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P R E F A C E

The mission was undertaken by two consultants, Mr.

Jacques Leroy and Mr. Eberhard Muller-Kahle; both commenced

the investigation in Bolivia on 8 June 1982, Mr. Leroy com-

pleted his work on 16 July and Mr. Muller-Kahle terminated

his mission on 26 August 1982. A total of 14 days were spent

in the field by the consultants.
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1. SUMMARY AND RECOMMENDATIONS

1) The uranium exploration done so far in Bolivia has been

carried out by COBOEN, partly with IAEA support, and AGIP

S.p.A. of Italy, which between 1974 and 1978 explored four

areas in various parts of Bolivia under a production shar

ing contract with COBOEN.

2) Both organisations have covered approximately 70,000 km2

applying a number of exploration methods. This coverage

amounts to roughly 6.5% of the total surface of Bolivia.

3) No economic uranium deposit has been discovered so far,

which conforms to the NEA/IAEA definition of Reasonably

Assured Resources or Estimated Additional Resources.

4) The geology of Bolivia is complex and although not fully

investigated, a number of favorable for uranium deposits

are known: a large area (20% of the total surface of Bo-

livia) underlain by Precambrian rocks offers a good ura-

nium potential, although only some 50% of this area are

mapped; the largest part of the remainder will be inves-

tigated until March 1983; other settings which may host

uranium deposits are hercynian two-mica granites and

andean (Triassic-Jurassic) granodiorites and their con-

tacts to Paleozoic black shales, as well as Tertiary

acid to intermediate volcanics, which host many of the

known uranium anomalies and prospects discovered so far

in Bolivia.

5) As a result of the review of the regional geology of Bo-

livia and the reports on the uranium exploration done so

far, of some field observation and of the application of

analogies to known uranium deposits elsewhere, the IUREP
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Orientation Phase mission estimates that the Speculative

Uranium Resources of Bolivia fall within the range of 100

to 107,500 t U.

6) The mission expects that these Speculative Uranium Re-

sources may be distributed as follows (sequence within

the stratigraphical headings indicate priority from high

to low):

Precambrian:

(225,000 km2

- intragranitic deposits

) contact & hydrothermal

vein deposits:

- sandstone deposits

- unconformity-related

deposits

Paleozoic:

(12,000 km2)

Mesozoic:

(9,000 km2)

Tertiary:

(20,000 km2)

0 - 10,000 t U

5,000

15,000

0 - 50,000

Subtotal Precambrian 0 - 80,000 t U

contact & hydrothermal

vein deposits 0

intragranitic deposit 0

5,000 t U

10,000

Subtotal Paleozoic 0 - 15,000 t U

intragranitic, contact

& hydrothermal vein

deposit

Subtotal Mesozoic

- hydrothermal vein

deposits

Subtotal Tertiary

0 -

0 -

100 -

100 -

7,500
7,500

5,000

5,000

t
t

t

t

U
U

U

u
Grand total 100 - 107,500 t U

7) Additional geological knowledge, for example in the Pre-

cambrian Shield, may lead to a modificacion of the Spec-

ulative Uranium Resources.



8) Further possibilities to encounter uranium may exist in

the following settings: Tertiary sediments in the Pando

plains, calderas in the Altiplano as well as in the saline

lakes, but they are considered as "long shots".

9) The mission recommends that some 12,87 Mill US$ be spent

in reconnaissance and preliminary exploration programs

within a period of five years to examine Bolivia's Spec-

ulative Uranium Resources.

10) The expenditures mentioned above may be broken down into

the different geological settings as follows:

Precambrian 10,805,000 US$ = 84.0%

Paleozoic 625,000 US$ = 4.8%

Mesozoic 500,000 US$ = 3.8%

Tertiary 940,000 US$ = 7.3%

Total 12,870,000 US$

This total expenditure corresponds to a cost of establishing

one kg U of Speculative Resources between 0.12 US$ and

128.70 US$.

11) Although the suggestions for future exploration and the

resulting cost estimates are made irrespective of the

source of funding, recommendations are made that COBOEN

should limit its activities and concentrate its funds to

the collection of basic geologic, geochemical and geophys-

ical information. Nevertheless, attempts should be made

to secure technical and financial assistance from both

multilateral and bilateral sources.

12) The basic information collecting projects as mentioned

above should include from high to low priority:
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- geologic-geochemical exploration of the Precambrian in

northeastern Bolivia; COBOEN is suggested to persuade

GEOBOL to extend the ongoing Proyecto Precambrico (GEO-

BOL-IGS), which covers the eastern Bolivian Precambrian

also to the remaining still unmapped Precambrian in the

northeastern part of the country.

- U-Th-determinations in all (ca. 30,000) stream sediment

samples taken and to be taken by the Proyecto Precambrico;

- an integrated geophysical aerial survey over the entire

Precambrian area in northeast and eastern Bolivia, total-

ling some 225,000 km2;

- a reconnaissance over some 21,000 km2 in the Cordillera

Real to evaluate the potential of both hercynian two-mica

granites and andean granodiorites as well as their con-

tacts;

- an integrated geophysical aerial survey over four areas

(Mesetasde Morococala, and de Los Frailes, northwestern

and southwestern Altiplano) totalling 20,000 km2.

13) At the same time, while the basic technical information is

being collected, it is suggested that binding legal and

contractual ground rules for the conclusion of cooperation

agreements with private companies are prepared.

14) It is assumed that an existing technical base (geologic,

geochemical and geophysical data) as well as defined

legal and contractual ground rules would put Bolivia in-

to a good position in attracting private capital for the

continuation of the uranium exploration activities.'



15) Alternative suggestions are made in the case neither

government funding nor external financial support can

be secured and that COBOEN's Radioactive Raw Material

Department has to work without an operative budget

allowing field investigation. These ideas have the

objective to encourage and motivate the staff, while

providing meaningful activities for the entire depart-

ment.



2. INTRODUCTION

2.1 TERMS OF REFERENCE

The basic objective of the International Uranium Re-

sources Evaluation Project (IUREP) is to "review the present

body of knowledge pertinent to the existence of uranium re-

sources, to review and evaluate the potential for discovery

of additional uranium resources, and to suggest new explota-

tion efforts which might be carried out in promising areas

in collaboration with the country concerned."

Following the initial bibliographic study which formed

Phase I of IUREP, it was envisaged that a further assessment

in cooperation with, and within, the country concerned would

provide a better delineation of areas of high potential and

a more reliable estimate as to the degree of favourability

for the discovery of additional uranium resources. It was

planned that such work would be accomplished through field

missions to the country concerned and that these field mis-

sions and the resulting report would be known as the Orienta

tion Phase of IUREP.

The purpose of the Orientation Phase mission to Bolivia

was a) to develop a better understanding of the uranium poten_

tial of the country, b) to make an estimate of the Speculative

Resources* of the country, c) to delineate areas favourable

for the discovery of these uranium resources, d) to make recom

mendations as appropriate on the best methods for evaluating

Speculative Resources refer to uranium, in addition to
Estimated Additional Resources (EAR), that is thought to
exist mostly on the basis of indirect evidence and geo-
logical extrapolations, in deposits discoverable with
existing explorative techniques. The location of deposits
envisaged in this category could generally be specified
only as being somewhere within a given region or geological
trend.
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the favourable areas, operating procedures and estimated

possible costs, e) to develop the logistical data required

to carry out any possible further work, and f) to compile

a report which would be immediately available to the Boli-

vian authorities.

2.2 GENERAL GEOGRAPHY

Bolivia is situated in the centre of South America

between the parallels 9°38' South and 22°53' South and the

longitudes 57°26' West and 69°38' West. It covers a surface

of 1,098,580 km2, equalling some 6% of the South American

continent and twice the size of Spain. The capital is Sucre

but the seat of the government is La Paz, located at some

3,600 m elevation. Other main cities are Santa Cruz, Cocha-

bamba, Potosi, Tarija.

The country borders in the north, northeast and east

with Brazil, in the southeast with Paraguay, in the south

with Argentina and in the west with Chile and Peru (Fig .

2-1, 2-2).

Although only some 35% of Bolivia are covered by mount-

ains of two Andean ranges separated by the Altiplano, a high

plain, it is considered an andean country.

Its morphological features from west to east are de-

scribed as follows (Fig . 2-3, 2-4):

- the Cordillera Occidental, located mainly in Peru and Chi-

le, covers only a strip of some 650 km north-south and 50

km wide; this chain consists of Tertiary-Quaternary vol-

canoes, including the mountains Nevado Sajama (6,550 m ) ,

el Cerro Payachatas (6,340 m) and the volcanoe Uturuncu

(+6,000 m);



Fig. 2-1:

Location map of Bolivia
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the Altiplano covering some 105,000 km2 has an average

elevation of some 3,900 m; this area includes the Lake

Titicaca, the highest navigable lake in the world, with

a surface of approximately 9,000 km2, the Poopo Lake in

the center of the Altiplano and the saline lakes (sala-

res) at its southern end;

the Cordillera Oriental bordering the Altiplano in the

east, strikes in its northern section north-northwest,

but changes it at the Arica-Elbow Line to north-south;

this range consists of the following sections:

the Cordillera de Apolobamba with the mountains Palo-

mani Grande (5,668 m) , Palomani Kunca (5,920 m ) , Palo_

mani Tranca (5,638 m ) , Chaupi-Orko (6,044 m ) , Cololo

(5,915 m ) , Huila Kollo (5,816 m) and Sunchuli (5,865 m);

the Cordillera de Munecas with its highest peak the

Ayankuno (5,000 m);

the Cordillera Real, with large glaciers and glacial

features on mountains of +5,000 m (Illampu, Huayna Po-

tosi, Chacaltaya);

the Cordillera de La Paz with the Illimani Mountain

6,525 m);

the Cordillera de Tres Cruces;

the Cordillera de Santa Vera Cruz with the mountains

Santa Vera Cruz (6,000 m) and Kunucollo (5,550 m);

the Cordillera de Cochabamba.
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- the Subandean belt as transition zone to the eastern low

lands,

- Pando,

- Beni,

- Chaco plains,

- the Serranias Orientales, a southeast trending orographic

feature at the southern border of the Shield, and finally

straddling the Brazilian border the

- Brazilian Shield, with elevations of approximately 200 m.

The climate of Bolivia depends mainly on the elevation of

the area concerned and the precipitations. In general, three

climatic zones are grouping together several more detailed

climatic types:

- the cold area (tierra fria),

- the moderate area (tierra templada),

- 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 are

transition periods between the two main seasons. Typical

meteorological data of this area are shown in the following

Tables 2-1 and 2-2 (Munoz Reyes, 1977).



Table 2-1: Station Calacoto, La Paz, 3.805 m elevation, reference
year 1959

Average T j ^ ^ p ^ ^ ^_^ ^ ^ j ^ ^
per month

18.1 14.0 13.5 12.6 9.5 1.4

Jul. Aug. Sep. Oct. Nov. Dec.

7.6 8.5 12.0 21.9 18.7 17.4°C

Average T ^2 9°c
year

Precipitation j ^ . Feb. Mar. Apr. May Jun.
per month (mm)

96.1 153.9 98.0 28.3 4.0 8.3

Jul. Aug. Sep. Oct. Nov. Dec.

0.0 9.0 44.2 5.3 33.1 151.9

Annual total 623.1 mm

Table 2-2: Station Potosi, 3.945 m elevation, reference year 1959

Average T
per month Jan.

10.3

Jul.

8.7

8.96

Feb.

10.0

Aug.

8.7

°C

Mar.
9.3

Sep.

10.3

Apr.
10.8

Oct.

9.3

May
8.4

Nov.

11.9

Jun.
7.4

Dec.

11.4

Average T
year

Precipitation p ^ ^ ^ Apr. May Jun.
per month (mm)

82.7 80.7 74.2 19.6 0.0 0.0

Jul. Aug. Sep. Oct. Nov. Dec.

0.0 0.0 0.0 23.7 37.3 73.5

Annual total 391.7 mm
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The moderate area comprises de Subandean zone; the mete-

orological 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 large area is between 1500

to 3000 mm mainly between April and October; average annual

temperatures are some 25°C, with only minor monthly or sea-

sonal variations.

In line with the meteorological conditions described

above is the vegetation found in Bolivia: from very scarce

vegetation in the Andean areas to the virgin forests in the

eastern part, causing difficult access to a large part of

the country.

The country is drained by three hydrographic basins

(Fig. 2-5):

The Amazon System,

The Rio de La Plata System,

The Lacustrian System of the Altiplano.

The Amazon System drains the northern part of Bolivia,

from the Andes to the Serranfas Chiquitanias in the southeast.

It comprises fourmain basins: the Rio Madre de Dios, the Rio

Beni, the Rio Mamore* and the Rio Guapore* basins. These rivers

unite and form the Rio Madera, one of the main affluents of the

Amazonas.

The Rio de La Plata System covers the southern and south-

eastern part of Bolivia and contributes to the Rio Paraguay

and Rio Pilcomayo, both tributaries of the Rio de La Plata.
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The drainages of the Lacustrian System of the Altiplano

flow into the Lakes Titicaca and Poopo as well as into the

SalaresUyuni,Coipasa, Empexa, etc. where the waters evaporate

and large saline lakes are formed.

The population of Bolivia may have reached some 5.9

million inhabitants, according to an estimate of August 1982.

The distribution of the population and the density within

the main morphological units (Andean block including Sub-

andean belt and the eastern plain including Precambrian

Shield) is as follows:

_Andean block
including Subandean belt

Eastern plains &
Precambrian Shield:

total population:

total area :

density :

total population;

total area :

density :

4.71 Mill = 80%

450,615 km2 = 41%

10.4 inhab/km2

1.203 Mill = 19%

653,012 km2 = 59%

1.8 inhab/km2

The density of the population of the entire country is

some 5.4% inhabitants/km2, mainly concentrated in the Andean

block and within this environment in the towns La Paz (750,000

inhabitants, and a density of 14,700), Santa Cruz (some 300,000

inhabitants and a density of 13,700) and Cochabamba (some

250,000 inhabitants and a density of some 7,000 inhabitants/

km2)..

Of the total Bolivian population some 70% are Indians,

25% mestizos and 5% Europeans. The language widely spoken

is Spanish but also Aymara and Quechua.



2.3 TRANSPORT AND COMMUNICATION

Bolivia has close to 30,114 km public roads of which only

around 1,554 km = 5.2% are hard surfaced. Fig. 2-6 shows the

distribution of roads in Bolivia. Road cuts due to landslides

and thick mud cover make access difficult especially in the

rainy season. Even during the dry season the roads are in bad

shape making the traffic difficult and limiting the life of

both trucks and passenger cars.

In addition, there are some 3,500 km of mainly single

tracked railway lines run by the state-owned Railroad Company

(Empresa Nacional de Ferrocarriles - ENFE). The lines belong

to two systems: the western and the eastern system. The

western system measures some 2,250 km length and includes the

Bolivian sections of the international railroad to Antofagas-

ta and Arica, Chile, as well as the one to Argentina. In ad-

dition there are some smaller lines from La Paz to Guaqui,

Oruro to Cochabamba and Aiquile and from Rio Mulato to Potosi

and Sucre. The eastern system covers a length of some 1,150

km with its centre in Santa Cruz. From there one line connects

eastward with Puerto Sua*rez, and from there to Brazil, while

the other one leads south to Yacuiba and has a connection with

the Argentine railway.

The international water transport of Bolivia is limited

to the Peruvian parts of Ilo and Matarani, and to the northern

Chilean ports of Arica and Antofagasta, both of which are con-

nected by railroad with La Paz.

The internal water transport uses the navigable parts of

the rivers Ichilo, Beni, Madre de Dios, Orthon, Itenez, Chapa^

re and Yacuma of the Amazon Basin, and the Rio Paraguay of the

Rio de La Plata System with a total of 4,075 km. The longest

navigable stretch has the Rio Ichilo of 1,460 km at a medium
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depth of 11.50 m between Puerto Grether and Guayaramerin. It

is followed by the Rio Beni with 884 km between Rurrenabaque

and Cachuela Esperanza, and the Rio Itenez to Boca Rio Itenez

with 631 km but only 5.5 m medium depth.

Because the construction of roads is difficult in the mount-

ainous terrain much attention has been paid to the development

of air transport in Bolivia. The principal international air_

port is La Paz, followed by Santa Cruz as second, being served

by international airlines mainly from the neighbouring countries,

but also from the U.S.A. and Europe. There are three larger

national airlines, Lloyd Aereo Boliviano, Transportes Aereos

Militares (TAM) and Linea Aerea Imperial which connect the

airports of Cochabamba, Santa Cruz, Sucre, Tarija, Trinidad

and Potosi with La Paz. The National Airport Administration

controls approximately 37 airports in the country (Fig. 2-7)

but in addition there are some 500 mainly privately owned

airstrips.

In addition to the airlines mentioned above, there are

numerous smaller air taxi companies based at all major towns.

These companies operate mainly small fixed wing aircrafts

such as Piper Cherokee, Beechcraft, and also DC-3.

Helicopters are scarce in Bolivia. The Air Force oper-

ates 3 Lama helicopters, which can be leased at commercial

prices. In Santa Cruz the air taxi company APILPA, Ltda. owns

and operates a Hughes 500 helicopter. Other helicopters may

be available in Cochabamba.

2.4 GOVERNMENT ADMINISTRATION

The country became independent on August 6, 1825. Accord-

ing to the Political Constitution of 1967 Bolivia is a republic,
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the public powers of which are divided in the classical way

between the executive, legislative and judicial branches of

the government.

The executive power of the government rests in the Presi

dent of the Republic and the 18 Ministers appointed by the

President, who in turn is elected according to the Constitu-

tion for a four-year term by universal suffrage.

The bicameral legislature is composed of a senate and

a house of representatives. The senate consists of three

representatives of each of the nine departments of the coun

try, elected by universal and secret election. The term of

the senators is 6 years, every 2 years one third of senate

is replaced. The house, however, consists of representatives

elected by the departments and provinces for a 4 year-term.

Every two years half of the representatives are replaced by

newly elected ones.

The judicial branch of the government operates through

the supreme court, the district and other courts, which are

established by law.

For administration purposes the country is divided into

9 departments, 99 provinces and 1,272 cantones, as is shown

in the following table (Fig. 2-2).

Department

Chuquisaca
La Paz
Cochabamba
Oruro
Potosi
Tarija
Santa Cruz
Beni
Pando

Surface
(km2)

51,524
133,925
55,631
53,588
118,218
37,623

370,621
213,564
63,827

N° of
Provinces

10
18
14
10
15
6

13
8
5

N° of
Cantones

117
248
175
103
273
141
118
48
49



The departments are headed by prefects, who are appointed

by the President via the Minister of Interior. The administra

tive heads of the provinces are subprefects and those of the

cantones are called "corregidores", both are appointed by the

prefect.

The government of municipalities (town level) is generally

formed by an elected parliament (Concejo Municipal) which

selects the town mayor.

The administrative organization concerned with geology and

mining sector is concentrated in the Ministry of Mining and

Metallurgy, located at Avenida 16 de Julio 1796, La Paz. As

shown in the Ministry's organization diagram (Fig. 2-8) it is

divided into 6 main levels (executive level, consulting level,

administrative support level, legal operative level, decentralized

level and deconcentrated level). The most important level for

the geology and mining activities is the decentralized level

with three sublevels:

- production, including the state mining company COMIBOL

(Corporacion Minera de Bolivia), the smelting and refining

company ENAF (Empresa Nacional de Fundiciones), the iron

mining company SIDERSA (Empresa Siderurgica Boliviana,

S.A.), and the SCMK, the company building and operating

the lead-silver smelter Karachipampa;

- financing, consisting of the Mining Bank BAMIN, and the

mineral exploration fund FNEM (Fondo Nacional de Explo-

raci6n Minera);

- services with the Geological Survey GEOBOL (Servicio Geo-

I6gico de Bolivia), the Research Institute IIMM (Institu-

to de Investigaciones Minerometaldrgicas) and the Nuclear



Fig. 2-8: Organisation and Structure, Ministry of Mining and
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Energy Commission COBOEN (Comisi6n Boliviana de Energia

Nuclear).

Of the organizations listed above which belong to the three

sublevels production, financing and services, the activities of

COMIBOL will be reviewed in a later chapter, and only GEOBOL and

COBOEN will dealt with below. The other organizations will be

omitted as their importance for the purpose of the present report

is rather limited.

GEOBOL, the Geological Survery of Bolivia, was founded in

1965 and its offices are located at Federico Zuazo 1673, La Paz.

As its structural organigram shows (Fig. 2-9) GEOBOL is supervised

by a Board of Directors consisting of representatives of the

Ministries of Mining and Metallurgy, Planning and Coordination,

and Finances, and representatives of the Institute of Mining-

Metallurgical Research, IIMM, of COMIBOL, and the Mining Bank,

BAMIN. The operational level of GEOBOL includes four departments

(economic geology, natural resources, laboratories and applied

geology), which again are heading the following divisions:

Divisions

Dept. Economic Geology: exploration

technology - drilling

geophysics

Dept. Natural Resources: geological mapping

paleontology

Dept. Laboratories: mineralogy - petrography

chemistry

Dept. Applied Geology: water resources

geotechnics.

To the same level belong under the heading "desconcentrated

operative level" the regional offices in Cochabamba and Santa

Cruz, the last one being the responsible one for the execution
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of the joint (GEOBOL - IGS*)Precambrian Project (Proyecto Pre_

CcLmbrico).

The Nuclear Energy Commission of Bolivia, COBOEN, was

founded by Decree No. 05398 of January 14, 1960 as directing

organization of all scientific and technical activities re-

lated to the nuclear energy in Bolivia. The organization

headed by its Executive Director, Major Engineer Edgar Ampue_

ro Angulo has its main office at Avenida 6 de Agosto 2905,

La Paz.

The objectives of COBOEN are defined in Decree No, 14876

of September 2, 1977 and include among others:

- the application of nuclear energy for peaceful

purposes in the following fields: medicine,

agriculture, industry, engineering, mining,

hydrology, etc.?

- the exclusive right of prospection, exploration,

production, concentration and marketing of radio-

active minerals;

- the promotion of scientific and technological

investigation in the nuclear field, for its own

account or in cooperation with other national

or foreign organizations.

COBOEN belongs as decentralized, autonomous organization

with own funds, to the Ministry of Mines and Metallurgy (Fig.

2-8) and is supervised by a Board of Directors consisting of

* IGS - Institute of Geological Sciences, London.



- the Minister of Mines and Metallurgy or his represents

tive, as chairman,

- representatives of the following Ministries: Finance,

Defense, Planning and Coordination, Energy and Hydro-

carbons, and

- the Executive Director of COBOEN or his representative.

The operational level of COBOEN consists, since 1968, of

four departments (Fig. 2-10):

- radioactive raw material

- nuclear medicine

- nuclear engineering

- radiologic protection.

For the present subject the most relevant is the Depart-

ment of Radioactive Raw Material, headed by Mr. Edgar Pardo

Leyt6n, who is responsible for four divisions (geology, evalua

tion, mining and metalurgy), with a total of 11 professionals,

some 13 technicians, 3 draftsmen, 3 drivers and one secretary.

The department has access to GEOBOL's mineralogical-petrogra_

phical laboratory as well as to COBOEN's Nuclear Engineering

Departments radiochemical laboratory. The Radioactive Raw

Material Department controls 13 vehicles, 2 drills (Winkie

GW-15, Longyear 34), 18 scintillometer, 2 spectrometer, air-

borne and carborne spectometers, drill hole logging equip-

ment, etc.

The budgetary situation of Radioactive Raw Material

Department is since 1979 unpredictable due to the difference

between the requested and received annual budgets, as shown

in the following Table 2-3:



3- 22,

M
O
CQ
O
u

u

^
H
(U

i -..

CD

2̂

-H

o ! uj

^O LU*;

-H Q ^
6 or ^
o uj 5-

o! ̂

C

^ !

U

!0

!
*'

o

>

3 2
S a: 3^

ME
T



1979:

requested

received

%

1980:

requested

received

%

1981:

requested

received

%

Geology

134,200

104,976

78.2

39,246

19,934

50,8

163,516

86,760

53

Evaluation

43,965

33,744

77

1,389

1,347

97

51,532

22,809

44,3

Mining

115,000

88,623

77

1,235

1,205

97.6

79,196

76,900

97,1

Metallurgy

63,265

31,083

49.1

24,152

20,828

86.2

21,596

10,593

49

US$

US$

US$

The requested 1982 budget for the different divisions

amounts to:

59,622 US$

13,018 US$

46,054 US$

19,250 US$

Geology

Evaluation

Mining

Metallurgy

totalling 137,944 US$ for the entire Radioactive Raw Material

Department.

Since 1968 COBOEN has received the cooperation of both

multilateral and bilateral technical assistance programs.

The multilateral technical assistance was channelled

through the International Atomic Energy Agency and consisted

of equipment and professional assistance. The total amount

of assistance received by all four departments of COBOEN in

the period 1979-81 totals some 850,000 US$ (current US$) of

which the Radioactive Raw Material Department received,
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in 1979 : 126,400 US$ = 54.2%

in 1980 : 113,800 US$ = 42.7%

in 1981 : 104,800 US$ = 30.1%

Between 1968 and 1981 the Radioactive Raw Material Depart-

ment obtained the services of 7 international professionals

(geologists, geochemists) totalling 30 man-months, assignments

ranging from two weeks to 14 months.

In addition COBOEN received bilateral assistance mainly

from Argentina, Korea and France, totalling some 2 man-months.

The above description of Government Administration and

especially of those bodies concerned with the geology and

mining sector referred to the productive, financing and

service sections of the Ministry of Mines and Metallurgy.

In addition to these organizations is the mining judicial

branch, mainly concerned with the mining property, its grants

ing, supervision, administration and application of the

mining law. This branch is headed by the national mining

court (Fig. 2-8), whom six department mining superintendencies,

two regional mining superintendencies and three mining offi-

cials attached to the chief executive of the departments are

subordinated.

2.5 LEGISLATION AND CONTRACTUAL MODELS FOR URANIUM EXPLORATION

AND MINING

The legal base for the exploration, mining, marketing and

export of uranium is defined in the Bolivian Mining Law of 1965

(Law Decree No. 07148 of May 7, 1965), where Articles 206 and

209 rule the following:
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- Concessions covering gold, precious stones and rare

metals (this term includes radioactive minerals*) are

subject to special contracts with the State;

- the government will regulate the supervision of the

production and the control of the export of gold,

precious stones and rare metals.

