hillsides were counted, the number

would be very considerably greater than at present. By contrast, owing

to evidence in the phosphates beds of La Luna Formation of continuous

radioactivity in the stratiform beds, it is difficult to classify the

individual anomalies. The judgement of field geologist in defining

anomalies must therefore be accepted. Furthermore, very little use has

been made of field gamma-ray spectrometers, and discrimination for U, Th

and K has been rare in reporting anomalies. The numbers in most cases

therefore refer to total count radioactive anomalies.
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The figures presented below are aggregate totals taken from the geolog-

ical reports of IAN, IAEA/UNDP project, MINATOME, ENUSA, COGEMA and PNC.

Table 4. Approximate geological distribution of radioactive anomalies

and uranium occurrences known at present (1980)

IUREP deposit
classification

Total no.
of anomalies

Percent
age of
total

Per
10

cent
20

graphic
30 40

distribution
50 60 70 80

Quartz-pebble
conglomerates

Proterozoic
unconformity-
related deposits

Disseminated
magmatic,
pegmatitic and
contact deposits

Vein deposits

Sandstone and
sedimentary-type
deposits

(a) Precarabrian
(b) Palaeozoic

(Carb.)
(c) Upper Triassic
(d) Triassic-

Jurassic
(e) Upper Jurassic

Lower Creta-
ceous (Girón)

(f) Lower Creta-
ceous (Berlin-
type)

(g) Upper Creta-

1

-

266

28

(1067)

7

111
2

1

371

267

263

0.1

-

19.5

2.1

(78.3

0.5

8.2
0.2

0.1

27.1

19.6

19.3
ceous (phosphates)

(h) Tertiary
(Palermo) 45 3.3

Other types of
deposit - -

TOTAL 1362 100
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19 5. The total figure for the whole country as of February 1980 is 1362

anomalies, although it should be noted that this is an approximation and

subject to the above qualifications and limitations. An attempt was made

by the Mission to break down this total in two ways - geologically and

geographically. The results are shown in Table 4. The figures could

also have been broken down according to agent of discovery (for example,

IAN or the individual companies) , but it was felt that this would be

invidious and of little value to the present exercise.

196. Geologically, there are four principal areas of high distribution in

the IUREP classification and the geological column:

(a) Disseminated raagmatic, pegmatitic and contact occurrences in
igneous and raetamorphic rocks (19.5%); and

(b) Sandstone and sedimentary rock occurrences (78.3%), broken down
into:
(i) Palaeozoic rocks (8.2%)
(ii) Upper Jurassic-Lower Cretaceous (Girón) rocks (27.1%)
(iii) Lower Cretaceous (Berlin-type) rocks (19.6%)
(iv) Upper Cretaceous (La Luna phophate) rocks (19.3%)

The other main IUREP classes - quartz-pebble conglomerates, unconformity-

related deposits, veins and others - only account for 2.2% of the total;

most of these are vein-type occurrences.

197. Geographically, the country is divided into (a) the Pacific Zone,

(b) the Caribbean Zone, (c) the Andean Zone [sub-divided into (i) the

Cordillera Occidental, (ii) the Cauca Basin, (iii) the Cordillera

Central, including Santa Marta Massif, (iv) the Magdalena Basin, and (v)

the Cordillera Oriental], and (d) the Interior Zone (Orinoco-Amazonas).

198. The numerical distribution of anomalies is shown in Table 5. In

terms of percentage of the total number, anomalies are obviously pre-

ponderant in the Cordillera Oriental; the Pacific and the Caribbean

Zones, as well as the Cordillera Occidental, have shown very low (or

zero) incidence of anomalies to date. A very general attempt has been

made to relate this to the amount of uranium reconnaissance exploration

that has been carried out in each of the above areas.
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199. Areas investigated at reasonable reconnaissance survey levels are

difficult to select; nevertheless, it was decided to use the final

association contract areas after rejection of 90% of the original areas

plus the three IAEA/UNDP areas that have been aerial surveyed. It is

realized that much early reconnaissance work by IAN, MINATOME and ENUSA,

and more recently by other companies, was done outside such areas; how-

ever, as the aim is merely to obtain a rough approximation of the work to

date and to group anomalies using geographic criteria, the procedure

adopted was considered to be the best method of comparison available.

Table 5. Geographic distribution of radioactive anomalies and uranium
occurrences

No. of Percen Total Reconnais Percen No. of No. of
Area anomalies/ tage of area sanee survey tage of anomalies anomalies

occur total (km^) completed area per 1000 per 1000
rences in km^ surveyed km^ km^

(whole surveyed
area)

Pacific Zone

Caribbean Zone

Andean Zone

- Cordillera
Occidental

- Cauca basin

- Cordillera
Central

- Magdalena
basin

- Cordillera
Oriental

Interior Zone

—

-

(1343)

21

13

284

18

1007

19

-

98 6

1.5

2.4

19.4

1.3

74.0

1.4

59

127

351

59

12

83

57

137

600

450

518

150

650

580

890

100

930

750

—

6

(26

-

8

3

14

8

230

935)

409

325

728

473

100

—

4.9

7.7

0

3.3

9.9

6.5

10.4

1.3

—

-

3.8

0.3

1.0

3.4

0.3

7.3

0.1

49.8

31.7

34.1

4.8

69.5

2.3
(Ori nc o-Amazonas)

TOTALS 1362 100.0 1 141 748 41 265 3.6 1.2 33.0
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200. It should be noted that, on this basis of calculation, only 3.6% of

the country has been surveyed at a reasonable reconnaissance level. In

the comparison of the geographic areas, the most favourable area, as
2

expected, is the Cordillera Oriental, with 69.5 anomalies per 1000 km
2

in the areas surveyed as against 7.3 anomalies per 1000 km for the

whole area. This is followed in apparent favourability by the Cordillera

Central, the Cauca Basin (the latter may be erroneous as some of the Irra

anomalies should perhaps be considered as belonging to the Cordillera

Occidental), the Cordillera Occidental, the Magdalena Basin and the

Interior Zone. No anomalies have been recorded in respect of the Carib-

bean Zone, although one area has been prospected under the IAEA/UNDP-

assisted project. No anomalies have been found or prospecting been done

in the Pacific Zone. As the limits and subdivisions of the Andean Zone

are difficult to define, the assignment of anomalies is very approximate.

201. Present evidence for radioactive anomalies and uranium occurrences

in the Interior Zone is derived from the short field campaigns of ENUSA

in December 1979 - February 1979 in their two contract areas (21) Guainia

and (22) Vaupés (see.Figure 17).

202. In the Vaupés area, three clastic sedimentary units of Precambrian

age, principally conglomerates, sandstones and mudstones, and outcrop and

have a normal radiometric background of 50-80 cps (SPP-). One point

anomaly of 320 cps was found in the sandstones.

203. These sedimentary units lie discordantly over igneous and meta-

morphic rocks of the Mitú" migmatite complex. Within this complex, a

further seven anomalies were found that gave readings ranging from 600 to

3000 cps on a background of 120-300 cps. Spectrometer analysis indicated

high thorium.

204. In the Guainia area, elastics, fluviae rocks, sandstones, conglom-

erates and claystones, all lightly metamorphosed, lie discordantly over

the Mitú migmatite complex. Seven radioactive anomalies were found in

the sandstones and conglomerates of the Roraima area with values up to

3000 cps over backgrounds of 15-75 cps and with some lateral continuity.

In the Mitú migmatite complex one point anomaly reading of 5000 cps over
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a background of 400 cps was obtained. SpectroraeCric analysis indicated

high thorium. Some granites in this area have background values of up to

500 cps. No other radioactive anomalies or uranium occurrences in the

Interior Zone were reported to the Mission.

VI. PAST PRODUCTION AND CURRENT STATUS OF RESOURCES

A. Past production

205. There have been several statements in publication to the effect that

Lhere had previously been some production of uranium in Colombia. What-

ever the original source, this is repeated in the IUREP National Favour-

ability Study: Colombia:

"In 1961, about 2000 metric tons of U3O8 were reportedly mined
from the California region. Samples showed a grade ranging from
0.06% to 1.15% of U3O3 with selected samples containing as much
as 7%."

The IUREP Phase I Report (page 245) contains the following statement:

"It is reported that in 1961 around 1500 tonnes of uranium were
mined from the California region ..."

206. This is a confusion between "uranium" and "uranium ore". In 1962,

an IAEA preliminary assistance mission reported:

"... some mining has been carried out by a private company yielding
2000 tons of uranium-bearing ore on which some testing has been done
in Germany and Czechoslovakia with the objective, at the time of
testing, of installing ore concentration and treatmment facilities.
The mined ore is stockpiled."

As far as the Mission can understand, on the basis of information

obtained at California and from IAN, this is in fact the situation.
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B. Current status of resources

207. There are, at present, no uranium reserves in Colombia that conform

to the NEA/IAEA definition of "Reasonably Assured Resources" or

"Estimated Additional Resources" (see Annex A). For three occurrences

currently being explored - Contratación (ENUSA), Berlin (MINATOME) and

(COLURANIO) - it may be possible to declare "reserves" within a few

years. It could be argued that one or all of these three occurrences

could, at present, be classified as Estimated Additional Resources.

208. Estimated Additional Resources refer to uranium, in addition to

Reasonably Assured Resources, that are expected, mostly on the basis of

direct geological evidence, in (i) extensions of well-explored deposits,

(ii) relatively unexplored deposits, and (iii) undiscovered deposits

believed to exist along a well-defined geological trend with known

deposits.

209. The three occurrences mentioned above could be considered as being

"relatively explored deposits". However, as none of the three companies

responsible appears to have attempted any calculation of content, the

Mission believes that the occurrences would be better accommodated within

the Speculative Resources category (see Section VII) at the present

time. The Mission alone is responsible for such estimates.

210. Uranium-bearing phosphate rocks: Another matter that warrants dis-

cussion in this regard is the uranium-bearing phosphates in the Depart-

ments of the Santander, Boyacá, Cundinamarca, Toliraa and Huila found in

Upper Cretaceous rocks. INGEOMINAS, in 1978, postulated a total of 674

million tonnes of phosp.hate; it is claimed by Rodriguez Triana that the

uranium content varies between 80 and 350 grams per tonne with an average

of 150 g/t. Other writers have indicated 400 million tonnes with an

average content of 100 g/t. The quantity of uranium could apparently lie

within the range of 40 000 to 100 000 tonnes.

211. As elsewhere in the world, this occurrence could probably become a

reserve only if uranium could be produced as a by-product of a triple

superphosphate industry at under $130 per kilogram using available tech-

niques.
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212. As the likelihood of a sufficiently large triple superphosphate

industry being developed in Colombia in a meaningful time scale is remote

and uranium production at below the ¿130 per kilogram very doubtful, the

Mission wishes to suggest that uranium in phosphates (except in partic-

ularly rich occurrences) should not be considered either as Reasonably

Assured, Estimated Additional or Speculative Resources.

213. In the Mining Annual Review of 1978 (London, p.394) it is stated

that "Colombia's uranium reserves are estimated at 40 000 tonnes". The

Mission investigated the origin of this report, discovering that it was

apparently provided by INGEOMINAS on the basis of phosphate rocks. The

figure was not qualified by INGEOMINAS and was thus misinterpreted and

inappropriately used by the publication.

VII. SPECULATIVE RESOURCES

A. Introduction

214. In Colombia all uranium resources are speculative. Known occur-

rences, showings or anomalous areas are descibed wherever they are used

as elements of the geological speculations, along with other character-

istics of the geologically favourable areas of the country. For purposes

of discussion, Speculative Resources are defined as follows:

"Speculative Resources refer to uranium, in addition to Reasonably
Assured Resources and Estimated Additional Resources (see definition
in Annex A ) , that are thought to exist mostly on the basis of
indirect evidence and geological extrapolations, in deposits dis-
coverable with existing exploration techniques and exploitable at
costs less than ¿130/kg U with present mining and processing tech-
niques. The location of deposits envisaged in this category could
generally be specified only as being somewhere within a given region
or geological trend."

Speculative Resources are expressed in a range of values that indicate

the extremes which the Mission believes to be possible and most likely.

215. In presenting this general impression of Speculative Resources that

are thought to exist: in Colombia, a number of factors must be emphasized,

in addition to the fact that the exercise is highly subjective in
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nature. The totals are not meant to indicate ultimate resources of

uranium since the perspective is defined by current knowledge which, in

the case of Colombia, is still severely limited. For this reason,

assessments of Speculative Resources may change as cumulative geological

knowledge increases. It should also be emphasized that, even if these

Speculative Resources exist, there is no guarantee that they will be dis-

covered, or, if discovered, that they will be exploitable. In other

words, these estimates imply nothing about discoverability or availa-

bility. Serious constraints may well arise on many fronts, such as dif-

ficulties in accessing favourable areas for the purpose of exploration,

inadequacies in uranium exploration techniques, the rate of discovery

once exploration commences, conflicts over land use where discoveries are

made, difficulties in capital formation and allocation, and the availa-

bility of trained manpower. In addition, the rate of discovery will be

controlled primarily by the incentive to explore. The incentive to ex-

plore will be strongly influenced by forecasts of market prices for

uranium. Given these constraints, and in view of the long-lead times

needed for exploration, mine development and production, it is likely

that a major portion of these Speculative Resources will not be dis-

covered and brought into production until the first quarter of the

twenty-first century or later.

216. In view of the qualifications noted above, it is essential to

emphasize that the tonnages for Speculative Resources given in Section I

and Table 10 should not, under any circumstances, be used for nuclear

power programme planning purposes. Rather, they should be viewed as a

qualitative measure of the present state of geological knowledge, with

all the inherent uncertainties, and looked upon as a guide for estab-

lishing priorities for future evaluation efforts.

217. In order to provide a background to the favourable areas and Spec-

ulative Resources of Colombia, the favourable geologic settings for

uranium in the world are reviewed in Annex B.

B. General statement

218. Colombia is a country with a complex geological setting and a very

large area, one that presents immensely difficult logistic problems in

exploration due to the topographic, climatic and geographic diversity.

- 81 -



Although no official uranium reserves exist, and while uranium mineral

occurrences are only moderate in number, the number of radioactive

anomalies in a wide variety of rocks and geological settings is

relatively high. Despite a long history of Government exploration and

considerable activity by private companies over the period 1974-1980,

uranium exploration in Colombia must be regarded as being in its infancy

as compared to the main uranium-producing areas of the world. These

factors, therefore, have forced the IURSP Orientation Phase Mission to

rely heavily on comparative geology when assessing the Speculative

Resources of the country.

219. In view of the geological studies of Colombia undertaken to date

(see Section III) and what is known about favourable world settings for

uranium deposits (Annex B), the Missions's summarized view of the most

favourable geological formations for Speculative Resources and explora-

tion targets is, in stratigraphic order from older to younger geological

units, as follows:

Stratigraphic unit Initial rating *

l.Proterozoic

(a.l) Roraima and Roraima-like cover,
quartz-pebble conglomerate, or B(?)
Gabon-type deposits

(a.2) Unconformity-related deposits B(?)
(b) Mitu raigmatite complex ?
(c) Precarabrian Cordillera

2. Caledonian and/or Caledonian-Hercynian massifs (blocks
of complex and/or repeated intrusions in a Proterozoic basement)

(a) Santander Massif A(?)
(b) Garzón Massif C
(c) Santa Marta Massif C(?)
(d) Cordillera Central Massif (mapped as Jurassic

or Cretaceous, but possibly Hercynian) C+

3. Upper Palaeozoic continental clastic units

(a) Quetame Massif ) sandstone epigenetic types
 A

(b) Santander Massif ) C
(c) Vaupés sandstones (age unknown above Cambro-

Ordivician base) 3-C(?)
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Stratigraphic unit Initial rating *

4. Triassic-Jurassic sandstones (Giron)

(a) Northern basin around Santander Massif A
(b) Middle Magdalena Basin (Payande Group) B
(c) South and west of Garzón Group C

5. Lower Cretaceous rocks

(a) Cordillera Central (Berlin Basin) A
(b) Other Berlin-type basins in the Cordillera

Central C

6. Upper Cretaceous phosphate rocks

The uranium contact probably does not come with the
definition of Speculative Resources. This is -
essentially an industrial problem,

7. Pre-Miocene Tertiary basin

(a) Upper Magdalena Basin A
(b) Southern part of Tertiary basin within

Cordillera Oriental ?
(c) Marginal basins on eastern flank of Cordillera

Oriental (south of Sierra Nevada de Cucuy to B
Garzón Massif)

* "A" denotes potential for discoveries on the basis of exploration
models and geological settings that are relatively well defined; "B"
signifies that exploration plays are defined in general terms (little
precise information available); "C" signifies that exploration plays
are possible with lower priority than at present; "?" indicates that
further information could lead to a radical change in priorites over
the short term.

220. There are many possible sedimentary basins of Tertiary age that are

very difficult to define in significant detail throughout the Cordillera

Oriental and the Interior Zone. The large Mitú migmatite massif is

probably complex, but has not been investigated in sufficient detail to

warrant a discussion of any length.

221. After due consideration, the Mission decided that it might be more

useful to base its discussion of speculative potential and exploration

requirements on the IUREP classification of uranium deposits (as was done
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in Section V for radioactive anomalies and occurrences of uranium) and to

use the above summary of geological targets to sub-classify the potential

ores, sub-dividing them according to geological age and geography. Tech-

nical recommendations in respect of further exploration were made without

taking into account the question of which entity might actually pay for

and carry out the work suggested.

VIII.RORAIMA, INCLUDING QUARTZ-PEBBLE CONGLOMERATES

222. The principal information made available to the Mission was from Dr.

Jaime Galvis, geologist at INGEOMINAS, and from ENUSA. One main area

lies parallel to the Rio Meraachi, a north-flowing tributary of the Rio

Guainia and immediately north of an indenture in the Brazil-Colombia

border (Figure 3). The age of the conglomerates is not known exactly,

but it has been proven that they are older than the intrusive granites of

the area, which have been assigned an age of 1500 m.y. The Meraachi area

lies within the ENUSA Contract No. 2 area of Guainia (Figure 17) and

further west in the Río Inirida-Río Las Vimas-Río Tambon area extending

north from the Brazil-Colombia border towards the Rio Guaviare. ENUSA

geologists have also found evidence of quartz-pebble conglomerates.

