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IMPLEMENTATION PLAN
for
BOLIVIAN MINERALS EXPLORATION FUND

by

Harold Kirkemo
U. S. Geological Survey

ABSTRACT

Bolivia ranks second among world producers of tin and antimony, and
first in bismuth production, Mineral exports in 1975 were valued at $314.2
million, nearly 60 percent of the value of all exports, and petroleum
product exports totalled nearly $157 million, or 30 percent of the total.
Tin accounted for 58 percent of the total value of metallic mineral exports.
The central government derived about 19 percent of its total tax revenues in
1975 from the mining sector.

The mining sector consists of the large, medium, and small mining sub-
sectors, a classification established by the government. Individual operations
are referred to as large, medium, or small depending upon the subsector into
which they are classified. All large mining enterprises are owned and operated
by a government corporation, COMIBOL; the medium and small operations are
privately owned. COMIBOL's exports in 1975 were valued at $171.8 million or
70 percent of the total mineral exports; the medium mines accounted for $55.5
million or 23 percent, and the small mines for $17.5 million or 7 percent of
the total.

The combination of high operating costs, low productivity, inadequate ore
reserves, and insufficient risk capital for exploration and development has led
to the realization that there is an urgent need to improve the situation for
mining in Bolivia. Proposals are being studied to revise the tax code, a
program is underway to evaluate selected mineral deposits for possible explora-
tion and development, and programs are under consideration to encourage minerals
exploration.

A minerals exploration plan is proposed which would offer technical and
financial aid to various segments in the minerals field. A program, estimated
to cost between $2 million and $2.5 million annually, and to be operated by a
new agency in the Ministry of Mining and Metallurgy, is outlined.



INTRODUCTION

A study project to develop a Mineral Exploration Fund plan to promote
development of Bolivian mining was undertaken by the U.S. Geologic4l Survey
(USGS) under terms of a Memorandum of Understanding between the Bolivian
Ministry of Mining and Metallurgy and the USGS executed on April 25, 1975.

The Memorandum included as an amendment Project Implementation Plan No.

BOL-1 (referred to as P.I.P. No. BOL-1; copy in Appendix). The term of the
Memorandum was 60 months, and the initial period of P.I.P. No. BOL-1 was

12 months, The time limit was extended by mutual agreement to October 25, 1976,
and finally to April 25, 1977.

P.1.P. No. BOL-l was established to help define operating procedures,
institutional arrangements, and staffing requirements for a proposed Mineral
Exploration Fund (Fund). Through financial and technical assistance provided
by the Fund, indigenous mine operators would be encouraged to explore, appraise,
develop, and exploit mineral deposits for the purpose of expanding the mineral
economy of Bolivia. Financial support for the Fund would be arranged with one
or more international financial institutions such as the International Bank for
Reconstruction and Development (IBRD) or World Bank.

The U.S. Geological Survey specialist, Harold Kirkemo, assigned to work on
P.I.P. No. BOL-1, visited Bolivia, July 15-31, 1975, and March 29- April 2, 1976
to:

a) review the current mining and exploration situation and practices of
the mining sector,

b) evaluate the need to stimulate and expand mineral resource exploration,

¢) evaluate Bolivian capabilities in terms of trained personnel, private
companies, equipment and finances,

d) consider means by which exploration could be stimulated and expanded, and,

e) formulate, with Bolivian officials, a general plan and recommendations
for implementing the Fund.

Data, forms, and drafts of portions of a report on a proposed mineral ex-
ploration fund were sent to Bolivian officials over a period of months following
the first visit to La Paz. These included cost estimate forms, contract forms,
and data on exploration programs in the United States and other countries.

Information on the Bolivian mining sector was provided by Bolivian officials
during the same period, particularly in September, October, and November 1976.

During the period January 18 through February 8, 1977, Dr. Jaime Villalobos, ¢
project officer for the Minerals Exploration Fund, visited the USGS National Center



in Reston, Virginia, and reviewed with the USGS specialist the draft report
for P.I.P. No. BOL-1 and the two-volume report on a proposed Bolivian Minerals
Exploration Fund prepared by the Project Officer in December 1976 for the
Ministry. (This report was the basis for creating a National Mine Exploration
Fund on April 26, 1977, under Executive Decree 14549--see Appendix M). Their
joint memorandum prepared upon conclusion of this conference and dated
February 7, 1977, included the following conclusions and recommendations:

1. A sensitivity or simulation analysis is needed to test the capability
of a miner to repay the Fund, by means of royalty on production, its total
expenditures for exploration, to repay industrial loans for mill and pro-
duction equipment, to pay taxes on earnings, and to yield a profit. 1If the
USGS were to undertake this analysis, the Ministry would provide the
necessary data.

2. An Executive Summary Report would be prepared combining the important
features of draft reports by the Ministry and the USGS. This report would be
considered as the final report of P.I.P. No. BOL-1l and would be presented to
the Ministry and the World Bank.

3. The USGS would either furnish or arrange for two senior mining
geologists during a period of 2 or 3 months in the second half of 1977 to
examine vein-type mineral deposits in Bolivia, and to select the most favorable
prospects for exploration by the Fund.

4. The USGS would offer suggestions and comments on the Ministry's General
and Pilot plans for the Minerals Exploration Fund and forward the remarks to the
Ministry.

In response to or complying with these conclusions and recommendations the
following actions were taken:

The Under Secretary, Ministry of Mining and Metallurgy, La Paz, in a letter
to USGS dated March 4, 1977, advised that a sensitivity analysis would be made
in Bolivia using Bolivian personnel and equipment. Also, the Ministry would
consider P.I.P. No. BOL-1l to be concluded upon presentation of the Executive
Summary Report, and that the total cost would be the amount ($12,563) paid to
USGS on April 28, 1975. A statement of expenditures dated May 24, 1977, prepared
by the USGS showed total expenditures for P.I.P. No. BOL-1l to be $17,096.10.
(The balance of the account was offset by the support provided by the Ministry
in the joint study of the potassium~lithium brines and other investigations as
stated in a letter dated August 17, 1977, to the Under Secretary for Mining,
Ministry of Mining and Metallurgy, from John A. Reinemund, Chief, Office of
International Geology, USGS.)

An Executive Summary Report was transmitted to Dr. Villalobos and to
Mr. Robert McDowell, World Bank, on June 30, 1977. The Ministry did not
request USGS personnel for selecting exploration sites in the second half
of 1977.
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Suggestions and comments by USGS on the Ministry's report were forwarded
in April 1977 to Dr. Villalobos in three transmittals totalling 16 pages.

Following are some of the abbreviations, acronyms, titles, the currency
equivalent, weight, and measure equivalents used in this report.

