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SUMMARY
A report has recently been published which describes the findings of
the International Uranium Resources Evaluation Project (IUREP) mission to
Bolivia.
The IUREP Orientation Phase mission to Bolivia estimates that the
Speculative Uranium Resources of that country fall within the range of 100 to
107 500 tonnes uranium. The majority of this potential is expected to be
located in the Precambrian crystalline and sedimentary rocks of the
southwestern part of the Central Brazilian Shield. Other potentially
favourable geologic environments include Palaeozoic two mica granites and
their metasedimentary hosts, Mesozoic granites and granodiorites as well as
the intruded formations and finally Tertiary acid to intermediate volcanics.
The mission recommends that approximately US$ 13 million be spent on
exploration in Bolivia over a five-year period. The majority of this
expenditure would be for airborne and surface exploration utilising geologic,
magnetometric, radiometric, and geochemical methods and some pitting,
trenching, tunneling and drilling to further evaluate the discovered
occurrences.

INTRODUCTION
During the bibliographic study, which formed the first phase of the
International Uranium Resources Evaluation Project (IUREP), Bolivia was
identified as one of the countries with good potential for uranium resources
in addition to those reported in "Uranium Resources, Production and Demand,
December 1977"*. Following a meeting at which the objectives of the IUREP
Orientation Phase were discussed in some detail with a number of selected
countries the Bolivian authorities requested an Orientation Phase mission.
The mission was undertaken by two consultants, J. Leroy and E. Muller-Kahle,
in June/August 1982.
The Executive Group for the IUREP Orientation Phase acknowledges the
excellent cooperation given to the Mission by the Bolivian authorities.
Special thanks are expressed to Mayor Eng. Edgar Ampuero Angulo, Executive
Director of COBOEN, Dr. Rolando Zuleta Roncal, Deputy Director,
Eng. Victor Virreira Penarrieta, Head of Planning, and Eng. Edgar Pardo Leyton,
Head of the Radioactive Raw Material Department, who assisted in the
organisation of the mission and the coordination with local authorities.

GENERAL GEOGRAPHY
Bolivia with a surface of 1 098 580 km 2 covers some 6% of the South
American Hemisphere or an area of twice that of Spain. The neighbouring
countries are Brazil, Paraguay, Argentina, Chile and Peru (Fig. 1 ) . About

*

"Uranium Resources, Production and Demand, December 1977", OECD(NBA)/IAEA.