This principle that the State controls all uranium acti-

vities is repeated again in Article 140 of the Political

Constitution of February 2, 1967, which declares that "the

promotion and development of the nuclear energy is the func-

tion of the State."

Based on this legislation, COBOEN in the past concluded

a "special contract" with AGIP S.p.A. of Italy (August 1974)

and a "Protocol of Agreement" (July 1978) to be followed by

a definite contract with COGEMA.

The main features of these documents are described in

more detail in the following, as they are considered impor-

tant guidelines for future cooperation agreements.

Contract COBOEN - AGIP:

1) The type of cooperation is that of a production

sharing contract. All operations, including

exploration and production are conducted by the

contractor on behalf of COBOEN in the contract

areas using the contractor's own resources, means

and finances at his own exclusive risk, while

COBOEN will not incur any expenses, nor bear any

responsibilities or risks.

* Authors'* comment
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2) The contractor shall not acquire any legal title on

the mining rights or t&e radioactive minerals in the

ground. Neither will COBOEN transfer to the contrac_

tor any rights it has under the law.

3) The contractor, however, has the right to receive in

kind that part of the uranium concentrate produced

which is earmarked to pay for the operations carried

out to that point of time.

4) The duration of the contract is a maximum of 28 years,

divided into

4 years exploration

2 years extension of exploration

2 years extension of exploration

20 years production incl. mine development

5) For the first 2 years an exploration work program and

a minimum work commitment of 2 million US$ is required

6) The reduction of the original area of investigation

has to be made after 4 years, 6 and 8 years respec-

tively. The area retained shall not exceed 20% of

the original surface.

7) COBOEN will participate in the conduct of the entire

operation from exploration through production through

a 50% participation in the supervisory board (Junta

de Control), whose responsibilities include among

others:

- approval and amendments of programs and budgets;

- reception of periodical reports on the operation;



- evaluation of expenditures and performance?

- reception of reports of declaration of commercial

discovery.

8) During the duration of the contract, COBOEN shall have

the following rights and responsibilities:

- auditing of the contractor's accounts?

- evaluation of the contractor's technical performance?

- to obtain in its own name all access rights, request

expropriations, make acquisitions, carry out rentals

of surface within 50 km from the national boundaries?

- to act as liaison between the contractor and the

Bolivian authorities?

- to pay all tax obligations on behalf of the contractor

9) During the duration of the contract, the contractor has

the following rights and responsibilities:

- to receive, dispose of and export freely its retribu-

tion in kind he receives for the operation?

- to furnish all necessary financial, material and

personnel means necessary for the conduct of the

operation?

- to carry out, direct and control the operations?

- to designate a legal representative in Bolivia

with residence in this country and to open a

branch office?

- to maintain accounting records.



10) The uranium concentrate produced by the contractor is

the property of COBOEN.

11) The contractor will receive a portion of the concen-

trates as payment for its expenditures incurred.

12) The remainder of the production will be distributed

between COBOEN and the contractor according to the

following schedule:

- 32% COBOEN; 68% contractor for the following cases:

a) deposits with up to 14,999 t recoverable U-0-

content with an ore grade of up to 0.1999%

b) deposits with 15,000 up to 19,999 t recoverable

U-0--content with an ore grade of up to 0.174%
J O

c) deposits with 20,000 up to 24,999 t recoverable

U^O^-content with an ore grade of up to 0.149%

d) deposits with +25,000 t recoverable U-0g-content

with an ore grade up to 0.124% U-0g;

- 52% COBOEN; 48% contractor for the following cases:

a) deposits with up to 14,999 t recoverable U^Og

content with ore grades between 0.2 and 0.249%

b) deposits with between 15,000 and 19,999 t recover

able U-0--content with ore grades between 0.175
3 8

and 0.224% U^Og;
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c) deposits with between 20,000 and 24,999 t recover

able U-Op-content with ore grades between 0.15

and 0.199% U^Og;

d) deposits with +25,000 t recoverable U^Op-content

with ore grades between 0.125 and 0.174% U-0-;

- 68% COBOEN; 32% contractor for the following cases:

a) deposits with up to 14,999 t recoverable U^Op

content with ore grades above 0.25% U-0p;

b) deposits with between 15,000 and 19,999 t recover

able U-0p-content with ore grades above 0.225%

c) deposits with between 20,000 and 24,999 t recover

able U-0--content with ore grades above 0.2% U-0-.
JO JO

13) All operational expenditures before the date of commenc_

ing production will be recognized and refunded in 40

quarterly installments in kind.

14) The payment in kind will take into consideration the

installments for the reimbursement of past expenditures

and present operation costs.

15) The price per lb of U-0p contained in the concentrate

delivered to the contractor will be determined using

COBOEN's proposal of a fair market price based on the

previous year's price;

16) The contractor will get title to his share of con-

centrate upon delivery at the point of delivery.
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17) In case COBOEN wishes to export all or part of its

share of production, the contractor will have the

first option to purchase it.

18) Otherwise the contractor agrees to market COBOEN's

share of production.

19) The contractor will be subject to a 3% levy on its

share of production, received in kind; COBOEN, how-

ever, agrees to pay this tax on behalf of the con-

tractor.

20) Should additional taxes be established, COBOEN will

pay such taxes on behalf of the contractor.

It follows now the review of Protocol of Agreement between

COBOEN and COGEMA:

1) The conditions set forth in the Protocol of Agreement

will be detailed in one or several operation contracts

2) The object of the cooperation is the exploration of an

area covering 90,000 km2, located in the eastern part

of the country (Fig. 7-1).

3) The total duration of the contract is limited to a

maximum of 31 years, divided into the following frames:

3 years regional exploration

2 years detailed exploration, with an optional

extension of

2 x 1 year

3.5 years evaluation of the deposit and drafting

of a feasibility study; this period can

be increased by an additional



0.5 year

20.0 years after the decision to go into produc-

tion for construction* of the mine and

mill and mining of the deposit(s).

4) The reduction of the original area of investigation

will be as follows:

after 3 years: to 33% of the original area, i.e.

to 30,000 km2;

after further 2 years or 4 years if the options

of extension are exercised: to 10% of the origi-

nal area; i.e. to

9,000 km2;

after further 3.5 or 4 years respectively, i.e.

at the end of the feasibility study, the area

has to be reduced to an area equivalent of 0.66%

of the original area, i.e. to 600 km2.

5) For the control of the operations a supervisory board

will be established consisting of 4 members, two of

each party; COBOEN, however, has the right to nominate

the chairman of the board.

6) The supervisory board has to make unanimous decisions.

7) The exploration commitments of COGEMA are established

as follows:

US$ 5,000,000 for the 3 years of regional explora

tion;

US$ 5,000,000 for the following maximum of 4

years of detailed exploration.
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8) COGEMA has the right to resign from the contract with-

out any further obligation, if the annual program and

budget has been fulfilled; otherwise the unspent re-

mainder has to be paid to COBOEN.

9) COGEMA will carry out the entire operation with its

own resources on behalf of COBOEN; COBOEN, however,

has the right to contribute certain resources.

10) After the submittal of a feasibility study, COGEMA

will present to the supervisory board and invest^

ment program.

11) After COBOEN has refunded COGEMA the amount of its

"consolidated investment" as it will be defined

further below, COBOEN will have the ownership of

the entire installation; COGEMA, however, is en-

titled to use it under the conditions agreed upon

in the contract.

12) The rights and obligations of COBOEN and COGEMA

include the following:

COBOEN:

- to audit COGEMA's accounts;

- to evaluate COGEMA's technical performance;

- to receive the entire production

- to refund COGEMA the expenditures made during

the operation;

COGEMA:

- to export freely its part of the production;
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- to finance all exploration activities, investments

for the mine and mill complex, and for the produc-

tion?

- to transfer the entire production to COBOEN at the

production site.

13) The fiscal regime COGEMA will be subjected to, will

include the following taxes, custom duties, etc.:

- service tax on import: 2%;

- protective custom duties: to be defined in the

contract;

- tax: 3% ad valorem on uranium concentrates produced;

- surface lease payments for the mining area of maximal

600 km2: to be detailed in the contract.

These payments are considered as operating costs, while

an additional custom duty of 1% of the exported profits

has to be borne by COGEMA.

14) Investments including exploration expenditures, as well

as operation costs will be refunded to COGEMA from the

value of the concentrates produced.

15) The remaining production will be distributed among

COBOEN and COGEMA according to a complicated formula.

16) If COBOEN desires so, COGEMA will offer COBOEN enrich-

ment services at commercial conditions and within French

and international regulations.
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The protocol between COBOEN and COGEMA is still valid

although no operation contract(s) between the parties was

(were) concluded as provided for. Also, no exploration

work has been initiated by COGEMA.

It follows a review of the basic principles of the

Bolivian mining taxes, equivalent to the income and cor^

poration tax of other countries. The difference here is

that no real costs (exploration expenditures, operation

costs, depreciations, royalties, etc.) are taken into ac^

count, but rather assumed costs (costos presuntos) period-

ically defined for the different mining subsectors and met_

als. The last modification of the assumed costs was made

in Decree 18876 of March 10, 1982, in which for example,

the assumed costs per lb of tin produced were ranging from

4.07 US$ (for COMIBOL) to 3.97 US$ (for cooperatives). The

corresponding assumed costs per lb of copper were 1.04 US$

and 0.88 US$ respectively. Further adjustments to prevail-

ing market conditions are to be expected.

The assumed gross income (market price ./. assumed

costs) is .then charged with a "royalty", which according to

Decree 17248 of March 10, 1980 amounts to 53% for tin, tung_

sten, antimony, copper and 20% for lead and zinc.

Exempted from the above system are only silver and bis-

muth, which are not affected by assumed costs but charged

with a flat royalty rate of 7 and 3% respectively of the

market price.

No tax legislation exists for uranium mining, but it can

be assumed that, if taxes are to be charged, which in theAGIP

contract would have not been the case, the same system may

apply.
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To attract new capital investment for the Bolivian mining

industry, the Decree 17553 was published on August 12, 1980.

In addition a more general Investment Law valid for six indus-

trial sectors (agriculture, agroindustry, manufacturing indus-

try, mining, construction and tourism), Law Decree 18751 of

December 14, 1981, was drafted.

The main features of both Decrees are:

" Decree 17553: - all new investments for the mining sector

are tax deductable up to 40% of the invest

ment determined in the feasibility study;

Decree 18751: - applicable for new investments, increase

of capacities of existing production fa-

cilities, etc.

- guarantee of investments and of repatria-

tion of capital;

- tax free period of 5 years, which can be

extended for a further period of 10 years;

- guarantee against future modification of

the present Decree;

- special depreciation;

- tax reductions for the mining industry

according to Decree 17553 (see above);

- tax and duty free import of capital goods.

If these Decrees 17553 and 18757 will be applied also for

uranium mining projects, is not clear, but may be a negotiable

point.
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2.6 NUCLEAR POWER PLANS IN BOLIVIA

At present there are no plans to install nuclear energy in

Bolivia. The underlying reason is that the hydroelectric poten

tialin the Andes as well as in other parts of the country, now

covering some 60% of the electricity generation, will satisfy

the additional future demand for electrical energy. In addition,

the present capacity of the electric net amounting to some 490

MW would not be able to accomodate the electricity generated by

a nuclear reactor.

2.7 AVAILABLE MAPS AND AERIAL PHOTOGRAPHS

Topographic maps are available at 1:50,000 scale, covering

approximately the southern 60% of the country (Fig. 2-11).

They are on sale by the Military Geographical Institute (IGM),

La Paz. A quite detailed topographic map of Bolivia (1:1,000,000

scale) was published in 1973 and is also available at the IGM.

The coverage of conventional black and white aerial photo-

graphs at an approximate scale of 1:40,000 is 97% complete.

Lacking is the Mutun area in the southeast of the country and

a small strip in the northwest of Bolivia (Fig. 2-12). The

available photographs are sold also by the Military Geographical

Institute, La Paz.

The published geological maps are on 1:100,000 scale and

cover only some 10% in the southwest of Bolivia (Fig. 2-13).

Additional maps in 1:250,000 of the southern part of the Pre-

cambrian Shield are available as unpublished copies for the

area south of the 16° S (Fig. 2-14); the remaining coverage of

the Shield will be terminated in mid 1983. They are not for

sale, but can be consulted as open file copies at the GEOBOL

Offices in La Paz and Santa Cruz as well as at the Institute

of Geological Sciences, London.
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The satellite imagery coverage of Bolivia is complete

(Fig. 2-15) of unknown quality. The photos are on sale by

GEOBOL, La Paz.

Compilations of both geological and metallogenetic in-

formation exist on 1:1,000,000 as Geological Map of Bolivia

(YPFB - GEOBOL, 1978) (Fig. 2-16) and as maps showing the

mineralized belts and the metallogenesis of the Bolivian

Andes (Programa ERTS-GEOBOL, Observatorio San Calixto, COMI-

BOL, 1979) (Figs. 2-17, 2-18).

A structural map at 1:1,000,000 scale, covering the

northern part of the Bolivian Andes was published by Mar-

tinez & Tomasi (1978) and is attached as Fig. 2-19,
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3- NON-URANIUM EXPLORATION AND MINING IN BOLIVIA

This chapter presents relatively general information on

the non-uranium exploration and mining activities, carried

out both by government organisations such as GEOBOL, the

National Mineral Exploration Fund FNEM, and COMIBOL, and by

the private mining sector.

3.1 EXPLORATION

It is being done mainly by public institutions respon-

sible for different stages and with different objectives:

- GEOBOL: first phase regional exploration, partly,

as in the case of the Proyecto Precambrico combined

with geological mapping, follow up, through feasi-

bility stage for deposits newly discovered by these

activities;

- FNEM: Exploration* and evaluation of defined mining

properties of the private sector including the medium

and small mining industry*, as well as cooperatives;

- COMIBOL: exploration and evaluation of the company's

properties.

* Definitions: Large mining industry = gran minerfa: represented
only by COMIBOL, working the mines nationalized in 1952;
Medium mining industry = mineria mediana: according to Decree
05674 of 30.12.60, including companies with monthly production
of 5.5 t Sn or W, 20 t Sb or Zn, or 15 t Cu or Pb and having an
equity of at least 100,000 US$;
Small mining industry = mineria chica: consisting of companies
not fullfilling the above criteria.
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According to unpublished sources, GEOBOL has carried out

between 1971 and 1980, 22 exploration projects partly with

international cooperation (UNDP, United Kingdom, Federal Re-

public of Germany), covering a total of 151,015 km2, approxi-

mately 14% of Bolivia, in the Departments of La Paz, Oruro,

Tarija, Potosi, Santa Cruz, and Beni. The funds expended in

these programs total US$ 14,8 million, of which US$ 8.9 came

from internal sources.

In the same period FNEM undertook 61 projects, mainly

for copper, lead-zinc-silver, gold and tungsten, covering

a total area of 12,710 km2 in the Departments of La Paz,

Potosi, Oruro, Cochabamba, and Chuquisaca. The total ex-

penditures amount to some US$ 18.9 million, of which some

82.5% were derived from local sources.

The activities of COMIBOL concentrated on 106 projects

covering only an area of 4,700 km2, but with a total invest-

ment of US$ 36.7 million, expended mainly on drilling (107,000 m)

and underground workings (263.000 m).

No information is available on the exploration areas

investigated by private mining companies and the expenditures

incurred.

3.2 MINING

The metals of highest importance for the Bolivian and

World economy are antimony, tin, tungsten, lead, zinc, and

silver, of which antimony and tin occupy the first and

fourth places respectively among world producers.

The mining sector created in 1980 a value of 722 mil-

lion US$, an increase of 20% compared to 1979, contributed



3-3

with 6.3% to Bolivia's Gross National Product, directly

employed 3.5% of the work force, its taxes and royalties

provided 27% of the Government's income and the exports

of minerals accounted for 44% of the foreign currency

earnings of the country.

The total 1980 mineral production of Bolivia and its

value is shown in the following Table 3-1:

Metal Production 1980 (t of fine metal) Value (xl000US$)

antimony 15,465 32,041

copper 1,884 4,008

lead 17,225 15,645

silver 190 124,127

tin 27,290 457,849

tungsten 3,357 46,727

zinc 50,260 39,779

others 24,063 2,091

This production is generated by the four subsectors of

the mining industry, i.e.,

- COMIBOL, representative of the gran mineria, which

works 26 mines (tin, copper, lead-zinc, tungsten),

- the medium mining industry mainly represented by 23

companies of which four appear to be more important

(COMSUR,?EMUSA, ESTALSA, International Mining Co.),

and

- the small mines and cooperatives consisting virtually

of hundreds of operators.
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How the total 1980 mineral production of Bolivia is

divided into the subsectors (COMIBOL, medium mining industry,

small miners and cooperatives)is shown in the following Table

3-2 based on the Annual Report 1980 published by the National

Association of the Medium Mining Industry:

M=;tal

antimony

copper

lead

silver

tin

tungsten

zinc

Prod. GCMIBOL
(t of fine metal)

-

1,797

10,153

159

18,621

1,576

29,953

%

-

95

59

84

68

47

59

Prod. MBd. M.I.
(t of fine metal)

11,552

-

3,994

21

5,899

1,558

16,748

%

75

-

23

11

22

46

33

Prod. Small M&Coop.
t of fine metal

3,913

87

3,078

10

2,770

223

3,559

%

25

5

18

5

10

7

8



4. MANPOWER IN EXPLORATION

As shown in the previous chapter, Bolivia is a country with

an important exploration and mining activity. This is also re-

flected in the number of graduates of Bolivian and foreign uni-

versities in the geoscience field.

At present there are two universities in Bolivia which

teach earth science in general: the Universidad Mayor de San

Andres (UMSA) in La Paz and the Universidad Toma*s Frias in Po

tosi. Special degrees for example for geochemistry, geophysics,

mineral economics, etc. are not granted, the degree, usually a

"licenciado" refers to geology in general. A certain special^

sation is obtained through the field which the written thesis

is dealing with, for example, exploration or mining geology.

According to a Directory of Geologists in Bolivia, published

in 1979 by the Ministry of Planning and Coordination, there is a

total of 295 geologists listed as employed by organisations con-

cerned with geology, exploration and mining in Bolivia. Of this

total the following number of geologists are employed by the orga_

nisations listed below:

120 = 40.7% with GEOBOL

62 = 21.0% with COMIBOL

23 = 7.8% with the private mining industry

18 = 6.1% with universities

13 = 4.4% with the National Mining Exploration
Fund (FNEM)

8 = 2.7% with COBOEN

4 = 1.3% with the Mining Bank

3 = 1.0% with the National Iron Mining Company
(SIDERSA)

44 = 14.9% with miscellaneous organisations.



According to information received from UMSA, the number

of presently enrolled geology students amounts to 110, of

which 17 will graduate in 1982. An equal number of students

is expected to graduate in 1982 from the Universidad Tomas

Frias, Potosi, thus bringing the total of Bolivian geology

graduates to approximately 34 for 1982. This total number

may remain in the future or will even decrease. No informa

tion is available on geology students studying abroad.



5. GEOLOGICAL REVIEW OF BOLIVIA

5.1 LITERATURE

The most important regional geological literature used

for this review is as follows:

Ahlfeld, F., 1972: Geologia de Bolivia.- La Paz -

Cochabamba.

Avila, W.A., 1981: Provincias y Epocas Metalogene*ticas.

In: OIEA-COBOEN.

British Geological Mission/Servicio Geol6gico de Bolivia

1975: Report No. 1, Summary of the

Geology and Mineral Potential of the

Project Area, Southern Zone,- Santa

Cruz.

Carrasco, R., 1981: Sintesis sobre la Geologia de Bolivia.

In: OIEA-COBOEN.

Litherland, M..& Bloomfield, K.: The Proterozoic History

of Eastern Bolivia.- Prec. Research,

15, 157-179.

Rodrigo, L.A. & Castanos, A., 1978: Sinopsis Estratigra*-

fica de Bolivia, 1 Parte, Paleozoico.*

La Paz.

Schlatter, L.E. & Nederlof, M.H., 1966: Bosquejo de la

GeologfayPaleogeografia de Bolivia.-

Bol. No. 8, GEOBOL, La Paz.

YPFB & GEOBOL, 1978: Mapa Geol6gico de Bolivia con Memo-

ria Explicativa.- La Paz.

5.2 GEOLOGICAL REVIEW

The geology of Bolivia comprises rocks ranging in age from

Precambrian to Pleistocene (Fig. 2-16). On a continental scale
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the geological history is determined by two main features:

the Precambrian block in the east as part of the Brazilian

Shield and the younger orogenic system of the Andes in the

west. The following review will follow this stratigraphic

sequence as mapped in different parts of Bolivia.

5.2.1 Precambrian

The geological investigation of the Bolivian Precambrian,

mainly known from the eastern part of the country, is still in

progress as part of GEOBOL-IGS Proyecto Precambrico* This

combined geologic-geochemical investigation of some 220,000

km2 was initiated in 1976 and its first phase covering the

south of the 16° Parallel was terminated in 1980. The results

of this work (British Geological Mission/Servicio Geol6gico de

Bolivia, 1979; Litherland & Bloomfield, 1981) serve as basis

for the description of the Precambrian geology of that part of

the Shield investigated so far. Fig 5-1 shows a geological

map of that area.

The area investigated is situated at the southwestern

margin of the Central Brazil Shield. According to the inform-

ation cited above, the Proterozoic history of the area consists

of four orogenic cycles:

- the Transamazonic cycle of lower Proterozoic age

(+ 2000 Ma),

- the San Ignacio orogenic cycle (+ 2000 - 1300 Ma),

- the Sunsas orogenic cycle (-1300 - 950 Ma), and

- the Brasiliano orogenic cycle (950 - 500 Ma).
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The Transamazonic orogenic cycle (+2000 Ma) consists of

the basal Lomas Maneches Group overlain with a transitional

contact by the Chiquitania Paragneis complex.

The Lomas Maneches Group consists of a lower unit con-

sisting essentially of K-feldspar leptites and hypersthene

granulites. Higher levels are made up of garnetbiotite pa-

ragneisses with layers of different varieties of granulites.

The upper limit of the Group is marked by the disappearance

of the hypersthene - or cordierite - bearing assamblages along

a transitional contact with the Chiquitania Paragneiss complex.

The correlation of the Lomas Maneches Group with the Muruwa and

Iwokrama Fms of Guyana, the Cinaruco, and Cuchivero Fms of

Venezuela and the Sombreiro, Natuma', Iriri and Surumu* Fms of

Brazil is mentioned by Avila (1981).

The Chiquitania Paragneis complex is described as a homo-

genous paragneiss sequence, migmatized during later orogenic

events. Its upper part is grouped in the lower section of the

San Ignacio orogenic cycle discussed below. In general, both

the Lomas Maneches Group and the Chiquitania Paragneiss complex

are considered as sedimentary in origin. Only the hypersthene

granulite at the base of the Lomas Maneches Group is to be de-

rived from igneous sources (Litherland & Bloomfield, 1981).

The San Ignacio orogenic cycle is dated at +2000 - 1300 Ma

and spans the deposition of both the upper part of the Chiqui-

tania Paragneis complex and the San Ignacio Schist Group after

the termination of the Transamazonic cycle. The structural

relationship between the San Ignacio and Transamazonic forma-

tions is not clear. While in the San Ignacio area an unconform-

ity had been observed, this could not be confirmed in other

areas. The reason for this can be the effect of younger oro-

genies.



The San Ignacio Group is exposed in 11 areas within a

150 km wide northwest striking belt located at the southern

margin of the shield area. This confirmation is interpreted

as remnants of a regional supracrustal sequence. Petrograph-

ically the San Ignacio Group consists of pelitic-psammetic

schists, thin layers of graphitic schists, calc-silicates,

itabirites, and meta-volcanics of basic composition. Wide-

spread major basic-ultrabasic sill-like intrusives ("Suponema

Metabasic Fm") cut the pelitic schists in many areas. A typ-

ical stratigraphic column of the San Ignacio Group is shown

below:

- upper part: Los Patos Schist Fm

Suponema Metabasic Fm

Motacu Schist Fm

- lower part: San Rafael Metagranite Fm.

The thickness of the group reaches approximately 5000 m,

and its deformation is evident in northeast and north trending

structures. The metamorphism related to this orogenic event

is generally limited to the amphibolite facies in the San

Ignacio belt, while in the Concepci6n area the schists under-

went only a greenschist facies metamorphism.

According to Litherland & Bloomfield (1981) the San Ignacio

orogenic cycle may be equivalent to the Espinhaco cycle of Brazil

and the San Ignacio Group possibly correlated with the Roraima

Fm of the Guyana Shield.

The Sunsas orogenic cycle comprises the time span of <1300

- 950 Ma and consists of the erosional products of the San

Ignacio Group, which were deposited as Sunsas and younger



Vibosi Groups, and of the subsequent deformation of these and

older rocks within the frame of the Sunsas orogenic belt.

This depositional sequence was accompanied by a phase

of ultrabasic igneous intrusions and granitoid development.

The typical schists of the Sunsas Group, a 6500 m thick

sequence, consists of four members which include from above

to below:

- an upper arkosic member (1400 m ) ,

- an argillaceous member (1250 m) of known sandstones

and grey siltstones,

- an arenaceous member (2600 m) composed of arkoses,

sandstones, feldspatic quartzites, and micaceous

quartzites, and

- a basal oligomictic conglomeratic member (1250 m) which

includes clasts of vein and smoky quartz in a fine

grained sericitic matrix.

The Sunsas Group is exposed in prominent ridges represent-

ing metamorphosed synclinal foldsor as mesas of flat-lying,

tectonically undisturbed sequences of supracrustal cover.

The Vibosi Group, a younger 2600 m thick sequence of

clastic sediments (arkoses and sandstones) unconformably over-

lies the Sunsas Group in the southeast of the area, where it

is also intruded by the 992 Ma Rincon del Tigre Ultrabasic

Complex. The structural position is similar to that described

above for the Sunsas Group.

The Sunsas orogeny within the west-northwest trending

belt is evident in local deformation sequences such as east-

northeast trending structures refolded and sheared by north-

northwest striking lineaments. The metamorphism attributed



to this orogenic event was generally of amphibolite facies

in the basement and greenschist facies in the overlying

Sunsas Group.

During this orogenic phase migmatites, syn - and post-

tectonic granites as well as pegmatites and small rhyolitic

intrusions in the Concepcion area were developed. Along the

unconformable contact between the Sunsas and Vibosi Groups

the ultrabasic Rincon del Tigre Igneous Complex has been in-

truded in the form of a sill at an age of +992 Ma.

The Sunsas cycle can be correlated with the Urucuano

cycle of the Atlantic Shield area, and the granitic intrusive

activity with the Rondonian granites of an age +950 Ma located

in Central Brazil.

