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SUMMARY
A full report has been released describing the findings of the
International Uranium Resources Evaluation Project (IUREP) Orientation Phase
Mission to Colombia.
The Mission suggests that the speculative uranium resources of the
country could be within the very wide range of 20 000 tonnes of 220 000 tonnes
of uranium metal. The Mission finds that the area with the highest potential
is the Llanos Orientales (Interior Zone), which has the potential of hosting
quartz-pebble conglomerate deposits, Proterozoic unconformity-related deposits
and sandstone deposits.
The Mission recommends that approximately US$80 million should be
expended in a phased ten-year exploration programme. It is likely that the
majority of the funds will be needed for drilling, followed by ground surveys
and airborne radiometry.
It is the opinion of the Mission that the considerable funds required for
the proposed programme could most suitably be raised by inviting national or
foreign commercial organizations to participate under a shared production
agreement.

INTRODUCTION
In the bibliographic review of Phase I of the IUREP Project, Colombia was
identified as one of the countries with good potential and warranting further
evaluation. Following a meeting at which an Orientation Phase study of
countries in this category was discussed, the Colombian authorities requested
an Orientation Phase Mission. The Mission was undertaken by two consultants,
J. Cameron and S.R. Meunier, in January-March 1980.
The Mission's full report is available for study at the locations
indicated in the Annex to this summary reports.
The Executive Group for the Orientation Phase acknowledge the excellent
co-operation the Mission received from the Colombian authorities, in particular
from Dr. Ernesto Villareal Silva, IAN's Director General, and the Co-ordinator
of the IAN's Division of Raw Materials, Mr. Hernando Rodriguez Triana. The
assistance rendered by the staff of the IAEA/UNDP-assisted uranium exploration
project (COL/76/031) is also gratefully acknowledged.

GEOGRAPHY AND INFRASTRUCTURE
The Republic of Colombia comprises a land area of 1 141 748
(including off-shore islands) in the northeast of the South American continent.
It is bordered by the States of Venezuela, Brazil, Peru, Ecuador and Panama.
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The country lies almost entirely in the northern tropical zone. In
general, high temperatures and tropical conditions prevail in lower areas,
including the coastal plains and large river valleys, which are characterised
by excessive moisture and dense forests. Sub-tropical conditions commence at
elevations of about 460 m; the temperate zone lies above 1 830 m.
The western and northwestern sections of Colombia are occupied by the
terminal ranges of the Andean system, represented by the nearly parallel
Western and Central Cordilleras (Cordillera Occidental and Cordillera Central),
which have a northern trend, and the Eastern Cordillera (Cordillera Oriental),
which crosses the country in a northeasterly direction. The Eastern Cordillera
sharply divides the mountainous districts of northern and western Colombia from
the low-lying plains of the interior. The southern region, covered by nearly
impenetrable jungle growth, is drained by tributaries of the Amazon; it is
virtually unexplored. North of these transmontane lowlands (Llanos) is a
region of tropical plains.
The Western Cordillera, the lowest and least populated, is covered by
vegetation; its Pacific slopes are precipitous and humid. The Central
Cordillera, separated from the eastern and western Andean ranges by two major
rivers, the Magdalena and the Cauca, contains a series of lofty volcanoes, some
of which are perpetually snow-capped. The Eastern Cordillera, for the most
part a plateau area with elevated valleys, lies within the temperate zone.
Climatic conditions are typical of a mountainous tropical environment.
There are two main seasons, wet and dry, which extend over different periods
according to region and may even vary from year to year in the same region.
Annual rainfall is reported to range from less than 250 mm on Guajira Peninsula
to more than 10 150 mm along the coastal zone of the Pacific, the latter an
area with almost continuous rainfall. Lowlands and rain forests comprise the
eastern three-fifths of the country.
Colombia's population is approximately 27.3 million, of which over 80%
is concentrated in the Andean region. The country is serviced by more than
3 200 km of standard-gauge railway, and there are some 46 700 km of roads, of
which over 5 950 km are paved. There are five international airports (the
largest being Eldorado in Bogota) and over 100 domestic ones.
Colombia is administered through 22 Departments, several Intendencias
and Comisarias and one Special District (Bogota).
Topographic Maps, Aerial Photographs and Geological Maps
Topographic maps are available from the Instituto Geografico "Codazzi"
(Carrera 30, No. 48-51, Bogota) and from the Departemento Administrative
Nacional de Estadisticas (DANE) - from the latter source at a scale of
1:100 000 and on a different base. A general topographic map (1976) is available at a scale of 1:1 500 000; partial topographic coverage is available over
a wide range of scales (1:10 000 to 1:500 000).
Aerial photographs of the entire country, except for an area in the
extreme southeast, can be obtained at various scales from the Instituto
Geografico. Radar imagery prints covering the southeast, the western coastal
areas, the north-Central areas and part of the northeast are also obtainable,
as are satellite imagery prints.
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Geological maps are issued by INGEOMINAS. These include:
- A general geological map at a scale of 1:1 500 000;
- Sheets of the most important areas in northern and central parts, at
scales of 1:100 000 and 1:200 000; in some Departments at scales of
1:250 000 and 1:500 000;
- A summary geological map at an approximate scale of 1:7 500 000;
- A mineral map showing summarized geology and
occurrences at a scale of 1:500 000; and

principal

metal

- A hydrogeological map at a scale of 1:3 000 000.

