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The Bolivian Tin Mining Industry
in the First Half of the 20th Century

Introduction
Tin was known since pre-colonial days and has been mined since about the
beginning of the 17th century. In his Relation de Oruro (1608), Phelipe de
Godoy comments on tin mining, and Alvaro Alonso Barba in Arte de los
Metales (1640) reports that tin was worked in Carabuco, Chayanta, and
Colquiri. According to the British envoy Joseph B. Pentland, there was a
regular exploitation in Oruro in the early 19th century, and tin was exported
to the United States, France and England. In that period the main use of tin
was as an alloy for the manufacture of brass.
While Bolivia entered independence with a tin industry, it was not until the
20th century that tin ruled the economy. In the words of Sergio Almaraz: '[In
Bolivia] the 20th century arrived on the shoulders of tin mining'.1 The
growth of the tin plate industry and the use of tin in wire coating for the
expanding electrical industry, caused the demand for tin ores to increase
significantly, and tin became the most precious and scarce of all common
metals.
In this paper, I will outline the development of the Bolivian tin industry
from the middle of the 19th century to the nationalisation of the main mines
in 1952. I shall concentrate on the changes in the international and domestic
economy that enabled this development, analysing the performance of the
major mining companies and the impact of the tin mining industry on
Bolivian economic development.
The whole issue of tin mining and the role it played in the social, political
and economic development of Bolivia has been highly mythologised, in part
as a result of the importance of tin mining in the country's history, and in
part due to the incipient development of historiography in Bolivia. In this
essay, I will review the current state of scholarship on the subject. Since
there exists no serious study of the political influence of the mining industry,
I will not address this important subject here. Instead, I will concentrate on
the economic and technical aspects of the development of the tin mining
industry, based on both the main secondary sources and archival material,
particularly that derived from the Patino Mines Archive in El Alto and the US
National Archives in Washington, DC. At the same time, the sheer economic
importance of tin requires an appraisal of the relationship between the state
and the mining industry, undertaken here principally through an analysis of

fiscal policy implementation and of the contribution of resources from the tin
mining industry to the state and to the economy at large.

From the mid-19th century to the First World War
Until 1850, Bolivian participation in the international market was limited by
several factors. Internally, transportation difficulties were a major obstacle;
externally, the quality of the Bolivian mineral ores imposed limits to its
participation, and the structure of the market was by itself unfavourable.2
From the mid-1850s, increases in tin consumption associated with the
growing use of tin plate, particularly in cans, caused long term price rises as
production failed to respond with sufficient speed. As a result, during the
second half of the 19th century, interest in Bolivian production increased.
Furthermore, improvements in smelting technology enabled the refining of
Bolivian ores in Great Britain, a country that increasingly depended on
Bolivian production. German smelters also took an interest in Bolivian ore,
and built a foundry in 1891 for its treatment. As a consequence of these
changes in the international market the five-year average metallic tin export
increased more than ten-fold between 1850-54 and 1895-99 (from 795 to
7,541 long tons) and the export of tin mineral ores (concentrates) rose by a
factor of thirty-six (from 870 to 23,150 fine long tons).3
This response of the industry to the market stimulus relied largely on the
material infrastructure and human resources developed during the silver
mining period which preceded that of tin mining. Silver mining had trained
technicians and qualified labour, and gave rise to a group of 'entrepreneurs'
with mining, commercial and technical knowledge who performed as the
pioneers of the tin mining industry. The transition from silver to tin,
however, was not as easy or automatic as has been suggested. John Hillman
has estimated that tin production was 9,000 fine long tons in 1899 and that
only about 40 percent came from sources closely linked to the silver
production. However, he points out that most of the remainder was being
produced by people formerly associated with the silver mining industry.4
The last major obstacle to the expansion of the industry was cleared with
the inauguration of the Oruro-Antofagasta railroad in 1892. Railroad
transport eliminated the limitations imposed on exports by pack-animal
transportation, reduced transportation costs (particularly improving traffic
regularity and reducing travel time, more than in actual freight reductions),
and expedited the import of machinery.