Abbreviation or
acronym

Title

Amembassy
BAMIN
BISA

CBF

COBOEN

COMIBOL

ENAF or
ENAFBOL

GEOBOL
HIID
IBRD

IIMM

INSO

SIDERSA

UNDP

1 Bolivian peso

($b)

American Embassy--La Paz, Bolivia

Banco Minero de Bolivia (National Mining Bank)

Banco Industrial, S.A. (The Industrial Bank - Private)
Bolivian Development Corporation

Comision Boliviana de Energia Nuclear (Nuclear Energy
Commission)

Corporacion Minera de Bolivia (National Mining Corporation)

Empresa Nacional de Fundiciones
(National smelting and refining enterprise)

Servicio Geoldgico de Bolivia (Geological Survey of Bolivia)
Harvard Institute for International Development
International Bank for Reconstruction and Development (World Ba

Instituto de Investigaciones Minero-Metalurgicas
(National assaying, metallurgical testing, and research entity)

National Occupational Health Institute

Empresa Siderurgica Boliviana S.A. (Iron and Steel state-~
owned company)

United Nations Development Programme

Currency equivalent

U.s. $0.05



Weight and measure equivalents

1 kilogram (kg) 2.2046 lbs.

1 metric ton (mt) 2,204.6 (rounded to 2,205) lbs.
= 1.102 short tons = 1,000 kg

1 long ton 2,240 1bs.

1 centimeter (CM) 0.39 inch

1 meter (m) 39.37 inches
1 kilometer (km) 1,000 meters

1 hectare 10,000 square meters = 2.47 acres
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Geologx

The Andean region of Bolivia, included in physiographic units 1l-4 in
figure 1, is underlain by rock units or structures whose trends generally re-
flect the coastlines of Chile and Peru. North-trending structures extend from
Chile and Argentina into Bolivia to the general vicinity of Potosi, Sucre, and
Santa Cruz, and continue on & north-westerly course (N.50-60° W.) into Peru.
Mineral belts in the region roughly parallel these trends (fig. 2), but are
modified by local structural or depositional controls.

East of the Andean region is the lowland area of the Amazon basin which
is flanked on the east by the Precambrian shield area of western Brazil, and
on the southeast by Paleozoic and Mesozoic rocks. Ages and dominant rock types
in the physiographic units of Bolivia are as follows:1/

1/ servicio Geologico de Bolivia, 1968.



BOLIVIA

RILOMETROD
70* [ o w L
T T T T T

" BENI- Department
Trinidad— Capital of Department
Physiographic Units

Cordillera Occidental Andina
Altiplano

Cordillera Oriental

Faja Subandina

Llanura Chaco-Beniana
Escudo Brasilero
Serranias Orientales

1.
2.
3.
4.
5.
6.

.

r0° (334 "

Adapted from Servicio Geologico de Bolivia, GEOBOL, 1968.

gl —

Figure 1 .--Physiographic units and Departments
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Figure

2.--Principal mineral belts or zones
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Physiographic unit Age and rock type

Cordillera Occidental Andina Quaternary and Tertiary volcanics
Altiplano Tertiary continental sediments

Cordillera Oriental Mainly Ordovician, Silurian, Devonian shale
and sandstone. Other Paleozoic and Mesozoic
formations and Tertiary volcanics also
present, as are granitic batholiths,
particularly in the tin-tungsten mineral belt

Faja Subandina Miocene-Pliocene sandstone and conglomerate
Llanura Chaco-Beniana Quaternary fluvial and residual material
Escudo Brasilero Precambrian crystalline and metamorphic rocks
Serranias Orientales Paleog@ic and Mesozoic sedimentary and -

metamorphic rocks

The mineral belts or zones are identified by GEOBOL by the major mineral
or minerals present in ore deposits within these areas. Different boundaries
and designations for the belts and zones have been described by other investi-
gators, but everyone recognizes that the deposits generally occur as veins
within batholiths and in altered rocks of contact zones bordering these
igneous bodies; or in similar settings associated with igneous stocks or
volcanic rocks (the so-called 'subvolcanic deposits').

The mineral belts and zones represent a small fraction of the total area
of Bolivia, but they constitute significant areas of the Altiplano and Cor-
dillera Oriental physiographic units.

The mineral production of Bolivia to date has been derived from relatively
few deposits, many of which have been known for years. Thirty to 40 percent
of the country has been prospected only by reconnaissance-type surveys. Modern
geologic techniques and methods have been used on a few of the most promising
areas in the mineral belts, and are being used in the concession areas granted
to various investigative teams now working in Bolivia. The outlook for many
important mineral discoveries is favorable, considering that the mineral belts
have not been adequately prospected or explored, and that large areas outside
the belts offer promising geologic conditions for prospecting and exploration.

Bolivia's mineral resource position

Exports

Bolivia is a leading producer and important future supplier of tin, and an
important producer of bismuth, antimony, and tungsten. The country ranks second



Tin content

among world producers of tin, exclusive of The People's Republic of China
and the U.S.S.R., as indicated infigure 3. Total tin reserves are es-
timated to rank third among the same producing countries. Tin mining has
dominated the Bolivian minerals sector since the early 1900's, and will
continue to do so in the foreseeable future. Bolivia is a member of the
International Tin Council and a signatory to and producer participant in
the Fifth International Tin Agreement which became effective July 1, 1977.

40
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g .2 Indones| 8 oE
g% : —_—— S g
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Sources: USBM Minerals Yearbooks 1972, 1974
Commodity Data Summaries 1976, 1977

Figure 3.--Annual production by leading tin-producing countries, 1970-76,
exclusive of The People's Republic of China and the U.S.S.R.,
and annual average price.

The dependence of Bolivia on tin exports for the major share of foreign
exchange egrnings from metallic wineral exports, the leading mineral commodi-
ties contributing to Bolivia's export trade, and Bolivia's position among
world producers of selected commodities are shown in table 1.
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Table 1.--Principal metallic mineral exports, percent of total
export value, and Balivia's vanking among world
producers in 1975,

Percent of total
value of meta1117 Ranking among

Commodity mineral exportsl world producers
Tin 58 2
Zinc 13 *
Silver 9 9
Tungsten 7 6
Antimony 5 2
Copper 2 *
Bismuth 2 1
Lead 2 *

* Not ranked among ten leading producers.

1/ Source: Miﬁisterio de Mineria y Metalargia, 1976.

The total value of Bolivian exports and the relative share attributed to
minerals, petroleum products, agricultural and other products in the period
1950 through 1975, are shown in table 2. 1In the past quarter century, minerals
and petroleum products accounted for 86 to nearly 100 percent of the total value
of exports, with non~fuel minerals accounting for 77 to over 99 percent of the
total annual values in the period 1950 through 1972. Exports of agricultural
and other products averaged about 5 percent of the total value in the same
period of time. Although rising metal prices more than doubled the value of
mineral exports between 1972 and 1974, the share of the total represented by
the minerals sector dropped to about 60 percent in 1974 and 1975, mainly as a
result of the increase in the export value of petroleum products. The fuels
sector has gained in importance since the late 1960's, and accounted for
nearly 30 percent of the total value of Bolivia's export trade in 1974 and
1975, as indicated in figure 4.

