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FOREWORD

For nearly three decades our Nation has been debating how the national do-
main should be used. This has led to much study of the resources of the land,
especially renewable resources such as timber and wildlife, and nonrenewable
resources such as minerals and mineral fuels. This book contains information on
the mineral resources of part of the public lands.

Provided here are summaries of the mineral resources of many present and po-
tential wilderness areas primarily in the national forest lands. The summaries—
which cover about 45 million acres distributed over nearly 800 areas—are
distillations of longer, more technical reports prepared during the last 20 years
by geologists and mining engineers of the U.S. Geological Survey and the U.S.
Bureau of Mines. This work was required by the Wilderness Act of 1964 (Public
Law 88-577) and a number of subsequent acts.

The mineral endowment of the Nation is the sum of the deposits that have
been discovered and the deposits that have not been discovered. Earth science in
its present state of development can deal more precisely with discovered
deposits than with undiscovered deposits, although it is by no means powerless
in dealing with the latter. Deposits that have already been discovered are
generally discussed in terms of tons of reserves and resources and estimates of
grades of specific commodities. Undiscovered deposits are generally considered
from the point of view of favorable ground assessments—the demarkation of
land areas favorable for the occurrence of minerals accompanied by a listing of
the types of minerals that are expected to occur in them.

One point about our studies needs emphasis. Resource assessments are in-
fluenced by the eras in which they are prepared. They reflect the economic cir-
cumstances of the time and a variety of considerations linked to them; they
reflect the state of development of the earth sciences as they pertain to detect-
ing concealed deposits; they reflect the needs of the audience for which they are
prepared; and they reflect the inherent limitations of manpower, time, and
budget. It follows that more refired and penetrating resource assessments will
be made in the future, especially in the domain of undiscovered deposits.

These reservations notwithstandirfg, it should also be emphasized that the
resource assessments presented here are in, allvance of any executed on com-
parable tracts and acreage anywhere in the ngld In our 20 years of wilderness
surveys we have broken much new scientific ground in understandmg the
geological structure and mireral endowrr?ent, -of the United States and in improv-
ing the methodologies of reseurce assessment. Because the methods developed
appear to be reliable and applicable to all the public lands, when they are carried
forward, they will furnish a practical assessment of the mineral value of the

national domain.

Dallas L. Peck Robert C. Horton
Director, Geological Survey Director, Bureau of Mines
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PREFACE

The work on these volumes began in February 1982, but in a broader sense the
production began nearly 20 years ago with passage of the Wilderness Act of
1964 that required the Geological Survey and the Bureau of Mines to conduct
mineral surveys of Forest Service lands. This two-volume professional paper
consists of summaries of the results of those mineral surveys and represents
about 1,000 man-years of effort by professionals in the two agencies. Since the
program began in 1964, the amount of land to be studied has increased from the
original 14.8 million acres to 45 million acres, of which about 14 million acres
have been added since 1979.

In February 1982, we began identifying the areas that should be included in
this professional paper. The names and approximate boundaries of about 800
areas included in these 332 summaries are usually the same as they were at the
time the work was done, but may differ somewhat from the current boundaries
of the lands. These discrepancies are the result of revisions in boundaries and
changes in names by legislative and executive acts during the 20 years of the
program. After we had identified the areas that were to be included in these
volumes, definitions of resources and resource potential for all metallic,
nonmetallic, and energy minerals and a standardized outline for writing these
summaries were determined. Resource and resource potential terminologies
have changed during the last 20 years and differences may be seen from other
published works. Techniques used for resource assessment have also evolved;
those used in the early years of the program often are not those in use today.
The summaries in these volumes reflect this evolution of methodology, as well
as development of more advanced concepts about the assessment of mineral-
resource potential. With all these differences, the use of a single set of defini-
tions allows for comparison of resource potential described in work done within
the 20-year framework of the wilderness program, including work that was not
quite completed when this professional paper was being prepared.

The summaries in these volumes, which have been organized alphabetically
by State, include a description of the character and geologic setting, a discus-
sion of the resource potential, and a reference list of selected material published
as part of the wilderness program. Many of the summaries include suggestions
for further study. Our hope is that these summaries, designed to provide a quick
overview of a 20-year program, will be of use to concerned individuals as well as
to those legislators and administrators who must make difficult and critical
land-use decisions that will affect our nation now and in the future.

From the inception of this project, the support and assistance of a large
number of colleagues and administrators in the Geological Survey and Bureau
of Mines have made it possible for us to collect, edit, and present these sum-
maries. Special acknowledgment and appreciation are extended to those col-
leagues who reviewed the papers in these volumes; they are C.S. Bromfield, L. C.
Craig*, R. E. Erickson, G. H. Goudarzi, M. E. MacLachlan, W. P. Pratt, P. K.
Sims, V. E. Swanson, and R. B. Taylor, of the Geological Survey, and L. W.
Gibbs of the Bureau of Mines. In addition, we wish to acknowledge the contribu-
tions of E. J. Swibas, who with the assistance of W. J. Gerstel and V. H. Sable,
coordinated the preparation of the illustrations; and J.E.H. Taylor, who coor-
dinated the typing and telecommunication of the text. The generous assistance
of D. C. Schnabel was invaluable in speeding these volumes to completion.
Finally, we appreciate the support, guidance, and advice of members of the
Branch of Central Technical Reports and the Office of Scientific Publications of
the Geological Survey during all phases of this project.

Sherman P. Marsh
Susan J. Kropschot
Robert G. Dickinson

*Deceased.
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Lesure and Mark L. Chapman
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INTRODUCTION

By DONALD A. BROBST AND GUS H. GOUDARZI

PURPOSE

Under the provisions of the Wilderness Act (Public
Law 88-577, September 3, 1964) and subsequent related
legislation, the U.S. Geological Survey (USGS) and the
U.S. Bureau of Mines (USBM) have been conducting
mineral surveys of wilderness and primitive areas, and
of other national forest lands being considered for
wilderness designation. The Wilderness Act directs that
the results of these surveys are to be made available to
the public and are to be submitted to the President and
the Congress. This professional paper is a synopsis of
the mineral surveys made from 1965 to 1983. It sum-
marizes our current knowledge of mineral and energy
resources and of the potential for the occurrence of un-
discovered mineral and energy resources in 45 million
acres of Federal lands, chiefly in national forests.

This book, in two volumes, consists of 332 summary
articles, arranged alphabetically by State, in which the
mineral-resource potential of about 800 individual areas
is discussed. The summaries of the mineral surveys
were written during 1982-83, generally by those who
made the surveys. Index maps of each state show the
location of the areas studied, numerically keyed to an
alphabetic list. The national distribution of the
wilderness lands studied is shown on the frontispiece.
Where lands were in proximity or were added to expand
previously designated areas, they often are described in
a single article.

Each article begins with a short summary of the
results of the mineral survey followed by a discussion of
the character and geologic setting of the area. Mineral
resources (if any) are discussed, and the potential for un-
discovered mineral resources is assessed; these are
keyed to the generalized geographic and geologic map of
each area. Areas that have geologic characteristics in-
dicative of different degrees of potential for the occur-
rence of mineral resources are shown in shades of red on
each map. Some articles have a section on suggestions
for further study to better define the mineral-resource
potential of the area. A list of pertinent references
(including many of the maps and reports prepared dur-
ing the mineral survey) is provided at the end of each
article.

This introduction contains some basic concepts about
mineral resources and mineral-resource potential to try
to make the book more useful to those who are not
familiar with the fields of earth science and mineral-
resource assessments. The legislation dealing with the
wilderness program is reviewed briefly, because this
evolving legislation has imparted a continuing and
changing influence on the mineral-resource surveys. The
introduction concludes with a description of the publica-
tions of the Geological Survey that report in greater
detail the results of the joint wilderness studies by the
Geological Survey and the Bureau of Mines.

REASONS FOR ASSESSING
WILDERNESS MINERAL POTENTIAL

Minerals can be subdivided into metallic, nonmetallic,
and energy (including uranium, fossil fuels, and geother-
mal waters) and these resources often are referred to as
commodities. They are vital to our everyday lives. No-
body passes through a single day without using mate-
rials that have been made from, processed by, fertilized
with, or are in some other way affected by products
from mineral resources. Our highly productive agricul-
ture has been made possible by extensive mechanization
and efficient use of fuel, fertilizer, and soil conditioners.
Most of our foods come from fields that are treated with
phosphate and potash mineral fertilizers or with
nitrogen-based fertilizers made from natural gas. Our
food is cooked in metal pots (recovered from minerals)
and is served on chinaware (made from clay minerals).
Energy for cooking and baking comes from mineral
fuels (gas or petroleum products) or from electricity pro-
duced from coal, oil, gas, or uranium in plants using
generators made of metal. Even solar energy is collected
and distributed by equipment made from metals and
petroleum. Buildings, other than those made of wood,
consist chiefly of processed materials of mineral
origin—brick, concrete, glass, rock wool, insulation,
ceramics, tile, metal fixtures, and plasterboard. Plastic
products, which are pervasive in our society, are derived
from oil, natural gas, or coal. We travel in vehicles made
of metal and plastics and powered by mineral fuels.

1



Silver is used in the film for our cameras, and several
rare metals (such as europium in color television picture
tubes) are essential to electronic equipment.

Mineral resources are the foundation of our national
economy, which now generates a gross national product
(GNP) of slightly more than $3 trillion annually. The
role of nonfuel minerals in the United States economy in
1982 is shown in figure 1. The value of domestically pro-
duced mineral raw materials (excluding fuels) was about
$20 billion and the value of imported mineral raw mate-
rials was about $4 billion. On the basis of 1981 U.S.
Department of Energy estimates, domestically pro-
duced fuels had a value of $178 billion and imported
fuels, mostly oil and gas, had a value of $70 billion. The
value of all the minerals (including fuel) represents an in-
dispensable part of the GNP, about 10 percent.

The major metallic commodities produced in the
United States in 1982, ranked by dollar value, are
shown in table 1. Our reliance on imports, shown in this
table as a percentage of domestic primary consumption,
varies greatly from commodity to commodity because

of some combination of geologic availability and eco-
nomic conditions, such as price, demand, and cost of
production. For example, although the United States
has sufficient iron ore to increase production, the cur-
rent economic conditions and those of the recent past
make importing ore less costly. For bauxite, an ore of
aluminum, the circumstances are quite different.
Domestic deposits are small and their geologic nature
make it unlikely that any new large deposits of bauxite
will be found in the United States. Molybdenum, an ele-
ment essential for alloying special types of steel, is
abundant in the United States; our Western States sup-
ply nearly 65 percent of the world’s production.

