



























































Welcoming Remarks: Interdependence of
Nations and the Influence of Resources
Estimates on Government Policy

H. William Menard
Director, United States Geological Survey

It is my pleasure as Director to welcome you to this In-
ternational Centennial Symposium, and to express the
hope that all of you will find your stay both pleasant and
productive. My 14,000 associates and I are delighted —and
highly honored —that you have come here from all parts of
the world to attend this symposium convened in observ-
ance of the U.S. Geological Survey’s one hundred years of
probing the mysteries of this small planet that we all share.
We are glad you can be with us!

By my count, we have 44 countries on six continents
represented here this morning. You are delegates of more
than 3,000 million people living on 37 million square miles
(96 million square kilometers) of the Earth’s crust. The
dimensions of our discussions are thus truly global in
scope; the topics we shall address transcend the boundaries
and concerns of individual states. Shared knowledge and
cooperative action will be required to solve the common
problems that beset us as we contemplate the demands that
will be made upon the earth sciences in the coming century.

The notion of interdependence in scientific matters is
not new. No individual or nation has a monopoly of scien-
tific truth on any subject, and for centuries the exchange of
knowledge among scientists living in all parts of the world
has been one of the great unifying forces of civilization.
Thus the U.S. Geological Survey has from its very begin-
ning entertained an active interest in earth science matters
throughout the world, as evidenced by the innumerable ex-
changes between our scientists and their contemporaries in
other countries through correspondence, visits, meetings,
and the flow of literature.

In recent years we have institutionalized many of our
relationships with scientists and scientific groups in other
countries on a government-to-government basis, so that we
now have agreements of one sort or another covering our
services to more than a hundred countries. Some of these
relationships have continued to flourish long after the oc-

casion that brought them into being has faded into history.
They have done so in part because of the demonstrated
benefits that accrued to all parties to such arrangements,
and lately, I submit, because of a gathering sense of ap-
prehension over the continued availability of mineral
resources that plainly will be needed by the world’s grow-
ing human community.

That human community to which we all belong has
grown from 2,500 million in 1950 to 4,200 million
today—an increase of 70 percent. But of much more
significance, the material demands of our community have
grown even faster. World trade has increased by 570 per-
cent; world energy production has increased more than
five-fold on a tonnage basis; the value of manufactures,
mostly of mineral origin, is today more than ten times
what it was in 1950; and real prices of raw materials have
been rising since the middle of the last decade.

These numbers have a sinister look about them. But
the world has repeatedly been frightened before by the
specter of scarcity, particularly in the case of exhaustible
resources, only to discover its forebodings to be groundless
as shortages regularly gave way to surpluses just when it
appeared that only lean years lay ahead. Still, there re-
mains the troubling reality that minerals are finite, coupled
with the knowledge that in the 35 years since the close of
World War II man has consumed more minerals than in all
his previous history. The outlook is for continued increases
in demand while we are having difficulties in supplying cur-
rent requirements. Thus intense interest has focused on the
future prospects of many mineral commodities. Specifi-
cally we are interested in knowing how much of each com-
modity we may plausibly expect beyond the supplies that
are presently visible as proved or economically producible
reserves. More to the point, we need to know how much is
likely to be available under specified economic and tech-
nical conditions, both from known subeconomic sources
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and from sources yet to be discovered. We also need to
have some indication of the confidence with which such
estimates are made.

The answers to these questions are firmly embedded in
a complicated matrix of economic, technological, political,
legal, and logistical conditions that require the application
of a broad range of professional skills to obtain a proper
understanding and evaluation. Geology is only one of
these contributing disciplines, but its role is critical. The
entire process begins with the geological estimate of
resources in place and the geological interpretation of the
nature and circumstances of their occurrence. Until
something is known about the magnitude and quality of a
mineral resource, and where and how it might be found,
no useful calculation can be made as to the amount that
may eventually become available for use, the rate at which
it can be produced, or what its cost and value may be.

As I have already mentioned, attempts to estimate the
extent of undiscovered mineral resources have been made
from time to time by a variety of methods, many of which
ranked somewhere between tea leaves and Tarot cards in
their effectiveness as forecasting tools. Until recently these
predictive deficiencies have not mattered greatly because
the prevailing market condition for most commodities
most of the time has been one of surplus. Thus the conclu-
sion expressed by the U.S. Geological Survey’s Chief
Geologist in 1920 that crude oil production in this country
would probably never reach as much as 450 million barrels
(60 million tonnes) annually was quickly mooted because
with a yield of 472 million barrels (65 million tonnes) pro-
duction handily exceeded that figure in the very next year
(White, 1920).

But the signs of scarcity have now been with us long
enough to warrant serious attempts to ascertain the re-
maining stocks of the world’s mineral resources—the
energy minerals in particular. We need to do this because
governments tend to formulate policies based on percep-
tions about the relative abundance of vital resources.
These policies aim at forcing or inducing specific events to
happen in regard to exploration for particular resources,
substitution of one material for another, conservation and
re-use, and other actions that can have profound impacts
on resource costs, life styles, and the physical en-
vironment —not to mention the relationships between the
government and its citizens. The policies can be only as
good as the perceptions on which they are based, and the
perceptions in turn can be only as good as the estimates of
resource availability and cost from which they are formed.

The history of oil development in the United States
provides a number of examples of how varying perceptions
about the state of the nation’s oil reserves have
guided —and misguided —national policy toward oil for
the past seventy-five years (fig. 1).
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Figure 1 Petroleum reserves and national policy.

The first noticeable perception, formed in the early
years of the present century, was the familiar one of loom-
ing shortages. It was induced by a combination of factors,
including the boom-and-bust cycle of individual field pro-
duction, the lack of credible data on how much oil re-
mained and where it might be found, and the visibly rising
demand for oil as a source of heat and power. This period
of apprehension lasted for about 15 years—from 1908,
when it was widely publicized at a White House conference
of State Governors called by President Theodore Roose-
velt (1908, p. 7-8) until after 1920, by which time the
petroleum industry began to find so much oil that the
prophets of doom were eventually drowned in the surplus
that accumulated. But during this interval it appeared that
no one outside the petroleum industry (which knew better)
could bring himself to believe that the nation’s oil supplies
could possibly last for more than a few more years.

Meanwhile, unbeknown to anyone at the time because
data were then unavailable, reserves — obtained as the dif-
ference between cumulative discoveries and cumulative
production — continued to rise briskly; paradoxically, the
higher they rose the gloomier became the forecasts of the
estimators. And small wonder, for the true extent of the oil
that would ultimately be found in the already-discovered
fields would not, and could not, be known for many years.
Contemporary estimates (1920 to 1940) were made before
subsequent drilling extended field limits and found new
pools within existing limits, and before new technology
vastly increased the recoverable fraction of oil in the
ground. Estimators naturally fell far short of crediting the
fields then known with the full potential they would later



develop. It was not until relatively recently—with the
benefit of many years of history —that it became possible
to know, for example, that ultimately recoverable oil from
fields discovered by 1920 exceeded cumulative production
to that point by 30,000 million barrels (4,100 million
tonnes) and that accordingly a “reserve,” partly actual but
mostly potential, had thereby been created. This level was
about 70 times the volume of oil actually produced in 1920.

But, with the valor of ignorance, government policy
reflected the pessimism of the estimators. Even as the hid-
den reserves of oil continued to grow, the Federal govern-
ment set aside four large areas of public lands to be main-
tained as petroleum reserves for the use of the Navy in the
period of expected scarcity (fig. 1). In 1912 Naval
Petroleum Reserves Numbers 1 and 2 were created in
California; in 1915, Reserve Number 3 in Wyoming; in
1923, Reserve Number 4 in Alaska; on April 5, 1976
(Public Law 94-258, U.S. 94th Congress), Reserve Number
4 was designated the National Petroleum Reserve in
Alaska (NPRA). On June 1, 1977 it was transferred by the
Congress from the Department of the Navy to the Depart-
ment of the Interior for exploration, appraisal, and
development. During these same years, U.S. tax laws were
amended to provide incentives to explore for new reserves,
permitting, for example, the deduction of a percentage of
gross income as an allowance for depletion and the expens-
ing of intangible drilling costs. American oil companies
were also encouraged to go abroad in their search for new
supplies in other parts of the world. The result was that by
1930 oil was in surplus everywhere and the principal oil-
producing states found it expedient to adopt a system of
market sharing among oil producers. This system was
based on allowable production rates for each well, along
with other measures aimed at stabilizing prices and preven-
ting physical and economic waste.

Despite these attempts to control production, the oil
glut prevailed, subsidized ironically by the percentage
depletion allowance and by the drilling and production
regulations that encouraged the acquisition of excessive
productive capacity even more than the addition of new
reserves. This was the situation until well into World War
11, when the greatly expanded demand for petroleum prod-
ucts finally ate away the surplus. It was quickly restored by
renewed exploration and development following the war,
and the difficulty was soon compounded by the appear-
ance of large volumes of low-priced oil on the world
market, much of it from the vast newly-opened fields of
the Middle East.

Once again the country was awash in surplus oil, and
the State allocations imposed on domestic production were
supplemented in 1959 by Federal quotas levied on oil im-
ports. In the name of national security, it was argued, the
Nation could not afford to become excessively dependent

on foreign oil. Better to protect the market for high cost oil
produced at home and thus preserve a vigorous industry
that could be depended upon to supply all future needs
from the vast undiscovered resources yet to be tapped in
our own country.

Even as this argument was being made, however, the
premises on which it was based were steadily eroding. Pro-
duction had begun to outpace discoveries by 1941, and
reserves, defined earlier as the difference between the two,
had begun a long decline that was not publicly recognized
until 1970, when domestic production reached capacity
and thereafter began to decline. The State-imposed alloca-
tions disappeared, as did oil import quotas, and three years
later the shock of the Arab oil embargo, combined with the
obvious and growing shortages of both domestic oil and
gas, finally brought public perception back full circle to the
apprehensions of shortage that had been widespread a half
century before.

Thus, for better or worse, national policy toward
mineral resources is shaped by estimates that must be made
of quantities that can neither be seen nor measured, and
much confusion has resulted from the fact that these
estimates by highly respected professionals in the field fre-
quently disagree by wide margins. Often these divergent
conclusions can be reconciled by painstaking analysis, but
generally not in terms that are especially useful in resolving
the controversy or contributing much to public
understanding of the differences.

One such imbroglio was the long-standing disagree-
ment between the estimates of undiscovered petroleum
potentials published by various U.S. Geological Survey
scientists and those of Dr. M. King Hubbert, an acknowl-
edged authority on petroleum matters. Ironically, Hubbert
came to work for the Survey at the peak of the controversy
between him and that agency, and continued in its employ
until his retirement 13 years later. All the while he
vigorously promoted his model and method against a suc-
cession of estimates made by his associates.

Hubbert’s model hypothesized that the production and
discovery history of an exhaustible resource such as
petroleum roughly approximates a logistic curve, rising ex-
ponentially from zero to a peak, and thereafter declining
exponentially back to zero. The path of this curve can be
calculated once sufficient history has been acquired, and
future production and discovery rates can be ascertained
for every succeeding year to exhaustion. Ultimate produc-
tion can be determined by measuring the area under the
curve, and future discoveries can be ascertained by sub-
tracting past production and current reserves from the
total (Hubbert, 1962). The Hubbert model thus purports
to include all factors—technological, economic, social,
and political —that bear upon oil discovery and production
through the complete cycle, from beginning to end.
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The study done by Hubbert in 1962 for the National
Academy of Sciences led him to conclude that approx-
imately 175,000 million barrels (24,000 million tonnes) of
crude oil would ultimately be produced from the United
States and its continental shelves (excluding Alaska). Of
this total, 99,000 million barrels (13,500 million tonnes)
had already been discovered, leaving 76,000 million barrels
(10,500 million tonnes) to be found in the future (Hubbert,
1962, p. 72). A second model, developed in 1967 as a cor-
ollary to the first, described the rise and fall of crude oil
discoveries per unit of exploratory drilling over the history
of the petroleum industry in the lower 48 States of the
United States (Hubbert, 1967). Figure 2 depicts the widely
varying success rates experienced between 1860 and 1971.

The models of all the other Geological Survey scien-
tists (except for the most recent study by Miller and others,
1975) were patterned in one way or another after the
hypothesis advanced by A.D. Zapp (1961). He related the
volume of oil that would ultimately be discovered to the
amount of drilling that would be necessary to test the en-
tire area of the United States that is covered with sedimen-
tary rock. This unpublished report to the National Re-
search Council dealt only with the 1,860,000 square miles
(4,560,000 square kilometers) of such rock in the United
States and its continental shelves, exclusive of Alaska.
Zapp estimated that some 5,000 million feet (1,525 million
meters) of exploratory drilling would be required to test
the area of sedimentary rock to an average density of 1 well
for each 2 square miles (5.2 square kilometers). He further
estimated that by 1960 some 130,000 million barrels
(17,800 million tonnes) of crude oil had been discovered by
a total of 1,100 million feet (335 million meters) of ex-
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Figure 2 Crude oil discovered in the United States per foot of
exploratory drilling, 1860-1971. (Success rates are given for only
the lower 48 States.)
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ploratory drilling completed as of that date, indicating that
an average of 118 barrels per foot (53 tonnes per meter)
had been discovered during the first hundred years of ex-
ploratory drilling in the United States. At this rate, drilling
the full 5,000 million feet (1,525 million meters) could be
expected to discover a total of 590,000 million barrels
(81,000 million tonnes) of crude oil. According to Zapp’s
calculations, 300,000 million barrels (41,000 million
tonnes) of those 590,000 million barrels would be economi-
cally recoverable and an additional 290,000 million barrels
(40,000 million tonnes) were classified as submarginal
under technological and economic conditions then existing
(Hendricks, 1965).