Figure 1

LOCATION MAP OF BOLIVIA
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35% of the country is covered by two Andean ranges ("Cordillera Occidental")
and ("Cordillera Oriental") and the Altipiano with an average elevation of
3 900 m. Further east follows a transition zone, the Subandean belt, and the
eastern lowlands consisting of the Pando, Beni and Chaco plains, the Eastern
Mountain Ranges ("Serranias Orientales") and the Brazilian Shield (see also
Figure S) with an elevation of only 200 m. The climatic conditions of Bolivia
are expressions of both the elevation of the areas concerned and the
precipitations and may be divided roughly into three types: the cold area
("tierra fria"), the moderate area ("tierra templada") and the warm area
("tierra caliente").
The cold area comprises the entire Andean block above some 2 800 m
elevation. In this area there is a dry season or winter from June to October
and a rainy season or summer from December to February. The remainder of the
year consists of transition periods between the two main seasons.
The moderate area comprises the Subandean zone in which the
meteorological features are similar as those described for the cold area. The
average temperatures are around 18-20° C, and the average annual precipitation
is approximately 600 mm, falling mainly in the winter months, November to
February.
In the warm area, including the eastern plains of the country, the
annual rainfall for a large part of the area is between 1 500 to 3 000 mm.
This falls mainly between April and October. Average annual temperatures are
some 25° C, with only minor monthly or seasonal variations.
The country is drained by three hydrographic basins: the Amazon; the
Rio de la Plata; and the Lacustrian System of the Altiplano. The drainage of
the latter flows into the Lakes Titicaca and Poopo as well as into the Salares
Uyuni, Coipasa, Empexa, etc., where the evaporation forms large saline pans.
The population of Bolivia is around 5.9 millions. The population
density of the entire country is about 5.4 inhabitants/km^, that of the
Andean and Subandean areas 10.4 inhabitants/km2 and that of the Eastern
plans and the Brazilian Shield only 1.8. Population centres are the towns
La Paz (750 000 inhabitants), Santa Cruz (about 300 000) and Cochabamba
(250 000). Of the total Bolivian population about 70% are Indians, 25%
Mestizos and 5% Europeans. The language widely spoken is Spanish, but also
Aymara and Quechua.
Bolivia has close to 30 114 km of public roads of which only a small
part (1 554 km = 4.2%) are hard surfaced. In addition there are some 3 500 km
of mainly single track railway lines operated by the National Railway
Company. The railway includes the western and eastern system. The western
system includes some 2 250 km lines of the Bolivian sections of the La Paz Antofagasta and La Paz-Arica railways as well as of the one to Argentina. The
eastern system covers a total length of 1 150 km and has its centre in Santa
Cruz.
Bolivia became independent on 6 August 1825. The latest Political
Constitution dates from 1967 and according to it the form of government is
that of a republic, its public powers being divided in the classical way
between the executive, legislative and juridicial branches. The executive
power rests with the President of the Republic and his Cabinet. The
legislature consists of two houses: the Senate and the House of
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Representatives, while the juridicial branch includes the Supreme Court and
district and such other courts as established by law. For administrative
purposes the country is divided into 9 departments, 99 provinces and
1 272 cantones.
Topographic maps at 1:50 000 scale cover approximately 60% of the
country. Conventional black and white aerial photographs at a scale of
1:40 000 are available for 97% of the country; lacking are those of a small
strip in the northwest of Bolivia as well as those of the Mutun area in the
southeast at the border with Brazil. The published geological maps are mainly
at the scale of 1:100 000 and cover only about 10% in the southwest of the
country, between Oruro and Sucre in the east and the international boundary in
the west. Additional geological maps at 1:250 000 scale, still unpublished,
cover the Precambrian Shield south of latitude 16° South. In addition, small
scale maps covering the whole Bolivian territory are available.

ADMINISTRATIVE BODY CONCERNED WITH URANIUM
At the present time the only Bolivian Government agency concerned with
uranium and its application in the widest senses is the Comision Boliviana de
Energia Nuclear (COBOEN), founded by Decree n° 05398 of 14 January 1960.
Organisationally, COBOEN behaves as a decentralized entity which reports to
the Ministry of Mining and Metallurgy.

LEGISLATION CONCERNING URANIUM EXPLORATION. DEVELOPMENT AND PRODUCTION
According to the Bolivian Mining Law of 1965 (Law Decree N° 07148 of
7 May 1965) and the Political Constitution of 2 February 1967 all activities
concerning nuclear energy in its widest sense are vested with the Bolivian
State. Therefore, the granting of uranium concessions is subject to special
contracts with the State. Based on this principle, COBOEN as representative
of the State concluded a special contract with AGIP S.p.A. of Italy in
August 1974 and a "protocol of agreement" with COGEMA of France in July 1978
for the exploration of uranium in certain areas and the mining of uranium
deposits to be discovered.

GEOLOGY OF BOLIVIA
The geology of Bolivia is determined by two main features: the
Precambrian Shield in the east and the younger orogenic system of the Andes in
the west. These comprise rocks ranging in age from Proterozoic to Pleistocene
(Fig. 2 ) .

Regional Geology
The Bolivian Precambrian appears to be the southwestern margin of the
Central Brazilian Shield and is found mainly in eastern Bolivia although
two minor occurrences are described from western Bolivia, south of Tarija and
southwest of La Paz.
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The Proterozoic history of eastern Bolivia comprises four orogenic
cycles:
-

the Transamazonic cycle of Lower Proterozoic age ( ± 2 000 Ma);

-

the San Ignacio orogenic cycle ( ± 2 000 - 1 300 Ma);

-

the Sunsas orogenic cycle (300 - 950 Ma);

-

the Brasiliano orogenic cycle (950 - 500 Ma).

