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Introduction

Second only to petroleum, copper is one of the most
important necessities of a modern industrialized society. Yet,
unlike petroleum, copper is experiencing an overhang in the
world market the likes of which has not been seen since the
Depression years of the Thirties.

The consequences of this international surplus, coupled with
legislation at home, have been almost disastrous to the American
copper producers. U.S. copper miners are experiencing layoffs,
two major copper mines in the United States and one in Canada
have shut down for an indefinite period of time, and those mines
still operating are doing so on a reduced work schedule designed
to minimize losses rather than to generate profits for the
company. Companies traditionally engaged in large exploration
programs are pull ing back their teams and, in some cases, even
laying off their professional personnel. Companies who just a year
or so ago were eyeing the domestic copper industry as a good
investment are now turning away in favor of more
optimistic-appearing investment opportunities - some of which
are in foreign copper production. The recently released Arthur D.
Little report regarding the projected fate of copper production in
the U.S. under presently enacted environmental legislation leaves
little doubt as to the wisdom of these investment decisions.

I shall discuss my view of the status of the domestic copper
industry and the troubles the industry will face in the future. I
shall give you my interpretation of the relationship between
petroleum and copper in the world market - a result of the 1973
Mideast oil embargo and price escalation. I shall also describe for
you the situation which is rapidly developing for the domestic
copper inclustry as a result of the environmental movement and
other national imperatives. I shall also attempt to describe my
view of the involvement of American dollars and technology in
the foreign copper industry, which is currently successfully
winning out over our domestic industry in the world marketplace.

I shall not, however, attempt to predict the future - for the
issues at play are complex and the stakes are high.

Background

Copper is one of the oldest metals used by mankind. The
Chalcolythic Period and the Bronze Age of 4000 and more years
ago both reflect stages in man's development based on his use of
copper. Even the Bible passage describing the Promised Land, the
land of milk and honey (Deut. 10:9), mentions copper as present
and available for use .... "A land whose stones are iron and out
of whose hills you can dig copper." Man's need for copper has
continued unabated until the present time. Unlike other early
needs of man, copper has found very few substitutes and has
actually increased in usage and in intrinsic value to mankind.

Uses. Copper was used by early man for its decorative value and
for its workability into useful objects. The modern history of
copper, however, actually began with the discoveries of Faraday
and his successors, Kelvin and Edison, in the harnessing of

electricity. Thus today, while other metals (aluminum and iron
for the most part) have replaced copper for decorative purposes
and for useful shapes and vessels, no other metal has replaced
copper in its utility as a conductor of electricity. Copper has
literally made the Electrical Age possible by its use in the
generation, the transmission, and the conversion of electricity to
the energy forms on which our civilization rests - heat, light, and
motion. Copper has become yet another milestone in human
progress.

Consumption pattern. Contrary to many people's belief (and as
the present market certainly indicates), the consumption of
copper is not on a runaway track as the "Doomsday Seekers"
would have us believe of mineral resources in general. The growth
of copper consumption in the world for the last hundred years
has averaged about four percent per year - about equal to the
growth rate of the population in the industrialized countries. Per
capita consumption in the United States has actually leveled off
and, if anything, is actually declining. The United States and
Canada lead the world in annual per captia consumption of
copper at about 25 pounds per person, Australia and New
Zealand at 16 pounds per person, and by Europe at about 12
pounds per person. In contrast to the industrialized countries, the
developing countries have a per capita copper consumption of
about one pound per person. We should ask ourselves what is
going to happen when the three billion or more people in the 115
or so developing countries attempt to increase their per capita
consumption as they seek the living standards enjoyed by the
remainder of the world.

The United States reached a maturity in the consumption of
copper and other heavy metals before other industrialized
countries (Fig. la). Our consu mption of copper per dollar of the
Gross National Product (GNP) has fallen, from a high of about 7
pounds per dollar of GNP in the 1920s to a low of about 3.8
pounds per dollar of GNP during this decade, while the remainder
of the industrialized world consumes' 4 to 4.5 pounds of copper
per dollar of GNP. The developing countries, on the other hand,
while the lowest in per capita consumption, are actually the
highest in terms of consumption per dollar of GNP at about 6
pounds of copper per dollar of GNP. This is a consumption
pattern common to the other "mature" mineral commodities
such as iron, lead, and zinc. On the other hand, newer metals such
as aluminum and magnesium are still experiencing a growing level
of consumption in both the U.S. and in the world in terms both
of per capita and GNP consumption. The reasons for this pattern
are threefold:

1. As our society and economy mature, demands for services
rather than material goods are reflected in a greater contribution
to the GNP from the services sector and a proportionately smaller
contribution from the industrial products sector.

2. Substitutions of nonmetals for metals in the manufacture
consumer and producer goods displace metals from
markets (plastic for copper in water pipes, for example).

Continued on
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equal, copper will prevail over aluminum for electrial usage as
energy becomes more costly.

Resources and reserves.

By most estimates the North American continent contains a
large fraction of the known copper in the world. According to
Pelissonnier, the North American Cordilleran Province
(containing the porphyry coppers and including Arizona) and the
North American Great Lakes Province (containing the massive
sulfide and strata-bound coppers) contain 31 percent of the
estimated copper in the world. By comparison, the
Ural-Kazakstan Province of the Soviet Union contains 4.1
percent, the South Central Africa Province contains 19 percent,
the Andean Province contains 29 percent, and the Northern
Europe Province contains 8 percent. All of the other copper
provinces of the world each contain less than 2 percent of the
world's total and collectively contain only 9 percent.

Insofar as the free world is concerned, our present knowledge
indicates that the North American copper resource exceeds all
others in the present competition. Further, the U.s. and Canada
are estimated to have 37 percent of the free world's reported
copper reserves and 33 percent of the total world's reported
copper reserves. Insofar as geologic occurrence is concerned, the
porphyry coppers (the type found in predominance in North
America, in the Andes, and in the Philippines) account for over 52
percent of all of the copper known in the world. The
strata-bound copper, as found in southcentral Africa, is second in
occurrence with 27 percent of the total known copper. In the
United States, Arizona, New Mexico, Colorado, and Utah share in
the major copper reserve. Arizona is well ahead of the other states'
with 80 percent of the total (see page 7).

While North America has the largest share of the free world's
copper reserves, it does not have the cheapest copper to produce.
The U.s. and Canadian porphyry copper deposits typically

Continued on next page

Energy and copper. It will be interesting to see how the increased
cost of energy will affect these consumption patterns, for primary
metal production (from mine to the metal) accounts for about
ten percent of the total U.s. energy consumption. While copper
production requires about four times as much energy per pound
as does steel, it requires only about half as much as aluminum
does, and copper's energy consumption could be further reduced.

I mentioned earlier that there was a relationship between the
petroleum situation in the world today and the problems that the
North American copper industry is experiencing. Let's look at the
first part of this relationship now and return to the second and
th ird parts later.

In terms of 1976 prices for energy and metal, about four
percent of the price of copper is the cost of energy consumed in
its manufacture. By comparison, energy is three percent of the
price of steel and thirteen percent of the price of aluminum. In
comparison with aluminum, copper's nearest competitor for
electrical usage, each unit of energy will produce twice as much
copper as aluminum. When the relative conductivities and
densities of copper and aluminum are taken into account on a
conductivity per pound basis, aluminum is ten times more
sensitive to energy costs than is copper! Thus, from a
performance point of view, increases in energy costs will give
copper a decided advantage over aluminum. However, copper's
advantage over aluminum as energy costs increase can be
expected to decrease as copper ore grades decrease. The very low
ore grades of the North American copper deposits are a very
decided disadvantage which the North American copper industry
faces when compared to the high-grade deposits elsewhere in the
world. I must conclude, however, that all other factors being

Fig. 2 Meandering haulroads up and down benches distinguish a view of open pit copper mining in Arizona.
Continued from page 2

3. Substitution of lightweight, abundant metals for heavier,
traditional, less abundant metals increases the consumption of the
lightweight metals at the expense of the other metais.
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contain copper at an average grade of about 0.6 percent. Recent
production in Arizona has averaged ore grades as low as 0.5
percent copper; in one case ore grades as low as 0.25 percent have
been economically produced. However, in the latter case, the
recovery· of byproduct molybdenum has enabled the utilization
of such low-grade copper ore.

In contrast, the African strata-bound deposits range between 3
and 7 percent copper, the Russian, American and other massive
sulfide deposits range between 1 and 4 percent, and the Andean
porphyry deposits range between 0.8 and 1.5 percent. In recent
years 45 percent of the copper produced in the world has come
from porphyry copper deposits. Perhaps the cheapest copper
produced in the world is the Chilean high-grade porphyry copper
which can be produced at an estimated cost of less than 50 cents
per pound.

Technology. The successful development of the low-grade North
American porphyry copper deposits has rested in two
technological developments - the froth flotation process,
developed in England and patented by the Minerals Separation
Co. in 1906, and the open pit mining method, developed by
Daniel Jackling and first put into practice in Bingham, Utah. By
these technologies, in 1906 two-percent porphyry ores could be
mined and processed economically, whereas prior to this time the
six percent and above "direct smelting" ores were the extent of
economic feasibility. These two developments revolutionized the
industry and made possible the copper self-sufficiency the United
States now enjoys. In the ensuing years the development of
highly efficient explosives, drills, shovels, and haulage equipment
has enabled the economic processing of successively lower grades
of ore. Today, however, not only is America's copper mining
technology available to the rest of the copper-producing world
but the same mining and haulage equipment and American
expertise are freely available, causing North America to lose any
preeminence it once had as a result of technology. Therefore, the
North American copper industry enjoys no technological
advantage over the remainder of the world today! Unfortunately,
quite the converse; today we are dependent upon foreign
technology in order to meet present-day air pollution standards
for our smelters.

Control of copper production. Until recently most of the copper
production capacity in the free world was controlled by
American, British, Spanish, or Belgian interests. Companies such
as Anaconda, Kennecott, RTZ, Union Miniere, Cerro de Pasco,
and Newmont Mining controlled over 98 percent of all of the
non-Communist-block copper production prior to 1960. By
1970, however, about 43 percent of this output became subject
to state control as countries such as Zaire, Chile, Zambia, Peru,
and Mexico placed copper production under government control
either by outright confiscation or by the acquisition of a 51
percent ownership. The immediate effect on the North American
scene was for the traditional copper companies and the
newcomers to the industry, the oil companies, to begin expanding
their exploration and production activities in the U.S. and
Canada. A rapidly diminishing discovery rate of copper deposits
in the U.s. turned around between 1961 and 1965 and began
upward again as more and more explorationists turned from
seeking foreign copper targets to seeking domestic copper targets.
By 1973 there were over sixty mineral exploration companies
with copper as their main exploration target operating in Arizona
alone. As a result, today in Arizona over thirty new copper
deposits are either under development or are awaiting a more

favorable market for development to commence.