Comparisons of values of mineral exports by several countries indicate
that the value of Bolivian mineral exports per capita is not large, and the

11
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Figure 4.--Value of Bolivian exports, 1950-1975

value of mineral exports per square kilometer of land area is small, but
the nation is very dependent upon the mining sector for export earnings
as shown in table 3.

Table 3 .--Comparison of values of mineral exports by several countries

Per capita Value of
Per capita mineral exports mineral exports
value of share of per square
Per capita mineral per capita kilometer
Country GNP exports GNP of land area
(us$) (US$) (percent) (Us$)
1973
BOLIVIA 203 42.29 20.8 204
Chile 752 117.24 15.6 1,569
Philippines 214 7.81 3.7 1,049
1974
BOLIVIA 223 70.38 31.6 349
Chile 782 175.26 22.4 2,413
Philippines 230 11.27 4.9 1,560

Adapted from: HIID, v. 1, Table 2-6, p. II-34.
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The importance to the central government of mining taxes for revenues
is shown below:

Table 4 .--Mining taxes, 1973-1975, and budgeted for 1976.

MINING TAXES
(In millions of $b)

1973 1974 1975 1976

ACTUAL ACTUAL ACTUAL BUDGETED

A. Taxes on mines in:

Private sector 433.3 371.4 199.6 200.0
Public sector 45.0 303.6 225.6 428.0
Total 478.3 675.0 425,2 628.0

B. Special Export Tax 452.2 800.1 622.2 340.0
C. Total 930.5 1,475.1 1,047.4 968.0

Central Government
Revenues 2,424.5 4,840.3 5,581.4 6,810.0

Mining Taxes as
% of total revenues 38.4 30.5 18,8 14.2

Source: Amembassy La Paz, 1975, p. 7.

Although important for foreign exchange earnings, tax revenues, and
expenditures in the domestic markets, the mining sector accounts for only
about 11 to 12 percent of Bolivia's gross national product, and at most,
employs 3 percent (between 60,000 and 75,000 workers) of the nation's force.
The report by HIID, however, emphasized that the impact of the mining sector
is very significant in four levels of the national economy:

1) domestic markets through expenditures for labor, materials, and
transportation services,

2) export markets for foreign exchange earnings as mentioned previously,

3) principal base for tax revenues to the Central Government, and,

4) impact on Central Government management of bank credit and/or money
supply by cyclical fluctuations in revenues from the mining sector and in

export-import taxes.
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Detailed analyses of these impacts, presented in volume I, Chapter III,
of the HIID report, show that a strong mining sector is needed to help
support the Bolivian economy.

Production and exports

Data on production and exports in 1973, 1974, and 1975 by the three
subsectors of the mining industry in Bolivia are shown in table 5, A and B.
Data on fuel exports and totals for the mineral industry in the same period
are shown in table 5, C and D. Production statistics are not available for
all products listed, so export data must be relied upon in comparisons of
relative values of individual commodities or groups of commodities. In an
economy where domestic consumption of minerals is small, probably not
exceeding 2 to 3 percent of production, exports may be expected to more
nearly equal production than the data indicate. The differences probably
are due to various factors such as export quotas established by the Inter-
national Tin Agreement; sales to domestic smelters, refineries or BAMIN;
and, where exports exceed production, sale of inventories accumulated from
previous years' production.

These tables show the dominance of tin in Bolivia's nonfuel mineral
export trade, and the relatively minor share of values attributed to other
metallic mineral products. The small impact of nonmetallic mineral commodi-
ties on the total value of exports is not surprising considering the generally
low value and bulk nature of the nonmetallics listed. However, their impor-
tance to the economy of the country may increase as domestic industry expands,
and especially so if more valuable nonmetallic mineral commodities are found
and developed. Recent press reports of the discovery of important deposits of
lithium in southern Bolivia suggest the possibility for developing a new
mineral enterprise.

The importance of fuels to the mineral economy of the country has been
noted earlier. Data in table 5 show that tin and fuels accounted for 40
and 31 percent, respectively, of the total value of mineral exports in the
period 1973-1975.

BOLIVIAN MINING ENTERPRISES

Bolivian mining enterprises are classified by the government into three
groups——the large mining subsector, the medium mining subsector, and the small
mining subsector. All enterprises in the large mining subsector are owned and
operated by the government. The medium and small mining subsectors include
all operations in the private sector. A new group identified as "mining
cooperatives"” is included in the Small Mining subsector for reporting purposes.
Another group designated as ''Other exporters'" is considered to be in the medium
mining subsector, although official export statistics for “other exporters"
are reported separately,
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The following table shows the gross value and share, in percent, of
mineral exports, exclusive of petroleum and natural gas, by mining sub-
sectors, '"Other exporters," and smelters in the period 1971-1975,

Table 6 .--Mineral export values 1971-1975. (Values in
millions of U.S. dollars) .

Mining 1971 1972 1973 1974 1975
subsector Value Z Value Z Value 2 Value 2 k Value 4
L?Zgﬁlgézis 91.3 62.3 93.1 64.2 114.7 64.4 196.4 64.4 171.8 70.2
Medium mines 32.8 22.4 31.5 21.7 44.9 25.2 70.8 2322 55.5 22.7
Small mines
(BAMIN) 22.5 15.3 20.5 14.1 18.6 10.4 37.6 12.4 17.5 7.1
Sub-totals 146.6 100.0 145.1 100.0 178.2 100.0 304.8 100.0 244.8 100.0
Smelters 23.9 -- 24,7 —- 36.2 -- 66.8 - 57.8 --
Other exporters 2.8 -- 4,3 -- 11.4 -~ 15.7 -- 10.6 --
Totals 173.3 -- 174.1 --  2258% —-  387.3 -- 313.2% --

Source: Ministerio de Mineria y Metalurgia, 1976, pages 114, 118, 122,
128, 131, and 132,

* Totals are not in agreement with data on page 132 in source report, which
shows 225.9 million and 314.2 million for 1973 and 1975, respectively.

Enterprises in the public sector are the dominant entities in the mineral
economy of Bolivia. The Ministry of Mining and Metallurgy is responsible for
COMIBOL, the corporation operating the largest mines in the nation, and for
SIDERSA which is charged with establishing an integrated steel industry and
for developing and operating the iron and manganese deposits of Bolivia. The
mining bank, Banco Minero (BAMIN), a dependent institution of the Ministry,
extends loans, offers technical and marketing assistance, and operates ore
and concentrate purchase depots established in La Paz, Oruro, Potosi, Tupiza,
’gochabamba, Tipuani, and Uyuni.