The Transamazonic orogenic cycle consists of the basal Lomas Maneches
Group, which includes in its lower part a hypersthene granulite believed to be
of igneous origin, K-feldspar leptites and garnet biotite paragneisses
interlayered with different varieties of granulites, and the Chiquitania
Paragneiss Complex which overlie the Lomas Maneches Group with a transitional
contact.
The San Ignacio orogenic cycle comprises the upper part of the
Chiquitania Paragneiss Complex as well as the San Ignacio Schist Group,
consisting of pelitic-psammitic schists, thin layers of graphitic schists,
calc-silicates, itabirites and meta-volcanics of basic composition.
Widespread is a major intrusion of basic-ultrabasic sills ("Suponema Metabasic
Formation") into pelitic schists.
The thickness of this group reaches approximately 5 000 m and its
metamorphism is limited to amphibolite or locally only to greenschist facies.
The Sunsas orogenic cycle consists of the deposited erosional products
of the San Ignacio Group, which were deposited as Sunsas and the younger
Vibosi groups and subsequently deformed together with older rocks by the
Sunsas orogeny. This depositional sequence was accompanied by a phase of
ultrabasic igneous intrusions (Rincon del Tigre Igneous Complex) and granitoid
development.
The Brasiliano orogenic cycle covers only unmetamorphosed sequences as
the close of the Sunsas cycle marked the cratonisation of the shield. This
sequence overlies unconformably the Sunsas rocks and consists of
miogeosynclinal clastic and chemical sediments of the Boqui Group
unconformably overlain by the Murcielago Group (reef and non-reef limestones)
possibly of Cambrian age or by the Tucavaca Group, apparently of Ordovician
age.
Cambrian rocks are known from the southern part of the Cordillera
Oriental and the Serranias Orientales, where they overlie Precambrian
sequences. In the Cordillera Oriental the Cambrian consists of clastic
sediments (Condalo, Torohuayco and Sama Formations), while in the Serranias
Orientales the lower unit includes continental clastic sediments of the San
Francisco Formation overlain by the calcareous sequence of the Bodoquena Group.
The Ordovician rocks are of marine origin and occur extensively in the
Cordillera Oriental, the Serranias Orientales and to a minor extent in the
Subandean belt. The typical section of the southern part of the Cordillera
Oriental includes about 10 000 m of thick fine-grained marine sediments which