Subtracting the 130,000 million barrels (17,800 million
tonnes) already discovered from Zapp’s 300,000 million
total for economically recoverable oil left 170,000 million
barrels (23,200 million tonnes) remaining to be discovered
and produced in the future. Calculated on the assumption
that the undrilled portions of the United States would
prove equally as productive as the drilled areas, this
amount was a multiple of the 76,000 million barrels
(10,500 million tonnes) that Hubbert subsequently con-
sidered as remaining in the same area when he based his
1962 study on calculations of exponentially declining
discovery rates.

Figure 3 compares the two predicted discovery rates
with each other and with the subsequent experience of the
petroleum industry. Later modifications of Zapp’s esti-
mates and methodology made by Geological Survey scien-
tists V.E. McKelvey and D.C. Duncan in 1963 and T.A.
Hendricks in 1965 (which included Alaska) resulted in
predictions of 200,000 and 300,000 million barrels (27,400
and 41,000 million tonnes) of undiscovered recoverable
crude oil, respectively (Hendricks, 1965). A later estimate
made by S.P. Schweinfurth yielded a total (as of 1970) of
350,000 million barrels (48,000 tonnes) of undiscovered
recoverable petroleum resources. This revised estimate in-
cluded figures on both the crude oil and natural gas liquids
remaining to be found in the conterminous United States
and their margins out to a water depth of 2,500 meters
(Theobald and others, 1972). By March 26, 1974, the
Survey had retreated substantially from Schweinfurth’s
high figure, giving a range of 145,000 to 290,000 million
barrels (20,000 to 40,000 million tonnes) for undiscovered
petroleum liquids yet to be found in the United States and
its continental margins to a water depth of 200 meters
(Department of the Interior, news release). The following
year the Survey abandoned the Zapp approach and re-
leased the results of a systematic basin-by-basin assessment
of recoverable o0il content which further reduced the figures
for undiscovered recoverable crude oil in the 48 conter-
minous States and their continental margins to a range of
36,000 to 81,000 million barrels (4,900 and 11,000 million
tonnes), with a mean value of 55,000 million barrels (7,500
million tonnes) (Miller and others, 1975).
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Figure 3 Hubbert vs. Zapp forecasts and consequences.

For all their differences, Hubbert’s predictions and the
divergent estimates of other Survey scientists have this
much in common: both were concerned with gross
amounts of recoverable oil believed to be contained in
sedimentary rock in the area defined in the estimates.
Neither dealt with the distribution of the oil by field size,
or, except by implication, with the efficiency of the search
effort directed to its discovery. Some worthwhile insights
may be gained from analyses of these two factors.

Figure 4 presents a comparison of petroleum industry
discovery experience with a random search under certain
hypothetical conditions focusing on giant oil fields found
in the onshore portion of the 48 conterminous United
States. A giant field is determined in the United States to
mean containing at least 100 million barrels (13.7 million
tonnes) of ultimately recoverable oil. On figure 4,
discovery success is plotted as an expression of the area of
giant fields found per unit of exploration delineated in in-
crements of 100,000,000 feet (30,500,000 meters) of ex-
ploratory drilling and named Hubbert Units after King
Hubbert, who first devised these convenient units of
measurement.

For the purpose of the exercise, the historical data on
giant field discoveries were organized chronologically, so
that the area of giant fields actually found could be ascer-
tained for each successive Hubbert Unit. This was done
throughout the full sequence of 14 units totalling 1,400
million feet (427 million meters) that were drilled between
1860 and the end of the series in 1963.

The heavy black line in figure 4 depicts actual
discovery experience, while the shaded area represents the
envelope formed by the results of ten computer simula-
tions of random drilling over the same area as that actually
prospected by the petroleum industry. Except for the first
two Hubbert Units, the record of the industry and that of
the random searches reveal similar patterns of discovery
success. To this basic model are added varying assump-

tions about additional amounts of oil which might exist in
the search area over and above the amount actually dis-
covered. These values are represented by the four generally
parallel lines near the top right-hand area in the figure. The
values given are estimates for total undiscovered oil, pro-
jected from results obtained for giant fields and assuming
that since giant-field discoveries have contained 58 percent
of total oil found in the past, they will continue to do so in
the future. Taking the bottom parallel line, for example,
assume that 10,000 million barrels (1,370 million tonnes)
of oil remained undiscovered at the end of the 14th Hub-
bert Unit. If 58 percent of this oil was contained in giant
fields, a random drilling program would have discovered
more area of giant fields than the industry actually did in
each Hubbert Unit. The initial difference, say at the 4th
Hubbert Unit, is relatively small: the random search would
have discovered not quite twice as much area as industry.
As the search proceeds, however, and as the number of re-
maining giant fields is reduced by discoveries, the dif-
ference widens rapidly so that the random search from
Hubbert Units 9 to 12 would be at least twenty times as
successful as the industry’s record. If the remaining un-
discovered oil were as much as 100,000 million barrels

Assuming 58% of Undiscovered Oil
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Figure 4 History, forecasts, and random drilling models. (In

the United States, a giant field is defined as one containing at least
100 million barrels of ultimately recoverable oil.)
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(13,700 million tonnes), the random search would be some
200 times as successful as the industry experience.

Since blind chance appears to do so much better than
directed choice, one is tempted to conclude either that the
giant fields implied by the postulated reserves do not exist,
or that the industry is systemically looking for them in the
wrong places. If the latter, then there must be social,
political, and economic factors that counterbalance the in-
dustry’s demonstrated technical capability for locating
hydrocarbon traps. One conclusion that could be drawn
from such a balance of influences is that the net effect of
all professional effort comes to zero.

One reason (besides common sense) for believing that
economic factors enter into exploration decisions is the dif-
fering discovery rates for different sized fields. Figure 5
shows the varying discovery success rates for different
sized fields expressed as the number of oil and gas fields
discovered per 10 million feet (3.05 million meters) on new
field wildcat drilling; that is, drilling directed at finding
discrete new fields rather than at discovering new reserves
in existing ones. The size classifications are those adopted
by the American Association of Petroleum Geologists,
which has recorded annual discoveries of each class since
1945. (Discoveries are reported annually under “North
American Developments,” usually in the August issue of
the AAPG Bulletin.) Class A fields are those expected to
produce more than 50 million barrels (6.8 million tonnes)
or 300,000 million cubic feet of gas (8,570 million cubic
meters). Class B through Class E fields trend downward in
capacity with Class E fields believed to contain less than 1
million barrels (135,000 tonnes) of oil or 6,000 million
cubic feet (170 million cubic meters) of gas. In figure 5, the
discovery rate charted for each field class reveals its own
pattern of behavior. The rates for A and B, the two largest
classes, have declined irregularly since 1945, and steeply
since 1971. The Class C field rate has declined at a some-
what lesser rate, while the decline in discovery rates of the
two smallest classes has actually been reversed since 1970.

The discovery rates for the three largest classes follow
the conventional pattern for exhaustible resources: each
discovery removes one target from the search area, thereby
reducing the chances for additional discoveries by one.
Where the universe is already small, as it is in the case of
the larger deposits, a few years of successful exploration
depletes the number of available targets fairly rapidly. This
depletion is reflected in relatively steep declines in ex-
ploratory success. Even the small classes of fields show this
characteristic decline over long periods, but the rate is
much slower because of the much larger population to be
depleted.

The turnaround in 1970 reflects an external factor,
presumably economics. By this time, the domestic surplus
of oil and gas had given way to shortage, and prices for
both oil and gas had begun to rise — gradually at first, but
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Figure 5 Success rate as a function of new field size. (Oil and
gas discovery rates are shown for the entire United States.)

then in an increasing tempo until the rocketing rise in 1974.
Newly discovered oil began to sell for three times its
previous (1970) wellhead value, and gas could bring ten
times the price it commanded a few years earlier. The
result was that a lot of wildcat wells that would otherwise
have been plugged and abandoned as failures became
worth completing. Thus each “re-activated” completion
added a new field discovery in one of the two smallest
classes.

Figure 6A4 presents another aspect of the distribution
of total reserves by field size. The five areas selected all
show a characteristic normal distribution: the greatest
number of fields tends to clump about the middle of the
size range for each category. For example, in the United
States, where the size of fields ranges from the insignifi-
cant to the single 10,000-million-barrel (1,370-million-
tonne) Prudhoe Bay field, the largest grouping of fields is
that between 100,000 and 1,000,000 barrels (13,700 and
137,000 tonnes) (area 2, fig. 64). The limits at the high end
are determined by geography and geology: these conspire
to keep the number of very large fields to a few hundred
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(area 1, fig. 6A4). The limits at the low end are set by
economics. There are innumerable small pockets of oil and
gas throughout the world, and how many become oil and
gas fields is determined largely by price. The logarithmic
scale (fig. 6B) shows this progression schematically.

It is almost an article of faith in the petroleum com-
munity that total reserves are a function of large fields.
This has been true of the United States and it continues to
be true of the world at large. But the future of oil discovery
and production in the drilled-up interior of the contiguous
48 States will increasingly be a function of small field
discoveries, made at steadily increasing cost—up to the
point where other energy sources displace domestic oil and
gas in the market. This suggests that most of the remaining
recoverable oil and gas in this area will not be found in
large fields, and that estimates of future discoveries based
on the history of large field contributions have not taken
this new fact into account.

It must be borne in mind that the history of petroleum
discovery and production in the United States has been
dominated by the occurrence and contributions of giant

fields, which account for nearly 60 percent of all oil found
and recovered in this country (Halbouty, 1970). The
record, then, is the record of a mere handful (less than 300)
out of more than 25,000 fields ranging in content from
10,000 million barrels (1,370 million tonnes) down to a few
thousand. What the Hubbert model shows most clearly is
the path traced by the petroleum industry as it proceeded
to deplete, almost to exhaustion, this small population of
highly lucrative targets. This was done under economic
and technological conditions that were themselves shaped
by the way in which these large concentrations of
petroleum wealth were distributed.

To recapitulate: the Hubbert model is significant less
for what it says about the amount of ultimate recovery
than for what it says about the rafe at which the petroleum
resources of the United States will be found and produced,
because when rate is recognized as the governing factor in
discovery and production the value of the volume available
for ultimate recovery ceases to be open-ended. Recovery
becomes sensitive to economics and technology. For the
Hubbert model the cycle ends at the point where the pro-
jection of historic economic and technological conditions
against the diminishing numbers of the larger classes of
fields reduces the return on new ventures to zero.

In contrast, Zapp and his successors deal only with the
amount of resources postulated to be discoverable by
specified amounts of exploration effort, arbitrarily supply-
ing recovery factors as needed to obtain estimates of the
recoverable portion. But these models speak not at all to
the rate at which these resources will in fact be exploited,
the time interval over which they become available, or the
shape of the curve that describes the progress of future
petroleum discovery and production. They are essentially
open-ended —not only as to time, but with regard to the
economic and technological conditions assumed for them
as well.

Thus, in the context of sharply rising real prices for oil
and gas to levels never remotely approached so far in the
20th Century, it now becomes possible to envision a greatly
extended tail to the classic discovery-production curve
under which the small contributions of many small fields
over many years add to totals that are large in the ag-
gregate, With an extraordinary commitment of time and
effort, whose plausibility is suggested by the rapidly
escalating costs, not just of oil, but of all forms of energy,
the volume of oil ultimately found and produced in the
United States now and in the 21st Century may eventually
approach the predictions of Zapp and his colleagues. But it
will take a Iong, long time!

Thus, national policy toward mineral resources has
been and will continue to be dependent upon estimates of
remaining recoverable supplies. National oil policy is only
one facet of this many-sided problem of how nations,
separately and in concert, can most effectively deal with
their rising resource requirements. Policy toward breeder
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reactor development depends, among other considera-
tions, upon our assessment of the future supply of
uranium. Is there enough to last at projected rates of con-
sumption, until safe and acceptable breeders can be put in-
to operation? The answer will influence both the pace of
breeder development and the relative balance between coal
and nuclear energy as sources of electric power. Similarly,
national policy toward the resources of the deep sea floor
must first consider what they are, where they are, and how
their value compares with similar resources onshore.
Research and development policy aimed at bringing high
cost energy substitutes to market must continually take ac-
count of the potential remaining in conventional resources.