In the first decades of the 20th century, the growth of Bolivian production
was spectacular. As a direct response to price and demand increases,5
production - measured by exports (no production figures are available) more than doubled between 1900 and 1910 (from 9,740 fine MT to 22,885
fine MT); in the next decade it increased a further 30 percent, reaching
28,230 fine MT (see Graph 1). As a result Bolivian production rose from 12
percent of world supply in 1900 to 20 percent in 1910.6 Likewise, the
importance of tin in the Bolivian economy increased significantly. Tin
exports increased from 40 percent of the total value of exports in 1900 to 60
percent in 1905, and this level was maintained till the twenties when tin
exports represented 70 percent of the total value of exports (see Graph 2).
This rapid expansion of production - at an annual growth rate of 5.9
percent (Table 1) - is only explained by developments in the tin mining
industry in the 19th century and the richness of the deposits, which, at least
in the first stage, could be readily exploited. Although Bolivian tin deposits
were underground hard rock, high tin contents enabled certain ores to be
hand-picked. This material, known as guia, was bagged in the mines and
exported with assays of 60 percent fine tin content. The tin mining industry
was not, however, exempt from problems, particularly inland transport
difficulties, high fuel costs, and labour shortage.7
Transportation problems were partially solved by the Liberal Party's
policy of railroad construction that speeded up transport from the mining
areas to the Pacific Ocean. The completion of the Guaqui-La Paz railway in
1905, the Rio Mulatos-Potosi railway in 1912, the Oruro-Viacha line in 1913
(which reached La Paz in 1917), the Uyuni-Atocha railway in 1913, and,
finally, the Arica-La Paz railway also in 1913, all increased the Bolivian
economy's links with abroad.8 However, difficulties persisted with
communications between the production centres and the railways, and often
the costs incurred over this stretch were higher than the railway freight to the
port. This transport (mine-railway) was irregular and subject both to the
rainy season (which made crossing rivers difficult) and to the drought season
(which reduced forage availability for the animals) so it became common to
store ores in the mine. Transport from the mine to the mill also experienced
the limitations and mishaps associated with the use of mules, donkeys and
llamas. It is within this context that we must view the concern of the dynamic
entrepreneur Simon Patino to 'free himself' from transport by pack animal.
In 1904, he installed an aerial rope way to move his mineral from the mine
to the mill, and in 1911 he began a project to construct the
Machacamarca-Uncia railroad to link his mines with the railroad trunk
network. The railway was completed in 1921 at a cost of $5 million.9
An inadequate supply of native fuel (in terms of both quantity and heating
power) and the high cost of coal, were both partially accountable for the high
railroad transportation costs. The scarcity of native coal and the high cost of

the imported product, were key elements in ending tin smelting in Bolivia.
To smelt tin of adequate quality and at a competitive cost in the 20th century,
reverberatory furnaces were required, something not feasible without a
source of cheap power. In mines distant from the railway where the cost of
coal was prohibitive, yareta (a local shrub) or dry llama dung were used as
fuel, but their low caloric value limited their use to heating water for steam
generation and calcination. Forging required coal. Diesel oil (also imported)
was required to generate electric power for the mills, and it was not until
1916 that hydroelectric power was generated in Catavi.
Labour shortage was a problem of longer duration. The initial rapid
growth of mining demanded a larger labour-force than was immediately
available. Moreover, the expansion of tin mining had to compete for labour
with railroad construction in Bolivia and the Chilean nitrate industry. The
irregular provision of labour - which was also subject to the agricultural
cycle - was undoubtedly an important element for the early mechanisation of
many mines during the 1912-1915 period, when air drills were introduced,
alongside machinery to replace the handling of the ore. The majority of mines
were located at great altitudes and the very harsh working conditions in mines
clearly acted as a disincentive for the potential labour force.10
There was also a notable shortage of technical and administrative
personnel. This was initially resolved by bringing in foreigners, the training
of mining engineers within the country only starting in 1917 in the Escuela
Nacional de Ingenieria in Oruro, with expansion in 1937 to the University of
Potosi. This enabled a gradual replacement of foreign engineers by Bolivian
engineers trained locally and abroad throughout the first half of the century.
In Patino Mines, for example, Bolivian engineers increased from 16 percent
of the total corps in 1937 to 48 percent in 1941. Nevertheless, the mining
demand for engineers could not be entirely met by Bolivians and foreigners
were employed even after nationalisation, especially in senior technical and
administrative positions.11
I estimate that the number of people employed in tin mining quadrupled
from 1900 to 1907, increasing from 3,000 to 12,700 as a result of the boom
in that period, when both the number of mines in production and employment
in mines already producing increased. After 1907, the increase in labour
employed was more gradual, reaching about 15,000 people in 1910 and
17,000 in 1925. It is exceptionally difficult to reach a reliable estimate of the
total number of people employed by the tin mining industry thereafter, but an
indirect indicator is the variation in employment in the whole mining industry
(tin and other minerals) and in the major company, Patino Mines (see table
2). When considering these figures, however, one should not lose sight of the
seasonal character of most of this labour. This gave rise to a permanent and
specialised labour force (drill hands and mechanics), and a temporary,