ADMINISTRATIVE BODIES CONCERNED WITH URANIUM
The Instituto de Asunto Nucleares (IAN): Avenida Eldorado, Carrera 50,
Apartado Aereo 85905, Bogota
Authority for nuclear raw materials prospection and development in
Colombia is vested in IAN, and the Institute is responsible for controlling
prospection and exploration for, and exploitation, beneficiation, production,
transport and distribution of, uranium and thorium. It acts as the advisory
body to the Ministry of Mines and Energy (Ministerio de Minas y Energia) on
association contracts with commercial organizations for the exploration and
mining of radioactive minerals. It has senior and junior technical staff and
equipment (including analytical facilities) to carry out uranium exploration
programmes on its own. Some areas with good favourability have been reserved
for exploration by IAN.
Compania Colombiana de
Bucaramanga, Santander

Uranio

(COLURANIO): Calle 35,

No. 17-77,

Responsibility for further stages of development and production is being
assumed by COLURANIO, a new state industrial and trading organization. It is
foreseen by the Ministry of Mines and Energy that this organization will become
party to all association contracts concluded between IAN and foreign commercial
companies.
The Instituto Nacional de Investigaciones Geologico-Mineras
(INGEOMINASTI Carrera 30, No. 51-59, Apartado Aereo 4685, Bogota
The Institute undertakes mineral research, geological mapping and
research, including hydrogeology, remote sensing, geochemistry and geophysics.
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LEGISLATION ON URANIUM
Uranium exploration, development and production activities, while falling under the purview of Colombia's general mining laws, are also subject to
the provision of special uranium legislation.
By a number of successive decrees (No. 137 of 1975 and Nos. 257, 258 and
625 of 1976), about 80 % of the national territory has now been set aside for
uranium exploration by IAN and its associates. In the remaining 20 %, mining
claims for uranium can at present be made by application and by compliance with
the general mining laws of the country. However, legislation is being prepared
to reserve the entire national territory, which will be under the control of
IAN.
In the association contracts concluded to date between IAN and foreign
companies, IAN has retained a 51 % interest, the companies being under the
obligation of bearing the majority of exploration costs until a commercial
declaration is made to the Control Board. Once such a declaration is made, IAN
will remit its contribution of 51 \ of the exploration costs. Associates must,
at the end of the first year, relinquish 90 % of the original area covered by
the contract; this area is reduced further to 5 % of the original area, at the
end of the fourth year and then to the area of the commercial discovery, plus
any necessary working area around it, at the end of the exploration period.
Under decrees 2638 and 1171, radioactive minerals may only be exploited
by the Government or other entities through special contracts.
Other stipulations, conditions and controls affecting foreign commercial
organizations engaged in uranium exploration are reviewed at length in the full
Mission report. The topics dealt with include, among others, royalties,
exploitation periods, selection of operator, termination and transfer clauses,
tax rates and training of Colombian personnel.

GEOLOGY OF COLOMBIA
The Mission's full report reviews at length and in detail the present
state of knowledge on the geology of Colombia; this material forms a major
part of the report, and it is not possible in this brief summary to review this
section fully.
The geology of Colombia is extremely complex. Many of the formations
represented, which range in age from Precambrian to Recent, have not yet been
mapped in sufficient detail.
Figures 1 and 2 summarize the regional geology and orographic units of
Colombia.
The most significant geological units may be classified as follows:
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); and
- 7-

c) Tertiary sedimentation and magraatism, which proceeded along very
distinct structural units, inherited from the tectonic phase closing
the Mesozoic Andean geosyncline.
The two massifs, part of the South American craton, which are relevant
to the geology of Colombia, are the Guyana and the Guapore. There is some
evidence that they are actually the same unit. They are separated from the
Guyana Shield by the Amazon Basin.
Precambrian
The Precambrian rocks of Colombia form part of the Guyana Shield, as
well as the basement of the Cordilleras. Some rock units (Imataca Formation)
have been dated as older than 3 000 m.y. and consist of granite gneisses and
schists. Younger formations (Supana gneiss, 2 600 m.y.) are also part of the
basement complex, and both units are unconformably overlain by the Pastora
Supergroup, a sub-marine eugeosynclinal suite of basalt, graywacke, shales and
partly acidic volcanics. This rock suite has been folded, metamorphosed and
intruded by granitic bodies of Lower Proterozoic age, dating from 1,750 m.y.
to 2 150 m.y. (Transamazonian cycle). Subsequent to extensive weathering and
erosion, these rocks were covered by continental, often fluvial, sediments of
the Roraima Series (Middle Proterozoic) and later intruded by granites (dated
at 1,500 m.y.).
The Roraima Series, a sequence of fluvio-lacustrine sandstones, overlying a basal sequence of quartz-pebble conglomerates and alternating with some
pelites, extends over a very large basin in Venezuela, Brazil and southeast
Colombia. Deposition is considered to have taken place at between 1,700 m and
1 500 m.y., after the Transamazonian Orogeny. In Colombia it was affected both
by granitic intrusions and folding of varying intensity. The existence of an
Upper Proterozoic mobile belt has not been confirmed.
Palaeozoic
The synclinal Amazon Basin, lying just outside the southern and eastern
borders of Colombia, consists predominantly of marine Palaeozoic formations,
overlain by Tertiary continental to marine deposits and attains considerable
thickness. A smaller platform basin in southern Colombia (Putumayo) of similar
configuration links up with the Amazon Basin. The limits and subdivisions of
the Andean zone have not yet been completely defined.
Mesozoic
The Mesozoic formations of the northern Cordillera of Colombia show a
most complex geological development. They can be subdivided into the Occidente
Andino and the Oriente Andino.
The Occidente Andino, which is confined to the Cordillera Occidental,
had a typical eugeosynclinal facies. Two great units are represented:
continental red beds, frequently associated with volcanism (probably Triassic-Jurassic), and marine formations (Cretaceous), without any known volcanics,
in several sub-basins with episodes of confined facies, typically
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Figure 1