Crude and uncertain as they may be, mineral resource
estimates are essential ingredients of national policy. There
are no substitutes available, and the only responsible ac-
tion one can take toward them is to continue the pursuit of
knowledge that will bring each successive estimate closer to
the truth. It is to this goal that the efforts of the U.S.
Geological Survey have been dedicated throughout the
first century of its existence, and I can think of no more
worthy cause to absorb its energies in the second.
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Greetings from the National Academy of

Sciences

Philip Handler!
President, National Academy of Sciences
Washington, D.C.

I bring greetings to the United States Geological
Survey from the National Academy of Sciences and con-
gratulate both the Academy and the Survey on our mutual
success over this past century.

I try never to be a poseur, although the nature of my
current post is such that I frequently find myself affecting
expertise in areas concerning which I know almost next to
nothing. I will not do that to you this morning. You are the
earth scientists, I am not. I am a biochemist.

Accordingly, T would like to say just a few words
which may put our mutual efforts into a kind of perspec-
tive. Most of the history of science proceeded along a
rather leisurely path. It was not very expensive; it involved
relatively few people. It consumed very little in the way of
resources. Slowly, it changed its character. World War 1
made the first big difference. Until that time, it had never
been thought that the pursuit of science, in and of itself, is
a responsibility of a nation-state. There were scientific
enterprises already in being, such as the U.S. Geological
Survey, for specific and relatively narrowly conceived pur-
poses. But until World War 1 the idea had never been
seriously considered that accumulation of scientific
understanding of the natural world, of itself, is a formal
responsibility of the state.

World War I somewhat changed that. It was the first
technical war and nations began to think in some what dif-
ferent terms. But it was World War 11 that genuinely gave
impetus to the scientific enterprise of the world as we now
know it.

For the United States, our credo was expressed in a
small volume called “Science, the Endless Frontier,” by
Vannevar Bush (1960). For the first time, it was clearly
stated that the accumulation of scientific understanding is
worthy of support with public funds and that the principal
reason for so doing is a shared belief that inevitably, as a
consequence of the accumulation of scientific understand-
ing, there would inure to the benefit of the nation in-
creased military security, improved agriculture, an ex-
panded economy, and a generally enhanced daily life. This
nation accepted that credo; the formal event was creation
of the National Science Foundation but the philosophy

' Deceased December 29, 1981,

was distributed over the entire governmental structure, in-
cluding the U.S. Department of the Interior and the
Geological Survey.

Modern science was the phoenix that rose out of the
ashes of World War II. Since the United States emerged
from that war essentially unscathed—in fact, richer and
stronger than before, while the rest of the industrialized
world was recovering from World War II—the United
States obtained a giant step ahead into the era of modern
science. By about 1959, American science comprised two-
thirds to three-quarters of world science, measured in
terms of numbers of people involved and resources
brought to bear. But that was the peak.

From that time forward, the other nations of the
world began to develop their own scientific enterprises,
doing so in their own styles based on their cultural tradi-
tions, so that no two nations do it quite the same way. By
now science in the United States constitutes something of
the order of one-third of world science taken across the
board, measured again in terms of numbers of people in-
volved and the resources brought to bear. Western Europe
plus Japan comprise a second third and, in a general way,
the Soviet Union and the other socialist nations of Eastern
Europe are most of the other third, with China, Brazil,
Mexico, India and other developing nations just coming on
the scene in a major way. The American role will subside
still further as a fraction of the total, not because our
endeavor will decrease over the long run, but because of
the continuing growth of world science. These develop-
ments alone would not have been troublesome to United
States science, but other more recent developments give us
cause for concern.

The credo stated by Bush and his colleagues has cer-
tainly been demonstrated to be well justified. Research in
the years since World War II has expanded our knowledge
of what man is and of the universe in which we find our-
selves in a way that remains mind-boggling to those of us
whose memories span that period. Surely, in the field of
your interest, developments with respect to continental
drift and plate tectonics stamp the last two decades as an
era apart in the history of earth science. Recently gained
understanding of living cells, of genetic mechanisms, and
early approaches to understanding the nature of the brain
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again stamp this as a unique period. The chemists have
changed the world in that they can manufacture practically
any conceivable chemical compound at will, providing the
earth scientists will give them the raw materials. The
physicists have given us the basis, through solid state
physics, of microelectronics and of the modern computer,
which may yet prove to be the greatest transformation in
human history since the appearance of language.

Unfortunately we still bear one other legacy of World
War II. Nuclear weaponry remains on the front pages of
our newspapers and remains the overriding single problem
of the era in which we live. That too is a problem that is
not remote from the earth sciences that must provide the
mineral resources necessary for such a program.

All in all, the success of the scientific venture for two
decades has indeed lived up to all of its promises except in
one degree. It has indeed expanded the economy, it has im-
proved material aspects of the quality of life in a way we
never knew before. It has increased agricultural produc-
tivity in a way we could never previously have imagined.
As a result of this scientific advance, perhaps the most
dramatic statistic describing the change in the United
States in living memory is the fact that when the popula-
tion of the United States was 100 million, the agricultural
labor force was 14 million, and that now, when the popula-
tion of the United States has grown to be 200 million, the
agricultural labor force has become 4 million. No other set
of numbers so dramatically describes the social transfor-
mation of American society.

We went along rather happily with all this, until in re-
cent times the tone began to change. The shared belief that
the support of science and what it makes possible is in-
evitably in the national interest has begun to erode. It has
begun to erode because of a series of episodes which, one
after another, begin to gnaw away at public faith: the
DC-10, Love Canal, Three Mile Island, allegations of the
carcinogenicity of almost everything we use. These, one
after another, have begun to bother the American public
and, with a small time delay, the citizens of other nations
as well. The public begins to wonder whether, at the other
end of this road on which science has set society, there is
benefit or catastrophe. Under those circumstances, it may
well turn out that public willingness to support these
shared endeavors will diminish. Perhaps we have already
seen the beginning of this trend. It began in Fiscal 1967 in
the United States when, for the first time, appropriations
in the support of science generally leveled off. That sup-
port declined until 3 years ago when across the board the
decline was about 20 percent in purchasing power from
what it had been in 1967. Thanks to special efforts by
Presidents Ford and Carter, we had started to turn that
around but then, as in the rest of the economy, inflation
took its toll and despite those efforts we have not really
recovered.
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Indeed, we have fallen back considerably in this
general enterprise for a set of reasons that most of you will
recognize. The simplest of these is the fact that since 1967,
the size of the American scientific community has doubled.
We were producing scientists at a rate that increased the
scientific population by about 8 percent per year. Since
1967, therefore, we have more or less doubled our
numbers. That generates a kind of pressure on the system:
all these scientists want scientific jobs and all want to do
science.

The intrinsic costs of doing science have risen at a rate
that nobody can estimate. I always say “about 5 percent
per year,” as if I know; I haven’t the faintest idea of the in-
trinsic rate at which the costs of doing science necessarily
escalate. It has to do with our increasing sophistication and
the increasing cost of instrumentation required for the
kind of science we would like to do tomorrow as compared
to what we did yesterday. The rate of cost rise is surely not
insubstantial. As the enterprise has grown, whether science
be done in a Federal agency, a university, or an industry,
the associated overhead costs keep rising. They eat into the
bottom line of the money that is appropriated in the name
of research.

These three factors —the size of the scientific popula-
tion, the intrinsic costs of doing science, and the overhead
structure —together have very much eroded what is really
feasible with the amount of money that is available to the
American scientific community. That is very, very trying
because, at the same time, the challenges have actually in-
creased and the opportunities are even more inviting; the
identifiable problems are, perhaps, more serious than ever.

Within the realms of earth sciences, I need not tell you
what the challenges and the opportunities are; they are ob-
viously enormous. Plate tectonics has revealed much, but
not quite enough. It explains in a general way why one
class of earthquakes should happen, but it does not really
tell you yet exactly where it will happen or when it will hap-
pen. But the present level of understanding does make you
feel good in that when an earthquake happens you will
understand it to some degree. It has provided some basis
for understanding of ore body formation but not quite
enough; it has not yet given you the predictive power you
would like to have. So it does not tell you exactly where to
drill for what. When you are successful, even on a random
drilling basis, Bill (Dr. Menard), you will feel better about
having found it because you will pretend that you
understood why it was there. But if we continue, if there is
a sufficient interest and if sufficient effort is put into
understanding ore body formation, then surely in due
course predictive power will increase.

Our understanding of continental drift has improved
enormously as a result of the improved drilling capability
which has been provided in recent years, particularly by
the travels of the Glomar Challenger. 1 know that you will



continue to improve on drilling technology and give the
earth sciences a whole raft of new scientific capabilities if
the country will pay for them and if we put in place the in-
stitutional structure that is necessary but is now completely
missing.

The most powerful tools will be seismographs, new
seismic techniques which are just being born, new drilling
capability, the Glomar Explorer being the first in that line,
and of course a whole series of space-based platforms.
These platforms will enable us to make all sorts of ex-
aminations of the Earth from its outer stratosphere all the
way back into deep earth, using all sorts of new techniques
which are just being born: laser ranging, acoustical ranging
for the deep ocean, long-line microwave interferometry,
base-line interferometry, diverse electro-optical devices,
and silicon-charge devices which will provide, in effect, a
new type of camera which will go directly into the com-
puter with its information rather than going through
photographic techniques on the way. All of these will
marvelously enhance the ability of the earth sciences to
understand that object which is the center of our interests,
the Earth from its outermost regions down into its core.

If all of that is successful, we will be better able to find
minerals that we require, better able to predict earthquakes
one day; we will understand our role in the long-term
climate process, something which we must do in the very
near future if we are to develop sensible policies with
respect to the use of energy within this and all other na-
tions. The opportunities are there, the new tools will be
available. Whether or not American society and other
societies will provide those tools is a political question and
not a scientific question.

I confess that until recently I have been rather dis-
turbed by the erosion of public faith about which I have
spoken because of my understanding of the political
climate in which we now live, and the awareness that the
enormous inflation hurts scientific enterprises as it hurts
everything else. I would have been content if one way or
another we could cajole the American people and their
Congress into supporting science at a constant rate and
constant dollars and wait for a better day, as it were. 1
thought that would be doing very well. We have not suc-
ceeded in doing that but 1 would have settled. At this
point, I am unwilling to settle.

As we now see tomorrow or the day after tomorrow,
the importance of dealing with the problems before us that
require scientific understanding looms ever larger in many
ways. This nation’s monetary problems and its inflation
problem have roots in the technical nature of our
economy, the resource base and how it relates to the rest of
the world, at least in some way.

Our military security has changed. We have produced
one trillion dollars’ worth of weaponry since World War
II. We have gone from the moment when the worst that the

Japanese could do to the U.S.A. was to destroy a fleet at
Pearl Harbor, to a time when the nation is so vulnerable
that it can be completely destroyed in about 15 minutes.
Hardly a rational outcome for the expenditure of a trillion
dollars.

The vulnerability of the United States is not merely
related to weapons; it results also from the geopolitics of
the Earth and the very complex world in which we live. The
United States was a very special place in the history of
human beings. Thanks to the Constitution, amazingly, this
really has been a democracy; the ideal of liberty was more
real in the United States than any place else in the history
of human beings. After World War 1I, we grafted on to
that structure the remarkable scientific venture which ex-
cited the imagination of human beings, taught us more
about ourselves and our universe than one could have
dreamed that we would learn within our own lifetimes, and
fulfilled the prophecies—and more—of “Science, the
Endless Frontier.” Suddenly it is all terribly vulnerable.

The United States must deliberately set out to recap-
ture its place in the world view. But we can no longer sim-
ply buy it. We cannot do it by military means because no
nation will ever be allowed aggrandizing military ventures
any more. We have to go back to recapturing the imagina-
tion of human beings the world over. We have learned how
to do that in the past. We did it gloriously for twenty years
after World War II. We can do it again. And science is the
means.

We have the resource base. We have the largest trained
scientific manpower base in the world. To be sure, we will
have to compete with the sophisticated manpower of all
the other nations. I do not expect us to be first in
everything; what is important is the extent to which science
and its applications can continue to take our society in the
directions that Vannevar Bush promised. It is absolutely
imperative that we continue to make an all-out try.

The resources that we must ask for are small in terms
of the fraction of the GNP that is required. We can easily
afford it if the people of the United States have the will.
Nothing else will retain the position of the United States on
the world scene and nothing will preserve our own self-
image as to who we are and what we think we are. That’s
an enormous challenge. It is one which I know you will
share and one which you will gladly take up. You will have
a lot of company but you will have to join me in per-
suading the Congress and the people of the United States
that it is worthwhile. They have begun to walk away. They
think that we made promises we could not keep, that we
exaggerated and that much that we have offered has turned
to ashes in their mouths. But that is exaggerated hyperbole
offered by disaffected persons and that then becomes grist
for the mills of the news media.