The federal government and copper. While today we are
concerned about a surplus of copper in the market, this ,has not
always been the case. Beginning in 1941, copper came under the
purview of the federal government under the Strategic Materials
Act of 1939 which allocated copper for consumption. The
experiences of World War II led to enactment of the Strategic and
Critical Materials Stockpiling Act of 1946, providing for the
acquisition and retention of copper and other strategic metals for
use in a national emergency. An initial stockpile objective for
copper was 1.25 million tons, changing to 2.1 million tons in
1950, to 1.1 million tons in 1952, to 1.0 million tons in 1959, to
775 thousand tons in 1963, and finally to zero in 1973. This
fluidity of the federal copper stockpile has caused a considerable
amount of perturbation of the copper market and has drawn the
continued concern of the domestic producers.

Release of copper from the federal stockpile has been a bone
of contention between the producers and the consumers since its
establishment. While the stockpile was authorized for defense
purposes, releases have been largely for economic purposes.
Between May 24, 1960 and October 22, 1964, nine separate
releases totalling 107,000 tons were made to the Bureau of the
Mint for coinage purposes (Fig. Ib). Motivation for these releases
was purely the price of copper on the open market was
considered to be too high. (The domestic price of copper was
between 30 and 32 cents per pound during this era while the
price on the London Metal Exchange, or LME, varied between 40
and 60 cents.) Once the stockpile information was declassified in
1962, the Office of Defense Mobilization was besieged with
frequent requests for copper to be released to industry. The
predecessor of the American Copper Council, the Committee for
the Release of Stockpile Copper, was the principal organization
lobbying for such releases. These requests were triggered by the
fact that for the first time in many years the LM E price began a
roller-coaster-like excursion above the U.s. Producers' price. This
continued until July 1974 when the present crisis in the copper
market began.

The differential between the LME price and the U.S.
Producers' price gave rise to demands for copper from the U.s.
stockpile inventories which, if released, would have been at the
U.s. Producers' price level rather than at the LME price level. The
rationale behind thiS for many consumers was that the copper
was required for defense contracts and the costs of materials
would eventually be borne by the federal government anyway.
Basically, the heart of the situation appears to be that the spot
buyers wanted to benefit by the contract price offered by the
U.S. producers to their major customers. As long as the LME
price followed the U.S. Producers' price, as had been the case
prior to 1962, th~ spot buyer was content with the LM E price.
Once a divergence occurred, as happened in 1962, the domestic
spot buyers saw the federal stockpile as their solution to the
problem.

In truth, it is said that the mere threat of stockpile releases
helped to stabiliz.e the U.s. Producers' price for the next twelve
years at a level substantially below the world price. In 1964 and
1965 there were two releases of stockpile copper to industry
amounting to 120,000 tons. In August of 1965, with the advent
of the nickel-clad copper coinage, the Bureau of Mint received an
additional 110,000 tons of copper from the stockpile. By
November of 1965, the floodgates were opened and 200,000 tons
of copper were released from the stockpile for "purposes of the
common defense" and another 200,000 tons were released four
months later in March 1966. In September 1966, prompted by a

Continued on page 70



:

A

Page 6 BUREAU OF GEOLOGY AND MINERAL TECHNOLOGY Spring-Summer 1978

10

a:
w

40 &
o
<..>

60 ~
Ull::
Q)
o

50 ~

80

W
20 <..>

a:
Q..

o

70

30 lL
o

u. S.

10 9.25

10 9.0

10 8.75

108.5

10 8.25

10 8.0

Q) 107.75
0
0
Ul

01
0 10 7.5

a:
<t
W 10 7.25

>-
a:
w
Q.. 10 7.0

a: $
w ~

Q.. ~
Q.. 10 6.75 G

0
<..>
lL
0 10 6.5

C/)

0
Z
::::>

106.25
0
Q..

106.0

10 5.75

10 5.5

105.25

o = ONE OISCOVERY

o
(l)
lXl

o
I'
lXl

o
lXl
lXl

o
(1)
lXl

o
o
2!

o
2!

o
C\I
(1)

o
to
2!

o
(l)
(1)

o
lXl
2!

YEARS

HISTORY OF ARIZONA COPPER DEVELOPMENT

Figure 3

rtr



Vol. 8, Nos. 1-2 FIELDNOTES Page 7

Copper Production in Arizona, 1862...1977
by Stanley B. Keith

The, first official copper production in
Arizona appears as 80,000 lbs. in 1862.
Production figures for 1867, and 1872
are also recorded, but it was not until
1874 (Morenci) that continuous
production commenced (Fig. 1). In 1976
Arizona recorded its highest ever copper
production of over two billion pounds.
As of March 1, 1978, Arizona copper
production amounted to 60.945 billion
pounds thus making Arizona by far the
leading regional source of copper in the
United States and the world. In 1977 for
example, Arizona copper production was
61.4% of total United States copper
production. In 1973, Arizona accounted
for 54% of United States copper
production and 11.8% of world
production, a larger share than any other
country excepting the United States.
Arizona first became the world's leading
copper producer in 1907 and since 1910
has remained unchallenged. Copper has
been a mainstay of Arizona's economy
and contributed significantly to national
and world economies.

In historical perspective Arizona's
copper destiny was shaped by: (1) the
nature of the metal, (2) three discoveries
in the 1870's, and (3) a unique geological
event in Arizona 65-50 million years ago.
By its nature copper has higher electrical
conductivity than all other metals except
silver. Prior to 1870, the main use of
copper was as an alloy with tin (bronze)
or zinc (brass), both containing more
than 80% copper. Both of these alloys
were (and still continue to be) used
extensively in the manufacture of
armaments. As such, demand for copper
was and still is influenced by vicissitudes
of human conflict. The discovery of the
dynamo (1873), telephone (1876), and
electric light (1879) created a new
demand for copper as an electrical
conductor. However, not until the 1890's
would Arizona copper become available
for electrical application (it was not of
high enough quality).

During the 1870's and 1880's only
copper from the Michigan deposits
(known at the time as Lake copper) was
of electrical grade. But Arizona (and
Montana) copper had use as a decoration
item "and in construction of numerous
railroad industry items (like, locomo
tives), then a rapidly growing industry.
Thus., copper producers and railroad had
a mutual interest in each other. Copper
producers needed cheap transportation to
consumers in the large eastern and mid
western cities. Railroad men needed cop-

per for construction of more locomotives,
etc. No surprisingly, railheads were ex
tended into copper-rich areas like Monta
na and Arizona.

With perfection of the electrolytic
refining process in 1881, it became
possible to refine lower grade sulfide and
oxide copper ores for electrical use. By
1892 production of electrolytic copper in
the United States reached 50,000,000
pounds and exceeded 400,000,000
pounds by 1900. The copper production
jump in Arizona (1895-1898) reflects the
escalating demand for electrolytic copper
and by 1900 the electrical properties of
copper became the principal reason for its
demand have to the present.

From 1898-1929 copper production
grew at a steady rate (with the major
exception of WWI and the post-war global
recession). Perfection of mass production
techniques for automobiles (1908) and
the first airborne flight (1903) assured a
continuing demand for copper. Open-pit
mining (1906) assured a continued supply
of cheap lower grade copper ores. The
1929-1934 Great Depression,however, put
a sharp dent in Arizona copper produc
tion which fell to its lowest point since
1894. From 1939-1945 copper produc
tion recovered to its pre-depression levels
with WWII supplying the major impetus.

It is interesting to compare
price-production patterns for the two
World Wars. Price and production both
jumped for WWI while only production
jumped as the official price was held
fixed during WWII. This contrast may
illustrate differing political positions of
the United States towards these wars.
During WWI the United States did not
enter the war until very late and made
considerable profits selling munitions (of
which copper was one) to WWI
belligerents. In WWII, the United States
entered the war early and for survival
reasons imposed an official ceiling on
copper prices. Following a brief lull after
WWII, Arizona copper production has
generally moved steadily upward (with
breaks for the 1958 recession and 1967
copper strike) in response to the post-war
economic boom and era of consumer
spending. As the accompanying Dresher
article points out, however, the future
upward trend of Arizona copper
production is in severe jeopardy.

It is ironic that foreign competition
which is largely responsible for the
present United States (and Arizona)
copper crisis was a main factor in the
initial ascendency of Unite.d States (and

Arizona) to the top of the copper market
in 1865-1875. The shoe was on the other
foot" however, for discovery of rich new
copper deposits in Arizona and Montana
and continued production from the
unique Michigan copper district allowed
United States producers to undersell
foreign competition (mostly the English
copper industry) and gain control of the
world copper market. This is reflected by
the sharp drop in copper prices between
1870 and 1878. The low price and
production of 1885-87 may reflect an
oversupply or "dumping" of Arizona and
Montana copper into the consumer
marketplace. The abundant supply of
United States copper after 1878 kept
copper prices below the 1872 price until
1955 despite inflation and dramatically
higher demand for copper as an electrical
conductor. The accumulation of rich,
recently discovered (1965 to present)
copper deposits in foreign lands, (many
of which have ·been nationalized from
United States firms responsible for their
disco"ery and extraction technology)
since 1974 has allowed foreign producers
to undersell American producers for the
first time in over 100 years. As long as
foreign competition was minimal, United
States producers could afford to mine
lower and lower grade deposits (3% in
1880 versus about .5% today). Most of
our accessible high grade deposits have
long since been depleted. But this is not
the case for foreign competition. The
high grade porphyry copper deposits in
Chile, for example, are currently
producing copper at 47¢ per pound.
United States producers are currently
paying between 60¢ to $1.00 per pound.
The bottom line is that most copper
resources and reserves in the world are no
longer predominately in control of
U.S. producers.

To compete with foreign producers,
U.S. producers will need a number of
events which lower their cost of mining
(breakthroughs in extraction technology,
changes in environmental legislation, or
changes in political geography of foreign
copper distribution). Conversion to
hydrometallurgical (where copper is
electrolytically precipitated) extraction
techniques would remove the cost (7-15¢
per pound) of pollution control
equipment associated with conventional
pyrometallurgical (where copper is
roasted out of sulfide ore in furnaces
which produce the troublesome smoke)
copper extraction. International copper
developments could raise both foreign
and domestic copper prices. If copper

Continued on page 76
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Origins of Arizona Copper Deposits: Hypotheses

Arizona, per square mile (in particular
southeast Arizona), is one of the richest
copper provinces in the world (Fig. 4).
Two kinds of deposits have supplied 99%
of Arizona's copper: volcanogene massive
sulfides (7%) and porphyry coppers
(92%). The massive sulfide deposits,
currently of major exploration interest,
differ considerably from porphyry copper
deposits. Over 1,700 million years old,
these massive sulfide deposits, in theory,
formed in association with submarine
volcanism in a Japan-like island arc
environments. The sulfides deposited are
stratiform, stratabound and syngenetic.
That is, they are believed to have formed
as massive base metal sulfide layers
commonly sandwiched within and
parallel to submarine volcanic flows
which formed at the same time as the
sulfide lenses. The source of the sulfides
is generally credited to some kind of
volcanic effusive process like submarine
metalliferous hot spring activity. Jerome,
at 3.7 billion pounds of copper, is by far
the largest massive sulfide deposit ever
found in Arizona. All others have
produced less than 100 million pounds of
copper. Traditionally,the best hunting
ground for massive sulfide types, which
may contain other base and precious
metals has been the Jerome-Prescott
Bagdad region of Yavapai County.
Exploration is active there now.