SIMPLIFIED GEOLOGICAL MAP OF COLOMBIA

Alluvial deposits

Quartz diorite, diorite'
Mainly continental sediments
Andesites, basalts
Granodionte, quartz diorite
diorite
Marine sediments - East
Diabase, basalts -West
Continental sediments,
granodiorite, quartz diorite,
rhyolite, dacite

Metasediments and younger
non-metamorphosed marine
sediments

Paragneiss, schists, amphibolite
marbles, migmatites, granulites
and quartz monzonite
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"miogeosynclinal". The region is characterized by the presence of basic volcanics, igneous rocks and deep-water sediments. Two lithostratigraphic groups
are recognized: the Grupo Dibasico (Diabase), containing pillow lavas and few
sediments, and the Grupo del Dagua, composed of greenschists, associated with
graphitic schists, some limestones and siliceous schists. The Occidente Andino
is of economic importance for its mineral resource potential (e.g. porphyry
copper, nickel-bearing laterites and platinum-bearing placers).
The Oriente Andino, which is best represented in the Cordillera
Oriental, but is also present in part of the Cordillera Central, consists of
Triassic-Jurassic formations of mainly red continental elastics and occasional,
locally restricted marine intercalations. Acid volcanics, while present in
most sections, are best developed at or near the base of the sedimentary
sequence. The formations lie discordantly over the old massifs. Important
formations with potential economic significance are the Giron Group, possibly
equivalent to the La Quinta Formation (Venezuela), is composed of alternating
sandstones and siltstones or mudstones, with some conglomerates and intermittent and relatively sparse volcanics. The Payande Group has better expression of the different litho-stratigraphic units. Pre-Payande formations
(conglomerates, sandstones and shales) may be equivalent to the Giron facies
to the north.
The Cretaceous is marked by a basal conglomerate, followed by siltstones
and black shales. It was at first limited to a marine transgression of the
Bogota Basin and the Guajira Peninsula, succeeded by a wider transgressive
episode and subsidence marked by arkoses and other sediments. Relative
regression and successive transgression (faulting in the basement) and subbasin
formation persisted into the Upper Cretaceous, when the extensive Cretaceous
basin assumed its final form. Sediments are mainly clastic, fine-grained,
intercalated with some limestones to the west and grading into coarser-sized
fractions to the east. In the Bogota Basin, black shales are overlain by the
Guadeloupe Formation (regressive phase), intercalated with shales, cherts and
phosphorites. The latter may have economic significance in the marginal part
of the Bogota Trough (phosphorus, by-product uranium).
Tertiary
The Tertiary is marked by its sometimes intense volcanism (andesitic
tuffs and lavas), which was most intense at the end of the Miocene. Formations
differ appreciably by area. In the Pacific Province, for instance, deep-water
sediments and mafic volcanics lie discordantly over shallow-water paralic
sediments; in the Andean Province, most of the Tertiary sequences are continental. In the Valle Medio Basin, the Tertiary is completely detrital.
Tertiary deposits can attain a thickness of 10 000 m.
The Mission concludes that there are many aspects of the known geology
that are favourable to very favourable for the deposition of uranium. A large
amount of geological work will have to be done, however, to acquire the knowledge that might lead to further discoveries.
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Figure 2