We have had problems, we have had very real prob-
lems. In the total scheme of things they are small prob-
lems, not large problems. They must not be allowed to
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loom quite so large. The mote in the eye should not be
mistaken for being disease; it is only a mote in the eye. We
have problems which we can manage. We have resources
we can yet find. We have resources we can share with the
rest of the planet while other peoples share their resources
with us. Science remains, as far as I can make out, the
most powerful tool that our civilization has developed to
mitigate the condition of man. It behooves us to use it.
Thank you.
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Major Challenges and Opportunities for
National Geoscience Programs—

A Brazilian Viewpoint

J. R. de Andrade Ramos
President, Companhia de Pesquisa de Recursos

These are days of high significance to the world of
geology. This Centennial meeting in honor of the United
States Geological Survey brings us to one of the greater in-
ternational geological science organizations, if not the
greatest. Its achievements are grand and its technical staff
is, doubtless, among the world’s leaders in their specialties.

For us, as Brazilians, this date evokes gratitude for
some important experiences. We should not forget that our
country is highly indebted to the U.S. Geological Survey
for knowledge of its own geology. In the early 1940’,
Brazil was, practically speaking, in the earliest stages of
development in the geological science. We did not even
have one school of geology. The few earth science profes-
sionals we had were graduated from the only mining
engineering school of our country. Our lack of exchange
with more developed countries and the absence of budget
resources almost condemned us to a state of stagnation in
the field of the geological sciences.

During this time the influence of the U.S. Geological
Survey began in Brazil, as a consequence of mutual efforts
at resource development during World War II. At that
time, the first discoveries of tantalite, columbite, beryl,
and scheelite were made in northeastern Brazil; all these
being minerals of strategic importance, essential to war-
time industry. With many of the traditional European and
Asian supply sites in the hands of the enemy, this region
became the target of an intense prospecting effort for those
minerals. The first U.S. Geological Survey missions to
Brazil date from that time. Outstanding among those
associated with USGS work was William Drumm
Johnston, Jr. He was responsible for teaching and guiding
several Brazilian mining engineers who today hold impor-
tant positions on the Brazilian mineral scene.

USGS SERVICE TO SCIENCE IN BRAZIL

After the war, except for a short interruption, the U.S.
Geological Survey intensified its activities with doubled en-
thusiasm. We want to emphasize the meaning of these
Survey activities. It was neither a matter of commercial in-
terest to guarantee the supply of cheap raw materials to
American industry nor a case of political influence. It was,
fundamentally, the pure scientific and technical interest of

Minerais, Brazil

an organization engaged in the advancement of geology in
a still underdeveloped country. The main effort was always
directed toward the training of Brazilian professionals so
that, in the future, they could themselves conduct the work
related to mineral prospecting.

The list of jobs done by the USGS in Brazil is very long
indeed. A recent survey shows that 153 USGS profes-
sionals have worked on many Brazilian projects since
1942. We should like to mention a few of them and the
following projects: the survey of the “Quadrilatero Fer-
rifero,” State of Minas Gerais, today the Brazilian iron ore
producer, undertaken by the team of Joel B. Pomerene,
Garn A.Rynearson, Joseph O’Rourke, Philip W. Guild, J.
E. Gair, Norman Herz and others and led by John Dorr;
execution of the “Bahia Project” whose objective was the
geological mapping and evaluation of the mineral
resources of the State of Bahia, staffed by Richard W.
Lewis, Jr., and Ray H. Hagell; the pioneer uranium pro-
specting surveys carried out by Max G. White, Gene E.
Tolbert, J. J. Matzko, Helmuth Wedow, Charles J. Pier-
son, Donald Haynes and others; execution of the
“Tungsten Project,” an integrated investigation of the
scheelite producing area in northeastern Brazil; survey of
the nickel deposit of Niquelandia, State of Goias, by
William T. Pecora; the establishment of the Mineral
Analysis laboratory (Laboratorio de Analises
Minerais — LAMIN) of the Mineral Resources Prospecting
Company (Companhia de Pesquisa de Recursos
Minerais — CPRM). This complex job, involving the choice
and installation of equipment and personnel training in the
United States, was done by Albert P. Marranzino. Other
projects include the investigations of the geology of the
Maranhao Basin by Donald F. Campbell; the installation
of regional laboratories at Goiania as a preliminary project
of the Center for Mineral Technology, operated by
CPRM; a broad program of assistance to the National
Department for Water Resources and Electrical Energy
(Departamento Nacional de Aguas e Energia Elec-
trica— DNAEE) involving the organization and improve-
ment of the services of these agencies, and several other
projects carried out by Don C. Perkins, William F. Curtis,
Woodrow W. Evett and Leonard E. Snell. There were also
USGS training programs in both the United States and
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Brazil for the DNPM and CPRM staff; the magnificent
job performed by Francis X. Lopez, which gave our
geologic cartography an extraordinary headstart by train-
ing several of our professionals to use this important
geologic tool; and the invaluable support of the USGS to
the first five Brazilian schools of geology. We should not
forget Professor J. T. Stark, who taught in Sao Paulo and
Recife; Max L. Troyer, Stuart L. Schoff, Harris G. Rodis,
William B. Sinclair, and T. W. Offield who conducted
support missions to the Government’s Northeast Develop-
ment Agency (Superintendencia do Desenvolvimento do
Nordeste — SUDENE) that is responsible for the social and
economic development of our country’s poorest region;
and Mackenzie Gordon, Jr., who made the first coal
studies in Brazil. As supervisors of all these activities,
besides Max G. White and Albert A. Marranzino, we
should like to mention Alfred J. Bodenlos and S. Anthony
Stanin, who also performed technical jobs of the highest
standards, including Bodenlos’ investigations of magnesite
in Bahia. Finally, one cannot forget those in charge of the
coordination of this work, especially John A. Reinemund,
head of the Office of International Geology, and George
Ericksen and Alfred Chidester, former heads of the
Branch of Latin American and African Geology.

THE FUTURE OF GEOLOGY IN BRAZIL

It is worthwhile to emphasize the contributions of the
U.S. Geological Survey to Brazilian geology, because they
improved our geologists’ knowledge and gave them the
self-confidence needed to face the great challenges of the
future that are the topic of this symposium and of this
paper.

Now, mineral problems present several aspects. On the
one hand, it can be seen that for many ores the best mines
have been quickly exhausted due to increased consump-
tion. Thus, there is a continuing need for ever more
sophisticated and advanced techniques of prospecting,
mining and ore dressing. So it is necessary to find new
mines, which are often located in more remote and inac-
cessible areas, at greater depths, have lower grade ores,
and involve increasingly complex mining techniques and
ore dressing methods sometimes not yet fully developed.

On the other hand, we have financial problems, too.
Today, budgets for great mining projects amount to hun-
dreds of millions in dollars. Now, when most other enter-
prises in fields of human activity also require such large ex-
penditures, the competition for the limited amount of
funding available is very strong indeed. Therefore the in-
debtedness of major mining companies, even the great
multinational firms, rises every year. State participation,
sometimes requested by private businessmen themselves
because of insufficient proper funds, grows continually
even in the Western world. As a matter of fact, we know
that in order to carry out very large projects in recent
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years, it has become necessary to have joint ventures by
many multinational companies supported by a pool of in-
ternational banking organizations.

Then we have to consider how to address the political
risks. In countries with different ideological and political
trends, private enterprises are often subject to expropria-
tion, frequently without adequate refund. The shortage of
funds and technology, especially in the Third World, has
also caused many problems in countries where the multina-
tionals were at work.

As a consequence of government intervention, the free
market economy is not functioning as it did in the past. It is
not unusual for some governments to enter specific ore
markets in order to sell their new materials at privileged
prices, resulting in the well-known practice of “dumping”
that solves their need for capital. This action, naturally,
disturbs the pricing of mineral commodities and requires
private companies to adopt different ways of conducting
their affairs since they cannot compete against such
practices.

In our opinion, another great challenge for a mining
community is how to change the very attitude of certain
branches of government toward mineral prospecting and
resources exploitation. Especially in relation to prospect-
ing that is very difficult. The main difficulty for resource
development in a country like Brazil is how to convince
government organizations to appropriate sufficient funds
for achieving successful mineral programs. Usually, eco-
nomists, accountants, and similarly-oriented officials are
not receptive to budget proposals for projects with excep-
tional risks and long capital-return periods. Moreover,
public opinion is largely negative about mining operations.
For example, it is often alleged that mining is one of the
major causes of pollution and environmental problems.
We must face a task of considerable magnitude if we are to
change the public view of mining.

We also believe that the more developed countries
should understand our legitimate concerns in the Third
World for ways to process and export raw materials at a
more sophisticated level of beneficiation and refinement
that will increase their exchange value. In these times of
growing social tensions, all should work to reduce the gap
between rich and poor, industrial and nonindustrial, devel-
oped and underdeveloped countries. This would also
benefit the already developed countries. One of the
quickest ways to do this is to increase the per-capita in-
come of a developing country by promoting its industries
with its own natural resources.

BRAZIL OFFERS FINANCIAL INCENTIVES TO
FOREIGN INVESTORS

In Brazil, our government, aware of the gigantic task
ahead of it, feels that there is room enough for active par-
ticipation in development by the state, by the multina-



tionals, and by Brazil’s own private companies. Therefore,
as strong as state enterprises may appear, Brazilian laws do
accept and encourage the presence of foreign companies in
the mining industry.

Until recently, major restraints limited the participa-
tion of foreign private industries only in oil and nuclear
minerals exploration, because prospecting and mining ac-
tivities for these commodities were state monopolies. Re-
cent legal modifications have changed matters as concerns
oil. PETROBRAS is allowed to sign “sharing contracts” with
developers who can make open bids for some of the prom-
ising areas revealed by previous work. These areas are then
investigated by the successful bidder who is entitled to
receive, in case of discovery, a share of the oil found and
produced.

The law that created NUCLEBRAS also allows participa-
tion in joint ventures for prospecting and mining nuclear
ores. Some of these types of association are already in
operation.

BRAZIL’S GEOLOGICAL FRONTIERS

Brazil is known as one of the last geological frontiers
on our planet. It is one of the few countries in the world
where it is still possible to find outcrops of great dimen-
sions that contain high grade ores. Our Amazon region has
a vast not-yet-fully explored area where we hope to achieve
sizeable results.

The energy crisis torments the world including Brazil,
which especially needs mineral fuels, either liquid or solid.
Today our daily oil production of 172,000 barrels amounts
to less than 15 percent of our 1.1 million-barrel per day
needs. However, due mainly to recent offshore discoveries,
we hope to produce about 500,000 barrels per day by
1985 —about 350,000 of that from the coastal waters of
Campos, north of Rio de Janeiro.

Great advances have been made in the search for coal,
and our present reserves amount to 14 billion tons. Present
production is on the order of 5 million tons yearly and a
great effort is under way to increase this to 27 million tons
a year. On the one hand, this will certainly require much
financing, but, on the other hand, the mining companies
involved will have many profitable opportunities.

IMPROVED PRODUCTION AHEAD FOR ENERGY
FUELS

Brazil intends to overcome, or at least to reduce
significantly, its energy crisis. It is common knowledge
that the Brazilian Government is engaged in a program to
produce alcohol as a fuel and thus to provide a 170,000
barrel per day oil equivalent by 1985. With the production
of an equal amount of oil equivalent from coal and with
the projected increase of oil production to 500,000 barrels
per day, Brazil will be able to produce about 50 percent of
its needs in mineral fuels even though oil consumption will

range from about 1.6 to 1.7 million barrels per day by
1985. This will considerably improve our trade balance, as
oil is, by far, our main import.

The outlook for uranium is also promising. As a result
of prodigious exploration efforts in recent years, our
uranium reserves jumped to an estimated 198,000 tons of
U305 concentrate, putting Brazil in 5th place in the world.
And these reserves will tend to increase in the near future.
It is very important to mention that these ores are asso-
ciated with alkaline rocks, granites, migmatites,
metaconglomerates, sandstones, and carbonatites.

Next year, the first Brazilian uranium mine will start
operation with an initial production equivalent to 500 tons
a year of yellow cake. This may soon be doubled. A com-
plex of 3 nuclear plants with 3.2 million kW power was
nearing completion in 1979. The first plant, producing
about 626,000 kW, is scheduled for operation in 1981. In
this program, Brazil is incorporating up-to-date tech-
nology related chiefly to the nuclear fuel cycle.

Our position is also very good in aluminum. Today,
we still import some aluminum; however, that will change
shortly. Our bauxite reserves amount to 3.9 billion tons,
located mainly in the Amazon region, where the hydroelec-
tric potential is approximately 100 million kilowatts. For
the whole country, this potential is estimated to be about
209 billion kilowatts, but only 24 million kilowatts are pro-
duced today. Thus, Brazil may well become an important
world aluminum exporter. Qur government is now install-
ing two integrated projects: the one, ALUNORTE, for
alumina production with a capacity of 1.6 million tons per
year; the other, ALBRAS, for aluminum itself with a ca-
pacity of 320,000 tons per year. Situated in the
neighborhood of Belem, the hub of the Amazon region,
both projects are joint ventures with Japanese companies.
In addition, a third, the Trombetas project, will soon start
to export bauxite. This project is a joint venture between
Companhia Vale do Rio Doce, the state-owned company,
and several foreign enterprises.