- 8 -

Figure 2
GEOLOGICAL MAP OF BOLIVIA
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are divided into seven formations. A large part of the Serranias Orientales
is underlain by Ordovician sediments of the Jacadigo and apparently younger
Tucavaca groups. The Jacadigo Group, divided into three formations consists
of about 1 150 m thick chemical and clastic sediments while the Tucavaca Group
includes only clastic sediments of decreasing grain size. In the Subandean
belt similar units occur and complete sections are known in the northern part
and include also fine grained marine sediments of the Enadere and overlying
Tarene Formations.
The Silurian basin covers with a southeasterly trend the actual Andean
area, the Chaco as well as the Serranias Orientales. The base of the Silurian
is a glacial deposit, the Cancaniri Formation or Zapla Tillite, which is
overlain by a thick sequence of fine to medium grained sediments, divided in
the western part of the basin into the Huanuni, Llallagua, Uncia and Catavi
formations and in the eastern part into the Kirusilla and Tarabuco formations.
During Devonian times nearly the entire Bolivian territory with the
exception of the Precambrian Shield and the Pampean system in the westsouthwest of the country was covered by a basin in which a sedimentary pile of
up to 3 000 m in thickness was deposited. The most important area of Devonian
deposition is the Cordillera Oriental where two main areas are defined: the
northern and southern part. In both areas fine to medium grained sediments
were deposited, which were stratigraphically subdivided into four formations.
In other areas of Bolivia similar lithological sequences occur.
The sediments of Carboniferous age are predominantly of glacial to
fluvioglacial origin deposited in a shallow and narrow basin. Type localities
for the occurrence of Carboniferous rocks are the Subandean belt and the
Titicaca area, where a more paralic-glacial facies occurs. In the Subandean
belt, between the Rio Tarija and the Rio Pilcomayo, the Carboniferous reaches
a thickness of more than 2 000 m, which consists stratigraphically of the
lower Machareti and Mandiyuti groups separated by an unconformity.
Lithologically these units include coarse to fine-grained sediments and
glacial tills.
Permian rocks outcrop only in a small area in the northwestern part of
Bolivia as the southeastern end of the Lower Permian basin of Peru. The rocks
include a lower marine facies, the Copacabana Formation, with limestones
interbeddedd with shales and calcareous sandstones, overlain by a
predominantly continental facies, the Tiquina Formation with sandstones
interbedded with reddish limestones.
In the absence of an exact age of determination the small basin in the
southern part of the Subandean belt (Pilcomayo River), where marine sediments
of up to 900 m thickness were deposited, is assigned a Permo-Triassic age.
The evaporitic phase of the upper Permo-Triassic marks the end of the marine
Palaeozoic history and thereafter Bolivia was emergent during most of the
Mesozoic, when the Andean area was uplifted, folded and eroded.
During Cretaceous-Paleogene a large basin developed extending from
northwestern Bolivia and covering nearly the entire territory with exception
of the Shield area. A positive morphological feature, the "Dorsal de Aiquile
- Maranon" separated the basin into two sub-basins, one covering the Andean
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area* the other the Subandean belt including the Serranias Orientales. In the
Andean area, including the Cordillera Oriental and the Altipiano a variety of
sedimentary rocks (elastics, carbonates, evaporites) make up the Puca Group,
which is further subdivided into six formations.
In the Subandean belt, sandstones of different grain size and
limestones are grouped into the Beu, Eslabon and Flora formations.
The epirogenic uplift of the eastern Andes occurred in Neogene times
and developed two basins: one in the Andean foreland, the other one in the
Altipiano. The Andean foreland basin comprises the Subandean belt, the Pando,
Beni and Chaco plains, as well as the Serranias Orientales. It is filled with
3 000 - 4 000 m thick oxidized molasse type sediments derived from the Andean
block, which stratigraphically were further subdivided.
The eastern basin occupying the Altipiano area is the type locality for
a refined Tertiary stratigraphy consisting of 10 different units (Santa Lucia,
Tihuanacu, Coniri, Kollu Kollu, Caquiaviri, Rosa Pata, Mauri 6, Choquecota,
Umala and the Perez formations). Lithologically these units contain clastic
and chemical sediments interbedded with acid to intermediate volcanics.
Apparently the stratigraphically equivalent to the Perez Formation is in the
eastern Cordillera the Los Frailes formation consisting of acid to
intermediate volcanics, which in the Cotaje area host the known uranium
mi nerali zat i on.
Quaternary deposits cover to a very large extent the Cordilleras, the
Altipiano and the eastern plains, and include glacial deposits, fluvial
gravel, volcanics, lacustrine sediments, saline deposits, etc.

Magma t i sm
Among the magmatic events taken place in Bolivia the oldest phase is
represented by the San Rafael Metagranite formed by anatexis of the lower
pelitic unit of the San Ignacio Group. This event is believed to have
occurred at the begin of the San Ignacio orogenic cycle (~ 2 000 - 1 300 Ma)
at 2 000 Ma and was followed by four more phases:
-

a
a
a
a

pretectonic granitoid phase,
syntectonic granitoid phase,
syn/late tectonic phase,
late/postectonic phase.

The magmatic cycle which followed is related to the Sunsas orogeny
(1 300 - 950 Ma) and includes syn- and postectonic granites, pegmatites,
rhyolite intrusions and the basic to ultrabasic Rincon del Tigre Igneous
Complex of about 992 Ma.
Within the Phanerozoic several periods of magmatic events occur mostly
in the Andean area and to a very minor extent also in the Precambrian Shield
of eastern Bolivia. This is summarized in the column on the following page.
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MAGMATISM IN BOLIVIA

Plutonism

Voleanism

Cambrian

granodiorites and tonalites
of the Canani Formation
(550 - 535 Ma), southern
part of Cordillera Oriental

Permian

Tectonically affected
syntectonic Hercynian
two-mica granites of
aluminous-potassic group
(± 240 Ma) Cordillera
Real, gabbro near Jesus
de Machaca, Altipiano,
diabase dykes and sills in
Department of Cochabamba,
Chuquisaca, Potosi.

Basalts of Tiquina northern
part of Altipiano, probably
equivalent to intermediate
volcanism of Mitu Formation,
Peru.

Triassic)
Jurassic)

Andean granodiorites of the
calc-alkaline group,
(211-180 Ma), Cordillera
Oriental; alkaline
intrusives (nepheline
syenite, aegirine granites,
carbonatite) of Velasco
(143-134 Ma), nepheline
syenite sills of Sapo and
Yanani, Department of
Cochabamba.