223. ENUSA1s June 1979 report contains the following information:

"The Rorairaa Formation is composed of a sedimentary conformable
sequence with broad synclinal and anticlinal structures on whose
flanks faults are frequently found. Geomorphologically it gives rise
to a series of low hills which extend to the Rio Cuiary on the
Brazilian border in a northwesterly direction to the Rio Inirida.
To the northeast of the river, the structures are narrower but main-
tain a N 30 W trend.

"Lithologically, the formation, where it can be observed, is com-
posed of quartzose sandstones, oligomictic conglomerates, quartzites
and phyHites.

"The sandstones have been divided into ortho-quartzites, arkoses and
fine-grained argillaceous sandstones. They show considerable
recrystallization, occasional cross-bedding and undulating strati-
fication.

"The pebbles in the conglomerates are essentially quartz; to the
south of Niya Stream, on the west flank of the Niya anticline, a
polymictic conglomerate was observed with 50-70% quartz, 20-30%
light-coloured rocks and 10-20% magnetite, mica, zircon and other
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minerals in a sandy-argillaceous matrix. It was observed that this
conglomeratic horizon stands in contrast to other types of rocks
reported in the formation as it lacks characteristic features of
high-grade diagenesis and is texturally different and immature.
Anomalous radiometric values were reported at the sub-arkose
recrystallized level in the medium-grained sandstone within a
rauscovite-rich matrix in the Serra Bocón. The polyraictic con-
glomerate also shows anomalous values in Niya Stream where it out-
crops. A large traverse was seen, giving values that were above
background".

224. A sample taken from an anomaly in a polymictic conglomerate located

in the Caranacoa area (in a small tributary of Rio Inirida) gave an

uranium value of 21 ppm. A thorium analysis was not available.

225. Dr. Galvis indicated that the quartz-pebble conglomerates became

more and more metamorphosed towards the west. Specimens collected by

Dr. Galvis showed considerable pyrite content, both in rough, hard spec-

imens and in polished sections.

226. On the extremely meagre evidence available/ which only includes one

very weak identification of uranium in the conglomerate, it is very dif-

ficult to postulate a range of values for Speculative Resources in the

quartz-pebble conglomerate of Colombia. At the lower extreme, there may

be virtually no uranium present, or the uranium content may be so low

that these rocks will never represent a uranium reserve given the $130/kg

U limitation. The lowest estimate must therefore be put at zero. On the

other hand, there are a number of favourable criteria associated with

these conglomerates, among which are the following: (i) they contain

pyrite (ii) they appear to be very similar in character to the South

African, Canadian and Brazilian oligomictic conglomerates (iii) they must

be very extensive, appearing to be about 90 km apart at their widest and

about 200 km in length (iv) there is one radioactive occurrence (very low

uranium content in geochemical analysis) in a polymictic conglomerate (v)

surface and near-surface leaching in this area must be very complete and

very deep (vi) very little is as yet known about these conglomerates.

Another very important point is the age of this formation; it appears

younger than what is found in the reference localities for this kind of

deposit. This consideration should not lead to unduly negative conclu-

sions.
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227. Giving due consideration to all these points and taking into account

the fact that quartz-pebble conglomerate provinces have high total

uranium content (deposits at, for example, Witwatersrand, South Africa,

and Blind River-Elliot Lake, Canada, may each have contained at least

500 000 tonnes uranium, including reserves, potential reserves and past

production), it is necessary to set a relatively high figure (100 000

tonnes uranium) as the Colombian Speculative Resources Potential for

quartz-pebble conglomerates.

228. The main part of this region, but not all of it, lies within the

ENUSA Contract No. 2 (Guainia) area. It is understood that ENUSA intends

to carry out an aerial spectrometric survey on its Contract No. 2 con-

cession areas in December 1980 - January 1981. Irrespective of such

plans, the Mission recommends the following:

(a) An aerial gamma-ray spectrometer survey should be carried out
over the entire quartz-pebble conglomerate area whose size is
approximately 250 x 240 km or 60 000 km2 (Figure 20, Area
IA) . This should be done at 2.0 km or wider line spacing,
amounting to some 30 000 line km. At $50 per kilometre, the
estimated cost would be approximately ¿1 500 000.

(b) The aerial survey may show that uranium leaching has been so
great and so deep that the radiometric results may not provide
an adequate estimate of the potential, and detailed geological
mapping will be necessary. Ground follow-up work must there-
fore include (i) photogeological and radar interpretation,
geological mapping, geochemical (particularly heavy mineral)
sampling and ground radiometric surveys of the whole area (this
would probably require four full seasons at an estimated total
cost of $5 000 000), and (ii) detailed geochemical and radon
surveys of principal quartz-pebble conglomerate exposures, with
sub-outcrop trenching (possibly 5000 kmO. The total cost
would be approximately $500 000.

(c) Once all possible surface evidence has been gathered and
assessed, there will be a need for test drilling so as to
obtain elementary structural and raineralogical information
about the quartz-pebble conglomerate at a depth below the
surface leaching zone. It is recommended that at least 10
holes, each averaging 250 metres in depth, be drilled for this
purpose. This would probably cost some $750 000.

229. It is estimated chat the work necessary for determining whether the

quartz-pebble conglomerates should be considered as Speculative Resources

would cost $7 810 000. This excludes any detailed work needed to prove

uranium reserves or the existence of a commercial prospect. Such work
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would require a drilling programme on a vastly larger scale and a con-

sequently larger investment.

IX. PROTEROZOIC UNCONFORMITY-RELATED DEPOSITS

230. There is even less concrete evidence for the possibility of Pro-

terozoic unconformity-related deposits in the Llanos Orientales of

Colombia than for quartz-pebble conglomerates. The Proterozoic dis-

cordant cover of the Mitú complex appears to be of approximately the same

age as the Athabasca sandstones (Saskatchewan, Canada) or the Kombolgie

Formation (Northern Territory, Australia). In general terras, the Roraima

Formation can be considered as a Middle Proterozoic platform deposit over

a Lower Proterozoic gneissic, migmatitic complex.

231. As in the case of the quartz-pebble conglomerates, the lower limit

of a possible Proterozoic unconformity-related deposit would have to be

taken as zero. Any other figure would be contingent upon the existence

of favourable lithologies in the basement, such as graphitic metapelites

and carbonate horizons in a differentiated metamorphic sequence. What is

known of the complex at present is not encouraging, as indicated by the

name "Mitu migmatitic complex", which applies to the entire region.

232. The same rather pessimistic conclusion would also apply for a more

far-fetched alternative, whereby the discordant clastic cover considered

would be sandstones of the Araracuara Formation (the new, formal name

proposed for the Vaupés sandstones). This rather remote possibility will

be dealt with again under the same heading as the formation itself.

233. It is suggested that in any prospection directed towards a quartz-

pebble type of deposit at the base of the Roraima Formation, account

should be taken of the possibility of unconformity-related uranium

deposits near the contact between the basement and its cover. Because

the area where the possibilities of identifying this type of deposit is

quite large, an exploration budget of $21 000 000 is suggested. This

includes provisions for aerial surveys, ground follow-up and drilling

(see Table 10).
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X. DISSEMINATED MAGMATIC, PEGMATITIC AND CONTACT DEPOSITS IN IGNEOUS

AND METAMORPHIC ROCKS

234. While some 19.3% of all recorded anomalies fall into this category,

the possibility of locating deposits of economic significance is doubt-

ful, except in the case of contact deposits.

A. Disseminated magmatic deposits in intrusive and extrusive igneous

and metamorphic rocks

235. There are numerous radiometric anomalies in the Cordillera Oriental

and the Cordillera Central that fall into this category. They appear to

be mainly caused by local concentrations of normal radioactive accessory

minerals in granites and gneisses. No indications have been obtained to

date that would suggest that any of these anomalies could be developed

into a commercial deposit. The very strong haematitic coloration asso-

ciated with urano-thorite/urano-thorianite deposits - such as the Ross

Adams deposit in Alaska or the Alio Ghelle deposit in Somalia - is not

known in Colombia. There is no evidence of episyenites such as in France

and Portugal. None of the known anomalies have any similarity to the

pegmatitic alaskites of Rossing in Namibia or the the basic syenite rocks

of Illimaussaq in Greenland and Pogos de Caldas in Brazil. There is also

no evidence that met: a sediment disseminations such as those at Fé in Spain

or in Nisa, Portugal, exist in Colombia.

236. Although some small deposits of this type may eventually be found,

the Mission is of the opinion that Speculative Resources in this category

are likely to be low and should be expressed in the range of zero to 1000

tonnes uranium.

237. No special exploration efforts are recommended with regard to this

type of deposit. In the general reconnaissance work currently under way

and which will continue in future, careful evaluation of all disseminated

type anomalies should be made especially to check for mineralized alas-

kites, episyenites and urano-thorite replacement-type deposits, all of

which are characterized by very strong and extensive haematitic altera-

tion.
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238. The metasediment-type deposits of Fé and Nisa are located within the

metamorphic aureole of metasediment schists close to an intrusive

granite. The deposits are characterized by a dissemination of secondary

uranium minerals in small points and cracks in the metasediments.

239. It is known that carbonatites have been found in the Cerro Impacto

in Venezuela and should be sought in the Colombian Llanos and the

Amazonas. If they exist, they should be located by aerial photographic

investigation and during the course of the aerial radiometric survey

already recommended.

3. Pegmatites

240. As noted in Section V, uranium occurrences in acidic pegmatites are

common in Colombia. Current evidence points to the fact that they are

all normal acidic pegmatites; no unusual occurrences that would suggest

the possibility of Rossing or Bancroft-type deposits have been noted.

Normal acidic pegmatites, while frequently providing spectacular uranium

mineral specimens, have been notoriously poor in providing commercial

deposits (except for the two exceptional deposits mentioned above). It

is possible that some uranium could be recovered as a by-product of mica

and/or feldspar mining, and it is also* possible that a few pegmatites may

have sufficient uranium mineralization to warrant exploitation. Never-

theless, the Mission believes that the possibilities are small and would

prefer to state Speculative Resources as being in the range of 0 to 500

tonnes uranium. Again no special recommendations are made to encourage

exploration for pegmatite-type occurrences.

C. Contact deposits

241. The contact occurrences in the San Alberto-Ocaña area of César-Norte

de Santander appear to have much higher potential than the other types of

disseminated deposits. The occurrences described are in mica schist,

along a fault contact with Palaeozoic rocks and pegmatites. This type of

geological structure may be repeated not only in other areas of the

Santander Massif but also in the Garzón, Santa Marta and the Cordillera

Central Massifs. This type of deposit appears to bear some similarity
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with the Midnite-Boyd mine (Spokane, Washington, USA), in which the

mineralization is in a sheared granite-metasediment contact and fissures

in the adjacent Late Precarabrian sediments. The Midnite-Boyd deposit

contains an estimated total of 23 000 tonnes uranium.

242. As there are considerable opportunities for a repetition of this

type of occurrence in the fracturing accompanying the emplacement of

granites and pegmatites in all the main massifs, the potential for Spec-

ulative Resources must be reasonably high; accordingly, the upper limit

of the estimate is given as 20 000 tonnes uranium, assuming only three

more occurrences similar to the San Alberto-Ocaña occurrence.

243. As regards to the search for other contact deposits, particular

exploration requirements are discussed later under "National Exploration

Programmes". In the immediate area of San Alberto-Ocafla it is evident

that ENUSA and MINATOME will have their own programmes that will be

executed during the course of the next few years. The Mission is unaware

of particulars, however, and suggests that detailed geological mapping of

the whole area (2060 km ) be conducted, together with geochemical, geo-

physical (VLF) and radon surveys. In the actual fault contact zones,

detailed radon surveys will be required. It is estimated that such

ground survey work may cost $1 000 000 and require two years. The most

important requirement will, however, be drilling to prove structure and

the continuity of mineralization. If a five-kilometre structure is con-

sidered, with 100 metre intervals and an average 200 metre depth, the

requirement would be 50 holes and 10 000 metres of drilling; if costed

at $200 per metre, this would require a ¿2 000 000 investment. One can

assume that three similar contact zones might be found; however, because

of previously acquired knowledge of the San Alberto-Ocafla area, the

detailed exploration requirement would not be as great. The total

investment to indicate Speculative Resources in the contact-type occur-

rence could be $2 000 000 for field exploration and $5 000 000 for drill-

ing with a Speculative Resources target of between 5000 and 20 000 tonnes

uranium.

- 90 -



D. Summary

244. It is suggested that while disseminated and pegmatitic-type deposits

are likely to be of little importance as future uranium resources in

Colombia, contact deposits may be of moderate importance. The situation

is summarized in the table below.

Type of deposit Range of Speculative Resources
(in tonnes U)

Disseminated magmatic type

Pegmatitic type
Contact type

0
0

5000

to
to
to

1000

500
20 000

Total 5000 to 21 500

The total investment required to indicate Speculative Resources is estim-

ated at ¿7 000 000. The breakdown in given in the table below.

Activity Cost (US $)

Aerial survey (included in national
requirement)
Ground surveys
Drilling (25 000 metres)

2 000 000
5 000 000

Total 7 000 000

245. In addition to these recognized areas, consideration must be given

to such areas as the Garzón, the Santa Marta and Cordillera Central

Massifs. The overall possibility of disseminated-type deposits existing

in these massifs appears to be reasonably high, and Speculative Resources

of the order of 1000-5000 tonnes should be considered as an additional

total for these areas. Allowance should be also be made for ground

surveys (¿500 000) and 5000 metres of preliminary reconnaissance drilling

000 000).
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XI. VEIN-TYPE DEPOSITS

A. La Baja-Vetas area (California, Santander)

246. The existence of a deposit of pitchblende and coffinite (0.05-20%

U,0g) in porphyritic rocks and gneisses in the Municipality of

California (Santander) has been known for many years. The radioactive

minerals are contained in mineralized breccias of the vein type (with

pyrite) and accompanied by veinlets of sphalerite, galena, chalcopyrite,

arsenopyrite, pyrite, molybdenite, gold and silver. This area has been

intensely explored for gold (Anaconda, 1947; Inminero, 1970) but rela-

tively little for uranium. In 1967, the Nippon Mining Co. (Japan)

reported the existence of 125 000 tonnes of uranium ore with an average

grade of 0.08% U 0 and valuable gold, silver and copper constit-

uents. More recent work by IAN indicates a continuity of veins to the

southwest. Nippon Mining Co. figures would indicate 100 tonnes of

U-jOg in the explored area. It is assumed that, at present prices,

uranium from this deposit could be produced at under ¿130/kg as a co-

product with gold, silver and copper if a large deposit could be proven.

247. Unfortunately, it is not known exactly what area was prospected.

Most evidence suggests that it was quite limited. There are some indic-

ations of an extension of these veins; numerous untested veins also

exist. Bearing in mind possible depth and lateral extensions, the Spec-

ulative Resources potential of California vein-type deposits is given in

the range of 500 to 2500 tonnes uranium.

248. There is a need to re-raap the area in detail and to carry out

detailed geochemical and geophysical (VLF) surveys over extensions of

these veins. It is estimated that $100 000 would be required for such

work. Once this first phase is completed, drilling at depth and along

the lateral extensions would have to be done in an attempt to indicate

continuity of structures and mineralization.

249. If an eight kilometre length is assumed with two holes at every 500

metres and deeper drilling in the old mine area, it is quite probable

- 92 -



that some 10 000 metres of drilling will be required to indicate the

Speculative Resources potential of the California area; at an estimated

cost of $200 per metre, $2 000 000 would be required.

B. Shear zones in Palaeozoic graphitic greenschists

250. Shear or crush zones in the Departments of Antioquia and Caldas,

where Palaeozoic graphitic greenschists have been intruded by granites

and quartz-monzonites of Jurassic-Triassic age, appear to hold some

promise of economic deposits (Irra, see Table 2). The descriptions make

these occurrences somewhat similar to the contact zones described in

Section X.C, but are more correctly included in a discussion of vein-type

deposits. Mention is made of shear/crush zones with secondary uranium

minerals over 3-5 kilometre strike lengths. Such vein structures could

contain small amounts of uranium. The Speculative Resources potential

may be expressed as 0 to 500 tonnes uranium. Geological, geophysical

(VLF) and radon surveys may be required, at an estimated cost of

$100 000, together with some 1000 metres of drilling costing $200 000.

C. Fracture zones in granites

251. Fracture zones in granites consisting of sericitized, haematitized

and limonitized zones of about two metres showing moderate radiometric

values exist in widely separated areas of the country. These are remin-

iscent of the end zones of European vein zones in granites. Such struc-

tures, after complete surface mapping, require geophysical resistivity/

VLF surveys to establish continuity in depth; if proven, exploration

drilling would then be needed. Evidence of some 10 to 20 such structures

appears to exist from Ocafla, Pamplona and Irra, and small amounts of

uranium may eventually be found at depth in some of them. Speculative

Resources from 0 to 1000 tonnes uranium are suggested. Surface explor-

ation, including detailed geological mapping, geophysical, geocheraical

and radon surveys, would be needed, costing $200 000. An estimated 5000

metres of drilling may be required to check the Speculative Resources

potential of this type of structure; this would cost roughly $1 000 000.
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252. In addition to these recognized areas, consideration must be given

to such relatively unknown areas as the Garzón, the Santa Marta and the

Central Cordillera Massifs. The possibility of vein-type deposits exist-

ing in these massifs appears to be reasonably high and Speculative

Resources of the order of 500 to 1000 tonnes should be considered as an

additional total for these massifs. Allowance should be made for ground

surveys (up to ¿200 000) and for 2000 metres of preliminary reconnais-

sance drilling ($400 000).

D. Summary

253. It is thought that vein-type deposits will occupy only a minor place

in the future uranium resource inventory of Colombia; they should, how-

ever, be properly assessed. The table below gives the range of Spec-

ulative Resources.

Type of deposit Range of Speculative Resources
(tonnes U)

(a) California vein type 500 to 2500
(b) Shear zones in Palaeozoic schists

(Northern Cordillera Central) 0 to 500
(c) Fracture zones in granites

(Santander, Cordillera Central) 0 to 1000
(d) Other massifs

(Garzón and Santa Maria) 500 to 1000

Total 1000 to 5000

254. The estimated investment required to indicate Speculative Resources

is shown in the following table.

Activity Cost (US $)

(a) Aerial survey (covered in national
requirements) -

(b) Ground surveys (chiefly geophysical
and radon 600 000

(c) Drilling (19 000 metres 3 800 000

Total 4 400 000
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XII. SANDSTONE AND SEDIMENTARY-TYPE DEPOSITS

255. As already noted, sandstone and sedimentary rock-type occurrences

are the principal type of occurrence in Colombia, existing in rocks from

Precambrian to Quaternary.

