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The USA became the world's leading mineral-producing mation between 1870
and 1910, a development paralleled by the rising resource-intensity of American
manufacturing. This paper challenges the premise that resource abundance simply
reflected the country’s geological endowment of minesal deposits. Instead, in the
century following 1850 the USA exploited its natural resource potentials to a far
greater extent than other countries, and did so across virtually the entire range of
industrial minerals. The paper argues that ‘natural resource abundance’ was an
endogenous, ‘soctally constructed’  condition that was not geologically pre-
ordained. It examines the complex legal, institutional, techmological and
organizational adaptations that shaped the US supply-responses to the expanding
domestic and  international industrial demands for minerals and mineral
products. It suggests that strong ‘positive feedbacks’—even in the exploitation of
depletable resources—uwere responsible for the explosive growth of the American minerals

econonsy.

1. Introduction

The abundance of America’s minerals is a familiar fact of economic history. By
the time of World War I, the USA had atrained world leadership in the
production of nearly every one of the major industrial minerals of that
era-—coal, iron ore, copper, lead, zinc, silver, tungsten, molybdenum,
petroleum, arsenic, phosphate, antimony, magnesite, mercury, and salt—with
strong second-place status in gold and bauxite. American manufacturing
exports became increasingly resource-intensive over the very period in which
the country became the world’s manufacturing leader, roughly 1880-1920
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The Genesis of American Resource Abundance

(Wright, 1960, pp. 655-660). It is arguable, indeed, that resource-intensity
and materials-using biases are persistent characteristics of the American
economy up to the present day.!

Surely resource abundance was a gift of nature, an example of what
Parker (1972, p. 96) calls the ‘sheer luckiness of the American economy’.
When George Otis Smith, director of the US Geological Survey, wrote in
1919 that ‘the United States is more richly endowed with mineral
wealth than any other country’, he expressed the best available scientific
knowledge of his day. With the advantages of hindsight and modern
geological knowledge, however, we propose an alternative interpretation of
the American minerals record. Between 1850 and 1950 the USA exploited
its resource potential to a far greater extent than other comparable
countries. The abruptness of the transition to world leadership in the late
nineteenth century and the simultaneity of the expansion in so many separate
branches of the sector both suggest that more was involved than mere
geological good fortune. The abundance of American resources did not derive
primarily from geological endowment, we argue, but reflected the intensity
of search; new technologies of extraction, refining and utilization; market
development and transportation investments; and legal, institutional and
political structures affecting all of these. The situation of natural resource
abundance, no less than the condition of so-called technological leadership,
was socially constructed.

Resource development is a neglected topic in economic history. To be sure,
no economist would be surprised to learn chat resource abundance is a
function of extraction and transportation cost as well as of physical
availability, and the role of substitution in mitigating resource scarcity is
widely appreciated (see Dasgupta, 1993). But natural resources still are
viewed as the last of the exogenous factors, governed by the principle of
diminishing returns in an economic growth process whose other constituents
recently have come to be treated both as endogenous and subject to increasing
returns (see Romer, 1986, 1990).2 We find, to the contrary, that late
nineteenth century American mineral expansion embodied many of the
features that typify modern knowledge-based economies: positive feedbacks
to investments in knowledge, spillover benefits from one mining specialty to
another, complementarities between public- and private-sector discoveries,

' Cain and Paterson (1986) found a materials-using technological bias in nine of twenty US industries
during the same period, including many of the most prominent success scories,

? Asthur (1990) ergues explicitly that diminishing returns probably predominated in nincteenth century
economies because of the greater role for scarce physical resources, as contrasted with knowledge-based
resources.
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TABLE 1. US Share of World Totals (%)

1913 output 1989 reserves 1989 reserves plus 1989 reserve base plus
cumulative1913-1989 cumulative 1913-1989
production produciton