Upper Cretaceous Entre
Rios basalts (83 Ma),
southern Subandean belt.

Tertiary

Granodiorites, latites,
rhyodacites (26-13 Ma)
southern Cordillera
Oriental

Acid to intermediate
volcanism (Mauri-6,
Perez, Umala, Los Frailes
formations) (16-1 Ma)
Altipiano, Mesetas de
Morococala and Los Frailes,

Quaternary

Daeitic stocks.

Plio-pleistocene to recent
intermediate to basic
volcanism in Cordillera
Occidental.
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Structural Geology
The tectonic history of Bolivia has to be separated into the two main
areas, the Precambrian Shield, a stable craton since 950 Ma, and the Andean
area including the Subandean belt. The Precambrian history is determined by
four orogenic cycles, the Transamozonic (= 2 000 M a ) , the San Ignacio ( = 2 000
- 1 300 M a ) , the Sunsas ( = 1 300 - 950 Ma) and the Brasiliano (- 950 - = 520 Ma)
The latter had only minor effects on the Bolivian Precambrian.
The structural history of the Andean area begins with the Ordovician,
when vertical movements took place associated with the evolution of the
sedimentary basin. This is considered the begin of the Hercynian phase which
terminated in middle Permian age. In more detail, the following tectonic
events are distinguished:

-

Ordovician:

subsidence of the basin,

-

Upper Ordovician:

-

Silurian-Devonian:

-

Upper Devonian - Lower Carboniferous: deformation (compression) of
the Cordillera Oriental and Altiplano, early Hercynian phase;
associated with this phase was the emplacement of syntectonic
two-mica granites in the Cordillera Real;

-

Middle Permian: second compressional phase (late Hercynian),
especially affecting the Altiplano.

uplift and probable emersion,
vertical movements,

The Andean tectonic development comprises the period from
pre-Cretaceous to Pliocene and includes the following events:
-

Permo-Triassic events known in Peru (Nevadan phase); this event may
have created the faults which influenced the Cretaceous sedimentary
basin in the Altiplano and the Cordillera Oriental;

-

Cretaceous vertical movements (Peruvian phase), causing the
Cretaceous transgression on the Hercynian platform;

-

Paleocene-Eocene:

-

late Eocene:

-

late Miocene (8-6.4 Ma):

-

Pliocene (- 3 M a ) : last folding stage, affecting especially the
Subandean belt, located between the andean uplift (west), and the
Precambrian craton (east); the tectonic style in the Subandean
features tight folds and east dipping inverse faults separating the
Andean block from the Subandean belt.

epiorogenetice movements;

most important folding of the Andes (Incaic phase);
second stage of folding (Quechuan phase);
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Metallogenetic Provinces
Within the Bolivian territory commonly five Andean metallogenetic
provinces or belts are distinguished: a tin belt with tungsten and bismuth
districts, an antimony belt, a lead-zinc belt, a copper belt as well as a gold
belt. All belts are more or less related to different magmatic events ranging
in age from Triassic-Jurassic to Tertiary. In addition important sulphur
deposits occur in the Cordillera Occidental associated with Tertiary to
Quaternary volcanism. Within the Precambrian Shield recent investigations
resulted in the discovery of the sill-like basic to ultrabasic Rincon del
Tigre Igneous Complex with a potential for chrome, nickel and copper
mineralization within the igneous suite or its weathering products
(laterites). A younger REE-Th-prospect has been located at Manomo associated
with a Jurassic-Cretaceous carbonatitic (?) intrusuive within the Alkaline
Province of Velasco, a major ring structure. At Mutun, located at the
Brazilian border, south of Puerto Suarez, a major iron deposit was already
known in 1894. It belongs to the banded iron deposits and is hosted in the
Ordovician Santa Cruz formation. The reserves of the deposit are in the
40 000 Million t range, but the unfavourable location has precluded its
development.