A. Precambrian sediments

256. In the Vaupés and Guainia areas of the Llanos Interiores, ENUSA has

found clastic sedimentary units of the Roraima, principally sandstones,

raudstones and conglomerates, lying discordantly over the Mitú raigmatite

complex in which some relatively minor radiometric anomalies have been

recorded on some very limited exploration traverses. Whereas the oligo-

mictic and polymictic quartz-pebble conglomerates have already been dis-

cussed, it also seems possible for uranium occurrences to be found in the

sandstone and mudstone units of the Roraima. An aerial survey of the

Interior Zone covering some 500 000 km (which has already been

suggested) will be the main activity undertaken to establish whether

uranium occurrences .and possible Speculative Resources exist in these

Roraima rocks. Reconnaissance-level geochemical and radon surveys on a

one-sample-per-10-km basis will also be necessary at the preliminary

reconnaissance stage, and this could cost up to $1 000 000. A provision

for test drilling (some 5000 metres) must also be made, amounting to

roughly ¿1 500 000. These Oklo-Mounana (Gabon) type deposits are

dependent on controls quite different from those in the Phanerozoic era.

At present, insufficient data are available to suggest a speculative

tonnage. The Mission proposes that the geological potential of the

Roraima Formation be viewed in its entirety. This might amount to 0 to

100 000 tonnes, either as quartz-pebble conglomerates or as unconformity-

related or sandstone-type (Gabon sub-type) deposits.

B. Palaeozoic (Carboniferous) sediments

57. Quetame Massif: The Upper Palaeozoic (Permo-Carboniferous) appears

to have an extension of at least 300 km in the form of an envelope, and

the area where uraniferous anomalies exist is at least 100 km in length.
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The Toquiza Formation is a lagoonal-deltaic sequence which varies between

100 and 600 metres in width; the probable extent of the uraniferous zone

is about 150 metres. The mineralized horizons are very variable, at

times appearing in lenticular form, at others in reduced argillaceous

zones and in sandstone channels with organic material. The mineraliz-

ation appears to have lithological, petrographic and tectonic controls.

Selected samples from these anomalies have grades ranging from 0.1 to

3.8% U,0Q.

258. As only a very small amount of drilling (with poor results) has been

done in the area, it is difficult to estimate the continuity of mineral-

ization; however, the target could be large, possibly measuring 200 km

in length and containing favourable horizons one to two metres in width.

Among the two companies and IAN that have looked at the area, opinions

vary as to its potential: two had the opportunity to inspect the area

during a two-day visit. Only two of the numerous anomalies found in the

Quetarae Massif were seen, both in mediurato fine-grained sandstones - the

better one, in the Farallones de Medina, in a complex structure. There,

the mineralization appears to be controlled by fracturing, which accomp-

anied a possibly important tectonic phase and which probably mobilized

the uranium initially distributed along sedimentary channels.

259. In spite of the evidence indicating widespread mineralization in the

Quetarae Massif, it is possible that none of the known occurrences will

provide workable deposits because of insufficient concentration, both in

the initial sedimentary features and in the late faults and fractures.

260. As a result, the Mission believes that the Speculative Resources of

the Quetame area should be given in the range of 0 to 10 000 tonnes

uranium, this last figure being justified by the regional extent of

radioactive anomalies.

261. The area is logistically extremely difficult to explore; neverthe-

less, a systematic helicopter gamma-ray spectrometric survey over the

whole area is needed. An unsystematic survey of 4340 km was performed by

MINATOME over the course of three months (October-December) in 1977, with

103 anomalies being recorded.
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262. It is suggested therefore that a systematic helicopter gamma-ray

spectrometric survey be made of the entire 7000 km area on one-

kilometre line spacing. This would cost approximately ¿350 000. Some

further ground survey work, particularly radon surveys, should be per-

formed and an allowance of $1 000 000 made for such work. The major

effort will, however, be in drilling. The considerable logistic dif-

ficulties will have to be surmounted, even at an increased cost per

metre, to determine structures and the continuity of mineralization at

depth. Some 10 000 metres may be required to assess the Speculative

Resources potential of this very difficult area; an allowance of

$3 000 000 is thus made for this purpose.

263. Other areas; Rocks of similar age to those in the Quetame massif

are found in the following areas;

(a) In the area to the east and south of Bucaramanga and to the
west and north of the Serra de Cocuy (15 000 knr),

(b) North of Ocaña towards the Venezuelan border (6500 km^) in
areas belonging to the Santander Massifs, and

(c) In the Serrania de Perijá along the Venezuelan border east of
Santa Marta Massif.

264. ENUSA's Area No. 9 (Tunebia) covers a small part of the region des-

cribed in (a) above. After preliminary work, their conclusion seems to

have been that nothing further should be done until a helicopter survey

with 500-metre line spacing is carried out. Pitchblende in fractures in

pegmatites was found.

265. It is considered that these areas require a detailed helicopter sur-

vey on at least one kilometre line spacing. Such work is estimated to

cost $1 165 000. An allowance of $1 000 000 must also be made for ground

follow-up work and of $2 000 000 for the preliminary reconnaissance

drilling of 10 000 metres. If such work is executed, the Speculative

Resources indicated may lie within the range of 0 to 1000 tonnes uranium.
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266. Vaupes sandstones: The Colombian Interior Zone, outside the domain

of the basement outcrops or sub-outcrops, can be divided into (i) the

Vaupés Saliente, basically in the centre of the Vaupés area, but extend-

ing in all or parts of Caquetá, Meta and Vichada, and (ii) the subsident

basins - the Llanos Basin in the north (Cichada, Casanare, Arauca) and

the Putumayo Basin in the south.

267. Over the stable craton of the Vaupés Saliente, a sequence of mainly

clastic sediments, 200 ra thick in the type/section just outside Arara-

cuara, has been ascribed various ages. Carabro-Ordovician trilobites were

recently discovered near the base of the sequence, leading some to hypo-

thesize that continental facies higher up in the "mesas" could be Upper

Palaeozoic, representing approximate equivalents of formations found in

the Quetame Massif.

268. The lithologies reported (sandstones with two distinct red pelitic

intercalations in the first 60 metres of the reference type section) have

certain features that could justify a reconnaissance survey:

(a) As discussed further on, these continental formations are the
only ones in Colombia that entirely escaped tectonic modific-
ation after deposition over a very large and stable craton.
The areas concerned are very extensive, including from west to
east, three loosely defined "trends": (i) the "mesas" to the
south of the Macarena Massif, (ii) the massive mesas north of
Araracuara, from the Caquetá River to the south, to the Tunia
River in the north, and (ii) the easternmost area, from the
Apaporis River to San José del Guaviare, and along the Guaviare
River to Cuatro Esquinas.

(b) In such a huge area, palaeogeographic changes are highly pro-
bable; however, subsidence rates and sedimentary influx were
certainly lower here than in most other continental basis
encountered elsewhere in Colombia. The following negative
features would counter-balance these first characteristics.
Mudstone intercalations are known only in the lowest quarter of
the stratigraphic section. From the available description
(J. Galvis), the sandstones are relatively well sorted and
clean; no organic content has been reported, and the possible
continental sedimentation is only defined in very broad terms.
To conclude, the Vaupés sandstones - or, more formally, the
Ararcuara Formation - should be included among the moderately
favourable targets. The first stage of any future exploration
effort should consist of large-scale geologic reconnaissance,
along with a regional geochemical survey. The goals to be
reached would be a first attempt to define the basin (or
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basins), the tracing of some uranium circulating in streams and
the obtaining of some unsystematic scintillometer readings
along the "mesa" rims. The area considered is of the order of
100 000 km^. A systematic scintillometer survey over this
vast expanse of plateaux ("mesas") would certainly be, rela-
tively speaking, a waste of exploration budgets in the absence
of any geological criteria on which to base priorities. Flown
on 2-km line spacing, the survey would cost $2.5 million;
immediate follow-up would add ¿0.5 million without any guar-
antee of real efficacy. A first geological reconnaissance and
stream sampling (heavy minerals) survey around the main mesas
would cost somewhere in the neighbourhood of ¿1.00 million and
would eventually reduce the size of "first" priority areas to
less than 25% of the initial areas with commensurate savings on
systematic spectrometric surveying. It should be borne in mind
that no reconnaissance of the Vaupés sandstones should exclude
the possibility of unconformity-type deposits at the bottom of
the Palaeozoic elastics where they overlie the right kind of
basement lithologies. For the time being, all known mineraliz-
ation of this type is found only under Middle Proterozoic cover
over Lower Proterozoic basement. No compelling arguments have
been advanced to turn these observations into a natural law.
To date, no uranium anomaly has ever been reported; therefore,
no Speculative Resources figure can be assigned to this
formation.

C. Trias-Jurassic sandstones (Giron Formation) and superimposed

lowermost Cretaceous rocks (Tambor Formation)

269. The Girón Group is better known and prospected on the western flank

of the Santander Massif, where the greatest number of anomalies has been

found. Slightly outside the type locality, the Girón Formation has been

described around Zapatocas as a succession of three members.

(a) A bottom one with dominant conglomerates, intercalated with
sandstones and siltstones; it is called Cascada and is prin-
cipally red.

(b) A middle one with sandstones predominating, although it also
contains conglomerates and siltstones; it represents the Laja
member, where sandstones are grey or green and reduced.

(c) An upper one, where siltstones and raudstones predominate over
coarser-grained rocks but which eventually ends with a con-
glomerate; this represents the Lajita member. The mudstones
at least are red. Underlying it, the Jordan Formation has been
taken out of the traditional all-encompassing Girón Formation.
It is composed of a lower member, with dominant sandstones, and
an upper one with red mudstones.
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270. Most of the uranium anomalies were found in the lower part of the

Laja member near its contact with Cascada. A lower number was noted

higher in the sequence, as well as in the upper part of the Cascada

member. To illustrate the Formation's main characteristics and the

possible lateral lithological changes, a summary is given here of a

detailed cross-section of the formation (published by Cediel, 1968). The

traverse follows the Lebrija River, about 45 km alongstrike from the

anomalous area worked by IAN near Zapatoea. The following seven facies

are recognized, totalling 4650 m from bottom to top:

(a) 610 m: Coarse-grained sandstone, conglomerate; grey; no more
than 5% of the facies as grey shale.

(b) 590 m: Grey-blue sandstones (60%); siltstones and red
argillites (40%); red, fine-grained strata are seen passing
laterally to grey shale and finally to sandstone.

(c) 430 m: Mediumto coarse-grained, well-sorted, grey sandstones;
abundant conglomerates with quartz boulders up to 4 cm in
diameter; could be an equivalent of Cascada (?) but not
oxidized here.

(d) 650 m: Red siltstones and sandstones (60%), alternating with
grey-green' sandstones (40%); some lenses rich in badly pre-
served plant detritus and carbonaceous trash near the base;
sandstones contain numerous conglomeratic intercalations near
the top.

(e) 1040 m: Medium-grained sandstones, passing vertically and
laterally to shales (both grey-blue); conglomeratic lenses
present but rarer than in (d); the shales contin lenses of
carbonaceous material; both (d) and (e) could be an equivalent
of the Laja member.

(f) 250 m: Sandstones (70%) and siltstones and argillites (30%)
(red) in intercalation up to 1 ra thick; some fine-grained beds
are still grey near the base.

(g) 1080 m: Coarse-grained sandstones with intercalated conglom-
erates, increasing in proportion towards the top; sandstone
grain decreases towards the top; some horizons rich in
rauscovite; colour varies from grey-green to greyish yellow
towards the top.

271. In the typical Girón Formation region - in Zapotoca as well as along

the Lebrija River - these continental, highly discontinuous sediments are

followed by what is known as the Tambor Formation. The "classical" def-

inition is as follows:

- 100 -



(a) Arkosic sandstones (red in colour) at the base;

(b) Middle part composed of red pelites with some sandstones; and

(c) Upper part composed of white sandstones, better stratified than
those underneath; these sandstoness represent the first
unmistakable stratigraphic marker at the end of the Girón-Tabor
cycle.

272. A detailed section can be seen in the Lebrija River valley, over-

lying the Girón Formation proper or as a disconformity over a last grey

sandstone of the Girón:

Argillite;

Grey-brown conglomerate with quartz, argillites and
feldspar constituents in a grey sandy matrix;

(c) 159.5 m; Grey-white sandstones, fine-grained, with muscovite,
alternating with conglomeratic horizons, and a finer
one of grey-green argillites;

(d) 10.8 m: Grey-green argillites with sandstone intercalations;

(e) 168.2 m; Grey-white sandstones, fine-grained, with abundant
muscovite, and a conglomeratic horizon with quartz
constituents; and

(f) 24.6 m: Red-brown argillites and calcareous argillites.

273. The Rosablanca limestones represent the close of the detrital

sequence that probably began during the Triassic. Age is indicated by

abundant marine fauna and which obliquely over the chronostratigraphic

divisions. To the south of the "mesas and cuestas region", in the Villa

de Leiva zone, the basal part is probably Valanginian, passing to

Hauterivian near San Gil and to Barremian more to the north. In the

Zapatoca region, the basal facies are evaporitic with dolostones and

dolomitic limestones.

274. Some general considerations are given below for further discussion.

(a) The opposition between a "Girón facies" and a "Tambor facies"
derives from the change from a deltaic-f luviatile "red bed"
sequence (Girón) to a more lacustrine basin, where rocks are
better stratified, cleaner in their composition and much more
continuous, at least at Che scale of a few kilometres. This
would justify the use of the name Girón Group (Girón and Tambor
Formations), which would include rocks of various ages, from
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Triassic to mid-Lower Cretaceous, all of them deposited in con-
tinental environments, but under different sets of conditions.

(b) This change most probably did not occur at the same time
throughout the Girón red bed sequence. The Tambor Formation
could have the same kind of obliquity at chronostratigraphic
limits, as the first true marine facies above it. Also, and
perhaps more importantly, the depositional model should evolve
from the emerged land (east and north: the Santander Massif)
to the west and south where the marine transgression may have
started as early as the Portlandian.

(c) From the uranium prospection standpoint, these preliminary con-
clusions would apply immediately to the occurrences already
known. Some anomalies seem to be clearly related to channels
in some of the first reduced, relatively well sorted sand-
stones, on top of an abundantly conglomeratic sequence. The
depositional model seems to be deltaic, with fast lateral
facies change. The example would be the Zapatoca anomalies*
The main exploration problem would be to locate an area of
sufficient extension, where something like a classical redox
front could have been at work. In very approximate terms, it
can be expected that the most favourable areas will not be too
far "upstream", toward the very edge of the Santander Massif,
where the detrital sediraention appears most intense. Other
anomalies, by contrast, are confined to beds of special com-
position that seem to have been deposited further out towards
the basin. These represent Contratación-type rocks, where
uranium is associated in the case of the lower horizon (Guare
1) with a fine-grained argillitic sandstone, containing abun-
dant flakes of muscovite and possibly some other original
chemical constituents; they lie betwen two conglomeratic sand-
stones, themselves some kilometres in extent. This feature is
suggestive of high-energy sedimentation spread over a large
zone, separated by an intercalation of quieter deposition, in a
lacustrine environment. The upper horizon (Guare 2), some 100
to 150 m above Guare 1 in the stratigraphic column, completes
the same image. The host rock for the uranium mineralization
is a dark grey limestone bed, highly fragmental upon first and
very superficial examination, 0.5 m thick where observed, in-
cluded in fine-grained sandstones (with possible high pelitic,
clayey content).

D. Speculative Resources in the Girón Group

275. Northern Basin in the vicinity of the Santander Massif: The only

work done so far in. the Contratación area is surface geology, trenching,

sampling and radiometric surveying. No drilling has been attempted.

ENUSA is not therefore in a position to make any resource estimate in the

Reasonably Assured or Estimated Additional categories. The Mission's

attempt to give Speculative Resources, while based on ENUSA evidence, is

entirely independent and has not been discussed with ENUSA geologists.
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276. A good case could be made for low-grade, but relatively high-tonnage

"lacustrine basin" deposits, as would be represented by the Guare levels

1 and 2. Syngenetic concentrations may be enriched locally through later

processes; the amount to be expected in one district of this type could

be up to 5000 tonnes uranium.

277. An estimate of the whole sub-basin would be dependent upon:

(a) The extension of Guare levels 1 and 2;

(b) The possibility of other horizons of the same kind elsewhere in
the surrounding Girón Basin; and

(c) The mineralization grades being outside the influence of sur-
face leaching, which probably reduced the grade in the area
sampled.

278. The neighbouring Zapatoca area, lying to the north of Contratación,

has over 100 anomalies, and preliminary radon surveys have indicated

strong anomalies in areas with no surface expression. Specific mineral-

ized horizons such as at Guare 1 and 2 have not been identified, but

drilling has proven that black uranium oxides exist at depth in a more

usual channel-type situation. The area to be explored is very exten-

sive. Several individual districts may be possible, although it is still

impossible to estimate the probability. The Mission believes that the

Speculative Resources for the Contratación-Zapatoca-Lebrija area, cover-

ing all the Girón on the western flank of Santander Massif, should be

stated as lying between 2500 and 25 000 tonnes uranium. One member of

the Mission believes the lower limit should be zero.

279. The areas of Zapatoca and Contratación were covered by a helicopter

gamma-ray spectrometer survey in February 1980 (IAEA/UNDP sub-contract

with Geodata International). The results are currently being interpreted

and studied. ENUSA and IAN/IAEA/UNDP have done a very considerable

amount of reconnaissance-level and semi-detailed surface surveying.

While some surface geological studies remain to be done, the principal

surface survey work would appear to be radon surveys on both reconnais-

sance and detailed levels. It is suggested that some $250 000 be allo-

cated to cover the remaining surface work and radon surveys.
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280. The main requirement in this area is drilling. Targets are already

::ell defined in the Contratación area, and while drilling will be very

difficult, it must be done. There appears to be an immediate requirement

for approximately 40 holes averaging 250 ra in length to prove the Gauré

levels at depth as one limit of the syncline - that is, 10 000 ra, which

would involve some $1 000 000. An equal amount will probably be required

for other targets within the Contratación concessions (namely 10 000

metres and $2 000 000).

281. Drilling is in progress in the IAN/IAEA/UNDP area of Zapatoca, and

some 650 metres have been done. While it is not probable that the IAEA/

UNDP assisted project will be able to carry out the work owing to

budgetary restrictions and the project's time-scale, there are and will

be enough targets to warrant a further 30 000 metres of drilling in the

Contratación and Zapatoca areas. The estimated cost is $3 000 000.