Petroleum 65 3.0 19.8

Copper 56 16.4 19.9 18.5
Phosphate 43 9.8 36.3 15.4
Coal 39 23.0 233

Bauxite 37 0.2 0.5 0.5
Zinc 37 13.9 14.0 15.6
Iron ore 36 10.5 11.6 ‘ 7.4
Lead 34 15.7 18.1 18.8
Gold 20 11.5 8.6 84
Silver 30 11.7 16.3 17.6

Sources: Mimersls Yearbook, The Mineral Indusiry—Its Stasistics, Technology and Trade (supplement to
Engineering and Mining Joarnal), American Petroleum Institute, Basic Petrolesm Data Book, Vol. X
(September 1990); National Coal Association, International Coal; COE/EIA, Annxal Progpects for World Coal
Trade (1991).

and increasing returns to scale—both to fitms and to the country as a whole.
We suggest that these findings have broader significance for understanding
the historical roots and character of American economic success.

2. American Minerals in a World Context

The first two columns of Table 1 present figures on the 1913 US share of the
total world production of ten important minerals, and recent estimates of the
US share of world reserves. To be sure, the concept of mineral ‘reserves’ suffers
from inherent limitations. By their very nature, total potential supplies cannot
be known with certainty. Of those that are known, the percentage that is
economically recoverable depends upon the price of the commodity and the
cost of extraction. These dividing lines can and do change because of shifts in
demand and supply conditions (reflecting physical investments or new
technology). The figures in the second column are not very different, however,
from those obtained using the alternative concept of ‘reserve base’, which
includes resources that are known but marginal or subeconomic. Still, we have

205




The Genesis of American Resource Abundance

no assurance that comparison of 1913 production flows and 1989 stocks is
not subject to biases. Despite these qualifications, the present-day estimates
provide a useful benchmark, and Table 1 presents a striking picture: for every
mineral on the list, US production was disproportionate to what we now
believe to be the country’s share of world resources. In most cases the gap was
huge. Only for coal do the reserve estimates suggest an obvious geological
reason for US domination of world production.

To help clarify the historical issues, one may well ask further questions
regarding this evidence. Do the small US shares of world reserves in 1989
mainly reflect the cumulative effects of two centuries of extraction? Or,
alternatively, have new discoveries since 1913 mainly occurred in other parts
of the world? These questions are addressed in the last two columns of
Table 1, which show the estimated shares obtained by adding 1989 estimates
of reserves or reserve base to cumulative US and cumulative world production
of the mineral in question between 1913 and 1989. They constitute, in other
words, the best available modern estimates of what reserve levels actually
were in 1913. It is evident that 1913 US production far exceeded its com-
parative ‘endowed’ share. To be sure, both accrual and depletion processes
were operative, and the balance between them varies from one category of
mineral to the next. If all the US gold and lead ever produced could be put
back in the ground, the country’s relative standing in these industries would
be dramatically altered, but total world reserves would only be increased
by about 20%. In other cases, such as copper or bauxite, the impact of
cumulative US production on world reserves would be far less: about 6% for
copper and less than 1% for bauxite. Figure 1 illustrates the important
example of petroleum, in which the USA dominated world production until
the 1960s. Although cumulative US oil production amounts to several times
the current level of estimated US reserves, both quantities are small relative
to estimates of world reserves (which continue to grow nearly every year). It
seems clear that the USA managed to exploit its geological potential well
ahead of the rest of the world.