Until now, if we spoke about Brazilian mining we
referred only to iron ore. In fact, Brazil was once called a
“one-ore country,” which indicates our great dependence
upon this ore. Today, iron continues to be responsible for
92 percent of our mineral exports, and recently the
Brazilian Government initiated the Carajas Project, the
biggest mining project in the world. With an investment of
about 2.3 billion dollars including an 887-kilometer
railroad, it involves the establishment of a gigantic iron
mine with an 18-billion-ton reserve. As a whole, Brazil is
estimated to have a reserve of about 70 billion tons of iron
ore.

It is important to mention that Brazil is currently
responsible for 25 percent of the world’s iron ore trade;
some years ago we had only 4 percent. These figures in-
dicate the importance of Brazil as a raw material supplier.
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It can also be said that we have or approach self suffi-
ciency in many other important minerals, such as
cassiterite, with fairly large reserves in Rondonia, Amazon
region, and in the State of Goias. These reserves may in-
crease substantially. Brazil is also potentially a tin ex-
porter. Manganese also represents an important export
item since we have significant reserves in the Amapa Ter-
ritory (estimated at 30 million tons) and at Urucum in
Mato Grosso State. Brazil is the world’s greatest producer
of niobium with large reserves at Araxa, in the State of
Minas Gerais. Tungsten also plays a valuable role in our
economy; significant scheelite deposits are found in north-
eastern Brazil.

Base metals, however, represent one of our greatest
challenges. The search for copper, one of our most expen-
sive imports, has not yet revealed significant reserves.
Another Brazilian problem is the scarcity of sulphur. The
first known ore deposit was only discovered in 1978 and is
still being evaluated.

Geological sciences present several fascinating
challenges, especially where research depends on techni-
ques that are not yet well developed. For example, explora-
tion of the bottom of the sea will require tremendous ef-
forts by geologists. Economic problems, no doubt, are also
some of the reasons that ocean mining has not yet been
completely explored. Investigations on the bottom of the
sea have been and are more expensive than those on the
land, and the mining of marine ores will certainly be much
more expensive than of underground ores. However, the
exhaustion of the best surface mines will reduce the dif-
ferential in these investments and thus contribute to an in-
crease in the exploration of the mineral resources of the
seas.

Brazil has made a significant effort in this new field
through such target projects as the first systematic survey
of the continental shelf. Besides being the most promising
area for oil, our continental shelf presents great geological
possibilities for sulphur —a mineral resource now totally
imported.

PROMISING TECHNOLOGICAL RESEARCH

Another field of interest with great possibilities is the
technological research related to reducing both the cost of
mineral processing and the energy consumption which it
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requires. Lower processing costs will also help offset the
high costs resulting from the processing of lower grade
ores.

This Centennial year for the U.S. Geological Survey
also marks the inauguration, in Rio de Janeiro, of our
Centro do Tecnologia Mineral or CETEM. Operated by the
technical staff of CPRM, this mineral technology center
performs a wide range of activities, including technological
research on the treatment of Brazilian ores. Although
Brazil has many similar institutions performing some of
the same activities, CETEM brings together the human and
material resources that will establish it as one of the best
institutions of its kind in the world.

Brazilian mining, which is predominantly open pit,
uses up-to-date equipment such as drag lines, large shovels
and trucks. Efforts are made to satisfy ecological im-
balances; however, no major problems have appeared on
this subject thus far.

In this fortunate epoch for the mining world, we, the
working scientists, are glad to express our message of faith
and confidence in the geological sciences to which we
dedicate our lives. With formidable problems and dif-
ficulties to be solved, the future holds much work for us.
However, as long as organizations such as the United
States Geological Survey and its technical staff exists, as
long as there is such an organization with integrity in its
purpose and methods of action, the world may be confi-
dent that all the challenges confronted in the geological
field will be met and conquered.

There is no doubt that professional understanding
among earth scientists from different nations, working
together to discover new sources of the mineral resources
vital for mankind’s survival, will provide a better
understanding among all people. That is what we all want.

J. R. de Andrade Ramos

President

Companhia de Pesquisa de Recursos Minerais
Avenida Pasteur, 404-3

Praia Vermelha

Rio de Janeiro, RJ, Brazil 22.292
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INTRODUCTION

Today, as never before in history, mankind seems to
be most concerned about resources for the future. This is
particularly true with regard to mineral resources, which
are unrenewable and which are playing an ever-increasing
role in world affairs. Mineral development has become an
essential factor in economic and industrial development,
not only for the developed countries but for the developing
countries as well.

In the past, especially after the end of the Second
World War, great worry has been expressed by people in
various circles at various times, about raw-material short-
ages in general and higher costs of minerals in particular.
Until the early 1970s, people did not anticipate the ex-
pected shortages, but since the oil crisis in 1973, the
possibility of the world facing an oil shortage in the near
. future has become all too real for many people in the in-
dustrialized countries. Today, most of us will agree that,
except for oil, fears about shortages of supplies of minerals
in the near intermediate future are groundless. We see
nothing in the record to support the view that in 25 to 30
years’ time the world will be threatened by real shortages of
minerals.

The paradox of mineral resources is that, with well
designed resources management and planning, mineral ex-
ploitation tends to increase ore reserves rather than
diminish them. In some cases, ore reserves grew even faster
than consumption. For example, according to available
statistics, in the period between 1950 and 1970, world
reserves of copper, nickel, iron ore, and bauxite have
grown by more than two to five times.

Potentially available resources for most minerals are
more than adequate. Continuing advances in exploration
and mining techniques will undoubtedly open up ways to
develop and to market many hitherto uneconomic mineral
deposits. New technologies in ore dressing, metallurgy,

and recycling have already dramatically improved the sup-
ply situation of many metals.

Indeed, from a global point of view, there is no reason
to fear that the world will be running out of supplies of
basic mineral commodities. But on an individual country
basis, the picture certainly looks a lot different, especially
if we take the case of the resource-poor countries that are
advanced industrially, such as Japan. In these countries,
“effective depletion” of a number of traditional domestic
mineral resources has already taken place. To sustain their
industries, these countries already have to rely heavily on
the importation of mineral raw materials from other coun-
tries. In fact, a clear shift of major mineral production
away from the developed to the developing countries
started about two decades ago, and this trend, obviously,
is not reversible.

Actually, the whole of the Earth’s crust is a huge
storehouse of minerals. It contains enormous amounts of
minerals and mineral-bearing materials. Mineral deposits
are not evenly distributed around the Earth, but their
distribution is not random: it follows orderly patterns
related to the geologic history of the Earth’s crust. Thus
unusual abundances of certain metallic mineral deposits
occur in the so-called metallogenic provinces in some parts
of the world.

Probably, from a global viewpoint, the Western in-
dustrialized countries, the developing countries, and the
countries of the Eastern bloc share the world’s mineral
resources in rough proportion to their respective
geographical areas. But within each group of countries, the
regional distribution of minerals is very uneven. There are
great regional differences between the “haves” and the
“have nots.” Some countries like Canada, the USA, the
USSR, and Australia are indeed very rich in mineral
resources; but no country in the world is actually self-
sufficient in all minerals.
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Since modern civilization cannot sustain itself without
metals, fuels, and other materials that are extracted from a
wide range of minerals, this uneven distribution of
minerals in the Earth’s crust leads to interdependence of
countries and of various parts of the world, in meeting
each other’s needs.

This brings us to the problem of mineral resources
development in the developing countries. Indeed, one can-
not discuss mineral resources on a global scale without
taking into account the resources potential of the develop-
ing countries, for at least two reasons. First, the fact that
until now we knew very little about existing global
resources pertains in particular to the situation in the
developing countries. Second, as briefly mentioned before,
in the last twenty years there has been a clear shift of major
mineral production away from the developed to the
developing countries of the world.

Many developing countries are richly endowed with a
variety of mineral resources, and within these last thirty
years, some of them have become very significant mineral
raw-material producers. Unfortunately lacking other
economic resources, most of them today are depending too
heavily on the export of only one or two mineral com-
modities to sustain their economies.

The developing countries in general face more or less
the same set of problems in developing their mineral
resources. Obviously, the most difficult problems are how
initially to obtain risk financing for mineral exploration
and, once the economic feasibility of a project is proved,
how to gain access to the international market and, finally,
how to obtain stable and equitable prices for the product.

Today, most, if not all, mineral commodities pro-
duced in many developing countries are needed by the in-
dustries of the developed countries. At this stage in world
affairs, one can say that the primary objective of the
developed nations is a dependable source of mineral raw
material, while the primary objective of the developing na-
tions is the maximization of benefits from their mineral
resources.

Competition for low cost sources of minerals will cer-
tainly intensify in the future among a growing number of
industrialized nations. Unless the problems of mineral
resources development in developing countries are re-
solved, and a mineral resources inventory can be made on
a global scale, the world could prematurely face serious
mineral demand-supply imbalances. These are now man-
kind’s great challenges: first, to obtain the know-how and
technology to develop the resources of the Earth to meet
present and future demands for all; and second, to find a
new pattern for development, which is rational and accep-
table to both the consuming developed countries and to the
producing developing countries.
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FUTURE SUPPLY OF MINERAL RAW MATERIALS

Economic expansion and rapid development of
natural resources in general, and of minerals in particular,
are both likely to continue at an accelerated pace over the
next few decades. Most probably, during the remainder of
this century, man will use nearly as much of the Earth’s
mineral resources as he has during the whole previous
course of human evolution.

For certain basic mineral commodities, effective
depletion of presently known reserves in some major pro-
ducing countries is already becoming visible. For future
mineral resources development, advances in science and
technology will certainly be important on a global scale.
However, emerging economic and socio-political factors
are not always conducive to mineral resources develop-
ment in various parts of the world.

Thus, it is obvious that the problem of mineral supply
adequacy for the world in the 21st Century does not merely
involve technological and economic/financing aspects.
New or future socio-political attitudes and actions,
resulting in changing development patterns, might be even
more decisive in determining the levels of future mineral
development prospects.

Let us now try to elaborate a little bit on the various
aspects of the problem.

Technological Aspects

Technological and scientific developments could alter
the outlook for minerals from time to time. Advances in
mining and mineral extraction technology are opening up
the way to market many hitherto uneconomic mineral
deposits. That is, technological development may bring
what was formerly in a marginal or submarginal grade to a
mineable grade. Marketing possibilities for ores mined
from formerly submarginal deposits are presently improv-
ing because of steadily increasing demands created by
general industrial development.

On the exploration side, we have no doubt that science
and technology will aid in the discovery of new sources of
minerals. The discoveries may be due to better inventory
techniques, better instrumentation, better exploration con-
cepts or better methodology, or from a combination of all
these factors.

Among the various geoscientific methods used in com-
bination in mineral exploration, probably the tech-
nological advancements in geochemical and geophysical
methods are of primary importance. The main purpose of
further developing these methods should be to accelerate
regional prospecting campaigns over vast areas, especially
in remote parts of the world, and to increase depth
penetration. In addition to these, further improvement in
remote sensing techniques will speed up mapping and ex-



ploration work in general, especially in far distant regions
of the globe that are inaccessible for conventional ter-
restrial survey work.

Knowledge of the Earth’s mineral resources has in-
creased considerably during the past decade. There is no
doubt that, with today’s accelerated advances in science
and technology, it will increase at an even faster rate in the
future.

Last but not least, the operation of any modern
mineral industry is energy intensive. Because of substantial
price increases in these last six years, energy becomes a par-
ticular concern for mineral development undertakings.
Both the availability and cost of energy can be decisive for
the location of future processing facilities. As such,
energy-saving technology in mining is of great significance
for new mineral ventures.

Economic and Financing Aspects

It is to be anticipated that up to the end of this cen-
tury, consumption growth rates for certain minerals will
remain high and depletion of existing reserves will lead
man to search for new resources. According to some
estimates, every year about 5 percent of existing world pro-
duction capacity is coming to an end because of exhausted
reserves. Only increased new finds will make it possible to
satisfy the world demand for mineral raw material in the
decades to come. Since the easy mines have been found,
mineral prospects for the future are either those with lower
mineral content or those located in more difficult regions
of the world.

The shift in mineral development toward lower grade
minerals means that most future exploitation and extraction
of minerals will have to be done on a large scale and will
become even more energy intensive., All this means that
larger investment capital will be needed to search for new
mineral prospects and to establish new production facilities.
Consequently, one can reasonably expect that the relative
cost of mineral raw materials will show some increases in the
future, in spite of technological improvements and increased
efficiency in the production process.

Another problem faced by the mineral industry today is
the problem of financing exploration and production ven-
tures in the developing countries. Major mineral prospects
for the future are most probably located in the still under-
developed parts of the world. Historically, mineral develop-
ment has been stimulated by the concept of profit, and in
the past, practically all mineral development in several parts
of the world outside the Eastern bloc was conducted by
foreign, privately owned companies. These companies
generally operated on the basis of traditional concession
agreements. They provided all the capital and know-how
and managed and directed the enterprise. Today, this prac-

tice is changing very fast in the developing countries all over
the world as a result of rapidly growing strong feelings of
“economic nationalism.” On the one hand, increased host-
government control or majority local ownership makes it no
longer attractive for private companies to spend risk capital
for mineral exploration and investment. Thus, the tradi-
tional flow of foreign private capital for the development of
indigenous mineral resources in many developing countries
cannot be expected to continue. On the other hand, it is
unrealistic to expect developing countries to have large
amounts of scarce capital to spend in risky undertakings like
mineral exploration.