The Bragiliano orogenic cycle covers the period between

950 and 500 Ma and, as the close of the Sunsas cycle marked

the cratonisation of the shield, the deposits of the Upper

Proterozoic to Lower Paleozoic Brasiliano are only represented

by unmetamorphosed sequences located at its eastern and south-

ern flanks.

The oldest member of this sequence is the Boqui Group

overlying unconformably the Sunsas rocks. It consists of

miogeosynclinal sediments such as conglomerates, arkoses,

shales, and limestones with a total thickness of some 1000 m.

This sequence passes laterally eastward into a sequence of

conglomerates, greywackes, banded itabirites, cherts, lime-

stones, and calcilutites. In the same area at the eastern

flank of the Shield the Boqui Group is unconformably overlain

by the Murcielago Group (reef and non-reef limestones) of

possibly Cambrian age.



On the southern flank, the Boqui Group as well as the

Sunsas Group are unconformably overlain by the upper Prote-

rozoic Tucavaca Group, consisting of basal dolomitic lime-

stone, sandstone and shales with a total thickness of about

2000 m. This group occupies a west-northwest trending fault

controlled basin of some 400 km length.

With this cycle the development of the Precambrian part

of eastern Bolivia is closed with the exception of a newly

observed Jurassic-Cretaceous alkaline plutonic activity,

which appears to be associated with a major north-northwest

trending lineament, apparently connecting the alkaline in-

trusives of northeast Paraguay (Cerro Cora*, etc.) with the

newly discovered Cerro Manomo in eastern Bolivia.

In addition to the Precambrian eastern Bolivia, two other

occurrences are described (YPFB-GEOBOL, 1978):

- south of Tarija, where as northern extension of the

Argentine Precambrian the Puncdviscana Fm occurs; it

consists of metamorphic rocks, schists, and quartzites;

this formation is intruded by granodioritic intrusions

of the Canani Fm, which does not seem to affect Cambrian

rocks; although radiometric age determinations indicate

a younger age, its Precambrian age is generally accepted;

- southwest of La Paz, where in the drill hole San Andres

No. 2 in 2800 m depth a metamorphosed granite was en-

countered; age determinations gave ages of some 1100 Ma

for the granite and 530 Ma for its metamorphism(Lehmann,

1978,a);

- in the northern Altiplano fragments of granite and

gneis were found in the Tertiary Azurite Fm; the ages



found were around 647 Ma; the latter two occurrences

are believed to belong to the eastern extension of the

Precambrian Arequipa Massif.

5.2.2 Cambrian

Rocks of that age have been described mainly from two

areas: the southern part of the Cordillera Oriental and from

the Serranias Orientales.

In the southern part of the Cordillera Oriental, Cambrian

sequences of the Tucumilla Group, equivalent to the Argentine

Meson Group, overlie unconformably the Precambrian. The Tucu-

milla Group consists from base to top of:

- the Condado Fm: a basal sandy sequence, apparently

equivalent to the Argentine Lizoite Fm;

- the Torohuayco Fm: oxidized sandstones;

- the Sama Fm: white sandy quartzites.

The Serranias Orientales, located south of the Precambrian

Shield, form east-southeast trending narrow ranges crossing the

Brazilian border south of Puerto Suarez. The oldest known rocks

in this area have Cambrian age and are reported (YPFB-GEOBOL,

1978) to overlie Precambrian units. The Cambrian sequence of

sedimentary origin is subdivided into the following formations

(from base to top):

San Francisco Fm: 2100 m thick, conglomerates, reddish

purple sandstones of medium to fine grain

size;



Bodoquena Group: 1300 m thick calcareous unit, consist-

ing of three formations (La Cal, Mota-

cucito, Yacuces Fm).

5.2.3 Ordovician

Rocks of that age are of marine origin and are widespread

over the entire Cordillera Oriental and the Serranias Orienta-

les, and occur also in minor scale in the Subandean belt.

In the Cordillera Oriental, the Ordovician sediments rest

on Precambrian rocks in the northern and central section of

the Cordillera Oriental and on the Cambrian sequences in the

southern part. According to paleontological determinations

the Ordovician sequence is complete with exception of the

upper member, the Ashgallian.

Lithologically the Ordovician consists mainly of fine

grained marine sediments, black shales, sandstones and only

the Avispa Fm of the central part of Cordillera Oriental

contains a basal conglomerate. The Ordovician with a total

thickness of some 10,000 m is divided into 8 formations in

the southern part, which are from base to top:

Iscayachi Fm: mudstones, sandstones

Guanacuno

Cineguilla FmL mudstones, shales

Obispo Fm

Mojona FmMojona Fm ^
Otavi Fm J dark grey shales

Lecori Fm: sandstones, mudstones, yellowish brown

Ruque Fm: quartzitic sandstones, grey-green to white,



A large area of the Serranias Orientales is underlain by

Ordovician sediments belonging to two groups, Jacadigo and

Tucavaca, whose age position to each other is only tentative-

ly established. The Jacadigo Group is divided from base to

top into:

Urucuru Fm: ca. 500 m arkosic and calcareous con-

glomerates, and arkoses;

Corrego Fm: up to 250 m arkosic and calcareous

sandstones;

Banda Alta Fm: up to 400 m sandstones and mudstones,

hematite.

The Tucavaca Group, believed to be younger than the

Jacadigo Group consists of clastic sediments of decreasing

grain size (leas and Piococa Fm).

In the Subandean belt, the Ordovician is limited to the

northern and central part, where it represents the oldest se-

quence of this morphologic structural unit.

The more complete section was observed in the north,

where fine grained marine sediments (mudstones, shales, quartz-

ites) of the Enadere Fm occur, overlain by sandstones and white

quartzites of the Tarene Fm.

In the central part, however, only the equivalent to

the upper part of the Tarene Fm, called locally the San Benito

Fm, occurs.



5.2.4 Silurian

As shown on the isopach and lithofacies maps (Fig. 5-2,

5-3) taken from Schlatter & Nederlof (1966), the Silurian basin

has a southeasterly trend and covers the actual Andean system,

the Subandean belt, the Chaco plain, and the Serranias Orienta-

les. The widest part of the basin occupies the Chaco and north-

ern Paraguay. The sediments are mainly fine grained and only

at the rims of the basin sandstones were deposited.

As shown on the aboue mentioned maps (Fig. 5-2,5-3) the

distribution of the Silurian rocks is very widespread through-

out Bolivia and the description of this sequence is made accord-

ing to two main areas: the western and eastern part.

The western part comprises the actual Altiplano and the

northern and central part of the Cordillera Oriental. There,

the base of the Silurian is marked by a glacial deposit, the

Cancaniri Fm or the "Zapla Tillite"*, and overlain by the fol-

lowing sequences:

Huanuni Fm: fine to medium grained micaceous sediments;

Llallagua Fm: quartzitic sandstones;

Uncfa Fm: fine grained sediments, toward the top

more sandy;

Catavi Fm: pelitic, psephitic sequence, 800 m thick.

The eastern part of the basin covers the southern parts

of the Cordillera Oriental and the Subandean belt as well as

a small portion of the Serranias Orientales. Locally the base

* named after the type locality of Zapla, Province of Jujuy,
Argentina.
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of the Silurian is also formed by the glacial Cancaniri Fm,on

which the following units rest:

Kirusilla Fm: dark grey shales, with intercalations of

sandstones, equivalent to Uncia Fm?

Tarabuco Fm: pelitic - psephitic sequence, equivalent

to the Catavi Fm?

5.2.5 Devonian

The Devonian basin covers nearly the entire Bolivian

territory with the exception of the Precambrian Shield in the

northeast and the Pampean system in the west-southwest. In

the northern part of Bolivia the basin has a north-south trend,

but changes its direction to southeast at the location of Santa

Cruz. The maximum depth reaches the basin in northwestern

Bolivia, where the thickness of the sediments amounts to +3000m

but decreases eastward (Fig. 5-4).

The most important development of the Devonian occurs in

the Cordillera Oriental, but it is only of limited significance

in the Subandino and the Serranias Orientales.

Within the Cordillera Oriental two depositional areas are

separated: a northern and a southern one located in the central

and southern parts of the Cordillera. Both are defined by the

deposition of marine medium to fine grained sediments.

The stratigraphic-lithological sequence of the Devonian

in the Cordillera Oriental is as follows (from base to top):

northern area:

- Vila Vila Fm: oxidized sandstones;



Fig. 5-4: Devonian: isopach map

(Schlatter & Nederlof, 1966)



- Belen Fm: shales;

- Sica Sica Fm: intercalations of shales and sand-

stones;

- Colpacucho Fm: mainly sandstones.

southern area:

- Santa Rosa Fm:

- Icla Fm:

- Huamampampa Fm:

- Cha-kjeri Fm:

oxidized sandstones,equivalent to

Vila Vila Fm;

dark grey, blueish shales, with sandy

and calcareous intercalations;

sandstones;

greenish shales at base, reddish sand-

stones and shales at top.

Also in the Subandean belt the Devonian deposits are

separated into two areas: the northern and the south-central

parts.

In the northern section the Devonian overlies upper Ordo-

vician rocks, and is differentiated into the basal Tequeje Fm,

consisting of grey to black shales and an upper still unnamed

formation, including arenaceous sediments.

In the south-central part of the Subandean belt, the Devo-

nian rests directly on upper Silurian units and consists of the

arenaceous Santa Rosa Fm at the base, overlain by the pelitic

Los Monos Fm and as conclusion of the Devonian, by the Iquiri

Fm with light grey marine sandstones with interbedded dark

grey shales.

Within the Serranias Orientales, Devonian sediments occur

in the southern part of the Serranias, in the Serranias de San

Jose* and further east in the Serrania de Santiago.



The sedimentary sequence known as the Santiago Group

consists, from base to top of:

El Carmen Fm: dark red basal conglomerate, whitish

to brown-red conglomeratic sandstones;

Santiago Horizon: fossiliferous shales;

Robore* Fm: 360 m thick grey-yellowish sandstones;

Limoncito Fm: 420 m thick dark grey-black shales.

Some minor outcrops of Devonian age both in the Chaco and

in northern Paraguay (Cerro Leon) indicate a Paleozoic plat-

form overlain by a thick Pleistocene cover in the Chaco plains.

5-2.6 Carboniferous

The sediments of this age are predominantly of glacial

and fluvioglacial origin deposited in a shallow sea of limited

width. The main occurrences of this type outcrop in the central

part of the Subandean belt, west of Santa Cruz. A different

facies is known from the Titicaca area, where paralic-glacial

deposits of finer grain size occur. Fig. 5-5, 5-6 show both

isopach and lithofacies maps of the Carboniferous, taken from

Nederlof & Schlatter, 1966.

The most complete stratigraphic column of the Carboni-

ferous is mapped in the southern part of the Subandean belt,

between the Rio Tarija and the Rio Pilcomayo, overlying un-

conformably the Devonian Los Monos Fm. Its thickness reaches

more than 2000 m, divided into two groups, the Macharetf and

Mandiyuti.
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The lower Machareti Group consists from base to top of:

Itacla Fm: tillites, reddish shales;

Tupambi Fm: brownish-greenish sandstones, locally

conglomeratic;

Tarija Fm: dark grey tillites with intercala-

tions of sandstones and conglomerates;

a more sandy facies is locally called

Chorro Fm;

Taiguati Fm: shales, tillites, generally oxidized.

This group again is unconformably covered by the Mandiyuti

Group including from base to top the

Escarpment Fm: oxidized sandstones with conglomeratic

lenses, and

San Telmo Fm: shales and red sandstones.

In the Titicaca area the Carboniferous include the

Cumana* Fm: dark grey and greenish sandstones and

shales, and the overlying

Kasa Fm: whitish and reddish sandstones inter-

calated with green shales.

S.2.7 Permian

The extension of Permian rocks is very limited as shown

in Fig. 5-7,. 5-8 and is considered the southeast end of the
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lower Permian basin of southern Peru. In Bolivia, Permian

deposits are mapped only in the northwestern part of both the

Altiplano and the Cordillera Oriental, i.e., in the area of

the Lake Titicaca.

Here, the column consists of two lithostratigraphic

units:

the lower Copacabana Fm: light grey limestones,

intercalated with dark grey

shales and calcareous sand-

stones (marine facies);

Tiquina Fm: red sandstones interbedded

with reddish limestones (pre-

dominant continental facies).

5.2.8 Permotriassic or Triassic

The exact age of this formation is still under discussion.

Schlatter & Nederlof (1966) assign it a Permotriassic age, while

YPFB-GEOBOL (1978) consider it Triassic. In order to use the

Schlatter & Nederlof maps without corrections, their age determ-

ination is maintained.

As shown in Fig. 5-9,the Permotriassic basin occupies a

small area in the southern part of the Subandean belt in the

area of the Pilcomayo River, where a maximum thickness of 900m

is measured. The Permotriassic sequence rests unconformably

on the upper Carboniferous San Telmo or Escarpment Fm.

The Permotriassic consists of the Cuevo Group which in-

cludes from base to top the following formations:

Cangapf Fm: locally calcareous, yellowish, reddish

sandstones;



PERMO-TR)ASS!C
UTHOFACtES MAP

Fig. 5-9: Permo-Triassic: lithofacies map

(Schlatter & Nederlof, 1966)
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Vitiacua Fm: predominantly light grey to dark grey

limestones, occasionally interbedded

with marls and sandstones;

Ipaguazd Fm: occurs only south of the Pilcomayo

River: anhydrite, salt, clays and

clayish sandstones.

This evaporitic phase marks the end of the marine Paelo-

zoic history and Bolivia was emergent during most of the Meso-

zoic. During this period, especially between Permotriassic

and lower Cretaceous times, the Andean area underwent strong

folding and erosion.

5.2.9 Cretaceous - Paleogene

Sediments of that age span were deposited in a basin

reaching from northwestern Bolivia in two branches south and

southeast (Fig. 5-10) and thus occur in two provinces: the

Andean area and the Subandean belt including the Serranias

Orientales, where they unconformably overlie Paleozoic rocks.

Both provinces were separated by a positive morphological

feature, the "Dorsal de Aiquile - Maranon".

In the Andean area (Cordillera Oriental and Altiplano)

the Puca Group covers the entire area from the Peruvian to the

Argentine border. This group has been subdivided into the

following six formations (from base to top):

La Puerta Fm: whitish-yellowish sandstones;

Tarapaya Fm: dark red clays with gypsum layers;

Miraflores Fm: grey limestones interbedded with black

shales and marls;



UPPER CRETACEOUS
PALEOGENE
tSOPACH MAP

Fig. 5-10: upper Cretaceous-Paleogene: isopach map

(Schlatter & Nederlof, 1966)



Aroifilla Fm: red clays and marls, gypsum and salt;

Chaunaca Fm: limestones intercalated with marls

and black shales;

El Molino Fm: limestones.

In the Subandean belt the typical section has been mapped

in the northern part where the following three formations were

distinguished:

the lower Beu Fm: red sandstones;

the Eslabon Fm: conglomeratic sandstones;

Flora Fm: limestones, clays.

In the Serranias Orientales, the Cretaceous El Port6n

Fm (sandstones) rests unconformably on the Devonian Limoncito

Fm.

5.2.10 Neogene

The epirogenic uplift of the eastern Andes appears to have

initiated a depositional hiatus, although this event developed

two basins (Fig. 5-11, 5-12): one in the Andean foreland, the

other one between the two Andean ranges in the actual Altiplano,

separated by the positive feature of the eastern Andes.

The basin or depression in the Andean foreland includes

the Subandean felt, the Pando, Beni, and Chaco plains, as well

as the Serranfas Orientales. It is filled with 3000-4000 m

thick oxidized molasse type sediments derived from the Andean

block.
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The stratigraphy of this depression was established for

different areas: northern and southern Subandean belt, plains

and the Serranias Orientales, and will be reviewed in the same

sequence:

northern Subandean belt (from base to top):

Bala Fm: whitish and yellowish sandstones inter-

bedded with red clays and conglomerate

lenses;

Quendeque Fm: red sandstones and clays of 3000 m

thickness;

Charqui Fm: basal conglomerate and red sandstones,

whitish sandstones, intercalated with

grey shales, total thickness 3200 m;

Tutumo Fm: sandstones.

southern Subandean belt (from base to top):

Petaca Fm: sequence consisting of conglomerates

and sandstones;

Yecua Fm: shales and limestones;

Tariqufa Fm: red sandstones;

Guandacay Fm: coarse grained sandstones, tuff horizons;

Jujuy Fm: coarse grained conglomerates interbedded

with grey slates.

plains (from base to top):

Quendeque Fm^\ lithologies as in northern Subandean

Charqui Fm ^ belt.

Tutumo Fm



These sediments outcrop in the foothills of the Subandean

belt in large parts of Pando and in the incised valleys of the

rivers Acre, Madre de Dios, Tahuamanu, Manuripi and Madidi of

the Beni plains.

In the Serranias Orientales, the Tertiary Tobite Fm was

described consisting of a medium to coarse grained clastic

sequence.

The second depression located in the area between the two

Andean ranges covering the actual Altiplano and part of the

Cordillera Oriental is the type locality for a refined Tertiary

stratigraphy. As example the stratigraphic column of the

northern Altiplano is reviewed from base to top:

Santa Lucia Fm: marls, shales and sandstones,

oxidized;

Tihuanacu Fm; interbedded sandstones and shales

with intercalated lenses of con-

glomerates, oxidized thickness

2500 m;

Coniri Fm: sandstones and conglomeratic sand-

stones, oxidized;

Kollu Kollu Fm: sandstones, conglomeratic sand-

stones, marls, oxidized, thickness

3000-3700 m;

Caquiaviri Fm: Fe-stained basal conglomerate,

top: toba Ulloma;

Rosa Pata Fm: Shaly sandstones, oxidized;



Mauri 6 Fm: light grey limestones covered by

volcanics;

Choquecota Fm: shaly sandstones, tuffitic shales

and conglomeratic lenses, thickness

3000 m;

Umala Fm: shales and sandstones with increas-

ing grain size;

Perez Fm: rhyodacitic tuffs and ignimbrites,

thickness 20-25 m.

In addition to the Tertiary Altiplano stratigraphy, the

column of the northern, central and southern sections of-the

Cordillera Oriental are briefly reviewed because of their

metallogenetic significance.

The northern part occupies an area close to the Lake

Titicaca and is underlain by the Munani and Santa Lucia Fm

which are forming the base of the Tertiary sequence. They

consist of reddish to white sandstones and are unconformably

overlain by the Luribay (red sandstones and conglomerates)

andSallaFms (red shales with intercalated tuffs).

In the central part, the base of the Tertiary consists

of the Santa Lucia and Cayara Fm, which are equivalent to the

basal formations of the northern part. They are unconformably

overlain by the Mondragon Fm consisting of some 20 m of fluvial

conglomerates. This formation in turn is covered by the Agua

Dulce Fm (lavas of intermediate composition) and the Cerro

Rico Group (conglomerates and grey shales). As the last Ter-

tiary formation, the Los Frailes Fm, which consists of acid

to intermediate volcanics, overlays unconformably the other

sequences.



In the southern part the profile is similar to the one

in the central part, although in part a different nomenclature

is being used (from base to top):

Santa &ucfa-Fm

Cayara Fm

Rio Chico Fm

Los Frailes Fm*

5.2.11 Quaternary

Rocks of that age cover to a very large extent the Cordi-

llera ranges, the Altiplano, and the Pando, Beni and Chaco

plains.

In the following the Quaternary deposits of each of the

morphological units are being reviewed:

- Cordilleras: glacial deposits, fluvial gravel

(Cangalli Fm.), volcanic deposits in

the Cordillera Occidental;

- Altiplano: volcanic deposits, lacustrine sedi-

ments within three lake basins:

Ballivian, Minchin and Tauca;

saline deposits in the Salares Uyuni,

Coipasa, Empaxa, etc.

- Plains: alluvial, fluvio-lacustrine deposits

locally interbedded with tuffs, small

salares south of the Serranias Orien-

tales.



5.3 MAGMATISM

The published information on the Bolivian magmatism have

greatly increased the knowledge and understanding since around

1960. Among the more important publications are those of

Evernden, Kriz & Cherroni (1977)? Martinez & Tomasi (1978);

Grant, Halls, Avila & Snelling (1979); McBride (1977), and

finally the compilation of the results of the first phase of

the Precambrian Project (GEOBOL-IGS) published by the British

Geological Mission/Servicio Geol6gico de Bolivia (1978), and

Litherland & Bloomfield (1981).

In the following the magmatic cycles of the Precambrian

and Phanerozoic eras will be reviewed.

The oldest granitoid phase of the Precambrian is related

to the San Ignacio orogenic cycle (+2000 - 1300 Ma). According

to Litherland & Bloomfield (1981), the San Rafael Metagranite

Fm, the oldest member of the phase, is formed by the anatexis

of the premetamorphic lower pelitic unit of the San Ignacio

Group along the possible unconformity with underlying Trans-

amazonic rocks. The age of the San Rafael metagranite is

therefore estimated at 2000 Ma. It is followed by the emplace-

ment of four more phases:

- a pretectonic granitoid (San Ramon granitoid),

- a syntectonic granitoid (San Andres granitoid),

- a syn/late tectonic (San Javier granitoid),

- a late/post tectonic (Refugio granitoid),

which are known from the Concepcion area.

The same orogenic cycle hosts a major basic to ultra-

basic sill-forming phase as well as an intrusion composed of

a differentiated sequence of basic to intermediate rocks.



The following magmatic phase is related to the Sunsas

orogenic cycle (-1300 - 950 Ma). It consists of:

- syn- and posttectonic granites,

- pegmatites,

- rhyolite intrusions, and

- the basic to ultrabasic Rincon del Tigre Igneous

complex, a sill along the unconformity between the

Sunsas and Vibosi Groups with an age of approximately

992 Ma.

In this context the ntetagranite encountered in the drill

hole San Andres No. 2, located in the Altiplano southwest of

La paz is to be mentioned. Its age was determined at approx-

imately 1100 Ma (Lehmann, 1978a), and therefore appears to be

equivalent to one of the granitoid phases of the Sunsas orogenic

cycle.

In the Andean area and to a very minor extent in the Pre-

cambrian Shield of eastern Bolivia(Velasco Alkaline Province

of late Jurassic to early Cretaceous age) several periods of

magmatic activity occur within the Phanerozoic, and are sum-

marized as follows:

Plutonism Volcanism

Cambrian granodiorites and tonalites

of the Canani Fm (550-535

Ma), southern part Cordille-

ra Oriental.

Permian tectonically affected syntec- basalts of Tiquina

tonic hercynian two-mica northern part of

granites of aluminous-potas- Altiplano, probably

sic group (+240 Ma) Cordi- equivalent to inter-

llera Real, gabbro near Jesus mediate volcanism of



r-

de Machaca, Altiplano, dia-

base dykes and sills in

Department of Cochabamba,

Chuquisaca, Potosi

Mitu Fm, Peru.

Triassic^

JurassicJ

andean granodiorites of the

calc-alkaline group, (211-

180 Ma), Cordillera Orien-

tal; alkaline intrusives

(nepheline, syenite, aegi-

rine granites, carbonatite)

of Velasco (143-134 Ma),

nepheline syenite sills of

Sapo and Yanani, Depart-

ment 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 Fms) (16-1

Ma) Altiplano, Mese-

tas de Morococala and

Los Frailes.

Quaternary dacitic stocks Piio-pleistocene to

recent intermediate

to basic volcanism in

Cordillera Occidental

The oldest indications of a Phanerozoic magmatism are des-

cribed from the southern part of the Cordillera Oriental at the

boundary with Argentina, where granodiorites and tonalites

occur, whose age tentatively has been determined to be between

550 and 535 Ma.



The knowledge about the hercynian magmatism in Bolivia

is quite new. Already Ahlfeld (1972) assumed that some of the

granites of the Cordillera Oriental are of Permian age. Marti-

nez & Tomasi (1978) as well as Lehmann (1978,b) become more

specific: Martinez & Tomasi could show that in the Zongo

Valley of the Cordillera Real two-mica ganites occur, that were

affected by hercynian tectonism, although the K-Ar age determ-

inations yielded only an age of 210 Ma. Lehmann (1978,b) is

critical about these absolute ages and points out that due to

later tectonic events they are probably too young. Therefore,

it can be assumed with a high degree of probability that these

two-mica granites of the Cordillera Real can be correlated with

those in Peru with Rb-Sr and U-Pb ages of 257 and 230 Ma, res-

pectively.

These two-mica granites occur in the Cordillera Real where

they form the northeastern-most chain with the Rosasani and

Zongo-Yani granites. Smaller intrusions of this type appear

to be incorporated in the andean granodiorites. The two-mica

granites belong petrologic-geochemically to the aluminous-

potassic group, which metallogenetically are of high importance

in Western Europe and also for Bolivia as will be shown in a

later chapter.

An indication of a gabbroic plutonism is known from Jesus

de Machaca, located in the northern Altiplano, and the occur-

rence of the dykes and sills of diabasic composition as described

from the Department of Cochabamba, Chuquisaca, and Potosi, where

they intrude mostly Ordovician and Devonian sequences.

It can be assumed that the basic to intermediate volcanics

of Permian age as they occur in Tiquina are the effusive phase

of the Permian basic plutonism.



The most important magmatic activity took place during

the Mesozoic and Cenozoic when acid to intermediate plutons

of the calc-alkaline family were emplaced mainly in the Cor-

dillera Oriental and to a lesser degree in the Altiplano. In

the Cordillera Oriental the Mesozoic plutons cover approxima-

tely 400 km2 following a N 30°W striking line. The age of

these intrusions appears to belong to two main periods:

- Triassic to Jurassic, i.e., 211 to approximately 180

Ma, and

- Tertiary, i.e., 26 to 13 Ma.

It appears that the age of these plutons decreases from

north to south, as does the size of the intrusions. For exam-:

pie, the middle to upper Tertiary intrusives are mainly sub-

volcanic stocks of reduced surface.

The different features of the intrusives, age and size, in

the northern and southern part of the country may be explained

by the approximately east-west striking "Arica-Elbow Line".

This line separates the area into a higher and therefore more

eroded northern half and the tectonically deeper and conse-

quently lesser eroded southern part of Bolivia.

Alkaline magmatism of probably Mesozoic age (between post-

Permian and pre-Cretaceous) is indicated by the nepheline-

syenite sill-like intrusions of Sapo, associated with sodalite

dykes, and Yanani, Department of Cochabamba.