In contrast, porphyry copper deposits
are much younger. All Arizona porphyry
coppers except for Bisbee are 75-50 m.y.,
and epigenetic (formed after their
enclosing host rocks as cross-cutting
veins). Porphyry copper deposits are large
dispersed copper bearing sulfide systems
commonly associated with porphyritic
igneous rocks of intermediate
composition (60-75% silica). Porphyry
coppers, unlike volcanogene massive
sulfide deposits, were not formed at the
earth's surface but were formed in closely
spaced fracture systems 1-4 km beneath
the earth's surface. Estimated reserves are
much larger and at .2% copper cutoff
individual districts range up to 85 billion
pounds of copper (Morenci). The
porphyry coppers are known only in the
Basin and Range province of Arizona
with an anomalous cluster in southeast
Arizona extending into southeast New
Mexico and Northern Sonora, Mexico.

The explanation for this cluster has
intrigued and defied geologists for years. I

by Stanley B. Keith

believe that the coincidence of three
independent geologic phenomena,
provide a reason for the SE Arizona
porphyry copper cluster: (1) an ancient
Precambrian fracture set, (2) a flattening
plate tectonic subduction (Benioff) zone,
and (3) a conveniently oriented stress
field. These theoretical situations provide
a "best fit" for the following facts:
porphyry coppers in southeast Arizona
are all 65-50 m.y. years old, are emplaced
near or in west-northwest, east-west and
west-north-west striking fractures, and are
consistently associated in space and time
with magmas of calc-alkaline geochemis
try.

In 1902, Hill recognized a west
northwest trending zone of physiographic
disruption through the southern Arizona
Basin Range country (Figure 5). Later,
Ransome (1915) named this zone the
Texas Lineament. We now know that
many fractures related to the Texas Lin
aement or zone were formed between
1400 and 1200 m.y. years ago. Thus, Ari
zona had a pre-existing structural grain to
influence post-Precambrian (post-650
m.y.) earth movements. Movement on
elements of the Texas zone at 65-50 m.y.
would be crucial to porphyry copper for
mation.

In plate tectonic theory a possible
source of metals is thought to be related
to subduction, a plate tectonic boundary
where commonly an oceanic crustal slab
underthrusts an overriding continental
plate (Fig. 6). Data are available which
suggest a correlation between various
metals and depth to the underthrusting
slab. A similar correlation exists between
depth to the underthrusting slab and
geochemistry, in particular, potassium
content of magmas. By implication there
should be a correlation between metals
and magma geochemistry. In southeast
Arizona the affinity of copper-bearing
sulfide systems for 65-50 m.y.
calc-alkaline rock systems supports such a
correlation and implies an underthrusting
oceanic slab or Benioff zone at 80 to 240
km depth under Arizona from 65 to 50
m.y. Data from 80-65 m.y. rocks and
sulfide systems suggest that magmas were
derived from deeper depths and are
principally associated with lead-zinc
bearing sulfide systems. In total, the data
currently available indicate that a Benioff
zone was initially present under Arizona
by 80 m.y. ago and progressively

flattened until 50 m.y. ago. At first,
lead-zinc rich sulfide systems were
emplaced from 80-65 m.y. and
copper-rich sulfide systems from 65-50
m.y. as the slab flattened. Lead-zinc sul
fide systems were affiliated with high
potassium calc-alkaline or alkali-calc mag
mas while porphyry coppers were asso
ciated with calc-alkaline magmas.

An obvious difference between the
80-65 m.y. sulfide systems and the 65-50
m.y. sulfide systems is the volume of
metal-bearing sulfide emplaced. Total
volume of copper-bearing sulfide at 65-50
m.y. is several orders of magnitude
greater than 80-65 m.y. lead-zinc bearing
sulfides. The great increase in sulfide
volume may have been assured by a
unique tectonic change (change in pattern
of earth movements) near 65 m.y. along
elements of the previously discussed
Texas zone. Prior to 65 m.y. data from
deformed rocks indicate that southeast
Arizona was in NNE-SSW compression
(Figure 5a). Elements of the Texas zone
·deformed in compression by high-angle
reverse movement as adjacent blocks
squeezed against one another. The impli
cation for base metal generation is that
structures formed during this time were
"tight" and base metal leakage, which
was lead-zinc rich, would generally be re
stricted to areas where magmas locally
forced their way through. Near 65 m.y.
ago, however, conditions changed to
where southeast Arizona .came under
ENE-WSW to E-W compression (Figure
5b). The compressive vector was oriented
at an oblique angle to Texas Zone ele
ments and rather than deforming in reverse
dip slip, adjacent blocks moved by one ano
ther and deformed by strike slip movement
with the northerly black moving westerly
(left slip). This put southeast Arizona
crust into a regional wrench or shear
couple. To accommodate this wrenching,
crust between Texas Zone elements broke
in tension. Tension fractures which
formed were oriented ENE-WSW or E-W.
More importantly for base metal
generation, these tension cracks were
deep seated and tapped deep crustal levels
where volatiles and magmas, which would
normally have been contained, were now
released to stream upward at much
greater rates. The result was the
accumulation of higher volumes of
volatiles containing base metal bearing

Continued on page 17
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Domestic copper continued from page 5
proposal for a third 200,OOO-ton release of copper from the
federal stockpile, the eight leading domestic copper producers
met with the Secretary of Commerce and assured him that there
was no need for additional releases, that they were fully capable
of meeting the domestic consumers' needs. It was also pointed
out that much of th is additional copper was being placed in
consumer inventories. Unfortunately, the producers' labor
contracts were due to expire in the spring of 1967, so, in
anticipation of a strike, the President ordered the release of
another 150,000 tons of copper timed for the beginning of the
anticipated strike. This announcement clearly added fuel to the
strike initiative. At the producers' suggestion, however, this
release was spread out over a 9-month period in order to prevent
further encouragement of the strike. The remainder of the copper
stockpile was passed to the Bureau of the Mint in 1974 when the
LM E price level had skyrocketed to a 60- to 68-cent-per-pound
ceiling by a federally mandated price control order.

As a result, the federal strategic stockpile had been used for
economic purposes and short-term objectives of consumers had
been fulfilled without adequate consideration for the long-term
stability of the domestic producers. As events were to later show,
this control over domestic copper prices during this very critical
period of the Sixties would later leave the domestic copper
producers in a weakened condition to face the capital
requirements ahead of it in the Seventies. While an authorization
to refill the federal copper stockpile to a level of 1.2 million tons
was issued in 1976, Congress has not yet seen fit to allocate the
funds for this purpose. Senator DeConcini and Representative
Udall of Arizona and Senator Domenici of New Mexico have
recently sponsored legislation to do so.

The establishment of a federal economic stockpile of copper is
a dispute which has continually reoccurred during recent years,
particularly on the heels of the OPEC action with petroleum in
1973 and again with the advent of the drastic reduction in the
LME price of copper beginning in mid-1974. As might be
expected from basic knowledge of human nature, it was the
consumer who strongly advocated the use of the strategic
stockpile for economic purposes when the world price of copper
was high, and it is now the producer who advocates the use of
federal stockpile for economic purposes now that the world price
for copper is low.

Obviously, the concept of an economic stockpile is a
two-edged sword. Stockpiles held for whatever purpose exercise
some restraining influence on the formation of producer cartels
and their actions. However, as the National Commission on
Supplies and Shortages pointed out in their report to Congress
last year, stockpiles do represent a tool of influence which can be
used out of prudent economic context. Stockpiles can place an
undesirable level of uncertainty on both producer and consumer,
and such uncertainty can play havoc with long-range investment
plans and short-run pricing decisions.

In past years the federal government has exercised means other
than stockpiling to influence the domestic production of copper.
During the Korean War, the Defense Production Act of 1950
provided the mechanism to grant a large number of production
loans, purchase contracts, floor price contracts, tax amortization
agreements, and other forms of assistance to stimulate domestic
copper production. Also, a number of copper exploration loans
were made between 1951 and 1958. The production loan
program established the San Manuel operation of Magma Copper
Company here in Arizona in 1957, and it supported purchases
from some eighteen other U.s. and Canadian copper producers.
In addition, an $83 million loan was made in 1967 to

Duval-Sierrita Corporation to develop a copper property near
Tucson for the purpose of alleviating the copper shortage than
existing. That loan was just recently paid off by sale of copper to
the federal government at a fixed price of 38 cents per pound - a
subsidy price negotiated to be 2 cents over the market price in
1967.

Pricing of copper. No discussion about copper would be complete
without some explanation of how the price of copper is
established and how and why the U.s. Producers' price differs
from the LME price. Actually there are two main pricing systems
of copper at work in the world - the U.s. Producers' price and
the London Medal Exchange (LME) price. The latter generally
receives the most publicity, for it is the price at which copper is
available on a "spot" basis and is a barometer of the availability
of copper in the world. The LME price is high when copper is in
short supply and low when copper is in excess supply. The reason
for this is that the London Metal Exchange is a commodity
exchange and the price of copper on the LM E is controlled
partially by speculators. The following generalities can be made
about the price of copper on the LM E:

-A'lY material traded on a commodity exchange is subject to
price variations. Copper is no exception to this general statement.

-Price movements are due to political as well as to economic
trends.

-Many events affecting the price of copper are totally
unpredictable.

-Industrial disputes (strikes) as well as political disputes
(revolutions, etc.) have an influence on the price of copper.

I should mention that the New York Commodity Exchange
(COMEX) operates in a similar manner. Because of very
important differences, COMEX has much less of an impact on the
price of copper than does the LM E - and therefore does not
contribute to the "two price system" under which copper is
traded.

With on Iy a few brief exceptions, all attempts to control the
LM E copper price have failed. The latest attempt, by the
formation of ClPEC (a French acronym for Intergovernmental
Council of Copper-Exporting Countries), has best shown the
fickleness of the market when it is in the hands of foreign
governments; thus, the CIPEC price has generally followed the
LME price.

In North America, copper is bought and sold largely on a
contract basis under a price schedule set by individual industrial
producers but on what might be described as a "willing
buyer-willing seller" basis. Of course, as I mentioned earlier, the
federal government has also had its hand In the U.s. Producers'
price by the overhang of the federal stockpile and by the
establishment of ceilings. Since 1962 this pricing arrangement has
shown great stability inasmuch as the producers have been able to
create a more or less orderly market and to prevent oversupply or
undersupply by voluntary control of production. Between 1962
and 1974, the U.S. Producers' price was less than the LM E price
- sometimes as Iittle as half of the LM E price! Actually, in 1974
the price of scrap copper in the U.S. was higher than the price of
newly mined copper. Since 1974, when the LM E price fell so
greatly, the U.s. Producers' price has exceeded the LM E price by
between 3 and 5 cents per pound - by the cost of shipping
copper from a foreign producer to a U.S. consumer. The
unfortunate point of today's copper market is that the price at
which copper is available today is at or below the cost of

Continued on next page
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production by the domestic producers. Current U.S. production
costs range from 60 cents to $1.00 per pound. For new projects,
the amortization costs alone amount up to 45 cents per pound of
copper. Air pollution control costs are adding 7 to 15 cents to
each pound of American copper.