IIMM, the Mining and Metallurgical Institute, located in Oruro, is a
public institution, also under the Ministry, which is responsible for research
on mineral concentration, mining planning, smelting, refining, and technical
services such as laboratory analysis.
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Other institutions in the public sector having an influence on the
mineral economy of the country are:

The Central Bank which operates as the central national bank of Bolivia.
COBOEN--an organization to negotiate exploration and exploitation con-
tracts for developing Bolivia's uranium and other radioactive mineral

resources.

CBF, the Bolivian Development Corporation, which is guthorized to
enter into equity positions in large enterprises, including mining.

INSO, the National Occupational Health Institute, which is concerned
with occupational diseases in all sectors, including mining.

Universities in Oruro, Potosi, and La Paz, which offer curricula in
geology, mining and metallurgical engineering.

Large mining subsector

The large mining subsector includes the properties that were operated
by the Patino, Aramayo, and Hochschild interests prior to nationalization
under D.S. 3223 of October 31, 1952 (raised to status of law by the Law
of October 29, 1956), and other mines which have been nationalized since
then. These properties now are owned and operated by the State entity,
[Corporacion Minera de Bolivia (COMIBOL), which was created by D.S. 3196
“of October 2, 1952, and is managed by the Ministry of Mining and Metallurgy.
The corporation also operates two metallurgical units--the National Smelting
Corporation's (ENAF) high~grade tin smelter in Vinto near Oruro and an anti-
mony smelter adjacent to the tin smelter. A smelter for treating low-grade
tin is under construction adjacent to the high-grade tin smelter in Vinto.
The high~grade tin smelter has an annual capacity of 20,000 metric tons of
tin.

By 1980, it is planned that ENAF will have an annual capacity of 30,000
tons, sufficient to smelt about 80 percent of Bolivian tin concentrate pro-
duction expected by that time. ENAF also hopes that by 1980 almost all minerals
in the country will be processed 0'.a considerable extent in its smelters or
refineries. This would include facilities for processing tin, silver, lead,
bismuth, tungsten, zinc, copper and antimony.

The following 20 mining enterprises (Empresa Minera) operated by COMIBOL
were credited with mine production in 1975:

Bolivar Corocoro Oploca-Santa Ana
Bolsa Negra Huanuni Quechisla

Catavi Japo Santa Fe
Caracoles Matilde San Jose
Chroloque Morococala Tasna
Colquechaca Ocuri Unificada
Colquiri Viloco

Source: COMIBOL, 1976, Produccion de Minerales de la Corporacion Minera
de Bolivia de Los Afios 1952 - 1976 en Peso Fino (kilos).
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Tin is the principal product from 17 mines. Copper is the main product
from Corocoro and zinc is the main product from the Matilde enterprise.
Properties under COMIBOL's jurisdiction are situated in 58 separate mining
districts at altitudes ranging from about 3,000 meters to above 5,000 meters.

COMIBOL accounted for about 70 percent of the total value of Bolivian
mineral exports in 1975 (see table 6) and was responsible in 1973-1975 for
53 percent, by weight, of total tin exports, 72 percent of lead, 71 percent
of zinc, and 65 percent of bismuth exports (see table 5). About 53 percent
of the total mining tax revenues to the central government in 1975 were
paid by COMIBOL. About one-fourth of COMIBOL's total production comes from
cooperatives, private miners, repurchases of stolen ore, and mines leased
to private firms and cooperatives. At year-end 1975, assets were about
$274 million, and long-term liabilities and reserves totalled $80.2 million,
Mineral sales in 1975 totalled about $212.5 million, production and marketing
costs were $216.9 million, mine operating loss was $4.4 million, and net loss
was $10.7 million. On December 31, 1975, COMIBOL's employees totalled 25,573
compared to 24,556 & year earlier. (Ministerio de Mineria y Metalurgia, 1976,
p. 34.)

In 1975, the work force was distributed about as follows--37 percent
on the surface, 36 percent underground, 15 percent in zinc plants, and
12 percent in health and education activities. (Amembassy La Paz, 1976,
p. 17.)

COMIBOL's metallic mineral production in the years 1952 through 1975 is
shown in Appendix L. Four enterprises--Catavi, Colquiri, Huanuni and Unificada~--
accounted for 74 percent of the total tin produced by COMIBOL during the first
24 years of operation. The Catavi enterprise alone accounted for nearly 32
percent of the total for COMIBOL, and about 43 percent of the production by
the four leading producers.

In the period 1973-1975, Catavi's production slightly exceeded the total
production of the Medium Mining subsector, and exceeded by 63 percent the
total output of the Small Mining subsector in the same period.

COMIBOL's costs for mining and marketing tin in the 6 years, 1971 through
1976, were summarized as follows in Industrial OQutlook Reports:
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Table 7 .--Tin Mining and Marketing Costs (US$/1b)

Mining  Export 1/ Total cost Aver. tin
Year cost taxes Royalties HTIS— on market price (LME)

1971 1.10  0.14 0.00 0.31 1.55 1.59
1972 1.03  0.18 0.08 0.35 1.64 1.71
1973 1.05  0.37 0.23 0.48 2.13 2.18
1974  1.60  0.24 0.81 0.59 3.24 3.71
1975 1.59  0.21 0.55 0.67 3.02%/ 3.11
1976  2.02 0.28 0.72 0.78 3.803/ 3.40

1/ Handling, Transport, Insurance, Smelting

2/ Ministerio de Minera y Metalurgia, July 1976, Informe No. 3, and
Amembassy 1977, p. 10, reports $3.03 per pound.

3/ costs are provisional and subject to modifications. A special study
by the Ministry for the International Tin Council reports production

cost of tin metal to be $3.59 per pound. (Metals Week, May 2, 1977).

Sources: Amembassy 1976, p. 11, and Amembassy 1977, p. 10.

Available reports on COMIBOL operations do not identify specific or
general exploration projects such as diamond drilling, crosscutting, explora-
tory drifting and raising at its major properties for the purpose of developing
additional reserves of ore. It is assumed that this type of work is in pro-
gress and that geological mapping and sampling is performed on a regular
basis by a resident staff at each operating mine to determine exploration
targets. Such projects would be logical successor projects to the dis-
coveries made by the recently completed 2,100 meter crosscut at the
Caracoles mine, announced by COMIBOL on February 19, 1975. This crosscut
intersected 16 tin~bearing veins and is reported to have cost about $960,000.
Exploratory drifts and raises on the promising structures in this crosscut
to determine lateral and vertical extent of the veins, and the grade and
potential tommage of ore should receive priority attention in order to either
extend the life of existing mines or to develop new mines.