Evidence of a Jurassic-Cretaceous magmatism of similar

composition has been found recently in the Precambrian

(Litherland & Bloomfield,1981), in the Alkaline Province of

Velasco, which includes the R.E.-bearing carbonatite of Ma-

nom6.
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The Cenozoic volcanism is mainly concentrated in the

Cordillera Oriental, the Altiplano and the Cordillera Occi-

dental. The ages of the products of that volcanic activity

range from 10 to 1 Ma, their composition is mainly acid to

intermediate. Important volcanic areas in the Cordillera

Oriental and the Altiplano are those covered by the Mauri-6,

Perez, Umala, and Los Frailes Fms of ages ranging from 16 to

1 Ma. The youngest volcanic rocks are of more basic composi-

tion and occur in the Cordillera Occidental and its present

fumarolic state indicates that volcanic activities are still

taking place.

5.4 TECTONIC HISTORY

The tectonic history of Bolivia has to be separated into

the Precambrian Shield, a cratonized block since 950 Ma, and

the andean area including the Subandean belt.

As already pointed out, the Proterozoic history of the

Bolivian part of the Brazilian Shield is determined by four

orogenic cycles:

- the Transamazonic cycle (+2000 Ma),

- the San Ignacio cycle (+2000 - 1300 Ma),

- the Sunsas cycle (+1300 - 950 Ma),

- the Brasiliano cycle (+950 -?520 Ma), which had only

minor effects on the Bolivian Precambrian.

The information on the Transamazonic cycle is rather un-

certain due to the overprint of younger tectonic events. The

San Ignacio cycle has produced a series of northeast and north

trending tight isoclinal folds, while the Sunsas cycle deform-

ation is confined to three tectonic zones, the Sunsas orogenic

belt, the North Marginal zone and the Aguapei mobile belt,
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located in the southern part of the Shield area. The deforma-

tion sequence within this belt indicates east-northeast trend-

ing tight to isoclinal folds refolded and sheared by west-north-

west trending structures. With this cycle the tectonical his-

tory of the Bolivian part of the Shield terminates and marks

the cratonization of this area.

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 (Martinez & Tomasi, 1978),

which terminated in middle Permian age. In more detail, the

following tectonic events are distinguished:

- Ordovician: subsidence of the basin,

- upper Ordovician: Uplift and probable emersion

- Silurian-Devonian: vertical movements

- upper Devonian: lower Carboniferous: deformation

(compression) of the Cordillera Oriental and Altiplano,

eohercynian phase; associated with this phase emplace-

ment of syntectonic two-mica granites in the Cordillera

Real;

- middle Permian: second compressional phase (late her-

cynian), especially affecting the Altiplano.

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;
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- Cretaceous: vertical movements (Peruvian phase),

causing the Cretaceous transgression on the hercy-

nian platform;

- Paleocene-Erocene: epiorogenetic movements;

- late Eocene: most important folding of the Andes

(incaic phase);

- late Miocene (8-6.4 Ma): second stage of folding

(quechuan phase);

- Pliocene (+3 Ma): last folding stage, affecting espe-

cially 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.

A generalized sketch showing the tectonic evolution of

the andean part between lower Cretaceous and Pliocene is

shown in Fig. 5-13 (Martinez & Tomasi, 1978).

5.5 METALLOGENETIC PROVINCES

The following chapter is based mainly on the two maps

in 1:1,000,000 scale ("FajasMineralizadas..." and "Metalo-

genesis...") and the explanations published in 1979 by ERTS-

COMIBOL-San Calixto Observatory, showing the mineralized

belts in the Bolivian Andes. Both sources are attached as

Fig. 2-17 and 2-18 to the present report. For details on

the mineral deposits reference is made to Ahlfeld & Schneider-

Scherbina (1964).
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According to the sources mentioned above, five different

mineralized belts are distinguished:

- the tin belt with its tungsten and bismuth districts,

- the antimony belt,

- the lead-zinc belt,

- the copper belt,

- the gold belt.

The tin belt is the most important one in respect to its

extension. It reaches from the northwest of the country to

the Argentine border, and continues even on Argentine territory

to the Province of Jujuy (Mina Pirquitas). Within this tin

belt two geochemically different sections are distinguished,

separated by the Arica-Elbow Line: a northern section with

monomineral tin mineralization and a southern section with a

predominantly tin-silver association.

The monomineral tin deposits are genetically associated

with Triassic-Jurassic calc-alkaline intrusions cutting lower

Paleozoic, mainly Ordovician sediments, preferably black

shales. In general the deposits are located in the contact

zone between the granodiorites and the intruded black shales.

Example of tin deposits belonging to this group are those

located in the Cordillera Real such as Milluni and Caracoles.

The deposits of the tin-silver associations are related

to subvolcanic acid to intermediate stocks of upper Tertiary

age. Important districts of this type are those of San Jose,

Colquiri, Llallagua, and Potosi.



Within this tin belt there are two districts located

mainly north of the Arica-Elbow-Line, with tin-tungsten and

tin-bismuth mineralization. Deposits belonging to the first

group are those located in the area of Sorata, as well as in

a 130 km long belt with deposits such as Chojlla, Bolsa Negra,

Conde Auqui, etc. The second group includes deposits both

north and south of the Arica-Elbow-Line with deposits related

both to batholitic and subvolcanic intrusions (Sorata area,

Vila Cota, Koriviri, Turqui, Esmoraca, etc.)

A relatively new type of tin deposits, located within the

tin belt, is the stratabound type (Avila, 1981), which includes

the deposits Kelluani-Farellones, Huallatani and Calavi-Canu-

tillos.

The antimony belt covers areas in the Cordillera Oriental

both in the north and south of the country, preferably those

underlain by Paleozoic sediments. The most extensive and en-

riched parts of this belt are located in the south with the

districts of Porco, Chilcobija, Santa Rosa de Oro, Concepci6n

and Candelaria.

The lead-zinc belt includes also lead-silver mineraliza-

tion and occupies the periphery of the tin and antimony belts

of the Cordillera Oriental. A second belt is located in the

Cordillera Occidental, and all appear to be associated with

Tertiary igneous activity. An important example is the Matilde

mine, north of the Titicaca Lake, apparently related to the

intrusion of Tertiary intermediate stocks into Paleozoic

(Devonian) sediments. Other deposits of this group are To-

lapalca and Quioma.

The copper belt, located mainly in the Altiplano from

the Titicaca Lake to the borders with Argentina and Chile,



comprises mostly the red-bed copper deposits (Corocoro type)

of middle Miocene age, but also epithermal vein deposits

(Laurani, La Joya) related to Tertiary andesitic-dacitic

stocks.

The gold belt includes only primary vein deposits and

comprises only two relatively small areas in the north and

center of the Cordillera Oriental. The deposits (Trinidad,

Pallaya, Venus) are related to batholic or subvolcanic in-

trusions and the gold is associated with antimony (stibnite)

mineralization.

Volcanic sulfur deposits are located in the Cordillera

Occidental, south of the 19°45'S next to the border with

Chile. There the sulfur deposits are associated with very

young volcanic activity. Important sulfur deposits in this

area are Napa, Sillayhuay, etc.

In addition to the andean mineralization some relatively

new and undeveloped prospects occur in the east of the country,

in Precambrian, Paleozoic and Mesozoic environments. They are

not included in the attached maps which show only the andean

part of Bolivia.

Within the Precambrian the geologic-geochemical project

of GEOBOL-IGS led to the discovery of the sill-like mafic to

ultramafic intrusion of the Rincon del Tigre Igneous Complex

at the inconformity between the Sunsas and overlying Vibosi

Groups. The complex has been dated at 992 Ma (Litherland &

Bloomfield, 1981). Its extension is approximately 720 km2,

its thickness 4300 m. The upper part of the complex consists

of mafic rocks including norites, gabbros and a basal ultra-

mafic part with dunites, bronzites, picrites, etc. The poten-*-



tial of this complex is based on possible chrome, nickel and

copper mineralization associated both with the ultramafic-

mafic sequence and its weathering products (laterites).

A younger prospect associated with a Jurassic/Cretaceous

carbonatitic? intrusive is Manomo*, a part of the Alkaline

Province of Velasco, consisting of a major ring structure made

up of the following six different rings:

outer part: biotite granite,

inner part: riebeckite granite

quartz syenite

nomarquite

pulaskite

foyaite.

A highly silicified carbonatite is located in the north-

western part of this complex and consists of both lavas and

dykes primarily mineralized with bastnaesite and a younger

quartz-barite association. Replacement and redistribution

produced a paragenesis of monazite,-bastnaesite, cerianite,

lantanum, phosphates and silicates, goethite, apatite, col-

lophane- francolite, and metaautunite. The reported grades

include (Avila, 1981):

Th: 0.06 - 0.59%

U: 12 ppm in igneous rocks

0.13% in phosphates

RE: 0.5% - 6.6% (26 samples).

Both prospects described above are still not fully

evaluated, but the information will complete the metallo-*

genie picture of the area.



At Mut6n, located at the Brazilian border, some 30 km

south of Puerto Suarez, a major iron deposit was described

already in 1894. It belongs to the banded iron deposits

and is hosted in the upper Ordovician Santa Cruz Fm, which

consists of red arkoses at the base, overlain by jasper and

hematite. The reserves of the deposit are estimated at

40,000 Mill t with a grade of up to60,%Fe203 (Avila, 1981).



6. PAST URANIUM ACTIVITIES IN BOLIVIA

This chapter briefly summarizes the uranium activities

carried out by different organisations between 1953 and

present. It includes the exploration done in different

parts of the country, the evaluation and mining of the

Cotaje deposit, and also the metallurgical work carried out

in the pilot plant Cotaje constructed by COBOEN.

6.1 BOLIVIAN GOVERNMENT - U.S. ATOMIC ENERGY COMMISSION

(1953, 1954/55)

As in most Latin American countries, exploration for

uranium was initiated by the US Atomic Energy Commission

(USAEC) which at the invitation of the Government of Bolivia

carried out a brief reconnaissance of the country's uranium

resources in 1953. The findings of this investigation were

summarized in a report by Wilpolt & Chester (1953), which

was not available to the mission.

According to Henderson et al. (1955), the above-mentioned

reconnaissance resulted in the discovery of uranium minerali-

zation associated with cobalt at Chulchucani, Department of

Potosi, about 30 km northeast of the town of Potosi, with

nickel at Tapacari, Department of Cochabamba, and associated

with columbium near Concepcidn, Department of Santa Cruz.

In addition, several radioactive anomalies were detected by

airborne methods in the San Jose - Robore area (Serranfas

Orientales)

Based on these results a second more extensive explora-

tion program was carried out jointly by the Bolivian Govern-

ment and the USAEC during 1954 and part of 1955. This work



and its results were described in a report by Henderson et

al. 1955, which summarizes the approach and their findings

as follows:

Approach: radiometric checks were carried out at:

- some 70 mining districts with hundreds of mines

and prospects;

- the eastern part of Bolivia, where some limited

airborne exploration was done;

- ore buying stations and warehouses;

- museums and private mineral collections.

The results of these studies were as follows:

- the Siglo XX mine in the Llallagua District was

considered the only site of those investigated

where there is a remote possibility of commer-

cial uranium production in the future;

- traces of uranium were detected in:

° the Marcamarcani Mine in the Sorata district

associated with cobalt;

° the La Sorpresa Mine in the Tapacari district

associated with nickel;

° the San Luis Mine in the Chulchucani district

associated with cobalt;

° wolframite concentrates from several mines in

the Tasna and Oroingenio districts.



6.2 NATIONAL DEPARTMENT OF GEOLOGY

This organisation, which in 1965 became the Geological

Survey of Bolivia (GEOBOL), in cooperation with the United

Nations Development Programme (UNDP)contracted in 1963 the

Swedish Consulting to carry out an integrated aerial survey

over some 15,000 km2 including the Meseta de Los Frailes.

The survey should have applied both magnetic and radiometric

methods, but due to unknown reasons the radiometric measure-

ments were discontinued. Nevertheless, the obtained results

gave indications of radiometric anomalies in the area of the

Meseta de Los Frailes and were the basis for COBOEN's involve-

ment in this area, which started approximately in 1970.

6.3 COBOEN AND CONTRACTORS

6.3.1 Introduction

COBOEN's Radioactive Raw Material Department was estab-

lished in 1968 and after preparation of a technical staff

and the necessary infrastructure it became operative in 1970.

Using the results of Swedish Consulting's airborne survey .

(see above) the uranium occurrences of Cotaje, Cordillera de

Los Frailes, were discovered in the same year (Aparicio, 1981)

Subsequent work resulted in the definition of numerous radio-

active anomalies in the same and other geological environments

A detailed description of these anomalies and occurrences will

be presented in Chapter 7.

6.3.2 Homestake Mining Company as Consultants

In 1973 COBOEN retained Homestake Mining Company, San

Francisco, to carry out a technical evaluation of the econ-

omic possibilities of the uranium deposits in Bolivia. As

results of this study done between August and November 1973,



the following recommendations were made (Homestake Mining

Company, 1973):

- to continue the evaluation of the anomalies and

prospects encountered by COBOEN in the Sevaruyo area;

proposed short term expenditures US$ 332,986, duration

19 months, proposed medium term expenditures US$496,896;

- to continue the exploration of the Chacarilla area

using both aerial and terrestrial methods; proposed

short term expenditures US$131,975; duration 23 months,

proposed medium term expenditures US$65,906, duration

4 months;

- to carry out the investigation of the Tupiza area

(Los Loros Prospect), proposed expenditures US$17,610,

duration 2 months;

- to explore the Cambrian conglomerates in the Tarija

area, proposed expenditures US$23,450, duration 5

months;

- to explore the Serranias Orientales, proposed expend-

itures US$59,000, duration 6 months;

- to evaluate the northern part of the Subandean belt

for its uranium potential, through a review of exist-

ing geological information;

- to study the concept "uranium in the Cordillera Real",

proposed expenditures US$25,000, duration 5 months;

- to initiate a long term exploration program in the

Precambrian Shield of eastern Bolivia and to undertake

a literature study on uranium deposits in this environ-

ment.



6.3.3 AGIP S.p.A.

The most important uranium exploration program has been

carried out by AGIP S.p.A. between 1974 and 1978 within the

framework of a production sharing contract with COBOEN (see

Chapter 2.5).

This contract covers a total of 48,778 km2 (= 4.4% of

the country) located in the four areas, Tarija, Lipez, Coro-

coro, San Jose* de Chiquitos (Fig. 6-1).

In the following information the location of the areas,

their surface, the work done, and the expenditures incurred

will be presented:

Tarija area: coordinates:

A:

B:

C:

D:

E:

21°
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20°

22°
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work done:

- airborne survey:

contractor: Geometries Inc,

Sunnyvale, California.

Specifications and equipment used:

line spacing: 1 km

flight altitude: 150 m

aircraft: Piper PA-31 "Navajo"

magnetometer: Geometries G-803

spectometer: Geometrics/Exploranium Digrs
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Fig. 6-1: Location map AGIP -cntract areas (AGIP, 1978)



digital data system: Geometries G-704

digital system;

analog recorders: Hewlett-Packard 10"

Mars 6, 6-channel recorder;

altimeters: Sperry AA-200

Doppler navigator: Singer model SKK 1000

Singer model SKQ 601

Sperry model C-12

gyro compass

AGIP:

line spacing: 0.5 km

flight elevation: 100 m

aircarft: helicopter Lama

spectometer: as above

crystal size: 7374 cm

The area covered by both surveys carried out during

1974-76 amounts to some 14,500 km2. Geometries flew

a total of 5,911 1-km and AGIP 23, 333 1-km.

- ground survey: geologic-radiometric,

covering a total of 2,954 1-km;

- drilling: 17 core holes with a total

of 2,065 m;

total expenditures: US$3,002,413

Lipez area: coordinates

A:

B:

C:

D:

E:

F:
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surface: 4,184 km2

work done:

- airborne survey by both Geometries and

AGIP using the same specifications and

equipment described above; the area

covered by both surveys amounts to ap-

proximately 100% of the concession;

a total of 7,290 1-km were flown (Geo-

metries: 5,419 1-km, AGIP: 1,871 1-km);

- ground survey: geologic-radiometric

covering 1,600 1-km;

- drilling: 48 holes totalling 6,543 m.

total expenditures: US$1,806,093.

Corocoro area: Coordinates:

A: 17°15' S / 68°43' W

B: 17°04' S / 68°15' W

C: 18°00' S / 67°40' W

D: 18°28' S / 67°32' W

E: 18°28' S / 67°42' W

F: 17°26' S / 68°40' W

surface: 7,734 km2

work done:

- airborne survey by Geometries as contrac-

tor, specifications and equipment as des-

cribed above; area covered, 7,734 km2; a

total of 9,208 1-km were flown;

- ground survey using geologic-radiometric

methods, covering some 3,050 1-km

- detailed mapping: 200 km2

- drilling: 35 holes totalling 8,133 m.

total.expenditures: US$1,533,507.



San Jose* de Chiquitos area: Coordinates:

A: 17°57' S / 61°17' W

B: 17°41' S / 60°08' W

C: 17°47' S / 59°50' W

D: 18°35' S / 59°50' W

E: 18°30' S / 60°28' W

surface: 8,422 km2

work done:

- airborne survey by both Geometries as

contractor and AGIP using the same speci-

fications (whenever possible) and equip-

ment as described above; 37% of the area

were flown in a regular fashion planned

according the presence of outcrops, 63%

were covered in reconnaissance fashion;

a total of 11, 158 1-km were flown (Geo-

metries: 3,526 1-km; AGIP: 7,632 1-km);

- ground survey using geologic-radiometric

methods, covering 2,418 1-km;

- drilling: 13 holes totalling 1,285 m.

total expenditures: 1,615,987 US$.

The results of the exploration carried out by AGIP in

the four areas reviewed above did not justify further work,

and the contract with COBOEN was terminated in late 1978.

6.3.4 COBOEN

6.3.4.1 COBOEN's past uranium activities

Parallel to AGIP's program COBOEN continued the explora-

tion using its own resources as well as those made available



by IAEA. After becoming operative in 1970, the Radioactive

Raw Material Department of COBOEN covered some 20,000 km2,

located mostly in the Cordillera de Los Frailes (anomalies

of Tholapalca I, II, III, Los Diques, La Calera, Torko,

Cotaje prospect) as well as in other areas in the Cordillera

Oriental (anomalies Yauricoya, Tollojchi) (Virreira, 1981).

The investigation done in these areas were mostly carried

out by the Department's Division of Geology, but also by the

Mining and Metallurgy Divisions and will be reviewed in the

same sequence:

- work done:

Geology Division: - geologic-radiometric mapping in 1:10,000,

1:1,000 and 1: 500 scales of anomalies

Tholapalca 1-11-111, Cotaje, Mina Amistad,

Huancarani;

- geochemical exploration covering 428 km2

in 3 separate areas, where a total of

1088 samples (stream sediments, rocks)

were collected? results are not yet

available; therefore, no follow-up work

was done;

- geophysical exploration: areas worked,

Los Frailes East and West, 1540 1-km

resistisity, emanometry covering

19,500 m2;

- airborne radiometric survey over 5,140

km2 on part of the Cordillera de Los

Frailes and its eastern margin (Fig.6-2);

the equipment used included a Mt.Sopris

SC-160A total count scintillometer, a

3770 cm Nal-cyrstal, analog recorder,

and a radar altimeter Bonzer Mark 10 or

Sperry; the specifications of the flight



Fig. 6-2: Location map: COBOEN airborne radiometric survey (Virreira &
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were: speed 40-60 knots, flight eleva-

tion: 300 feet, line spacing: 1 km;

aircraft: Lama helicopter owned and

operated by the Bolivian Air Force;

the results of this survey were the

definition of 141 radiometric anomalies;

the total costs amounted to 46,264 US$

(Virreira&Quiroga, 1978).

- exploration drilling and logging: 34

holes totalling 1409 m; sites: Cotaje

(1236 m ) , Mina Amistad, Tholapalca and

Esperanza.

- the budget for the above investigation

amounts to a total of 1,300,000 US$, of

which 500,000 US$ were contributed by

IAEA.

Mining Division: - topographic mapping at Cotaje, scales

1:1,000, 1:500, 1:250; area 30 km2;

- geologic mapping: 30 km2 surface at

scales 1:1,000 and 1:500; underground

scale 1:250;

- sampling: 1,297 m channel samples,

totalling 950 samples;

- drilling: 37 inclined holes totalling

2,740 m.

- underground workings in the Cotaje mine:

cross cuts and drifts, 777 m, raises and

shafts: 203 m; development of 3 levels

(0, -12, -20);



- reserve calculations of the Cotaje

prospect:

- indicated: 13,580 t at 0.0848% U^Og

- probable: 20,830 t at 0.066% U^Og;

mining of approximately 50 t.p.d. ore

from open cuts;

- budget: US$294,834, of which US$131,750

were contributed by IAEA;

Metallurgical Division (Cardenas, 1981):

- metallurgical laboratory tests done at

Cotaje ore (1972-1973);

- macro-laboratory confirmation (1974);

- pilot test at 200 t ore (1977-78);

- construction of semi-industrial plant

with a capacity of 12 kg U^Og/day =

3,600 kg U^Op/year (1979-1980);

- heap leaching test, 6 piles of 2000 t

ea., leaching capacity: 12,000 tpy ore;

acid leach;

- recovery by ion exchange; use of resin

IRA-400;

- budget: approximately US$ 200,000.

A flow sheet of the Cotaje plant is shown in Fig. 6-3

(Cardenas, 1981). At present there are approximately 4 t of

yellow cake stored at the Cotaje plant; the leaching process

however, was discontinued due to the lack of operating funds

to purchase sulfuric acid.
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At present the activities of COBOEN's Department of

Radioactive Raw Material are limited mainly to office work

as the operative budget for 1982 is not yet available.

6.3.4.2 IUREP mission comments on COBOEN's past uranium

activities

Based on the review of available reports written by

COBOEN staff, field observation made by the members of the

mission and personal interviews with COBOEN geologists the

members of the mission would like to make the following

comments:

- the exploration work done so far by COBOEN summed up an

astonishing number of radiometric anomalies located mainly

in the volcanic Los Frailes Fm; the first indication of

the favorability of this formation was given by a 1963 air-

borne survey, whose radiometric measurements, however, were

not completed; since then the exploration relied heavily on

ground radiometric methods; -

- the geological observations made an documented in COBOEN's

reports are in general very good;

- lacking, however, is a wider understanding of the geological

environment, the recognition of genetic models, the applic-

ation of international analogies, the field tests of the

assumed genetic model and the evaluation of the economic

potential of the anomalies and prospects discovered;

- in order to improve this situation, to further strengthen

COBOEN's Department of Radioactive Raw Material and to

assure justified and efficient expenditures of government

funds, long-term (+2 y) support by the IAEA appears to be

urgently necessary;



- emphasis should be placed on additional modern methods

of investigation both in the field (airborne radiometric

surveys, geochemistry, etc.) and in the laboratory (re-

liable analytical geochemistry, ore microscopy, auto-

radiographies, etc.)

6.4 CONCLUSIONS

As shown in this chapter, the most significant efforts

to explore for uranium in Bolivia were made by AGIP and COBOEN.

AGIP explored in four years a total area of 48,788 km2

using total expenditures of US$ 8,400,000. This gives an

average expenditure of 172.20 US$/km2 at a surveyed area which

covers only 4.4% of Bolivia, or approximately 7% of what COBOEN

considers the total area with uranium potential.

COBOEN in approximately 12 years explored some 20,000 km2

= 1.8% of Bolivia, expending a total of US$1,300,000 (current

dollars) at an average of 65 US$/km2. However, it is to be

considered that COBOEN's budgetary situation was always pre-

carious due to the insufficient allocation of budgeted funds.

The combined efforts of AGIP and COBOEN covered thus a

total area of 68,778 km2 = 6.26% of the Bolivian territory

and 9.8% of the area with uranium potential, at a total ex-

penditure of US$9,700,000, averaging 141.03 US$/km2.

These numbers show:

-that the uranium exploration in general and specifically in

Bolivia with its climatic, morphological and infrastructural

difficulties, and lacking geological basis is a very risky

undertaking;



that the Radioactive Raw Material Department of COBOEN has

to have an assured sizeable budget if it should carry out

its present objectives;

if, however, an adequate budget for this Department cannot

be assured, due to economic difficulties or in view of the

high risk of uranium exploration, considerations are suggested

to partly modify the objectives of COBOEN, and open some of

the uranium related activities to the private sector, with

COBOEN maintaining the collection of basic information Ire-

gional radiometrics, geochemistry, conception of metallo-

genetic models, etc.);

that, in any case, Government funds should not or only in

cooperation with a contributing "partner" such as IAEA-UNDP

be spent on uranium exploration, thus limiting the amount

of risk capital spent.



7. KNOWN URANIUM OCCURRENCES

For the description of the uranium deposits and anomalies

the following tectonic units will be used: Cordillera Occiden

tal, Altiplano, Cordillera Oriental, Subandean zone, Pando,

Chaco and Beni plains, Serranias Orientales and Brazilian

Shield, as already shown in Fig. 2-4.

The uranium deposits and anomalies of Bolivia are mainly

found in the Altiplano and the Cordillera Oriental, and to a

lesserdegree also in the Serranias Orientales and in the

Brazilian Shield. (Fig. 7-1).

In the Altiplano many anomalies are known within the

Tertiary formations (red beds and volcanic rocks). The

principal anomalies in the Altiplano are found in the vicin-

ity of Corocoro and Chacarilla areas fired bed" type).

In the Cordillera Oriental anomalies are known in rocks

of the Paleozoic, Mesozoic 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 described anomalies are listed in Table 7-1. For

the description of these anomalies reference is made to reports

of Kim (1978), Aparicio (1981), and COBOEN.



Table 7-1: Described radioactive anomalies of Bolivia

ALTIPLANO

CORDILLERA ORIENTAL

1. Chacarilla - Corocoro area

Chacarilla, Cerro Kachaca, Laram

Uta, Corocoro.

2. Lipez area

Agua de Castilla, Kollpani,

Esmeralda, Bancani.

3. Chita anomaly

4. Oruro area

1. Charazani - Millioaya area

Lunlaya, Kohuila, Incognita, Nuevo.

2. Cordillera Real

Urania, Bolsa Negra

3. Cochabamba area

Sapo, Independencia, Tapacari.

4. Sevaruyo area

Cotaje,Huancarani,Torko,Los Diques,

Tholapalca I, II, III, Asunci6n,

Coroma, Amistad, Calera, Wichajlupi,

San Agustin, Campana fault.