While there are two major pricing systems for copper, there are
at least three major groups influencing that price - the U.S.
Producers, the CI PEC nations, and the remaining
copper-producing nations. Two-thirds of all of the copper traded
in the world is traded by the developing nations. Since the CIPEC
nations trade about 45% of the total, they have a tremendous
influence on the amount of copper available in the market at any
one time and consequently affect the LM E price. We are
currently seeing the results of overenthusiastic copper-exporting
countries. While ClPEC has been attempting to put restraints on
its member nations, its efforts have been only moderately
successful. As long as the copper producers of the world operate
under different economic systems - some under free enterprise
and some under state control - perhaps we must expect to see
wide variations in copper pricing. This brings us to the prese.nt
state of the domestic copper industry.

Current Problems in the Domestic Copper Industry

The end of the 1960s marked a turning point in the conditions
under which copper is produced in North America and
particularly in the United States. As the title of my article
suggests, the domestic industry suddenly has found itself
confronted by a variety of adversities of natural, social, political
and economic origin. As Chairman of the Board of ASARCO
Charles Barber put it a few months ago, the U.S. copper
producers have become a Gulliver who is flat on his back and tied
to the ground by a multitude of threads. Like Gulliver, the
industry could easily combat or adjust to a few of the restraints;
however, the total of all of the restraints which it presently faces
has literally placed the industry flat on its back, leading to the
condition we find it in today.

The seeds of the industry's present problems were sown in the
Sixties when a number of very unrelated seeds, each having a
different germination rate, were sown. An American public began
to consume more energy than the nation was capable of
producing, thereby sowing the first seed - what we shall call the
"energy seed." These same people developed a genu ine concern
for what their consumptive society was doing to the earth's
environment, leading to seed No.2 - the "environmental seed."
At the same time, the increasing political implications of a
Mideast war created seed No.3 - the "Arab-Israeli conflict seed."
Simultaneously, billions of people in over a hundred different
countries were struggling to obtain some of the benefits of the
industrialized world - seed No.4, the "developing nation seed."

The environmental seed was the first to emerge from the
ground with the passage of the National Environmental Policy
Act of 1969. NEPA, as the new seedling came to be known,
showed great promise as it began to unfold its leaves. That we
should examine our projects for their potential effect on the
environment, and that we should make our decisions
simultaneous with regard to both economic development and
environmental degradation, was the mandate contained in NEPA.
The first flower to bloom from NEPA, however, was the Clean
Air Act of 1970; the second flower was the Federal Water
Pollution Control Act Amendments of 1972. The Clean Air Act
not only set standards as to how much pollution the federal
government would tolerate from automobiles (the first of the air

pollution concerns during the Sixties), but how much would be
tolerated from electric utilities and from industries, including the
coppe'r industry. Insofar as the nation was concerned, the cleaner
our air became the more energy we consumed because - surprise
- there is a relationship between clean air and the consumption
of energy! Automobiles got less miles per gallon of gasoline,
power plants got less kilowatt-hours from each Btu of fuel
consumed and copper smelters got less copper for each cubic foot
of natural gas consumed.

In addition to the increased consumption of energy, dollars
also began to be consumed - dollars for nonproductive capital
equipment. At first the "medicine" was promised to have a sugar
coating. Arizona, for example, in 1970 enacted laws and
regulations under the federal mandate requiring copper smelters
to eliminate 90% of the sulfur contained in their plant feed from
their stack gasses. This was based on a federal government report
which said that 98.8% of all sulfur could be eliminated from the
emissions of the entire nonferrous metals industry in five years at
a relatively low investment cost of between $33 and $81 million.

The sugar coating was thin, however, and before the medicine
went down its extremely bitter ingredients were revealed. The
copper industry alone, not including the remainder of the
nonferrous metals industry, now finds that since 1970 it has
invested over $1.1 billion on air and water pollution abatement
equipment and the 90% goal has not yet been reached! Arthur D.
Little estimates that an additional $800 million must be spent by
1981 to meet the goals of the present regulations. As a result of
expenditures thus far, the major copper producers (who had a
combined debt of $252 million in 1965) found that they had a
$3.2 billion debt in 1977 largely due to the purchase of air
pollution abatement equipment, and they also discovered that
another 7 to 15 cents had been added to their production costs.

The plight of one of the Arizona copper producers is a good
example of the problem. Inspiration Consolidated Copper
Company is one of the smaller copper companies in North
America. In 1976 it produced 48,523 tons of copper, about 3%
of the U.s. output that year. Inspiration Consolidated Copper
Company has spent $62.5 million to achieve 90% control of
emissions - about what the federal government had estimated the
entire nonferrous metals industry would have to spend! The $55
million the company borrowed was just slightly less than the
company's net worth. The remaining funds came from cash and
securities held by the company which were being accumulated for
the development of other job-making ventures. The company
posted pre-income tax losses in 1975, 1976 and 1977. As Myles
Jacobs, newly retired Chairman of the Board put it at a meeting
in Phoenix in February, "We are in hock for nonproductive
environmental investments, dividends have suffered or ceased and
our common stocks sell at a fraction of the replacement cost of
the physical plant alone - if a buyer were to purchase us today,
for the cost of the pollution control equipment, he could have
our production equipment thrown in for free."

And, under the Clean Air Act Amendments of 1977, the
environmental "seed" still grows as domestic copper smelters are
required to take the next step in restricting their sulfur emissions.
Arthur D. Little's newly released report on the combined impact
of the Clean Air Act and the Water Pollution Control Act
indicates that enforcement of these two acts alone will seriously
curtail the domestic industry by increasing costs 30 to 39
percent. As a result, by 1987, 21,000 to 28,000 jobs will be lost,
production will be cut 25 to 33 percent and imports will increase
13 to 21 percent. Continued on page 73
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omestic copper continued from page 17

While the energy seed was busy germinating and growing along
ith the environmental seed; it did not fully mature until

8(;tober 17, 1973. By this time the United States had peaked out
irtits domestic petroleum and natural gas production and the

rab-Israeli conflict seed had begun to bud after two encounters
hich were costly to the Arabs. On October 17,1973 the OPEC

nations made their move, placing an embargo on crude oil
~hipped to the United States and to other nations friendly to
Israel and simultaneously quadrupling the price of crude oil. To
the copper industry, the immediate effect was twofold - an

Crease in the cost of natural gas. This curtailment caused the
dustry to invest in fuel-oil-handling facilities: railroad sidings,
nkage, and new burners. At this point, during the heart of the

I shortage, one company in New Mexico had to operate for
arly a year on "military surplus" aviation jet f\1el because No.2
el oil was not obtainable. Today, most copper smelters in the
.5. are preparing to convert to coal - again incurring additional
pital and operating costs in coal storage and handling
Uipment. These inconveniences to the industry were to prove
ther minor, if not inconsequential, compared to the problems
eated when the final "seed" matured and bloomed - the

eloping nations seed.
Earl ier I said that I would share my impressions of the

terplay betWeen the petroleum situation and the present
edicament of the North American copper industry. I have
eady mentioned the first aspect of that interplay - the
Iuence of increased cost of energy - an increase in cost due to
th increasing fuel costs and the change from natural gas to coal.
e action taken by the developing nations is the second and
rhaps most severe aspect of the interplay between energy and
pper.
The developing nations "seed," as I have called it, was planted
g before the other "seeds" I have described. It took far longer
germinate and actually had to wait for the Arab-Israeli conflict
d to mature before it was able to bloom. Once the OPEC

tion has been taken, a group of 115 nations delivered an
imatum to the United Nations. This ultimatum, called the
ew International Economic Order" (NIEO) basically said the
ource-rich Third World countries intend to util ize their natural
ources to their own advantage. With the price of crude oil
adrupled, many of these countries searched for commodities
y could produce and sell to pay their newly increased oil bills.
e copper-rich countries of Zaire, Zambia, and Chile had the
~wer: copper. Spurred on by an apparent shortage in 1973 and
74 when the LM E price briefly exceeded $1.25 per pound,
ese countries then proceeded to overwhelm the world copper
arket, seemingly against all good business management
udence.
But, as we have often seen, all countries of the world do not
erate under the same profit-and-Ioss ground rules by which we
erate. We are witnessing the results today. How long the
rproduction will last I cannot tell. With production costs of

hilean copper at or below 50 cents 1 pound, African countries
iving to maintain employment and foreign exchange credits,
d two new foreign mines scheduled to go onstream in Mexico
d Iran, it could be a number of years before the copper market
blizes sufficiently for the North American producers to
rticipate under sound business conditions.

ture Problems for the Domestic Copper Industry

uring this uncertain period for the North American copper
yet more seeds are being planted to be harvested at
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some future date. Each one is potentially capable of further
hamstringing the industry.

The first of these "seeds" is the "water seed." This seed was
planted in 1908 by a Supreme Court decision and is known as the
Winter's Doctrine. This doctrine implies the reservation of
non-navigable water to Indian reservations. Copper mining,
milling, and smelting are dependent upon water for dust control,
mineral separation, and cooling. Most copper production in the
United States occurs in the water-short Southwest. Further, in
Arizona, most copper production is dependent solely on ground
water. The water situation promises to be further complicated in
Arizona by two issues which are rapidly coming to a head. First,
historic water laws which allocate ground water to surface owners
are under contest as to the rights of the surface owner to
transport that water from the well to a point of usage on a
different parcel of land from which the water was pumped. The
second issue is the right of Indian tribes to claim water off the
reservation. While the Winter's Doctrine was originally interpreted
to refer to surface water only, a 1976 decision in Cappaert vs.
United States has extended the doctrine of implied reservation to
ground water. At the present time in the State of Arizona, there
are lawsuits in the federal courts involving over 1,500 defendents,
asserting illegal usage of water implied as being reserved for ,usage
on Indian reservations. How the copper producers will fare in this
situation remains to be seen.

The second of these "seeds" is The Surface Mining Control and
Reclamation Act of 1977 - a bill recently signed into law after a
five-year effort by environmentalists to impose federal control on
the mining of coal in all parts of the country. While the law
addresses itself specifically to coal mining, it also harbors future
problems for the domes'ti~ copper industry. Under the law the
to be unsuitable for the mining of any type of minerals if the
lands are primarily urban or suburban in character and are
primarily used for residential or related purposes. This provision
of the law originated here in Tucson when a mining company
conducted a copper mineral exploration progr,!m west of the city
during the time that the bill was being argued in Congress. It is
ironic to note that the area involved is not only known for its
copper mineralization but is in the oldest mining district in the
State. The miner las involved are owned by the federal
government while the surface is in private ownership - a situation
not uncommon here in the West.

Undoubtedly, we shall see future injunctions and court tests of
new copper prospects as the definitions of "urban," "suburban,"
and "residential" are tested as they apply to federally controlled
lands. In addition, the Surface Mine Act also requires a study of
reclamation standards for the surface mining of noncoal minerals.
The study, including specific legislative recommendations, is
required to be sent to the President and Congress by February,
1979.