In its plans for exploration at the Caracoles mine in the period 1975-
1979, COMIBOL indicates a 4-year prefeasibility study at a cost of $103,000.
Continued studies of this nature are necessary and should be on-going at all
major operating mines, but additional effort and funds should be dedicated
to "Proving-out'" discoveries made by prefeasibility and feasibility studies.
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A report that COMIBOL in April 1975 undertook another crosscut of
1,472 meters at the Caracoles mine suggests that a viable exploration
program is continuing here; however, the project is not included in the
list of exploration projects. On the basis of the cost to complete the
2,100 meter crosscut discussed above, the second crosscut will require an
expenditure of at least $675,000, an amount nearly $100,000 greater than
the combined projected funding for the eight exploration projects planned
by COMIBOL.

A Five-Year Development Plan for the period 1975-1980, under the
guidance of the Ministry of Mining and Metallurgy, includes 47 prospecting
and exploration projects (COMIBOL, 39 projects; GEOBOL, 5 projects; and
COBOEN, 3 projects) at a total estimated cost of $6.17 million. Most
of COMIBOL's projects are mining exploration projects presumably located
in its mines or within the 5-kilometer wide belt (Fiscal Reserve) around
each property. Detailed surface and geological investigations and diamond
drilling are programmed, but details of individual projects are not available.
Whether the projects scheduled from mid-1976 in the following list or shown
in figure 5 are included in the Development Plan is not known.

Table 8 .--Prospecting and exploration projects summary--COMIBOL

gzzgeZi 1968 to Mid-1976 Mid-1976 to completion Total cost
Cost No. Cost No. of projects
Prospecting $870,800 3 $325,400 3 $1,196,200
Exploration 1,434,200 11 580,400 8 2,014,600
Total $2,305,000 14 $905,800 11 $3,210,8001/

1/ Funded by COMIBOL except for $100,100 expended by Dowa Mining Co.
at Minera Bolivar project.

The technical staff employed in July 1976 by the Geological Exploration
Department, COMIBOL, and personnel available on a consulting basis from
agencies and departments of the Government included about 46 personnel. The
staff included geologists and geological engineers (36), geophysicist (1),
geochemist (1), mining engineers (2), photo-geologist (1), and topographers (5).
Experience listed for these individuals ranged from 1 1/2 to 28 years and
averaged 8.2 years.

The Geological Exploration Department in mid-1976 possessed about a dozen

field vehicles, 7 hammer drill units, a dozen units of geophysical equipment,
and three optical instruments. In addition, COMIBOL has engaged two private
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concerns, Dowa Mines Co., and Golder Associates, for geological and geo-
physical research and diamond drilling. Three Government agencies are
available for mineralogical and metallurgical work.

The corporation recognizes the need to replace the hammer drill units,
and to obtain 5 diamond drill units, a dozen light vehicles and trucks,
field instruments, and additional equipment for analytical and research
laboratories. Also needed are technical advisors specializing in geophysics,
geochemistry, and geological appraisals.

COMIBOL seeks risk capital from domestic and foreign institutions to
support its requirements for additional equipment and technical advisory
services,

Two types of reserves are reported by COMIBOL--underground and surface.
Underground reserves include material which has not been mined. Surface
'reserves' include material in mine dumps, mill tailings, and other accumu-
lations from the processing of previously mined rock. It is uncertain from
the information on hand which type of reserve may include material in
laterites or placers. Though surface 'reserves' are a valuable source of
minerals, their exploitation is primarily a metallurgical problem, not a
geological problem.

Published estimates by COMIBOL (1975) of reserves of selected materials
report totals to the closest ton. Facts seldom are available to warrant this
degree of accuracy.

Another summary of COMIBOL reserves in 1974, presumably based on data
obtained from COMIBOL show different quantities and grades than COMIBOL pub-
lished, as table 9 illustrates.

Available information offers little evidence to evaluate the ore reserve
situation in the large mining subsector. Conflicting data on reserves in a
single year as noted above, uneconomic grade (lead 2.7% in 1974), and listing
exact quantities where facts do not warrant, suggest that a realistic appraisal
is needed. The general opinion of those concerned with the problem is that
discovery and development of additional reserves is a prime necessity if the
mining sector is to remain an important segment of the economy.

The private sector includes all enterprises in the medium and small
mining subsectors, the mining cooperatives, and Banco Industrial (BISA), a
private development bank that provides financing in the private industrial
sector.
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Medium Mining subsector

In recent years, the medium mining subsector has included 27 to 34
(1976) private companies, of which 2 are controlled by foreign interests,
and 4 or 5 others have some participation interest by foreign firms.

Medium mining enterprises must meet the provisions of D.S. 05674 of
December 30, 1960, which requires a paid-in capital of not less than

U.S. $100,000, and a minimum monthly production of 5.5 metric tons of

fine tin or tungsten; or 20 tons of antimony or zinc; or 15 tons of

lead or simple copper; or 10 tons of copper in complexes; or 500 kilo-
grams of silver.l/ The subsector is considered to be the most dynamic

in the mining industry in responding to market changes and governmental
policies. The Association of Medium Miners, Asociacion Nacional de Mineros
Medianos, is a trade group representing companies in the subsector. Member
firms of the Association and their principal mineral products are listed in

table 10.

Table 10.-~Firms and enterprises in the Medium Mining subsector and

principal mineral products in 1976

Firm or enterprise

Atoroma Ltda.

Avicaya Ltda.

Barrosquira Ltda.

Berenguela Ltda.

Bernal Hnos.

Caballo Blanco Ltda.

Casado Hnos.

Canaviri

Cerro Grande Ltda.

Cebadillas Ltda.

Compaitia Explotadora de Minas Ltda. (CEM)
Compafiia Minera del Sur S.A. (COMSUR)
Churquini Enterprises, Inc.

"Don Vicente"

Empresa Minera Unificada S.A. (EMUSA)
Esmoraca Ltda.

Estalsa Boliviana Ltda.

Fabulosa Mines Consolidated

HORMET S.A.

International Mining Co.

Lequechico Ltda.

Nitto Bolivia Mining Co.

Empresa Minera Pabon

Santa Isabel Ltda.

San Jose de Berque

1/ Pan American Union, p. 22.
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Principal product

Tin

Tin

Tin

Tin

Antimony

Zinc, tin, silver
Antimony, copper, lead
Tin

Tin

Antimony

Tin

Tin, antimony, lead, zinc
Antimony

Tin

Antimony, tin

Bismuth, silver

Tin

Tin

Tin

Tin, wolfram

Tin, zinc, silver
Copper

Tin, copper, silver
Wolfram, antimony
Antimony, wolfram, lead, bismuth



Table 10.--Continued

Firm or enterprise Principal product

San Juan Ltda. , Antimony, copper, tin, lead, zinc
San Luis Ltda. Antimony, copper

Schiavi Industrial Minera (No products listed)

Semivi Ltda. Antimony

Soteca Ltda. Tin, copper

Suka Ltda. Tin

Tarumita Ltda. Antimony and others

Ursic, Orlandini y Cia. Ltda. Tin

Yana Mallcu Ltda. Tin

Sources: Asociacion Nacional de Mineras Medianos, (no date), p. 15.
Ministerio de Mineria y Metalurgia, 1976b, v. 1, p. 31.