282. For the whole of the Girón area lying west of the Santander Massif,

Speculative Resources in the range 2500 to 25 000 tonnes uranium are

suggested. Some $250 000 will be needed for surface (mainly radon) sur-

veys and $4 000 000 for 40 000 metres of drilling (at ¿100/metre) in

order to indicate whether these Speculative Resources are likely to

exist.

283. To raise such Speculative Resources to the Reasonably Assured and

Estimated Additional categories, a much higher expenditure would be

needed. In the Contratación area, for example, an access road, much

close-spaced drilling and possibly underground adit mining to sample and

examine Gauré levels 1 and 2 would be necessary.

284. Other Girón areas: The other main area chosen for the survey of

Girón rocks was Serrania de San Lucas (Area II of the IAEA/UNDP-assisted

project). An area with N-S orientation of some 200 km in length, immed-

iately west of the Magdalena River and centred on the town of Simiti, was

chosen from the evidence of Girón outcrops indicated on the 1976 official

geological map. Field evidence on the area was entirely lacking. The

area was flown in 1979, and numerous anomalies (total count, thorium and

uranium) were indicated. The first IAN/IAEA
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expedition to the area was mounted in February 1980, and a 40 km traverse

across the middle of the area from Simiti to beyond Los Canelos was com-

pleted. The surprising result was that no Girón rocks were found; in-

stead, a complex sequence of volcanics and volcano elastics, tuffs and

minor intrusives was found with white and black carbonaceous limestones

on the foothills close to the Magdalena River. Although no radioraetric

anomalies were found in the volcanic rocks, about 20% of the aerial anom-

alies are expected to be in the volcanics; these locations have not yet

been checked. One aerial anomaly was found coinciding with a spring in a

Quaternary sequence near the river bank. Until more field knowledge is

acquired, it would be wrong to given a figure for Speculative Resources

in the area and not, in any case, for the Girón. The required field work

has already been budgeted for within the framework of the IAEA/UNDP-

assisted project to April 1982.

285. Other Girón areas occur north of the city of Tunja (Boyacá-Santander),

Sierra Nevada de Cocuy (Arauca-Boyacá), along the Venezuelan border,

Serrania de los Motilones and Serrania de Perija, in the Santa Marta

Massif and at the southern end of the Garzón Massif, south-west from the

city of Florencia and also west and north-west of Neiva. Except for a

small Minatome area, H (Caitania) northwest of Neiva, none of these areas

have been covered by association contracts with companies, and no anom-

alies have been recorded as a result of preliminary reconnaissance field

work. The reconnaissance work by Minatome on Gaitania was said to have

been done on Upper Jurassic sediments and the area was dismissed as being

of no further interest. However, because of the good results in the

Contratación-Zapatoca area, all these other Upper Triassic-Jurassic areas

must be covered at the reconnaissance level. The best way of doing so

would be by helicopter gamma-ray spectrometer survey. It is estimated

that in seven areas this would make a total of some 70 800 km (Figure 20,

Table 6), which, on one-kilometre line spacing, would amount to some 70 800 km

costing roughly $3 540 000. Some ground follow-up work must be allowed for

($500 000); 5000 metres of drilling costing ¿500 000 is also recommended.

286. While the Speculative Resources potential in these areas is dif-

ficult to assess, a range of 2000 to 5000 tonnes uranium is suggested at

the present time as a reasonable comparative figure.
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Table 6. Upper Triassic-Jurassic areas proposed for helicopter gamma-ray

spectrometric survey

Name of Area Dimensions Area Cost
(km) (km2) (USfc)

a/

1. Santa Marta Massif-

Southeast side (2A)
11.6 x 40 10 500 525 000

2. Serranias de Motilones and

Perija (César-Guajira) (2B) 150 x 40 13 500 675 000

3. Norte de Santander (2C) 80 x 40 7 200 360 000

4. North of Tunja

(Boyacá-Santander) (2D) 70 x 40 6 300 315 000

5. Sierra Nevada de Cocuy (2E) 40 x 20 1 800 90 000

6. Neiva (northwest and north)

(Payande type) (2F) 100 x 60 13 500 675 000

7. Garzón Massif (southwest of

Florencia)

(Payande type) (2G) 13.3 x 60 18 000 900 000

Total 70 800 3 540 000

a/Santa Marta, which was surveyed completely by PNC, should not be re-

flown.
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E. Lower Cretaceous sandstones

287. As has been discussed above, the Cretaceous transgression began in

the Cundinamarca trough, near Bogotá, at the close of the Jurassic.

During the Lower Cretaceous, the main transgressive pulses advanced first

to the north and north-east to join the Venezuelan Basin. Along what are

now the Cordillera Oriental north of Bogotá and the Middle Magdalena

valley, the deposition area of the Girón group was progressively flooded

by the sea, as were the Palaeozoic massifs left uncovered by the con-

tinental "raolasse". To the south and west, and particularly in the

Cordillera Central and Oriental south of Girardot, the marine trans-

gression came only later, with subsidence rates much more limited than in

the hub of the main trough.

288. The Cordillera Central seems to have acted as an almost continuous

ridge, offering only limited connection between the ocean, to the west,

and the miogeosyncline. The ridge was progressively flooded. North of

Girardot, along the Cordillera Central's eastern flank, remnants of small

basins mark this relatively early deposition (Valanginian-Hauterivian).

The Berlin mineralization and Berlin-like anomalies are (i) in yellowish

(phosphatic?) sandstones in the clastic base of the Cretaceous series;

(ii) in the overlying black shales, or other intercalations of the same

lithologies higher up in the series.

289. The abundance of organic matter and phosphates is a common charac-

teristic of most Lower Cretaceous basins where a reducing, restricted

environment prevailed. In the southern part of the Cordillera Oriental

(Vegalarga, east of Neiva), radiometric anomalies are known in the trans-

gressive Cretaceous sandstone (part of the Aptian main transgressive

episode?) overlying a Palaeozoic granite. The sandstones appear cleaner

than those in Berlin; organic trash is concentrated along thin horizons,

over which the high readings were obtained.

290. Cordillera Central - "Berlin" basin: The Berlin area is on the

eastern flank of the Cordillera Central, about 35 km west of the Mag-

dalena River. It is a part of the Minatome concession B 1 Berlin-San

Luis.
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291. Very little physical exploration has been done to date, except for

some trenches and a minor amount of adit raining. While 1500 metres of

drilling are planned for 1980, this is mainly intended for geological and

structural information. Minatorae is therefore in no position to state

"reserves" (neither Reasonably Assured nor Estimated Additional Resour-

ces) at the present time. If it has made an estimate of Speculative

Resources, this has remained confidential. The following estimate was

made by the Mission and responsibility therefor rests entirely with the

Mission.

292. There is a synclinal basin with two limbs outcropping some eight

kilometres in length; only four kilometres thereof have been prospected,

however, and apparently only on one side. At present, most radiometric

highs are in black carbonaceous shale, but the principal target may be

the yellow sands whose width is very variable. It is assumed that the

total mineralized width is approximately 3.0 metres, the depth extension

to the bottom of the syncline is 250 metres, the average grade is 0.15%

uranium and there may be a 50% continuity of mineralization. This may

serve as a minimum estimate for Speculative Resources, and, at the higher

end of the range, account may have to be taken of a total mineralized

extent of 16 000 metres, a deeper syncline and a higher average grade.

Assuming these elements as a guide for calculating the Speculative

Resource potential, the range may lie somewhere between 5000 and 25 000

tonnes uranium.

293. Although some surface work may still be necessary ($200 000 for

radon surveys), clearly the main requirement at Berlin is now drilling;

this will be very extensive. Assuming a 4000-metre extent, it is sug-

gested that at each 100 metre interval there is a requirement for three

angled holes, cutting the mineralization at approximately 80, 160 and 250

metres; this would, depending on the possibility of suitable sites,

entail hole lengths of 100, 200 and 300 metres in all, at each of the 40

sites, totalling 24 000 metres of drilling. The estimated cost would be

nearly $5 000 000. However, this should only be regarded as the initial

phase of the exploration programme. Proving uranium tonnages to the

Reasonably Assured Resources level would cost much more; there is also

the possibility that drilling along the 16 000 metres would eventually be

required.
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294. Other Berlin-like basins in the Cordillera Central: There are

several other small basins in the Lower Cretaceous (such as the Minatome

Concession E Abejorral) that are similar to the Berlin Basin. Some

interesting radiometric values were found in these basins during the

course of preliminary reconnaissance exploration. It is extimated that

possibly 1000 to 5000 tonnes uranium might eventually be found in such

basins, on the basis of their similarity to the Berlin Basin. Detailed

surface mapping, radiometry and radon surveys would be required

($200 000), possibly followed by 2000 metres of drilling ($400 000).

295. Cretaceous transgressions elsewhere in the Cordilleras Central and

Oriental: There does not seem to be any known anomaly in the typical

Tambor or Tambor-like formations that covers the Girón or Payande Forma-

tions. It was previously concluded that the flooding of the Jurassic

subsident "clastic wedges" under more basin-like formations should be

treated together with the Girón Formation proper, irrespective of whether

they are still Upper Jurassic or Lower Cretaceous.

29£. The uranium potential of the Cretaceous clastic base, where it over-

lies metamorphic or granitic massifs (Santander, Garzón or in the south-

ern Cordillera Central), is impossible to assess with a great deal of

precision. On first impression, it appears low or nil becuase of the few

anomalies known. It does not seem that this Lower Cretaceous uncon-

formity has been the target of any systematic, wide-ranging prospection.

This should be borne in mind during the exploration of the Palaeozoic and

Precambrian massifs and some provisions made as part of a total package

that would include uranium tonnages of diverse origins. The category

could be named "Palaeozoic-Proterozoic massifs and their transgressive

cover".

F. Upper Cretaceous sediments

297. In spite of the fact that the largest single number of radiometric

anomalies found in any one formation belong to the Upper Cretaceous, they

are all related to the phosphate rocks; the uranium contained in these

rocks could be classified within the Speculative Resources category, but

it is unlikely that uranium could be obtained at under $130/kg unless a

major phosphate industry was initiated.
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298. Although INGEOMINAS and IAN suggest a total content of 40 000 -

60 000 tonnes U^0« on present evidence, a reassessment of the phos-

phate content in the region of Sardinata-Pesra is planned under a new

ECOMINAS contract for roughly $3 000 000.

299. For the present, the uranium content of the phosphates has not been

included in the Speculative Resources category as defined for the IUREP

Orientation Mission. Any recovery of uranium from this source is

entirely dependent on the installation of triple-super-phosphate plants.

G. Pre-Miocene/Tertiary basin

300. General geological setting; The major part of the Andes was formed

and emerged at the close of the Palaeocene. North-east and east-west

cross-structures affected their northern end, thus permitting marine sed-

imentation to continue there from the Palaeocene to the Lower and Middle

Tertiary. To the west, a new "geosynclinal trough11 began to function,

producing, during the Upper Tertiary, another Andean belt (Serranía de

Baudó, etc.); this.is, in fact, a continuation of a Central American

structure stretching to the margin of the South American block.

301. In a somewhat schematic way, the "main Andes" at the beginning of

the Cainozoic follow the same general lines already in existence during

the Palaeozoic and Mesozoic; they were strongly bent from N-S to NE-SW

and then E-W in Venezuela, to wrap around the old cratonic nucleus.

302. Two deep subsident structures then formed on each side of the

Cordillera Central: the Cauca valley structure and Magdalena Valley

basins. Both survived through the Eocene and Oligocene. The were filled

by the products eroded out of the old massifs and their Mesozoic cover.

The rates of subsidence and sedimention are both considerable, but

variable.

303. Continental Tertiary basins formed in the depressions of the

synclinorial structure formed at the southern end of the emerging Creta-

ceous miogeosyncline (from Girardot in the Magdalena Valley through the

Mérida Andes in Venezuela and the western reaches of the Maracaibo Basin).
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304. Essentially continental, but less well known, the Tertiary sediments

of the platform east of the Andean belts have been separated into two

groups as follows:

(a) Those which pertain to the subsident Putumayo or Llanos basins, and

(b) Those which cover the stable Saliente de Vaupés.

305. Known occurrences or anomalies: Few anomalies have been found in

these Eocene-Oligocene formations. The most important are located in the

Upper Magdalena Basin, west and south of the town of Neiva: Minatome

identified an area there with two anomalous zones in the same general

stratigraphic position but in a rather different structural position

(Palermo in the north, Pacarni to the south).

306. In the north, an anomalous zone was visited along the road leading

from the village of Palermo to Aleluya. The Palermo structure is a syn-

cline of Tertiary sediments striking NNE. Its eastern limb is well

developed (the Gualanday Formation is well developed over the Upper

Cretaceous). To the, west, however, strong faulting against the Palaeo-

zoic-Early Mesozoic massif led to an almost complete disappearance of the

sync line's western limb.

307. On the basis of the Van Houten and Travis (1968) cross-section

(Figure 21), it can be said that all anomalous readings are in, or in the

immediate proximity of, the Middle Gualanday Member or Formation. The

grey, reduced raudstones that constitute the predominant lithology give a

radiometric background that is still moderate, but higher than the rest

of the Formation (200-250 cps with SPP2). Values twice as high can be

obtained locally. The mudstones dip 40 to 50° to the west. The sand-

stone intercalations in these mudstones were not anomalous; they could,

however, have been leached superficially.
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Figure 21. The Gualanday Group (Van Houten and Travis 1968)
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308. The best readings in sandstones were found under this Middle

Gualanday member (TG4 in Minatorae nomenclature) in a coarse conglomeratic

sandstone overlying a thin mudstone unit, which itself overlies a 15-cm-

thiclc carbonaceous trash zone, followed by a coarse sandstone containing

large pyrite nodules. The maximum radiometric reading was 200 cps (SPP2)

in the upper sandstone beds. This short sequence, shown in the Van

Houten and Travis cross-section, lies in the upper part of the upper con-

glomeratic unit of the Lower Gualanday, mapped separately by Minatome

under the index TG3 (Tertiary, Gualanday Fm., 3d "member"). Nothing sim-

ilar is visible further up in the overlying sandstone intercalations.

309. The reserves to be expected from even a true "channelizing" struc-

ture would be rather restricted. The local structure seems to preclude

an extensive down-dip extension, in spite of the steep dips. The first

main fault that cuts the Palermo syncline's west limb appears a short

distance to the west and follows the structure almost parallel to the

Middle Gualanday Member's strike.

310. To the south, the Pacarni syncline is one of the region's slightly

transverse structures, striking NW or NNW, as opposed to the NNE direct-

ion of the faults that constitute the limit between the basin and the

Cordillera Central.

311. Where the Mission could see a partial cross-section in the northern

end of the NE limb of the syncline, the mudstone-rich middle member still

had the same characteristics seen in the north. The mudstones are still

reduced with a moderately high background and contain thin intercalations

of non-radioactive sandstones.

312. Strongly anomalous values are found in sandstone beds higher in the

sequence, where they are part of the coarse-clastic cover of TG 4

proper. From a superficial examination, it appears that the base of

TG 5, composed of coarse conglomerate near Palermo, is substantially more

differentiated and finer-grained to the south. Minatome1s geologists

concluded that sedimentary elements originated in the north, confirming

the impression obtained. Trapping of uranium near one of these sites
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of grain size change and permeability would result in concentrations

possibly at an economic grade; reductants are also very possible, down-

dip in the direction of the sync line's axis. No information was obtained

on the Pacarni sync line's other limb to the SW.

313. Speculative Resources: There are encouraging indications in the

Pacarni syncline shows encouraging indications that should lead to a

drilling programme in the near future. As has been seen before, the

potential of the Palermo structure to the north (the Palermo-Aleluya

monocline) is more limited from structural and sedimentological stand-

points. The Mission distinguishes between a "speculative" and a "very

speculative" potential for the rest of the structure.

314. The Pacarni syncline was the object of an initial geological, and

radiometric and geocheraical (radon in water) surveys. Such investiga-

tions should be pursued and expanded, including some detailed geological

mapping, in an effort to obtain greater knowledge of the critical strati-

graphic interval. The total cost of this work could amount to $1 000 000.

315. Drilling will probably be required very soon, both to verify the

presence of mineralization and to complete the geological picture. In

view of the size of the syncline and the probable depths that would be

reached quite early in exploration, 10 000 m of drilling would be jus-

tified after the first positive results are obtained in one sector of the

syncline. At $100/m (core drilling at the reconnaissance stage, followed

by rotary drilling at a 1:1 ratio), this would amount to&l 500 000.

316. Without a re-examination of the complex N-S structure that lies out-

side the Pacarni synclines, the potential of the area would have to be

considered as "very speculative". Combined geological-radioraetric-geo-

chemical surveys could cost up to ¿500 000. No further estimates have

been made by the Mission.
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317. It is estimated that some 200 to 10 000 tonnes uranium might be

contained in these areas, within and outside the Pacarni sync line. The

sync line itself is presently the only exploration target. The higher

figure given implies a considerable change in outlook for the rest of the

basin and/or the discovery of target areas in other Tertiary basins.

H. Other Tertiary basins

318. No anomalous areas have been reported in any of the various basins

cited in Section F. It can be concluded, from a cursory review of the

lithologic columns, that either further down the Magdalena Valley or in

the Cauca, the basins appear less favourable than what was just described.

319. Elsewhere, all tentative conclusions would be premature. The first

recommendation would be for coverage of those basins by aerial gamma-ray

spectrometry.

320. More recent Tertiary cover (Miocene or younger) lying discordantly

over the previously, described Eocene-Oligocene formation should not be

entirely discarded as unfavourable. The summary descriptions given

before showed some interesting associations between clastic rocks and

volcanism. No estimates in this regard can be made at present.

321. As the whole "other Tertiary basins" category includes many poten-

tially favourable settings, a reasonably high Speculative Resources ton-

nage must be given. A range of 200 to 10 000 tonnes uranium would be

reasonable.

XIII. OTHER DEPOSITS

322. No evidence for other deposits - for example, of the caleréte type -

exists in Colombia, although there might be a slight possibility in the

desert-like areas of the Caribbean zone. Other types, such as phos-

phates, were dealt with previously.
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XIV. REVIEW OF GEOGRAPHIC AREAS-

A. Pacific Zone

323. The Pacific Zone, covering nearly 69 000 km , appears Co be very

unfavourable for any type or uranium occurrence as it is almost entirely

composed of unconsolidated Quaternary sediments, Upper Tertiary sediments

and Tertiary volcanics. Although no reconnaissance work appears to have

been done in this area, the Mission believes that this decision was jus-

tified. It is recommended therefore that the whole area west of the Rio

Atrato and the Río San Juan, as well as the extension of similar forma-

tions southwards to the Ecuador border, be eliminated from any further

consideration.