PAST EXPLORATION
Bolivia*s past uranium activities started in 1953 when the Government
invited a mission of the US-AEC to carry out a brief reconnaissance. This
activity concentrated mainly on the base metall deposits as well as on
pegmatites in the Shield area. In 1963, GEOBOL's predecessor contracted for
an airborne survey of some 15 000 km 2 including the Heseta de los Frailes,
underlain mainly by upper Tertiary acid to intermediate volcanics. In 1973,
COBOEN which had been established in 1968 retained Homestake Mining Company as
consultant to carry out a technical evaluation of the economic possibilities
of the uranium indications known in Bolivia. The most important active
exploration program was done between 1974 and 1978 by AGIP S.p.A. within the
framework of a production sharing contract with COBOEN. This agreement called
for the evaluation of four areas Tarija, Lipez, Corocoro and San Jose de
Chiquitos totalling 48 778 km 2 (Fig. 3 ) . During this programme a total of
US$ 8.4 million were expended by AGIP. In 1978 the company decided to
terminate the contract because of discouraging results. After becoming
operative in 1970, COBOEN partly with IAEA-support investigated about
20 000 km 2 located mainly in the Cordillera de Los Frailes (Fig. 4) the
anomalies Tholapalca, Los Diques, La Calera, Torko as well as the Cotaje
prospect, but also some areas in the Cordillera Oriental (anomalies Yauricoya,
Tollojchi). In addition to COBOEN's Division of Geology, the Mining and the
Metallurgy Divisions were also involved. The total costs incurred by COBOEN
were estimated at US$ 1.3 million during the period 1970-1982. In total AGIP
and COBOEN covered an area of about 68 778 km 2 equalling 6.26% of the
Bolivian territory or 9.8% of the area believed to have uranium potential.
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Figure 3
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Figure 4
LOCATION MAP: COBOEN AIRBORNE RADIOMETRIC SURVEY AT "LOS FRAILES"
(Virreira & Quiroga, 1978)
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OCCURRENCES OF URANIUM
The uranium occurrences of Bolivia are mainly found in the Altipiano
and the Cordillera Oriental, and to a lesser degree also in the Serranias
Orientales and in the Brazilian Shield (Fig. S).
In the Altipiano many anomalies are known within the Tertiary
formations (red beds and volcanic rocks). The principal anomalies in the
Altipiano are found in the vicinity of Corocoro and Chacarilla areas ("red
bed" type).
In the Cordillera Oriental anomalies are known in rocks of the
Paleozoic, Mesozotc and Cenozoic ages and in veins of Tertiary age, but the
most important anomalies and the only deposit were discovered in the Meseta de
Los Frailes, an area underlain by Tertiary volcanics.
Some radioactive anomalies are also detected in the San Jose and Robore
area (Serranias Orientales) and in the Brazilian Shield. No anomalies are
known in the Cordillera Occidental.
The known anomalies are summarized in the following Table 1.
To date, most uranium occurrences in Bolivia were found in Tertiary
formations, as well as in Paleozoic rocks mainly of Ordovician and/or Silurian
age. Only a few anomalies are known in Cretaceous and Quaternary sediments.
However, this could be a misleading statement, as nearly all exploration
efforts centered in the Cordillera Oriental and the Altipiano, while very
little work has been done to evaluate the uranium potential of the Precambrian
Shield.
From the genetic point of view, several types of occurrences can be
distinguished:
-

hydrothermal deposits related to Tertiary acid to intermediate
volcanics (tuffs, ignimbrites, etc.); this group is the most
numerous and includes the deposit of Cotaje as well as many other
anomalies of the Cordillera de Los Frailes;

-

hydrothermal deposits within Paleozoic metasediments, mainly
Ordovician and/or Silurian, in contact with magmatic intrusions of
Mesozoic to Tertiary age. Several associations are found: U - W Sn (Urania, Bolsa Negra). U - Bi (Incognita), U - Co (Nuevo), U Co - Ni - Cu (Yauricoya);

-

sedimentary deposits of the red bed type where the uranium
mineralization is associated with copper in Tertiary sandstones
(Corocoro, Chacarilla, Kollpani, Agua de Castilla);

-

supergene deposits (weathering and erosion): all the occurrences
are more or less altered by weathering (oxidized minerals); some
occurrences (Tholapalca I and III), Coroma, Independence ia, Tupiza,
Tarija) seem to be purely supergene. They are located either in
volcanics or in sedimentary formations, mainly sandstones;
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Figure 5

MORPHO-STRUCTURAL UNITS OF BOLIVIA

REFERENCES
I.
II.
ARGENTINA

Cordillera Occidental
AI tipiano

III.