5. Yauricoya - Chulchucani area

Yauricoya, Esperanza, Chulchucani,

Tollojchi (or Los Mantos), Padcoyo.

6. Camargo and Tupiza-Tarija area

Camargo, Tupiza, Tarija.

SERRANIAS ORIENTALES 1. San Jose* - Robore* area

BRAZILIAN SHIELD 1. Velasco area

Manomo



7.1 ALTIPLANO

7.1.1 Chacarilla - Corocoro area

The Chacarilla - Corocoro area lies about 130 km south

of La Paz and is connected with La Paz by two roads, La Paz

- Viacha - Corocoro and La Paz - Patacamaya - Chacarilla,

which can be used all the year. The Corocoro copper deposit

is located about 60 km north-northwest of Chacarilla (Fig.

7-1).

The boundaries of the area closely coincide with the

outcrop limits of the continental Corocoro Fm (Miocene-Oligo-

cene age). Uranium indications have been found within this

formation (COBOEN). This area (7,734 km2) was then investiga-

ted by AGIP (Fig. 7-2,), between August 1974 and June 1978 with-

in the legal frame of a production sharing contract concluded

between COBOEN and AGIP.

7.1.1.1 Geology

The Corocoro area is located in a tectonic basin. Late

Mesozoic orogenic activity in this region was followed by a

period of block uplifts of the whole orogenic zone during

the Tertiary, combined with subsidence and sedimentary

deposition within the marginal trough between the two

Cordilleras. These block uplifts resulted in the deposition

of huge amounts of erosional material from the eastern and

central parts of the marginal trough, which were derived from

the Paleozoic sediments of the Cordillera Oriental. Block

faulting in Tertiary time caused the rise of deep-seated

magma, from basaltic to rhyolitic composition along the

major faults, and the pyroclastic and other products were

incorporated into the sediments of the marginal trough. A

similar uplift of the Cordillera Occidental delivered material



F i g . 7 * 2 : Geologic and topographic map of the northern part of the Corocoro Basin.
(Ljunggren & Meyer, 1964).



composed partly of intrusive rocks into the basin. The

accumulation of sediments transported from the west is

especially evident in the Vetas member of the Totora Fm,

where the great majority of the clasts have been derived

from the Cordillera Occidental.

A detailed stratigraphic description of the formations

in the Corocoro basin is given by Ljunggren & Meyer (1964)

and AGIP (1978), and summarized in Fig. 7-3 to 7-5.

The oldest rocks of the region are of pre-Cretaceous

Mesozoic age and show mixed marine/continental facies

(Chuquichambi Group). The following 10 to 12,000 m, include

molasse type sediments belonging to the Corocoro Group and

were accumulated during a relatively short time, due to the

rapid epirogenic uplift of the marginal zones of the trough

and the fast subsidence of its central parts. The lower part

consists mainly of detrital material, conglomerates, and

massive arkosic sandstones with interbedded lenses of sandy

shales. The molassec sediments grade progressively into a

mixed molasse-volcanic facies (upper Totora Fm and lower

Crucero Fm). Finally, the sequence terminates with rocks of

predominant volcanic character (upper Crucero Fm and Umala

Group).

At the end of the deposition of the Crucero Fm, the

sediments were weakly folded into a synclinorum (N 30-50°W).

Its axis dips to the west at its eastern margin and to the

east at its western margin. In the central part of the syn-

clinorum, broad synclines alternate with tight anticlines,

the latter commonly being faulted in their axial planes,

(i.e., Corocoro mine). Diapiric and semidiapiric phenomena,

and injection of the gypsum into fissures occur along the
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Fig. 7-4: Stratigraphic correlation in the Corocoro basin

(Ljunggren & Meyer, 1964).
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central parts of the anticlines due to penetration of the

highly incompetent, gypsum and salt-bearing beds of the

Chuquichambi Group into younger sediments.

7.1.1.2 Radioactive anomalies

Three formations have been explored in detail by AGIP,

the Kollu Kollu, Chacarilla, and Totora Fm (Fig. 7-5).

Kollu Kollu Fm

The Kollu Kollu Fm outcrops in the northeastern part of

the AGIP contract area. It contains clastic sediments (sand-

stones, arkoses, etc.) with intercalated tuff lenses of rhyo-

litic composition at its upper part. The average radiometric

background detected in the clastic sediments is 70 c.p.s (SRAT

SPP2)* and 150 c.p.s. in the tuffs. Seven anomalous levels

(Cerro Kachaca area) have been found over a total thickness of

10-15 m at the top of the formation (max. 5,000 c.p.s. and

9,000 c.p.s. in trenches). These anomalies are associated with

medium to coarse grained sandstones with occasional clay nodules,

lenses of conglomerate impregnated with copper minerals. The

surface of this anomalous area is 1 km2.

Chacarilla Fm

Anomalies were found at the lower part of the Chacarilla

Fm in the core of the anticline by previous investigation done

by COBOEN. The anomalies cover a surface of 0.25 km2 (2,500 m

x 100 m) and are located either in sandstones with a tectonic

control or in the contact between sandstones and clays or

gypsum associated with copper minerals. No uranium minerals

are observed in spite of a radioactivity of 15,000 c.p.s.

*all c.p.s. values were measured with SRAT SPP2 scintillometer.
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Chemical analyses indicate the presence of radium sulfate.

In the Chacarilla and Corocoro copper mines, the measured

radioactivity never exceed twice or three times the background.

Until to date no uranium mineralization in the stratabound ore

has been found in these mines.

Totora Fm

This formation is composed of sandstones with a clay ma-

trix and gymsum cement, shales, lenses of conglomerate and

tuffs. Cross-bedding, ripple marks and channels were observed.

Numerous levels of sandstones show relicts of carbonaceous ma-

terial replaced by copper minerals (malachite, azurite). The

average radiometric background is 75 c.p.s.

Several anomalies are recognized mainly in small under-

ground workings done for copper mining. More detailed explor-

ation was performed by AGIP in the Laram Uta area (3,350 x

800 m). There, uranium mineralization is associated with

copper minerals and organic material and occurs in paleo-

channels. However, this environment is not considered as

favorable for uranium concentration because of the steep dip

of the sedimentary host.

7.1.2 Lipez area

The Lipez area (around 4,184 km2) has been explored by

COBOEN and later by AGIP (Fig. 7-1). It is located in the

southern Altiplano, some 90 km south of Uyuni and 100 km west

of Tupiza.

7.1.2.1 Geology

Except of a thin layer of Ordovician sandstones and shales,

all the formations known in this area have a Tertiary or Quater-



nary age. Three Tertiary formations are recognized from

base to top:

- Potoco Fm: quartz-feldspar sandstones with tuffs

and siltites; some gypsum is also known in this

formation,

- San Vicente Fm: conglomerates in the lower part,

sandstones and clays in the upper part,

Quehua Fm: sandstones and tuffs with clays only in

the lower part of this formation.

Upper Tertiary lavas are known mainly in the southern

part of the AGIP area, belonging to the Quehua Fm. A first

tectonic phase occurs at the end of the deposition of the

Potoco Fm, and leads to the formation of northeast to north

trending anticlines. A second event produces tight north-

striking folds within the San Vicente and lower Quehua sedi-

ments.

7.1.2.2 Radioactive anomalies

Anomalies are found in the northern part of the AGIP

block, and all are located in the Potoco Fm. Usually they

are associated with secondary copper minerals and organic

material but their radioactive response does not exceed

800 c.p.s.

Kollpani mine area

Radiometric anomalies with northeast trend are known

several hundredmeters west of the Kollpani copper mine as

well as at the western side of an anticline within the Potoco

Fm. They are located in the lower part of this formation in

dark red to yellow sandstones. The highest radioactivity



(6,000 c.p.s., 7,000 c.p.s. in a trench) is due to torbernite

and metatorbernite, occurring in a bleached horizon.

Esmeralda and Bancani mines area

Here, anomalies are also located in medium grained sand-

stones (white, yellow, red) with lenses of conglomerates of

the lower Potoco Fm. The anomalies are related to secondary

copper minerals and the radioactivity ranges from 300 to

4,000 c.p.s. with a background of 80 c.p.s.

Agua de Castilla area

In this area, five frequently anomalous layers are known

in the upper Potoco Fm. Their thickness ranges from some cen-

timeters to 1.5 m with an average of 30 cm. These layers con-

sist of fine grained sandstones, clayish and gypsum bearing

sandstones and white biotite rich tuffs towards the bottom.

The presence of carbon trash and secondary copper minerals

is a typical feature in this sequence.

The average anomalies reach 500-600 c.p.s., with a

maximum value of 1,750 c.p.s. at a background of 150 c.p.s.

7.1.3 Chita anomaly

The Chita anomaly is located north of Uyuni, southwest

of the Meseta de Los Frailes.

The geology of the area consists of Cretaceous sediments

(marls) overlain by sediments of the Tertiary Potoco Fm (coarse

grained calcareous sandstones).

These formations have been folded into an anticline, now

partly eroded. In this area two anomalous zones are known:



- within the sandstones, in the core of the anticline,

where radiometric values reach 200 c.p.s. in surface

and 2,500 c.p.s. in a trench; the uranium content in

the anomalous zone is 0.025% U-0-;*

- in the southern part, in faults cutting small anti-

clines.

7.1.4 Oruro area

This description is based on Henderson et al (1955).

Anomalies are known in the Llallagua district, located

approximately 75 km southeast of Oruro in the Siglo XX mine.

The area is underlain by Devonian shales, greywackes and

sandstones folded into an overturned anticline. At its west-

ern limb it is intruded by a"volcanic plug of rhyolitic comp-

osition consisting of ash, agglomerates, breccias and rhyo-

litic lavas. TWo faults cut accross this intrusion and are

believed to have served as channels for the tin-bearing solu-

tions.

The intrusive and sedimentary rocks in the vicinity of

the veins have been tourmalinized, sericitized, silicified,

and in some cases pyritized. The rhyolitic rock has been

especially affected by this alteration.

There were several periods of tension fracturing, some

before and some after the deposition of the tin mineraliza-

tion. Radioactive minerals are present in tension fractures

which strike perpendicular to the main tin-bearing veins and

* no detailed information on type of samples taken or analy-
tical methods are available in this and following cases.



which undoubtedly were formed and mineralized after the phase

of tin mineralization.

Anomalous radioactivity is present on all mine levels

between the 90 and 551 meter levels in the central part of

the mine. All anomalies are located within the rhyolite or

the volcanic neck, but the radioactivity does not extend into

the enclosing sediments (Henderson et al, 1955). The radio-

active material is limited to narrow veins, and the uranium

content is low.

7.2 CORDILLERA ORIENTAL-

7.2.1. Charazani - Millipaya area

Anomalies were found in this area by COBOEN already in

1971. The Charazani area (240 km2) belongs to the Bautista

Saavedra Province (Department of La Paz) in the northern part

of the Cordillera Oriental.

7.2.1.1 Geology

In this area, the most frequent rocks are Tertiary rhyo-

lites and rhyodacites which intrude sedimentary rocks of Dev-

onian,Carboniferous,Permian and Cretaceous age. The Paleo-

zoic and Mesozoic sediments are folded, faulted, and affected

by the Tertiary intrusions.

Devonian

It consists of shales and minor sandstones and outcrops

in eastern and northern parts of the area.
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Carboniferous (350 m)

It includes coarse grained light yellow sandstones,

coarse grained, brownish cross-bedded sandstones intercalated

with greenish shales.

Permian (Copacabana Group - 450 m)

It consists of fine to medium grained yellow limestones,

gypsum, white to grey limestones with interbedded shales, marls,

and calcareous sandstones.

Cretaceous (550 m)

The lower part comprises shales, limestones with minor

intercalations of fine to medium grained sandstones. Sandstones

occur in the upper part of this formation. Cretaceous sediments

are also known outside the Charazani area.

Tertiary

It consists of conglomerates, sandstones and volcanic to

subvolcanic rocks of rhyolitic to dacitic composition.

Quaternary

The Quaternary sediments were derived from the Cordillera

Oriental. Their stratigraphic succession is summarized in Fig.

7-6.

7.2.1.2 Radioactive anomalies

The geologic and radiometric prospection was carried out

in this area by COBOEN and resulted in the discovery of the

following anomalies:



COLUMNA ESTRAT!GRAF!CA

CORDiLLERA NORTE

AREA LUNL/3MA-KOHU!LA(CHARAZAN!)
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Depositos glaciales, i-luvio lacustrcs, flu-
vio placial$=, coluviales, $ic. con claetos
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7-6: Stratigraphic column of the Lunlaya - Kohuila (Charazani)

area (Postigo, 1975).



Lunlaya anomaly

The Lunlaya anomaly lies 3.5 km north-northwest of

Charazani and is located within the Tertiary rhyodacitic

rocks (Fig. 7-7). The anomalies are related to fractures

(180°/70°W).

Pitchblende and autunite are identified from radioactive

samples, associated with some sulfides, such as pyrite and

chalcopyrite.

Radiometric measurements show 3,000 - 4,000 c.p.s at the

surface of the mineralized area and 8,000 - 15,000 c.p.s. with-

in a trench. The average background is 100 -150 c.p.s. and the

uranium content ranges from 90 - 280 ppm.

Assays of ore samples show a maximum content of 13.5%

U-O-, but the mineralization is generally very restricted.

Kohuila anomaly

It was the first anomaly found by COBOEN in this area.

The surrounding rocks and the tectonic control are similar

to those of the Lunlaya anomaly.

Uranium mineralization, pitchblende and autunite asso-

ciated with pyrite, chalcopyrite, barite and sphalerite, is

found in steeply dipping north trending fractures. Clay min-

erals as alteration products of the feldspars in the volcanic

rocks are observed.

COBOEN reports U 0- contents in samples from this ano-

maly between 0.0070 and 11.5%.
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Millipaya anomaly

Two main anomalies are known 1 km north (Incognita) and

1 km southeast (Nuevo) of the village of Millipaya located

between Charazani and La Paz. They are both located in slates

of Ordovician age (140°/50°SE).

The uranium mineralization is detected in veins filled

with quartz, bismuthinite and arsenopyrite in the Incognita

anomaly, and quartz, arsenopyrite, pyrite and cobaltite in

the Nuevo anomaly. COBOEN reports a grade of 0.13% U^Op in

samples from the Incognita deposit and a radioactivity of

500 c.p.s. as maximum in the Nuevo vein at a background of

150 c.p.s.

7.2.2 Cordillera Real

7.2.2.1 Geology

This area is part of the Cordillera Oriental and is located

southeast of La Paz. Rocks of this Cordillera consist of pelites

and sandy pelites of Middle Ordovician to Middle Devonian ages,

folded and metamorphosed (low pressure metamorphism) during

the hercynian orogeny.

Some oxidized Mesozoic and Cenozoic continental sediments

unconformably overlie Paleozoic formations.

Known magmatic rocks (Fig. 7-8):

syntectonic hercynian two-mica granites (Zongo-Yani

massifs),

- andean granodiorites (Sorata-Kuticucho-Churura,

Taquesi-Mururata, Illimani stocks).



trurusiis granhofdtaues :

^ Bai^otiie ae Sotata

^D Baihotne de 2ortgo eT Kuttcucho-Chucura

^ ) S^ock de t'tttimani

Aur^ote oe m^iamorphisme de

A Cisemem (principa'emertt) ptornbo-zincW

/* Attuvions aurifere;

Fig. 7-8: Cordillera Real: intrusive rocks and associated
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These granodiorite to adamellite stocks intrude meta-

morphosed hercynian formations, and in turn are affected by

andean tectonic events (Bard et al, 1974).

Numerous deposits of gold, tungsten, tin,bismuth, lead,

zinc and antimony are known inside or outside granodioritic

stocks (Fig. 7-8). Uranium mineralizations occur associated

with this mineralization, for example in the Urania and Bolsa

Negra mines.

7.2.2.2 Uranium occurrences

This Urania mine is located about 70 km southeast of La

Paz at an elevation of 3,900 to 4,200 m on the southern slope

of the Illimani.

The geology of the Urania area consists of black slates

of Silurian age intruded by the Tertiary Illimani granodiorite,

as well as by a two-mica granite dyke, as described by Aguirre

(1964). The black slates (130°/60°SW) are affected by a con-

tact metamorphism around the granodiorite and form a phyllite

to phyllitic schist mantle around the intrusive.

The mine produces from one 30-45°/45°S tin-tungsten vein

of 0.6 to 6 m thickness and some 370 m striking length, located

in the metamorphic schists. The vein mineralization consists

of wolframite, scheelite, cassiterite, pyrrhotite, arsenopy-

rite, sphalerite, pyrite, chalcopyrite, marcasite, quartz,

tourmaline and uraninite (Kim, 1978). The main radioactive

occurrence is reported from the level of the Socav6n Principal,

where +15,000 c.p.s. were detected over a width of 0.60 m and

a striking extension of approximately 1.00 m.

The radiometric background values are 90 c.p.s. in

phyllites and 250 c.p.s. in the granodiorite.
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The Bolsa Negra mine lies about 60 km southeast of La

Paz, south of the Triassic-Jurassic Taquesi-Mururata stock.

The geology of the mining area consists of Paleozoic

slates which host the tungsten deposit comprising 26 parallel

ore horizons within the slates following their original bedding.

The thickness of the ore zone is up to 60 meters.

Most of the horizons contain white quartz, wolframite,

scheelite, cassiterite, pyrite, sphalerite and pyrrhotite.

Two of the 26 ore horizons show radioactivity (400-800 c.p.s.)

and assays of two uraniferous samples made by COBOEN show

0.59 and 1.34% U-O-, respectively.
J O

7.2.2.3 IUREP mission comments on the Cordillera Oriental

During a four-day field trip the authors of this report

visited the Cordillera Real in four places, from northwest to

southeast, the valleys of Sorata (Illampu massif), Zongo (Huayna

Potosi and Zongo massifs), the Yungas (Unduavi massif) and the

Urania mine (Illimani massif).

In all these areas andean granodiorites intruding Paleo-

zoic formations were observed; in addition, in the Urania mine

a two-mica granite dyke was described by Aguirre (1964). Around

the Unduavi and Illimani massifs the Paleozoic formations con-

sist of black shales with fine pyrite impregnations. These

black shales are similar to those known as source rocks in

other parts of the world and numerous ore deposits (W, Sn, Bi,

Ag, Au) are genetically related to andean intrusions cutting

those shales (for example the Urania mine, genetically related

to the Illimani stock).

In the Urania mine the radioactivity is higher (more

than 15,000 c.p.s. in some places) in the mineralized zone.
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But is is impossible, with naked eyes, to identify any uranium

mineralization.

In the Zongo valley, around the Zongo village, a foliated

and coarse grained two-mica granite, very similar to the French

uraniferous two-mica granites, was observed. In one place its

background was 170-200 c.p.s. Its contacts with Paleozoic for-

mations, however, could not be examined.

7.2.3 Cochabamba area

In this area, two anomalous zones were studied by COBOEN

(Quiroga, 1977), the first one northwest of Cochabamba (Sapo,

San Cristobal, Independencia), the second one west-northwest

of Cochabamba (Tapacari).

7.2.3.1 Cerro Sapo

The Sapo mine is located some 205 km northwest of

Cochabamba. This mine has been previously mined for sodalite.

The anomaly is located at an altitute of 3,500 m on the north-

ern side of Cerro Sapo (4,250 m). The outcrops belong to the

north-northwest trending Serrania de Palca Hacia, which runs

parallel to the Cordillera Cocapata.

The geology of the Sapo area consists of slates with

minor limestone of Ordovician age intruded by a later syenite.

This syenite contains variable amounts of sodalite pegmatite

mined already in pre-colonial times (Ahlfeld, 1972). This

syenite grades into a porphyric syenite with aphanitic ground-

mass in the border zone with the surrounding slate. The soda-

lite permatite is found in the contact zone between the syenite

and slates, it is 4-5 meter thick and about 400 meters long.

It shows a strike of 140° and a dip of 80° NE.



Syenite is usually medium to coarse grained, with micro-

cline and variable amounts of hornblende, biotite and sodalite.

Accesory minerals are pyrite, zircon, sphene, pyrochlore and

apatite. Near the contact with the Ordovician slates, the

syenite contains comparatively large amount of pyrochlore.

The sodalite pegmatite consists of early sodalite and

calcite. Barite was formed at the last stage, as veins in

sodalite and/or calcite, or as their replacement. It generally

occurs in the central part of the pegmatite. In the banded

marginal part, calcite rich layers alternate with sodalite

rich ones.

Pyrochlore, zircon, apatite and sphene are in turn asso-

ciated with the sodalite layers. Small amounts of sulfides

such as pyrite, chalcopyrite, sphalerite and galena are in-

cluded in the various types of sodalite bearing rocks.

The highest anomalies are found in soils (B-horizon)

which consist of yellowish quartz and clayish material.

Quiroga (1977) interpreted it as a paleosoil occasionally

overlain by an iron-rich crust. In these soils, radiometric

values range from 200 to 5,000 c.p.s. The presence of any

uranium minerals is not described.

Other reported radiometric values are:

background 100 c.p.s.

sodalite pegmatite 400-2,500 c.p.s.

syenite 200-400 c.p.s.

marginal facies of the syenite-350-1,500 c.p.s.

It is assumed that the uranium in the soil cover was

derived from the weathering of the primary pyrochlore miner-

alization in the syenite and sodalite pegmatite.



7.2.3.2 Independencia

This anomaly lies about 170 km northwest of Cochabamba,

near the village of Independencia. The geology of the area

consists of slate and sandstone of Ordovician age striking

N25°W and dipping 58°NE. The anomaly is detected in fractures

within the fine grained sandstone.

The radioactivity is relatively low and discontinuous.

Radiometric values range from 300 to 8,000 c.p.s. No uranium

minerals are detected.

7.2.3.3 Tapacari area

This anomalic area lies about 78 km southwest of Cocha-

bamba, near the village of Tapacari (Fig. 7-1).

The geology of this area includes sediments of Ordovician

(El Molino Fm) and Cretaceous age (Torotoro Fm). These sedi-

ments are folded and inverse faults are known.

Several anomalies are reported from this area? the main

one is the Choroma anomaly. This is related to a thin copper

vein trending 150° within the Cretaceous reddish sandstones.

The sandstones are bleached, however, on both sides of the

vein. The copper minerals consist of malachite and azurite.

Manganese oxides are precipitated in cracks crossing the vein.

No uranium minerals are detected. The radiometric values in

the vein range from 800 c.p.s. to 10,000 c.p.s. at a back-

ground of 100 c.p.s.

Other anomalies occur in the Ordovician sediments which

consist of shales and quartz sandstones. But radiometric

values do not exceed 800 c.p.s. (La Ramada, Hura Waico, Pa-

rotani).



7.2.4 Sevaruyo area

The area is bounded by 66°40' and 66°60' south and 19°20'

and 19°40'W. and is located 360 km south-southeast of La Paz.

Sevaruyo is connected to La Paz by road and train.

7.2.4.1 Geology

The central and eastern parts of the area are covered by

the Tertiary Los Frailes Fm and the western.part by various

sedimentary formations of Cretaceous to Quaternary ages. Some

rocks of the Silurian Llallagua and the Permo-Triassic Campana

Fm are known towards the southwest and northeast corners of

the area (Fig. 7-9, 7-10). The stratigraphic column is shown

in Fig. 7-11.

Llallagua Fm

The Silurian Llallagua Fm is known near the Wichajlupi

anomaly in the north of the area. It consists of quartzites

and sandstones with interbedded shales. The volcanic Los

Frailes Fm overlies the Llallagua Fm with an angular uncon-

formity.

For Aparicio (1981) this fact is important and is inter-

preted as the proof of the existence of a Paleozoic basement

at shallow depth.

Campana Fm

This formation consists mainly of gypsum bearing shales

with discontinuous intercalations of fine grained sandstones

and appear as diapir in the Cretaceous formations.



:o*oo

R E F E R

CUATERNARtO tO)

( ) 6 d

TERCtAR)O(T)

(Tf)

] * ] O'ttrttO Uron!f€fO S<v3ruyO

^) Areo<)epfo*pece)on Youricoyo-Chuttchucont

03

RocoS i ( 7i)

CRETACtCO ( K )

SiomerodO! y cenneo: roto w o o omor<)to,cot':o;

P&LEO?OtCO (P)

vmeo.5''u')co.D$vdn<co y P r m o T r d s C O [?)

UBtCAOON

Fig. 7-9: Geologic man of the "Los Frailes" area (Aoaricio,
1981).



Ficr. 7-10: Geologic map showing radioactive anomalies and uranium
deposit in the Sevaruyo Area. (Aparicio, 1931)
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Cretaceous formations

The thickness of the Cretaceous sedimentary formations

is about 4,500 m. They unconformably overlie the Paleozoic

formations and in turn are overlain by Tertiary formations,

again with an angular unconformity. They consist of fine to

medium-grained sandstones, shales, marls, and limestones with

a typical red to brown color.

Tertiary formations

The Tertiary consists of four formations which from

bottom to top include:

- the Coca Fm: shales,

- the Chamarra Fm: conglomerates, medium grained sand-

stones, (anomaly of Mina Amistad),

- the Quehua Fm: sandstones and shales,

- Los Frailes Fm: tuffs, ignimbrites, lavas, breccias,

agglomerates of rhyolitic to andesitic composition.

With the exception of the radioactive anomaly of the

Mina Amistad, all anomalies are associated with the Los

Frailes Fm, which covers an area of some 9,000 km2, the

"Meseta de Los Frailes". The age of this volcanic sequence

was set between 6.7 and 7.5 M.a. (Evernden, Kriz and Cherroni,

1966) by K-Ar method, but new data indicate an age of 16 M.a.

at the lower part of the formation and 3.6 M.a. at its upper

part (Santivanez, 1977). Upper Tertiary dacitic rocks intrude

these formations at several places.

7.2.4.2 Uranium deposits and anomalies

This area is being investigated by COBOEN since 1970 and

was found to contain numerous radioactive anomalies (Fig. 7-10)
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They are mainly located within the Los Frailes tuffs and

ignimbrites, and occasionally within sedimentary rocks.

Rodriguez (1978) and Aparicio (1981) distinguish several

genetic groups of deposits and anomalies:

Group I: Cotaje, Huancarani, Torko, Tholapalca II,

Los Diques, San Agustin, Antaraque.

Group II: Tholapalca I and III, Asunci6n, Coroma.

Group III: Mina Amistad, La Calera, Wichajlupi.

7.2.4.2.1 Cotaje deposit

The Cotaje mine is located 16.5 km southwest of SeVa-

ruyo, at the western edge of the Meseta de Los Frailes. The

deposit is found in a white tuff outcropping on a small ridge

at the eastern side of the Cerro Cotaje (3,895 m) (Fig. 7-12,

7-13 and 7-14).