OROGRAPHIC AND GEOLOGICAL UNITS OF COLOMBIA
(after Julivert, 1968)
PEN'NS'JLA DS

Cordillera Central and
Massif of Santa Marta

Cordillera Oriental
a) Paleozoic Massifs of the
Cordillera Oriental,
b) Mesozoic Areas (with some Tertiary
geosynclinal sediments) of the
Cordillera Oriental, Cordillera de
Merida and Sierra de Perija
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PAST EXPLORATION, DEVELOPMENT AND PRODUCTION
Uranium occurrences were noted at various times between 1909 and 1931,
in the Norte de Santander and La Baja districts. From 1949 onwards, some
reconnaissance work was carried out by the National Geological Survey, and
between 1953 and 1959, jointly by the IAN and the US Atomic Energy Commission.
Later work, by the IAN alone (1959-62), was carried out in areas with sedimentary, metamorphic and igneous environments. Uranium-bearing minerals were
confirmed only in the mining districts of La Baja and Vetas, Santander, and a
few other regions, where minor radioactive anomalies were identified.
After a brief period of inactivity, exploration resumed on a minor scale
in 1967; after a reorganization of IAN, a bibliographic study on favourability
and a review of radiometric data, 70 000 INGEOMINAS rocks samples were examined
and a 10 000 km carborne survey completed (Departments of Santander, Boyaca,
Antioquia, Huila, Tolima and Meta and the Intendencia of Caqueta). A total of
106 radiometric anomalies were identified and priority areas, using three
categories, were defined. The priority areas comprised 28% of the total land
area.
The size of IAN's programme has been increasing substantially from
1973-74. The selection of priority areas by IAN prompted foreign companies to
undertake uranium exploration, which commenced in 1974; certain zones have
been designated as special reserves and are extensions of the priority areas
established.
From 1974 onwards, foreign companies (which at various times included
AGIP, ENUSA, TOTAL, MINATOME, PNC, COGEMA, KMC and URANGESELLSCHAFT) carried
out a variety of exploration surveys. These were largely at the reconnaissance
level and included airborne and ground surveying. In some cases they led to
follow-up work in selected areas (in accordance with the associate contracts
held with the IAN).
The concession areas held by individual companies at various times are
shown in maps accompanying the full report of the Orientation Phase Mission
(Figures 15, 16, 17 and 18).
In addition to the work carried out by the foreign companies, several
governmental organizations (IAN and COLURANIO) have undertaken exploration on
their own and plan to continue this activity. By 1978, IAN had covered about
30% of the original reserved area of 321 000 km 2 , completed 16 000 km of
carborne surveys and discovered about 260 anomalies. It is foreseen that this
work will continue after the termination of the IAEA/UNDP programme, in which
it is participating.
COLURANIO, composed of six state agencies, has taken over (from IAN) as
the technical assessor of the MINATOME effort and is expected to assume this
role for the ENUSA programme.
The current UNDP/IAEA project, which commenced in 1978 (UNDP contribution: US $1 000 000), is designed to strengthen expertise in IAN's Division
of Raw Materials through the use and demonstration of modern uranium exploration methods in three areas [San Jeronimo (Cordoba and Antioquia), Serrania
de San Lucas (Bolivar and Antioquia) and Zapatoca (Santander)]. An airborne
spectrometric survey (7 300 line km), geological mapping, radiometric survey,
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and stream sediment and stream water geochemical surveys have been completed.
Geologists from COLURANIO are participating in the field work.The project was
scheduled to extend to the first half of 1982, with the possibility of a
further extension from mid-1982.
Considerable emphasis has been placed by various organizations on the
more elementary methods of foot and car-borne surveys and the locating of
anomalies, rather than acquiring a more basic, wider understanding of the geological favourability characteristics of the various environments present in
Colombia. However, a large quantity of geological data has been obtained. The
amount of aerial survey work, photo interpretation, geochemical and emanometric work and drilling carried out to date is inadequate.
Of the 1 362 currently known radioactive anomalies and occurrences in
Colombia 1 067 (78.3 %) are found in sandstone and other sedimentary environments of all ages, 266 (19.5 %) in pegmatites and granitic contacts, and 28
(2.1 %) in vein structures.
Past Production
Several statements on past production have been made. Although there
is some confusion on the quantity mined, it is believed by the Mission
(confirmed by IAN) that some uranium mining was carried out by a private
company in 1961. About 2 000 tonnes of uranium-bearing ore (from vein-type
deposits?) was produced with ore grades ranging from 0.05 to about 1 % uranium.
Some test work was carried out in Germany and Czecholosvakia to evaluate ore
concentration and treatment.

SPECULATIVE RESOURCES AND RECOMENDATIONS FOR FUTURE WORK
Colombia has a short and intermittent history of uranium exploration,
significant efforts only starting in 1970. In the course of this work, over
1 300 radiometric anomalies have been recorded.
The Mission believes that, because of the considerable amount of
exploratory work still required, total Speculative Resources must be expressed
in a very wide range - viz. 20 500 tonnes to 216 500 tonnes uranium. Because
of the relative early stage of uranium exploration, the Mission relied heavily
on comparative geology in its selection of favourable areas and in estimating
tonnages of Speculative Resources of each particular category of deposit. The
Mission believes that the potential for Speculative Resources may be distributed as it is shown in the Table 1 on the following page.
a)

Quartz-pebble conglomerates (Roraima Formation)

A sample taken from an anomaly in polymictic conglomerates (Caranacoa)
gave a uranium value of 21 ppm. (no thorium analysis available). The conglomerates' similarity in character to South African, Canadian and Brazilian
oligomictic conglomerates, the pyrite content, the one occurrence of
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Table 1
DISTRIBUTION OF SPECULATIVE RESOURCES BY DEPOSIT TYPE