In many cases economic nationalism has resulted in
direct or indirect involvement of host country government
in the ownership of production facilities or in the opera-
tion of the enterprise. In the past two decades many
developing countries have succeeded in formulating new
policies and entering into partnerships with private foreign
companies to undertake mineral development on the basis
of special contractual arrangements. It has to be noted,
however, that for many others, both host countries and
private companies, it may still take some time before this
new form of partnership in mineral ventures is acceptable.

As a result of this changing situation, movements of
private funds in the mineral sector have become rather
limited. For example, private capital will not, as in the
past, respond readily to market demands for particular
minerals. This may result in price fluctuations or acute
shortages in the supply of certain critical minerals. Such
unhealthy situations will affect the industrialized con-
suming developed countries as well as the producing
developing countries.

Political Aspects

For many developing countries, mineral resources
development plays a dominant role in the advancement of
the national economy. Since mineral resources are finite,
they should be regarded as a part of each nation’s heritage.
Thus it has become a principle that it is the responsibility
of the state to safeguard and control mineral resources
developments for the maximum benefit of the people.

Each country has the right to determine the use of its
mineral resources. Against this background, many
developing countries have in the 1970s applied policies that
exercise their sovereignty over their mineral resources.
Although in practice there can be great variations as to the
application of these policies, in general these all lead to
greater involvement of the host governments in mineral
development undertakings. The result has been expanded
government participation in the ownership of mineral
resources development enterprises or an expanded govern-
ment role in the overall management of those enterprises.
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Mineral developments in the developing countries in the
1970s have clearly shown the irreversible trend of increas-
ing host-government or local participation in new mining
ventures. Such trends have placed relations between the
foreign companies and the host governments or nationals
of these developing countries on a new basis.

In some countries where governments do not pursue a
policy of complete national ownership or majority control
of mineral resources ventures, foreign private companies
may still retain partial or full control over their operations.
But in these cases, the governments concerned have taken
the necessary steps to ensure that the private companies are
operated in a manner consistent with the host country’s
development priorities.

Another political aspect of mineral resources develop-
ment is related to the fact that minerals are not equally
distributed among countries and continents, This may lead
to minerals becoming a potential basis for national and in-
ternational dispute. Changes in conditions of demand and
supply may thus give rise to problems arising from political
instability and dislocation. And last but not least, there is
always a danger that critical minerals in short supply could
be used by the producing country or countries as political
weapons in international relations.

THE INDONESIAN EXPERIENCE

The way each country goes about its mineral resources
development is not to be separated from its historic
background and its political and economic interest. To
enable the reader to appreciate our viewpoint on problems
of future mineral supply adequacy, it might be worthwhile
to elaborate a little bit on the Indonesian experience. The
following is a brief review of Indonesia’s mineral potential,
its development policy, and the performance of
Indonesia’s mineral industry.

Geography of the Indonesian Archipelago

Indonesia, a former colony of the Netherlands,
declared its independence in August 1945. It was not until
1950, however, that its sovereignty was actually established
over the whole territory of the former Netherlands East In-
dies. Thereafter, for about 15 years the country went
through various political upheavals, which hampered
overall economic development. This situation continued
until 1966, when at last national stability was attained after
the great political upheaval in 1965.

Like many other developing countries in the world, In-
donesia today faces the typical economic problems and
challenges associated with its growth and it is not
superfluous to say that Indonesia’s problems are commen-
surate with its geography and the size of its population.

The territory of the Republic of Indonesia, which in-
clude parts of the continental Sunda and Sahul shelves and
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adjacent rise, covers a total area of about seven million
square kilometers. It occupies approximately 4 percent of
the Earth’s surface, and consists of 1.9 million sq. km of
land area, 1.9 million sq. km of continental shelf, 2.7
million sq. km of continental slope and rise, and 0.4
million sq. km of abyssal plains. Superimposed on the map
of the United States of America, the western and eastern
boundaries of Indonesia would respectively reach across
the lower 48 States and a considerable distance into the
Pacific and Atlantic Oceans (fig. 1). Laid over the map of
Europe, the distance between the extreme western and
eastern edges of the Indonesian archipelago would extend
from London to Moscow.

The Indonesian archipelago consists of more than
13,500 islands, of which perhaps 6,000 are inhabited by
people. The whole archipelago lies within the tropics and is
characterized by high temperatures, high humidity, and
abundant rains in the greater part of the territory. Located
on the crossroad between two continents, Asia and
Australia, and two oceans, the Pacific and the Indian, this
archipelago occupies a strategic position on the map of the
world. As such it is astride and commands sea routes that
are among the most heavily travelled in the world.

Indonesia is the world’s fifth most populous nation.
Its total population was estimated at 135 million in 1977,
of which about two-thirds live in Java. This makes the
island of Java, an area the size of New York State, one of
the most densely populated areas on Earth. Many of the
other islands of Indonesia, including Sumatra, Kaliman-
tan, Sulawesi, Irian Jaya, the smaller Sunda Islands and
the Moluccas, are underpopulated.

Indonesia’s population is young and is growing rapid-
ly. Nearly one-third of the people are under ten years of
age and two-thirds are under 30. In the 1974-79 period, the
population growth was about 2.3 percent per year. For the
next five years, 1980 to 1985, this growth rate is expected
to decrease to 2.0 percent per year. Indonesia’s large
population is a valuable reservoir of low cost labour, and
may become a big asset for future development. There are
120 ethnic groups living throughout the Indonesian ar-
chipelago, which give our country great cultural diversity
but also great developmental differences ranging as they
do from the Stone Age culture of central Irian Jaya to the
modern society of metropolitan Jakarta.

In terms of gross national product, Indonesia at pres-
ent is still one of the poorest nations in Southeast Asia, but
being a resources-rich country, it certainly has the poten-
tial for self-sustaining economic development. The In-
donesian archipelago is a large storehouse of a variety of
natural resources. In addition to oil and gas, the country’s
mineral resources include tin, nickel, coal, bauxite, cop-
per, and other minerals of lesser importance. Tropical
timber is found in abundance, and the seas surrounding
many of the islands also abound with fish. Indonesia’s soil
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Figure 1 Map of the Republic of Indonesia superimposed on the map of the United States of America.

is well suited for growing rice, rubber, coffee, palm oil,
sugar, tea, and spices. In fact, Indonesia is still basically an
agricultural country, although in these last five years oil
has become the single most important source of export
earnings and government revenue.

Mineral Development Policy

From the outbreak of the Pacific war in 1941 until
1966-67 no systematic mineral exploration of significance
had ever been carried out in Indonesia. Although there has
always been great interest in Indonesia’s mineral potential,
economic and political conditions at that time were not
conducive to private undertakings, and the exploration ac-
tivities undertaken by the Government or State enterprises
were limited to certain projects or targets.

In the late 1950s, Indonesia’s mineral production, ex-
cept for oil and gas, was fully in Government hands. Only
the old mines, previously operated by the Dutch, were pro-
ducing, and by the early 1960s, most of these were
operating under very difficult conditions. There was hard-
ly any additional investment for replacement or rehabilita-
tion, and an all-time low in performance was recorded in
1966 for most existing mines.

After the great political changeover in 1966, it was im-
mediately recognized that Indonesia needed to allow
private foreign capital to participate in the development of
the country’s mineral resources. Thus the Foreign Capital
Investment Law was promulgated in 1967, followed by the
issuance of a new Mining Law in the same year. New
economic policies were adopted by the government, which
brought about relaxation of rules and regulations pertain-
ing to taxation and foreign exchange control. Gradual im-
provements of the business environment and favourable
market conditions resulted in a relatively quick recovery of
the existing mineral industry. Meanwhile, foreign private
companies responded favourably to Indonesia’s invitation
to undertake mineral exploration and development in
various parts of the country.

Steady growth and expanding activity took place in the
mineral sector, in particular during the period from 1967
to 1974. The oil crisis in 1973 and the succeeding
worldwide economic recession have somewhat retarded
this growth and expansion until now, but in general, long-
term development prospects remain bright.

So far it can be said that the performance of the In-
donesian mineral industry during the last ten years has
been sufficiently encouraging. A great deal of the progress
achieved and the new development begun since 1967 are
due to foreign private-capital participation in the industry.
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An important underlying factor, of course, is the fact that
Indonesia is a politically stable country. Indeed the impor-
tance of political stability for mineral investment cannot be
overstated. Because of its very nature, the mineral industry
is very sensitive to socio-political changes, especially where
private foreign capital is involved.

It is to be anticipated that Indonesia will continue to
depend on the supply of foreign capital to assess and to
develop its mineral potentials, maybe until well beyond the
end of this century. This does not, however, mean that the
development of the indigenous resources will be left com-
pletely in the hands of foreign private parties and that the
government is only interested in collecting royalties and
taxes from profitable ventures without taking any risk. In
the early days of foreign investment in mining, the main
emphasis was indeed given to production and foreign ex-
change earning. But shifting national priorities since then
have entailed shifts in development strategies also.

Foremost among the contributions expected from
foreign companies engaged in mineral development in In-
donesia today are the opening of new development centres
in regions outside Java, the creation of employment op-
portunities, the training and advancement of professional
and managerial capabilities of Indonesian nationals, and
the maximum utilization of domestically produced goods
and services. For its part, the government will induce
foreign companies to engage in domestic processing so that
in the long run the development of mineral projects will
strengthen the domestic industrial base. Indeed, the impor-
tance of transferring know-how and technology through
foreign capital participation in the extractive industry can-
not be overstated. Indonesia realizes that without properly
trained people of its own, it will never be able to translate
capital flow into meaningful development programmes.

In brief, foreign private investment should not be
motivated by profit only; it must also fulfill a complemen-
tary role in the developmental processes of the country.
The Indonesian government believes that foreign private
investment in the mineral industry can continue to make a
substantial contribution to national development.

Indonesia’s Five-Year Development Plans

Started in 1969, Indonesia’s series of five-year
development plans emphasizes rehabilitation of the
nation’s economy as a major objective. The first Five-Year
Development Plan gave high priority to agricultural pro-
duction, improved irrigation facilities, and improved
transportation systems.

The second Five-Year Development Plan (1974 to
1979) put special emphasis on improving living standards
by stressing agricultural and food production. Specific ob-
jectives included the provision of adequate food and
clothing, greater employment opportunities, expanded
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development of the country’s infrastructure, and promo-
tion of social welfare aims.

Indonesia’s third Five-Year Development Plan (1979
to 1984) commenced on April 1, 1979. Its three fundamen-
tal policy objectives are (a) more equitable distribution of
development gains, income and opportunities, (b)
economic growth, and (c) national stability.

During the period from 1979/80 to 1983/84, In-
donesia’s export policy will be geared to diversification by
both products and markets. Diversification of com-
modities will aim at reducing economic dependence on oil
and natural gas, which now account for about two-thirds
of our total export value. Growth of gross oil-export earn-
ings during the third Five-Year Plan is expected to be con-
siderably less than during the second. This will be partly
due to increased domestic consumption and to an an-
ticipated low rate of production increase. As a result of the
implementation of this new export policy, oil export earn-
ings by 1981/82 are expected to be overtaken by non-oil
commodities. In the mineral sector, a substantial increase
in non-oil exports in the future is to be expected from
nickel products, and also from tin and aluminum metals.
At the end of the third Five-Year Development, the mining
sector (including oil and gas) is projected to account for
15.9 percent of the Gross Domestic Product (GDP).

The goal for real GDP growth is set at an average an-
nual rate of 6.5 percent while the annual growth rates of
the various sectors in the Indonesian economy during the
period 1979/80 to 1983/84 are expected to be as follows:
agriculture, 3.5 percent; mining (including oil and gas), 4.0
percent; industry, 11.0 percent; construction, 9.0 percent;
transportation and communication, 10.0 percent; and the
remaining sectors of the economy, 8.0 percent. With
regard to population growth, this is expected to slow down
from 2.3 percent per annum in the second Five-Year
Development period to 2.0 percent in the third Five-Year
Plan.

Mineral Resources Potential and Development

The mineral extraction industry in Indonesia is already
a very substantial foreign exchange earner for the national
economy in spite of the fact that systematic mineral ex-
ploration has so far only been undertaken in a relatively
small part of the country.

Until now only about 25 percent of a total land area of
more than 1.9 million sq. kilometers has been mapped
geologically in some detail. The remaining area has only
been roughly surveyed, and certain parts are, practically
speaking, still “terra incognita.” Surveys and explorations
in the offshore regions started only in the late 1960s, but
since then have continued at an accelerating pace, en-
couraged by substantial oil and gas finds in some offshore
areas.