The geology of the Cotaje area consists of Cretaceous

brown clays with interbedded pyroclastic sediments covered by

the Los Frailes tuffs. The Cretaceous formation is intruded

by a dacitic stock (800 x 600 m ) , about 100 m west of the

mineralized area, (Aparicio, 1981). New observations, how-

ever, lead COBOEN geologists to consider that rocks of the

Tertiary Chamarra Fm are underlying the tuffs instead of

Cretaceous sediments.

The uranium mineralization is controlled by subvertical

north-south striking faults within the tuff, near its contact

with the Chamarra Fm. The mineralized zone is about 350 m

long and 1-10 m wide. Its width decreases toward depth and

the vertical extension of the known mineralization is about

40m. The indicated reserves are calculated at 13,580 t ore

with 0.0848% U^Og.
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The described uranium minerals include autunite, meta-

autunite, torbernite and cuprosklodowskite at.shallow depth

(0-8 m). Reduced uranium minerals (coffinite and pitch-

blende) are found in depth. Secondary minerals occur as

veinlets or very fine dissemination in the tuff. Reduced

uranium minerals are found associated with sulfides (pyrite,

galena, sphalerite) in small patches, disseminations or vein-

lets in the massive tuff. Barite as gangue mineral in vein-

lets was observed by Kim (1978).

The wall rocks are extensively kaolinized. Biotite is

rare and altered to chlorite or clay minerals. White quartz

in the fresh tuff becomes smoky near the mineralization.

7.2.4.2.2 Huancarani anomaly (Fig. 7-15)

The Huancarani anomalies are located about 7 km south-

west of Sevaruyo. They are distributed over a northeast

trending area (2,000 x 150 m) . The mineralization is con-

trolled by faults dipping 45-70° east. Surrounding rocks

consist of the Los Frailes tuff and resemble those of the

Cotaje prospect exhibiting also smoke/quartz and hydrothermal

alteration.

No uraniferous minerals were seen with nake eye or

under the microscope.

The average grade is 0.12 - 0.14% U. ranging from 0.0025

to 0.025% U.

7.2.4.2.3 Torko anomaly

The Torko anomaly is located about 18 km east-southeast

of Sevaruyo. Surrounding rocks are rhyodacitic tuffs, over-

lain by andesitic lavas of the Los Frailes Fm. These rocks
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belong to a higher level than the rocks underlying the Cotaje

and Huancarani prospects.

The mineralization occurs in subvertical east-west strik-

ing faults. Known uranium minerals are autunite and torbernite

and the maximum U-Og grade found is 0.4% at a range of 0.017 -

0.4%.

7.2.4.2.4 Los Diques anomaly (Fig. 7-16)

The Los Diques anomaly is located about 35 km southeast

of Sevaruyo and 7 km northeast of the Tholapalca III anomaly.

The mineralization is located near 8 subvertical and

silicified faults of northeasterly strike within the Los

Frailes tuff. Smoky quartz and kaolinite are described in

the mineralized tuff. This mineralization consists of autu-

nite and torbernite. Opale and iron oxides are also recog-

nized.

7.2.4.2.5 Tholapalca anomalies

Tholapalca I, II and III anomalies lie about 30 km south

-southeast of Sevaruyo.

Aparicio (1981) believes that Tholapalca II anomaly

belongs to the same genetic group as Cotaje, Huancarani, and

Torko prospects.

In Tholapalca III the radioactively anomalous area is

located in a bowl shaped plain underlain by the same whitish

tuff with smoky quartz as found in Cotaje (Kim, 1978). Around

the anomalies the tuff is altered with forming of clay miners

als, kaolinite and montmorillonite. Accessory minerals in the



tuff include apatite, zircon? monazite, ilmenite and magneti-

te. The described uranium mineral is autunite (average grade

0.80% U^Og).

7.2.4.2.6 Asunci6n anomaly

This anomaly is located about 30 km south-southeast of

Sevaruyo, in ignimbrite overlain by white tuff. The occurs

rence is detected along the edge of a terrace like platform.

The ignimbrite which is the host rock of the mineraliza-

tion has a porphyritic texture with phenocrysts of quartz and

minor plagioclase and orthoclase (Kim, 1978).

Uranophane is the known uranium mineral, filling cracks

and vugs of the altered and iron stained rock (Kim, 1978).

The grade ranges from 0.06% to 0.25% U-Og.

7.2.4.2.7 Coroma anomaly

The Coroma anomaly lies 20 km southeast of Sevaruyo, near

the road at the entrance to the village of Coroma.

The geology of the anomalous area consists of tuffs of

the Tertiary Los Frailes Fm and overlying Quaternary deposits

derived from the Los Frailes Fm. Manganese oxides are found

in the fissures and on the surface of sands and tuff pebbles.

The anomaly is found in the alluvial deposits. The ra-

diometric measurement shows a background of 150 c.p.s., 300

c.p.s. on the surface near a pit and a maximum of 800 c.p.s.

in the pit. No uranium minerals are identified.



7.2.4.2.8 Mina Amistad area

The Amistad mine is located about 7 km south-southwest

of Sevaruyo. The mine was originally worked for copper found

in the red-bed sediments, but it is now closed. The uranium

anomaly is detected in the same area as the copper mineraliza-

tion.

The geology of the Amistad mine consists of well-sorted

medium to fine grained quartz sandstones and shales (80°/35°

NE) of the Chamarra Fm which is conformably overlain by white

to grey tuff. Nearly horizontal limestone of Quaternary age

rests on the tuff.

The uranium and copper mineralization occurs both in the

Tertiary Chamarra Fm and the Quaternary limestone. Uranium

minerals are autunite and torbernite associated with copper

carbonates (malachite, azurite), sulfides (pyrite, pyrrhotite,

bornite), iron and manganese oxides (limonite, pyrolosite) and

calcite-aragonite. The average U-Og content is about 0.23%.

This deposit is classified by Kim (1978) as a typical

red-bed uranium copper deposit, while Aparicio (1981) believes

that its formation is the result of the mixture of hydrother-

mal sulfurousandbicarbonaceous solutions related to the wea-

thering of the Quaternary limestone.

7.2.4.2.9 La Calera anomaly

The Calera anomaly is located about 4 km west of Thola-

palca III anomaly and lies in the Tertiary Los Frailes Fm,

overlain again by Quaternary limestone.



The mineralization consist of autunite and coffinite,

associated with pyrite, pyrrhotite and stibnite. It is re-

lated to calcareous H^S-rich springs which occur in the middle

and upper parts of the hill and deposits of calcareous sinter

and iron hydroxides. The radioactivity background is 150 cps

and increases up to 4,400 c.p.s. in the anomalous areas.

7.2.4.2.10 Wichajlupi anomaly

The Whichajlupi anomaly is located 24 km north-northeast

of Sevaruyo. In this area, the volcanic Los Frailes Fm covers

the Silurian Llallagua Fm with an angular unconformity.

The anomaly is related to sulfurous hot springs (60-80°C)

which precipitate sulfur (Mg, Ca, Mn, Pb) sulfates and carbon-

ates, as well as iron oxides.

The maximum radioactivity is about 2,500 c.p.s. and the

highest uranium content is 0.031%.

7.2.4.3 IUREP mission comments on the anomalies in the

Sevaruyo Area.

For all the above descriptions of the anomalies, in-

formation of Kim (1978), Aparicio (1981), and COBOEN (1970-

1978) were used.

During a field trip of four days to the Cotaje area, the

members of the mission examined the Cotaje prospect and the

anomalies of Torko, Wichajlupi, Mina Amistad, Campana fault

(1 km north of Mina Amistad), Tholapalca I and III, La Calera,

Huancarani, Los Diques ("dykes" A and H) , Asunci6n and San

Agustin.



Although the geology and the radioactive expressions

of all these areas are different, four groups can still be

distinguished:

Group I "magmatic anomaly": example Asunci6n.

This anomaly is related to a discontinuous horizontal

level in a fresh tuff. The thickness of this level

ranges from 5 to 20 cm. The members of the mission

concur with Cornejo's report as to the shape of this

anomaly. It is believed, however, that this anomaly

seems to be a U-rich level in a normal tuff (2600 c.p.s.

= 13 times background).

Group II "hydrothermal anomalies": examples: Cotaje,

Torko, Los Diques, San Agustin, Huancarani.

Uranium mineralization (Cotaje) or radioactive anomalies

are related to highly altered tuffs (kaolinization? with

or without silicification). This alteration is control-

led by faults and fractures, and is, at least in the case

of Cotaje, associated with hydrothermal activity caused

by a younger dacite intrusion. The highest anomaly is

usually located in those tuffs which show the strongest

hydrothermal alteration.

Group III "anomalies related to springs": examples: Mina

Amistad, Campana fault, Wichajlupi and La Calera.

Anomalies are related either to inactive (Mina Amistad

and Campana) or active springs (Wichajlupi, hot springs,

and La Calera, cold springs). In all these areas altered

tuffs, travertines, gypsum, and iron oxides were observed,

Therefore, Mina Amistad is considered neither a syngene-

tic sedimentary Cu-U nor an epigenetic sandstone type as

proposed by Kim (1978).



Group IV "sedimentary anomalies": examples: Tholapalca

I and III.

Even if altered tuffs are observed as lenses in the

Quaternary deposits in the Tholapalca III area, the

anomalies are located in detritic material derived from

the erosion of the Los Frailes tuff.

Except in Cotaje, Torko, Huancarani, and Tholapalca I,

uranium minerals (reduced or oxidized) were not observed

The members of the mission were unable to fully explain

the higher radioactivity (U, Th, Ra, Rn?) observed in

these anomalies.

7.2.5 Yauricoya - Chulchucani area

7.2.5.1 General geology

This area is located in the east of the Meseta de Los

Frailes and northeast of Potosi (area 2 in Fig. 7-9 and

7-17). Rocks which outcrop in this area are mainly of

Broterozoic, Ordovician and Silurian ages (Cancaniri and

Kirusilla Fm).

These Proterozoic rocks are strongly folded and faulted

and unconformably overlain by Cretaceous sedimentary rocks

(La Puerta, Tarapaya and Miraflores Fm). Some remnants of

volcanic acid rock (ignimbrites, tuffs and lavas) are known.

They are supposed to belong to the Los Frailes Fm.

Uranium mineralization is known in the middle to upper

Ordovician which includes thick layers of quartzites and

quartz sandstones with minor siltites and shales. The thick-

ness of this formation is about 800 m. Near the upper part of

this formation, lutites and shales dominate over minor quart-

zites and sandstones.
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Fig. 7-17: Geological map of the "Yauricoya-Chulchucani"

area (Aparicio, 1981).
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All the tectonic events, from the hercynian orogeny to

the latest andean phases can be studied in the quartzites.

Faults are reactivated by later tectonic events and strong

breccia zones are related to these movements. They seem to

be of significance for the genesis of uranium mineralization,

of both hydrothermal (Yauricoya) and supergene types (Esperan-

za) (Kim, 1978).

In addition, uranium mineralization occurs in altered

sandstones and in fractures associated with copper and cobalt

minerals, in the lower part of the Cretaceous formations, near

the unconformity between Ordovician and Cretaceous (Chulchucani

area), as well as in other geological settings (Tollojchi,

Padcoyo) which will be reviewed in the following.

7.2.5.2 Uranium occurrences

The Yauricoya mine lies about 50 km north of Potosi. The

mine was originally worked for cobalt, nickel and copper. Three

adits have been driven for exploration but all are inaccessible

now.

The country rocks of the deposit consist of slate and

quartzite of Ordovician age, striking 145° and dipping 70°NE.

The mineralization occurs in veins along a fault trending

140°. The known minerals are bornite, chalcopyrite, pitch^

blende, chalcocite, calcite, smaltite and covellite. Very

fine grained pitchblende is widespread in the ore and inter-

grown with bornite. Chalcocite was formed at latest stage,

replacing bornite, or crystallizing in younger fractures.

Covellite was formed replacing both bornite and chalcocite at

the time of the formation of calcite veins.



Thus the mineral association indicates that the Yauricoya

uranium occurrence belongs to the Co-Ni-Cu-U type of hydro-

thermal deposits.

The following table (Kim, 1978) contains the results of

a chemical analysis of high-grade uranium ore collected in

the Yauricoya mine:

" U3O8

Cu

Fe

Co

Ni

Ca

Th

Si°2

16.6%

38.6

7.74

0.61

0.36

4.18

n.d

3.54

n.d. = not detected

The Esperanza anomaly lies about 55 km north of Potosi

It is located on the road to the Yauricoya mine. Trenches

and a pit more than 8 meters deep have been dug for further

exploration.

The country rocks of this anomaly consists of white

quartzite, arkosic sandstone and slate of Ordovician age.

These formations strike 135° and dip 45°SW. Faults are

developed in the area and are similar to the faults in

Yauricoya area.

The uranium mineralization occurs in a brecciated and

sheared zone (40 x 1.60 m). It consists of metatorbernite

and autunite associated with iron oxides and hydroxides in

cracks and cavities within the shear zone.



Radiometric measurements show the following results:

background 200 c.p.s

mineralized zone 1,000-6,000 c.p.s

trench 10,000 c.p.s.

trench (shear zone) 3,000 c.p.s.

The Chulchucani deposits are located 25 km northeast of

Potosi. Again, these deposits have been mined for cobalt and

copper but uranium was also detected in the same area.

The geology consists of Ordovician slates and quartzite

and the unconformably overlying Cretaceous calcareous sand-

stones of the La Puerta Fm. This sandstone is medium to fine

grained, with cross bedding. The copper and cobalt mineral-

ization is located in the upper part of the Cretaceous sand-

stone both as a discontinuous lenticular horizon and in frac-

tures. The relationship between uranium, cobalt and copper

is not clear, but they appear to be associated at variable

degrees. In the high grade cobalt deposit, the content of

uranium is very low, and the uranium is rather associated with

copper than cobalt. Different relations between cobalt, copper

and uranium minerals are observed also in the anomalies around

the Chulchucani mine.

Uranophane is the main uranium mineral in the Chulchucani

ore. It occurs as disseminations in the sandstones, or as

fillings of cavities. It is also found in close association

with malachite and/or azurite in fine fractures. Calcite

occurs mainly in the sandstone and occasionally in cavities

together with uranophane. Black cobalt hydroxides are found

as irregular patches in the ore.



The Tollojchi anomaly is located about 40 km southwest

of Potosi. Its geology consists of ignimbrites and siliceous

tuffs of Los Frailes Fm and of rhyodacites and andesites of

the Tollojchi Fm (Miocene-Pliocene).

The uranium mineralization is found in veinlets and in

vugs in the siliceous tuff unit and in large veins in the

lower tuffaceous unit. The siliceous tuff unit includes in

addition to the tuffs, shales and very fine grained sand-

stones intercalated with ashes. Silica and barite are dissem-

inated throughout the rock. Hydrothermal As, Sb, Bi, Ag sul-

fides are found mainly in the lower unit of the Los Frailes Fm.

The uranium minerals, mostly uranophane, occur in the

siliceous shale associated both with antimony and barite min-

eralization.

The geology of the Padcoyo anomaly (about 125 km south-

east of Potosi) consists of phyllites of Ordovician age (30/

60-80°NW) cut by later quartz veins and andesitic dykes. The

presence of leucocratic granite in depth is suggested by the

occurrence of granitic xenoliths in the andesitic dykes.

The uranium anomaly is detected in three parallel thin

alaskitic bands intercalated with phyllite along its schist-

osity plains. (Fig. 7-18).

The alaskitic bands are 1-4 cm wide and about 200 meters

long. The grade of metamorphism of the wall-rocks decreases

rapidly away from the alaskite. In general, the rocks in the

anomalous part have the appearance of banded gneisses, although

the felsic bands are not frequent.

The alaskite consists of microcline, plagioclase and

quartz with minor pyrochlore and apatite. The anomaly'is



(a-)

ataskttic
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F i g . 7-%3: The Padcoyo anomaly (Kim, 1978)

(a) Idealized and suggested geological cross section of the Padcoyo
uranium anomaly. Metamorphic grade of country rocks increases
toward the uranium-bearing alaskitic bands.

(b) Altered radioactive minerals (dark particles) in the alaskitic part
of the banded gneiss from the Padcoyo anomaly. Thin section.
(=) x92.



confined to this alaskitic material. Autunite is found in

the weathered rock near surface. The radioactivity does not

exceed 500-900 c.p.s. against a background of 100 c.p.s.

7.2.5.3 IUREP mission comments on the uranium occurrences

in the Yauricoya - Chulchucani area.

During a field trip of two days, the anomalies of Espe-

ranza, Yauricoya, Tollojchi area and the Los Mantos mine

(called "Tollojchi mine" in this report) were visited.

The Esperanza and Yauricoya anomalies are both located

in brecciated Ordovician rocks which mainly consist, in the

area of the anomalies, of quartzites with minor interbedded

shales. These anomalies trend more or less northwest. This

direction is of regional importance: bedding and schistosity

of Paleozoic rocks, faults and shear zones, calcalcaline in-

trusions of Tertiary age follow the same direction. Only

secondary uranium minerals (autunite, torbernite) were observed

in these anomalies. Pitchblende is reportedly known in a cop-

per mine, 5-600 m lower in the valley, but this mine was not

visited.

The anomalies of Tollojchi area and Los Mantos mine are

known on both sides of a ridge underlain by Los Frailes tuffs,

roughly south of the Cerro Tollojchi. There, the anomalies

appear to closely resemble the Los Diques anomalies in the

Sevaruyo area in respect to their kaolinisation(?), wide-

spread silicification and iron deposition of iron minerals.

These altered anomalous zones are related to at least 4 or 5

parallel faults (120-140°).

In the Los Mantos mine, close to the anomalies discussed

above but at a higher elevation, two formations can be ob-
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served. The lower part consists of a layered fine grained

grey tuff, the upper part is a thick tectonic breccia of

similar material. The average dip of the contact between

these two formations is 40-50°, sometimes more or less flat,

or more vertical in other places. Anomalies (up to 13,000

c.p.s.) are found at places in the lower tuff near the con-

tact with the breccia. Sulfides are observed in anomalous

samples. This mine is mainly worked for silver at a very

small scale.

7.2.6 Camargo and Tupiza-Tarija areas

7.2.6.1 Camargo area

This area was examined by COBOEN (Balderrama, 1970). It

is located southwest of the village of Camargo; near the small

village of Huaranhuay, between Potosi (197 km) and Tarija (187

km).

The geology of this area consists of shales and slates

of Ordovician age and Cretaceous sediments of the Chaipiuno

Fm. These two formations are separated by a regional north-

northeast trending fault and a thick pegmatitic dyke.

The detected anomalies are located in the contact zone

between the pegmatite and Cretaceous sediments. Pitchblende

and other uranium minerals occur as intergranular fillings

in the Cretaceous oolithic limestone.

Two samples were analyzed for uranium by COBOEN and

contained 2.85% and 3.15% U-O-, respectively. Radiometric

measurement gave values of up to 10,000 c.p.s.



7.2.6.2 Tupiza - Tarija area

This area has also been investigated by COBOEN and later

became part of AGIP's areas of investigation. The AGIP area

(Fig. 7-1) covers a surface of 28,438 km2 and is located north

of the boundary Bolivia - Argentina. The most important towns

are Tarija (Department of Tarija) and Tupiza (Department of

Potosi). The area is crossed by two railways: Salta (Argen-

tina) - Oruro - La Paz, and Salta - Villamontes - Santa Cruz

as well as by the Panamerican highway.

7.2.6.2.1 Regional geology

In this area rocks ranging in age from Precambrian to

Tertiary ages are known: The Precambrian rocks include

gneisses and granites and are located near the boundary with

Argentina, south-southwest of Tarija. Cambrian and Ordovician

rocks outcrop in the central part of the Paleozoic zone and

are flanked on both sides by Silurian and Devonian. All the

sediments from Cambrian to Devonian have a marine character

and include mainly clays and siltites. Quartzites and sand-

stones are also known in the Cambrian and Devonian formations.

All these sequences are folded and faulted, and separated by

unconformities due to orogenic movements during the entire

Paleozoic.

Younger sediments are known towards the east (Subandean

belt), in the Central part of the area (Camargo syncline) and

towards the west (Tupiza area).

In the Subandean belt, sediments of Carboniferous to

Tertiary ages occur. Carboniferous rocks form the core of

anticlines and consist of mixed marine and continental sedi-



ments. Permian rocks either do not outcrop or cannot be

distinguished from the Carboniferous sediments. Triassic

formations occur in the northern part of the concession and

consists of limestones, anhydrite, gypsum and salt layers.

Sediments of Cretaceous to Tertiary ages are also under-

lying these areas, but no stratigraphic separation was attempt-

ed. The sediments mainly are of continental origin in the sub-

andean belt, and of marine origin in the Camargo syncline. In

the Tupiza area, Tertiary porphyries of dacitic composition -

intrude all the above described formations.

7.2.6.2.2 Uranium anomalies

Numerous radiometric anomalies were found by aerial pro-

spection carried out by AGIP (Chapter 6). They are mainly

located in the Tertiary Guandacay Fm in the eastern part of

the area and in the Tertiary igneous rocks which outcrop in

the Tupiza area, in the west of the area.

The Guandacay Fm (about 700 m thick) consists of thin

conglomerates, sandstones and shales. Organic material oc-

casionally occurs in the upper part of this strongly folded

formation.

All the formations of the Tupiza area, Paleozoic shales,

Cretaceous sandstones and calcareous shales, Tertiary con-

glomerates and sandstones, are intruded by igneous rocks of

dacitic composition, along faults of a graben and horst tec-

tonism. The surrounding rocks are unaltered; the dacitic

rocks, however, are altered, show devitrification of the ma-

trix (calcedony)-, carbonitization of pyroxenes and remobiliz-

ation of uraninite.



In the highly folded Guandacay Fm, the anomalies en-

countered are related to superficial carbonaceous material.

AGIP geologists concluded that this area cannot contain

economic uranium deposits mainly because of the vertical dip

of the formation and the absence of reduced sediments at depth.

In the dacitic rocks from the Tupiza area, anomalies are

mainly due to zircons, potash (K 40) and uraninite. Some su-

pergene mineralization was found in fractures within this rock,

but they ended at depth of less than 13 m.

7.3 SERRANIAS ORIENTALES

7.3.1 San Jose* - Robore* area

This area was also explored by AGIP (Fig. 7-1). It is

located in the eastern of Bolivia, near the Brazilian Shield.

Politically it belongs to the Department of Santa Cruz and

the most important towns are Robore and San Jose de Chiquitos.

There are airports in both towns, and the Santa Cruz - Puerto

Suarez railway crosses the area.

7.3.1.1 Regional geology

From satellite imageries and previous stratigraphic work

a geologic map (1:250,000 scale) was constructed by AGIP.

Rocks of Precambrian, Cambrian, Ordovician, Silurian, Creta-

ceous and Quaternary ages are distinguished. Unconformities

are recognized between Cambrian and Ordovician formations

(Chiquitana orogeny) and between Devonian and Cretaceous form-

ations (Chaquena orogeny).



The Precambrian formations constitute the core of the

Taperas anticline. They can be easily recognized by their

higher radioactivity due to their thorium and potase contents.

Using aerial radiometric methods, two anomalous areas were

found and studied in detail; San Jose West which belongs to

the Serrania Chiquitana, 3 km south of San Jose, and San Jose

East, 40 km east of San Jose, and only 3 km south of Precam-

brian outcrops.

In both areas, outcrops are very scarce but their sub-

surface geology is known mainly through drill hole information.

Precambrian formations consist of white granites and

gneisses and are overlain by an unconformity with Ordovician

formations (Tucavaca Fm and Jacadigo Group). The Tucavaca Fm

consists of shales (110°/6°SW) and in its lower part the Jaca-

digo Group of conglomerates overlain by different types of

sandstones. The Santiago Group of Devonian age rests uncon-

formably on the Ordovician formations and consists also of

various sandstones with some interbedded clays and conglomer-

ates. Later sediments are of Quaternary age.

7.3.1.2 Radiometric anomalies

In the San Jose West area, all anomalies are located in

white to reddish quartz sandstones with interbedded iron-rich

layers. The average radiometric background values are 40-60

c.p.s. and anomalous values are twice or three times background

Their surface range from some m2 to some 10,000 m2.

In San Jose East area two small anomalies were found

between a "metamorphic complex" and sedimentary rocks.



In both areas no uranium mineralization was found by

drilling. The anomalies were only superficial and due to

supergene phenomena.

7.4 BRAZILIAN SHIELD

Anomalies are known in the Cerro Manom6 area. This

area (16°30'S and 60°48'W) belongs to the Velasco alkaline

Province, and it is located 24 km northeast of the alkaline

plutonic intrusions.

The Manom.6 area consists of pale tuffs, dark lavas in-

truded by ring dykes of similar composition as well as agglom-

erates. Six ring structures are known in the Cerro Manom6

area covering a surface of 6 x 4 km. Some outcrops of the

Precambrian gneissic basement appear through the Tertiary

lateritic cover.

All the rocks of the Cerro Manom6 are highly altered.

Gneisses are transformed into pyrophyllite and quartz,and the

tuffs and lavas to quartz iron oxides and hydroxides as well

as barite. Because of their chemical composition (trace ele-

ments), these volcanic rocks are considered as ferrocarbonatite

transformed by a later metasomatism, but up to date no carbon-

atite was encountered.

The chemical composition of 8 samples are given in

Tables 7-2 and 7-3.

All these rocks have a high Th and R.E. but a low U

content, except the two samples of "phosphatic tuffs" (MR 15

and 16) which are richer in uranium showing 1312 and 1152 ppm

U respectively. In these "phosphatic tuffs" the phosphate



1

SiOg

AI2O3

^2^3
MgO

CaO

Na^O

*2°
TRO-

?2°5
F

P.p.I.