The Medium Mining subsector accounted for 21 to over 25 percent of the
total value of exports by the mining sector in the period 1971-1975. Nearly
70 percent of the exports of antimony, over 50 percent of the tungsten, and
about 22 percent of the tin exports are credited to this subsector. Taxes in
1974 amounted to about 25 percent of the total paid by the mining sector to
the central government and represented about 8 percent of the total tax
revenues received by the government. Exports in 1975 were valued at about
U.S. $56 million.

The subsector employed about 7,500 persons annually in 1974 and 1975.
Nineteen of the 25 firms in the subsector in 1975 had fewer than 300 employees
and five had between 500 and 1,000 employees.,

Exploration activities in the medium mining subsector are restricted by
high operating costs, high taxes, and metal price fluctuations. The majority
of the companies conduct exploration work sufficient only to replace the ore
reserve mined each year. Some operators acquire small mines which offer good
possibilities for developing ore reserves rather than undertake projects on
their own properties. Other operators are reported to have invested funds in
enterprises such as construction and agriculture where chances for possible
profit are better than in mining. Three or four firms are involved in projects
to explore favorable structures and to develop new mines.
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Leading producers of elght mineral commodities produced in rhe
Medium Mining aubsector, and velative sahave af praduct ive in the vedia
1974, 1974, and 1979 dre shown beluw.

Table 11.--Leading producers and percentage of total production
of mineral commodities in Medium Mining subsector,

1973-1975 -

(See previous table for complete titles of companies)

Commodity

Tin

Antimony

Wolfram

Zinc
Copper
Lead
Silver

Bismuth

Complex minerals

Wolfram-tin
Lead-silver
Tin-silver

1973
CEM, 35%
Estalsa, 19%
Avicaya, 10%

EMUSA, 62%
Casado, 15%

San Jose, 100%

COMSUR, 99%
Nitto Bol., 99%
Casado, 92%

San Jose, 1007

Int. Min., 100%
San Jose, 1007

1974

Estalsa, 247
Ursic, 13%
Fabulosa, 12%

EMUSA, 72%
San Juan, 13%

Int. Min., 50%
San Jose, 25%

COMSUR, 98%
Nitto Bol., 97%

Casado, 92%

Int. Min., 100%

1975

Estalsa, 26%
Int. Min., 15%
Fabulosa, 11%

EMUSA, 767
San Juan, 11%

San Jose, 527
Int. Min., 477

COMSUR, 997%
Nitto Bol., 99%
Casado, 97%

EMUSA, 100%

Int. Min., 100%
San Jose, 1007

Canaviri, 100% Canaviri, 100%

Copper~silver Min. Pabon, 1007 - -

Sources: Ministerio de Mineria y Metalurgia, 1976, Informe No. 2, (3.1).

Ministerio de Mineria y Metalurgia, 1976, Estudio de Factibilidad
del Fondo Nacional de Exploracion Minera, v. 2, Table No. 2, p. 86
for 1975.
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Data on production costs in the Medium Mining subsector are incomplete.
Replies to questionaires requesting such information from producing com-
panies were more numerous from producers of tin as shown by the following
record. Overall, the data probably range from poor to excellent in rep-
resenting costs in the subsector. Data from a single producer may or may
not be representative of costs by other producers operating in similar
circumstances.

Table 12.--Production cost data, 1973-1975,
Medium Mining subsector

No. of producers Average cost
and no. (in parens) per

Mineral Period furnishing data Metric ton  Pound
Tin 1973- 1st half 19 (10) $2,679.49 $§1.21
2nd half 19 (7) 3,561.12 1.61

Annual average 3,075.44 1.39

1974~ 1st half 19 (7) 2,488.07 1.13

2nd half 19 (1) 5,978.56 2.71

Annual average 2,865.17 1.29

1975~ 1st half 19 (6) 6,657.52 3.02

2nd half 19 (5) 6,406.89 2.91

Annual average 6,568.09 2.98

Antimony 1973- 1st half 10 (3) 911.22 9.23
2nd half 10 (3) 1,055.94 10.70

Annual average 986.04 10.00

1974~ 1st half 19 (2) 1,659.37 16.82

1975- 1st half 10 (L) 1,011.43 10.26

2nd half 10 (1) 1,276.24 12.94

Annual average 1,173.71 11.90

Complex 1973~ 1st half 1 (D) 1,258.69 0.57
minerals 1974~ 1st half 1 (D) 1,400.73 0.63
Lead-silver 1973~ 1st half 1 (1) 203.24 0.092
2nd half 1 (1) 229.68 0.10
Annual average 216.29 0.098

1974~ 1st half 1 (1) 3,837.90 1.74

Wolfram—-tin 1975~ 1st half 1 (1) 5,334,02 2.42
2nd half 1 () 4,573.90 2.08

Annual average 4,888.06 2.22

Source: Ministerio de Mineria y Metalurgia, 1976, Informe No. 9
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Small Mining subsector

The Small Mining subsector in the past has included all private
mines not meeting the classification prescribed for the Medium Mining
subsector. A new mining subsector identified as Mining Cooperatives,
previously included in the Small Mining subsector, was formally recog-~
nized in June 1976, and legislation is being considered to establish
its legal responsibilities.

Exports, principally of tin and antimony, credited to the Small
Mining subsector in 1975 totalled about $17.5 million and represented
about 7 percent of the total value of Bolivia's mineral exports. About
90 percent of small mine output is sold to BAMIN and the remainder is
sold to foreign buyers. Cooperatives are obligated to sell to BAMIN or
COMIBOL although special arrangements can be made to sell copper and
sulphur to other buyers. Small miners indebeted to BAMIN are obliged to
settle their debts before selling their mineral production to other buyers,
and are free to export their minerals through and with the authorization
of BAMIN.

The number of small firms active each year varies with economic condi-
tions and in prosperous years has totalled nearly 4,300 firms, plus 100 to
120 firms in the “others" category. The number of workers employed by the
small mining firms ranges from 15,000 to 23,000.

The National Chamber of Mining (Camera National de Mineria) represents
the majority of the small mining firms in discussions and meetings with the
government and the public on problems of interest to the group. Likewise,
the Association of Cooperatives (Asociacion Nacional de Cooperatives Mineras)
represents the interests of the cooperative firms.