It is significant to note that the federal government has already
begun to discuss involving the regulations required for eastern and
midwestern coal mines on those noncoal mining operations under
full federal control: namely, on acquired lands and on Indian
lands! These regulations require the complete rehabilitation of
the mined area including filling in the mine, contouring the
original contours and revegetating the disturbed land. Needless to
say, a copper mine cannot comply with such regulations and at
the same time provide reasonably priced copper to domestic
consumers.

The th ird "seed" already planted and soon to mature is the
withdrawal of federal lands from any kind of industrial
development. Many people probably do not realize that

Continued on page 75
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DISTRICT
Hines

PORPHYRY COPPER DEPOSITS

AlO

BANNER

Christmas-1880/+1955; Chilito-±1963;
79 ~!ine -

BISBEE (Harren)

Copper Queen; Junction; Lavender Pit

CAS A GRANDE

Sacaton (ASARCO)-1961; Sacaton Hest-1976

CONTROL

COPPER BASIN

COPPER CREEK (Bunker Hill)

Old Reliable; Childs-AldHinkle-+1933;
American Eagle; Bluebird ~

EUREKA

Hillside-1887; Bagdad-I92S

GLOBE-HIAHI

old Dominion-1874/1882; Inspiration-1896/
1911; Superior and Boston-1906; Hiami
1907; Copper Cities-1942; Castle Dome
1943; Cactus-Pinto Valley-190S/+1970;
Bluebird; Oxide -

HELVETIA-ROSEHONT

Copper Horld-1899; Narragansett-1915

JOHNSON CAl-fP (Cochise)

Republic-Hanunoth-1905; Noore-1947;
I-10-±1973

LAKESHORE

HINERAL CREEK (Ray)

HORENCI-NETCALF

POSTON BUTTE

RED HOUNTAIN

SAFFORD (Lone Star)

Safford {KCC)-1955; Safford (PO)-1960;
Sanchez

SAN HANUEL-KALAMAZOO

SILVER BELL

SUPERIOR (Pioneer)

Hagma-1911

VEKOL

HALLAPAI (Chloride)

Nineral Park-1958

HASSIVE SULFIDE DEPOSITS

EUREKA

Old Dick-Bruce-1906/1943/+1964
Copper Queen-1961; Copper-King

IRON KING

JEROHE (Verde)

United Verde-1SB3; United Verde
Extension-1914

DISCOVERY DATE (S) * YEARS OF PRODUCTION POUNDS OF COPPER POUNDS OF ESTIHATED
FOR lmICH DATA HAS PRODUCED (MILLIONS) COPPER RESERVES l::..2%

AVAILABLE CU CUTOFF**

± 1750/191) 1909-1975 5,919 8,400

1870/1880/1905/19121
±1955/±1963

1902-1975 304 5,200

1877 /1885/1902 1902-1975 8,051 8,300

1908/1961/1976 1908-1975 62+ 1,620

±1905/1970 1905-1975 6.4 20

1920/1968 1920-1975 3+ 400

1905/1933/1966 1905-1975 21 15,000

1887/1925 1887-1975 839 6,260

1872/188211896/1906/19071 1878-1975 9,789 19,500
191) /1942/1943/1970

± 1875/1899/1904/1915/1961 1908-1975 35 9,700

1881/1905/1942/1947/1973 1908-1975 81 540

1915/1955/1968 1917-1975 10.2 7,730

1846/191\ 1911-1975 4,696 36 ,000

1865/1872/1952 1873-1975 7,840 85,000

1961/1970 750

1970 5,200

1886/1948/1955/1960 1890-1975 2? 24,000

1943/1965 1957-1975 3,400 26,500

1865/1909/1954 1908-1975 1,137 3,000

1875/1904/1911/1926 1875-1975 1,909 4,000

1882/1965 1882-1929 1+ 900

1870/1958 1908-1975 ~ ~

TOT A L PORPHYRY COPPERS ~ 308,048

1906-1975 99

1906/1938 1906-1975 29

1883/1914 1883-1951 ~

TOT A L HAS S I V E SULFIDES. ~

G RAN D TOTAL. 54,185

Notes:
~rDlscovery dates generally refer to initial discovery of ore deposits where known and not first recorded production. In a few cases first year of
production ~vas used w·here discovery date was not available. Oldest dates refer to the first recognition of copper mineralization and not necessarily
the first discovery of an individual deposit. (for example the dates in the 1700's)
**Uata on reserve estimates was kindly supplied by R. L. Nielson of Anaconda Uranium in Salt Lake City. Utah.

Figure 7

Future Copper Potential
by Stanley B. Keith

•In Arizona

The above table indicates that a
considerable amount of copper may
remain to be mined in Arizona. As of
1975 Arizona cumulative copper

production from major districts was over
54.1 billion pounds. If all known copper
deposits containing 0.2 percent or more
copper are classed as reserves, over 312

billion pounds of copper remain to be
mined. At today's price of about 65c per
pound this "in the ground" reserve is
worth about 203 billion dollars. At a

Continued on page 76
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Domestic copper continued from page 7J
approximately one-third of all of the land in the U.S. is federally
owned and controlled. These lands are known as "federal lands"
describing them. For the most part, these are lands in the western
part of the United States - the eleven Western states and Alaska.
While the public lands generally are not of much concern to
Easterners, these are the lands from which 90 percent of our
domestically produced nonfuel minerals are produced and where
the most Iikel ihood for new mineral discoveries for our future use
will be made. At the present time nearly three-quarters of this
land area has been removed from mineral exploration! This is a
land area which is as large as all of the states east of the
Mississippi River with the exception of Maine. Month by month
and year by year, Congress and the Executive Branch contrive to
remove more land from mineral entry.

One area, believe it or not, is being preserved as part of the
National Park system because it contains the remains ofan early
mining camp! What better place to look for minerals than where
mining once took place? Most of Arizona's major copper mines
were found by prospectors in the late nineteenth century and
operated for their surface outcrop. While it will be correctly
argued that we have currently a surplus 'in copper in the United
States and the world and that we have already identified some
thirty or more undeveloped c<;>pper deposits in Arizona alone, will
this always be the case? (Fig. 4) How soon is it before we're all
frantically searching for more copper? How soon will it be before
those 3 billion people who now consume 1 pound of copper per
capita per year raise their standard of' living to consume just 2
pounds per capita per year?

The next "seed" not yet planted in the ground is the repeal of
the General Mining Law, commonly known as the Mining Law of
1872. There are two principal statutes which permit us as citizens
of the United States to gain access to the mineral endowment on
the public lands. One is the Mining Law of 1872, enabling a
citizen to enter the open publ ic lands and to search for and lay
claim to hard rock mineral deposits found there. The other is the
Mineral Leasing Act of 1920, as amended, which leaves it to the
discretion of the Secretary of the Interior to decide where, when
and if certain minerals will be developed. Under Secretary
Andrus, no new mineral leases have been issued since shortly after
he took office! Such is the nature of the Secretary's
discretionary control over mining. Led by Secretary Andrus and
environmental extremist groups, the Carter Administration is
pushing to repeal the Mining Law of 1872 and to place all
minerals under a leasing system. The proposed leasing system,
however, contains far more elements for discretionary control by
the federal bureaucracy than does even the Mineral Leasing Act
of 1920 - to the extent that some feel that no free enterprise
mining operation could exist under the severity of the leasing
system's restrictions and uncertainties.

These, among others (water quality regulation of some 65
substances, non point source water pollution control, OSHA
standards for arsenic in the work place, protection of endangered
species and their habitats, etc. etc. etc.) are seeds which are
already planted or which are now being planted. Upon reaching
maturity they will haunt future generations of Americans and are
bound to have a profound influence on the domestic copper
industry.

American lnvestment in Foreign Copper Production

There's another potentially adverse factor affecting our
domestic copper industry - American investor's renewed
enthusiasm for foreign copper operations. Recently antagonistic
countries of the "Yankee go home" persuasion now realize they

cannot fulfill their development aspirations without u.s. or
European capital" technology, management skills, and, of course,
markets. They in turn offer copper resources and the promise of a
better return on the investment than is possible today in the U.S.

Clearly, with the tightening of government control over the
domestic industry and the liberalization of conditions in foreign
nations, the tables are in the process of changing. The Zambian
takeover of 51 % of the ownership of foreign mining companies
operating with in its borders in 1970, the Chilean expropriations
of 1971 and the process of "Mexicanization" which began in
1972 have given way to negotiation and accommodation. Out of
traumatic confrontation in the early Seventies has come an
atmosphere of orderly business agreements between
multinational companies and developing countries, resulting in
equity ownership for the companies and the development of
foreign exchange, infrastructure and industry for the developing
country.

An interesting pattern of American-based multinational oil
companies participating in developing-country copper
development is evolving. When Chile, for example, recently put
86.5% of the shares in the Disputada de Las Condes project up
for bid, the major contenders were Exxon, Amoco, Union Oil,
Arco (Anaconda), Superior Oil and Union Oil. Utah International
was the only non-oil-affiliated American company to bid. Exxon,
of course, won the bid. Another case worthy of mention is
Amoco with a 28% interest in the Tenke-Fungurume project in
Zaire a~d with a participation in the Ok Tedi project in Papua
New Guinea.

Here then is yet a third interaction between petroleum and
copper on the world market as a result of the OPEC action
-American petroleum companies engaging in overseas copper
production in oil-hungry developing countries. In addition, I
should also mention the participation of American banks in the
providing of capital to new foreign copper projects and to the
expansion of old ones in Peru, Poland, and elsewhere, and the
participation of American copper companies in the providing of
technology and management to new foreign copper projects.

While American participation in such international projects is
worthy from the point of view of Third World development, one
cannot help but wonder to what extent the domestic copper
industry will be harmed in the long run. But then, do you know
of a better place to invest your money - particularly with federal
government assurances and guarantees backing the safety of the
investment?

I have attempted to describe the very complex status of the
copper producers. It is not a pretty picture and the future for the
industry is very cloudy. There are few hopes for a solution to the
industry's predicament in sight. Some of the possible remedies for
the situation are under. U.s. control, others are not.