Type of deposit

Tonnes of uranium

a) Quartz-pebble conglomerate
(Llanos Orientales)

to

100 000

5 000

to

21 500

1 000

to

4 000

0

to

11 000

4 500

to

30 000

6 000

to

30 000

4 000

to

20 000

20 500

to

216 500

b) Proterozoic unconformity-related
deposits (Llanos Orientatles)
c) Disseminated deposits
d) Vein deposits
e) Sandstones and sedimentary type
i) Precambrian
ii) Palaeozoic (mainly Llanos
Orientales)
iii) Jurassic (Giron)
iv) Cretaceous (not including
phosphate resources)
v) Tertiary

radioactivity, deep, complete degree of weathering and the considerable geographic extent (up to 90 km wide and 200 km length) are quoted as favourable
criteria and for postulating a relatively high figure (100 000 tonnes U) for
the speculative potential.
An aerial gamma-ray spectrometric survey over the entire quartz-pebble
conglomerate area (about 60 000 km^) at a spacing of 2 km or more is
recommended. Because of deep leaching, ground follow-up may have to include
photogeological and radar interpretation, geological mapping, geochemical
(particularly heavy mineral) and radiometric surveys of the entire area.
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b)

Proterozoic unconformity-related deposits

The Proterozoic discordant cover (Roraima) of the Mitu complex in the
Llanos Orientales appears to be of the same age as favourable unconformities
in Canada and Australia. However, concrete evidence for the possible existence of such deposits is absent. It is suggested that any prospection for
quartz-pebble conglomerate types of deposit should take into account the
possibility of uranium deposits occurring near the contact between the basement
and its cover. Pending the availability of more geological information, no
speculative tonnage can be assigned to this category of deposit.
c)

Disseminated magmatic, pegmatic and contact deposits in igneous and
metamorphic rocks

There are numerous radiometric anomalies in the Cordillera Central and
Cordillera Oriental due to uranium occurrences in these types of environment.
However, these are mainly attributed to local concentrations of normal radioactive minerals in granites and gneisses. Although uranium commonly occurs in
acidic pegmatites, no unusually high concentration has been observed. The
possibility of by-produtct recovery is allowed for in the Speculative Resource
estimates.
With the exception of the contact-related deposits, indications
suggesting that anomalies could reflect the presence of commercial deposits are
absent.
There are known contact related occurrences in the San Alberto-Ocana
area (in mica schist along a fault contact with Palaeozoic rocks and pegmatites), and these appear to have a much higher potential than other types of
deposits (some similarity with the Midnite-Boyd, USA). There are considerable
opportunities for repetition in all the main massifs.
Suggested exploration methods include detailed geological mapping, geochemical, geophysical (VLF) and radon surveys, and particularly drilling to
prove structure and continuity.
d)

Vein-type deposits

The existence of pitchblende and coffinite (0.04 % to 17 % U) in
mineralized breccias in porphyritic rocks and gneisses (California, Santander
area) has been known for many years. Mineralization occurs in association
with arsenopyrite, pyrite, molybdenite, gold and silver. It is assumed that
uranium could be recovered at under $130/kg U as a by-product.
Other vein-type deposits could occur in shear zones in Palaeozoic
graphitic greenschists (in the Departments of Antioquia and Caldas), where
secondary uranium has been found over considerable strike lengths (3-5 km).
In addition, fracture zones in granites with moderate radioactivity are present
over wide areas in many parts of the country. Relatively unknown areas
(Garzon, Santa Marta and the Cordillera Central Massifs) should also be
investigated, as the possibility of vein-type deposits occurring there is
reasonably high.
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Depending on what is known about these respective areas, the recommended
exploration methods could include detailed geological mapping, geophysical
(VLF) and geochemical surveys, followed by reconnaissance drilling to test
continuity of structures and mineralization.
e)

Sandstone and other sedimentary-type deposit

Over 78 % of the known radiometric anomalies (that is 1 067 out of
1 362) occur in sandstones and sedimentary rock types in Colombia, extending
from Precambrian to Recent. These are categorized below:
i)