The domestic production of major nonmetallic min-
eral commodities in 1982, ranked by dollar value, is
shown in table 2. The net import reliance, shown as a
percentage of domestic primary consumption, is con-
trolled by geologic and economic factors. The United
States has large resources of phosphate rock, borates,
and sodium carbonate, and is a leading producer and ex-
porter of these nonmetallic minerals. Construction

DOMESTIC MINERAL PROCESSED MATERIALS
U.S. NATURAL
RESOURCES R?%&“ggg“s s(%FEETI,N?CbNCI)I:E:A’ GROSS NATIONAL
EXTRACTIVE] COPPER ORE MINERAL COPPER, OTHER PRODUCT
ROCKS, SAND GRAVE'L > METALS, BRICK, $3060 BILLION
MINERALS,  [|NDUSTRIES, SIONE. PROCESSING| GLASS, CEMENT,
WATER, AR | INCLUDING VALUE \ INDUSTRIES, INORGANIC
MINING, \ INCLUDING |CHEMICALS, PLASTICS, }
QUARRYING | $20 BILLION \\ SMELTING, FERTILIZERS |
\ REFINING VALUE |
\ $202 BILLION |
\ \k A\
o= ————— — RECLAIMING /- —— Y. _ _ ___
DOMESTIC RECLAIMED| AND U.S. SCRAP AND |
| METALS AND MINERAL|  RECYCLING | WASTE MATERIALSI
| MATERIALS | _INDUSTRIES IRON, STEEL, |
| SCRAP IRON, Seninkee ] ALUMINUM, |
| GLASS St gRs | COPPER, BRASS,|
| VALUE OF | | BRONZE, LEAD, |
| OLD SCRAP | | ZINC, GLASS, |
| $4 BILLION | | BRck |
S e e NI e T e bl 14
FOREIGN IMPORTS INTO US. IMPORTS INTO U.S. EXPORTS FROM US.
MINERAL OF MINERAL RAW OF PROCESSED oh:AaTnér;'s:&L RAW
s MATERIALS OF AND
FOREIGN %’;ERATIONS g MINERAL ORIGIN PROCESSSED
NATURAL COPPER ORE, STEEL, MATERIALS OF
RESOURCES |U-S. FIRMS IRON ORE, ALUMINUM, MOLABOENUM.
COREIG el oLl INORGANIC
Lol VALUE CHEMICALS CHEMICALS
i $4 BILLION VALUE STEEL
> $25 BILLION FERTILIZERS
VALUE
$19 BILLION

Figure 1.—The role of nonfuel minerals in the United States economy for the first 8 months of 1982. Statistical data from
U.S. Department of Commerce.



TABLE 1.—Domestic production of major metallic mineral
commodities in 1982
[Data from the U.S. Bureau of Mines]

Metallic Estimated Estimated Estimated
mineral production value net import reliance
commodity (metric tons) (million dollars) (in percent) of domestic
primary consumption
Copper ——---- 1,100,000 1,800 7
Iron ore -—--- '35,900,000 1,500 36
Molybdenum - 36,500 362 Net export.
Lead -—------ 510,000 292 1
Silver ——----- 1,120 286 59
Zinc -----—-- 300,000 255 53
Vanadium --- 4,260 55 14
Tungsten —--- 1,450 20 48
Bauxite ----- 700,000 17 97
Mercury —---- 860 10 43
Platinum ---- 19 1 85
group metals.

'Preliminary estimate.
*Value calculated is based on an average price of $390 per flask.

materials (cement, crushed stone, and sand and gravel),
are mined or produced close to where they are used
because of their bulk, weight, and resulting high cost of
transport.

With few exceptions, most minerals are consumed in
use. Mineral commodities either are committed to an
irretrievable use in a permanent structure (for example,
sand, gravel, crushed rock, cement, glass, and steel and
other metals used in roads and buildings); are converted
into a useful product from which they cannot be re-
claimed (chemicals, paints, plastics); or are converted
chemically to products that are dispersed into the
ground or into the atmosphere (fertilizers and fossil
fuels). Although some metals, including aluminum, an-
timony, copper, lead, gold, iron, and silver, can be
recovered by recycling and provide a substantial part of
domestic consumption, a steady source of mineral raw
materials, available in limited supply, is essential to
maintain our present standard of living.

Concentrations of useful minerals rich enough to form
ore deposits are rare phenomena. Commercially extract-
able concentrations form only where special physical
and chemical conditions have favored their accumula-
tion. Certain types of mineral deposits are associated
with certain geologic environments as characterized by
the type of rocks and structures, depth of formation,
and source and nature of mineralizing fluids. For exam-
ple, throughout the world many major deposits of cop-
per, lead, zinc, silver, and gold are associated with
granitic igneous rocks such as those found in the
Western United States and in Western South America.
Chromium deposits commonly are associated with other
kinds of igneous rock; although these deposits are rare
in North America, they are abundant in southern

Africa. Large deposits of bauxite occur in deeply weath-
ered rocks formed in tropical climates. Many of the
world’s largest deposits of lead and zinc are associated
with limestone strata, like those of southeastern
Missouri. The organic fuels—oil, gas, and coal—are
formed from materials deposited in specific sedimen-
tary environments. Field and laboratory observations
and studies provide information about where and why
minerals accumulate. Studies formulating the theoret-
ical basis for resource accumulation have provided for
the understanding of some of the many types of geo-
logic environments that offer potential for the occur-
rence of mineral deposits (Brobst and Pratt, 1973). As a
result of these studies, criteria have been established
that define geologic, geochemical, and geophysical prop-
erties of these deposits (which may be referred to as
modeling); that is, a comparison of data with known
occurrences.

Just as not every haystack has a needle, not every
favorable geologic environment has a mineral deposit of
economic value. For example, of every 1000 mineral
prospects examined in Canada in 1969, only one was
favorable for mine development (Roscoe, 1971).

As might be expected from the wide geographic
distribution of the wilderness lands (see frontispiece),
these lands contain rocks formed in a great variety of
geologic environments. Many of these environments are
favorable for the occurrence of mineral resources and
many kinds of resources may be present. As the authors
of the Wilderness Act of 1964 realized, prudent use of
land requires knowledge of its resources, including
water, timber, wildlife, and recreational assets as well as
minerals. In recognition of the importance of metallic,
nonmetallic, and energy mineral resources to the econ-
omy, the Congress specifically required that these re-
sources be surveyed on land in, or being considered for,

TABLE 2.—Domestic production of major nonmetallic mineral
commodities in 1982
[Data from the U.S. Bureau of Mines]

N g Estimated Estimated Estimated
onmetallic " : ”
& \ production value net import reliance )
A ) (thousand (million dollars) (in percent) of domestic
Sommodicy metric tons) primary consumption

Cement —---—-—-—- 57,500 3,260 4

Crushed stone —---- 717,000 2,920 0

Sand and gravel ---- 568,000 2,020 Net export.

Sulfur ----------- 9,800 980 4

Phosphate rock ---- 37,400 950 Net export.

Clays —————————-—- 32,200 830 Net export.

Sotfi,um carbonate -- 7,090 721 Net export.

Lime --------—-—- 12,800 700 2

Salt —--------—-—- 34,050 673 11

Boron (boria ------- 550 385 Net export.

B,0,).




inclusion in the National Wilderness System, in order to
aid those who must make decisions about land use.

THE NATURE OF
MINERAL-RESOURCE ASSESSMENTS

The term ‘‘mineral resource’” refers to a concentration
of naturally occurring solid, liquid, or gaseous material
in or on the Earth’s crust in such a form and amount
that economic extraction is currently or potentially
feasible. The assessment of mineral resources in a
designated area requires both the estimation of the
amount and grade of identified resources and the assess-
ment of the potential for the presence of as yet un-
discovered mineral resources. Identified resources are
specific bodies of mineralized rock whose location, qual-
ity, and quantity have been measured. The likelihood of
the presence of undiscovered mineral resources is deter-
mined from earth science information and is presented
as a statement of mineral-resource potential.

The major difficulty in making assessments of
mineral-resource potential is the need to describe and
quantify an unknown that can be neither seen nor meas-
ured. At present, the best approach to assessment is to
collect all available data on an area, to synthesize and
integrate this data using geologic theories, and to com-
pare all this with similar data from areas that have iden-
tified mineral deposits. This process of comparison,
combined with experience and judgement, enables the
earth scientist to reason the likelihood and types of
deposits that might occur in an area.

CLASSIFICATION OF
MINERAL RESOURCES AND
MINERAL-RESOURCE POTENTIAL

If a body of rock containing concentrations of useful
minerals is exposed at the Earth’s surface or has been
penetrated by drill holes, it can be sampled and its
dimensions measured. The samples can be analyzed,
and the size of the body can be calculated. The result is a
quantitative measurement or estimate of the amount of
mineral-bearing rock that is known to occur, and the
quantities of metals, nonmetals, or mineral fuels that it
contains. Most of the resource assessments in these
volumes are for study areas in which mineralized rocks
are not exposed or are only partly exposed at the surface
and have not been penetrated by drill holes. Assess-
ments of resources in these areas are qualitative rather
than quantitative. Of equal importance is the assess-
ment of the likelihood that mineral or energy resources
may or may not occur in the area. Mineral-resource

potential is the characteristic attributed to a geologic
terrane that suggests the possible presence of mineral
resources—metallic, nonmetallic, or energy. For consist-
ency in these volumes only, therefore, the following
terms and definitions were established so that uniform
terminology would be used in these summaries of the
many reports produced through two decades by many
individuals.

1. Areas that have substantiated mineral-resource
potential are shown in red on the maps. The term “sub-
stantiated’’ is based on a record of past production or
the occurrence of identified resources, and (or) on an
assemblage of geologic data that strongly indicate the
presence of undiscovered mineral resources.

2. Areas that have probable mineral-resource poten-
tial are shown in pink on the maps. The term ‘‘probable”
is based on an assemblage of data that support the
interpretation that undiscovered mineral resources may
be present. In some areas, probable and substantiated
mineral-resource potential overlap. In these areas, a
darker shade of red is used.

3. Where data could be obtained, the resources at
mines, deposits, or quarries are specified by tonnage
and grade (concentration of the desired material or
materials per unit of measure, commonly expressed in
such terms as percent, ounces per ton, grams per metric
ton, or barrels per acre). Where a mineral resource is
defined in terms of tonnage and grade, it is referred to
as ‘“‘identified,” ‘‘demonstrated,” and (or) “‘inferred”
using the following definitions of the U.S. Bureau of
Mines and the U.S. Geological Survey (1980, p. 2).

Identified resources are those whose location,
grade, quality, and quantity are known or estimated
from specific geologic evidence.

Demonstrated resources is a term for the sum of
measured and indicated resources whose quantity is
computed from dimensions revealed in outcrops,
trenches, workings, or drill holes and whose grade
and (or) quality are computed from the results of
detailed sampling.

Inferred resources is a term for resource esti-
mates that are based on assumed continuity beyond
those of the measured and (or) indicated categories
for which there is geologic evidence that might or
might not be supported by samples or
measurements.

Mines, quarries, or deposits of limited extent for
which demonstrated or inferred resources are reported
in the text are shown on the maps by a red mine symbol.
Mines discussed in the text but for which no quantity of
demonstrated or inferred resources can be reported are
shown by a black mine symbol. Mineral occurrences for
which no quantity of demonstrated or inferred resources
is reported are shown by a black “X".
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by existing data shown by ~. Decay constants and isotope ratios employed are cited in Steiger and Jager (1977).