One thing is certain, however: unless the U.S. copper
producers' price can rise to 75 cents to $1.00 per pound (in 1977
dollars) by 1980, there may be no domestic industry to speak of
by 1985. Further, un less federal and society restrictions and
restraints on the industry are alleviated, there may not be a
domestic copper industry to speak of by 1985 regardless of the
price. '

We will shortly be facing the same situation which existed prior
to the OPEC action on petroleum in 1973. Will we one day see a
similar CIPEC action on copper? I sincerely hope not, and I am
sure that you will agree with me that a healthy domestic copper
production industry must be reestablished and preserved. For
neither we as copper consumers nor the nation can tolerate
otherwise.
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Future copper continued from page 74

production rate of two billion pounds per
year we have a theoretical ··156 year
copper supply (excluding new
discoveries). One might ask the question:
"why continue to explore for copper?"
There are several reasons why we should
continue copper exploration. One is the
assumption that our extraction
technology, which currently can mine
and treat 0.4 percent copper ore, will
continue its downward trend to enable
the mining and .treatment of 0.2 percent
ore. The 312 billion pounds reserve figure
halves to 156 billion pounds at today's
0.4 percent cut-off grade, thus reducing
reserves to a 78 year supply. But even this
may be unrealistic due to factors involved
in the present day copper crisis. As long
as United States producers controlled the
majority of free world production they
could afford higher mining costs (like
pollution control and energy expense) by
simply raising the price of copper. Raising
the copper price also permitted the
mining of lower grade deposits. But,
foreign competition has placed a critical
constraint on copper prices such that no
longer can United States producers raise
prices without risking a mass loss of
customers to lower cost foreign copper.
Placing stringent tariffs and allowing
United States producers to raise prices to
80c or higher to cover mining costs would
risk overwhelming political resistance
from copper consumers who are having
their own inflation troubles. In fact it
was, ironically, the resistance of United
States consumers to higher foreign prices
in the early 60's that led to releases from
the nation's strategic copper stockpile
and the resulting maintenance of a
dangerously low domestic copper price
(see Dresher article). Seemingly, the only
way out for United States copper
producers is to either: (a) find new richer
0' 1%) copper deposits like the Sacaton
West deposit near Casa Grande, or (b)
high grade the remaining rich ore in
existing copper deposits (which is what
some Arizona producers are now forced
to do). High-grading is a desperate option
as most of the easily found, long term
really high grade ore that could put
Arizona on a competitive footing with
foreign competition, is long gone. When a
mine runs out of high grade ore, its
economic problems become even more
acute. Thus, in a very real way,
exploration for new, richer copper
deposits in Arizona, like Sacaton West, is
more imperative than ever. This trend will
continue as long as reserves of higher
grade foreign copper deposits, coupled

with production levels, are sufficient to
supply much of the free world copper
demand. Thus, the configuration of the
Arizona copper industry must adjust to
current world realities.

Exploration for Copper
in Arizona

The current copper crisis has had an
interesting effect on copper exploration
in Arizona. No longer are explorationists
looking for the large, low grade (over 100
million tons-long mine life) porphyry
copper deposits that to date have
supplied about 93% of Arizona's total
copper output. Today copper exploration
centers on the much smaller but much
higher grade shorter mine life massive
sulfide type copper deposit of which
Jerome (over 3.7 billion pounds of
copper) is Arizona's prime example. (see
page 9) Ten years ago the smaller massive
sulfide deposits were frowned -upon by
the copper giants but today these same
giants are scrambling to acquire
encourqging ground for massive sulfide
deposits.

In the past, the intensity of copper
exploration in Arizona in a real way
reflects its economic demand. Inspection
of Figure 3, page 6 reveals four periods in
which copper deposits were discovered.
Early discoveries (1872-1885) reflect
initial demand shortly after discoveries of
the 1870's made electricity practical. The
escalating demand for copper was
answered by 12 ne:.v copper discoveries
between 1901 and i915. Five new
deposits went into production during
WWII to aid the war effort and from
1951 to 1976,28 discoveries assured the
progress of the post WWII economic
surge. In all cases we were able to fmd
new deposits of generally lower grade to
meet the constantly growing demand for
copper. However, we now have so much
high-grade reserve copper in the world
that many lower grade Arizona copper
mines may have to close. Thus, the
smaller higher grade, higher profit massive
sulfide deposits are now the "in thing" in
copper exploration. However, the search
for these represents a "new ball game" in
that the geologic philosophy involved
differs from that attendant to the search
for the standard low grade porphyry
copper deposits. Much of the world
experience in massive sulfide deposits is
Canadian. It should be no surprise, then,
to learn that both Canadian companies
and geologists are active in Arizona
massive sulfide search.

Copper production continued from page 7
deposits in Free World countries were
appropriated by people of differing
political persuasion, then the total Free
World copper supply would be reduced
and prices would go up. This is currently
the case in Zaire where the rich
sedimentary copper deposits of Katanga
are currently endangered by rebels. The
U.S. domestic price jumped one cent the
day after the announcement of a rebel
invasion (May 16, 1978).

However, other events could preclude
or offset favorable developments.
Changes in use patterns may have various
effects. For example, aluminum, plastics,
or glass in the near future, may more
economically substitute for copper in
communication and electrical uses which
have traditionally been dominated by
copper. Copper people will then have to
innovate new uses for the metal to offset
inroads by competing materials~

Utilization of new geologic sources for
copper may seriously affect production
from Arizona copper mines. Significant
amounts of copper and other metals like
nickel are known from manganese
nodules on the ocean floors. Proponents

Continued on page 77

Bureau Hires Geologist
The Geological Survey Branch has

hired Stanley B. Keith to replace Stanton
B. Keith who has retired to Silver City,
New Mexico.

Stanley, otherwise known as "young
Stan," was born on Christmas day, 1948,
in Pasadena, California. He is married to
Sue, doing graduate work in Water
Resources Administration at the U. of A.

"Young" Stan obtained a B.A. from
the University in 1972 and is about to
fmish his M.S. in Geology. He has done
work for six different mining companies,
specializing in field mapping of relatively
complex areas. He is especially interested
in tectonics and geochemistry in relation
to the origin of metallic mineral deposits.
Recently, he gave a paper at an Arizona
Geological Society meeting titled:
"Barren vs. Productive Sulphide Systems
in Southeast Arizona." This presentation
was much appreciated.

Stan has an excellent grasp of the
stratigraphy of southern Arizona, an
essential asset to accurate field mapping.
Also, he is knowledgeable of plate
tectonic theory to the geology of
Arizona.

Coupled with Stan's many talents is an
unmatched enthusiasm for geologic
research, especially in Arizona. We feel
fortunate to have him and invite you to
stop by and make his acquaintance.



Special Paper NO.2 Available

Geothermal Map Published

This excellent publication (even if we
do say so ourselves), containing 13
articles, associated road logs, and over
100 illustrations, is available over the
counter for $6.00 per copy. Mailed, the
item costs $6.60 per copy. This product
was well received at the Geological
Society of America meetings so we don't
think that you will be disappointed. Buy
one (or more) before they become a
collectors item!

furnish background information which
may be useful to the general public and
to industry in making a preliminary
assessment of the geothermal potential of
a specific area within Arizona. It should
be noted, however, that the configuration
and aerial extent of the potential resource
areas shown on the map are conjectural.
The leasing of land and drilling for
geothermal energy should be undertaken
only after thorough geophysical
investigations.

Dick Rahman, Claudia Stone, and Jim
Witcher compiled the map, and it was
drafted by Dan Dwyer.

Copies may be purchased from the
Bureau for $1.75 over the counter ,.$2.00
by mail order.

Page 17

Special Paper No.2, geology of central
Arizona. (Photograph by Troy L. Pe'we)

"A preliminary map - Geothermal
energy resources of Arizona" was
published in February 1978 by the
Geothermal Group of the Bureau's
Geological Survey Branch.

This map is a compilation of existing
data printed on a U.S.G.S. 1: 1,000,000
scale base map. It depicts hot springs
( > 30°C), cinder cones and extrusive
volcanic rocks 3,000,000 years and
younger, state and federally designated
Known Geothermal Resource Areas
(KGRA), regions of high chemical
geothermometers, high heat flow ( > 2.5
RFU), and moderate ( > 36°C/km) and
high (> 150° C/km) geothermal
gradients.

The map was published primarily to

"Guidebook to the geology of central
Arizona," was published for the 74th
Cordilleran Section Meeting of the
Geological Society of America held at
Arizona State University, Tempe, during
March, 1978. This 176 page publication
was edited by D.M. Burt and T.L. Pewe
of the Department of Geology, Arizona
State University. It was assembled and
published by personnel of the Bureau of
Geology and Mineral Technology.

FIELDNOTES

Copper Production continued from page 76

of "nodule mining" have boasted that
within twenty years all land-based copper
and nickel mining will be uneconomic.

The future· of copper mining in
Arizona will be affected by any
combination of the above possibilities. In
the short term (2 years) Arizona copper
production likely will remain unsettled.
In the long term Arizona copper
production will be made or broken by
global developments largely beyond the
control of Arizona copper producers.

Copper hypotheses continued from page 9

sulfides. Because the subduction zone had
flattened, these volatiles were now copper
rich. Consequently, the tension cracks
were filled by calc-allcaline magmas and
copper-rich volatiles which have become
a..n important world resource.

FIELDNOTES SUBSCRIPTIONS

If you wish to receive FIELDNOTES,
please write to Publications, Bureau of
Geology and Mineral Technology, 845 N.
Park, Tucson AZ 85719.

8, Nos. 1-2

Several Arizona newspaper articles
reported the extensive leasing of

in Arizona by Anschutz
a Denver-based firm. The

mClu,'atJ.on behind the leasing is thought
eventual oil and gas exploration

One such newspaper article
that "officials" had no explanation

this very large lease acquisition
program.

Behind most activity of this sort, there
be found both an idea and money.
corporation already has invested over
million dollars in acquisition of lease

to state and federal lands. In
expensive geophysical surveys

a part of the program of information

Extensive Oil and Gas
Leasing in Arizona

What's Up?

The real question that representatives
of this firm are asking is: What is Arizona
really like - how is it put together? This
is fundamentally a geologic question that
has been asked over and over again.

It is one thing to consider the surface
features of Arizona and quite another to
consider what the state is like at depths
of several kilometers. Of course, no one
knows for sure, but it is necessary to ask
the question if for no other reason than
the answer could have a direct bearing on
future energy logistics in Arizona.

The idea being evaluated by geologists
working for Anschutz Corporation was
revealed at a Spring 1978 meeting of the
American Association of Petroleum
Geologists (AAPG) held at Salt Lake
City.

Fundamentally, their concept is that
the rocks we see in most of the present
mountain ranges at depth overlie a
different set of rocks that may have oil
and gas potential. The upper set of rocks
constitutes an upper plate and the lower
set a lower plate. The upper plate has
come to rest on the lower plate by a
faulting process known to geologists as
thrusting. Under a stress regime of crustal
shortening, rocks often are
pushed/shoved over other rocks, older
rocks frequently coming to rest above
younger rocks. This is thrusting.

Such faulting can make strange
"bedfellows." If the main fault zone
remains deep and beyond probing bits,
then it remains undiscovered. Anschutz
Corporation activities in Arizona are
designed to expend much effort and
money to find out if the idea has merit.

If so, might there be oil and/or gas
potential preserved in such a newly
identified and largely untested geologic
environment? They think so!



Above; Home on granite bedrock on south side of Camelback Mountain, Phoenix, Arizona, partially destroyed by rock slide after several
weeks of above normal precipitation. (Photograph by T.L. Pewe March 2,1978.) Right; Detail of above rock slide.

ologic QZQrds
By Troy Pewe

Recent publicity has been given to flooding disasters,
houses crushed under rockslides, and swimming pools
broken by swelling clays - all examples of geologic
hazards in the Phoenix area. In addition, earth cracks are
lengthening in some areas and the potential for their
formation in other areas is growing.

A geologic hazard is a perfectly normal geologic event
or a process and becomes a geologic hazard only when .it
affects people's lives, property, or pocketbooks. About
100 years ago a majority of our citizens regarded these
hazards (landslides, earthquakes, and floods) as "acts of
God" (or the devil). The average citizen felt that it
would be presumptuous to question these acts. But
today people are recognizing that geological hazards are
not hazards as such. They are hazards only because man
places himself in the wrong place at the wrong time.