B. Caribbean Zone

2

324. The large area (100 000 km ) lying between the Rio Atrato and the

edge of the Santa Marta Massif and bounded southwards by the northern

limits of the Cordilleras Occidental and Central is also composed mainly

of Quaternary and Upper Tertiary sediments. The area can be seen as

extending up the César River to include that part between the Santa Marta

and Guajira Massifs which is also Quaternary (approximately 150 000

square kilometres in all). It is suggested that this area also be given

a negative assessment for uranium and no further work be considered. In

view of the work done in Abede (Abecle?)-San Jerónimo (Córdoba) within

Area I of the IAEA/UNDP-assisted project, mainly on Oligocene and Plio-

cene sediments, a small area of Cretaceous and Quaternary rocks would

warrant the same recommendation. The area was flown at one-kilometre

spacing by Geodata International and the results were spectacularly neg-

ative (the Geodata data interpreter commenting that it was the flattest

land data record he had ever seen and could only be compared to data

observed over oceans or lakes).

JL/ See Figure 9.
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C. Cordillera Occidental

2

325. Mosc of Che Cordillera Occidental (59 650 km ) immediately west of

the Río Cauca is composed of basic igneous intrusives and extrusives of

Tertiary age. This is a very unlikely zone for uranium favourablility.

In a field traverse from Buga to Loboguerrero (on the road to Buena-

ventura), the Mission found exceptionally low radiometric values. How-

ever, there is a considerable number of Tertiary acidic intrusives and

extrusives (diorites, granodioites and granites) indicated on the geolog-

ical map, particular/ stretching northwards from Reseraldo through Antio-

quia. The radiometric anomalies at Irra are an example of a uranium in-

dication in these types of rocks. The area cannot be completely ignored

therefore, and selected areas have been outlined for reconnaissance heli-
2

copter survey totalling 30 000 km on 2-km line spacing. Some 15 000

line kilometres will be required at a cost of $750 000. These areas are

indicated as Areas 6 (A), (B), (C) and (D) on the Recommendations map

(Figure 20.)

D. Cauca Basin

2

326. Most of the Cauca Basin (15 580 km ) is covered by Cretaceous,

Tertiary and Quaternary sediments, with some Tertiary acidic intrusives.

Minatome's concession F (Irra) lies in this area and contains anomalies

in both granites and fracture zones. It is not felt that any special

reconnaissance work should be done on the Cauca Valley area; it should,

however, be included in the general aerial survey of the country.

E. Cordillera Central

327. Many of Minatome's concessions (including Berlin) and the IAEA/UNDP

Area II (San Luis) are located in this area. From the distribution of

anomalies (Table 2), it obviously has certain potential. Much work has

already been done. Except for IAEA/UNDP Area II (5025 km ), however,

no systematic aerial survey work has been completed. The Antioquia
2

batholith area (51 750 km ), in the heart of the Cordillera Central, is

of particular interest. It is indicated on the geological

- 118 -



map as a Cretaceous flat-lying laccolith with quartz monzonites and

granites intruding Palaeozoic sediments; however, other experts regard

the whole area as Precambrian. In either case, more work should be done

here as it appears to have been neglected in the past. An aerial survey

of 51 750 km on a line spacing of one kilometre is required. Its cost is

estimated at $2 587 500. The total area to be surveyed on 3-km line spa-

cing in the Cordillera Central, as part of a general nation-wide survey,

is 83 890 - (51 750 + 5025) » 27 115 km2.

F. Magdalena Basin

2

328. The Magdalena Basin (57 100 km ) is mainly covered by Quaternary

and Upper Tertiary sediments and volcanics, which, in general, appear to

have little uranium potential. However, Minatome's concession areas I

and J (Palermo and Prado), and ENUSA's Area I (Tocaima) lie within this

basin on favourable pre-Miocene Tertiary sediments. While it has already

been recommended that no special survey be done, these areas should be

included in a national aerial radioraetric survey.

G. Cordillera Oriental

329. The Cordillera Oriental area (137 930 km2) has by far the greatest

number of radioactive anomalies in Colombia; most of the ENUSA con-

cessions, two important Minatome concessions [A (Ocafla) and K (Sumapaz-

Quetame) ], IAEA/UNDP Area 3 and the COLURANIO working area of California

lie within it. All this indicates the high favourability of the Cor-

dillera Oriental. It is therefore surprising that, except for IAEA/UNDP

Area 3 and the extension of that work into ENUSA's Contratación area, no

systematic aerial surveying has been done. Earlier in this report it was

recommended that detailed aerial surveys on one-kilometre line spacing be
2

carried out at Quetame (7000 km ) and in other Palaeozoic areas -for
2 2

example, Tunebia (23 300 km ) and Girón (70 800 km ) - making a total
2 2

of 101 100 km ; this leaves 36 830 km for which reconnaissance
(3-km) line spacing could be used.
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H. Interior Zone, Llanos Orientales

2

330. The potential of this area (600 750 km ) for quartz-pebble con-

glomerate and unconformity-related deposits has already been discussed,

and two-kilometre line spacing has been suggested for the coverage of 500

000 km . The remaining areas contain mainly Tertiary and Quaternary

sediments that were not given high priority in previous studies. How-

ever, as they are in the immediate run-off area of the Cordillera Orien-

tal, where many anomalies and uranium occurrences exist, these sediments
2

cannot be completey ruled out. For this reason, the remaining 100 750 km

should be covered by reconnaissance-level aerial gamma-ray spectrometry

as part of a national survey.

I. Guajira

331. Although Minatome found no anomalies or uranium occurrences in

reconnaissance work, the geology is sufficently favourable for Guajira to

be included as a low-priority area.

XV. RECOMMENDED EXPLORATION PROGRAMMES

A. Review of recommendations for aerial gamma-ray spectrometric surveys

332. As noted previously, modern aerial radiometric survey techniques

generate a large amount of data, not only on the direct distribution of

radioactivity emanating from original uranium, thorium and potassium

sources, but also on general geology and favourable uranium formations.

333. The other important point is that modern survey contractors are able

to survey and provide data on areas as topographically difficult (and

dangerous) as the Colombian Cordilleras. Helicopters can be employed to

survey steep, mountainous areas up to 2500 metres in altitude provided

weather conditions permit flying. Fixed-wing aircraft surveys, while

costly to mount in the Interior Zone, can also be undertaken under such

conditions, provided supply bases are organized and maintained.
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Table 7. Summary of recommendations for aerial gamma-ray spectrometric
surveys £'

Name of area — Area Line spacing Line kilometres
(km^) (km) required

1. Areas already surveyed
(IAEA/UNDP) 13 255 1, 2

2. Areas recommended for
detailed survey

(a) Interior Zone (1A, B) 380 000 2
(b) Quetame (5) 7 000 1
(c) Other Palaeozoic areas

(4) 23 300 1
(d) Girón areas (2A-G) 70 800 1
(e) Cordillera Occidental

Tertiary granites (6A-D) 30 000 2
(f) Cordillera Central

Antioquia batholith (3) 51 750 1-4

4. Areas not recommended
for survey

(a) Pacific Zone 69 000
(b) Caribbean Zone 100 000

Sub-total 169 000

190
7

23
70

15

51

000
000

300
800

000

750

Sub-total 576 105 357 850

3. General areas at
reconnaissance level

(a) Llanos Orientales (7) 220 750 5 44 150
(b) Other Andean areas (8) 175 893 3 58 630

Sub-total 396 643 102 780

Total 1 141 748 460 630

aj Priorities given in brackets ().

b/ See Figure 20.
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Table 8. Recommended priorities for aerial surveys

Priority Name of Area Area (km^) Line km Estimated
required cost (US$)

1. A, B Interior Zone Q.P.C.
Unconformity-related 380 000 190 000 9 500 000
deposits

2. A-G Trias-Jurassic Girón
areas 70 800 70 800 3 540 000

3. ? Cordillera Central
Antioquia batholith 51 750 51 750 2 587 500

4. A, B Palaeozoic areas 23 300 23 300 1 165 000

5. Quetame area 7 000 7 000 350 000

6. A-D Cordillera Occidental

Tertiary granites 30 000 15 000 750 000

7. - Remainder of Interior Zone 220 750 44 150 2 207 500

8. - Other Andean areas 175 893 58 631 2 931 500

Total 959 493 460 631 23 031 550

334. The Mission therefore has no reservations about recommending certain

survey areas in Colombia. The members of the Mission recognize that its

recommendations constitute mere outlines of recommended areas; in many

cases, much greater field and map study could refine the limits suggested

and lead to reductions in the areas suggested. Table 7 outlines the

overall situation and Table 8 gives the Mission's views on priorities for

a ten-year period.
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335. The suggested figure of 460 630 line kilometres to be flown would,

if costed at the adopted rate of $50/line kilometre, total $23 031 500

(say, $23 million). This work should, if possible, be accommodated in a

ten-year time frame. The areas suggested for aerial survey are shown in

Figure 20.

336. The Pacific and Caribbean areas are not listed in the above table.

Though remote, they may still have potential for calcrete-type deposits

or contain Tertiary formations not previously observed.

337. Eight priority designations have been made in the recommendations

for aerial surveys. The first priority is by far the most important and

will entail the largest expenditure. However, it is highly probable that

ENUSA will fly its Contract No. 2 concession areas (58 050 km2) in

1980-81. There is also a possibility that COGEMA will survey its main

areas. For 1980- 82, the latter is interested in possibly as much as
2 2

75 050 km . It may therefore be the case that only some 247 000 km

will have to be flown utilizing some other source of financing; this

would entail 123 500.line km costing an estimated $6 175 000.

338. One matter which is vitally important is that irrespective of what

organizations actually perform the aerial survey work, IAN must ensure

that all such surveys are executed according to standard specifications

and that the results are presented in such a way as to be readily

comparable.

339. The Mission feels obliged to remark that the amount of aerial survey

work done to date in Colombia (17 595 km or 1.5% of the total national

land area, or 1.8% of the areas designated as favourable) is extremely

small in global terms; high priority should therefore be given to cover-

age by this method over the next ten years.

B. Basic geological mapping

340. The Mission fully recognizes that the geology of Colombia is highly

complex, extremely difficult to record and map, and extremely difficult

to interpret. Nevertheless, there are considerable deficiencies in the
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available maps and reports that inhibit a proper understanding of the

uranium potential of: the rocks, as well as potential for other minerals.

341. It is notable that the two principal geological maps of Colombia -

Mapa Geológico de Colombia 1976 by Fabio Cediel M., Guillermo Ujeta L. ,

and Carlos Caceres G. (published by Geotec Ltd. at a scale of 1:1 000 000)

and the Mapa Geológico de Colombia 1976 (compiled by J.L. Arango Calad,

T. Kassem Burtamenté and H. Dugue Caro and published by INGEOMINAS at a

scale of 1:500 000) - do not agree on many essential points - for

example, the Antioquia batholith and the Garzón Massif. It also now

seems that, in the case of IAEA/UNDP project Area II (Serrania de San

Lucas), both maps are wrong since project geologists found no Trias-

Jurassic Girón sediments as shown on the maps but only volcanic s.

Obviously, if this had been known, the area would not have been chosen as

a priority survey area.

342. While it is obvious that IAN cannot contemplate remapping the geo-

logy of the entire country merely to provide sound basic information for

an uranium exploration programme, it should be active in promoting and

supporting a revision of geological mapping in Colombia.

343. As a first step, it is essential that there be total and complete

co-operation between IAN and INGEOMINAS at all levels. All geological

information that is generated by IAN or comes to it via association

contract reports by foreign companies should be available to INGEOMINAS

so that the quality of the information available for geological mapping

can be improved. By the same token, INGEOMINAS should provide to IAN all

its new geological information in connection with potential uranium areas

as soon as it becomes available; in critical areas, INGEOMINAS should

include IAN geologists in the mapping team.

2

344. In the Llanos Orientales area (some 600 000 km ), where INGEOMINAS

currently has a small but very competent programme of mapping

(J. Galvis), IAN could make a useful contribution by financing a Landsat

computer processed study of the whole area and combining this with

detailed study of radioeleraent concentrations arising from the aerial

gamma-ray spectrometric survey already recommended. If possible, this
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work should be combined with airborne geochemistry, such as the measure-
222

raent of Rn concentration in air below atmospheric inversion layers
210 210

or the measurement of one or more of the decay products Pb, Bi

j 210-,and Po.

345. As this type of work relates to basic information, it would be more

appropriate for it to be carried out by a national organization (IAN)

rather than by commercial companies, although the latter could supply

basic data generated from their surveys.

346. It is recommended that a ten-year programme be undertaken in the

Llanos Orientales, including studies of Landsat imagery. Side-looking

radar radioeleraent concentration measurements and airborne geochemistry

should be sponsored by IAN in co-operation with INGEOMINAS so as to pro-

vide basic information for incorporation in a revised geological map of

the area. While the basic information will come from the recommended

aerial survey, an allowance of $2 000 000 should be made for such

additional studies. This budget should also cover any additional geolog-

ical work that IAN finds necessary to perform in co-operation with

INGEOMINAS to improve geological maps in other areas.

C. Reconnaissance geochemical and radon surveys

347. Next to aerial radioraetry, reconnaissance geochemical and radon

surveys probably represent the quickest methods of making a first assess-

ment of unknown areas, especially where access roads for carborne radio-

metry are very limited.

348. In most of the areas already described, it has been recommended that

both reconnaissance-level and detailed geochemical and radon surveys be

carried out; this is likely to be done within the framework of assoc-

iation contracts, by State organizations or through technical assistance

projects. However, there are areas, such as "other Andean areas" indi-

cated in Table 8 and assigned priority 8, where no ground work in the

near future is likely to be done under association contracts. These

areas, although not regarded as highly favourable, nevertheless have some

potential. It would thus seem appropriate for a State
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organization to assess them at reconnaissance level. Reconnaissance geo-

chemical, stream sediment, heavy mineral in water, radon and point radio-

metric surveys should be carried out by IAN geologists and geocheraists to

cover the 176 000 km of "other Andean areas". One set of determina-
2

tions should be made per 20 km . At a cost per site of ¿75, ¿660 000

would be needed. As the area may be expanded to include ground that does

not lie within association contract concessions, a total allowance of ¿1
2

000 000 should be made for the coverage of 266 000 km over the next

ten years. IAN should probably become involved in detailed geocheraical

and radon surveys of any anomalous areas found during the course of such

reconnaissance exploration. An additional ¿1 000 000 should thus be

allocated for such work over a ten-year period.

D. Drilling

349. Remarkably little drilling on uranium prospects has been done to

date in Colombia by foreign companies, technical assistance projects and

State organizations. In fact, less than 2000 m have been drilled by

Minatome and under IAEA/UNDP projects.

350. As shown in Table 9, the Mission recommends 126 500 metres of drill-

ing in specific areas, at a total cost of ¿28 050 000, over the next ten

years to indicate the location of Speculative Resources. In addition, it

is suggested that an allowance be made for 10 000 metres of drilling on

as yet unspecified targets during the next ten years by IAN. This makes

for a total of 136 500 metres, at an estimated cost of ¿30 050 000, over

a ten-year period or an average of 13 650 metres per year at a cost of ¿3

005 000 per year.

351. The total of 136 500 metres (or 13 650 m/a) as proposed by the Mis-

sion is still very low in world terms. Annual rates in other countries

are as follows: Canada - 330 000 m (1978); France - 525 000 m (1977);

Mexico - 160 000 ra (1977); Spain - 125 000 m (1977); and the USA - 15

000 000 m (1977).
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352. The cost of drilling is exceptionally high in Colombia, however.

Most world costs lie in the range of $3.00/raetre (non-core drilling in

sedimentary strata) to $120/metre (core drilling in crystalline rocks).

The cost in Colombia is likely to average $165/metre for all rocks, and

this makes a considerable difference in the total capital outlay required.

XVI. EXPLORATION METHODS APPLICABLE IN COLOMBIA

353. It is generally understood that there is no single effective

exploration technique for discovering uranium deposits. The success of

an exploration venture normally depends on the judicious application of a

combination of techniques, and geological and geographical factors often

determine which technique is more suitable for a given situation. The

techniques selected also depend on the stage, hence the objective, of the

exploration activity. In Colombia, the physical geography of the country

has a strong influence on the type of technique that can be used. It can

generally be stated that, with a few exceptions, exploration work in

Colombia means facing difficult and very challenging logistical prob-

lems. This is due, if not to extreme topographic contrasts, to lack of

accessibility.

354. The normal exploration sequence for uranium may be considered as

comprising the following stages;

(a) Reconnaissance or low-density observation;

(b) Follow-up, semi-detailed or intermediate-density observation;

(c) Detailed or high-density observation;

(d) Exploration drilling; and

(e) Follow-up drilling.

A. Reconnaissance stage

355. The objective of exploration work at this stage is to identify a

large area or areas of interest from a still larger area with unknown

potential within which the possibility of finding uranium deposits still

exists. The density of observation at this stage is generally less than

1 sample/km , with an areal coverage of not less than 10 000 km . At

this level, the working scale for maps ranges from 1:50 000 to 1:100 000.

- 127 -



356. The reconnaissance survey generally consists of geological base map-

ping combined with one or two of the following techniques:

(a) Airborne radiometric surveying (gross count or spectrometric);

(b) Geochemical surveying; and

(c) Carborne radiometric surveying.

357. Geological base mapping; Although a general geological map of

Colombia on a scale of 1:1 500 000 is available (Figure 3), less than

half of the country's territory has been given geological coverage at the

reconnaissance level (1:50 000 to 1:100 000). The Andean and Caribbean

regions represent areas with the best coverage. It is essential there-

fore that any reconnaissance survey include large-spaced geological

traverses to verify existing information and to obtain information needed

for a better evaluation of the uranium potential. Analysis of the exist-

ing side-looking radar (SLR) and Landsat images obtainable from the

Instituto Geográfico "Agustín Codazzi11 may be of great help in the tec-

tonic study of the area to be surveyed. Absolute dating on some rock

units may help clear, uncertainties concerning the age of important forma-

tions.