2/ Rocks older than 570 m.y. also called Precambrian, a time term without specific rank.

¥ Geochronometric units

4/ Formerly used time terms

Figure 2.—Geologic time scale, showing major goechronologic units (Geologic Names Committee, U.S. Geological Survey, 1983).



4. For coal resources and coal resource potential, the
reporting system was modified slightly. Demonstrated
coal resources are estimated separately for coal in beds
more than 28 in. thick and for coal in beds between 14
and 28 in. thick. Areas underlain by coal beds more than
28 in. thick are shown on the map in each summary as
areas of substantiated coal resource potential. Areas
underlain by coal beds between 14 and 28 in. thick are
discussed in the text, but are not shown on the map.

5. The remaining areas are those that do not have
identified mineral resources and (or) those lacking
evidence of mineralization indicative of a potential for
the occurrence of mineral resources.

PROCEDURES OF
MINERAL-RESOURCE ASSESSMENTS

The staffs of the Geological Survey and the Bureau of
Mines collaborated on the many investigations required
to assess the mineral resources of the wilderness lands
designated by Congress for study. The work involved
geologic, geochemical, and geophysical studies by the
Geological Survey. The Bureau of Mines sampled and
mapped mines and prospects, compiled information on
claims, and compiled data from exploration, mining,
and production records.

A geologic map was prepared for each area. Data from
field observations and measurements, with existing
geologic maps as a starting point, were used to compile
the map that shows the distribution and structure of
the various types of rocks—features that generally con-
trol the location of mineral resources. The geologic maps
were prepared at scales appropriate to show the infor-
mation necessary to make the assessment, generally at
scales between 1:50,000 and 1:100,000 (1 inch equals 0.8
miles and 1 inch equals 1.6 miles). A geologic time scale,
which is a key to the ages of rocks discussed in the sum-
maries, is shown in figure 2. In addition, more detailed
geologic studies were made where they were considered
necessary to the mineral-resource assessment. These
studies included examination of rock sequences that
may contain mineral resources; determination of the age
and temporal sequence of the emplacement of intrusive
rocks; determination of the time and nature of rock
deformation and chemical alteration; and examination
of hydrothermal (hot water) alteration zones and
features that might be related to mineral deposits.

Geochemical surveys were made of most areas as a
means of determining patterns of anomalous (unusually
high) metal values that might indicate undiscovered
mineral deposits. Many kinds of mineral deposits are
characterized by suites of elements that can be used to
classify deposit types. Geochemical studies are used to

identify these suites and to help find and classify the
areas that may have resource potential. The sampling
and analytical techniques used were designed specifical-
ly to identify resource potential in the geologic environ-
ment of each particular area. Most geochemical samples
were of stream sediments, but samples of rocks, soils,
and waters, and of heavy concentrates from stream
sediments, were also collected and analyzed in many
areas. Mineral deposits that are being eroded impart
anomalously high metal values to stream sediments and
concentrates. These high values can readily be distin-
guished from the normal or background values from
drainage areas in which no mineral deposits are ex-
posed. Analyses of stream sediments and their heavy-
mineral fractions provide information not only about
the metals present in mineral and rock fragments, but
also about metals adsorbed by clay minerals from sur-
face or ground water.

Geophysical surveys using aeromagnetic, gravity,
electromagnetic, and airborne gamma-ray techniques
were made in many areas. These techniques provide
information about the physical properties of the rocks
and their distribution below the surface of the ground,
and information that may be indicative of mineral and
fuel deposits or of structures that might have controlled
resource accumulation.

Studies of mines, prospects, and mining claims in-
cluded some surveying and geologic mapping, the
sampling of specific areas, the analyzing of samples,
and the collecting of data on production and reserves on
present and past exploration and mining operations.
Possible extensions of mineralized structures in ex-
isting workings were evaluated and the quantity and
grade of resources were determined where possible.
Detailed studies included sampling of mineralized areas
identified in the geochemical survey; metallurgical tests
were made when necessary.

The results of all these studies were then integrated to
compile a mineral-resource assessment report that
describes the identified resources and outlines areas
favorable for the occurrence of mineral resources.

Singer and Mosier (1981) reviewed more than 100
papers on regional mineral-resource assessment and
found that of 15 methods of assessment the most widely
used was one based on extrapolation from known areas,
in which estimates were made directly by one or more
individuals on the basis of their knowledge and experi-
ence. The extrapolation method has been used in the
mineral assessments of wilderness lands because of con-
straints in time, money, and staff; the problems in deal-
ing with undiscovered resources; and the lack of avail-
able subsurface data. The method necessitated that
knowledgeable, experienced people be assigned to study
the lands in question and to make the assessments.



The extrapolation method applied in the wilderness
assessment starts with the synthesis of all available in-
formation on the geology, geologic history, and iden-
tified mineral and energy resources. The information
thus generated sets general limits on the types of
mineral deposits that might occur in a given area. The
area under investigation could then be compared with
areas of known ore deposits, petroleum reservoirs,
geothermal fields, or other resources. In such a way can
be reasoned the likelihood of the occurrence of
resources, and hence the mineral potential of the area
under study.

Activity by the mineral industry is one factor that
must be considered in the assessment of an area. The
presence of known deposits is a favorable attribute for
any area, but the absence of known deposits does not
necessarily indicate that the area has no mineral-
resource potential. Even the lack of evidence of mineral
development and exploration may not be a negative
sign about mineral-resource potential, especially for
remote areas in which high costs discourage activity, or
for areas in which newly recognized types of deposits
can now be postulated. The studies summarized in these
volumes assumed that undiscovered mineral deposits
might be present in any area until information indicated
that there was little likelihood for the occurrence of
resources. Thus, a positive approach was maintained
and the resource potential of areas was not reduced
merely because adequate data were unavailable.

The credibility of all assessments of mineral-resource
potential is a matter of concern. The data available for
virtually all wilderness lands are incomplete; subsurface
data are lacking. Assessment of mineral-resource poten-
tial is by its nature speculative and involves consider-
able uncertainty. Construction of uniform quantified
assessments is currently impossible. Assessing the re-
sources of any mineral commodity on any parcel of land
is a continuing process that as yet lacks universally ap-
plicable methods (Harris and Agterberg, 1981; Harris
and Skinner, 1982). Thus, professional but subjective
judgement is important to the assessments summarized
in these volumes.

THE NEED FOR
CONTINUING ASSESSMENTS

Assessments of mineral-resource potential are of a
dynamic nature regardless of how they are conducted,
or of the methods that are used. Final, once-and-for-all
assessments of mineral-resource potential cannot be
made. Areas should be reassessed periodically as new
data become available, as new concepts of the factors
that influence the concentration of minerals are devel-

oped, as new uses and extractive technologies for min-
erals are devised, and as the world’s economy changes.
For these reasons, the Congress specified that ‘‘recur-
ring mineral surveys'' of the wilderness lands should be
made.

Geology, technology, and economics are tightly en-
twined in mineral-resource assessment. Mineral re-
sources have geologic limits and controlling technologic
and economic factors that govern their utility
(DeYoung and Singer, 1981). This perspective was ex-
pressed by Downing and Mackenzie (1979) who favored
continuing reevaluation of exploration and development
data. They pointed out that geology offers information
based on observation and concept, mineral-deposit gene-
sis, and deposit modeling; that technology offers infor-
mation on extraction methods, beneficiation, smelting,
and refining and material use; and that economics offers
information on market dynamics, the ability of a
deposit or material to compete with other deposits or
materials, and the effect of byproducts and coproducts
on costs. Thus, the three fields are interrelated, and each
has an important bearing on the others; communication
between these fields needs to be nurtured and increased.

Man cannot create mineral deposits, but he does
create mineral resources as he learns to use the
materials of the Earth, or, as Zimmerman (1964) said,
“Resources are not, they become.” Most regions on the
Earth’s crust may contain mineral deposits of some
possible use if a market for the materials in the deposit
should develop. To say that an area has no mineral-
resource potential is inadvisable, even though some
areas may be classified as having little chance for the oc-
currence of resources of a particular mineral. Some of
the areas that have no identifiable resource potential
may contain new types of mineral deposits, recognizable
and exploitable only in the future. For example, gold
deposits of the Carlin-type (Nevada) in which the gold is
too finely disseminated to be visible would not have
been recognized prior to 1962; their characteristics were
not known. Many common rocks contain small amounts
of valuable minerals, but are not considered resources at
present because extraction is too costly. or requires too
much energy. Technology of the future may change
what is now considered common rock into a useful re-
source if lower cost energy can be made available, a
trend not currently seen.

LEGISLATIVE HISTORY OF THE
WILDERNESS SURVEYS

The wilderness concept was formalized by the Forest
Service, U.S. Department of Agriculture, in 1924 with
the designation of the Gila Wilderness in the Gila Na-



tional Forest in New Mexico. The designated wilderness
areas (Wild and Primitive) totalled 88 units, containing
14.6 million acres by 1964.

The Wilderness Act of 1964 designated as wilderness
54 National Forest System areas comprising 9.3 million
acres. It also required a study of each of the 34 National
Forest primitive areas totaling 5.5 million acres, with a
report to Congress by 1974 as to their suitability or non-
suitability for wilderness. Included in the provisions of
the Wilderness Act was a requirement for the Secretary
of the Interior to direct mineral surveys of suitable
areas under his jurisdiction in the National Park and
National Wildlife Refuge Systems.

The mineral-resource assessments of Federal lands
described in these volumes were made in response to the
Wilderness Act, Public Law 88-577, September 3, 1964.
The Act specified in Sec. 4(d)(2) that the Geological
Survey and the Bureau of Mines shall conduct mineral
surveys of wilderness lands on a planned and recurring
basis. The law also specified that the wildernesses
would remain open to mining access until January 1,
1984, at which time all the areas would be closed to ac-
cess under existing mining and leasing laws.

The resource assessments of the primitive areas
began in 1965 because those areas had to be reported
upon by September 1974. By the time the studies of the
primitive areas were completed in 1973, many of the
boundaries had been revised and 1.6 million acres had
been added, an increase in area of about 30 percent.

In 1970, the Forest Service, because of public and con-
gressional interest, began to add new areas as candi-
dates for wilderness designation. By 1973, these
parcels, now referred to as study areas, included 3.7 mil-
lion acres in 53 designated areas.

In October 1973, the Forest Service added 274 more
study areas in a program sometimes referred to as
RARE (Roadless Area Review and Evaluation) that
comprised about 12.3 million acres, including 1.9 million
acres previously designated for study.

In 1974, interest in establishing some wildernesses in
the Eastern States led to a request by the Forest Serv-
ice for mineral studies in about 600,000 acres in 58 pro-
posed areas in that region. Congress passed the Eastern
Wilderness Act (Public Law 93-622) on January 3,
1975, which designated 207,000 acres as wilderness and
125,000 acres of study areas to be examined and re-
ported to the Congress by January 1980.