Production by the cooperatives in 1975 was valued at about $23 million,
and most of it was sold to COMIBOL. The Association of Cooperatives re-
ported that 97 cooperatives were active in six regions. Employees of the
cooperative associations number from 16,000 to nearly 23,000 persons.

Cooperatives normally lease from COMIBOL the properties they operate,
and because of the short time period of interest in the properties, they
are unable to obtain credit from banks. Their common mining practice is
to extract the better grade ore, thereby leaving marginal grade ore for
possible but improbable future exploitation.

Data on sales to BAMIN in 1974 by small mine operators in three

Departments are shown in the following tables. Data for 1975 were not
available for analysis.
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Table 13.,--No. of producers, quantity and grade of materials sold to
BAMIN agencies in 1974 in the Departments of Potosi, Oruro,
and La Paz by producers in the Small Mining subsector,

Dept. and Net Metal
material No. of producers ‘Sales content Grade %
(Metric tons)
Potosi
Tin 398 4,800 1,227 25,6
Antimony 151 1,987 1,172 59.0
Copper 48 1,637 371 22.7
Lead 73 1,748 1,193 68.2
Bismuth 35 50 8 16.0
Silver 53 310 284 91.6
Zinc 53 1,297 725 55.9
Jamesonite 2 3 2 66,7
Wolfram 11 3 2 66.7
Oruro
Tin 349 : 2,532 928 36.6
Antimony 105 1,066 605 56.8
Copper 59 549 118 21.5
Lead-silver 29 - 466 315 67.6
Bismuth 9 21 5 23.8
Silver 2 13 5 38.5
Zinc-silver 2 66 23 34.8
Wolfram 34 65 45 69.2
La Paz
Tin 317 1,507 655 43.5
(No data available for other products in the Department of La Paz)
Totals
(Tin only) 1,064 8,839 2,810 31.8

Source: Ministerio de Mineria y Metalurgia, written communication,
July 22, 1976, Report No. 2 (2.2)
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The following data account for 91 percent of total tin production

by the_Small Mining subsector in 1974, and probably represent the general
situation for the entire sector.

Table 14.--Number of sales of tin in 1974 by producers in the Small
Mining subsector to BAMIN agencies in the Departments of
La Paz, Oruro, and Potosi classified by weight categories.

Weight of individual sales Number of sales
(metric tons) Departments Total
Concentrates (neto) La Paz Oruro ©Potosi no. of sales %
Less than 5 261 268 270 799 75
5 - 10 29 35 47 111 10
10 - 20 14 24 28 66 6
20 - 40 6 8 23 37 3
40 - 60 2 4 13 19 2
60 - 80 3 5 2 10 1
80 - 100 0 0 5 5 1
+ 100 2 5 10 17 2
Totals 317 349 398 1,064 100

Tin content (fino)

Less than 5 295 313 342 950 89

5 - 10 12 17 23 52 5

10 - 20 4 8 19 31 3

20 - 40 4 8 11 23 2
40 - 60 1 1 2 4

60 - 80 0 1 0 1 -1
80 - 100 1 1 1 3 j

Totals 317 349 398 1,064 100
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Table 15.-~Tin content of sales in 1974 to HBAMIN agencies
in the Departwents of la Paz, Oruro, and Potosi
rlasaified by welpht catepories,

Tin content of sales in 1974 (metric tons)
Weight category, Departments Total
(metric tons,tin) La Paz Oruro Potosi Weight %

0-5 256 296 315 867 31
5- 10 70 124 163 357 13
10 - 20 56 106 240 400 14
20 - 40 132 206 317 653 23
40 - 60 44 41 97 182 7
60 - 80 -- 68  -- 68 2
80 - 100 -9 91 95 283 10
Totals 655 928 1,227 2,810 100

0f the 1,064 sales recorded, less than 50 were multiple sales by the
same producer. No producer made more than about 4 sales during the year,
and the cumulative production represented by multiple sales was not large
enough to seriously affect the distribution by weight categories.

These data indicate that:

1. Producers of less than five tons of tin annually accounted for 75
percent of the total number of Small Mine producers in the three Departments.

2. Producers of less than five tons annually accounted for 31 percenc
of the total tin contained in concentrates sold to BAMIN agencies in these
Departments. Also, producers of no more than 40 tons of tin contained in
concentrates accounted for 81 percent of the tin sold to BAMIN.

No ore reserve estimates are available for the small mining subsector.
Virtually no reserves are developed in advance of current operations because
of the economic necessity to mine ore and derive immediate income to offset
expenses; in other words, 'hand-to mouth' types of operations are commonplace.
However, opportunities likely exist in the small mines for discovering deposits
with good potential for significant reserves because of the large number of
properties which have not been explored.

GEOBOL has compiled information on 5,240 small mines and has classified
the data by types of minerals produced as the following table shows:1/
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Depar tment

Chuquisaca

Cochabamba

La Paz

Oruro

Potosi

Table 16 .--No. of small mines in six Departments

listed by types of minerals produced

No. of small mines

Single Complex mineral
Commodity mineral by main mineral Total
Tin 3 0 3
Ant imony 16 0 16
Copper 22 0 22
Bismuth 1 0 1
Zinc 8 11 19
Lead-zinc - 119 119
Total 50 130 180
Tin 24 0 24
Antimony 16 0 16
Copper 5 8 13
Tungsten 1 0 1
Zinc 0 1 1
Lead-~-
silver _0 41 41
Total 46 50 96
Tin 848 20 868
Antimony 159 8 167
Copper 153 144 297
Tungsten 332 2 334
Bismuth 11 0 11
Zinc 4 1 5
Lead-
silver it 184 184
Total 1,507 359 1,866
Tin 210 17 227
Antimony 78 16 94
Copper 55 44 99
Tungsten 33 7 40
Bismuth 0 1 1
Lead-
silver 0 28 28
Total 376 113 489
Tin 1,056 60 1,116
Antimony 483 31 514
Copper 283 21 304
Tungsten 52 8 60
Bismuth 33 23 56
Zinc 21 34 55
Lead-
silver - 496 496
Total 1,928 673 2,601



Table 1¢.--Continued

No. of small mines

Single Complex mineral
Department Commodity mineral by main mineral Total
Tarija Copper 1 0 1
Zinc 0 2 2
Lead-
silver 0 5 5
Total 1 7 8
Grand Total 3,908 1,332 5’240,

The preceeding data indicate that average annual production by the
individual operator in the Small Mining subsector is very low, and he
therefore is unable to undertake an exploration project of consequence
on his own resources, even on matching fund or joint participation basis
with outside interests. One means of providing assistance to these
operators is the current "prefeasibility project" conducted by GEOBOL,
which is discussed later in the report. Another means would be for a
Government agency to undertake an exploration or development project that
could be mutually beneficial to a number of operators in the same district.
For example, if a mineral deposit owned or being mined by a number of
operators warrants exploration, an exploration project might be undertaken
with the financial support of an exploration fund in a joint venture arrange-
ment whereby the owners would pledge to pay royalties on future production
in order to compensate the fund for its expenditures on their behalf.
Opportunities for joint venture agreements are suggested by the records of
sales to BAMIN, discussed above, which show about 150 sales of tin-bearing
material mined in Concepcion canton (region), Frias province, Department
of Potosi; 52 sales from Quime canton, Inquisive province, Department of

La Paz; and 46 sales from Antequera canton, Poopb province, Department of
Oruro.