358. Airborne radiometric survey: Lack of access and vast unexplored

territory point to the usefulness of systematic airborne radiometric

surveys in the preliminary evaluation of the country's radioactive

mineral potential. The mountainous terrain in the Andean zone poses

quite a problem, requiring a helicopter, which is more costly than a

fixed-wing aircraft. Even so, in general, only those areas where the

elevation is not more than 2500 ra will be able to be flown systema-

tically. An exception to this generalization may be the antiplano of

Boyaca and northern Cundiamarca, which is much higher. In many parts of

the country, due to weather, flying time is limited to the period

December - April.

359. A gamma-ray spectrometric system, is preferable to a gross count

system as the former can provide good geological/geochemical maps. For

additional geological information, it is advisable to include magnetic

measurement in the aerial survey. Flight lines on not less than 2-kra
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spacing (preferably 4 km) are considered sufficient at this stage. The

cost of such a survey in Colombia may range from $50 to $100 per line

kilometre. Interpretation of the airborne data in areas of intense

weathering needs to be performed with care. In such cases, the informa-

tion obtained is more qualitative in nature and the study of ratios may

be more useful (U/Th, U/K and Th/K).

360. Low-density geochemical survey; Of all the reconnaissance tech-

niques available, low-density geochemical surveying probably is most

suitable for the highly dissected Andean region. However, such a survey

can become very costly due to very poor access. This technique may be

used to complement airborne work where doubt exists.

361. Collection of heavy mineral panned concentrate at a density of not

less than 1 sample/20 km is considered to be the best approach.

Complementary stream water and sediment should also be collected, and

radiometric readings made at the sampling point. Uranium and radon

should be determined in all water samples. Apart from uranium, it is

prudent to analyse for other trace elements considered to be of import-

ance in all solid samples collected. Representative rock samples should

be collected and analysed to aid the interpretation of geochemical data.

At this density of sampling, the cost per square kilometre may vary from

$5 to $10. One of the main benefits of the technique is that it can

serve to outline areas of interest for other commodities at only the cost

of analysis. Heavy mineral concentrate may be studied raineralogically to

ensure more valid conclusions in the final interpretation. The resulting

geochemical maps may also provide geological and tectonic information.

362. Carborn radiometric survey: Carborne surveying has been the tech-

nique used most widely in Colombia. In fact, initial areas of interest

with radioactive mineral potential were selected this way. The main draw-

back to its use is the lack of passable roads in the country. Further-

more, most existing road systems run parallel, rather than cutting across

the N-S geological trend. Therefore, .systematic coverage of the country

with this technique is not possible.

- 129 -



363. Recommendations: It is recommended that aerial surveying be con-

sidered as the first: choice where applicable. Low-density heavy mineral

sampling, complemented by water and stream sediment collection and radió-

me try, should be carried out in the remaining areas. Overlaps between

the two techniques might help in selecting between significant and

spurious anomalies and also provide a higher degree of confidence with

regard to the selection or rejection of a given area. Regardless of the

technique selected, the main objective should be systematic and adequate

coverage of the target area.

B. Follow-up stage

364. Once an area or areas of interest have been delineated by the recon-

naissance survey and/or through geological selection, exploration enters

the follow-up stage (also known as semi-detailed or intermediate-density-

of-observation stage). The objective here is to locate the anomaly with-

in a specific geological environment that may indicate potential concen-

tration of the element. The size of the area to be surveyed is of the
2

order of 500 to 2000 km , and the density of observation at this level

is generally from 2 to 10 samples per square metre. The scale of maps

used is normally 1:25 000.

365. Aerial survey: Aerial radiometric surveys may be carried out at

this level on a flight line spacing of 1 km or less. The only limiting

factors are cost and excessively mountainous terrain. Specifications for

the survey and the cost per line kilometre are similar to those for the

reconnaissance stage.

366. Ground co-ordinated survey: Where possible, a combination of geo-

logical mapping on 1:25 000 scale, stream water and sediment collection

and radiometry is considered the most effective method for exploration at

this level. Water samples should be analysed for U and Rn, whereas

stream sediment and rock samples should, in addition to uranium, be

analysed for those elements indicated by the reconnaissance survey. At

this level, a geological model for the type of uranium deposit sought

should be developed. The cost of such a survey usually varies from $100

to ¿200 per square kilometre, depending on the region, hence type of

terrain.
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C. Detailed stage

367. Each anomalous zone outlined by the follow-up (serai-detailed) survey
2

may have an area of between 5 and 50 km . The primary objectives of

the survey are to pinpoint where a likely concentration of uranium may be

located and to obtain information as to the nature of the concentration.

Detailed geological mapping on scales of 1:5 000 to 1:10 000, combined

with radon in soil-gas measurement, soil sampling and radiometric survey-

ing, may be carried out over predetermined grid systems (cut lines).

Depending on the tpe of deposit being sought (hydrothermal, unconformity

related, stag etc.), an electromagentic survey (VLF) may be preferred.

Trenching over a defined target may follow in an attempt to obtain

information on the nature and character of the mineralization if such

exist. The normal density of observation at this stage is more than 100

samples per square metre. The cost of such a co-ordinated survey may

well be in the $2500 to $5000 per km2 range.

D. Exploration drilling stage

368. This stage is regarded as the most important and crucial in the

exploration sequence, at the conclusion of which the entire activity is

judged. The objective of the campaign is twofold: first, it is purely

geological (testing the existence of model contemplated); secondly, it

is undertaken to test locations where there is a likelihood of economic

concentration of the element or criteria that may lead to it (primary

halo, alterations, etc.). Both diamond-core and truck-mounted rotary

drilling can be employed. Other than for geological reasons, the choice

between the two drilling techniques is largely determined by the type of

terrain where the programme is to be carried out. In many parts of

Colombia, only skid-mounted diamond drilling machines can be employed.

Logistical problems in the Andean region make the drilling campaign very

costly. The cost per metre for diamond-core drilling may vary between

$100 and $300. The cost should be about half for rotary drilling.

369. Each hole should be logged for gamma, single-point resistance and

spontaneous potential (SP). With rotary drilling, it is recommended that

cuttings be collected for geological and mineralogical investigations.
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Studies on the stage of equilibrium in the intersected mineralized zone

might be carried out. It is obvious that a successful exploration drill-

ing campaign should be followed up (follow-up drilling stage) to deter-

mine the possible indicated reserve of the prospect. However, as this

activity is very much governed by what is found at the exploration drill-

ing stage, it is difficult to generalize and this matter is not dealt

with herein*

XVII. SUMMARY OF RECOMMENDATIONS AND POLICY OPTIONS FOR THEIR IMPLEMENTATION

A. General

370. In addition to estimating the Speculative Resources in Table 10, the

Mission has also attempted to make a very general estimate of the order

of magnitude of funds needed to indicate more precisely where Speculative

Resources may exist. Considerable additional expenditures, not listed

here, would be required to convert these Speculative Resources into

Reasonably Assured and Estimated Additional Resources. Estimated costs

for the first phase are shown in Table 9.

371. In view of the urgent need to define locations for Speculative

Resources, the Mission's proposals are regarded as being valid for a ten-

year period to start as soon as possible.

372. In summary, the Mission believes that if an attempt is made to

achieve objective (b) of the terms of reference of the IUREP Orientation

Phase Mission ("to delineate areas favourable for the discovery of specu-

lative uranium resources"), some 80 million dollars will have to be spent

in Colombia over a ten-year period.

373. Expenditures should be divided almost equally among aerial surveys

($23 million), ground survey ($27 million) and drilling ($30 million);

much new and modern exploration equipment, well-trained staff and first-

class administrative, and geological management will also be required.
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Table 9. IUREP Mission proposed programmes: Summary and approximate

costs for a 10-year programme

Resource type (IUREP) Aerial Ground Drilling* Total*
surveys* surveys*

1. Quartz-pebble conglomerates 1.50 5.50 0.75 7.57

2. Proterozoic unconformity-related
deposits 8.00

3. Disseminated-type deposits

4. Vein-type deposits

5. Sandstone and sedimentary-type

deposits 5.80 5.65 17.90 29.25

6. Other types of deposit -

7. Unspecified areas 7.70 - - 7.70

8. General national programmes - 4.00 2.00 6.00

TOTAL (rounded)* 23.00 27.45 30.05 80.40

* In millions of US dollars (1980).

It is strongly emphasized that the above figures refer to 1980 US dollars

and unit costs. No inflation factor has been assumed.

374, Geographically, the Mission believes that the greatest possibilities

exist in the Interior Zone, and it is here that the greatest expenditure

will be needed - a total of ¿28.75 million, or 36%, with $9.6 million for

aerial surveying, ¿15.5 million for ground surveying and ¿3.75 million

for drilling. This work constitutes a high-risk venture as the Mission

is postulating a Speculative Resources range in this area of 0 to 100 000

tonnes uranium.

375. The next best targets appear to be the Girón areas in the Andean

zone, where 12 000 to 55 000 tonnes uranium are suggested. A total

recommended exploration expenditure of ¿8.8 million is foreseen, of which

¿4.5 million would be needed for drilling. Of roughly equal importance

- 133 -



would be the Palaeozoic Quetarae-type areas, with Speculative Resources of

7500 to 75 000 tonnes. A total exploration expenditure of ¿8.5 million,

of which ¿5.0 million would be used for drilling, is suggested. Other

favourable areas and proposed expenditures are given in Table 10.

B. Policy options

376. In the foregoing commentary, the discussion focused only on tech-

nical situations and requirements; no mention was made of sources of

funding for the exploration work recommended. The following section

therefore deals with, possible sources of funding and political and admin-

istrative problems that may arise.

377. Exclusive national development; In view of Colombia's liberal

history of permitting foreign investment in mineral exploration and the

existing policy of entering into association contracts with foreign com-

panies for uranium exploration, it is unlikely that the country will

revert to a policy of exclusive national exploration and development.

378. Such a policy may well be reinforced by the view expressed in this

report that an investment of ¿80 million is required merely to indicate

the most likely locations for Speculative Resources; this amount is

small compared to the amount required to explore for and to prove

Reasonably Assured Resources of the magnitude suggested.

379. While the Mission concludes that reversion to a policy of exclusive

national exploration and development is unlikely in Colombia, there are

nevertheless important programmes and sub-programmes for which the

Government should continue to take responsibility; responsibility for

the continuity of such involvement devolves on IAN and COLURANIO in the

Government sector.

380. As noted previously, LAN's Division of Raw Materials is currently

responsible for recommending assocation contracts with foreign companies

and directly responsible for reconnaissance exploration in the areas

reserved by the Government for direct national exploration. IAN's pres-

ent work centres mainly on administering and utilizing the Government's

contribution to the IAEA/UNDP-assisted survey of three
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areas. Once IAEA/UNDP assistance to this project ends, however, the

Division of Raw Materials will have to operate on its own in the Govern-

ment's reserved areas.

381. COLURANIO, on the other hand, is a State-owned industrial and

trading organization with terms of reference that call on it to further

the exploration, processing and marketing of radioactive materials.

382. While no conflict of interest appears to exist at the present time,

the Mission understands that the possible boundaries of responsibility

are not clearly defined and that conflicts over definitions of explora-

tion duties might arise in the future.

383. For this reason, the Mission recommends that the terms of reference

of both organizations be clearly defined by governmental decree, leaving

IAN with responsibility for primary reconnaissance exploration (explora-

ción preliminar) in reserved areas and responsibility for transferring to

COLURANIO all occurrences that have been explored and where, in IAN's

view, commercial-scale discoveries have been made. COLURANIO, on the

other hand, should only be responsible for development exploration

(exploración técnica) to prove reserves and for all the stages beyond

that (the relationship between MTA and ETIBANK in Turkey serves a good

example of what is meant).

384. At the present time, the Division of Raw Materials and COLURANIO

both appear to have annual budgets of approximately $1 000 000.

COLURANIO's budget is expected to be increased; however, as its work is

not related to exploration for Speculative Resources, consideration there-

of is irrelevant in the present context.

385. With regard to the Division of Raw Materials, it has been suggested

that, in addition to having responsibility for primary reconnaissance

exploration, it should co-operate with INGEOMINAS to support primary geo-

logical mapping, partially through aerial geophysics and geochemistry,

and to cover the whole of the reserved Andean areas by geochemical and

radon surveys, following up where necessary with drilling of anomalies.
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386. The cost of this undertaking has been estimated at $6 000 000. It

is recommended that this figure be regarded as a basic Government con-

tribution to exploration for speculative uranium resources; in effect,

this would mean an addition of $600 000 to the annual budget of the

Division of Raw Materials, or an approximate doubling of the present

annual budget. If this were done, it would constitute a part of the

Government's contribution ($6 million) to the recommended exploration

programme aimed at delineating areas favourable for the discovery of

speculative uranium resources. This would require some $74 million to be

obtained from other sources for completion of the proposed programme.

C. National development with international technical assistance

387. Most of the Division of Raw Materials' funds are, at the present

time, being channelled into the IAEA/UNDP-assisted project. Total fund-

ing over a 3.5-year period, including both UNDP and IAN contributions,

amounts to an equivalent of $3.3 million, or approximately $0.95 million

per year. While this project appears to be very successful in terms of

both exploration results and training for IAN staff, the financical con-

tribution is obviously small in comparison with the overall requirement,

now estimated at $74-80 million.

388. International technical assistance could be sought by the Colombian

Government from organizations such as UNDP (with the IAEA acting as

Executing Agency), the United Nations Revolving Fund for Mineral

Resources, and the World Bank or the International Monetary Fund. The

$74-80 million sum is needed over a short period (ten years), however,

and it is very unlikely that any one of these organizations will be

willing to support the project in its entirety owing to its magnitude.

Nevertheless, there are many possibilities for separating the exploration

requirements into geographical areas or activities (for example, aerial

surveying) and requesting technical assistance for these individual areas

or activities from UNDP/IAEA, the Revolving Fund or the the World Bank,

with each organization working separately on different project areas and

in association with IAN.
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389. This method has the advantage of permitting the training of national

personnel at all levels and reducing the cost to the Government in

meeting the overall objective of completing a national reconnaissance

programme and localizing Speculative Resources.

390. It is recommended that as much use be made of international tech-

nical assistance as is possible. It is obvious that IAN must be the

national counterpart organization for any such project or projects, and

an expansion of LAN's Division of Raw Materials in terms of both trained

personnal and budget will be necessary.

391. Even if this approach is pursued, however, it is unlikely that more

than a small proportion of the $74-80 million requirement for completing

the reconnaissance programme for Speculative Resources would be covered.

^. National and/or foreign commercial participation in exploration and

development

393. Funds for the proposed programme at an appropriate level are un-

likely to be available from the Government, even if international tech-

nical assistance is considered. Moreover, in the Mission's opinion, it

questionable whether such high-risk exploration programmes should be

funded by the Government. The major contribution to the recommended

reconnaissance programme should therefore be risk capital generated

through the private sector.

393. Colombia has an excellent international business reputation with

regard to mineral exploration and, as noted in some detail above, the

country is already committed to a policy of "association contracts" with

foreign companies. While the Mission is totally in agreement with the

general principle of association contracts, it believes that more

encouragement and clear technical guidelines should be provided to the

foreign companies - and, if necessary, to international technical assis-

tance projects - by the Government (IAN) to ensure that a co-ordinated

and standardized exploration programme of the type suggested by the

Mission can be completed in approximately ten years.
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394. Technical guidelines: As already noted, the Mission was surprised

to learn that only 1.5% of the total land area of Colombia had been

covered by aerial radiometry. While it may not be possible to oblige

foreign companies to perform aerial surveys over the original project

areas via legislation, the companies should certainly be encouraged to do

so. Moreover, the release of 40% of the exploration areas at the end of

one year should be at least partly justified by aerial survey results.

395. What IAN can do is to ensure that all aerial surveys (and geo-

chemical and radon surveys) are executed according to standard specifica-

tions and that the results are presented in a totally comparable and

standard manner. The procedures adopted by the United States Department

of Energy (DOE) National Uranium Resources Evaluation (NURE) programme

should be followed. In the USA, contracts were issued to many companies

and organizations provided they agreed to work in accordance with spec-

ifications and rules for result presentation laid down and strictly

enforced by NURE.

396. The Mission recommends that IAN should draw up specifications for

aerial (fixed-wing and helicopter) geochemical and radon surveys and

rules for result preparation. DOE's NURE programme management would no

doubt be willing to assist by providing copies of their own specifica-

tions. Once such specifications for Colombia are drawn up, they should

be included as an Annex in any future association contracts between IAN

and foreign companies. The Mission believes this is very important and

urgent. If enforced, this will ensure that anomalies discovered in

widely differing geographic areas by entirely different orgaizations will

be strictly comparable.

397. Encouragement of activities: The Mission wishes to emphasize most

strongly that the Government's principal objective should be to have a

reconnaissance programme (as recommended in this report) completed in the

shortest possible time utilizing all the means at its disposal. It

should therefore give maximum encouragement to all companies and organ-

izations willing to carry out reconnaissance exploration in Colombia

provided major national interests are protected. The acquisition of

geological and radioraetric information is ultimately of far more value,
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financially as well as scientifically, than any short-term gain through

the imposition of taxes on exploration. This is particularly important

in the Interior Zone (Llanos Orientales), which the Mission believes may

have high potential, but where logistic and working conditions are

extremely difficult and exploration extremely costly.

398. Initial exploration in the Interior Zone must make use of aerial

radiometric methods, judiciously combined with geochemical techniques,

particularly heavy mineral sampling.

399. One of the most inhibiting factors to rapid aerial radiometric

exploration is the tax imposed on services provided in Colombia by

foreign contractors. While this tax is levied on the service contractor,

it nevertheless has the effect of increasing costs to the associate con-

cessionaire by 90%. This practice appears to be very harsh on the

associate; most importantly, however, it is very detrimental to the

Government as it inhibits or delays aerial radiometric survey work,

especially in such important areas as the Interior Zone. This tax

requirement has no doubt been partially responsible for the remarkably

low figure of 1.5% of the national territory that has been covered by

aerial surveys to date.

400. It is recommended by the Mission that this tax levied on foreign

contracts be totally abolished on the grounds that this is of primary

long-term interest to the Government.

401. The contract requirement to relinquish 90% of the concession area at

the end of one year is harsh, even when aerial surveys have been done.