In 1974, Interior Secretary Rogers C. B. Morton re-
quested a mineral survey of about 7.8 million acres in
six areas administered by the Interior Department.
These areas included: Glacier Bay National Monument,
Alaska; Charles M. Russell Wildlife Refuge, Montana;
Charles Sheldon Antelope Range, Sheldon National
Antelope Refuge, and Desert Game Range, Nevada; and
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Kofa Game Range and Cabeza Prieta Game Range,
Arizona.

By early 1975, a total of 32.2 million acres of National
Forest land had been designated wilderness or wilder-
ness study areas, a designation that necessitated man-
agement according to wilderness standards, and that
also required mineral surveys.

The second Roadless Area Review and Evaluation
(RARE 1I) was begun in June 1977. It identified 2,920
roadless areas encompassing 62 million acres in Na-
tional Forest and National Grasslands. The administra-
tion released the results of the study on April 16, 1979,
and recommended that 36 million acres be assigned to
nonwilderness, that 15.4 million acres be assigned to
wilderness, and that decisions on 10.6 million additional
acres be deferred for further planning for all options.
The status of lands in the ‘‘further planning’’ category
was to be decided by 1985 through the regular land-
management planning process by the Forest Service.

In 1980, the 96th Congress established several
wildernesses and wilderness study areas in New Mex-
ico, Idaho, Alaska, Colorado, South Carolina, Missouri,
Louisiana, and South Dakota. Mineral surveys were re-
quired in wilderness study areas (totaling 2.7 million
acres) within 3 years of the passage of these ‘‘State”
bills. The rapid increase in the amount of land that
required mineral surveys is shown on figure 3.

The legislative acts, with their dates, that are perti-
nent to the evolution of the wilderness system can be
obtained from the U.S. Forest Service. The legislative
history and the texts of all the acts are available for
inspection at the Library of Congress in Washington,
DLC.

WILDERNESS PROGRAM PUBLICATIONS

Many of the results of mineral-resource assessments
have been published as U.S. Geological Survey Bulle-
tins. Some information was released as Open-File
Reports to meet legislative and adminstrative require-
ments, and some were republished as more complete,
formal reports. In 1979, a new publication format was
introduced that uses maps for presentation of most
data. The joint report on mineral-resource potential by
the Geological Survey and the Bureau of Mines is a map
with a marginal text and an accompanying pamphlet, in
the U.S. Geological Survey Miscellaneous Field Studies
Map (MF) series. The mineral-resource potential report
summarizes the information that led to the conclusions
and outlines the areas of mineral-resource potential of
each area. Other maps in the MF series on each area
generally include the following: (1) a geologic map with a
marginal text; (2) geochemical maps showing distribu-
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tion of analytical values and anomalous areas for one or
more chemical elements, with a marginal text; (3) geo-
physical maps showing various kinds of data and
marginal notes of explanation; and (4) mine, prospect,
claim, and sample-site maps with explanatory text pre-
pared by the Bureau of Mines.

Much of the raw geochemical and geophysical data
supporting the resource assessment have been released
as Open-File Reports by the Geological Survey. Much of
the Bureau of Mines data have been released as Open-
File Reports; these are available at their field centers
and in Washington, D.C. Both the Geological Survey
and the Bureau of Mines announce the release of their
respective Open-File Reports in their monthly list of
publications.
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Map
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ADAMS GAP AND SHINBONE CREEK ROADLESS AREAS, ALABAMA

By T. L. KLEIN,! U.S. GEOLOGICAL SURVEY, and

DONALD K. HARRISON, U.S. BUREAU OF MINES

SUMMARY

The Adams Gap and Shinbone Creek Roadless Areas were evaluated for their
mineral potential in 1982. The only resource within the established boundary of
the roadless area is quartzite suitable for crushed rock or refractory-grade ag-
gregate. The quartzite contains deleterious impurities and is found in abundance
outside the areas. No other mineral or energy resources were identified in the

roadless areas.

CHARACTER AND SETTING

The Adams Gap and Shinbone Creek Roadless Areas,
Clay County, Alabama, cover approximately 15 sq mi.
The areas, which are contiguous, were examined
together and are referred to in this report as the study
area. They are bounded on the north by the Cheaha
State Park and the Horse Creek drainage, on the west
by USFS Route 600 (the Skyway Motorway), on the
south by County Road 46, and on the east near County
Road 31 and State Road 49. The study area includes
Cedar Mountain, Robinson Mountain, and Talladega
Mountain from Adams Gap to near McDill Point. Alti-
tudes range from a low of 1000 ft above sea level where
Horse Creek leaves the study area in the northeast to
2342 ft above sea level at Odum Point.

The study area contains low-grade regionally meta-
morphosed sedimentary rocks (Talladega group as used
by Neathery, 1973) that are exposed from the coastal
plain overlap in east-central Alabama to Cartersville,
Georgia where they have been overthrust by rocks of
the Blue Ridge Province, which lie to the east. The
Talladega forms the frontal crystalline thrust sheet of
the southern Appalachians in Alabama. The Talladega
overlies the easternmost fold and thrust belt of
sedimentary rocks in the Valley and Ridge Province
along a low-angle fault which dips eastward. The
Talladega is composed of interlayered sandstones,
siltstones, phyllites, slates, and lenses of conglomerate
(Robinson and others, in press).

Outcrops of the Hillabee Chlorite Schist and high-
grade metamorphic rocks of the Poe Bridge Mountain

'With contributions by G. R. Robinson, Jr., USGS.

Formation occur nearby to the south and east of the
study area, but are separated from the Talladega within
the study area by two eastward-dipping thrust faults.

The USGS made a reconnaissance geochemical
survey of the Adams Gap and Shinbone Creek Roadless
Areas (Robinson and others, in press) to test for uniden-
tified or unexposed mineral deposits that might be
recognized by their geochemical halos. The rock, soil,
and bulk stream-sediment samples collected by the
USGS were analyzed by semiquantitative methods for
31 elements in the USGS laboratories, Denver, Col-
orado (Erickson and others, 1983). No metallic deposits
or unusual metal concentrations are reported to be in
the study area, and none were found during the recon-
naissance geologic mapping or reconnaissance geochem-
ical survey.

MINERAL RESOURCES

Manganese, iron, and silica aggregate occur in the
low-grade metasedimentary rocks of the Talladega
within the study area but only the silica aggregate is
considered to be a resource. Natural gas or petroleum
may exist at depth (Robinson and others, 1983).

Manganese and limonite prospects in the Talladega
northeast of the study area occur along a trend which
enters the eastern edge of the study area. The
manganese- and iron-bearing units in the study area are
small in size, low in grade, have high phosphorous con-
tent, and are difficult to beneficiate. Therefore, no iron
or manganese resource potential was identified.

Quartzite from the Cheaha quartzite unit as used by
Bearce (1973) was quarried for silica refractory brick at
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the southern end of the study area. Operations were
discontinued because of excessive iron content, but two
samples of quartzite collected several miles north of the
quarry meet standards for refractory brick (Harrison
and Armstrong, 1982, p. 14). Impurities in much of the
rock and prohibitive quarrying and crushing costs make
the Cheaha in the study area unattractive for both silica
refractory or silica sand use. The quartzite in the study
area is suitable for crushed stone, riprap, or common
building stone but abundant resources for this com-
modity exists outside the area.

The Hillabee Chlorite Schist, outside the east and
south boundary of the study area, contains pyrite, cop-
per, zinc, and gold which occur in lenticular pods or
zones. However, the geologic relationships of this unit
indicate that it is not present in the study area.

Mineral resources associated with the high-grade
metamorphic rocks of the Poe Bridge Mountain Forma-
tion include mica, graphite, and gold. Mica has been
mined outside the study area from small tabular or lens-
shaped coarse-grained granitic rocks within the forma-
tion. Graphite, associated with graphitic schists, and
gold, associated with quartzite layers, also occur in this
formation. There is no current or recent production of
mica, graphite, or gold from this group of rocks. The
Poe Bridge Mountain Formation occurs only in a small
southern part of the study area, and geological relation-
ships indicate it does not underlie the rocks in the study
area.

The rocks of the Talladega in the study area have
been thrust over younger unmetamorphosed sedimen-
tary rocks (Thomas and others, 1980). These younger
sedimentary rocks may contain oil and gas resources.
The low degree of metamorphism implies that both oil
or natural gas could be present at appropriate depths.
Because of the thrust fault contact separating the
Talladega from underlying rocks, surface structures in
the Talladega cannot be used to determine subsurface
structures (and possible hydrocarbon traps) beneath the
plane of the thrust fault.
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SUGGESTIONS FOR FURTHER STUDIES

Detailed seismic studies and deep drilling tests are
needed before a reasonable estimate of hydrocarbon
potential can be made.
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BIG SANDY, WEST ELLIOTTS CREEK, AND
REED BRAKE ROADLESS AREAS, ALABAMA

By SAM H. PATTERSON,' U.S. GEOLOGICAL SURVEY, and

MICHELLE K. ARMSTRONG, U.S. BUREAU OF MINES

SUMMARY

Mineral surveys done in 1979-80 in the Big Sandy, West Elliotts Creek, and
Reed Brake Roadless Areas, Alabama, indicate that the areas have little prom-
ise for the occurrence of metallic mineral resources. The three areas, however,
have a probable potential for oil or gas. Probable coal resource potential exists in
the Big Sandy and the West Elliotts Creek Roadless Areas. Clay and abundant
sand resources occur in the roadless areas. Clayey sand has been used to
stabilize USF'S roads and in road grade construction. The clay and sand have lit-
tle value as mineral resources because these commodities are abundant

elsewhere in the region.

CHARACTER AND SETTING

The Big Sandy, West Elliotts Creek, and Reed Brake
Roadless Areas are located about 10 mi south of
Tuscaloosa in west-central Alabama. The Big Sandy
Roadless Area occupies 5 sq mi of which most is in
Tuscaloosa County but small parts extend into Hale
and Bibb Counties. The West Elliotts Creek Roadless
Area containing 6.6 sq mi is in Hale County. The Reed
Brake Roadless Area of 1 sq mi is in Bibb County.

The exposed rocks in the three areas consist of the
Coker and Gordo Formations that make up the Cretace-
ous Tuscaloosa Group and Pleistocene and Holocene
alluvium (Szabo and Patterson, 1983). The two Cretace-
ous formations consist chiefly of sand, silt, and clay and
contain minor quantities of gravel and sandstone. The
Coker is 400-500 ft thick and the Gordo is 100-400 ft
thick. The alluvium is composed of lenticular beds of
fine- to coarse-grained sand, gravel, and clay. It occurs
under the flood plains of the major streams.

The Tuscaloosa Group is unconformably underlain by
Paleozoic sedimentary rocks. The Paleozoic rocks
underlying the Big Sandy and West Elliotts Creek
Roadless Areas are equivalent to the Pennsylvanian
Pottsville Formation of Pennsylvania. Where exposed
in the central and northern parts of Tuscaloosa County
this formation consists of sandstone, shale, clay, and
coal, and it has a thickness of 2500-4400 ft. The Potts-

'With contributions from Peter C. Mory, USBM.

ville Formation is probably missing below the Tusca-
loosa Group in the Reed Brake Roadless Area where it
is presumably underlain, at depths of no greater than
700-800 ft below the surface, by one or more of the 19
pre-Pottsville formations known to be present in out-
crops in easternmost Tuscaloosa County and the central
part of Bibb County.