Precambrian sediments

Limited preliminary exploration by ENUSA of the Llanos Interiores
(Vaupes and Guaina areas) has indicated the presence of clastic sedimentary
units of the Roraima. It is possible that uranium deposits (of the OkloMounana type) could occur in sandstone and mudstone units.
An aerial survey of the Interior Zone, comprising 500 000 km 2 , would
be the main activity, followed by reconnaissance-level geochemical and radon
surveys. Test drilling may also be necessary. Insufficient data are available
to arrive at a Speculative Resource estimate. It is recommended that the
potential of the Roraima be viewed in its entirety and that the estimated range
of resources of this type could be either as quartz-pebble conglomerates, of
as unconformity-related or sandstone deposits (Gabon sub-type), or a combination of these.
ii) Palaeozoic (Carboniferous)
In the Quetame Massif, the Upper Palaeozoic (Permian/Carboniferous)
extends over a length of at least 300 km. Uraniferous anomalies are found over
a length of 100 km or more. The favourable lagoonal-deltaic sequence (Toquiza
Formation) is of variable width (100-600 m ) ; a uraniferous zone has a probable
extent of 150 m. Mineralization appears to have lithographical petrographic
and tectonic controls (lenticular occurrences and, in argillaceous horizons,
probably mobilization and deposition along sedimentary channels). Selected
samples have grades ranging between 0.09 % and 3.2 % U. The continuity of
mineralization is difficult to estimate, only very limited drilling having been
done. However, the target area could be up to 200 km in length, with favourable horizons one to two meters in width. An unsystematic survey by MINATOME
located 103 anomalies during the course of its 4 340 km traverse.
Despite very difficult logistics, the area (7 000 km 2 ) warrants a
systematic helicopter-borne gamma spectrometric survey (on 1 km line spacing
and further ground work (particularly radon surveys). The major effort should
be drilling with a view to assessing this very difficult area.
Rocks of similar age are located as follows:
a) South and east of Bucaramanga,
b) West and north of Sierra de Cocuy,
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c) North of Ocana and in the Santander Massif,
d) East of the Santa Marta Massif in the Serrania de Perija.
Work by ENUSA in its Bucaramanga area located pitchblende in fractures
in pegmatite.
These areas require similar detailed helicopter surveys and, where
warranted, appropriate ground follow-up and preliminary reconnaissance
drilling.
iii) Vaupes Sandstones
These comprise the Vaupes Saliente and subsident Llanos basins (covering
all or part of Cichada, Casanare and Arauca) and Putumayo Basin of the Interior
Zone. Clastic sediments, which have been ascribed to the Upper Palaeozoic,
include sandstones with two distinct red pelitic intercalations. The sandstones are well sorted and clean, with no organic content.
No uranium anomalies have been located.
100 000 k m 2 ) , is rated as moderately favourable.

The target area (totalling

The first stage of any future exploration programme should consist of
large scale geological reconnaissance and regional geochemical surveys (heavy
mineral stream sampling) to define the basins and unsystematic scintillometer
measurements along "mesa" rims. The possibility of finding unconformity-type
deposits at the bottom of Palaeozoic elastics should be borne in mind in any
future work.
iv) Triassic-Jurassic Sandstones (Giron Formation)
Northern basin
Most of the uranium anomalies were found in the Giron Formation which
has been tentatively designated as the "Giron Group", and occur in the middle
member (Laja), near its contact with the lowest member (Cascada). Sandstone
members are gray-green and reduced. They are continental, highly discontinuous
sediments.
Some of the anomalies appear to be related to channels in the first
reduced, relatively well sorted sandstones overlying an abundantly conglomeratic sequence.
Preliminary radon surveys in the Contratacion area have indicated strong
anomalies having no expression at surface (due to surface leaching?). Drilling has proven the existence of black uranium oxides at depth, usually in
channels. An aerial (helicopter) gamma-ray spectrometric survey was made over
the areas of Zapatoca and Contratacion with the framework of the IAEA/UNDP
project. A very large scale amount of reconnaissance and semi-detailed surface
work has been done in these two areas by ENUSA and the IAEA/UNDP project team.
Major emphasis in future work in both areas should be on drilling (10 000 m on
defined targets in the Contratacion area and probably 10 000 m for other targets; 3 000 m within the IAEA/UNDP project area).
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For the whole Giron region west of the Santander Massif, the principal
work requirement will be surface (mainly radon) surveys and drilling (about
40 000 m) in the first stage, to be followed, where appropriate, by closespaced drilling and possibly adit mining (detailed geological mapping and
sampling).
Other Giron Areas
Certain areas shown on the 1976 geological map as containing outcrops
of Giron equivalent formations should be checked in the field. These areas
include the following: Boyaca-Santander, Sierra Nevada de Cocuy, Serrania de
los Motilones, Serrania de Perija, the Santa Marta Massif and the southern end
of the Gurzon Massif. Only one small area (Caitania) has been covered by
association contracts. On the basis of the favourable results obtained in the
northern basin, it is recommended that all Upper Triassic-Jurassic areas should
be covered by reconnaissance-level surveys, preferable by aerial (helicopter)
gamma-ray spectrometry (total area recommended: 70 800 km^). Some ground
follow-up, including drilling, should also be considered.
v)

Lower Cretaceous sandstones

Lower Cretaceous basins commonly contain abundant organic matter and
phosphates, implying a reducing environment. Radiometric anomalies are known
in the transgressive Cretaceous sandstone overlying a Palaeozic granite in the
southern part of the Cordillera Oriental. Mineralization (in the Berlin Basin)
occurs in sandstones at the clastic base of the Cretaceous series and in black
(carbonaceous) shales or other intercalations.
Very little exploration has been done to date, except for some trenching
and adit mining. Although most of the anomalies occur in shale, the principal
target may be the sandstones. For the Berlin Basin, the main requirement will
be extensive drilling and some other surface work. Other Berlin-type basins
elsewhere in the Cordillera Central contain some interesting anomalies and
would require detailed surface mapping, radiometry and radon surveys.
vi) Upper Cretaceous
The Upper Cretaceous contains the largest number of anomalies of any
formation, but these are all known to be due to uraniferous phosphates, from
which uranium could not be produced at under $130/kg U, unless as a by-product
of a large phosphate industry. Uranium resources of this type have not been
included in the category of Speculative Resources.
vii) Pre-Miocene Tertiary Beds
A few anomalies have been located in Eocene-Oligocene formations, the
more important in the Upper Magdalena Basin, west and south of Neiva. The
basin, a deep subsident structure (Pacarni syncline), containing erosion products of the old massifs and their Mesozoic cover, adjoins the Cordillera
Central to the east, an equivalent basin (Cauca valley) occurring on the west
side. Other, essentially continental Tertiary basins were formed at the
southern end of the emerging Cretaceous miogeosyncline.
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Other Tertiary basins of the same age will have to be covered by gammaray spectrometric surveys before any conclusions can be drawn on their favourability.
More recent (Miocene or younger) Tertiary cover, lying discordantly over
Eocene-Oligocene formations, should not be entirely discarded as unfavourable,
due to the association between volcanism and clastic rocks.
f)