How did US mineral production ¢. 1913 compare, one may ask, to the
country’s resource endowments as they were known at that time to geologists
and mining engineers? Global surveys were then in their infancy, but in
response to concerns about resource adequacy in Scandinavia and the USA,
the XIth International Geological Congress sponsored an ambitious report on
Iron-Ore Resources of the World in 1910. The Congress commissioned reports
from expert observers around the world, asking them to distinguish ‘accual’
from ‘potential’ reserves, and taking note of the degree of investigation
entering into the estimates. According to the report, the USA was not only
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FIGURE 1. World and US oil reserves. Source: American Petroleum Institute, Basic Petroltam Date Book,
Volume X (May 1990).
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FIGURE 2. Estimates of World iron ore reserves by continent, 1910, 1955, 1985. Sources: International
Geological Congress (1910); Uniced Nations (1955); US Bareas of Mines Balletin 675 (1985).
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TABLE 2. USSR Share of World Totals (%)

1913 output 1989 reserves 1989 reserves plus 1989 reserve base

cumulative plus cumulative
1913-1989 1913-1989
production production

Petroleum 29.0 6.4 18.0

Copper 34 0.7 4.7 88

Phosphate 0.0 10.6 19.1 5.4

Coal 25 22.0 21.0

Bauxite 0.0 14 1.9 1.7

Zinc 0.0 6.9 9.2 7.6

Iron ore 5.7 39.1 364 24.4

Lead 0.1 14.2 11.0 10.8

Gold 5.4 14 11.0 10.8

Silver 0.1 17.9 9.4 9.2

Sources: Miwerals Yearbook; The Mineral Industry—lts Statistics, Technology and Trads (supplement to
Engineering and Mining Joxrnal),; American Petroleum Institute, Basic Petrolexm Data Book, Volume X
(September 1990); National Coal Association, International Coal, COE/EIA, Anxnxal Prospects for World
Coal Trade (1991).

the country most richly endowed with actual iron ore reserves (22.6% of the
total) but also had the greatest opportunity for future expansion (containing
fully 70% of the world's estimated potential reserves). In a compatable survey
by the United Nations just 45 years later, the US share of known reserves had
fallen to 8.1%. By far the most important reason was the discovery and
development of vast new reserve centers in Asia, South America, Africa, the
USSR and Australia. Figure 2 depicts the evolution of the estimate of iron ore
reserves over time. A similar survey on coal resources by the XII International
Geological Congress in 1913 reached an equally striking conclusion about
American mineral abundance. That report found that the USA contained
more than half of the entire coal supplies in the world. The USA is still well
endowed with coal, but its estimated share of reserves today is less than
one-quarter, indicating that deposits in many parts of the world were simply
not known as of 1913.

By way of contrast, Table 2 presents comparable figures on 1913
production for the USSR, chiefly Russia, showing a distinct pattern of
underachievement relative to modern reserve estimates, except for perroleum.
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TABLE 3. Latin American® Share of World Totals (%)

1913 output 1989 reserves 1989 reserves plus 1989 reserve base plus
cumulative1913-1989 cumulative 1913-198
production production

Petroleum 7.4 13.4 21.8

Copper 12.6 321 26.5 28.9
Phosphate 0.0 5.2

Coal 0.2 1.1 1.0

Bauxite 0.0 27.2 294 30.0
Zinc 0.6 11.1 12.1 10.2
Iron ore 0.02 12.5 12.0 9.7
Lead 4.8 10.7 13.2 11.8
Gold 5.6 44 44 43
Silver 38.6 29.6 30.3 27.8

*South America plus Mexico and Caribbean.

Sources: Minerals Yearbook, The Mineral Industry—lts Statistics, Techmology and Trade (supplement to
Engincering and Mining Josrnal); American Petroleum Institute, Basic Petrolesm Data Book, Volume X
(September 1990); National Coal Association, International Coal; COE/ELA, Annxal Prospects for World Coal
Trade (1991); C. J. Schmitz (1979), Whrld Non-Ferroxs Metal Production and Prices 1700-1976, London:
Frank Cass; B. R. Mitchell (1983), Insernational Historical Statistics: The Americas and Axstralia, Detrost, MI:
Gale Research Co.