The Cretaceous Tuscaloosa Group in the three areas
has undergone little deformation, but older rocks are
more disturbed. The strata in the Tuscaloosa Group dip
uniformly to the southwest at 30-40 ft/mi; no faults or
folds were found in them in the three areas. The Potts-
ville Formation below the major unconformity between
the Cretaceous and Paleozoic formations dips approx-
imately 175 ft/mi to the southwest. The pre-Pottsville
rocks that probably underlie the Tuscaloosa Group in
the Reed Brake Roadless Area are likely to be folded
and faulted much like those cropping out farther to the
northeast.

MINERAL RESOURCES

Bituminous coal of the Pottsville Formation is cur-
rently mined in northern and central Tuscaloosa Coun-
ty, and in northeastern Bibb County. Eight coal groups,
each containing two to six coal beds, are recognized in
Tuscaloosa County. Approximately half of the esti-
mated 34 coal beds exposed in the county have been
mined commercially. Coal has been mined 9.5 mi north-
east of the Big Sandy Roadless Area in Tuscaloosa
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County and has been mapped on the surface 5.5 mi
northeast of this area.

Contours on top of the Pottsville Formation indicate
the presence of this formation at depths ranging from
less than 350 ft below the Big Sandy Roadless Area to
about 750 ft below the West Elliotts Creek Roadless
Area. Although coal has not been proven to exist
beneath these areas, its presence is highly likely if the
subsurface geology of the Pottsville Formation in this
location is similar to that in exposures a few miles to the
north. Regional structural trends of the Birmingham
anticline and the Helena thrust fault northeast of the
areas (Szabo and Patterson, 1983) suggest that the coal-
bearing Pottsville Formation is absent under the Reed
Brake Roadless Area.

The Big Sandy and West Elliotts Creek Roadless
Areas have a probable resource potential for coal in the
Pottsville Formation to depths of no more than 4000 ft.
An average of 15,400 tons/acre has been used in
estimating coal resources in central and northern Tusca-
loosa County. On the assumption that coal is as abun-
dant in the Pottsville Formation in the Big Sandy and
West Elliotts Creek Roadless Areas as it is farther
north, these two areas may contain approximately 100
million tons of probable deep coal resource potential.

Coal bed gas is presently produced in two coal
degasification projects in the region of the three
roadless areas, and natural gas has been found in two
other gas fields (Thomas Sexton, oral commun., 1982).
The producing Brookwood Degasification Coal Field is
only about 15 mi northeast of the Big Sandy Roadless
Area. The other producing coal bed gas field, the
Oakgrove Field, is farther northeast. The two non-
producing natural gas areas are the Wiley Dome and
Lexington fields which are located about 35 mi north of
the Big Sandy Roadless Area. The natural gas in both
fields is in the Mississippian and Pennsylvanian Park-
wood Formation (Frank Hinkle, oral commun., 1982).

The three roadless areas have probable resource
potential for oil and gas, a conclusion based largely on
industry activities in the National Forest and on
geologic inferences. During the last seven years,
numerous applications for oil and gas leases in the three
roadless areas have been submitted to the U.S. Bureau
of Land Management and several leases were in effect in
May, 1981. Periodic seismic investigations along roads
throughout the National Forest (B. W. Fenton, oral
commun., 1980) also indicate continuing interest by oil
and gas companies. However, little is known about
possible hydrocarbon host rocks at depth in the areas.
They seem as favorable for the occurrence of natural gas
as in northern Tuscaloosa County, where the Wiley
Dome and Lexington fields have been found. The Park-
wood Formation, which contains gas in these two fields,

probably is present at depths of no more than 5000 ft in
the region; however, this likelihood is no more than an
inference because no deep holes have been drilled near
the roadless areas. Coal beds, thought to be present in
the Pottsville Formation in the subsurface of two of the
roadless areas, are even more likely to contain gas than
the degasification fields to the north because of greater
depth of burial. Porous clastic beds in the Pottsville
Formation may also serve as traps for hydrocarbons,
because containing seals are likely to have been pro-
vided by impermeable zones in the upper part of the for-
mation. Such zones are known to be too impermeable to
permit the flow of ground water.

In the three roadless areas plastic clay that may be
suitable for use in structural clay products (Armstrong
and Mory, 1982) occurs in two zones in the Gordo For-
mation and carbonaceous clay having bloating proper-
ties may be present in the Coker Formation. A clay zone
at the base of the Gordo Formation is present in all
three roadless areas. A zone near the middle of the for-
mation is present in the West Elliotts Creek Roadless
Area and is probably present in the Reed Brake Road-
less Area. The clays are chiefly mixtures of kaolinite
and quartz and contain minor amounts of chlorite and
muscovite.

Current production of clay in the vicinity of the
roadless areas is limited to two intermittently active
pits. One of the pits is about 10 mi southeast of the
Reed Brake Roadless Area. Plastic clay from this pit
has been used in making terra cotta at a plant in Bir-
mingham (B. W. Fenton, oral commun., 1979). The
other pit is located 12 mi farther southeast. The clay
from this pit is used in local pottery.

Preliminary ceramic evaluations indicate that clays in
the roadless areas may be suitable for structural clay
products (Armstrong and Mory, 1982). However, simi-
lar materials are abundant in the region (Patterson, and
others, 1983). Clay and shale moved during coal strip-
ping and discarded on waste dumps in Tuscaloosa and
Bibb Counties are also a ceramic resource and would be
more easily recovered than any of the clays from the
three roadless areas.

The Tuscaloosa Group and the alluvium in the three
roadless areas and surrounding region contain enor-
mous resources of sand and gravel that have been used
for road construction and maintenance. Most deposits
in the Tuscaloosa Group are in tabular and lenticular
units having an average thickness of about 10 ft. Thin
stringers of sandstone, cemented with iron oxide, and
clay zones occur in some deposits. Little is known about
the alluvium of the flood plains along South Sandy and
Elliotts Creeks, but considerable quantities of sand are
present in both lowlands. A pit consisting of three small
workings in the eastern part of West Elliotts Creek
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Roadless Area is intermittently active and has been the
only mining in the three areas in recent years.

The sand deposits in the three roadless areas are not
shown on the map because of the large resources scat-
tered throughout the region. The USFS has several in-
active borrow pits outside the three roadless areas
which are adequate for local needs. The city of Tusca-
loosa, located about 10 mi north of the Big Sandy Road-
less Area, is amply supplied with sand and gravel by ex-
tensive deposits in the Tuscaloosa Group and terraces
along the Black Warrior River. Similar deposits occur
along the Cahaba River, about 10 mi east of the roadless
areas.

SUGGESTIONS FOR FURTHER STUDIES

Meaningful contributions to the energy resource
potential of the three roadless areas would require new
information on the rocks at depth, that are likely to con-
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tain coal and possibly oil and gas. Costly geophysical in-
vestigations and drilling would be required to obtain
such information.
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SIPSEY WILDERNESS AND ADDITIONS, ALABAMA

By STANLEY P. SCHWEINFURTH,' U.S. GEOLOGICAL SURVEY, and

PETER C. MORY, U.S. BUREAU OF MINES

SUMMARY

On the basis of geologic, geochemical, and mineral surveys made in 1978-79,
the Sipsey Wilderness and additions are deemed to have little promise for the
occurrence of metallic mineral resources. Although limestone, shale, and sand-
stone resources that occur in the area are physically suitable for a variety of
uses, similar materials are available outside the area closer to transportation
routes and potential markets. A small amount of coal has been identified in the
area, occurring as nonpersistent beds less than 28 in. thick. Areas underlain by
beds less than 28 in. thick, despite their contained coal, are not shown on the
map. Oil and (or) natural gas resources may be present if suitable structural
traps exist in the subsurface. Therefore, the area has a probable oil and gas
potential. Small amounts of asphaltic sandstone and limestone, commonly re-
ferred to as tar sands, may also occur in the subsurface.

CHARACTER AND SETTING

The combined Sipsey Wilderness and seven roadless
areas, hereinafter called the study area, comprise about
66 sq mi in the William B. Bankhead National Forest,
Lawrence and Winston Counties, Alabama. These
tracts are about 14 mi south-southwest of Moulton, Ala-
bama, the county seat of Lawrence County. The U.S.
Government owns about 95 percent of the surface and
mineral rights in the study area. A mineral survey was
made in 1978-79 and the results were published by
Schweinfurth and others (1982).

The study area lies in the Cumberland Plateau section
of the Appalachian Plateaus physiographic province
and is near the northern edge of the Warrior coal field.
It is situated in the most rugged part of the north-
central section of Alabama and is traversed by deeply
incised stream valleys with high, rock-cliff walls which
contain numerous rock shelters and caves, and an occa-
sional natural bridge or stand of rock pinnacles. Alti-
tudes of the plateau surface in the study area range
from about 1050 ft along the northern boundary to
about 880 ft along Cranal Road on the south. Topo-
graphic relief averages approximately 400 ft through-
out the study area.

'With contributions from Robert B. Ross, Jr., and Paul T. Behum, USBM.

About 880 ft of Upper Mississippian to upper Lower
Pennsylvanian sedimentary rocks crop out in the study
area, and as much as 6800 ft of older Paleozoic sedimen-
tary rocks may be present in the subsurface (Schwein-
furth and others, 1981). The basal part of the exposed
section consists of marine limestone assigned to the
Bangor Limestone of Late Mississippian age. Overlying
rocks of the Parkwood (Pennsylvanian) and the Potts-
ville (late Early Pennsylvanian) Formations consist of
interbedded, coarse- to fine-grained, clastic continental
and marine rocks. The Parkwood Formation crops out
along valley walls and the Pottsville Formation forms
the upland throughout the study area. The Bangor
Limestone is separated from the overlying Parkwood
Formation by an erosional unconformity, which may be
angular in the eastern third of the study area. The
Parkwood in turn is separated from the overlying Potts-
ville Formation by an erosional unconformity that is
angular in the eastern third of the area. Deposits of
locally derived colluvium mantle the valley walls.
Alluvium, consisting of unconsolidated clay, silt, sand,
gravel, and large boulders, lies along the valley floors.

The strata of the western part of the study area dip to
the south at an average rate of about 55 ft/mi. The east-
ern part of the area is dominated by a low-relief,
southward-plunging structural nose. The average
plunge of the crest of this nose is about 40 ft/mi to
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the south. The nose is believed to be the result of at
least two periods of local uplift during Early Pennsylva-
nian time followed by southward tilting in post-
Pennsylvanian time. A large positive gravity anomaly
and a large positive magnetic anomaly are associated
with the structural nose. No faults were found in the
study area, but evidence from nearby areas suggests
that normal faults having throws of as much as 100 ft
may exist within it.