Environmental geology, or geology for land-use
planning which includes the study of the hazards, has

been my concern and the concern of my students for
several years in various parts of the world and since 1972
in the Phoenix area, where geological investigations have
mainly centered around the eastern part of the valley.
The City of Scottsdale has been the most receptive
towards geological investigations for planning and
development. They have partially funded three projects
and are in part funding publication of the environmental
geological folio of the McDowell Mountain area. The
Bureau of Geology and Mineral Technology has long
been interested in the contribution that geological work
could make to planning and development in Arizona and
is currently publishing the ten colored maps of the
McDowell Mountain study.

The work is prepared in nonteclmicallanguage so that
the material can be readily used and understood by the
developers, city council members, architects, engineers,
and others dealing with the land. Maps are drafted that

Continued 017 next page



translate the geological conditions of an area to illustrate
the geological hazards as well as construction conditions,
ground water resources, and waste disposal conditions.
Also included is the distribution and development of
caliche or hard pan in the soil so difficult to work with
here in southern Arizona. Caliche is a calcium carbonate
deposit similar to concrete. It is nature's cement in arid
regions. Many builders have run into added costs when
excavating for swimming pools, septic tanks and roads
without previous knowledge of the distribution and
thickness of caliche. Continued on next page

Right; Crack in deck of swimming pool due to clay swelling
in foundation soils. Vertical displacement 1 em. at this time.
Similar cracks occur elsewhere in deck; four cracks are below
water line. Pool, located at the McCormick Ranch in
Scottsdale, Arizona, was constructed three to four months
earlier. (Photograph by T.L. Pewe, January 6, 1978.)

Below, rt; Earthquake located on the south side of Chand ler
Heights on Hunt Road, 1% miles east of Powers Road on the
boundary between Maricopa and Pinal counties. Earthcracks
ar~ caused by land subsidence, the result of ground-water
withdrawal. The San Tan Mountains are in the background.
The crack is open to at least a depth of 50 feet. (Photograph
by T.L. Pewe, July 25,1972.)



An environmental geology study of the Paradise
Valley Quadrangle involving 14 colored maps has just
been completed. These material may be viewed at
Arizona State University. Mapping of the Tempe
Quadrangle is now underway. Tempe and Phoenix have
cooperated in these essential studies as has the Arizona
Department of Transporation.

The public reaction to these studies has been
rewarding, as they are learning of the potential
contributions geologists can make to developing and
planning as well as redeveloping and construction.

Dr. Pewe is Professor of Geology, and former
department head, at Arizona State University in Tempe.

Below; Home of the south side of Camelback Mountain,
Phoenix, Arizona, partially destroyed by mud slides during
intense rainstorm. (Photography by T.L. Pewe, September 9,
1976.)

Left; Detail of mud slide below. (Photograph by T.L. Pewe,
September 9, 1978.)
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Peirce Gives Two Papers

AIME Meeting

Principal geologist H. Wesley Peirce,
presented a paper titled "Uranium in the
Cenozoic Geologic Framework - Basin
and Range Province - Arizona" at the
February-March 1978 AIME annual
meeting in Denver.

Dr. Peirce suggested that the sudden
increase of interest in uranium
possibilities of Arizona's Basin and Range
Province is such a recent development
that there are no experts. Some numbers
were cited as an assist to acquiring
perspective. Some of Peirce's comments
follow.

In both 1976 and 1977, over 90 miles
of exploration drilling was done in 1,465
and 1,035 (DOE-preliminary) holes,
respectively. Average depths for' these
two years were on either side of 400 feet.
Twenty-nine projects were reported in
1976 and twenty-five in 1977
(preliminary). In 1976 the most active
counties in terms of numbers of drill
holes were: Yavapai (523), Mohave (438),
and Coconino (307). In 1977 they were
Mohave (364), Navajo (338), and
Coconino (174); Yavapai was fourth with
93. Percentage of holes drilled in the
Basin and Range Province (excluding the
Gila County-Sierra Ancha region) was 77
percent in 1976 and 48 percent in 1976.
This 30 percent drop in Band R drilling
apparently retlects the drop in
exploration drilling in the Anderson area
where it was classed as "development."

The first uranium go-around in the
Fifties resulted in the documentation of
over 400 occurrences in the entire state;
occurrences, not ore deposits (Keith,
1970). Less than half of these ever had
any production.

Excluding 61 occurrences in the
Dripping Spring Quartzite in Gila County,
there are about 120 occurrences listed for
the Basin and Range region. Of these 120,
about 37 are in sedimentary rocks
whereas 83 occupy veins, shear zones, or
pegmatites, the host rocks ranging in age
from Older Precambrian to Pleistocene.
Of these 120 Basin and Range
occurrences, about 50 are though~ to
occur in host rocks younger than 45 m.y.
in age, that is, in that part of the
Cenozoic we consider to be
post-Laramide. Of these 50, about 32 are
associated with sedimentary or
sedimentary-tuffaceous sequences, and 18
are in fractures in volcanic rocks. More

Continued on page 22

W. Richard Hahman Sr.

Scientific Background
Exploration for geothermal energy in Arizona has been restricted in the past by the

paucity of surface thermal activity in the state. This deficiency has been attributed
primarily to excessive lowering of the water table through irrigation pumping and to
the arid environment of the state.

Initial compilation and synthesis of existing geological, geophysical and geochemical
data indicate that geothermal energy potential exists over wider areas of Arizona than
previously anticipated. Analyses of 180 water samples throughout the state indicate
subsurface geochemical water temperatures in the range of 60-1 OO°C, exceeding 200°C
in some areas, Thermal gradient computations reveal gradients greater than 70°C/km in
51 wells (exceeding 100m in depth) in Maricopa and Pinal counties alone. Eleven of
these wells have gradients greater than 100°C/km and two exceed 150°C/km.

Research Objectives
The principal research objective of the Arizona geothermal energy program is the

development of a successful exploration technique for the location, evaluation and
development of low- to moderate-temperature geothermal resources for use by the
general public and private industry. The development of an efficient exploration
program which is also cost-effective will require the close coordination of the three
geoscience disciplines: geology, geophysics and geochemistry.

For immediate utilization and to be economic, low- to moderate-temperature
hydrothermal energy resources must be located near the user. Current plans call for
three demonstration projects, utilizing low- to moderate-temperature hydrothermal
geothermal energy, to be brought onstream. The first two projects will be the training
and testing ground for the third demonstration project which must be brought
onstream through utilization of an economic, cost-effective exploration and
development program.

While the detailed or site-specific exploration, evaluation and development programs
are in progress, the reconnaissance exploration program will continue to attempt to
locate additional areas of interest. Current thinking is that the reconnaissance program
will cover the entire state of Arizona. At ·present, however, most of the available data
is in the Basin and Range physiographic province.

Another object of this program is the compilation of a special library on geothermal
energy. This comprehensive geothermal library will be for public use at the Geological
Survey Branch of the Bureau of Geology and Mineral Technology in Tucson, Arizona.

The program has been expanded .to include the compilation and publication of a
geothermal energy resource map of the State of Arizona. This map, at a scale of
1:500,000, will be produced through a joint effort by the U.S.G.S. Geotherm project,
the National Oceanic and Atmospheric Administration and the Bureau of Geology and
Mineral Technology, It is anticipated that this map will be available to the public in
1979.

A preliminary map at a scale of 1:1,000,000 was published in March 1978 (see
announcement on page 17).

Geological Investigations and Data Gathering
Field investigations centered on obtaining a broad overview of Arizona geology and

regional geological reconnaissance in the Springerville-St. Johns area. Several samples
of basalt flows in this area were collected by the Los Alamos Scientific Laboratory for
age dating by the Laboratory of Isotope Geochemistry at the University of Arizona.

Compilation of the published and unpublished heat-flow data as well as all the
available well and thermal gradient data in the state is continuing. The major
contributors of this information have been the Oil and Gas Conservation Commission,

Continued on page 22
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Peirce papers cont. from page 27
about the larger group later.

Total Arizona uranium prodj.lction for
the years 1955-1969 was relatively small,
approximating 18,000,000 lbs. from ores
averaging 0.3% U308 and $4.27lIb.
Excluding production from the Dripping
Spring Quartzite we estimate that no
more than 50,000 lbs. U308 was
produced from but a few properties in
the Basin and Range region. This figure is
less than 0.3% of the total state
production. Over half of this, or about
33,000 lbs., came between 1955-59 from
Anderson Mine ores that averaged about
0.15% U308. This property has received
much attention over the past two years as
exploration and development drilling
have outlined a large body of sedimentary
materials averaging approximately 0.06%
U308 (Sherborne et aI., 1978).

Of the thirty-two Basin and Range
occurrences associated with
sedimentary-tuffaceous sequences of
Cenozoic age, the old Anderson property
is the most important thus far. Taking a
closer look at these 32 occurrences
incomplete descriptions indicate the
following: 18 contain silicification
features, 15 contain tuffs, 7 contain "u"
mineral coatings on fractures, and 25 are
associated with one or more limestones,
marls, clays, or mudstones. Only two are
said to be associated with carbonized
materials: the Anderson property and one
to the west at Artillery Peak. Apparently,
there has been some misuse of the word
"carbonaceous;" it has been confused
with calcareous. Peirce said that there
never was an exposure of carbonized
material at the Anderson property prior
to recent exploration efforts by Minerals
Exploration Company. Certainly,
silicified plants were well known, but
carbonized vegetative debris, apparently
not. As it seems to be turning out, the
important mineralization at depth
(reported to be a uranium silicate) largely
is controlled by carbonized zones, a
striking contrast with the near-surface
carnotite ores originally mined.

All of these 32 occurrences are
low-energy sedimentary-tuffaceous
deposits and the current exploration
surge in the Basin and Range Province
largely is directed at buried portions of
these so-called "lakebeds."

This general sedimentary type seems to
be repeated at least three times in the
Cenozoic record: Group I deposits fall
within a 45-25 m.y. age range, Group II
25-13 m.y., and Group III is younger
than 13 m.y. Each group contains
uranium occurrences but thus far only

Continued on next page

Geothermal pipeline continued from page 27
the State Land Department and the U.S. Geological Survey. Also, the commanders of
military bases throughout the state have been very cooperative in furnishing the data
on the water wells on their respective installations.

The following information has been obtained from the Oil and Gas Conservation
Commission and is on open file in Tucson.

1. Geothermal areas map, State of Arizona
2. Temperature map of subsurface basement rocks in Arizona (GT-3A)
3. Temperature map of subsurface suprabasement rocks in Arizona (GT·3B)
4. Temperature data tabulation to accompany maps GT-3A and -3B
5. Preliminary tabulation of well data from Maricopa, Pinal, Yuma, Apache,

Mohave, Yavapai, Coconino, Cochise, and Graham counties.
The following has been obtained from the State Land Department and is on open

file .in Tucson.
1. Geothermal Potential of the Basin and Range Area of Arizona: report with

nine maps and twenty-seven overlays
2. Thermal gradients, Basin and Range Province, State of Arizona

a. Southeast quadrant
b. Southwest quadrant
c. Northeast quadrant
d. Northwest quadrant

The data, primarily from water well information, shows well location and depth,
mean annual temperature, water temperature and temperature gradient. The thermal
gradients calculated from this data could contain errors due to lack of knowledge of
the origin of the temperature (bottom hole, surface water temperature, mixing
waters), and by the fact that the wells were not allowed to come to equilibrium before
the measurements were made. However, keeping the above restraints in mind and
considering that this data is all that is currently available, it should make an excellent
statewide prospecting tool.