Russia’s failure to develop its vast reserves of coal and iron ore is often
attributed to the inconvenient location of major deposits thousands of miles
from population centers, as well as to unevenness of ore quality, high
transportation cost and the lateness of discoveries (White, 1987, pp. 64-68;
White relies on Baykov, 1954, pp. 140-143). Virtually all of these ration-
alizations could equally well have been applied to the USA prior to its burst
into world leadership. The Russian example is particularly interesting because
the USSR engaged in a crash program of mineral development in the late
1920s and 1930s, achieving a rate of growth in production between 1926 and
1937 that was more than twice as fast as the most rapid expansion period
for US minerals in the twentieth century, 1902-1917 (Warren, 1973,
p. 172)3

* Whether such programs were prudent, or had economic consequences similar to che cardier American
expansion, are of course entirely different questions.
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TABLE 4. European® Share of World Totals (%)

1913 output 1989 reserves 1989 reserves plus 1989 reserve base plus
cumulative1913-1989 cumulative 1913-1989
production production

Petroleum 47 48 9.0

Copper 10.3 6.8 7.0 45
Phosphate 8.6 0.20 04 0.3
Coal 55.0 13.0 16.8

Bauxite 60.0 6.1 7.1 17.1
Zinc 679 18.1 20.4 17.1
Iron ore 58.2 3.4 6.3 5.4
Lead 48.5 129 18.1 16.3
Gold 1.0 6.1 2.6 2.6
Silver 6.0 83 6.2 6.7

*Western Europe plus Communist Nations except USSR.

Sources: Mimerals Yearbook, The Mineral Industry—lts Statistics, Techmology and Trads (supplement to
Engineering and Mining Joarnal), American Petroleum Institute, Basse Porolesrs Data Book, Yolume X
(September 1990); National Coal Association, Imterwational Coal, COE/EIA, Awnnal Praspects for
World Coal Trade (1991). European countries are Albania, Austria, Belgium, Bulgaria,
Czechoslovakia, Denmark, Finland, France, Germany, Greece, Greenland, Hungary, Ireland, Inly,
Luxembourg, The Netherlands, Norway, Poland, Portugsl, Romania, Spain, Sweden, Switzerland, UK
and Yugoslavia.

A different sort of contrast is presented by Latin America (Table 3), whose
European settlement was very largely motivated by the search for mining
opportunities. If we except gold and silver, in 1913 these countries in the
aggregate had barely made a beginning at exploiting their potential in zinc,
lead, bauxite, iron ore, phosphate rock and petroleum, and even Chile’s
copper production was far below its proportionate share of the world’s copper
resources. In this case too, contemporaries and historians have found many
rationalizations for slow development of mineral potential. But the proximate
impediment seems to have been a lack of accurate knowledge about the
extent and distribution of that potential. A report by Orville A. Darby in
conjunction with the 1913 iron ore survey, calling attention to enormous
undeveloped deposits of high-grade iron ore in Brazil, attracted great interest
in that country. Yet as late as the 1930s experts were cautioning that ‘a belief
that South America is a vast reservoir of untouched mineral wealth is wholly
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illusory’ (Bain and Read, 1934, p. 358).4 The absence of exploitable coal
deposits does seem to have been a true geological fact of life for Latin America,
one that may have played a strategic role in discouraging mineral develop-
ment more generally. If so, it offers another illustration of complementarity
in the minerals sector.

In the light of the foregoing, Table 4 may come as a surprise. It presents
parallel figures on 1913 production and reserves for the aggregated nations
of western and eastern Europe (excluding the USSR), encompassing an area
about half the size of the continental USA. When these smaller countries are
combined in this way, European production in 1913—though quite limited
in petroleum, copper, phosphate and gold—was even more disproportionate
to its endowment for such industrial minerals as coal, iron ore, lead, zinc and
bauxite. Table 4 suggests that US ‘resource abundance’ may have had a
geological basis after all, when viewed within the constricted orbit of the
greater-European capitalist economy of the ninteenth century. The settlement
of America was closely bound up with the natural resource demands of
technologies inherited from Europe, identified by such authorities as Wrigley
(1988) and Thomas (1993) as critical to the Industrial Revolution’s break
with the past. As rising industrial demands put pressure on limited European
resources, the mineral frontier spilled overseas, the USA being first among the
newly settled regions to respond. On this reading, the institutional
developments recounted below might be seen as ‘induced’ by the promise of
great mineral potential relative to the older districts of Europe.