MINERAL RESOURCES

Limestone is the major resource found in the Sipsey
Wilderness and additions and a large tonnage has been
quarried from the Bangor Limestone near the study
area, although most quarries have been abandoned.
Road-abrasion and polish tests indicate the limestone is
suitable for road metal and paving aggregates. Because
of its durability and lack of porosity, the limestone may
also be suitable for dimension stone. The USFS has
quarried the Bangor Limestone for road metal and for
construction of bridge abutments but in recent years
crushed stone has been trucked in from quarries outside
the national forest. Chemical analyses of sampled beds
indicate that they have a high calcium-carbonate con-
tent, and are low in silica and magnesium carbonate
(Mory and others, 1981). However, limestone resources
are not shown on the map because extensive deposits of
Bangor Limestone occur north of the study area in the
Moulton Valley where they are more favorably located
relative to transportation routes and potential markets.

Large resources of clay, shale, and sandstone are pres-
ent within the study area in the Parkwood and Potts-
ville Formations. Preliminary ceramic tests of clay and
shale samples show that all samples were suitable for
structural clay products such as building brick, floor
brick, and tile. Five samples bloated during quick-fire
tests and may indicate materials suitable for expanded
lightweight aggregate. These commodities also are not
shown on the map because similar materials are avail-
able outside the area closer to transportation routes and
markets.

Thick beds of high-silica sandstone occur within the
study area and some thinner beds of quartzose, felds-
pathic, and ferruginous sandstone also occur. Weakly
cemented high-silica sandstone may be suitable for use
as filter, furnace, molding, and abrasive (sand-blasting)
sand, and low-grade glass sand. Other potential uses in-
clude construction sand, filler sand, and engine (trac-
tion) sand. Some dense, well-cemented sandstone may
be suitable for rough building stone, or dimension stone.
Access to the sandstone within the study area is poor
and more accessible sandstone resources are widely
distributed throughout northern Alabama.

As many as five thin, nonpersistent coal beds may be
present in the Parkwood Formation in or near the study
area. Of the five coal beds observed within the study
area, only two beds are between 14 in. and 28 in. thick
and contain demonstrated resources of coal; the re-
mainder are less than 14 in. thick. Demonstrated coal
resources are separately estimated for coal beds more
than 28 in. thick and for coal in beds between 14 and
28 in. thick. Areas underlain by beds less than 28 in. but
more than 14 in. thick, despite their contained coal, are
not shown on the map. Analyses of weathered coal
samples from one of the beds indicate that the bed has a
high ash content and a low to high sulfur content. The
demonstrated coal resources of the area underlain by
the two beds are estimated to be 727,000 short tons.
Both coal beds are exposed in relatively steep valley
walls where they are overlain by a thick sequence (as
much as 300 ft) of massive beds of sandstone and shale.
Coal has been mined for local domestic and blacksmith-
ing use but no attempt was made to quantify the
amount of coal removed from the study area; past min-
ing is considered negligible.

Heavy oil, dead oil, oil staining, and shows of natural
gas have been reported from several rock units pene-
trated by tests drilled in or near the study area, but
neither oil nor natural gas has been produced. The struc-
tural nose in the eastern part of the area does not show
closure at the surface but it is associated with strong
geophysical anomalies and may contain closure at
depth. Normal faults which are present near and pos-
sibly within the study area could produce structural
traps in the subsurface in conjunction with the struc-
tural nose. Normal faults alone may also produce struc-
tural traps in the regionally southward dipping strata
lying to the east and west of the stuructural nose.

The structural nose has been tested by only one drill
hole, the Brooks No. 1 U.S.A. (State permit No. 919),
which was drilled to a total depth of 1815 ft in Upper
Ordovician rocks. Oil shows were reported in the
Bangor Limestone, Hartselle Sandstone, and Tuscum-
bia Limestone of Mississippian age. This test well did
not penetrate the entire stratigraphic sequence reported
to have had shows of oil and gas in other tests in north-
ern Alabama. For example, a large show of natural gas
was recorded in rocks of the Knox Group of Ordovician
and Cambrian age penetrated in a test well (State per-
mit No. 2284) about 8 mi southwest of the study area.
The Knox is considered by Haley (1981) to have the best
possibility for the discovery of oil or gas in the area, but
it was not reached in the Brooks test well. One other
test hole was drilled in the study area. The Murphy Oil
Corp. test No. 2 (State permit No. 1587), was completed
as a dry hole at a depth of 908 ft in the upper part of the
Hartselle Sandstone. Slight shows of oil and asphalt
were reported in the Hartselle. The Sipsey Wilderness
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and additions is assessed as having a probable oil and
gas resource potential.

Limestone and sandstone beds of Mississippian age
contain potentially valuable tar-sand deposits in north-
ern Alabama. Asphaltic sandstone has been mined from
outcrops of the Hartselle Sandstone in northern
Lawrence County and used as road metal (Haley, 1981).
However, the Hartselle does not crop out in the study
area and the two tests drilled in the study area did not
penetrate any major tar-sand impregnated intervals.

No metallic mineral deposits were identified in the
study, and none have been reported in the literature. A
geochemical survey of the area disclosed no major geo-
chemical anomalies (Grosz, 1981).

SUGGESTIONS FOR FURTHER STUDIES

The available geologic, geochemical, and geophysical
data indicate that there is little promise for the occur-
rence of metallic mineral resources in the study area.
Oil and gas resources may underlie the area, but addi-

24

tional exploration, especially deep drilling, is neces-
sary before the area can be fully evaluated.
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STUDY AREAS WITHIN THE CHUGACH NATIONAL FOREST, ALASKA

By STEVEN W. NELSON, U.S. GEOLOGICAL SURVEY, and

ULDIS JANSONS, U.S. BUREAU OF MINES

SUMMARY

A multidisciplinary mineral survey conducted from 1979-82 in the Chugach
National Forest wilderness study lands, including roadless areas and the College
Fiord-Nellie Juan Wilderness Study Area, has determined that there are areas
with substantiated resource potential for gold, silver, copper, and zinc and areas
with probable resource potential for all of the above metals as well as molyb-
denum, nickel, manganese, chrome, antimony, and lead. Areas in the southeast
part of the national forest have substantiated potential for coal, oil, and gas

resources.

CHARACTER AND SETTING

The Chugach National Forest, located in the Kenai-
Chugach Mountains physiographic province of Alaska
is an area of about 9000 sq mi. It is located 45 mi by
road from Anchorage. The towns of Whittier and Cor-
dova are within the forest boundary; Valdez lies north of
the national forest.

Much of the region encompasses Prince William
Sound, one of the largest embayments in the coast of
Alaska. The area was extensively glaciated and glaciers
are still present in the Chugach Mountains which attain
an altitude of 13,250 ft within the forest.

The Chugach National Forest is underlain principally
by two major geologic units, the Valdez Group (Upper
Cretaceous) and the Orca Group (Paleocene to Eocene?).
Both groups consist of metamorphosed graywacke, silt-
stone, and shale in deposits forming marine turbidites.
They also include mafic complexes consisting of sheeted
dikes, pillow basalt flows, and minor gabbro and
ultramafic bodies. Sedimentary rocks younger than the
Orca Group range from Eocene to Pleistocene in age.
These rocks were deposited in a continental margin
basin where marine regression and transgression took
place during the middle Eocene and possibly during the
early Miocene and are only exposed in the southeastern
part of the forest.

Plutonic rocks were emplaced in the Eocene and
Oligocene. Most of the plutons are granitic in composi-
tion, but an early phase of the Oligocene plutons ranges
in composition from quartz diorite to gabbro.

Geochemical surveys were conducted to help identify

the resource potential of the national forest (R. J.
Goldfarb and Peter Folger, written commun. 1982; R. J.
Goldfarb and others, written commun., 1982; Jansons,
1981). Stream-sediment, panned concentrate, rock, and
mineral samples were collected and analyzed. Suites of
elements present in anomalous concentrations were
used to assist identification of areas with potential for
the various types of mineral resources which occur
within the national forest.

A gravity study shows a regional decrease in gravity
from south to north and west, of about 130 milligals,
which probably represents an approximate 12-mi in-
crease in crustal thickness between the Continental
Shelf and the Chugach Mountains. A major gravity
feature that is well developed is an arcuate high that
trends northward from Elrington Island, through
Knight Island and apparently connects with an east-
ward trend from Glacier Island through Ellamar and
further eastward. This gravity high roughly coincides
with outcrops of the Orca Group mafic volcanic rocks,
and indicates a thickness of as much as 6.5 mi for these
rocks. Regional gravity data in this area is probably not
useful for detailed analysis or detection of local
mineralization.

The aeromagnetic survey data show a pair of regional
gradients defined by contours almost paralleling the
northern and western boundaries of the national forest
and indicating a decreasing field strength to the north
and west. Almost all of the other major features of the
magnetic data seem to be associated with the distribu-
tion of the more magnetic mafic volcanic rocks. Most
granitic plutons seem to have weak magnetic signatures
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and low susceptibilities. The Perry Island pluton has
the strongest magnetic expression of these plutons and
has several unique features including minor amounts of
tungsten in associated quartz veins.

Placer gold was discovered on the Kenai and Russian
Rivers in 1848. Placer mining began in the Hope area in
about 1896 and continued into the early 1900’s. Since
1980, 15-20 placer operations producing 1000-2500 oz
gold/year were active during the 3- to 4-month mining
season in the Kenai Peninsula area. Currently approx-
imately 1860 placer claims are located within the
Chugach National Forest. Lode gold has been mined at
several places in the national forest. The first lode
claims were located in 1898. Although production
figures are incomplete, an estimated 264,400 oz of gold
has been recovered from the national forest from both
lode and placer sources.

Copper prospects have been developed in the area
since 1897 and substantial production has come mainly
from four mines and minor amounts from at least 17
other operations. Production from the national forest is
estimated at nearly 206,400,000 1b of copper; silver and
gold were also recovered from copper ores.

Coal was produced intermittently in the early 1900's
from the southeastern part of the national forest. About
20,000 tons were extracted.

Petroleum exploration started in 1901, and oil was
produced from the southeastern part of the national
forest and refined at Katalla from 1904 to 1933. Produc-

tion was nearly 154,000 barrels.

MINERAL RESOURCES

The principal areas of probable and substantiated
resource potential for base and precious metals are
made up of Valdez and Orca Group volcanic and sedi-
mentary rocks. Although it has been commonly ac-
cepted that the Valdez and Orca Groups represent two
different mineral provinces (Tysdal and Case, 1982), the
Valdez Group characterized by gold mineralization and
the Orca Group characterized by copper mineralization,
the current study indicates that both kinds of minerali-
zation occur in each group. Substantiated resource
potential for base or precious metals occurs in 11 areas
and 9 additional areas have probable resource potential
for base or precious metals. Numerous mines with
demonstrated resources are shown on the map.

Four areas have substantiated resource potential for
copper-zinc sulfide deposits (areas A-D, on map) that are
spatially related to mafic volcanic rocks. The base-metal
sulfide deposits may represent sites of submarine ther-
mal hot springs which provided both the sulfur and the
metals by leaching from ocean floor sediments and
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underlying rocks. Six additional areas have probable
potential for copper-zinc sulfide deposits (areas E-J).
Additional resource potential for lead, nickel, chrome,
gold, and silver would occur in these areas.