From a geological point of view the Indonesian ar-
chipelago is a very complex region of the Earth’s crust. The
Indonesian island arcs represent three interlacing orogenic
belts, namely, the Alpine-Sunda (Tethys) Mountain
System, the East-Asiatic System (representing part of the
Circum-Pacific System), and the Circum-Australian
System.

In the light of modern plate-tectonic theory, the In-
donesian archipelago is seen as an area of interaction
among three major crustal elements: the East Indian
Ocean-Australian Plate, the Pacific Plate, and the Eura-
sian Plate.

The geological evolution of the archipelago occurred
during long stable periods of sedimentation interrupted by
more dynamic periods of mountain building and igneous
activities, and was accompanied by metamorphism, con-
tact metasomatism, replacement, supergene enrichment,
and weathering processes. In the long geological history of
the country these processes have created favourable en-
vironments and conditions for economic mineral forma-
tion and accumulation. From an exploration point of view,
Indonesia undoubtedly is very interesting and attractive,
and indeed there are reasons to believe that this country
must possess more diverse mineral wealth than has actually
been discovered. But so far, it has only been established
that Indonesia’s sizeable mineral potential of regional im-
portance consists of oil and gas, tin, lateritic nickel, baux-
ite, copper, and coal.

QOil and Natural Gas: Exploration for oil in Indonesia
dates from 1871 in West Java, and from 1883 in North
Sumatra when the first successful production well was
drilled there. Since then Indonesia’s oil industry has
developed steadily, interrupted only by the war in the
Pacific. However, development activities did slow down in
the early 1960s, but since 1966 there has been a great ex-
pansion of petroleum exploration efforts, especially in the
offshore areas. Most oil in Indonesia is produced from
sands and sandstones of Miocene and Pliocene age at
relatively shallow depths, ranging in most fields from 500
to 1,600 meters. The offshore exploration efforts in the
last ten years have resulted in discoveries of new oil and gas
fields and have greatly increased the knowledge and
understanding of the geology of those areas. The greater
part of Indonesia’s offshore region could be classified as
continental shelf with an average water depth of less than
200 meters. Most oil prospects are found in Tertiary
sediments, deposited in shallow marine or deltaic en-
vironments, generally in gently folded geological struc-
tures. Indonesia’s crude oil is typically light, and low in
sulphur content. The well-known Minas crude, from the
Minas field in central Sumatra, which is representative of
most Indonesian crude, has an API gravity of 34.5 degrees
at 60° F with a sulphur content of between 0.06 percent
and 0.10 percent in weight. With an average daily produc-

tion of 1.6 million barrels in 1978 (1.7 million barrels in
1977), Indonesia today ranks twelfth among world oil pro-
ducers. Offshore oil production, started only in 1971, ac-
counted for 33.4 percent of Indonesia’s total production in
1978.

Of great significance besides oil is the development of
natural gas. In 1971 and 1972, large natural gas reserves
were discovered in the northern part of Sumatra and in
eastern Kalimantan. This led to the establishment of gas
liquefaction plants and, since 1977, to the export of LNG
from Indonesia to Japan. At present the domestic use of
natural gas is relatively limited, but significant increases in
the near future are to be anticipated as a result of our na-
tional energy resource diversification program.

Tin: In the hard mineral sector, tin has always been In-
donesia’s foremost mineral commodity. The stable condi-
tion of the existing tin industry and the country’s tin
reserves potential make it very likely that by 1982 or 1983
Indonesia may become the world’s second largest tin pro-
ducer, behind Malaysia.

The Indonesian tin belt, about 1,000 kilometers long
and covering the tin islands of Bangka and Belitung, and
those of the Riau-Lingga archipelago, forms only a
southward continuation of the world’s most potential tin
belt, which extends from South China, through Burma,
Thailand, and Malaysia, to Indonesia. At present, two-
thirds of this rich tin belt in the Indonesian territory is
below sea level. Offshore surveys have revealed that the
shallow sea surrounding the tin islands conceals an aureole
of submerged tin-bearing river valleys.

Present exploitation of tin in Indonesia is almost en-
tirely limited to secondary deposits on land and shallow
deposits in the near-shore areas. But substantial reserves
have been proved, onshore as well as offshore, including
primary deposits in some of the tin islands and deposits in
the deeper parts of the offshore areas.

Nickel: Lateritic nickel ores and nickeliferous iron
laterites are widespread in the southeastern part of the
island of Sulawesi and in several small islands in the north-
ern Moluccas in the eastern part of the archipelago. These
deposits of nickel-bearing laterites are the result of the
weathering process of extensive masses of peridotite and
serpentinite.

Until 1976 Indonesia produced only high-grade ore for
export to Japan for further processing. Since the comple-
tion of two new nickel processing plants, Indonesia ex-
ports, besides nickel ore, ferronickel (since 1976) and
nickelmatte (since 1978). With the potential additional
production of nickel metal from a third processing plant
now (1979) in the final planning stage, Indonesian nickel
production could reach 100,000 tons a year in the 1980s.
That will put Indonesia in third place among the free
world’s nickel producers, behind Canada and New
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Caledonia. These estimates represent about 11 percent of
the free world nickel production projected for 1985.

Bauxite: Bauxite deposits of the lateritic type are
widespread in various islands of the western part of the In-
donesian archipelago. The ore occurs as concretions in
clays formed through weathering of intermediate igneous
and aluminum-rich metamorphic rocks. The concretionary
bauxite is composed of the mineral gibbsite, with goethite
and silica impurities, which determine its quality.

Reserves of high grade exportable bauxite are limited
to the island of Bintan, but extensive deposits of lower
grade bauxite are to be found in many parts of western
Kalimantan and in some islands of the Riau-Lingga ar-
chipelago. At present Indonesia has no domestic process-
ing plant and is exporting its bauxite to Japan. But plans
are underway to establish a refining plant for processing
indigenous lower grade bauxite into alumina for metal pro-
duction at the Asahan Aluminum Smelter now under con-
struction in North Sumatra.

Copper: Indications of copper mineralization are
widespread in several islands of the Indonesian ar-
chipelago. Most of the occurrences, however, are small
vein-type deposits of no economic importance. Of interest
are the high grade copper deposits in central Irian Jaya, in
which Indonesia’s only copper mine is located. In northern
Sulawesi indications have been found of extensive
porphyry-type copper mineralization. From a geological
point of view, similar mineralization can be expected in
other regions in the eastern part of the archipelago.

Coal: Coal bearing sediments, ranging in age from
Permo-Carboniferous to Pliocene, are quite widespread
throughout the Indonesian archipelago. Coal deposits of
economic significance, however, are confined to the Ter-
tiary sediments in the western part of Indonesia, on the
islands of Sumatra and Kalimantan. Eocene coals are
found in nonmarine sediments deposited in intermontane
basins, while Late Tertiary coals occur in the regressive se-
quence of the Neogene back-deep basins and, in the case of
coal deposits in eastern Kalimantan, also in deltaic basins.

The Eocene coals are limited to extent, but they are
generally more intensely coalified; these coals are hard,
black, and lustrous, and resemble bituminous coals of pre-
Tertiary age. The Late Tertiary coals are extensively
distributed, but they are in general of lower rank; unless
locally coalified by intrusive igneous activity, these coals
are essentially lignites with moisure content of 40 percent
and higher.

From existing documentation on the principal coal
deposits in Sumatra and Kalimantan, one can infer
reserves of hard black coal and lignitic black coal in
Sumatra and Kalimantan respectively amounting to 200
million and 100 million metric tons. Estimates of possible
and probable coal reserves, consisting mainly of lignitic
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hard coal and lignites, range from 10 to more than 15
billion tons for Sumatra, and in excess of 500 million tons
for Kalimantan.

So far, coal plays only a negligible role in the national
economy, but it has the potential to become Indonesia’s
major source of energy in the years to come. Although ex-
port prospects are rather limited, coal, if used domestically
as an alternative to oil for primary energy generation,
could maintain and enhance the role of oil as a foreign ex-
change earner for Indonesia.

Mineral Development, 1966 to 1978: Unfavorable
political and economic conditions had caused a steady
decline of the Indonesian mineral industry from the late
1950s until about 1966-67, but new life has been injected
into the practically stagnant industry with the big
changeover in the Government’s economic development
policy since 1967. As briefly mentioned before, the pro-
mulgation in 1967 of both the new Mining Law and the
Foreign Capital Investment Law was of great significance
to the mineral industry. On the basis of new partnerships
known as “contract of work” and “production sharing”
agreements between the Government or State enterprise
and foreign private companies, a considerable number of
new projects have been started.

At present the Indonesian mineral industry produces
oil and gas, tin, nickel, copper, bauxite, coal, gold and
silver, manganese, iron sand concentrate, natural asphalt,
and a wide range of non-metallic minerals and rocks for
the domestic market. The growth of Indonesia’s mineral
industry within the last ten years is very obvious, especially
when compared with the situation in 1966 (see table 1).

Table 1 Production of main mineral commodities in Indonesia
[All commodities are given in tons except where noted]

COMMODITY 1966 1978
Petroleum (barrels) _______________ 176,481,097 596,698,420
Natural gas MCF) ________________ R 820,130,292
LNG (m?) — 8,094,026
Tin 12,782 27,409
Bauxite 701,223 1,007,746
Copper concentrate _______________ —_— 180,933
Coal 319,829 264,180
Gold (kg) 128 254
Silver (kg) 6,867 2,506
Manganese 787 5,889
Nickel ore 117,402 1,256,450
Ferronickel —e 19,733
Nickelmatte —_ 5,729
Iron sand e 233,341
Natural asphalt 13,905 162,000

Source: Department of Mines and Energy, Jakarta, Indonesia.

Among the most significant achievements of the industry
in the 1970s are the opening of new prospects and the
establishment of new projects that are producing new com-
modities like copper concentrate (since 1972), ferronickel



(since 1976), nickelmatte (since 1977) and LNG (since
1977). Oil production has increased considerably, and with
the increase of crude prices since the end of 1973, oil ex-
port has become the country’s main source of foreign ex-
change revenue. In 1978, export of Indonesia’s mineral
products, including oil and gas, had a total value of more
than US $7,936 billion or 71.5 percent of the country’s
total export, which amounted to US $11,093 billion (see
table 2).

Table 2 Revenues from Indonesian minerals export compared
with Indonesian export totals, in U.S. dollars
[Compared percentages of the whole are given in parentheses
below the dollar amounts])

COMMODITY 1966 1978

Oil and gas $217,314,494 $ 7,474,923,121
(31.2) 67.4)

Other minerals ________________ 40,892,111 461,157,627
(5.9 @.1)

Minerals totals ________________ 258,206,605 7,936,080,748
(37.1) (71.5)

Exporttotals __________________ $695,962,000 $11,093,000,000

Source: Department of Mines and Energy, Jakarta, Indonesia.

National Geoscience Programme: As mentioned
before, a great deal of the progress and the new
developments in the Indonesian mineral industry since
1967 have been brought about by foreign private capital. It
is to be anticipated that foreign capital will continue to
play a dominant role in the development of Indonesia’s
mineral potential, maybe until well beyond the end of this
century —into the 21st Century.

Shortage of capital to develop indigenous mineral
resources is a common problem among developing coun-
tries. But apart from the problem of financing, all
resources-rich developing countries like Indonesia should
endeavour within the shortest time possible to attain
technical and scientific capability in order to assess their
own resources potentials. To leave this matter forever in
the hands of foreign private parties is certainly against the
national interest.

The setting up of a clear, well defined and realistic na-
tional geoscience programme, including manpower train-
ing and institutional development, is a prerequisite for a
country like Indonesia if it is to become self-sufficient and
self-reliant in resources assessment. Since the late 1950s,
Indonesia has gradually built up its capability to undertake
its own geoscience programme which includes systematic
geologic mapping and various aspects of applied geology
such as mineral inventory, land use and engineering
geology, water-resources development planning, inventory
of geothermal potential, prevention of calamities caused
by natural hazards like volcanic eruptions, landslides,
earthquakes and the like.

In the past, it was not easy to secure the necessary
understanding and subsequent budget appropriations for
basic geoscience programmes like systematic geologic map-

ping, marine geology, regional gravity and magnetic
surveys, and other fundamental investigations. Part of the
reason that the Government had shown “little interest” in
the implementation of national geoscience programines
was indeed budget constraints and different overriding na-
tional priorities. However, as an insider I have to admit
that another part of the reason was that geoscience pro-
grammes usually tend to sound too “scientific,” and that
most geologists and geophysicists have difficulties in com-
municating the results of their work to the general public in
a reasonably comprehensible way. This deficiency should
be corrected if geoscience programmes in general are to
succeed in developing countries.

It has been our happy experience in Indonesia that
both the understanding and support of politicians and
government authorities for geoscience programmes in
general and for geology and mineral exploration in par-
ticular have grown rapidly within these last few years.
Substantial assistance in geology and mining has also been
extended to Indonesia by various agencies of friendly
countries, in particular by the U.S. Geological Survey and
the U.S. Bureau of Mines, and by various international
organizations.