Many opportunities exist for developing new operations, as is suggested
by the following data which was compiled from statistics prepared by BAMIN
and GEOBOL.

1/ Amembassy, La Paz, 1975, p. 39, 40.

37



Table 17.--Number of known mines, producers, and inactive

mines in La Paz and Potosi Departments (tin only)

Department Known mines Producera

La Pus LY. 7

Potosi 1,056 398
Totals 2,114 715

Inactive mipea

kEX

658

1,189

Although producers with more than one operating mine are included
in these statistics, their numbers are small and do not adversely affect
the conclusion that there may be many properties warranting serious con~

sideration for prefeasibility and/or feasibility studies.

the number of properties in these two Departments are inactive.
same ratio of inactive to total mines is applied to the 5,240 mines
inventoried by GEOBOL in six Departments, more than 3,400 inactive mines

may be cobnsidered for study.

Two-thirds of
If the

Average costs per unit of work or production for exploration, develop-

ment, and production in the Small Mining subsector are difficult to determine

because of the wide disparity in operating conditions due to location and
characteristics of the deposit being mined, meager resources available to

the operators, and the lack of systematic records of operations.

On the

basis of whatever information that could be gathered, the Ministry compiled

the following estimated costs in 1976:

Table 18.-~A. Estimated costs of production, Small Mining subsector,

1975.

Commodity

Antimony
Grade, percent 50 55 6
Cost per gross

unit, fine,$U.S. 16.06 16.02 1
Tin
Grade, percent 10 20
Cost per pound,
fine, $U.S. 4.30 3.44
Wolfram
Grade, percent 55 60
Cost per gross
unit, $U.S. 80.98 81.05 8
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Table 18.--Continued

B, Estimated coft vf underproudd workitgs,
Small Mining subsector, 1975.

Type of excavation Crosscut Drift Intermediate drift Raise

Cost per meter, $U.S. 54.93 59.53 33.93 26.96

. ( )

Estimated costs for exploratory drilling and underground work were
estimated by the Ministry in 1976 to range from $80 to $90 per meter
depending upon the stage of exploration in evaluating a deposit.

Productivity levels

The large mining subsector annually mined from 4.07 to 5.45 million
tons of ore (all commodities) in the period 1972-1975. No ore production
data are available for the medium and small mining subsectors. In lieu
thereof, rough estimates may be derived on the basis of the following
formula and data:

Table 19.--Estimation of ore production by Medium and Small Mining subsectors.

Formula: (millions of metric tons) )
Large mine ore_prod.l/ . Medium mine ore prod. . Small mine ore .rod.
Percent of large mine Percent of medium mine Percent of smali mine
exports to total exports to total exports to totul
exports< exports< exports%
Data Mining subsectors
Large Medium Small
1972 4,35 . 1.47 . 0.96
64.2 21.7 14.1
1973 4.07 . 1.59 .- 0.66
64.4 25.2 ) 10.4
1974 5.02 . 1.81 . 0.97
64.4 ’ 23.2 ) 12.4
1975 5.45 . 1.76 . 0.55
70.2 22,7 7.1
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Table 19.~-Continued

Summary, production

Large Medium Small
1972 4.35 1.47 0.96
1973 4.07 1.59 0.66
1974 5.02 1.81 0.97
1975 5.45 1.76 0.55

1/ Amembassy, La Paz, 1975 and 1976, pages 10 in both reports.

2/ Table 6, page 20 this report.

These estimates depend entirely upon a ratio derived from the
performance of the large mining subsector, and may not be wholly appli-
" cable to the situation in the other mining subsectors.

Mines in the medium mining subsector may be more efficiently operated,
in which case actual ore production may be less than the calculations
suggest. The situation in the small mining subsector is too variable to
be objectively evaluated. Production in many of the small mines is very
low, and few mines attain even modest levels of production.

On the basis of the number of underground and surface workers reported
in the three mining subsectors, productivity per daily man shift in 1975 as
estimated in the following table was about 0.97 ton in the large mine sub-
sector, 0.76 ton in the medium mines, and 0.09 ton in the small mines.

Table 20.--Average production of mine ore per workerg surface and underground.

Total
underground

1975 mine and surface Average production
Mining production labor force per worker {tons)
subsector (million tomns)l (thousands) Annual Daily<t/
Large 5.45 18.041 3/ 302 0.97
Medium 1.76 7.46 4/ 236 0.76
Small 0.55 20.0 3/ 27.5 0.09

1/ See preceeding table.

2/ Estimated on basis of 310 working days per year.

3/ Amembassy, La Paz, 1975, p. 17

4/ Ministerio de Mineria y Metalurgia, 1976, p. 33

5/ Estimated from range of 15,00 to 25,000 (HIID, I-11). Cooperatives
" employ an additional 16,000 workers (HIID, II-21).
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Data also are fragmentary for estimating the productivity per-man-day-
shift for underground labor, but the few available statistics analyzed
below suggeat average daily undevground wmine production per man in 1975 was
about 2.0 tons in the large mines, 1.3 tone in the medive minea, and 0. 1%
ton in the small mines.

Table2]l .~-~Average production of mine ore per worker, underground.

Average production

1975 mine per underground
Mining production Underground worker (tons)
subsector (million tons)l/ 1labor force Annual Daily</
Large 5.45 8,8893/ 613 2.0
Med 1um 1.76 4,5004/ 391 1.30
Small 0.55 12,0004/ 46 0.15

1/ See Table 19.

2/ Estimated on basis of 310 working days per year.
3/ Amembassy, La Paz, 1976, p. 17.
4/ Estimated to be 60 percent, of total labor force.

The slight advantage in average daily production per worker in the
large mine subsector over the medium mine subsector (2.0 tons vs. 1.30
tons) may be due in large part to the fact that about a third of COMIBOL's
recent mine output resulted from the block cave system of mining used in
one mine (Siglo XX). This system of mining should yield about 30 tons
per man shift but obviously did not do so there. However, the average
yield at Siglo XX no doubt was greater than that attained in the other
mines, and helped the subsector attain the productivity level shown in the
above analysis.

Productivity levels per man shift in 10 to 16 mines operating in

the United States on vein deposits similar to those commonly developed in
Bolivia were reported recently as follows:
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