Other types of deposits

There is no evidence of the existence of other types of deposits,
although calcrete-type deposits may occur in the desert-like areas of the
Caribbean zone.
Summary
Taking into account the environments of the world's known uranium
deposits and the results of geological studies carried out to date, it is the
Mission's collective view that the stratigraphic units in Colombia favourable
for the occurrence of uranium deposits are those listed in Table 2 on the
following page.

EXPLORATION PROPOSAL SUMMARY AND ESTIMATES OF SPECULATIVE RESOURCES
The findings of the Mission are that there is sufficient geological
evidence to indicate the possible existence of Speculative Resources over a
wide range.
Despite the reconnaissance exploration that has been done, there is a
great need for co-ordinated geological and radiometric information covering the
entire national territory. The Mission emphasizes a phased approach in the
planning and implementation of prospection and exploration programmes over a
ten-year period.
An aerial gamma-ray spectrometric survey is the first major recommendation; this activity should be planned taking into account designated priorities, co-ordinated with geological work (that is basic geological mapping),
and compelemented by geochemical surveys where appropriate (particularly in the
Interior Zone), including stream sediment and heavy mineral surveys. In
addition, radon and point radiometric methods should be applied. Very little
exploration drilling for uranium has been done. The Mission estimates that
there is justification for a total of 136 500 m of drilling (core and non-core
drilling) over a ten-year period to indicate the location of Speculative
Resources in specified areas and for some as yet unspecified targets.
Geological as well as geographic factors often determine which particular exploration methods and techniques and which combination thereof are
most suitable for given areas. This is particularly relevant to Colombia,
which has challenging logistical problems, extreme topographic contrasts and
lack of accessibility in many areas.
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Table 2
FAVOURABILITY OF SELECTED STRATIGRAPHIC UNITS

Stratigraphic unit

Initial rating*

1. Proterozoic
a) 1. Roraima and Roraima-like cover, quartz-pebble
conglomerate, or Gabon-type deposits
2. Unconformity-related deposits
b)

Mitu raigmatite complex

c)

Precambrian Cordillera

B (?)
B (?)
?

2. Caledonian and/or Caledonian-Hercynian massifs
(blocks of complex and/or repeated intrusions
in a Proterozoic basementT
a)

Santander Massif

A (?)

b)

Garzon Massif

C

c)

Santa Marta Massif

C (?)

d)

Cordillera Central Massif (mapped as Jurassic
Cretaceous, but possibly Hercynian)

C+

3. Upper Palaeozoic continental clastic units
a)

Quetame Massif

A

b)

Santander Massif (sandstone epigenetic
types)

C

c)

Vaupes sandstones (age unknown above
Cambro-Ordovician base)

B-C (?)

4. Triassic-Jurassic sandstones (Giron)
a)

Northern basin around Santander Massif

A

b)

Middle Magdalena Basin (Payande group)

B

c)

South and west of Garzon Group

C)
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Table 2 (continued)

Stratigraphic unit

Initial rating*

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 content probably does not fall
within the definition of Speculative Resource.
This is essentially an industrial problem.
7. Pre-Miocene Tertiary basin
a)

Upper Magdalena Basin

A

b)

Southern part of Tertiary basin within
the Cordillera Oriental

?

Marginal basins on eastern flank of
Cordillera Oriental (south of
Sierra Nevada de Cucuy to Garzon Massif)

B

c)

"A" signifies potential for discoveries based on 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 priorities over the short term.
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IUREP Estimates of Speculative Resources
Table 3 summarizes the Mission estimates of the Speculative Resources
by deposit type and area. It also shows the attendant exploration expenditures, totalling $80 million (1980), sub-divided into main activity groups.
As such, the programme's objective is limited to obtaining a more precise
definition of where Speculative Resources may exist. Proceeding from this
stage to Reasonably Assured and Estimated Additional categories, may entail
much larger expenditures.