11

Be

B

V

Cr

Mi

Fe(%)

Co

Ni

Y

Zr
Nb

Mo

Sn

Ba

MN3

46.92

0.65

32.34

0.24

0.11
0.34

0.04

0.19

0.15

0.35

^4.03

1

0*

28

0*

11300

13.10

5*

14

70

59

197

26

9

47000

MW7

67.93

0.42

18.37

0.20

0.13

0.31

0.01

0.07

0.12

0.42

3.97

2

0*

158

0*

..16200

8.34

3*

11

107

232

190

30

0*

27400

MW26

49.59

0.64

26.14

0.24

0.15

0.34

0.03

0.26

0.65

0.36

4.61

2

0.2*

76

0*

13900

10.30

7*

6*

71

54

364

18

5

49200

MW27

57.45

0.58

23.50

0.26

0.12

0.34

0.03

0.12

1.30

0.29

4.41

1

0*

127

0*

11600

9.95

5*

9*

25

84

451

73

1*

44200

MR11

85.61

2.59

2,30

0.16

0.56

0.34

0.08

0.24

0.96

0.38

2.44

3

5

241

7*

44*

1.15

6*

9*

615

389

1410

18

0*

14000

MR12-1

81.92

1.54

1.68

0.15

0.62

0.32

0.01

0.04

3.94

0.28

1.41

9

22

382

2*

6670

0.65

1*

0*

660

79

194

29

0*

14400

MR15

8.39

2.32

24.47

0.29

34.03

0.55

0.03

0.41

23.72

1.52

4.79

16

0*

214

0*.

3650

12.50

22

15

1010

236

470

0*

8

5160

MR16

5.67

1.20

23.27

0.40

37.51

0.57

0.03

0.20

25.19

1.69

3.77

12

0*

84

0*

3490

11.00

16

9*

755

159

581

0*

6

3830

Table 7-2: Cerro Manomo anomaly: analytical results

MW3: "dyke" MR 11: "altered tuff"

MW7 and MW26: "lavas" MR 12-1: "silicified

MW27: "lava with later replacement
tuff"

MR 15 and MR 16:

"phosphatic tuff'

* P.p.J. = Loss of ignition

(Misi6n Geol6gica Britgnica/Servicio Geol6gico de Bolivia, 1979)



III

III
ppm

IV

Ce

Cu

Sb

-Pb

Zn

Ti

Ag
U

Th

Sr

In

Nb

MM3

1480

23

0

127

570

550

10

5

713

214

0.5

320

MW7

16500'.-

24

0

114

448

260

5

16

2932

230

3.5

1030

MW26

7391

30

0

49

999

880

9

13

647

144

1.0

925

MW27

13400

45

0

67

29.3

320

6

20

1277

872

2.4

1200

MR11

21600

20

0

546

53

1350

0

35

5877

1572

4.5

8200

MR12-1

32000

16

2

240

49

210

0

211
1266

4799

6.6

650

MR15

791

41

0

143

697

1600

4

1312

1517

6308

0.4

880

MR16

980

15

2

110

470

730

2

1152

1703

7103

0.4

1025

0.03 0.20 0.03 0.02 0.19 0.07 1.64 2.12

I Resultados de betaprobe (%) Anal: A.E. Davies, M.F. Quinn. (IGS)

II Resultados de espectrografia de emision (ppm) Anal: B.A.R. Tait,
L. Ault, S.F. Hobbs, J.E. Robbies, y N.'C.W. Anderson (IGS)

IH Resultados de espectrcmetria de XRF (ppm) Anal: T.K. Smith, P.J.
Sleeman, M.J. Cumpstey y H.P. Dixon (IGS)

IV Resultados de P.I.F. (In%, Nb ppm) Anal: J.D. Appleton y A.
Llanos

V Analysis de electrodo especifico de iones (%) Anal: J.D.
Appleton y A. Llanos

* Indica que las concentnaciones estan bajo el limite de deteccion: Be,
Mo, lppm; Y, Sn, 5 ppm; B, V, Cr, Co, Ni, lOppm; Zr, Nb, 20ppm;Mn,
50 ppn; Ba, 100 ppn; Fe, 5000 ppm

^* Concentracion es*Lunada (interferencia de Th)

Table 7-2 (cont'd)



CeO.

I*6°ll

Sm-Og

Eu-Og

Gd2°3

Suelo

M 47

1.10

0.57

0.17

0.25

0.19

0.14

0.057

2.477

Sedimento fluvial

F1705

0.51

0.12

0.12

0.23

0.24

0.15

0.085

1.455

Suelo

MD 4

0.055

0.94

0.05

0.01

0.27

0.05

0.10

1.475

Roca

MR 12-1

1.38

1.92

0.54

2.25

0.25

0.20

0.027

6.567

Metodoanalltico: XRF

Analista: Alfred H. Khi^it International Ltda, Wallasey, England

Table 7-3: Cerro Hanomo anomaly: Rare Earth contents in

(Misi6n Geol6gica Britgnica/Servicio Geoldgico de Bolivia,

1978)



mineral is mainly apatite, probably with uranium replacements

in the crystal structure. As secondary uranium mineral autu-

nite was observed in soils.

7.5 CLASSIFICATION OF THE BOLIVIAN URANIUM OCCURRENCES

These uranium occurrences are classified according to

both the age of their rocks, and their genetic model.

7.5.1 Chronological classification

Up to date, most occurrences were found, a) in Tertiary

formations, and b) in Paleozoic, mainly Ordovician and/or

Silurian formations. Only few occurrences are known in Creta-

ceous and in Quaternary sediments (Table 7-4). But as up to

date nearly all uranium exploration centered in the Cordillera

Oriental, and the Altiplano, very little in fact is known

about the uranium potential of the Precambrian Shield.

7.5.2 Genetic classification

From the genetic point of view, several types of occur-

ences can be distinguished:

- hydrothermal deposits related to Tertiary acid to

intermediate volcanics (tuffs, ignimbrites, etc);

this group is the most numerous and includes the de-

posit 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. Sev-

eral associations are found: U - W - Sn (Urania, Bolsa



Table 7-4 - DESCRIBED BOLIVIAN URANIUM OCCURRENCES

No.

1*

2

3

4

5

6

7

8

9

10

11

12

NAME

Cerro Kachaca

Chacarilla

Corocoro

Laram Uta

Kollpani

Esmeralda

Vancani

Agua de Castilla

Llallagua

Chita

Cotaje

Huancarani

AREA

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Altiplano

Cordillera
Oriental

Cordillera
Oriental

HOST ROCKS

III** sandstones
(Kollu Kollu Fm)

III sandstones,
clay and gypsum
(Chacarilla Fm)

III sandstones
(Chacarilla Fm)

III sandstones and
organic products
(Totora Fm)

III sandstones
(Potoco Fm)

III sandstones
(Potoco Fm)

III sandstones
(Potoco Fm)

III sandstones and
organic products
(Potoco Fm)

KNOWN
MINERALS

?

2

torbernite
metatorbernite

2

2

?

rhyolitic neck (age?)
intruding Devonian
shales and sandstones ?

Ill sandstones

III tuffs and
ignimbrites
(Los Frailes Fm)

III tuffs and
ignimbrites
(Los Frailes Fm)

2

pitchblende-
coffinite U
IV minerals

coffinite -
autunite
torbernite

ASSOCIATED
METALS

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Sn

-

Fe (Pb,Zn)

Fe(Cu)(Zn)

GENETIC
TYPE

Cu red beds

Cu red beds

Cu red beds

Cu red beds

Cu red beds

Cu red beds

Cu red beds

Cu red beds

hydrothermal

-

hydrothermal

hydrothermal

* numbers refer to Fig. 7-1
** III = Tertiary



- 2 - Table 7-4 (cont'd)

No

13

14

16

17

18

19

20

22

NAME

Torko

Los Diques

Tholapalca 11

Tholapalca III

Asunci6n

Coroma

Amistad

Calera

AREA

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

HOST ROCKS

III tuffs and
ignimbrites
(Los Frailes Fm)

III tuffs and
ignimbrites
(Los Frailes Fm)

III tuffs and
ignimbrites
(Los Frailes Fm)

III tuffs and
ignimbrites
(Los Frailes Fm)

III tuffs and
ignimbrites
(Los Frailes Fm)

IV* sediments
overlying III
tuffs
(Los Frailes Fm)

both III sand-
stones (Chamarra
Fm) and IV lime-
stone

III tuffs and
ignimbrites
(Los Frailes Fm)

KNOWN
MINERALS

autunite
torbernite

autunite
torbernite

yellow U
minerals

autunite
torbernite
bolwoodite
uranophane

uranophane

autunite
torbernite

coffinite
autunite

ASSOCIATED
METALS

Fe Si

Fe?

Mn

Cu Fe Mn

Fe - Sb

GENETIC
TYPE

hydrothermal

hydrothermal

hydrothermal

supergene

magmatic

supergene

Cu red beds (Kim,
1978) mixed hydro-
thermal and super-
gene (Aparicio,
1981) hydrothermal
springs (this mis-
sion)

calcareous springs
with H-S release

1

*IV = Quaternary



- 3 - Table 7-4 (cont'd)

No

23

25

26

27

28

29

30

31

32

33

34

NAME

Wichajlupi

Lunlaya

Kohuila

Incognita

Nuevo

Urania

Bolsa Negra

Sapo

Independencia

Choroma

Yauricocha

AREA

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

HOST ROCKS

III tuffs and
ignimbrites (Los
Frailes) overlying
Silurian sediments

III rhyodacitic
rocks

III rhyodacitic
rocks

Ordovician
slates

Ordovician
slates

Silurian slates
intruded by III
granodiorite

Paleozoic slates
intruded by III
granodiorite

syenite neck and
sodalite dyke
soils

Ordovician sand-
stones and slates

Cretaceous
sandstones

Ordovician slates
and quartzites

KNOWN
MINERALS

?

pitchblende,
coffinite

autunite
pitchblende

?

pitchblende

?

pyrochlore

?

?

pitchblende

ASSOCIATED
METALS

Fe,

Fe,

Fe,

Bi,

Co,

Mn

Cu

Cu, Zn

Fe

Fe

W-Sn (Fe,
An, Cu)

W-Sn (Fe,
Zn)

Cu

Co,

(Mn)

Ni, Cu

GENETIC
TYPE

sulfurous hot
springs

hydrothermal

hydrothermal

hydrothermal

hydrothermal

hydrothermal

hydrothermal

magmatic

supergene (Kim,
1978)

hydrothermal (Kim)

hydrothermal



Table 7-4 (cont'd)

No.

35

36

37

38

39

40

41

42

43

NAME

Esperanza

Chulchucani

Tollojchi

Padcoyo

Camargo

Tupiza

Tarija

San Jose

Manomo

AREA

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Cordillera
Oriental

Subandean
belt

Serranias
Orientales

Brazilian
Shield

HOST ROCKS

Ordovician slates,
sandstones and
quartzites

Cretaceous sand-
stones

III tuffs, and
ignimbrites
(Los Frailes Fm)

alaskites in
Ordovician
schists

Cretaceous sedi-
ments
(Chapiuno Fm)

III dacitic
rocks

KNOWN ASSOCIATED
MINERALS METALS

autunite
metatorbernite

uranophane Co, Cu

? As,Sb,Bi,Ag
autunite,
uranophane

pyrochlore
autunite

pithblende

?
U minerals

III conglomerates
and sandstones,with ?
organic products
(Guandacay Fm)

sandstones

Cretaceous
"tuffs"

U in apatites R.E.
autunite

GENETIC
TYPE

hydrothermal

metamorphism,
magmatism, super-
gene

?
supergene

supergene

supergene



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, Independencia, Tupiza, Tarija) seem

to be purely supergene. They are located either in

volcanics or in sedimentary formations, mainly sand^

stones;

- magmatic anomalies: few anomalies are related to mag-

matic rocks, such as syenite and sodalite dyke (Sapo),

alaskite veins (Padcoyo), or tuffs (Asunci6n); in the

first two occurrences, pyrochlore appears to be the

most important uranium mineral, while in Asunci6n no

mineralogical investigation has been done to identify

the uranium mineral(s).

7.6 BRIEF ECONOMIC EVALUATION

Concerning the evaluation of the economic possibilities

of the described uranium occurrences, it can be concluded

that only the hydrothermal deposits (see Chapter 7.5.2) may

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 min-

ing-metallurgical experiment with the aim to provide COBOEN's

Radioactive Raw Material Department with technological know-how.



In this context it has to be stressed that periodical eco-

nomic assessment of the anomalies, occurrences and prospects be

carried out in order to assure that the following studies and

associated with them, expenditures, are justified.



8. AREAS OF URANIUM POTENTIAL

8.1 INTRODUCTION

With the exception of the Cotaje prospect, discovered

and developed by COBOEN, there is no other uranium prospect

of that quality known in Bolivia despite the efforts of AGIP

and COBOEN and their sizeable expenditures.

The reasons for that are multiple, but it is believed

that the main reason is the lack of a reliable geological

base and, building on it, the lack of applicable metallogen-

etic concepts for uranium deposits. The required geological

information should contain regional geological maps in at

least 1:100,000 scale, radiometric age determinations of

intrusives, their chemical composition and U-Th contents,

facies, geochemical and depositional environments of sedi-

ments, etc.

In view of the scarcity of this information the probab-

ility of carrying out a successful exploration program is

still more reduced than in countries which offer more geolo-

gical information.

The members of this mission are confronted with the same

problem in their attempt to point out areas with uranium po-

tential in Bolivia. Especially a real limitation for the ev-

aluation of the Precambrian Shield area is the fact that only

about 50% of that area is mapped, while the investigation of

the remainder will be terminated in early 1983. It is prob-

able that these forthcoming results will change the present

assessment in either way.

It is also strongly suggested to observe the exploration

activities in the surrounding countries, Peru, Chile, Argentina,

Paraguay, and Brazil in order to learn the results of their



exploration projects in geological environments that also

occur in Bolivia.

In the following an evaluation of the uranium potential

will be presented for each one of the morphological structural

units of Bolivia,i.e., the Shield, the Serranias Orientales,

the Pando, Beni, Chaco plains, the Subandean belt, the Cordi-

llera Oriental, the Altiplano and the Cordillera Occidental.

Some reference will be made to similar studies carried out by

Ziegler (1974) and Pardo (1981).

8.2 EVALUATION OF AREAS WITH URANIUM POTENTIAL

8-2.1 Precambrian Shield

This chapter deals with the main area underlain by Pre-

cambrian rocks in eastern Bolivia as well as with the smaller

Precambrian region in northeast Bolivia (Riberalta-Guayarame-

rin). Recent investigation by GEOBOL-IGS covered only some

50% of the 220,000 km2 of the eastern Bolivian Shield area

(British Geological Mission/Servicio Geol6gico de Bolivia,

1979) while the Riberalta-Guayaramerin area is still unmapped.

The infrastructure of both areas consists mainly of

aerial communication by commercial aircrafts (Lloyd Aereo

Boliviano, Transportes Ae*reos Militares) and small charter

companies using local landing strips.

The only topographic base of both areas are aerial and

satellite photographs; only the southern half of the eastern

Bolivian Shield area is covered by topographic maps in

1:100,000 scale (restitution of air photographs).

Geological map coverage is limited to the same area; the

maps at 1:250,000 scale are not yet published but made public

in open files.



Although the southern part of eastern Bolivia was also

investigated for its mineral potential by geochemical methods

(soil and stream sediment sampling, determination of 24 ele-

ments: Ag, As, Au, B, Ba, Be, Co, Cr, F, Fe, La, Li, Mn, Mo,

Nb, Ni, P, Pb, Sn, Sr, W, Zn, Zr, Y), the uranium potential

was not considered due to legal limitations imposed on GEOBOL.

The detailed geological descriptions of the area mapped

(British Geological Mission/Servicio Geol6gico de Bolivia

[1979]; Litherland & Bloomfield [1981]) yield the following

information which are of uranium geological interest:

The San Ignacio Group of middle Proterozoic age (1800 -

1300 Ma) outcrops extensively in the areas around Concepcidn,

San Ignacio and north of Buena Vista, forming a total of 10

"schist belts" (Ascensi6n, Cristal, Chaquipoc, Capuru, Los

Huasos, San Diablo, San Ignacio, Nocemano, Concepci6n, El

Buente). Although no correlation from one belt to another

can be made, all the major outcrops contain mica schists host

with subordinate psammites, meta-ironstones, calc-silicates,

basic-ultrabasic intrusive sills and zones of graphite-rich

schists. They are particularly described from the Dolorida

Semipelite Fm (La Bella Group)* as well as from the lower

MotacH Shield and upper Los Patos Fms (San Ignacio Schist

Group).

The close of the San Ignacio cycle was marked by at least

five phases of granitic intrusive activity producing the fol-

lowing granitoids:

- the San Rafael Metagranite Fm formed by the anatexis

of the pre-metamorphic lower pelitic fraction of the

San Ignacio Schist Group;

*La Bella Group is a local equivalent of the San Ignacio Schist
Group.



- the San Ramon granitoids;

- the San Andres granitoids, all of which are considered

syntectonic granites;

- the San Javier granitoids (syn/late-tectonic);

- the Refugio granitoids (late/post-tectonic).

In the attached map (Fig. 5-1) all these granitoids are

comprised under one unit "G 1".

The Sunsas cycle, also of middle Proterozoic age (1300-

950 Ma), comprises the erosion of the San Ignacio rocks, the

deposition of a 6,500 m thick clastic sequence, the Sunsas and

Vibosi Groups, and at least two phases of granitic intrusive

events.

The Sunsas Group consists of the basal Guapama Conglomer-

ate Fm, overlain by the lower psammitic unit (1,850 m thick),

the argillaceous unit (1,250 m) and finally by the upper psam-

mitic unit (1,450 m). In the Concepci6n area the equivalent

to the Sunsas Group is the Tajibos Group, which contains in

its middle section the Laguna Schist Fm, containing again

phyllites, schists and among them graphitic schists.

The granitic intrusive activity related to the Sunsas

cycle is being divided into syntectonic and post-tectonic

("G 2", "G 3" in the attached map, Fig. 5-1). Their ages

are approximately 1012 Ma and 1000 - 950 Ma respectively.

The syntectonic granitoids are represented by the follow-

ing (British Geological Mission/Servicio Geol6gico de Bolivia,

(1979):



- Limonal granitoids,

- La Cruz granites,

- metaplutons of Santa Catalina,

- the Las Palmas and La Palca granitoids,

- the La Palca Migmatite Field,

- the San Pablo and El Carmen metagranites,

- the Namoca granitoids,

- the Tauca granitoids,

- the Correreca granodiorite.

The post-tectonic granitoids are aligned along a west-

northwest axis and include 7 major granitic bodies (Talcoso,

Taperas, Cachuela, Salinas, Tesseoro, San Pablo and Lucma).

Associated with both phases is the emplacement of pegma-

tites rich in beryllium and columbite. Minor rhyolitic intru-*

sions are reported to cut metasediments in the Concepci6n area.

Based on the description of the uranium geologically rel-

evant environments, it can be assumed that the following types

of uranium deposits may occur in the eastern Bolivian Shield

area:

- intragranitic deposits may be found in the numerous

granitoid phases associated with the San Ignacio and

Sunsas cycles; these granitic developments may continue

farther north and a re-evaluation at a later date after

termination of the entire Precambrian Project is sug-

gested; special emphasis should be placed on the late

and post-tectonic granites which may have a better po-

tential to host disseminated uranium deposits; into this

group belong the Refugio granitoids (San Ignacio cycle)



and the Talcoso, Taperas, Cachuela, Salinas, Tesseoro,

San Pablo and Lucma granites;

- an apparently favorable setting exists for the forma-

tion of contact vein deposits, located in the contact

area between the granites and relatively low grade

metamorphic schists (pelitic schists, graphitic schists),

or in the schists themselves; this environment occurs

in the San Ignacio and Tajibos Groups within the schist

belts of Concepci6n, San Ignacio and Cristal;

- an indication for some radioactivity is reported in the

basal Guapana Conglomerate Fm (Sunsas Group) where the

presence of widespread smoky quartz is observed;

- conditions for the formation and preservation of uncon-

formity related deposits may exist in the pelitic and

graphitic schists of the San Ignacio Schist Group uncon-

formably overlain by the clastic Sunsas Group; this condition

appear to exist in the areas of Concepcidn and Cristal;

- indications of a minor uranium potential are known from

the pegmatites associated with the Sunsas cycle; as al-

ready found by Henderson et al, (1955) the "La Bella

District" (16°44'S/62°25'W) with the mines of Miramica,

La Verde, Destaje, Recompensa, San Miguel, La Verde Vie-

ja, La Lepra, Santa Ana and Amber gave some radioactive

response related to the presence of columbite, monazite

and fergusonite.

It is believed that no possibilities exist to encounter

quartz pebble conglomerate uranium deposit at least in that

part of the Shield mapped so far. The reason is that this

type of deposit was formed in an anerobic atmosphere believed



to have existed only until 2,200 Ma, and that rocks of that

age or higher have not been found in eastern Bolivia.

Also, no uranium potential is assigned to the newly dis-

covered carbonatitic complex of Manom6. The unfavorable low

U-Th ratio of 1:30, the indication of low U-grades of around

50 ppm associated with high R.E. and the overall geological

setting (carbonatite) seem to make it more a R.E. than a

uranium prospect.

8.2.2 Serranfas Orientales

The mission is of the opinion that the exploration done

by AGIP in this area and its negative results exclude any

uranium potential in this unit..

8*2.3 Pando, Beni, Chaco plains

Within this area of some 550,000 km2 the only part where

to a certain degree favorable geological conditions exist are

the Pando plains covering some 50,000 km2 next to the border

with Brazil.

Access to this area is only by plane to Cobija or Moreno.

The map coverage is limited to conventional and satellite photo-

graphs.

The available geological information of this area is scarce

and limited to the geological map of Bolivia, scale 1:1,000,000

and its explanations (YPFB & GEOBOL, 1977).

According to this, the Pando plains are underlain by a

very thick sequence of continental Tertiary sediments of the



Quendeque, Charqui and Tutumo Fms. At least in the Charqui

Fm some apparently reduced shale horizons were described

(YPFB-GEOBOL, 1978).

If down dip a reduced environment could be encountered

also in the sandstones, the presence of uranium mineralization

could be possible if all other ingredients such as presence of

fertile source (andean block, Precambrian Shield), of reductants,

lack of strong tectonism, etc. could exist. In summary, a "long

shot" proposition.

8.2.4 Subandean belt

The infrastructure of this area covering some 89,000 km2

is more developed than in those previously reviewed. A handi-

cap for efficient ground work, however, is the dense vegetation.

The geology of the area, which partly has been explored in

its southern part by AGIP (Tarija area) includes continental

Paleozoic sediments (Permian, Carboniferous), continental (south)

and marine (north) Cretaceous rocks as well as Tertiary sequences

that would be favorable hosts for uranium. The negative factor,

however, is the strong tectonism which affected the area, as

evidenced by strong folding and faulting.

It is therefore believed that the chances to discover econ-

omical quantities of uranium in this area are neglible.

8.2.5 Cordillera Oriental

This morphologic structural unit covers some 185,000 km2

(Pardo, 1981) and includes as in Pardo's publication the Alti-

plano Norte, the region between the town of Sorata and the

Peruvian border, northeast of the Titicaca Lake.



The Cordillera Oriental is infrastructurally well devel-

oped. It is the area of the highest density of population

and the center of the mining activity of Bolivia.

The map coverage is quite diverse: topographic maps at

1:50,000 scale cover roughly 25% of the northern section, 0%

of the northern part of the southern section, but 100% of the

southern part of the southern section. The coverage of con-

ventional aerial photographs (1:40,000) and ERTS imageries is

complete. The geological maps at 1:100,000 scale cover approx-

imately 30% of the northern section and 75% of the southern

section.

The geology of the Cordillera Oriental includes rocks

ranging in age from Precambrian, Permian and Cretaceous to

Tertiary, and contain a wide range of marine clastic sediments

(Cambrian-Devonian), a glacial-fluvioglacial deposition during

the Carboniferous, again a short marine phase (lower Permian),

followed by a continental upper Permian. During Triassic, ̂

Jurassic and lower Cretaceous the area emerged. The middle-

upper Cretaceous consists of continental sediments, overlain

by a continental sedimentary volcanic sequence. An important

plutonism took place in the Precambrian (limited to the south-

ern part of the Cordillera Oriental), in upper Permian (two-

mica granites of the Cordillera Real) and again in Triassic-

Jurassic, and Tertiary when the andean granodiorites, dacitic

stocks etc. were emplaced. The following stratigraphic column

shows this sequence in more detail:



Stratigraphic Column Cordillera Oriental

Precambrian

Cambrian

Ordovician

Silurian

Devonian

Carboniferous

Permian

Triassic

Jurassic

Cretaceous

Tertiary

Puncoviscana Fm

Tucumilla Group

Iscacachi Fm

Guanacuno

Cieniguilla

Obispo

Mojona

Otavi

Nuque

Cancaniri Fm

Huanuni

Llallagua

Uncia

Catavi

Vila Vila/Santa Rosa Fm

Belen

Sica Sica/Huanampampa

Colpachuco/Cha-Kjeri

Ambo Group

Copacabana Fm

Tiquina

Canani granite

two-mica granites

(Cordillera Real)

granodiorites (Cordille-

ra Real)

granodiorites (Cordille-

ra Real) nepheline-syenites

Puca Group

Sta. Lucia Fm

Cayara

Rio Chico

Los Frailes
granites-granodiorites

dacites



Within this area and in view of the geology outlined

above, possibilities to encounter uranium deposits of the

following genetic types are believed to exist in the follow-

ing settings:

- intragranitic uranium mineralization may be found in

the hercynian two-mica granites found so far in the

Cordillera Real, but the presence of two-mica granitic

dykes in the Urania mine, located on the southern slope

of the Illimani (Aguirre, 1964), may indicate that this

granite type may extend farther south; known so far are

two-mica granites from the Zongo Valley, and farther

northeast from the Sorata area (Martinez & Tomasi, 1978);

this intrusive is shown also by Ahlfeld & Schneider-

Scherbina (1964),which call it the Batholit of Rosasani,

the host of numerous tin, niobium and lithium prospects;

- hydrothermal vein/contact deposits may occur in the three

following associations:

- granodioritic - granitic intrusives:

° Paleozoic,hercynian two-mica granites

° Triassic-Jurassic/Tertiary, andean granodiorites-

granites

- acid volcanics of Tertiary age.

The granodioritic-granitic associations of both hercynian

and andean age may host vein/contact polymetallic and/or

uranium occurrences in the intruding and intruded rocks,

of which the Paleozoic black schists with their assumed

high metal content (tin, tungsten, gold) would be an

especially favorable host rock for uranium.

The Tertiary acid volcanics as known from the Los Frailes

and Morococala areas are uraniferous and numerous anomalies as



well as one prospect (see Chapter 7) have been discovered;

consequently this environment has the potential for further

hydrothermal vein deposits of the Cotaje type.

No potential, however, is believed to exist in the Pre-

cambrian (Puncoviscana Fm, Canani granites) located in the

Tarija area explored already by AGIP.

8.2.6 Altiplano

The surface of this unit covers approximately 116,000 km2.