In accepting foreign assistance, Indonesia puts great
emphasis on training and transfer of know-how, because,
as I mentioned before, without properly trained people of
our own, this country will never be able to translate capital
flow into meaningful development programmes. In-
donesia’s present capability for carrying out its own na-
tional geoscience programmes is reflected in the current
status of various mapping, surveys and resources inventory
activities, carried out by the Indonesian Geological Survey
and other national agencies.

CONCLUSIONS

Rapid and accelerated development of mineral
resources is likely to continue worldwide until the end of
the 20th Century. On a global scale, potentially available
resources for most basic mineral commodities seem to be
more than adequate to meet mankind’s ever-increasing de-
mand. Nevertheless, there are reasons for mankind to
worry about regional problems of temporary but recurring
mineral supply shortages due to political and socio-
economic factors.

As a result of rapid effective depletion of known
mineral resources in many developed countries within this
century, major mineral developments are shifting away
from the developed to the less developed parts of the
world. Considering the question of future mineral supply
adequacy, two major problems come to the foreground. In
the first place, more efficient technology is required to
develop lower grade mineral deposits. In the second place,
to open up resources in the underdeveloped parts of the
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world, a new pattern for mineral resources development is
needed, which is acceptable to both the producing develop-
ing countries and to the consuming developed countries.

Unless the problem of initiating mineral development
in developing countries is resolved and unless mineral
resources inventory can be made on a global scale, the
world could prematurely face serious mineral demand-
supply imbalances before the end of this century.
Resources development aid extended to the developing
countries should be oriented toward manpower training
and institutional development in order to make these coun-
tries self-sufficient and self-reliant in assessing their own
resources as soon as possible. But we also have to realize
that problems of mineral development involve not only
technological and economic matters but also political
factors, which in many cases can override other
considerations.

The Indonesian experience has clearly shown that
regardless of a country’s mineral potential, more than
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anything else, it is the government’s political philosophy
and attitude which ultimately determine the levels and
possibilities of mineral development. Hence, future
mineral supply adequacy will likely be influenced less by
the physical scarcity of resources than by human or
political factors. It is in the interest of both the developed
and the developing nations that they cooperate more close-
ly and genuinely to undertake mineral resources develop-
ment on a world-wide basis. The danger of imminent
resources depletion should not lead mankind to scramble
for scarce resources or to make war, but rather to search
jointly for new resources in a genuine spirit of
cooperation.

Soetaryo Sigit

Secretary General

Department of Mines and Energy
18, Jalan Merdeka Selatan
Jakarta, Indonesia



Discussion

D. }J. Mclaren
Director General
Geological Survey of Canada

The papers we have just heard emphasize two prin-
ciples that will become increasingly important as the world
considers resource availability for the next 100 years:

1. The inequality of distribution of energy and

mineral resources on a worldwide scale, and

2. The trend, already apparent, that as resource

depletion advances in the more developed areas of
Earth, mankind will turn increasingly to areas
now occupied by developing nations and to the
oceans.
The first principle forces interdependence for resources on
all of us. The second requires an adjustment and an
understanding between the old and the new resource rich
areas of the world.

The great debate currently raging in the many public
forums established by international agencies has been con-
cerned with how to strike a balance between the old and
the new, the developed and the developing, in regard to the
transfer of money, goods, and expertise in return for
resources. By loan, by gift, by political influence, by tough
economic bargaining? The particular stage of economic
development that a country has reached has a strong in-
fluence on the method preferred.

The papers we have heard illustrate two approaches to
the problem. The minimal approach would be to allow
foreign exploration, extraction, and export in return for
rent and royalties, and this was perhaps the dominant
system in the past —the so-called colonial era. With in-
creasing recognition of the value of natural resources to
national economies, this approach has become unaccept-
able. New systems of economic sharing have developed,
followed by subsequent ownership of the means of produc-
tion accompanied by education and training to the extent
that the resource-rich country may ultimately assume full
control of the development of its own resources. Such
evolution may follow many routes, and we shall probably
hear about some of them during this week. A point made
here is that economic nationalism should be coupled with
an accurate knowledge of the resource base of a nation if
practical benefits are to flow from realistic national
policies. This is in fact frequently ignored by the politician
in both the developed and developing worlds, and by some
major international agencies. Dr. Ramos tells of the dif-
ficulty of impressing Government with the necessity to ap-

propriate sufficient funds to undertake prospecting and
development. This point is made equally strongly by Dr.
Sigit who rightly points out that it is a government’s
political philosophy and attitude that ultimately deter-
mines the levels and possibilities of mineral development.
A knowledge of the physical resource base, however, in
relation to the world market, can be a very important fac-
tor in influencing political decision.

A national geoscience program should have at least
three main components:

1. Long-term activities including a core geological

mapping program and research;

2. Short-term activities including airborne surveys
and photogeological interpretation to obtain basic
geological information on unknown areas in the
shortest time possible; and,

3. A capability to do detailed geophysical, geologi-
cal, and geochemical work on small areas with
mineral potential.

This is a tall order in a country without its own ex-
ploration industry and, perhaps, with only a developing
Geological Survey or its equivalent. There is, nevertheless,
a rich source of information and interpretation that may
be tapped by enlightened regulation. This source is to en-
sure full disclosure of all geoscience and technical data ac-
quired during exploration and production, including
substantiated reserve figures of the resource being ex-
tracted. Building on this, an administration can control
and encourage development from a knowledge base, and
establish a policy on supply rate for home consumption
and export. Knowledge will be needed from the start, and
may be considered of equal importance to royalty
payments and taxation. Such knowledge might precede the
development of an exploration industry within the coun-
try, and might well accelerate such a development.

In the time available it is scarcely possible for me to
illustrate this in any detail with an example from my own
country, but briefly, in the late 1940s the Province of
Alberta, at that time surely a developing region, led the
world in regulation of information flowing from a suc-
cessful exploration program for oil by multinational com-
panies. Judicious timed release of information derived
from drilling, and public access to cores and samples,
resulted in accelerated discovery and development. I would
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emphasize that this kind of stimulation can only be done
with in-house competence in the earth sciences and not
only competence in mineral economics and engineering.

Finally, I should like to refer to the fact that in addi-
tion to the necessary efforts that must be made in
establishing an earth science base within a country, there
are forces at work in the world beyond those of bilateral or
multilateral aid or purely economic stimulus. There is a
reservoir of scientific competence that can work
disinterestedly. This is made up of those for whom
research has a social as well as a scientific goal. I should
particularly like to mention the remarkable achievement of
AGID (Association of Geoscientists for International
Development). In the short time they have existed, they
have demonstrated the reality of this surge of enthusiasm
in developing and developed countries by earth scientists
who are concerned that their science should be utilized for
the betterment of man. From my own experience, and as
an example, I should like to mention two or three projects
within the International Geological Correlation Pro-
gramme that have an important bearing on resource
development in the two regions we have heard about. Pro-
ject 32 on “Stratigraphic Correlations between Sedimen-
tary Basins in the ESCAP Region” counts Indonesia as an
active participant and beneficiary. This project sets out to
describe the sedimentary basins of a vast region, correlate
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them and examine the controls of mineral and chemical
distributions, particularly hydrocarbons. Similarly, Pro-
ject 42 on “Upper Paleozoic of South America and its
Boundaries,” under Brazilian leadership, attempts to
establish adequate correlation for Upper Paleozoic se-
quences in the Andean area and the intracratonic basins of
South America and West Africa. These are examples of
geological coooperation on a large scale. In addition, two
general projects of paramount value should be mentioned:
98 —“Standards for Computer Applications in Resource
Studies” and 143 — “Remote Sensing and Mineral Explora-
tion”. These are only four projects out of over 60 in IGCP,
that are carried out by scientists all over the world, in
developed and developing countries, with the motivation
that they are interested in the problems involved, and the
belief in the need for collaboration and technology transfer
within their chosen fields. Let us not forget that this third
and powerful scientific force in the world is capable of
playing an important role in the understanding of global
resources waiting to be tapped.

D. J. McLaren

Director General

Geological Survey of Canada

Energy, Mines and Resources Canada
601 Booth Street

Ottawa, Canada K1A OES8







































in the near future, I hope and am sure that we Korean geo-
scientists will be able to contribute to the advancement of
not only Korea but also the whole world.

Insofar as all these efforts can only bear fruit in com-
mon endeavors and mutual understanding and coopera-
tion among the nations, our future days will either be
bright or dark. On this critical matter of prosperity or
poverty the wisdom of mankind will be tested.

Finally, in this grave and critical problem of resources
we geoscientists have tremendous responsibilities and

obligations and I, as one of them, am happy and proud to
shoulder a part of those common burdens.

Byung Koo Hyun

President

Korea Research Institute of Geoscience and Mineral Resources
(KIGAM)

219-5, Garibong-dong

Youngdeungpo-gu

Seoul, Korea 150-06

Korean Resources
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Discussion

W. C. Overstreet
U.S. Geological Survey, Retired

In expressing appreciation to Dr. Bonis and Director
Hyun for their presentations of Guatemalan and Korean
perspectives of problems and requirements for identifying,
exploring, and developing mineral resources for the future,
and before commencing discussion, it is appropriate to
comment briefly on these views.

One speaker opened with the solemn observation that
resources in an underdeveloped country represent the slim
margin between life and death, which is not an abstraction
easily to be ignored by geoscientists. Indeed, acquaintance
with this problem in its various forms imbues this sym-
posium. The other speaker closed by observing that the
quality of the future depends on the results of common
endeavors, mutual understanding, and cooperation among
nations, and that upon this critical matter mankind will be
tested in its wisdom. Those closing remarks identify the
various national and international political processes as
controlling factors in man’s utilization of the great
technical advances already achieved in identifying, explor-
ing, and developing resources. Future trends in political
awareness may not be as predictable as the nearly exponen-
tial rise in the technology of mineral exploration and ex-
ploitation; hence, the geologic profession needs to con-
tinue to alert appropriate administrative bodies to the
human needs and technical significance of advances in
science that improve our ability to identify, explore, and
develop geologic resources.
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Common points made by both speakers recognize the
need to improve the training of geologic staff, thus
upgrading their influence in their own countries, and to
conduct research in basic geology, including general
geologic mapping. In one paper, a forceful plea is made
for the support of simple procedures and equipment, but
both speakers see the need for improvements in methods of
mineral exploration, particularly for those deposits that
are concealed and have thus escaped detection. Such con-
cealed deposits will become the major source for future
discoveries of mineral raw materials throughout the world.
The search for concealed deposits can be expected to in-
volve particularly the integrated use of advances in concep-
tualization and modeling of ore deposits and im-
provements in geophysical and geochemical exploration as
well as the remote sensing of mineral deposits. Happily,
the problem of source is perceived, and the methods of
searching for and development of mineral resources are
constantly improving. In particular, the exploration
geochemists are investigating methods of anomaly
enhancement to develop procedures for use in the Arctic
and in the arid or humid tropics where, as one speaker
showed, the problems of mineral exploration are par-
ticularly intractable.

W. C. Overstreet

900 E. Garcia Street
Santa Fe, New Mexico 87501









Three coal basins are known in Venezuela: Los Andes,
Naricual, and Zulia (fig. 1). The only coal production in
Venezuela is from deposits in the Los Andes basin, the
most important of which are near Lobatera, State of
Tachira, which yield more than 95 percent of present
domestic production. The cement factory of Tachira pur-
chases most of this coal. Yearly production is 60,000
metric tons with proven reserves of 3 million metric tons,
and the potential is estimated to exceed 20 million metric
tons. The coal is suitable for mixing with imported coals
for a variety of uses and for coke for some metallurgical
processes. The Santo Domingo mine, which produces
steam coal, is also in the State of Tachira. It has estimated
reserves of 200 million metric tons. Coal near Rubio, State
of Tachira, is of better quality and appears to be sufficient
in quantity for mine development. This deposit is presently
being evaluated.

Studies now underway in the Naricual basin indicate
reserves of 14 million metric tons of coal and a total poten-
tial resource of 60 million tons. A regional governmental

Figure 1 Sedimentary basins of the natural gas and coal reserves

corporation, CORPORIENTE, has taken out a concession of
4,500 hectares in this basin with the expectation of opening
a mine having the capacity to produce 250,000-300,000
metric tons of coal per year. The coal may be used as fuel
for local consumption and for production of elec-
trometallurgical coke. According to existing evidence, coal
in the Naricual basin extends for about 200 km, and total
resources of the basin are estimated to be many times that
of the Naricual area.

The Zulia coal basin, in western Venezuela, has large
resources of high-grade coal. CORPOZULIA, a regional
governmental corporation, was recently granted an
8,250-hectare concession in this basin between the
Guasare, Socuy, and Cachiri Rivers. Drilling on 600 hec-
tares of this concession shows reserves of 161 million
metric tons of coal and indicated reserves of 3,670 million
tons. The planned yearly production from deposits here
will be sufficient to supply a 2,000-megawatt steam power
plant and to yield blast furnace coke for production of 5
million metric tons of steel.

in Venezuela (Source: Carta Semanal, Volume XX N° 25, 1977).
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