POLICY OPINIONS
The Mission's report reviews the options available to the Government for
financing the recommended exploration programme. These options fall into the
following three alternative categories:
a) Exclusive national development: while reversion to exclusive
national exploration ah"3 development is considered unlikely, the
Government should continue to be responsible for certain activities
(for example, large-scale regional studies) through IAN and
COLURANIO, whose areas of responsibility should be more clearly
defined;
b) national development with international technical assistance: it is
recommended that as much use as possible should be made of international technical assistance, with IAN continuing to act as the
counterpart organization. However, it is considered unlikely that
an international organization could provide sufficiently large-scale
support for the full recommended programme;
c) national and/or foreign commercial participation in exploration and
development: the level of investment required for the recommended
programme is unlikely to be made available from Government funds,
even with the addition of international technical assistance, and in
the Mission's opinion, it is questionable whether high risk exploration programmes should be funded entirely by the Government. A
major contribution to the recommended reconnaissance programme should
be risk capital from the private sector.
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Table

3 . Summary of estimated Speculative Resources and exploration costs required to i n d i c a t e such resources

E x p l o r a t i o n e x p e n d i t u r e recommended (US ft)
Type of deposit and area

1. Q u a r t z - p e b b l e

Priority

Speculative Resources
(tonnes U)
From
To

conglomerates

100 000

2. P r o t e r o z o i c u n c o n f o r m i t y - r e la ted*
deposits

A e r i a l survey

750 000

7 750 000

8 000 000

10 000 000

3 000 000

21 000 000

5 000 000

7 000 000

400 000
1 000 000

500 000
1 200 000

L 000
500
20 000

(a)
(a)
(a)

4. Vein-type deposits
(a) California
(b) Palaeozoic
(c) Granites

500
0
500

2 500
500
1 000

(a)
(a)

(i) Santander
(ii) Other areas
(d) Lower Cretaceous
(i) Berlin
(ii) Other areas
(e) Upper Cretaceous
(i) Phosphates

4
4

2
3

0
0

2 000 000

100 000
200 000

(a)

1 000 000

I

500 000

2 500 000

350 000

10 000
1 000

1 165000

1 000 000
1 000 000

3 000 000
2 000 000

4 350 000
4 165 000

2 500
2 000

25 000
5 000

(a)
3 540 000

250 000
500 000

4 000 000

4 250 000
4 540 000

5 000
1 000

25 000
5 000

200 000
200 000

5 000 000

(a)
(a)

see (b 1 )
below

(f) Pre-Miocene Tertiary basins
(i) Palermo
(ii) Other Tertiary basins

6
6

Total

5 500 000

0
0
000

1

Drilling

1 500 000

3. Disseminated-type deposits
(a) Di sseminated
(b) Pegmatites
(c) Contact zones

5. Sandstone and sedimentary type
deposits
(a) Precambrian*
(b) Palaeozoic
(i) Quetame
(ii) Other areas

Ground survevs

500 000

400 000

5 200 000
600 000

see (b 2 )
below

10 000
10 000

2 000
2 000

(a)

1 500 000

1 500 000

750 000

3 000 000
750 000

6. Other type of deposits
Geogr;aphic areas
Pacific Zone
(i)
Caribbean Zone
(ii)
Guajira
(iii)
(iv)
Cordillera Occidental
(v)
Cuaca basin
(vi)
Cordillera Central
(vii)
Magdalena basin
(vi ii 1 Cordillera Oriental
(ix)
Llanos Orientales
(x)
General Andean areas

6
3

5 000

2 587 000

2 587 000

2 207 000
2 932 000

2 207 000
2 932 000

General national programmes
(a) Review of aerial surveys
(b) Basic geological mapping
(c) Reconnaissance geochemical
and radon surveys
(d) General drilling

)2 000 000

2 000 000

2 000 000
2 000 000

2 000 000
2 000 000

Totals

20 500

216 500

23 031 000

27 450 000

30 050 000

80 531 000

Rounded totals

20 500

216 500

23 000 000

27 000 000

30 000 000

80 000 000

(a)

Aerial survey requirement covered elsewhere.

(b)

Phosphates: (b 1 ) Uranium content of 40 000 to 60 000 tonnes has been estimated bv IAN and INGEOMINAS;
it is unlikely, however, that this can be considered within Speculative Resources as no
industry exists or is likely to exist which could produce uranium at under tl30/kg U.
(b 2 ) A feasibility study, which is primarily a drilling programme aimed at assessing the
phosphate potential and costing $4 000 000, has just been completed by ECOMINAS.

(c)

The recommended exploration budget is equivalent to $2.00/kg U for the lower end of the Speculative
Resources range and $0.18/kg U for the higher end.

*
The Mission proposes that the geological potential of the Roraima Formation be viewed in its entiretv.
This might amount to 0 to 100 000 tonnes U, either as quartz-pebble conglomerates or as unconformitv-related
or sandstone-type (Gabon sub-type) deposits.
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ANNEX
Those wishing to consult the full report on which this summary is based
should write to one of the following:
J. Dardel
Commissariat a l'Energie
Atomique - DgMN
31-33, rue de la Federation
75752 Paris Cedex 15 (France)

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

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

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

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

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

Power Reactor and Nuclear Fuel
Development Corporation
Sankaido Building
9-13, 1-chome, Akasaka
Minato-ku
Tokyo 107 (Japan)

R.N. Aitken
Commission of the European
Communities
200, rue de la Loi
B-1049 Brussels
(Belgium)

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

International Atomic Energy
Agency
Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna
(Austria)

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

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