Dr. Chandler A. Swanberg of New Mexico State University has furnished the
program with"An appraisal study of the geothermal resources of Arizona and adjacent
areas in New Mexico and Utah and their value for desalination and other uses," New
Mexico Energy Institute report number 6. This report is primarily concerned with the
location of potential sources of moderate- to high-temperature geothermal resources.

Dr. Swanberg is currently evaluating all of the available well and spring data in
Arizona with respect to low- to moderate-temperature geothermal resources. It is
anticipated that this report will be available in the spring of 1978.

The Landsat lineament map and report by Dr. Larry K. Lepley was completed in
October. This lineament study was included on the preliminary map of geothermal
energy resources of Arizona.

Dr. John S. Sumner, Geophysics Laboratory, U of A Department of Geosciences, is
conducting an Arizona gravity data analysis as applied to geothermal energy. This
study will result in a highly improved gravity map of the state interpreted for potential
geothermal resources. This map and report will be available this spring.

Current Exploration and Evaluation Program
During the prior nine months of exploration and evaluation, five areas have been

designated for more detailed investigation. These areas are: (1) Springerville-St. Johns,
(.2) Clifton-Morenci-Safford, (3) San Bernardino Valley, (4) Phoenix, and (5) Tucson.
In addition, an area near the prison complex in Florence will probably be investigated
for the purpose of determining the possibility of supplying geothermal energy to the
facility.

Geology. The geological program, as well as determining new regions of
investigation, includes detailed and reconnaissance mapping, using available U.S.G.S.
topographic maps as base maps. Attention will be given to determining the structure,
stratigraphy, alteration and lithologic relationships of important rock units. The
subsurface structure and stratigraphy, as determined from drill logs and cutting on file
in our offices, will be studied in order to construct a three-dimensional geologic
picture. This is necessary before we can define and model the geothermal energy
resource under investigation.

Geochemistry. The geochemical program consi~ts primarily of collecting 500 water
samples from wells and springs for chemical analyses. This sampling program is

designed to supplement previous work done by the U.S. Geological Survey and Dr.
Chandler Swanberg of New Mexico State University. Sampling will be conducted in

Continued on next page
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the main areas of interest and also on a regional reconnaissance basis.
Each sample will be analyzed for Na, Ca, K, Si02 , CI, HC03, S04 and total

dissolved solids. Eh and pH measurements will be conducted in the field at the time of
sample collection. The elements and compounds being analyzed are used as
geochemical geothermometers to determine possible/probable subsurface reservoir
temperatures.

A subordinate geochemical program includes soil and rock analyses, rock age dating
and the manufacture of thin sections for petrographic analysis.

Geophysics. The geophysical program is currently in a state of flux. Dr. Marc Sbar, a
U of A seismologist, has planned a passive seismic study in three areas: Springerville-St.
Johns, Clifton-Morenci-Safford, and San Bernardino valley.

The purposes of this passive seismic study are to:
1. map active faults which may serve as conduits for hot water or steam;
2. determine principal stress orientations in the area of the seismicity;
3. determine orientation and sense of strike and/or dip slip of the faults;
4. define the extent and depth of a magma chamber, should one exist within the

limits of detection of the survey;
5. detect regions of fluid saturation;
6. detect active fluid movement within the seismic study area.
As well as providing valuable exploration information to the geothermal program,

the passive seismic survey will also contribute to the environmental assessment of the
areas under exploration.

At the present time, negotiations to combine geophysical programs among Los
Alamos Scientific Laboratory, outside advisors to the Arizona program, New Mexico
State University, and the Bureau of Geology and Mineral Technology are underway.
All of these organizations have planned to undertake geophysical work in the same
areas of Arizona this year. The combined programs would cover more and larger areas,
thereby maximizing effort and minimizing cost.

Additional geophysical programs, including well temperature logging and heat flow
measurements, are being planned and will be conducted by the combined groups.

As previously stated, the Geological Survey Branch will also compile and construct a
geothermal energy resource map of Arizona at a scale of 1:500,000. The map's
approximate size (with explanation) is 48 by 70 inches, and it will be printed in color
on both sides. The map will be published by Paul Grim of the National Oceanic and
Atmospheric Administration, with a tentative release date of January or February of
1979.

A lineament map is to be published as part of the above-mentioned geothermal
energy map. This lineament map is to be constructed at a scale of 1:500,000 primarily
from Skylab S-190A photographs which, with a variety of solar azimuths, cover over
99 percent of Arizona. Skylab photographs are free of the scan lines which often
interfere with the interpretation of lineaments from Landsat images.

Continued on page 24

Geothermal staff: left to right; geologist, Jim Witcher and Claudia Stone; principal
investigator, Dick Hahman; secretary, Tracee Calhoun; and drafter, Dan Dwyer.

Peirce papers cant. from page 22
the Group II Anderson type strata are
known to have large amounts of U30g.

The use of the term "lake beds" might
be overgeneralized if it implies a
persistent, large, standing body of water
fully occupying the controlling basin.
More likely, the fleeting glimpses that we
see are but parts of a larger fluvial,
floodplain, paludal, and lacustrine
complex probably characterized by
relatively rapid lateral and vertical
change. Within this context, finding the
facies most likely to contain abundant
carbonized remains certainly will be a
chore. According to Sherborne et a1., the
ore zone at the Anderson property
contains stacked carbonaceous zones
ranging in thickness from 3 to over 30
feet. These sedimentary materials are in
Group II and this scale of development of
carbonaceous strata is unprecedented in
the Cenozoic rocks of Arizona.

Whereas the younger Group III rocks
were deposited in basins that underlie
major portions of our present valleys, the
older Groups I and II rocks have
undergone varying degrees of tectonic
disruption. The tendency is to find
fragments of the older rocks on
pediments - that is, in the range
structural blocks, not the basin structural
blocks. As such, preservation and
continuity are major problems to address.

Peirce then showed numerous slides
taken from the air that emphasized the
topographic-structural positions of these
various rock groups in Arizona. The slides
included aerial views of the activity and
geologic setting of the Anderson property.

GSA Meeting

At the Geological Society of America's
Cordilleran Section meeting held this
March in Tempe, Arizona, Dr. Peirce
discussed "Pre-Pliocene Tertiary erosion,
deposition, faulting, and volcanism 
southern boundary of the Colorado
Plateau, Arizona."

This paper was coauthored by Drs. M.
Shafiquallah and Paul Damon of the
Laboratory of Isotope Geochemistry,
Dept. of Geosciences, University of Ariz.

Although given independently, there is
direct geological linkage between this
paper and the one given at the AIME
meeting.

Data accumulated by the authors
indicate that the present physiograpb.ic
edge of the Colorado Plateau in Arizona
is older than is suggested in most
contemporary literature. Too, whereas
faulting has been emphasized as a causal
factor in the development of the

Continued on page 24
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P aper ~iven on Anderson Uranium Mine

Geothermal pipeline continued from page 23

Personnel
In January of this year several new staff members were added to the geothermal

program at the Geological Survey Branch. In addition to project secretary Tracee
Calhoun and myself, geologists Claudia Stone and Jim Witcher are now working full
time on the program. Dan Dwyer, drafter, has also joined our staff and has devoted his
full time and energies to the drafting of the preliminary geothermal map of Arizona.

Claudia Stone advanced from research assistant to exploration geologist and is
currently devoting her time to the collection and assessment of the heat flow data for
Arizona. Bill Weibel has replaced Ms. Stone as the halftime research assistant for the
scenario program.

Jim Witcher, from the geothermal energy program at New Mexico State University,
is currently devoting his efforts to establishing computer programs for the treatment
of geochemical geothermal data. Later he will be involved with the field studies and
geothermal geothermometer work.

The staff additions have necessitated a move to new quarters. Our new berth at 915
East University BOl,l[evard, Suite B, has individual offices for the geologists and a
reading/conference/drafting area in the library. Our mailing address will remain the
same.

Again we offer to act as a clearinghouse for geothermal programs and information.
You may send the data to Geothermal Group (Bureau of Geology and Mineral
Technology), 845 N.orth Park Avenue, Tucson, Arizona 85719.

Several Minerals Exploration Company
geologists coauthored a paper given at the
March 1978 annual meeting of the
American Association of Petroleum
Geologists held at Oklahoma City. A
manuscript has been submitted for
publication in a forthcoming AAPG
bulletin.

The paper's title was "Major uranium
discovery in Frontier area - Anderson
mine, Yavapai County, Arizona." The
following is based upon an abstract given
in AAPG, Vol. 62, n. 3, p. 561-562.

Uranium occurs in a gently dipping
sequence. of' Miocene lacustrine
volcaniclastic sedimentary rocks and is
associated with lignites, carbonaceous and
silicified tuffaceous mudstones,
calcareous mudstones, and impure
limestones and marlstones. The ore zone

is composed of several mineralized beds
which are generally from 1 to 3 m thick
but locally range up to 11 m. The
mineralization is stacked in most areas
and aggregate thickness in excess of 15m
is not uncommon. Most of the
mineralization has grades ranging from
0.03 to 0.10% U308 with an average
grade of approximately 0.06%.

An early diagenetic origin for the
mineralization is suggested. During
compaction and dewatering of
uranium-rich volcanic lake sediments the
derived fluids probably came into contact
with a strongly reducing paludal
environment, causing precipitation and
fixation of the uranium. Some
remobilization into fractures has occurred
in more recent geologic time.

Peirce papers continued from page 23
Mogollon Rim, earlier erosional processes
acting on incompetent strata beneath
cliff-making Permian strata should be
recognized as an important rim making
event. It can be demonstrated that
various paleo cliff segments are closely
related to relief, form, and position of the
modern escarpments. Dating of volcanic
rocks in critical geologic settings
consistently reinforces the observation
that the "ancestral" rim, or topographic
plateau edge, formed prior to 15 m.y.
ago. Probable early Miocene sedimentary
units abut this early rim topography and
are preserved, in part, beneath the faulted
volcanics of the Hickey Formation of the
central Arizona mountain province. These
rocks belong in the Group II classification
as presented in the previous paper.

Tectonic history deduced from these
observations includes: (1) pre 15 m.y.
regional uplift sufficient to allow the
development of about as much erosional
relief as presently exists along the margin
of the topographic plateau (600 meters),
(2) normal faulting occurred later than
the initial erosional event, (3) initial
normal faulting is deduced to have taken
place in the interval 14-10 m.y., and (4)
there is no post 10 m.y. "plateau uplift"
(in central Arizona) as suggested by
McKee and McKee (1972); whatever
elevation is necessary to explain modern
canyon cutting was acquired during the
early episode, an episode that remains to
be more dermed in both time and space.
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