In effect, the two requirements - the 90% foreign contractor tax and the

90% relinquishment of area - are contrary to the Government's best

interest. If aerial survey work in the first year were made mandatory,

the Mission would then agree that the 90% relinquishment was fair; if it

were not required, either a two-year initial period or the relinquishment

of a smaller area (say 50%) might be more encouraging and more productive

of useful information. This is especially important in the Interior Zone

where field work is confined to a four-month-per-year period. It would
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be logical to permit a three-year initial reconnaissance period in such

contracts before requiring any relinquishment. Even so, aerial surveys

may not be as effective as in other countries.

402. This leads to a general point about the maximum exploration period

of eight years, which, in world terras, appears to be reasonably generous,

In Colombia, however, due to the especially difficult terrain, this may

be too short for operators to make the correct decisions. It is recom-

mended therefore that a maximum of 12 years be allowed for exploration

and the total duration of contracts be extended to 36 years.

403. Technical information on the 90% relinquished areas should be freely

available to other companies that may be considering preliminary recon-

naissance work in Colombia; this might possibly lead to association

contracts.

404. Although not related to reconnaissance work for Speculative

Resources, there are other points in the standard association contracts

that may inhibit foreign companies from signing them. One of these is

the confusion that currently exists over the commercialization and dis-

posal of the final product (yellow cake). This matter should be cleared

up by new legislation, permitting export of concentrates by the foreign

company after due permission and licensing by IAN.

405. With such modifications, it is believed that more requests and

efforts will be made by foreign companies and, possibly, the combined

effort will equal that which has been recommended in this report. If, by

the middle of a ten-year programme (say, in 1985 or 1986), it does not

appear that private enterprise will accomplish the objective, then fur-

ther liberalization of association contracts and tax structures affecting

uranium exploration should be considered.

406. For purposes of nuclear raw materials exploration, the whole country

should be declared a reserved area and IAN should assume administrative

control over such exploration efforts.
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Table 10. Summary of esciaaced Speculative Resources and exploración coses required co indicate such resources

Type of deposit and area Priority Speculative Resources
(tonnes U)

From To

Exploration expenditure recommended (US $)

Aerial survey Ground surveys Drilling Total

1. Quartz-pebble conglomerates

5. Sandstone and sedimentary type
deposits
(a) Precaabrian*
(b) Palaeozoic

<i) Quecame
(ii) Other areas

(c) Trias-Jurassic (Giron)
(i) Santander
(ii) Other areas

(d) Lower Cretaceous
(i) Berlin
(ii) Other areas

(e) Upper Cretaceous
(i) Phosphates

(£) 'Pre-Miocene Tertiary basins
(i) Palermo
(ii) Other Tertiary basins

6. Other type of deposits

7. Geographic areas
ii; Pacific Zone
(ii) Caribbean Zone
(iii) Guajira
(iv) Cordillera Occidental
(v) Cuaca basin
(vi) Cordillera Central
(vii) Magdalena basin
(viii) Cordillera Oriental
(ix) Llanos Orientales
(x) General Andean areas

8. General national programmes
<a) Review of aerial surveys
(b) Basic geological mapping
(c) Reconnaissance geochemical

and radon surveys
(d) General drilling

1 A

2. Procerozoic unconformity-related* 1 B
deposits

3. Dissecinated-tvpe deposits
{») Disseminated
(b) Pegmatites
(c) Contact zones

4. Vein-type deposits
(a)California
(b) Palaeozoic
(c) Granites

2 C

6 A-D

0
0

5 000

500
0

500

1 000

100 000

1

20

2

1

000
500
000

500
500
000

4
4 A-B

2 A-G

3

6 A-D
6 A-D

0
0

2 500
2 000

5 000
1 000

see (b1)
below

2 000
2 000

10
1

25
5

25
5

10
10

000
000

000
000

000
000

000
000

5 000

1 500 000

8 000 000

(a)
(a)
(a)

(a)
(a)*

2 587 000

2 207 000
2 932 000

5 500 000

10 000 000

2 000 000

100 000
200 000

750 000 7 750 000

3 000 000 21 000 000

5 000 000

400 000
1 000 000

)2 000 000

2 000 000

7 000 000

500 000
1 200 000

(a)

350
1 165

(a)
3 540

(a)
(a)

(a)
750

000
000

000

000

1

1
1

1

000

000
000

250
500

200
200

500

000

000
000

000
000

000
000

000

1

3
2

4

5

1

500

000
000

000
500

000

000
000

000
000

000 000
400 000

see (b*)
below

500 000

2

4
4

4
4

5

3

500

350
165

250
540

200
600

000
750

000

000
000

000
000

000
000

000
000

2 000 000

2 587 000

2 207 000
2 932 000

2 000 000

2 000 000
2 000 000

Tocáis

Rounded totals

20

20

500

500

216

216

500

500

23

23

031

000

000

000

27 450 000 30 050 000 80 531 000

27 000 000 30 000 000 80 000 000

(a) Aerial survey requirement covered elsewhere.

(b) Phosphaces: (b1) Uranium content of 40 000 to 60 000 tonnes has been estimated by IAN and INGEOMINAS;
it is unlikely, however, that this can be considered vithin Speculative Resources as no
industry exists or is likely co exist which could produce uranium at under ¿130/kg U.

(b2) A feasibility study, which is primarily a drilling programme aimed at assessing che
phosphate potential and costing $4 000 000, has just been completed by ECOMINAS.

(c) The recommended exploración budgec is equivalenc to ¿2.00/kg U for Che lower end of Che Speculacive
Resources range and S0.18/kg U for che higher end.

* The Mission proposes chat the geological pocencial of the Roraima Formation be viewed in its entirety.
This might amount co 0 co 100 000 tonnes U, either as quartz-pebble conglomerates or as unconformity-related
or sandstone-cype (Gabon sub-cype) deposics.
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ANNEX A

DEFINITIONS OF URANIUM RESOURCES

For the purpose of this report, resource estimates are divided into

three separate categories relecting different levels of confidence. The

categories are further separated into resources that can be produced at

less than $80/kg U and between $80 and $130/kg U. The dollar value

employed throughout this report corresponds to the US dollar at the

exchange rates applicable in July 1978. Significant resources exploit-

able at higher costs are described in places in the text. The higher

cost resources have been added since the previous edition of this report

to take account of uranium which will not likely be recovered in this

century but which in some cases has been investigated for possible pro-

duction in the very long term.

Although the bases for computing costs for purposes of resource

estimation are similar from country to country, some differences do

exist. These bases are discussed in detail in certain of. the country

submissions in Part III. The Working Party has concluded that these dif-

ferences do not significantly affect the comparability of the resource

figures, and for the purposes of this report, addition of the respective

figures will provide an adequate estimate of the world resources posi-

tion. Generally, however, most cost bases include not only the direct

costs of mining and processing, but also the cost of capital spent in

providing and maintaining the production unit. Past exploration costs

are generally not included. It follows therefore that the cost cate-

gories do not necessarily reflect the prices at which uranium will be

available to the user.

It should also be noted that information from the USSR, Eastern

Europe and China could not be included in the report because data have

not been made available. Therefore, where the word "world" is used in

this report, these countries are not included.
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There are two basic categories of resources, defined as follows:

(i) Reasonably Assured Resources refers to uranium that occurs in

known mineral deposits of such size, grade and configuration

that it could be recovered within the given production cost

ranges, with currently proven raining and processing tech-

nology. Estimates of tonnage and grade are based on specific

sample data and measurements of the deposits and on knowledge

of deposit characteristics. Reasonably Assured Resources have

a high assurance of existence and in the cost category below

$80/kg U are considered as reserves, for the purpose of this

report.

(ii) Estimated Additional Resources refers to uranium in addition to

Reasonably Assured Resources, that is expected to occur, mostly

on the basis of direct geological evidence, in:

- extensions of well-explored deposits

little-explored deposits, and

- undiscovered deposits believed to exist along a well-defined

geological trend with known deposits.

Such deposits can be identified, delineated and the uranium

subsequently recovered, all within the given cost ranges.

Estimates of tonnage and grade are based primarily on knowledge

of the deposit characteristics as determined in its best-known

parts or in similar deposits. Less reliance can be placed on

the estimate in this category than for Reasonably Assured

Resources.

The resource level of Estimated Additional Resources should be con-

sidered as having a potential for later conversion to Reasonably Assured

Resources as the possible result of further exploration effort.
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ANNEX B

GEOLOGIC SETTING OF URANIUM DEPOSITS

I. INTRODUCTION

The major uranium resources of the world can be assigned, on the

basis of their geological setting, to the following six categoies of ore

types:

(a) Quartz-pebble conglomerate deposits,

(b) Proterozoic unconformity-related deposits

(c) Disseminated magmatic, pegmatitic and contact deposits in
igneous and metamorphic rocks,

(d) Vein deposits

(e) Sandstone deposits, and

(f) Other types of deposits.

The main features of these deposits are descibed below.

II. QUARTZ-PEBBLE CONGLOMERATE DEPOSITS

Known quartz-pebble conglomerate ores are restricted to a specific

period of geological time. They occur in basal Lower Proterozoic beds

unconforraably situated above Archaean granitic and metamorphic basement.

Commercial deposits are located in Canada and South Africa, and sub-

economic occurrences are reported in Brazil, in the Cobalt Embayment,

Ontario, and at Sakami Lake, Quebec (Canada), in India, and in Australia

(Figure B.I).

The conglomerates are highly pyritic, compact and slightly meta-

morphosed. The quartz-pebbles are firmly cemented by chlorite and

sericite. Uranium occurs in the matrix, primarily as uraninite assoc-

iated with other heavy minerals, some containing thorium and/or uranium.

Carbon occurs in the deposits of both Canada and South Africa, partic-

ularly in the latter, and may have played a role in the formation of the

ores. Gold is present in the South African deposits, where it the chief

ore mineral, but it is not present in the Canadian deposits.
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Figure B.I. Areas with uranium occurrences and deposits in Early

Proterozoic quartz-pebble conglomerates.
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The uraniferous conglomerates are light to dark grey in colour

throughout their entire sequence, with virtually no evidence of oxidation

except by superficial weathering.

Only conglomerates older than 2300 tn.y. are likely to contain

uranium in the form of uraninite in placer assemblages. The stability of

primary uranium minerals during fluvial transport from source rocks to

host rocks may have been made possible, at that time, by the suggested

absence of atmospheric oxygen. Younger conglomerates are considered

unfavourable for detrital uranium as they were deposited in an oxidizing

atmosphere and typically contain haematite rather than pyrite. Certain

Phanerozoic conglomerates contain minor uranium deposits, but these are

geologically similar to sandstone deposits and bear little or no resemb-

lance to the deposits discussed in this section.

The conglomerate deposits are confined to Precambrian shield areas.

Most of the deposits in Canada, and all those in South Africa, occur in

areas of gentle folding or tilting (basin edges). Similar but sub-

economic occurrences- in Brazil are in areas of considerable folding and

faulting.

In South Africa, uranium and gold are confined to relatively thin

conglomerate or carbon bands, from a few to a hundred centimetres thick,

within a sizable body of otherwise barren sediments. The ore-bearing

conglomerate bands are separated by either barren quarzite or conglom-

erate, but the ore zones are best developed where quartzite forms the

underlying strata. The ore occurs in thin layers from a few centimetres

to tens of centimetres thick that are generally located along floors of

deposition formed along palaeoslopes in shallow-water, fluviodeltaic

environments. Mineralization is commonly located along local unconform-

ities representing breaks in the depositional succession. Important

metal values are also found in lenticular conglomerate beds between

stratigraphic disconformities.

The mineralized conglomerates in Canada are generally thicker than

those in South Africa, ranging from less than 2 metres to about 10 metres

in thickness. Uranium ore zones may be separated by arkosic, pebble-free
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quartzite beds a few centimetres to several metres in thickness. Pebbles

range from 1-5 cm in diameter, but larger pebbles and cobbles occur

locally. The conglomerate contains a matrix of smaller particles of

quartz and feldspar, as well as sericite and chlorite. Channel cross-

bedding is common. The surfaces of deposition of the conglomerate have

considerable local relief. Valley structures are prominent on the

Archaean surfaces, and the conglomerate beds are essentially confined to

them. They are developed best on greenstone beds, but occur also on

granites. Metamorphism of the conglomerate is weak. Locally, zones of

red alteration appear along fractures, but oxidation is not sufficient to

effect redistribution of uranium. The ore zones commonly contain various

combinations of uranium, thorium and rare earth minerals such as

uraninite, monazite, thorite, brannerite and uranothorite.

Quartz-pebble conglomerates are among the lowest grade uranium

deposits mined. Where uranium is recovered as a by-product of gold

mining, the grade may be as low as 0.01% U-,0o. Deposits mined
J O

exclusively for uranium may contain as much as 0.15% U3°8»

Individual deposits range in size from 5000 to 150 000 tonnes of con-

tained uranium.

II. PROTEROZOIC UNCONFORMITY-RELATED DEPOSITS

Deposits of the Proterozoic unconformity-related type occur spa-

tially close to major erosional unconformities developed during a

generally world-wide orogenic period about 1800-1600 m.y. They are

represented by the ore bodies at Cluff Lake, Key Lake and Rabbit Lake in

northern Saskatchewan, Canada, and those in the Alligator Rivers area in

northern Australia (Figure B.2).

These deposits are confined to Precarabrian shield areas containing

Archaean basement rocks overlain by Lower Proterozoic metasediments.

Folding and erosion of these rocks was followed by unconformable deposit-

ion of Middle Proterozoic sandstones that in most places remain as flat-

lying and relatively undisturbed beds. The known deposits are located in

the Lower Proterozoic beds, usually within a few hundred metres below the

unconformity; in a few places, however, mineralization
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Bear Province (V)
Beaver lodge (U)
Wollaston Lake
Fold Be Id (U)
Cluff Lake (U)
Swaruwalder (V)
Makkovlk-S««l
Lake (U) (V)
Hefcynlan Massif» (V)
Franeevllie Basin (U) (V)

9 Yangl Abad (V)
10 Pine Creek Geosyneline (U)
11 Arjeplog-AividsjaurfV)
12 Bihar (U)

Figure B.2. Areas of Proterozoic unconformity-related (U) and vein (V)

deposits.
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is found in the Middle Proterozoic rocks directly above the unconformity.

The host rocks for the deposits are schists and, occasionally,

gneisses, commonly of pelitic origin, that contain both pyrite and graph-

ite. The main control is possibly structural, with the uranium localized

by open structures in zones of fracturing, shearing and brecciation,

though there is evidence of a primary stratigraphic and chemical control

Alteration, chiefly chloritization and sericitization, is a common fea-

ture believed to be more or less contemporaneous with uranium mineraliza-

tion.

The Middle Proterozoic cover rocks, where present, are composed

chiefly of coarse-grained porous quartz sandstones and minor conglom-

erates, siltstones and shales.

The ore consists chiefly of pitchblende in both disseminated and

massive form. Rich zones are common, and commercial quantities of gold,

nickel and other metals may be contained in the ores. Thorium is absent

from these deposits.

The Jabiluka, Koongarra and Nabarlek deposits of northern Australia

occur in the Gahill Formation, which is a Lower Proterozoic sequence of

schist, amphibolite, carbonate rock and chert. These metasediments

represent an original pelitic sequence of montmorillonite-rich shale,

carbonate, black shale, chert and mixed cheraical/detrital sediments, all

with variable amounts of carbonaceous matter, probably deposited in a

near-shore marine environment. The deposits preferentially occur in

^uartz-chlorite or chlorite-graphite schists and breccias, and are struc-

turally controlled. The main ore mineral is pitchblende or uraninite,

with native gold occurring in significant amounts in all but the Nabarlek

deposit.

The deposits in Saskatchewan also occur in former near-surface Lower

Proterozoic metasediments. The host rocks here are, however, more

variable with doloraitic-calcareous metasediraents and breccias at Rabbit

Lake; chlorite and/or graphite schists and breccias at Key Lake; and

graphitic quartzose and pelitic gneisses at Cluff Lake. Ore also occurs
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in the overlying Athabasca sandstone at Key Lake and in the D Zone (one

of the deposits) at Cluff Lake. The ore control is again structural,

with faulting and brecciation common. Pitchblende and/or uraninite are

the main ore minerals, with significant quantities of gold in the D zone

at Cluff Lake and nickel at Key Lake.

Some deposits of this type - for example, those in the Beaverlodge

area of northern Saskatchewan, Canada - occur in a wide variety of host

rocks. The largest in this area are in Lower Proterozoic quartz-feldspar

gneiss. Arkose, argillite, metavolcanics, amphibolite, meta-argillite,

chlorite-epidote rock and chlorite schist are also mineralized. Red

haematite alteration is a striking feature of the pitchblende zones and

is a charactersitic guide to ore. Although these (Beaverlodge) deposits

have appropriately been considered as vein deposits, their occurrence in

Lower Proterozoic rocks beneath the Lower Proterozoic/Middle Proterozoic

unconformity is recognized as a basis for their inclusion here.

The most widely held theory regarding the origin of deposits of this

type involves the initial deposition of uranium in Lower Proterozoic

pelitic and chemical sediments, derived from the erosion of Archaean

granitic basement, followed by remobilization and reconcentration of the

metal during subsequent orogenic episodes. Diagenetic processes could

also have significantly affected the distribution of the uranium and the

wide range of ages obtained during studies of these deposits. In many

instances, overlying Middle or Upper Proterozoic formations have helped

to preserve the deposits.

Proterozoic unconformity-related deposits are the largest and

richest known uranium deposits. They range in size from 500 to 200 000

tonnes U and in average grade from 0.3% to well above 2.5% U o0 Q.
j o

IV. DISSEMINATED MAGMATIC PEGMATITIC AND CONTACT DEPOSITS IN IGNEOUS AND

METAMORPHIC ROCKS

The deposits included in this grouping are those associated with

granites, migmatites, syenites, pegmatites, and carbonatites (Figure B.3).
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Uranium Occurrence

1 Oamara Mobil* Sail
2 Grenvilla Provfnca
3 Serldo
4 Ciudad Rodrtgo,Portaia?r«
5 Alio Ghela
S Fort Oauphln
7 Illmaussaq
a Pocas de Caldas
9 Palabora

Figure B.3. Areas of disseminated raagmatic, pegmatitic and contact

deposits in igneous and raetamorphic rocks.
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The largest known deposit is Rossing, in Namibia, which is assoc-

iated with pegmatitic granite and alaskite, of wide textural variation,

that were intruded into a thick geosynclinal series and metamorphosed.