non-specialised one, employed in opening new galleries and in the portage of
ore.
In this early period (1900-1915), production methods were primitive and
not very different from those used in the 18th and 19th centuries. With very
few exceptions, exploitation was unsystematic; there were no geological
maps and production was undertaken without previous planning, exploiting
only the richest and most accessible veins, with the least possible capital and
until the mineral deposit deteriorated, before moving on to a new one. The
very wealth of the tin deposits allowed this type of work. In sharp contrast,
in the silver mining industry, where deposits were poorer, prices lower and
companies established for longer, exploitation was carried out in a markedly
more rational and scientific manner. In tin mining the use of machinery was
minimal: in 1900 only Huanuni had steam machinery. The increase in prices,
the arrival of railroads, and the greater availability of capital, expedited the
large scale import of machinery and concentration mills starting in 1908.12
The main source of capital for the mining industry at the beginning was
from traders in the form of advance payments on future production or credit
on mining supplies. But these modest sums could only meet short term capital
demand. Since the participation of local banking was marginal, investment
capital was necessarily sought abroad. After 1906 (when the Peace Treaty
with Chile was signed, fixing disputed national frontiers) there was
significant inflow of Chilean capital as more companies were floated in the
Santiago Stock Exchange. The principal Chilean purchase was that in 1906
of the Llallagua mine, the richest in Bolivia. In 1912 Chilean investment in
Bolivian mines amounted to £2.6 million. By 1913, foreign capital investment
exceeded £10 million and was mostly Chilean, British, and, to a lesser
degree, US in origin.13
Capitalisation of the mining industry facilitated the emergence of
production in a group of 'modern' companies characterised by their greater
mechanisation of both mining and concentration, their more developed
administrative organisation, their access to greater working capital, and by
their direct marketing of ores. This group - comprised of the Aramayo
Francke Mines Ltd (registered in London in 1906), the Compania Estamfera
de Llallagua (registered in Santiago, Chile, in 1906), the Patino Group
(Compania Minera La Salvadora, Empresa Minera Huanuni, Compania
Uncia, and others), and the Compania Minera y Agricola Oploca de Bolivia
(registered in Santiago, Chile, in 1906) - accounted for 55 percent of total
national production in 1912 and by 1917 had exceeded 65 percent.14
Except during the 1907 crisis, which caused the closure of several small
mines and provoked unemployment across the industry, the pre-war period
was distinctly favourable for Bolivian tin mining: both prices and demand
continued to increase. However, when the London Metal Exchange closed