Infrastructure as well as cartographic coverage (topo**

graphic maps at 1:50,000 complete; geological maps 1:100,000

nearly complete; only some 50% of the southern part are un-

mapped, aerial photographs and satellite imageries: complete)

are very good.

Apart of some scattered Paleozoic and Mesozoic outcrops,

the Altiplano is mostly underlain by Tertiary and Quaternary

sedimentary and/or volcanic rocks. The Tertiary basin of Co-

rocoro is filled with a continental sedimentary-volcanic red-

bed sequence of some 6000 - 7000 m thickness, affected by

approximately six tectonic events. The Quaternary deposits

include mainly volcanics, salt deposits, lacusrine limestones,

etc.

AGIP has evaluated two areas (Corocoro: 7,734 km2,

Lipez: 4,184 km2) underlain by Tertiary volcanic-sedimentary

red beds and by a small Ordovician remnant covered by a similar

Tertiary sequence and did not find justification to continue

the program. Therefore, the mission has decided not to include

the Tertiary volcanic sedimentary red beds in the areas of ura-

nium potential.



In view of the known uranium occurrences of Bolivia a

uranium potential is assigned to the upper Tertiary acid

volcanics (equivalent to the Los Frailes Fm) outcropping

both west of the Corocoro basin and south in the western part

of the Altiplano. This environment may host similar uranium

occurrences as already found in the Los Frailes Fm, i.e., hy-

drothermal deposits.

Further "long shot" possibilities may exist in caldera

structures (example: McDermitt Nevada, Oregon, USA), as well

as in the brines of the different saline lakes (example:

Searles Lake, California, USA, with approximately 90 ppb U).

The presence of uranium occurrences of the calcrete

type associated with the evaporation phase affecting the in-

ternal drainage is being ruled out. All calcretes found so

far are located on very stable Precambrian platforms without

any rejuvenation during long period of time, at least 25,000

years according to Jones (in Mickle & Mathews, 1978). This

required stability does not occur in the Altiplano environ-

ment which is still in the process of uplift.

8.2.7 Cordillera Occidental

The Cordillera Occidental covering only a narrow belt

of 23,400 km2 located mostly parallel to the Chilean border,

is covered by Plio-Pleistocene intermediate volcanics masking

older formations.

In view of these conditions it does not appear justified

to assign a uranium potential to this unit.



8.3 CLASSIFICATION OF AREAS WITH URANIUM POTENTIAL

The following Table 8-1 summarizes the uranium potential

of the morphologic-structural units and includes the classif-

ication of areas with uranium potential as outlined in Chapter

8.2:

Table 8-1

Priorities of Morphologic-Structural Units

Regarding the Presence of Possible Uranium Deposits

Priority
Unit Unit Deposit Possible U-deposit to be discovered

Precambrian 1 1.1 - intragranitic deposits related to San

Shield Ignacio (1800-1300 Ma) & Sunsas (1300

950 Ma) granitoids;

1.2 - contact & hydrothermal vein deposits:

in above granitoids & their contacts to

pelitic and graphitic schists of the

San Ignacio & Tajibos Groups;

1.3 - sandstone deposits: smoky quartz ob-

served in Guapana Congl. Fm (Sunsas

Group) indicates presence of radioact-

ivity;

1.4 - unconformity related deposits: required

environment not described from area;

possible model: pelitic and graphitic

San Ignacio schists unconformably over-

lain by clastic sediments of Sunsas

Group;

1.5 - pegmatites of Sunsas cycle



Cordillera 2 2.1

Oriental

2.2

2.3

2.4

Altiplano 3 3.1

-

sp*

sp

Plains 4 sp

- contact & hydrothermal vein deposits:

in hercynian two-mica granites as well

as in their contact areas especially

with Paleozoic black shales;

- hydrothermal vein deposits: in acid

volcanics of Tertiary Los Frailes Fm;

- intragranitic deposits in hercynian

two-mica granites (Cordillera Real);

- intragranitic, contact & hydrothermal

vein deposits in or related to andean

granodiorites;

- hydrothermal vein deposits: in acid

volcanics of Tertiary Los Frailes Fm

or equivalent;

- mineralization in calderas

- U in brines of saline lakes.

- sandstone deposits: in Tertiary conti-r

nental sediments of Charqui Fm in the

Pando plains.

As it can be seen the highest priority (1) has the Precam-

brian area and within it the type of deposits related to gra-

nitic rocks of San Ignacio and Sunsas age (1.1 - 1.2). The

next priority (1.3) is assigned to the sandstone potential in

the Guapana Conglomerate Fm of the Sunsas Group, where smoky

quartz indicates radioactivity; the unconformity type received

a relatively low priority (1.4) because it is still uncertain

if all ingredients for the genesis of this type of deposit

really exist; the lowest priority (1.5) bear the pegmatites

for obvious reasons.

sp = highly speculative



In the Cordillera Oriental (priority 2) the hercynian

granites and their contact, and hydrothermal vein possibil-

ities range high (2.1) because of the worldwide analogy with

known uranium deposits associated with these granites; they

are followed (2.2) by hydrothermal veins (Cotaje type) related

to Teriary acid to intermediate volcanics and intragranitic

deposits in hercynian (2.3) and andean intrusives (2.4).

The Altiplano (priority 3) may host as only real possi-

bility (3.1) hydrothermal vein deposits in equivalents of the

Los Frailes Fm as they occur both in the northwest and south-

west; the other concepts (calderas, brines) are of higher

speculative nature.

In the Plains (priority 4) there is also only one high-

ly speculative possibility: in the Tertiary sediments of the

Charqui Fm underlying the Pando plains. It is called highly

speculative, as the geological information is very scarce.



9. SPECULATIVE URANIUM RESOURCES OF BOLIVIA

9.1 INTRODUCTION

In Bolivia all uranium resources are of speculative

nature according to the following definition: "Speculative

Resources refer to uranium in addition to Reasonable Assured

Resources (RAR) and Estimated Additional Resources (EAR) that

is thought to exist mostly on the basis of indirect evidence

and geological extrapolations, in deposits discoverable with

existing exploration techniques and exploitable at less than

130 US$/kgU with present mining and processing techniques.

The location of deposits envisaged in this category could

generally be specified as being somewhere within a given

region or geological trend".

The Speculative Resources are quantitatively defined as

a range of values, which mark the extremes the mission believes

to be possible and most likely.

Before the Speculative Resources of Bolivia are presented,

a number of factors must be emphasized in order to explain the

subjective nature of that study:

- the base for the definition of the Speculative Resources

of Bolivia is the present geological knowledge;as already

mentioned in Chapter 8? for example, the completion of

the Proyecto Precambrico will present further geologic-

geochemical knowledge that may change the assessment of

the uranium potential of the Shield?

- even if these Speculative Resources exist, there is no

guarantee that they will be discovered, or if discovered,

that they can be made available.



In view of these limitations it is essential to point

out that the Speculative Resources should not be used for any

nuclear power program planning. The Speculative Resources

are rather a qualitative measure of the present state of geo-

logical knowledge with all the uncertainties connected with

it, that could be used as a guide for planning future explora-

tion efforts and the establishment of policies and strategies.

In order to place the Speculative Uranium Resources of

Bolivia into their proper perspective it must be said that

Bolivia offers a wide range of stratigraphical, lithological,

structural, and unique metallogenetic settings in a country

of twice the size of Spain. Although no official uranium

reserves (RAR) exist and while only a moderate number of

uranium occurrences exist, the number of radioactive indica-

tions in a variety of geological settings is encouraging.

Despite a longer activity of COBOEN and its contractor AGIP,

the uranium exploration is still in its initial stage. These

factors and the lack of reliable geological basic data force

the mission to use, to a large extent, analogies with the

geological environment of known uranium deposits, when evalu-

ating the Speculative Uranium Resources of Bolivia.

9.2 QUANTIFICATION OF THE SPECULATIVE URANIUM RESOURCES

OF BOLIVIA

Based on the evaluation of the areas of uranium potential

in Bolivia in the different geological environments, and the

priorities assigned to the uranium deposits possibly occurring

in these settings, the following Speculative Uranium Resources

of Bolivia are believed to exist:



3-3

Table 9-1

Speculative Uranium Resources

Age

Precambrian 1.1

1.2

1.3

1.4

1.5

Priority
Chapter 8-3

Type of
Deposit

intragranitic

contact & hydrothermal

veins

sandstone deposits

unconformity related

pegmatites

total:

Speculative Uranium
Resources (t U)

0 - 10,000

0 - 5.000

0 - 15,000

0 - 50,000

0 - 80,000.= 74%

Paleozoic 2.1 contact & hydrothermal

veins

2.3 intragranitic

total:

0 - 5,000

0 - 10,000

0 - 15,000 = 14%

Mesozoic 2.4 intragranitic contact

& hydrothermal veins

Tertiary 2.2l hydrothermal veins

3.1/ in acid volcanics

Grand total

0 - 7,500 = 7%

100 - 5,000 = 5%

100 -107,500 t U

In addition, the mission identified the following three

highly speculative possibilities, which were not included in

the Speculative Resources:

- mineralization related to calderas in the Altiplano;

- uranium in brines of the saline lakes, and

- sandstone deposits in Tertiary continental sediments

of the Charqui Fm in the Pando plains.
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Additional geological knowledge may lead to an inclusion

of these and other models into the category of Speculative

Uranium Resources.



10. RECOMMENDATIONS FOR FUTURE EXPLORATION, METHODS

AND COSTS

10.1 INTRODUCTION

This chapter is designed to recommend future exploration

programs, methods to be applied and funds to be expended in

order to test the areas with uranium potential as generally

outlined in Chapter 8. These recommendations are made with-

out consideration as to which entity is carrying out the in-

vestigation suggested by the mission and who funds them.

10.2 RECOMMENDATIONS, METHODS AND COSTS

Reference is made to Chapters 8.3 and 9.2 where prior-

ities of the morphologic-structural units with regard to the

possible uranium deposits they may contain, as well as the

Speculative Uranium Resources of the different stratigraphic

sequences are presented. In the following the same strati-

graphic units will be-used for the recommendations for future

exploration and costs. Fig. 2-16 shows the areas proposed

for further exploration, and the potential uranium deposits

and their priorities.

10.2.1 Precambrian

As shown above, formations of this age cover areas in

eastern Bolivia as well as in the northeast (geologically

not yet investigated) and may contain four different types

of uranium deposits with a total potential between 0-80,000

equalling 74% of the Speculative Resources of the whole

country.

The recommendations the mission makes for this area

include the following regional investigations:



to extend the geologic-geochemical exploration also

to northeastern Bolivia using the same objectives,

and methods applied by GEOBOL-IGS in the Proyecto

Precambrico; this area covers approximately 5,200

km2 and the assumed costs are 150 US$/km2; thus the

total cost would amount to US$780,000.

to carry out an integrated magnetometric-spectometric

aerial survey over the whole Precambrian Shield (east-

ern and northeastern Bolivia) covering some 225,000

km2; at a line spacing of 2 km the total 1-km amounts

to 112,500; at a cost of 50 US$/l-km the total expend-

iture would be US$ 5,625,000;

to do the following geochemical work: U-Th determina-

tion of all stream sediment samples taken in the two

Precambrian areas; assumed number of samples: 30,000;

cost of determination of soluble U: US$5, totalling

U-determinations: US$150,000, cost Th-determination:

US$10, totalling Th-determinations: US$300,000; total

U-Th-determinations US$450,000;

plotting, statistical evaluation, correlation of geo-

chemical data (U.Th, plus possible pathfinder elements

the Proyecto Precambrico had already determined), eval-

uation and reporting: US$100,000; grand total 550,000

US$;

field work, including check of airborne radiometric and

geochemical anomalies, test of geological concepts in

limited areas (for example Guapana Conglomerate Fm of

Sunsas Group); estimated surface 22,500 km2 at a cost

of 100 US$/km2, the total expenditures would amount to

US$2,250,000.
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- to carry out one or several drilling programs, it is

assumed that 50 holes averaging 100 m would be drilled

at a cost of 300 US$/m, totalling US$ 1,500,000.

The total work suggested above, aimed at indicating

whether the Precambrian Shield hosts a uranium potential as

assumed, may cost a total of US$10,705,000. This expenditure

would not include any detailed work, such as to drill out dis-

covered prospects or to prove the presence of a commercial

discovery. This would require more detailed geological invest-

igation, extensive drilling programs, mining and metallurgical

tests, economical calculation, etc., and consequently much

large investments, in the order of 3 - 6 times as indicated

above.

10.2.2 Paleozoic

As shown above hercynian two-mica granites alone and/or

in contact with Paleozoic black shales are an attractive con-

cept for the formation of several types of uranium deposits

whose potential was quantified at 15,000 t U corresponding to

14% of the total Speculative Uranium Resources. This number

may seem low when compared with the features of the geologic-

al environment which proved to be very productive in France,

Portugal, etc., but the mission believes that the presently

known area with outcropping hercynian two-mica granites is

too Limited and therefore does not justify a higher assess-

ment.

In general the chain of hercynian two-mica granites is

known so far only from the Cordillera Real, where it occupies

the northeastern most chain of intrusives covering an area of

approximately 150 km northwest-southeast and only 20 km north-

east-southwest. The southeastern most outcroo of two-mica



granites (in this case a dyke in the Urania mine) describes

Aguirre (1964) and it is possible that a thorough search will

discover additional occurrences.

For this environment the following investigations are

recommended:

- geologic-geochemical radiometric exploration of an area

covering approximately 300 km northwest-southeast and

40 km wide in the Cordillera Real-Oriental, with the

objective to better delineate the known two-mica gra-

nites in the Cordillera Real; to explore the area for

unkown intrusives of this kind, and to test the uranium

potential of the intrusives and their contact areas for

deposits of the disseminated vein and contact types.

The methods to be applied should include a thorough

literature research, photogeological interpretation

of the area, geologic-geochemical-radiometric field

investigation, geologic-radiometric checks of known

mineralization of the area of investigation, etc.;

the estimated cost amounts to some 25 US$/km2, total-

ling for an area of 12,000 km2 some US$300,000 in-

cluding analytical and petrographical work, as well

as age determinations;

-gamma-ray spectrometer helicopter survey of selected

areas; it is envisaged that the morphology of the area

of investigation precludes a systematic grid coverage;

it is therefore suggested to explore the contacts

between the intrusives and the Paleozoic metasediments,

preferably black shales and fly profiles over the in-

trusives rectangular to structural trends established

for example by photogeological interpretation; the amount

of airborne work is estimated at 600 1-km; the costs

could amount to some US$30,000;



- follow-up field work to check and evaluate the encount-

ered geochemical and radiometric anomalies, by detailed

mapping, geophysics, radiometrics, geochemistry, etc.;

an anomalous area of a total of 600 km2 is expected

which should be investigated with an expenditure of

some 75 US$/km2 totalling US$45,000;

- Pitting trenching, tunneling, drilling at an estimated

cost of approximately US$250,000.

The program suggested above is designed to evaluate the

Paleozoic granites and intruded metasediments for their ura-

nium potential. The total cost for this work may amount to

US$625,000.

Additional funds should be allocated for the assessment

of the Ordovician and Silurian black shales and of the phos-

phoritic beds which are reported to outcrop within the pelitic

Paleozoic sequences. These suggestions, however, do not have

the same priority as those presented above.

10.2.3 Mesozoic

Granodiorites of that age (Triassic-Jurassic) are found

in the Cordillera Real, where they form a chain located south-

west of the hercynian granites. In Chapter 9, this environment

(intragranitic, contact and hydrothermal vein deposits) was

given Speculative Uranium Resources of only 7% of the total.

Its priority within the frame of the Cordillera Oriental was

the lowest (Chapter 8), because of the lack of known deposits

related to andean intrusives. However, it is considered a

viable concept that should be tested in connection with the

exploration of the hercynian chain, applying essentially the

same approach as outlined above. For this program covering
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an area of 300 x 30 km = 9000 km2 an additional cost of

US$500,000 is envisaged, as most of the work can be combined

with the investigation of the Paleozoic granitic environment.

10.2.4 Tertiary

The most favorable Tertiary environment is the acid to

intermediate volcanism with its associated hydrothermal vein

deposits as known in Cotaje. This model has received a high

priority in COBOEN's exploration programs.

The Speculative Uranium Resources assigned to this conr

cept has been relatively low, only 5% of the total Speculative

Resources of Bolivia. The reason for this is based on the

analogy to international deposits of this type, mainly to the

Pena Blanca area, Mexico, which are small in tonnage and of

low grade. The total reserves defined so far may be in the

order of 2000 t U. It is felt that the assessment of the con-

cept of hydrothermal vein deposits related to the Tertiary

volcanism is rather optimistic, especially concerning the

upper cost limitation of 130 US$/kg U for Speculative Uranium

Resources.

Areas where this model may be found, in addition to the

Meseta de Los Frailes (approximately 9000 km2), are the Meseta

de Morococala (1000 km2) as well as the northwest corner (ap-

proximately 2000 km2) and the southwest corner of the Altiplano

(approximately 8000 km2) located at the border with Chile and

Argentina.

This same formation, called the Rhyolite Formation in

Chile, is considered a huge source of uranium, and presently

some exploration is being carried out between Iquique and



Arica by Essex Mineral Company, a US Steel Corporation sub-

sidiary, to search for secondary deposits derived from the

Tertiary volcanics.

The work and costs suggested for the evaluation of the

four areas mentioned above underlain by acid to intermediate

Tertiary volcanics of the Los Frailes Fm or its equivalents

are being detailed in the following.

The total area of investigation consisting of the four

areas covers approximately 20,000 km2, for which the follow-

ing recommendations are made:

- gamma-ray spectrometer survey at 1 km line spacing;

total 1-km approximately 20,000, at a cost of 40 US$/

1-km; the total costs would amount to US$800,000;

- field work consisting of geologic, radiometric, and

geochemical work including mapping covering approxim-

ately 2000 km2 at a cost of 20 US$/km2, totalling ap-

proximately US$40,000;

- follow-up field work to evaluate the high priority

anomalies indicating hydrothermal vein deposits? de-

tailed geological work, trenching, pitting, tunneling,

drilling, etc, over an area of approximately 1000 km2;

for this stage the costs are estimated at US$100,000.

The total program suggested above again is directed only

to test the Tertiary volcanic environments for the presence

of hydrothermal vein deposits of the Cotaje type. The costs

projected for this investigation total US$940,000.



10.3 SUMMARY

In the following the Speculative Uranium Resources for

the different types of deposits to be expected in the differ-

ent geological-stratigraphical environments, the areas to be

explored and the projected costs are summarized. It shows a

rough correlation between the percentage of the Speculative

Uranium Resources, the areas to be explored and the projected

costs, which total some 13 million US$.

Table 10-1

Speculative Uranium Resources

Areas to be Explored and Suggested Costs

Type of
Deposit

SUR-/
(t U)

Area
(km2)

Cost-/
% (x 1000 US$) %

Precambr.

Paleozoic

Mesozoic

Tertiary

Total

intragranitic

contact &

hydroth. vein

sandstone

unconformity

contact &

hydroth. vein

intragranitic

intragranitic,

contact &

hydroth. vein

hydroth. vein

0

0

0

0

0

0

0

0

0

100

100

- 10,000

- 5,000

- 15,000

- 50,000

- 80,000

- 5,000

- 10,000

- 15,000

- 7,500

- 5,000

-107,500

74

14

7

5

225,000

12,000

9,000

20,000

266,000

85

45

3.4

7.5

10,805

625

500

940

12,870

84.0

4.8

3.8

7.3

JL/ SUR = Speculative Uranium Resources

2/ in US$ 1982



This total projected costs of 12.87 Mill US$ are to be

expended to indicate whether the Speculative Uranium Resources

of 100 - 107,500 t U in the defined environments do or do not

exists. The exploration projected above could be carried out

during a five-year period, provided that, irrespective of funds,

the necessary infrastructure (manpower, laboratory facilities,

contractors, etc.) can be prepared.

As emphasized above, should this potential exists, a much

larger investment is needed to investigate the discovered pros-

pects and to fully evaluate them.



11. POLICY OPTIONS FOR THE IMPLEMENTATION OF RECOMMENDATIONS

The recommendations made in Chapter 10 did not include

any consideration about which entity is carrying out the work

and which entity provides for the necessary funding. There-

fore, some considerations should be presented here.

The suggested program at a total cost of some 13 Mill US$

over a period of 5 years will most probably not be funded by

the Bolivian Government because of budgetary restrictions.

On the other hand, the question ought to be asked is if a

Government Agency such as COBOEN should carry out with its

own funds such a program aimed at the indication of Speculative

Uranium Resources which is considered a high risk expenditure.

It is therefore recommended that COBOEN considers one,

several or all of the following suggestions which have the

objection to limit COBOEN's activities to a collection of

geologic, geophysical, and geochemical information. The sug-

gestions have been arranged from high to low priority:

- to make an attempt to persuade GEOBOL to extend the

Proyecto Precambrico presently carried out by GEOBOL-

IGS to the northeastern Bolivian Precambrian area of

approximately 5,200 km2; the cost of this proyect has

been estimated at US$780,000;

- to carry out alone or with international cooperation

the analytical U-Th-determinations of the Precambrian

geochemical samples and the subsequent plotting and

evaluation? the costs for this work have been estim-

ated at US$550,000, and the necessary time may amount

to 2 years; in this context it should also be consid-
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ered to retain a contractor for this work, who proba-

bly could work more efficiently and be better equipped

for this task;

- to make efforts to mount an integrated aerial geophys-

ical survey (magnetometer-spectrometer) to cover the

225,000 km2 underlain by Precambrian rocks; the neces-

sary funding of some 5.6 Mill US$ should be secured

by both national (COBOEN, GEOBOL, COMIBOL) and inter-

national contributions(UNDP, IAEA, bilateral sources

from USA, Canada, United Kingdom, France, Federal

Republic of Germany, Japan, Sweden, etc.);

- to explore by geologic-geochemical-radiometric ground

methods the 12,000 km2 plus 9,000 km2 in the Cordille-

ra Real for theuraniummineralization related to hercy-

nian and andean intrusives. The costs for this program

could amount to some US$125,000, the time earmarked for

it some 2 years; international support for this work

should also be requested?

- to carry out the suggested airborne radiometric work

over the 20,000 km2 underlain by Tertiary acid to inter-

mediate volcanics at a cost of US$800,000 on 2 years,

also with requested international financial support.

If these recommendations could be carried out and as-

suming that some 50% of the estimated expenditures could be

covered by international sources, the national costs would

amount to only US$4,427,500 over some 4 years.

These informations would enable COBOEN to prepare valu-

able basic geologic, geochemical and geophysical information

that will put COBOEN in a strong position in its negotiations
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with attracted private industry. It will then carry out the

remainder of the program broadly outlined above using their

own funding.

At the same time, while the technical work is being done,

COBOEN should prepare binding legal and contractual ground

rules for the conclusion of cooperation agreements with priv-

ate companies. These rules should be formally included in a

uranium law that should deal with the general conditions of

cooperation with COBOEN, such as type of agreements (produc-

tion sharing, joint venture, etc.), fiscal regime, size of

contract areas, reduction of areas, export regulations for

uranium concentrates, etc. This way the country would be

well prepared for the improvement of the international uranium

market to be expected in the second part of the 1980's when

the interest of the uranium mining industry will certainly re-

vitalize.



12. ALTERNATIVE RECOMMENDATIONS

COBOEN as all government organisations in Bolivia, and

as many organisations concerned with nuclear energy in the

widest sense, has a very difficult time due to severe budget-

ary limitations and reductions that make all field work vir-

tually impossible. It is therefore highly probable that the

recommendations made in Chapter 10 cannot be carried out.

Even if international multilateral or bilateral assistance

for one or several of these projects may be granted, it seems

probable that COBOEN will not be able to provide the required

counterpart contributions.

For this time in which COBOEN will have to live with

these reduced budgets all efforts must be made to prevent

the organization from desintegrating. An attempt is there-

fore made to suggest the following activities the geological

staff can carry out even without major operative budgets.

The main objective of COBOEN's upper and middle manage-

ment must be to give the technical staff encouragement and

motivation that will be of help to live through these difficult

times. Only if encouragement, motivation and, based on them,

meaningful activities can be provided, COBOEN will maintain an

intellectually sound staff that is able to respond to the pro-

fessional challenge that will certainly be offered when the

economic situation of the country on one side, and the uranium

market on the other, will improve.

Based on the experience the mission made during its

stay in Bolivia, the following suggestions for COBOEN's Raw

Material Department are made aimed at the above outlined ob-

jectives:



the technical management ought to provide a strong

leadership for the staff;

the staff under all circumstances must be kept active

with meaningful activities, that will improve its geo-

logical understanding and considerably add to its ex-

perience; these suggested activities include for example

. the drafting of evaluation reports on each anomaly in

the country; these reports should briefly summarize

the geological environment, the work done up to pre-

sent, evaluate critically the potential of the anomaly

and honestly test the anomaly if and what future work

can be recommended;

. finally the technical head of the department should

be required to write a summary evaluation which clas-

sifies the anomalies found into groups of different

priorities; this exercise is considered a very impor-

tant base for the department's future field activi-

ties;

. the setting up of a documentation containing published

information on exploration methods, international ura-

nium deposits and their geological settings, regional

geological information on Bolivia and surrounding

countries, concerning all areas with uranium potential

including also the "long shot" possibilities such as

the Pando plains, calderas, saline lakes, phosphates,

uranium metallogenetic information, especially those

concerning metals that usually are associated with

uranium, mining and metallurgical methods includ-

ing also non-conventional methods such as bacterial

leaching recovery of uranium, as byproduct from



phosphates, copper, beryllium ores, etc., mineral

economics, the international uranium market, legal

and contractual information on international ura-

nium legislation, tax and royalti regulations, con-

tracts with private companies, etc.;

. to study and keep abreast on the continually ongoing

geological investigation of Bolivia and surrounding

countries; for example in the Precambrian Shield where

the Proyecto Precambrico will terminate its activities

in March 1983;

. to carry out studies on the different models of ura-

nium deposits known in the world and to apply them

to the regional geological setting of Bolivia;

. to do "intelligence" work on the uranium exploration

programs being done in the sorrounding countries

(Brazil, Peru, Chile, Argentina, Paraguay) where

several projects are being carried out in geological

environments equivalent or similar to those occurring

in Bolivia;

. to evaluate the electrical log of the wells drilled

for oil and gas exploration by the different companies.

It is assumed that the above recommendations will help

to fulfill the objectives outlined and thus help to maintain

and improve a competent technical staff, and provide very

valuable information that will make future exploration programs

more efficient.
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