Cordillera Oriental

IV.

Subandean Zone

V.

Plains of
Choco-Benianas

VI.
VII.
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Brazilian Shield
Serrania Orientates

Table 1
URANIUM OCCURRENCES OF BOLIVIA

ALTIPLANO

Chacarilla - Corocoro area
Chacarilla, Cerro Kachaca, Laram Uta,
Corocoro.
Lipez area
Agua de Castilla, Kollpani,
Esmeralda, Bancani.
Chita anomaly
Oruro area

CORDILLERA ORIENTAL

Charazani - Mi H i pay a area
Lunlaya, Kohuila, Incognita, Nuevo.
Cordillera Real
Urania, Bolsa Negra.
Cochabamba area
Sapo, Independencia, Tapacari.
Sevaruyo area
Cotaje, Huancarani, Torko, Los Diques,
Tholapalca I, II, III, Asuncion,
Coroma, Amistad, Calera, Wichajlupi,
San Agustin, Campana fault.
Yauricoya - Chulchucani area
Yauricoya, Esperanza, Chulchucani,
Tollojchi (or Los Hantos), Padcoyo.
Camargo and Tupiza-Tari.ja area
Camargo, Tupiza, Tarija.

SERRANIAS ORIENTALES

1.

San Jose - Robore area

BRAZILIAN SHIELD

1.

Velasco area
Hanomo.
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-

magmatic anomalies: few anomalies are related to magmatic rocks,
such as syenite and sodalite dyke (Sapo), alaskite veins (Padcoyo),
or tuffs (Asuncion); in the first two occurrences, pyrochlore
appears to be the most important uranium mineral, while in Asuncion
no mineralogical investigation has been done to identify the uranium
mineral(s).

A summary of the Bolivian uranium occurrences, their morphological
structural and geological setting, the uranium minerals and associated
minerals as well as their genetic type is shown in the following Table 2.
Concerning the evaluation of the economic possibilities of the
described uranium occurrences, it can be concluded that only the hydrothermal
deposits are likely to contain economically viable uranium mineralization. So
far, however, none has been discovered and the production from the Cotaje mine
is explained by the Bolivian authorities as a mining-metallurgical experiment
with the aim to provide COBOEN*s Radioactive Raw Material Department with
technological know-how.

FAVOURABLE AREAS FOR SPECULATIVE POTENTIAL RESOURCES
With the exception of the Cotaje prospect, discovered and developed by
COBOEN, there is no other uranium prospect known of that quality in Bolivia,
despite the efforts of AGIP and COBOEN. Based on the evaluation of the
geological environments with uranium potential and in the absence of official
government estimates of the uranium resources of Bolivia, the mission
estimates the Speculative Uranium Resources between 100 and 107 500 tonnes U,
to be hypothetically expected in the following geological environments:
Precambrian Shield, which may host Speculative Resources of 0 to
80 000 tonnes U equalling 74% of the total estimate in at least four different
types of deposit:
1. intragranitic deposits in the numerous granitoid phases associated
with the San Ignacio and Sunsas orogenic cycles;
2. vein deposits located in the contact areas between granites and low
grade metamorphic schists (pelitic schists, graphitic schists) and
in the schists themselves;
3. sandstone deposits in the basal Guapana Conglomerate formation of
the Sunsas group, where the presence of smoky quartz may be
indicative for radioactivity;
4. Unconformity related deposits may be present in the pelitic and
graphitic schists of the San Ignacio Schist Group where they are
unconformably overlain by the clastic sediments of the Sunsas Group.
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The Speculative Uranium Resources believed to exist in Paleozoic rocks
is estimated to be within the range of 0 to 15 000 tonnes U equalling 14% of
the total. The types of deposit, in which these resources may be discovered
are:
1. Contact and hydrothermal vein deposits associated with hercynian
two mica granites known so far only from the Cordillera Real but
possibly extending futher south;
2. intragranitic deposits within the same two mica granites of
Hercynian age;
Associated with Mesozoic acid to intermediate intrusives the
Speculative Resources range from 0 to 7 500 tonnes U, equalling 7% of the
total, and may occur in:
1. intragranitic;
2. contact and
3. hydrothermal vein deposits.
In Tertiary acid volcanics hydrothermal vein deposits are suggested to
occur and may contain 100 to 5 000 tonnes U equalling 5% of the total
Speculative Resources of Bolivia.
No resources were assigned to three highly speculative "long shot1*
possibilities:
1. Uranium mineralization related to calderas in the Altiplano;
2. uranium in brines, and
3. sandstone deposits in Tertiary continental sediments of the Charqui
formation in the Pando plains.
The recommendations of the Mission comprise a five-year exploration
program with total expenditures of 12.87 million US$. The objective of this
program is the verification of the Speculative Uranium Resources believed to
exist in the above described geological environments. Should this speculative
potential exist, a much larger effort will be needed to investigate the
discovered prospects and to fully assess them.
The largest part of 10 705 million US$ equalling 84% of the total
suggested expenditures are recommended to be spent in the Precambrian covering
an area of 225 000 km 2 for the following activities:
-