(August, 1914) at the outbreak of World War One, the industry suffered the
effects of the fall in prices and demand until mid-1915; many mines were
closed and wages (hitherto in ascent) were depressed. Moreover,
unemployment spread as the construction of railroads was paralysed and
work in the Chilean nitrate mines decreased. The mining crisis rebounded on
commercial activity, which was in turn affected by a severe credit restraint.
The decrease in mining production and exports led to a shortage of drafts on
London (foreign exchange in pounds sterling) and so caused a considerable
drop in imports. This had a negative effect on fiscal income, since taxes on
imports (as a percentage of total value) were five times higher than the tax
rate on exports. To cover the deficits, in view of the impossibility of
increasing the taxes on the mining industry, the Government requested
advances from exporters in the form of Vales de Aduana for Bs. 10,250,000.
To overcome the shortage of foreign exchange, the government issued a law
requiring exporters to deliver 10 percent of the value of their exports in drafts
to the Banco de la Nacion.15
The war-related depression affected the modern companies differently.
These had already secured a financial stability that allowed them to stop their
production - as in Aramayo Francke - or reduce it - as in Oploca - and
concentrate their efforts in development operations, while processing their
tailings to keep their mills running and their skilled labour employed
(unskilled labour was made redundant). Once the market opened again, these
companies resumed exporting, benefiting from the higher prices, and in
addition selling both their accumulated stocks and new production.16
An important effect of the war was the change in the destination of
Bolivian foreign trade. Before the war, most imports and exports had been
to and from Europe, particularly Britain. The war made trading with Europe
difficult and increased interest in the USA in establishing foundries of their
own and buying tin mineral ores directly from Bolivia despite British
opposition. Three foundries were built in the USA, the most important by
American Smelting and Refining Co. (ASR) with 8,000 short ton capacity.
ASR ensured the supply of Bolivian mineral ores by offering the mining
companies attractive advance payments that helped to reactivate the mining
industry in 1916. US interests also attempted to control ore production by
offering to buy several established companies. Rubber, antimony, wolfram
and other ores were now exported to the USA. By providing the local market
with drafts on New York (foreign currency in dollars) rather than on London
(because of restraints on trade with Europe), these exports enabled the
importation of US products. Trade between the USA and Bolivia was
consolidated to such an extent that when smelting of Bolivian ores in the USA
was stopped in 1923, other commercial ties were not greatly affected.17
The war also had effects on the big mining companies. It forced Patino to
abandon his interests in Germany (where he sold his ores) and to develop

them in England, where he invested in the Williams Harvey foundry. On the
other hand, Aramayo Francke Mines, originally registered in London in
1906, was forced to change residence and move to Switzerland under the
name of Compagnie Aramayo des Mines en Bolivie, due to the high taxes in
Great Britain.18
When the war ended, the over stock of mineral ores in the USA caused a
ban on tin imports that lasted until early 1919. This had a particularly adverse
effect on the Bolivian industry because 40 percent of total production was
now traded in the USA. However, the problem was shortlived, and once
overcome, Bolivian tin mining benefited from the brief post-war combination
of rising prices and a strong demand.

The 1920s
Having reached an unprecedented level in 1920, tin prices dropped in line
with the world economy's business recession, and stocks began to
accumulate. This state of affairs caused the implementation of the first price
control agreement by the governments of Dutch Indies and Malaya, which by
1922 had accumulated almost 15 percent of the world production in the
notable 'Bandoeng Pool'. 19
This was fully evident in Bolivia, particularly in 1921 when tin exports
dropped to 19,086 fine MT, after having reached 29,280 fine MT in 1918
(Table 1). As to the effects of the crisis on different sectors of the Bolivian
mining industry, the comment of the Mining Journal of January 1922,
captured the situation succinctly:
Unlike Malaya, the bulk of the Bolivian production is by four large
producers, who can afford to contract or expand their production at
will, and are not obliged to work harder in bad times to make ends
meet.
The publication added that large producers preferred not to deplete their
reserves during periods of low prices, but rather take advantage of the
occasion to reduce their labour force. It also noted, however, that the small
mines were forced to close, while the medium ones increased their production
(supposedly they now needed a larger production in order to pay back their
advance payments). But 'the main cause of the reduction', the article
concluded, 'is the voluntary curtailment of the rich concerns'.20 This
comment indicates the new structure of the Bolivian mining industry and of
the capacity for survival of the big companies in a time of depression. In this
production concentration process a dominant role was played by Simon