But what European miners had done over the span of several centuries, the
Americans accomplished in little more than a single generation. As we show
in the next section, minerals development in the USA remained unimpressive
during the first two-thirds of the nineteenth century. Realization of the
country's potential in this regard came only after large-scale mobilization of
human resources and applications of new technologies. Although the US
mineral sector certainly did draw upon advanced European skills and
investment capital, by the end of the century it had moved well beyond this
starting point. In some cases, such as copper, US metallurgical technologies
emerged that were well ahead of those in Europe; while in others, such as
petroleum, the mineral itself was all but unknown previously, and the
adaptation included the development of an entire range of uses for this newly
abundant material. Perhaps the clearest indication of the exceptional

* A more detailed survey of South American minerals is Miller and Riley (1919). In the 1990s, che crade
press reported that ‘whereas North America has been pretty well raked over by geologists, mining is
blossoming throughout Latin America’ ('In Latin America, a Mining Boom,’ Insernasisna! Herald Tribans,
July 13, 199%).
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exploitation of American minerals is the contrast berween the USA and the
entirety of the British Empire. Although domestic coal and iron ore deposits
played a significant role in the rise of Britain as an economic power, the British
government was slow to encourage resource exploration in its second Empire.
Before World War 11, when Britain spent £70,000 annually on its geological
survey, the USA spent the equivalent of £1 million. As late as 1947, expert
staff in British geological services overseas—in an empire that was then still
intact—totaled 58 (Warren, 1973, p. 22). The difference in priorities is
illustrated by efforts of the Indian industrialist J. N. Tata to establish a modern
steel industry in India during the 1890s. After visiting steel plants in Britain
and Germany as well as the USA, Tata decided to throw in his lot with the
Americans. When the US advisory team arrived, they immediately set in
motion an exhaustive search for iron ote in convenient locations. Within a
short time they found one of the richest hematite deposits in the world, at
Gurumaishini Hill, which the British imperialists had somehow overlooked
(Headrick, 1988, pp. 285-291). Twentieth century extension of the minerals
frontier around the globe has largely been conducted under the aegis of
American expertise and technology.

In our view, the rapidity of US mineral development should be seen both
as cause and as consequence of the post-Civil War deployment of human and
physical resources to this sector. The high returns to early investments
encouraged further investment, resulting not in sharply diminishing returns
(as it might have in Europe) but in apparently ever-increasing rates of
discovery and production. Qur argument on this point is not wholly novel.
The suggestion that there was an important ‘positive feedback’ from the
exploitation of known geological endowments to the expansion of those
endowments was put forward by the compiler of the 1910 report on iron ore:

One of the most striking results of the collection of the reports is that
areas covered by the reports of group A {reliable calculations based on
actual investigations) contain much greater quantities of known and
recorded iron ores than is the case with those covered by reports of group
B {figures based only on very approximate estimates]. This may be
expressed in other words to the effect that the more a district becomes
known and its industrial resources are developed, the greater become also
its actual iron ore resources. (International Geologic Congress, 1910,
p-4)

One could hardly ask for a better description of positive feedback at work: the
more you find, the closer you look, and the closer you look, the more you find.
In any locale, of course, this process is not unbounded, but, we argue, the
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principle applied across a broad range of mineral developments during a
crucial phase of American economic ascendancy.