The geology of the gold mineralization is somewhat
more complex. Gold in the Valdez Group is found in
quartz veins that have been dated at 53 million years
which cut sedimentary rocks, and quartz veins in
34-million-year-old plutons in the Port Wells district.
Within the Valdez Group sedimentary rocks, the gold-
bearing quartz veins occur along fractures and shears
which crosscut regional structure and fabric. Seven
areas of substantiated precious-metal resource potential
(areas K-Q) and three areas of probable precious-metal
potential (areas R-T) are in the Valdez Group rocks. In
the Orca Group, gold mineralization is restricted to
quartz veins cutting sedimentary rocks near the
51-million-year-old McKinley Lake pluton, quartz veins
cutting greenstone on Culross Island, and on Bligh
Island and Blue Fiord. These areas have a substan-
tiated base- and precious-metal resource potential.
Favorable conditions for gold mineralization were met
both near granitic plutons of both Eocene and Oligocene
age, and regionally where the rocks were subjected to
low greenschist facies metamorphic conditions.
Mineral-resource potential for copper, lead, zinc,
molybdenum, arsenic, and antimony as byproducts oc-
cur in the areas of precious-metal resource potential.

Placer gold resources are principally confined to the
Kenai Peninsula area on the west side of the national
forest, although occurrences have been identified in
almost all of the metal-bearing resource potential areas.
These areas are not shown on the map because of prob-
lems of scale.

Extensive coal deposits occur in rocks in the Bering
River area on the east side of the national forest. Al-
though the extent of the field is great and structurally
complex, large tonnages of minable coal appear to be
present. The area is classified as one of substantiated
coal resource potential; the coal rank includes bitu-
minous, semianthracite, and anthracite.

The Katalla area, just south of the Bering River area,
is one of substantiated potential for oil and gas. Al-
though the production of the Katalla field over a
30-year period was relatively small, and the complex
structure and lack of suitable reservoir rocks in the area
suggest that major fields are unlikely. The past history
of production and abundant surface evidence—including
oil and gas seeps—may indicate that continued explora-
tion is warranted.

SUGGESTIONS FOR FURTHER STUDY

Future study in the Chugach National Forest should



focus on several aspects of the geology and mineral-
resource occurrences to improve the understanding of
the deposits. The determination of sedimentary facies
associated with sedimentary hosted copper deposits
would help to identify areas of greatest resource
possibility. A study of stable isotopes in massive sulfide
deposits is needed to better define genesis of the
deposits. The study of the low-flow ground-water com-
ponent of glacial melt would assist in the geochemical
assessment of areas with extensive glacial cover. A
study of stratigraphic units and sedimentary facies of
the Orca Group would help to decipher controls for
mineralization. An investigation of the relationship of
metamorphic grade to the gold lode deposits and
evaluation of zinc and barium geochemical anomalies
found on Kayak Island and in the Don Miller Hills is
needed to better assess resource potential. A study of
textural and geometric relationships of sulfide minerals
from deposits in shear zones and from unsheared areas
will provide for a better understanding of the structural
controls of sulfide mineralization. The study of the trace

elements in sulfide minerals, and an attempt to estab-
lish timing of sulfide mineralization in sediment and
volcanic hosted sulfide deposits is needed for a better
understanding of the genesis and distribution of these
resources.

REFERENCES

Jansons, Uldis, 1981, 1979 Bureau of Mines sampling sites and
analytical results for samples collected in the Chugach National
Forest, Alaska: U.S. Bureau of Mines Open-File Report 83-81,
229 p.

Nelson, S. W., Barnes, D. F., Dumoulin, J. A., Goldfarb, R. J., Koski,
R. A., Miller, M. L., Mull, C. G., Pickthorn, W. J., Jansons, Uldis,
Hoekzema, R. B., Kurtak, J. M., and Fechner, S. A., in press,
Mineral resource potential map of the Chugach National Forest,
Alaska: U.S. Geological Survey Miscellaneous Field Studies Map
MF-1645-A, scale 1:250,000.

Tysdal, R. G., and Case, J. E., 1982, Metalliferous mineral resource
potential of the Seward and Blying Sound quadrangles, southern
Alaska: U.S. Geological Survey Miscelleanous Field Studies Map
MF-880-H, scale 1:250,000.

31



138° 137° 136°

I [
Approximate boundary

7

[ :
”""'\Ci, Co, Ni, Cu 7
b

K
\Zn. Cu

Zn, C
L Cu, Pb, Zn, Au, Ag\

i, Cu

Cr, Co, Ni, Cu, Zn, Pb
/

M
o
Seo. . V. X /
§eee 7 \MAP LOCATION
| 1 |
0 25
l 1 1 ' B 1 J
MILES
EXPLANATION
- Geologic terrane with substantiated P head
mineral-resource potential Mo  Molybdenum
E:I Geologic terrane with probable Ni Nickel
mineral-resource potential Ag  Silver
Cr Chromium w  Tungsten
Co Cobalt Zn Zinc
Cu Copper R Mine or deposit
Au  Gold B Location discussed in text

Figure 8.—Glacier Bay National Monument Wilderness study area, Alaska.




GLACIER BAY NATIONAL MONUMENT
WILDERNESS STUDY AREA, ALASKA

By DAVID A. BREW, U.S. GEOLOGICAL SURVEY, and

ARTHUR L. KIMBALL, U.S. BUREAU OF MINES

SUMMARY

Glacier Bay National Monument is a highly scenic and highly mineralized
area about 100 mi west of Juneau, Alaska. Four deposits with demonstrated
resources of nickel, copper, zinc, and molybdenum have been identified within
the monument and eleven areas of probable or substantiated mineral-resource
potential have been identified, according to studies conducted in 1975-79. The
monument is highly mineralized in comparison with most areas of similar size
elsewhere in southeastern Alaska, and present estimates of mineral resources

are considered conservative.

CHARACTER AND SETTING

The Glacier Bay National Monument is an area of
about 4400 sq mi in the Pacific Border Ranges
physiographic province, centered about 100 mi west-
northwest of Juneau, Alaska. It was studied by the
USGS and USBM and the results were published in
1978 (Brew and others, 1978).

The monument includes a variety of environments
favorable for metalliferous mineral deposits and con-
tains significant known magmatic segregation,
porphyry-molybdenum, porphyry-copper, vein-gold,
base-metal skarn, volcanogenic-base-metal, and beach-
placer deposits. It also includes environments favorable
for coal, oil and gas, geothermal energy, and industrial
minerals, but none of these are likely to be present in
significant amounts.

The USGS studies included reconnaissance geologic
mapping, reconnaissance bedrock, and stream-sediment
geochemical sampling, and field examination of a few of
the mines, prospects, and metallic mineral occurrences
studied in more detail by the USBM. Statistical analy-
sis (Johnson, 1978) identified samples that contained
anomalous amounts of one or more significant elements.

The USBM mining engineering studies included min-
ing claim record search; on-site claim, mine, and pros-
pect investigations; mapping and sampling of stained
zones, altered zones, and geochemically anomalous
sites; and evaluation and interpretation of private
reports concerning mines and prospects.

About 1200 claims, most of them lode, have been
recorded in the Haines and Juneau recording districts

as being within the area studied. A search by the U.S.
National Park Service determined that about 200 were
active in 1977. Between 7000 and 8000 oz of gold were
produced from the Reid Inlet gold district between 1938
and 1970, and about 4000 oz of gold and an unknown
amount of platinum were produced from the Pacific
Coast beach placers between 1890 and 1917.

Geologically, the monument is extremely complex,
reflecting a long history of sedimentation, volcanism,
intrusion, and deformation in part near the boundary
between the North American continental crustal plate
and the Pacific oceanic crustal plate. Layered sedimen-
tary and volcanic rocks range from early Paleozoic age
through Pleistocene, with apparent large gaps in the
late Paleozoic and early and middle Mesozoic. Intrusive
rocks range from Middle Jurassic age through Middle
Tertiary, the major subdivisions being (1) foliated
granitic rocks of mid-Cretaceous age, (2) locally foliated
granitic rocks of Tertiary or Cretaceous age, (3) layered
cumulus-type gabbro complexes of Tertiary age in the
Fairweather Range, and (4) unfoliated granitic rocks of
mid-Tertiary age.

MINERAL RESOURCES

Four deposits with important demonstrated
mineral resources are known in the monument. They
are, from west to east, (1) the Brady Glacier nickel-
copper deposit in the Fairweather Range, (2) the
Margerie Glacier copper deposit near Tarr Inlet, (3) the
Orange Point zinc-copper deposit on Johns Hopkins In-
let, and (4) the Nunatak molybdenite deposit.
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The Brady Glacier nickel-copper deposit (no. 1 on
map) is a largely glacier covered magmatic-segregation
sulfide occurrence in peridotite and gabbro at the base
of a layered gabbro complex of unknown age in the
Crillon-La Perouse area. The deposit is estimated to con-
tain 90 million tons of demonstrated resources of 0.53
percent nickel, 0.33 percent copper, and resources of
platinum group metals. An additional 90 million tons of
resources of the same grade are also likely to be present.

The Margerie Glacier copper deposit (no. 2) is a fairly
well exposed porphyry-copper occurrence in granitic
rocks of probable Tertiary age. The deposit is estimated
to contain 160 million tons of demonstrated resources of
0.2 percent copper, 0.008 oz gold/ton, 0.13 oz silver/ton,
and 0.01 percent tungsten. Higher grade sulfide-bearing
quartz veins occur within this large volume.

The Orange Point deposit (no. 3) is interpreted to be a
volcanogenic zinc-copper sulfide occurrence. The host
rocks are moderately well exposed metamorphosed
andesites of late Paleozoic or Mesozoic age. The deposit
is estimated to contain 270,000 tons of demonstrated
resources of 2.7 percent copper, 5.2 percent zinc, 0.03 oz
gold/ton, and 1.0 oz silver/ton, and an additional
530,000 tons of demonstrated resources of 0.4 percent
copper, 0.3 percent zinc, 0.006 oz gold/ton, and 0.35 oz
silver/ton.

The Nunatak molybdenum deposit (no. 4) is a
porphyry-molybdenum occurrence in hornfels of orig-
inal early to middle Paleozoic age and is probably
related to nearby Tertiary granitic bodies. The well-
exposed deposit is estimated to contain 145 million tons
of demonstrated resources of 0.04 to 0.06 percent
molybdenum and 0.02 percent copper accessible to sur-
face mining, and an additional 9.1 million tons of
demonstrated resources containing 0.06 percent molyb-
denum and 0.02 percent copper below sea level near
shoreline. Within this volume is a potentially important
higher grade section.

In addition to the four known deposits, five areas
within the monument are considered to have substan-
tiated mineral-resource potential: the Crillon-La
Perouse nickel-copper area (A, on map), Margerie
Glacier porphyry copper area (B), Reid Inlet gold area
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(C), Rendu Glacier copper area (D), and Muir Inlet
copper, zinc, and molybdenum area (E).