geologic-geochemical exploration of some 5 200 km 2 in northeastern
Bolivia;

-

integrated magnetometric-spectrometric aerial survey of the whole
Precambrian covering some 225 000 km 2 ;

-

geochemical U-Th determinations of all stream sediments collected in
the Precambrian areas of eastern Bolivia, plotting of the results
and evaluation;
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-

field check of encountered airborne radiometric and geochemical
anomalies;

-

limited drilling to assess discovered uranium occurrences.

It is suggested to expend about 625 000 US$ or 4.8% of the recommended
total for the assessment of the uranium potential of those areas underlain by
Paleozoic intrusives and/or metasediments. The following investigations are
recommended for the area of about 12 000 km 2 located in the Cordillera Real
- Oriental:
-

literature research, photogeological interpretation, geological,
geochemical and radiometric field work, detailed assessment of known
uranium occurrences, analytical and petrographical work, age
determinations;

-

gamma-ray spectrometer helicopter survey of selected areas;

-

follow-up field checks of the discovered geochemical and
radiometrical anomalies;

-

pitting, trenching, tunneling and drilling of encountered uranium
prospects.

For the evaluation of the uranium potential of the Mesozoic acid to
intermediate intrusives of about 9 000 km 2 in the Cordillera Oriental an
expenditure of 500 000 US$ equalling 3.8% of the total is recommended. It is
suggested that the following investigations will be carried out in connection
with the evaluation of the Paleozoic environments using the same approaches.
Tertiary rocks of volcanic origin, equivalent to the Los Frailes
formation occur in four areas covering a total of 20 000 km 2 in western
Bolivia. Their evaluation is expected to cost about 940 000 US$ of 7.3% of
the total and will include the following work:
-

a gamma-ray spectrometer survey using a fixed-wing aircraft over
some 20 000 km 2 ;

-

field checks of the discovered anomalies using geological,
radiometric and geochemical methods;

-

follow-up work to further evaluate discovered uranium prospects with
detailed geological as well as physical methods including pitting,
trenching, tunneling and drilling.

A summary of the mission's proposed exploration budget and the
Speculative Uranium Resources is shown in Table 3.
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Table 3
SPECULATIVE URANIUM RESOURCES
AREAS TO BE EXPLORED AND SUGGESTED UUSTS

TYPE OF
DEPOSIT

Precambrian

Intragranitic
contact §
hydroth. vein
sandstone
unconformity

0
0
0
0

Contact §
hydroth. vein
intragranitic

Tertiary
Total

(1)
(2)

74

225 000

85

10 805

84.0

14

12 000

45

625

4.8

1

0 - 5 000
0 - 10 000
0 - 15 000

Mesozoic

•

- 10 000
- 5 000
- 15 000
- 50 000

0 - 80 000
Paleozoic

COST(2)
(x 1000 US$)

AREA
(km2)

SURCD
(t U)

Intragranitic,
contact §
hydroth. vein

0 -

7 500

7

9 000

3.4

500

3.8

hydroth. vein

100 -

5 000

5

20 000

7.5

940

7.3

100 - 107 500

SUR • Speculative Uranium Resources.
In US$ 1982.
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266 000

12 870

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 Hiddlefield Road
Henlo Park
California 94025
(USA)

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