3. Emergence of the American Minerals Economy: Timing and
Causes

From our present vantage point it is difficult to appreciate that so recently as
a century ago the view of the USA as a region vastly endowed with valuable
natural resources did not strike contemporaries as a hackneyed platitude.
Rather, it was something of a novelty, and its assertion was the occasion for
expressions of pride in national achievements (e.g. Rothwell, 1895). Even in
1900, a French visitor saw the country as a laggard: ‘The United States has
been very liberally endowed by nature with the industrial minerals, although
through ignorance or lack of transportation facilities, they remained
undeveloped for a long time’ (Levasseur, 1900, p. 7).

To be sure, the practice of describing the European settlements in North
America as exemplifying ‘land abundance’ and its reciprocal condition, ‘labor
scarcity’, was of much longer standing. In 1751, Benjamin Franklin observed
that Europe was ‘generally full settled with husbandmen, manufactureres,
etc., and therefore cannot now much increase in people’, whereas

[1Jand being...plenty in America, and so cheap as that a laboring man,
that understands husbandry, can in a short time save money enough to
purchase a piece of new land sufficient for a plantation, whereon he may
subsist a family, such are not afraid to marry... (Franklin, 1838, pp.
311-320)

Although it has long been conventional in economics to subsume minerals
and all other natural resources under the general heading ‘land’, in the
eighteenth century an abundance of farmland was recognized to be not quite
the same thing as an abundance of mineral resources. Adam Smith echoed
Franklin on the stimulus to economic prosperity and population increase
provided by ‘the plenty and cheapness of good land’, and at the same time
remained decidedly skeptical about the business of mining for precious and
semi-precious metals. He judged it to be ‘the most disadvantageous lottery in
the world, or the one in which the gain of those who draw the prizes bears
the least proportion to the loss of those who draw the blanks’ (Smith,
1776/1937, p. 531). Thus, Smith took pains to point out that while Spain’s
quest for silver and gold was a motive for colonization that had also animated
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the New World adventures of other nations of Europe, the latter’s
expectations of discovering great wealth in American mines turned out to be
mostly chimerical:

It was more than a hundred years after the first settlement of the Brazils,
before any silver, gold, or diamond mines were discovered there. In the
English, French, Dutch, and Danish colonies, none have ever yet been
discovered; at least none that are at present supposed to be worth the
working. (Smith, 1937, p. 531)

Franklin was thus reiterating a familiar eighteenth century theme—of the
disappointments that awaited Northern European seekers after American
mineral treasure—when he wrote in 1790: ‘Gold and silver are not the
produce of North America, which has no mines’.?

The belated emergence of the American mineral economy has not passed
entirely un-noticed by historians of the subject. In 1941 Read remarked:

Although the first colonists in the area that is now the United States,
whether Spanish, French or English in nationality, were usually keenly
interested in the possibilities of mineral wealth, it is a curious and
interesting fact that none of them happened upon the mineral deposits
that eventually were to make this the greatest mineral-producing
country; up to 1800 it would probably have been rated as rather poor in
minerals. (p. 11)

The first real excitement over mineral finds came at the beginning of the
ninteenth century, when large gold nuggets (one weighing 28 lbs) were
discovered by settlers along the eastern border of the Appalachian range, in
Virginia and the Carolinas. It was the 1820s that first saw the emergence of
a wave of activity that might qualify, even vaguely, as a ‘mining boom’.
During 1824-1829 the search for gold was resumed and attracted much
attention; there was a concurrent rapid development of lead mining in
Missouri and on the Upper Mississippi in the Galena districe, where lilinois,
Iowa and Wisconsin adjoin one another. Regular shipments of anthracite coal
to the Philadelphia market from the Lehigh region of eastern Pennsylvania
also commenced in the 1820s, a development that came fully three decades
after the discovery of anthracite in that region. More concerted efforts to
exploit this novel form of mineral fuel commercially had been stimulated by

* Quoted in Rickard (1932, p. 2). Temin (1991) identifies ‘free land’ as one main source of America’s
distinctive success, but does not discuss mineral resources.
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