Patino, who had bought the interests of the Irishman John Minchin (the
Compania Minera de Uncia) in 1910, those of the British Penny and Duncan,
and the Compania Minera El Balcon (also of British capital), to form the
Compania Minera Huanuni in 1911.21
Once the crisis was over, the period from 1924 to 1928 proved to be one
of boom. Bolivian production increased throughout these years reaching an
all-time high of 47,191 fine MT in 1929. During the 1920s, Bolivian
production came to represent between 18 percent (1921) and 24 percent
(1929) of total world production.22 Between 1920 and 1929, exports grew
at an annual rate of 5.9 percent, a growth rate similar to that registered in the
preceding period (1900-1919; Table 1). This rise is explained by the large
investment flow during the first half of the decade. It has been estimated that
between 1920 and 1926, investment in tin mining industry amounted to $27.2
million including investments in both new operations and capitalisation of
existing ones. Out of this total, $12.1 million corresponds to the 1920
investments of the US Guggenheim Bros, in the Caracoles Tin Company of
Bolivia.23
Guggenheim Bros, was also interested in buying other
companies, investing almost $1 million in 70,000 shares of the Aramayo
Company after several unsuccessful attempts to reach an agreement with
Carlos Victor Aramayo to buy 50 percent of his shares.24 In 1928,
Guggenheim Bros, obtained an administration contract from Aramayo in
exchange for a share in profits. However, this contract only lasted until 1933
when Aramayo took advantage of the tin crisis and the heavy losses in
Caracoles to buy this mine from Guggenheim.25
The continuous growth of tin mining increased the importance of the
industry for the national economy. In the second half of the 1920s, the value
of tin exports reached its highest level, surpassing 70 percent of the total
value of exports (Graph 2). The primary measurement for quantifying the
contribution of the mining industry to the economy has always been the taxes
paid by the mining industry to the government. However, we should not lose
sight of the significant regional impact exercised by mining activity by
creating a demand for domestic consumer goods (promoting manufacturing
and agriculture) as well as for imported goods that, when entering the
country, paid import taxes and gave rise to a strong import sector. An
example of this may be seen in the urban, commercial and financial
development of Oruro, described in 1912 by a French observer as the 'home
of industrial and commercial progress', with nine banks, two agencies and
several factories and commercial premises. 26 The effect of the mining
industry on the rural areas still remains to be studied, particularly in terms
of its role in introducing a commercial/cash economy to the peasantry. There
is no doubt, however, that the mining industry was not the great 'engine of
growth' of Bolivian development that it could have been. The reason for this
is beyond the purpose of this paper; but we should register two factors of
clear relevance: (i) governmental incapability to extract higher taxes from the

mining industry, particularly during the first decades, together with the
inefficient use of that income which was generated; and (ii) the factor that the
major mining companies, after obtaining large profits, did not invest in the
country.27
The classic indicator for quantifying the contribution of the mining
industry to the national economy has been the percentage obtained by
dividing the overall amount the mining companies paid in export tax by the
total value of mining exports. This percentage increased from a decennial
average of 2.7 percent in the first decade up to 4 percent in the second one,
reaching 9.2 percent in the 1920s.28 However if we consider not only total
taxes paid but also company profits, the figure rises appreciably, in the case
of 1925, for example, from 9.1 to 17.7 percent.29 Likewise, the value of
export duties paid on tin as a percentage of total fiscal income increased from
an average of 6 percent for the five-year period between 1901-04 up to 22
percent for the 1916-20 quinquennium (see Graph 2).
Until the early 1920s the main tax on mining was the export tax, with a
sliding scale based on international prices. In 1920, general fiscal difficulties
encouraged the government to introduce the first profit tax into the statute
book. But it was not until 1923 that a serious profit tax was levied in practice,
in order to cover the financial obligations of the 'Nicolaus' loan, contracted
in 1922 to refinance the public debt (including the Vales de Aduana of 1915
and 1916) by the Bautista Saavedra administration (1921-1925). The new law
of 1923 specified the amounts that could be deducted to establish the profit
and so overcame one of the central shortcomings of the previous legislation.
This improvement plus the existence of a suitable agency for collecting the
taxes (the Comision Fiscal Permanente, created to control the 1922 loan)
were important elements in the significant increase in taxation on the mining
industry (the percentage of total taxes on export and on profits relative to the
value of exports rose from 7.4 percent in 1923 to 15.6 percent in 1924).30
According to Gomez D'Angelo, this decade more than any other distinguishes
itself precisely because the taxation system proved capable of extracting a
significant portion of any increase in the value of mining production.31
However, from the 1920s the relative importance of tin export duties on total
national income began to decrease (see Graph 2), as resources from the profit
tax and foreign currency control (from the 1930s onwards) became the
preferred mechanisms by which the government obtained resources from the
tin mining industry.
The comparative importance of the different taxes paid by the mining
industry and the greater absolute amount of resources 'extracted' from the
industry by the state in the 1940s are well illustrated in Table 3. Based on
Patino Mines data, this shows that export taxes accounted for 50 percent of
the total taxes paid in the 1920s and profit taxes 30 percent. The relative
significance of both taxes dropped significantly in the second half of the