The ore-bearing alaskite contains metasedimentary xenoliths hundreds of

metres wide. These inclusions maintain regional strike and dip, indicat-

ing passive emplacement of the alaskite and metasomatism of the replaced

metasediments. The setting is indicative of saturation and replacement

of migmatized country rock by granitizing fluids moving along shears,

fractures, joints and bedding planes. The primary uranium mineralization

occurs as small crystals of uraninite. Secondary enrichment, due to

weathering, is believed to have played an essential role in the formation

of the ore body.

Mineralized alaskites can be distinguished from barren granites by

deep colouration of weathered surfaces. The mineralized zones are norm-

ally reddish to buff coloured, whereas unmineralized zones are usually

white to pale pink. The mineralized alaskites contain smoky quartz and

darkened feldspars and, commonly, more biotite than does barren rock.

Uranium ores with strong pegmatitic affinities occur in the Bancroft

region of Canada. These are associated chiefly with pegmatitic granite

and syenite dykes. The red colouration of quartz and feldspar, due to

haematite, is characteristic and most pronounced in the uraniferous zones

of pegmatitic granite dykes. Uranium occurs chiefly as thorium-bearing

uranothorite and uraninite; however, multiple oxides such as betafite

and fergusonite are also found. The host rocks are of Precambrian age

and consist mainly of amphibolite, raetagabbro, granite, syenite and

gneiss. The richest deposits are found where the mafic content of the

country rock is highest.

Stocks and bosses for peralkalic granite are known to contain com-

mercial uranium deposits, as for example the Ross-Adams deposit in

southern Prince of Wales Island, Alaska. The mineralization (uranotho-

rite and uranothorianite) is marked by reddish-brown colouration, caused

largely by haematite, which contrasts conspicuously with the normal white

unmineralized granite host. The ore occurs in
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numerous small veinlets and in uranium-thorium minerals scattered

throughout the granite. Faults apparently provided the channel-ways for

mineralization. The mineralized granite occurs in a setting of pyroxen-

ite, syenite, diorite, and quartz monzonite. Late-stage hydrotherraal

solutions associated with pegmatitic and aplitic facies of the granite

appear to be involved in the mineralizing process.

Alkalic rocks of syenitic composition are also favourable for

uranium, as in the Illimaussaq region in southwestern Greenland and in

the Pocos de Caldas region along the boundary between the states of Minas

Gerais and Sao Paulo in Brazil. Both localities are in Precambrian

shield areas. The mineralized rocks are characteristically rich in

eudialyte and sodic silicates. The uranium is concentrated in late

hydrothermal veins of limited extent carrying such uranium-bearing

minerals as steenstrupine (Illimaussaq) and baddelcyite and zircon (Pocos

de Caldas). Nepheline syenites make up the bulk of the alkalic complex

and may be accompanied by foyaites, naujites and similar alkalic rocks.

Weathering may concentrate uranium into pitchblende and coffinite.

Alkalic igneous rocks are generally richer in uranium than are their

less alkaline equivalents, but the uranium is frequently associated with

accessory minerals of a refractory nature and is therefore not commonly

suited for commercial exploitation. Only where late hydrotherraal or

weathering processes have concentrated the uranium is there a possibility

of economic recovery - as, for example, in the Ross-Adams, Illimaussaq

and Pocos de Caldas deposits.

Some carbonatite deposits contain both uranium and thorium in small

amounts. Pyrochlore, normally with thorium predominating over uranium,

is the most common uranium mineral but is of no commercial interest for

uranium. Uranium has been produced from carbonatites as a by-product of

copper extraction only where uranium is present in a non-refractory form

- as at Palabora, South Africa, where urano-thorianite is recovered.

Disseminated contact deposits are found in pyritic and graphitic

schists intruded by granite, as near Spokane, Washington, USA. The ore

is generally confined to a sheared granite-metasediment contact and to
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fissures in the adjacent Late Precambrian raetasediments. The uranium

mineralization mainly occurs as pitchblende. Smoky quartz is character-

istically present in Cretaceous granite within 50 m of the contact and

occurs also in metasediments in bands parallel to bedding and cross-

cutting veins. A high content of carbon and/or iron and sulphur, chiefly

as pyrite, is an important feature of these host rocks. Outcrops of

pyritic raetasediments are frequently limonite-stained owing to oxidation

of the pyrite. This oxidation, by generating sulphuric acid, also

promoted secondary redistribution of the uranium.

The Iberian deposits - for example, those at Mina Fe, Spain, and

Nisa, Portugal - are of a similar type to those in the Spokane area.

Here the deposits are located in Cambrian (or Precambrian) schists that

have been intruded by Hercynian granitic intrusions. The ore is usually

within the contact metamorphic aureole and shows a preference for schists

that are rich in organic material. Fracturing assisted mineralization.

Known ore-grade material occurs within 15-25 m of the surface and con-

sists mainly of uranium phosphates. At Nisa, however, small veinlets of

pitchblende have been encountered at depth.

Deposits in this category range in size from less than 1000 to

100 000 tonnes U and grade from about 0.05 to 0.15% U 0 . Notable
3 3

occurrences are found in Namibia, Canada, Greenland, the USA, Western

Europe and Brazil.

V. VEIN DEPOSITS

Vein deposits of uranium are those in which uranium minerals fill

cavities such a.s cracks, fissures, pore spaces, breccias and stockworks.

The dimensions of the openings have a wide range, from the massive veins

of pitchblende at Jachymov, Shinolobwe and Port Radium to the narrow

pitchblende-filled cracks, faults and fissures in some of the ore bodies

in Europe, Canada and Australia (Figure B.2).

Most veins are of tabular form and are localized along fractures and

other openings. Control is more structural than stratigraphic and

uranium may have been deposited by replacement of any favourable wall

rock.
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It is difficult to generalize about the vein deposits in Europe as a

result of the variation in type. The majority of those in France are

associated with Hercynian two-mica leucogranites. The main uranium

minerals are pitchblende and coffinite associated with minor marcasite,

pyrite and iron oxides. Gangue minerals are limited in amount. The vein

deposits in Spain and Portugal are also spatially related to Hercynian

granites, but here the mineralization is frequently accompanied by

pyrite, galena and, occasionally, chalcopyrite. Silicaceous gangue

(quartz or chalcedony) is usually very abundant. Ore zones are commonly

marked by haematitic alteration developed by early alteration of biotite

and oxidation of pyrite. In Portugal, diabase dykes are frequently

associated with the main uranium-bearing districts. In Czechoslovakia,

uranium mineralization, again associated with Hercynian granites, occurs

in both the above-mentioned types of veins, and here silver is occasion-

ally found in polyraetallic veins. In the hydrothermal veins of the

Erzgebirge and Black Forest, uranium is concentrated in veins of five-

element paragensis (Ag, Bi, Co, Ni and U) and preferentially in the

uranium-quartz phase of mineralization.

Veins in the western USA - for example, the Schwartzwalder mine in

Colorado - are predominantly in fractures in fine-grained biotitic Pre-

cambrian schists that appear to have derived from pelitic sediments. The

host rocks are graphitic and pyritic. Pitchblende is the dominant ore

mineral.

Other vein deposits occur in sedimentary pyroclastic rocks of Lower

Proterozoic age. Deposits in the Great Bear Lake area, Northwest

Territories, Canada, are associated with faults and fissures in meta-

sediments and acid volcanics that form an elongated roof pendant in

intrusive granites. The host rocks are banded, waterlain tuffs that are

locally brecciated and mineralized with actinolite, hornblende and mag-

netite. Uranium, as pitchblende, is a component of complex uranium-

nickel-cobalt-silver-copper mineralization of the arsenide-sulphide

type. The veins are encompassed by thin alteration aureoles up to 3 m

wide consisting of chlorite, haematite, white mica, microline and

carbonate. Alteration believed to be related to a quartz-haematite stage

of mineralization is widespread and is considered to be a guide in

exploration.
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Deposits of this type range in average grade from about 0.1 to 2.5%

U_0o and in size up to 20 000 tonnes of contained uranium.

VI. SANDSTONE DEPOSITS

Most of the ore deposits of this type are contained in rocks that

were deposited under fluvial or marginal marine conditions. Lacustrine

and aeolian sandstones are also mineralized, but uranium deposits are

much less common in these rocks. The host rocks are almost always medium

to coarse-grained, poorly sorted sandstones containing pyrite and organic

matter of plant origin.

Unoxidized deposits of this type consist of pitchblende and coffin-

ite in arkosic and quartzitic sandstones. Upon weathering, secondary

minerals such as carnotite, tyuyamunite and uranophane are formed.

The presence of a reducing environment is essential to the formation

of uranium ore in sandstone because uranium is mobile when oxidized and

precipitated when reduced. Anaerobic destruction of organic matter in

the sandstone produces hydrogen sulphide, which is an effective uranium

reductant and precipitant. Hydrogen sulphide can also be introduced from

underlying or overlying oil/gas horizons, thereby creating favourability

in an otherwise unfavourable rock, as in the case of aeolian sandstones.

Pyrite itself may be a source of hydrogen sulphide under conditions of

limited oxidation.

Certain geological periods appear to be more suitable for sandstone

uranium deposits than others, but the age of the rocks is not a control-

ling factor. Favourable sandstones are more likely to have been

deposited originally under humid tropical condidtions, which are condu-

cive to incorporation of an abundance of plant remains in fluvial and

deltaic sediments.

The favourability of continental beds is confined essentially to

post-Silurian time because land plants had not developed before the Late

Silurian. Older continental beds may, however, be mineralized if
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hydrogen sulphide was introduced. On the other hand, marine sandstones

as old as the Precamfarian may be favourable because of the early exis-

tence of plant life in the oceans.

The Tertiary, Jurassic and Triassic sandstones of the Western Cor-

dillera of the USA account for most of the uranium production in that

country. Cretaceous and Permian sandstones are important host rocks in

Argentina. Other important uranium deposits are found in Carboniferous

deltaic sandstones in Niger; in Permian lacustrine siltstones in France;

and in Permian sandstones of the Alpine region. Deposits in Precambrian

marginal marine sandstones in Gabon have also been classified as sand-

stone deposits by some authors (Figure B.4).

The favourability of sandstone is improved by the presence of shale

beds. Ore deposits are most common where sandstone-to-shale ratios vary

between 4:1 and 1:1. The shale creates a barrier to groundwater move-

ment, and the finely particulate organic matter within the shale

increases the reducing capacity of the sandstone, hence its capability

for retaining uranium. .

Sandstones with slight dip, such as on the margins of continental

basins and coastal plains, are generally more favourable then sandstones

that dip steeply, because the rate of groundwater movement and oxygen

introduction is slowed sufficiently to preclude destruction of reducing

environments. Beds with low dips also provide a large area of outcrop

for capture and introduction of uraniferous ground-waters into the sand-

stone.

Acid volcanism that contributed tuffs to the favourable rocks or to

the enclosing strata also appears to be an important factor because tuffs

can be a good source of uranium. A combination of carbonaceous, pyritic

sandstones and nearby tuffaceous rocks is therefore particularly favoura-

ble. Granitic rocks with higher than normal uranium content peripheral

to continental basins are also considered to contribute uranium to the

basin sediments in many instances.
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Bleaching of normally red sandstones to grey or white is a common

characteristic of uraniferous sandstone. It is normally caused by

reductants that, locally or regionally, reduce pigmenting minerals, such

as haematite and limonite, to pyrite or other forms of ferrous iron.

Bleaching is not, however, specific to uranium as it is commonly produced

independently of uranium mineralization.

Surface radioactivity caused by oxidized uranium minerals may be

indicative of ore at depth. Organic matter, either scattered in the

sandstone or in the form of lignite deposits, can scavenge and retain

uranium, thereby providing evidence at surface of favourability at

depth. Deposits of this type range in average grade from 0.05 to 0.3%

U 0o. Some are small but others contain up to 40 000 tonnes of

o
uranium.

VII. OTHER TYPES OF DEPOSITS

Included in this grouping are deposits that cannot readily be clas-

sifed with the ore types already mentioned. Recently discovered uranium

deposits, associated with calcrete, occur in Australia, Namibia and

Somalia in semi-arid areas where water movement is chiefly subterranean.

In these areas, average annual rainfall ranges between 100 and 250 mm.

Here the host rocks are fine-grained surficial sediments consisting of

sand and clay partially cemented by calcrete or gypcrete. The uranium

was deposited from groundwater as carnotite, tyuyamunite or soddyite by a

process involving evaporation. The groundwater in these areas is highly

saline (Figure B.5).

Some uranium deposits, of minor importance, are formed in lime-

stones. The geologic settings vary, and it is likely that these deposits

are formed by several different processes.

Deposits in thin, petroliferous, marine Jurassic limestone, overlain

by relatively impermeable shales and underlain by red aeolian sandstone,

are known in the Grants district of New Mexico, USA. The upper beds of

the sandstone are bleached white almost everywhere they underlie the

limestone. Bleaching is attributed to reduction of haematite by hydrogen
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1 Wyoming Basins
2 Colorado Plateau
3 Gulf Coastal Plain
4 Flgualra
5 Slarra Plntada-Malargu»
6 Arllt-AIr
7 From* Embaymanl
« Ngalla Basin
9 Sa-*yr-Say

10 Ucnkuduk
11 Post-Harcynlan Bsslns
12 Alpln* Fold Bait
13 Karoo

Figure B.4. Areas with uranium deposits in sandstones
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sulphide released from the limestone. Mineralization consists of pitch-

blende, attributable to reduction, and metatyuyaraunite as a near-surface

oxidation product.

In Wyoming, USA, deposits occur in Mississippian limestones within a

complex cavern system. Secondary minerals, such as tyuyamunite and meta-

tyuyamunite, coat fractures and fill vugs in limestone breccias and are

also associated with calcite interbedded with silts and clays deposited

in the cavern openings. Uranium redistribution is occurring locally at

the present time.

Uranium is also associated with a limestone karst terrain at

Bakouma, Central African Republic. The uranium deposits occur in steep-

sided pits formed by dissolution of limestone by ground-water. These

pits are partly filled with Cretaceous to Tertiary sands and clays that

are cemented by limestone and phosphate. The phosphate, as carbonate

fluorapatite, constitutes as much as 50% of the rock. The uranium occurs

within phosphatized fractions of the limestone. Autunite and torbernite

have formed near the surface by weathering.

Uranium commonly occurs at concentrations of 100 to 150 ppm in

marine phosphorite. These sediments occur on every continent and

commonly form phosphate deposits, most notably in Morocco and other North

African countries; some countries in the Middle East; and in Florida,

Idaho, Utah and Wyoming in the USA. When these deposits are developed

for the production of phosphoric acid, uranium can be extracted as a by-

product.

Uranium also occurs in low concentrations in bituminous shales, in

particular in the Ranstad area of Sweden. Here the Upper Cambrian shale,
2

which is virtually horizontal over an area of around 500 km , contains

about 22% organic matter and 13% pyrite. The uranium-bearing seam is

2.5-5.0 m thick and contains around 90% of the uranium. Uranium also

occurs in significant concentrations in shales in the Tasjo Lake area in

Sweden. In shales in Norway and in the Chattancoga shale of central

Tennessee, USA, uranium is also concentrated, but values below 100 ppm

are common.
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Figure B.5. Areas favourable for uraniferous duricrusts
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Lignites, such as Chose of North and South Dakota, USA, the Perrao-

Carboniferous coals of Bohemia and the lignite deposits of Oligocene age

in Spain, contain between 500 and 2000 ppm U^Og. Difficulties in

extracting the uranium affect the economic viability of these deposits.

Uranium occurrences have been found in an area of recent volcanism

(less than 1 m.y. old) in the Upper Latium region of Italy. The source

rocks are pyroclastics and other volcanics which have a uranium content

of 20-60 ppm. Mineralization is controlled by the redox activity of the

water table and by late volcanic activity in the form of hydrogen sul-

phide and carbon dioxide rising through tectonic discontinuities.

Calcrete deposits range in average grade from 0.05 to 0.3% U3O0

and in size from 100 to 40 000 tonnes of contained uranium. The grade of

limestone deposits is about 0.2-0.35% and their size varies from less

than 10 tonnes to 10 000 tonnes of contained uranium. Uranium deposits

in shales are usually of low grade but some are very large. The Ranstad

deposit, with a grade of around 300 ppm, contains over 300 000 tonnes of

extractable uranium.

VIII. INTERCONTINENTAL CORRELATIONS

During the early evolution of the earth, the light elements combined

to form large masses of granitic rocks that constituted two super-

continents known as Gondwanaland and Laurasia. Gondwanaland comprised

Africa, South America, Antarctica, the sub-continent of India and

Australasia. Laurasia included North America, Greenland and Eurasia.

Remnants of the original granitic cratonic nuclei are surrounded by

highly deformed mobile or orogenic belts that represent the accumulation

of sediments and volcanic material in geosynclines. These orogenic belts

are of various geological ages. The sediments that accumulated in the

troughs represent vast masses of material derived largely through erosion

of ancient cratonic areas. During this process of weathering and re-

deposition, many elements were redistributed and concentrated by various

physiochemical and mechanical processes operative in these

- 163 -



ancient depositories, resulting in the concentration of various minerals

in the younger strata.

Later differential movement between the cratons, coupled with an

increase in the thermal gradient, which was due partly to the weight of

¿he overlying strata, resulted in the sediments and lavas of the mobile

belts being folded and faulted and in places reconstituted to granitic

and gneissic rocks. The deeper-lying strata were remelted (remobilized)

and intruded the overlying beds; within this molten or plastic mass,

further separation and concentration of minerals took place, giving rise

to the various mineral provinces that today occur along the core of the

Daraara (Namibia) and other mobile belts. The Rossing uranium deposit

occurs in the core of the Damara Mobile Belt.

During the Mesozoic, about 100 m.y. ago, the continents started

drifting apart. In this splitting of the continents, separation has

usually taken place across the mobile belts, and South America and Africa

represent a case in point. For example, the geological provinces and

structures in northeast Brazil and west Africa match quite well and con-

stitute a mineral province that has been split by continental drift

(Figure B.6). There seems little doubt also that the Paraiba Belt of

South America and the Damara and West Congo Belts of southern and western

Africa represent an ancient mobile belt that could be expected to have

similar characteristics along the greater part of its length (Figure

B.6). The similarity of the geology has been noted by a number of

authors, but only recently has this relationship come to light between

certain uranium occurrences in Brazil and those of the Daraara Belt. With

further study, it may be possible to project the details of the geology

of the West Congo and Damara Belts, which have only recently been inves-

tigated, onto Brazil and other parts of South America.
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Figure B.6. Africa and South America prior to continental drift (after

Toens, January 1974, Continents Apart, Nuclear Active, p.26)
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