Six areas considered to have probable mineral-
resource potential are recognized within the monument.
They are, from west to east, the Mount Fairweather
chrome, cobalt, nickel, and copper area (F), Margerie
Glacier northeastern extension copper area (G),
Margerie Glacier southern extension zinc-copper area
(H), Muir Inlet extension copper and molybdenum area
(I), Casement Glacier porphyry copper and molybdenum
area (J), and White Glacier zinc and copper (K) favorable
areas.

Three other areas are also believed to have probable
mineral-resource potential as they contain previously
unknown geochemical and (or) geophysical anomalies
that may indicate the existence of undiscovered
resources. The anomalies which have not been field
checked are porphyry copper and molybenum (L),
chrome, cobalt, nickel, copper, lead, and zinc (M), and
copper, lead, zinc, silver, and gold (N).

SUGGESTIONS FOR FURTHER STUDIES

There are a few areas in the northern part of the
monument that have not yet been mapped in even
reconnaissance fashion, a great many intrusive bodies
of undetermined Jurassic or Cretaceous age that are
critical to the definition of contrasting intrusive belts,
and a major ancient suture zone; all of these may have
had direct or indirect effects on the mineralization and
more detailed studies would improve our understanding
of the resource potential.
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GRANITE FIORDS WILDERNESS STUDY AREA, ALASKA

By HENRY C. BERG, U.S. GEOLOGICAL SURVEY, and

TOM L. PITTMAN, U.S. BUREAU OF MINES

SUMMARY

Mineral surveys in 1972-73 and in 1975-78 of the Granite Fiords Wilderness
study area revealed areas with probable and substantiated mineral-resource
potential. In the northeastern sector, areas of probable and substantiated
resource potential for gold, silver, and base metals in small, locally high grade
vein and disseminated deposits occur in recrystallized Mesozoic volcanic,
sedimentary, and intrusive rocks. In the central part, areas of probable resource
potential for gold, silver, copper, and zinc in disseminated and locally massive
sulfide deposits occur in undated pelitic paragneiss roof pendants. A
molybdenite-bearing quartz vein has been prospected in western Granite Fiords,
and molybdenum also occurs along with other metals in veins in the north-
eastern sector and in geochemical samples collected from areas where there is
probable resource potential for low-grade porphyry molybdenum deposits in
several Cenozoic plutons. No energy resource potential was identified in the

course of this study.

CHARACTER AND SETTING

The Granite Fiords Wilderness study area is in
southeastern Alaska, about 35 mi northeast of the town
of Ketchikan. About 18 mi of the northern border is the
International Boundary between Alaska and British
Columbia. The area is entirely within the Tongass Na-
tional Forest and encompasses about 1000 sq mi of
remote, nearly virgin wilderness. There are no roads or
well-developed trails in the study area. The Granite
Fiords Wilderness study area was incorporated into
Misty Fiords National Monument by the Alaska Na-
tional Interest Lands Classification Act of 1981.

The part of the area that borders Behm Canal is ac-
cessible by boat. Elsewhere, access is by foot and
helicopter, and by float-equipped airplanes that can land
on several of the lakes. The northeastern part of the area
can also be reached by glacier and cross-country trek
from the head of an old, partly obliterated trail that
leads from the village of Hyder to the eastern boundary
of the study area.

The scenery in Granite Fiords is dominated by gla-
cially sculpted features such as deep fiords and broad
U-shaped valleys walled by sheer cliffs more than 3000
ft high. Most of the area was completely overridden by
glacial ice, resulting in broad, rounded ridge crests. In
the northern reaches, however, the mountains locally

stood above the highest level of the ice and are
characterized by matterhorns and knife-edged ridges,
punctuated by spires and pinnacles. Small permanent
snowfields and ice tongues dot the mountains through-
out the study area but in the northern reaches, the land
is still in the grip of glacial ice. There, only isolated
spires and razor-backed ridges of bedrock penetrate the
massive icefields and coalescing valley glaciers.

The average elevation of the rounded ridges is about
3000 ft. Along the deep fiords that indent the western
part of the study area, these ridges rise directly from sea
level, resulting in spectacular halfdomes and buttresses
closely resembling those in Yosemite Valley, California.
The highest peaks in Granite Fiords are along and near
the northern boundary. At 7499 ft, Mount John Jay on
the International Boundary is the highest, and at least
half a dozen other nearby peaks exceed 6000 ft.

The climate is characterized by heavy precipitation,
probably equivalent to more than 100 in. of rainfall per
year. Vegetation consists of dense, nearly impenetrable
rain forest at low elevations, and brush, moss, and
lichen at higher levels. Significant forest cover is
restricted to the area near Behm Canal and along the
major river valleys.

Granite Fiords Wilderness study area lies mainly
within the Coast Range batholithic complex, a terrane
mainly of Mesozoic or Cenozoic plutonic rocks and of
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high-grade metamorphic rocks of unknown age. Other
rocks in the study area include recrystallized Mesozoic
andesitic volcanic rocks, detrital sedimentary rocks,
and granodiorite that crop out near the northeastern
boundary and Quaternary lava flows that underlie small
areas near the southwestern boundary.

The mineral resources of the Granite Fiords Wilder-
ness study area were surveyed in 1972-73 (Berg and
others, 1977) and in 1975-78 (Berg and others, 1978).
Two-thirds of the batholithic complex in the Granite
Fiords study area is of plutonic rocks—chiefly quartz
diorite, granodiorite, and quartz monzonite—that range
in structure from strongly gneissoid to massive and
nonfoliated. The plutons are progressively more silicic
and massive northeastward across the batholith. The re-
maining third of the complex consists of banded gneiss
derived mainly from sedimentary rocks (paragneiss) and
minor amphibolite that originally was intermediate to
mafic igneous rocks. In some places, the paragneiss
grades imperceptibly into the adjacent granitic plutons;
in others it occurs in striking, sometimes even bizarre
patterns of angular, elongate, and swirled inclusions of
dark rock in the lighter granite. The paragneiss is
regionally metamorphosed in the amphibolite facies
throughout the study area.

MINERAL RESOURCES

Studies by the USGS included reconnaissance
geologic mapping, geochemical sampling of rocks and
stream sediments, and study of geologic relationships of
some of the prospects and mineral occurrences. The
mineral-resource evaluation also utilized a recon-
naissance aeromagnetic survey by a commercial vendor
under contract to the USGS.

Mining engineering studies by the USBM included
mining claim records search, on-site claim and prospect
investigations, and mapping and sampling of altered
zones and geochemically anomalous rock sample sites.

The previously known mineral resources in the
Granite Fiords area consist of metalliferous bedrock
deposits containing small amounts of gold, silver,
molybdenum, copper, lead, and zinc. No new deposits
were found during the investigation, but the anomalous
amounts of gold, silver, molybdenum, copper, lead, and
zinc that occur in the geochemical samples suggest that
metalliferous resources may exist.

Nineteen vein-type and disseminated mineral occur-
rences are known to have been prospected within the
boundaries of the study area. Sixteen of them are in the
remote northeastern part of Granite Fiords. The other
three are near tidewater: one near the mouth of the
Chickamin River and two at Walker Cove. Most of these

occurrences were originally staked in the early 1900’s;
about half a dozen were being prospected in 1972.
Except for a 1-ton test shipment in 1925 from the
northeastern sector, there is no record of any mineral
production.

The occurrences in the northeastern part of the
Granite Fiords area are sulfide-bearing quartz-fissure
veins and stringer lodes, massive sulfide stringers, or
disseminated sulfide deposits. Their sulfide minerals in-
clude arsenopyrite, chalcopyrite, galena, molybdenite,
pyrite, pyrrhotite, sphalerite, and tetrahedrite. The oc-
currences are mainly in recrystallized Mesozoic bedded
and intrusive rocks that have been intruded by Cenozoic
quartz monzonite and granodiorite. The information ob-
tained during this investigation suggests that any
mines that may be developed in the northeastern part of
the study area probably would be underground opera-
tions mining less than 500 tons per day from veins or
aggregates of veins.

The occurrence near the mouth of the Chickamin
River is in quartz diorite and consists of a quartz vein
that contains pyrite and a little molybdenite. The prin-
cipal occurrence at Walker Cove is a 75 ft-wide zone of
iron-stained paragneiss containing disseminated pyrite
and chalcopyrite. Samples from this occurrence gave
results of 0.3 to 1.5 percent copper as well as small
amounts of zinc, gold, and silver. Similar types of
deposits may occur elsewhere in the paragneiss unit.

Analysis of geochemical samples showed that the
only valuable metals present in greater than back-
ground amounts are gold, silver, molybdenum, copper,
lead, and zinc. However, most anomalous values were
not much higher than background amounts, and only
about 25 percent of them were as much as two or three
times background. Most samples contained only 1
metal in anomalously high amounts, and only 7 con-
tained 3 or more metals.

The distribution of known mines, prospects, and min-
eral occurrences and of anomalous geochemical samples
show three principal areas with potential for metallic
mineral resources: (1) The area in the northeastern part
of the study area underlain by recrystallized Mesozoic
bedded and intrusive rocks has substantiated potential
for small, locally high grade vein-type deposits contain-
ing gold, silver, copper, lead, zinc, molybdenum, and
tungsten (area A on map). (2) The area of undated
paragneiss in the west-central part of the study area has
probable potential for low-grade disseminated and
massive sulfide deposits containing gold, silver, copper,
and zinc (area B on map). (3) The areas of Cenozoic
granodiorite, quartz monzonite, and granite plutons in
the eastern part of the study area have probable poten-
tial for large low-grade porphyry molybdenum deposits
(area C on map); these plutons also occur sporadically
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elsewhere in the study area. A major prophyry molyb-
denum deposit currently (1982) under development
about 10 mi south of the study area is in a mid-Cenozoic
granite porphyry stock similar to those found in area C.

SUGGESTIONS FOR FURTHER STUDIES

Although the Granite Fiords Wilderness study area
contains no productive mines or extensively explored
prospects, there are two major mineral deposits close to
its borders. The Granduc copper mine in British Colum-
bia is about 1 mi from the northeastern extremity of the
study area, and the Quartz Hill porphyry molybdenum
deposit is about 10 miles south of the southern bound-
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ary. Our reconnaissance investigations suggest that ad-
ditional detailed geochemical, geophysical, or geological
mapping studies, combined with drilling or other
physical exploration might reveal comparable mineral
deposits within the boundaries of Granite Fiords.
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TRACY ARM-FORDS TERROR WILDERNESS STUDY AREA
AND VICINITY, ALASKA

By DAVID A. BREW, U.S. GEOLOGICAL SURVEY, and

A. L. KIMBALL, U.S. BUREAU OF MINES

SUMMARY

The spectacularly scenic Tracy Arm-Fords Terror Wilderness study area lies
on the southwest flank of the Coast Range about 45 mi southeast of Juneau,
Alaska. A mineral-resource survey of the area in 1972-1975 identified two areas
with substantiated mineral-resource potential: the Sumdum Glacier mineral belt
with gold, copper, and zinc potential; and the Endicott Peninsula area with zinc,
silver, and gold potential. The Sumdum Glacier belt is estimated to contain be-
tween 3 and 15 mineral deposits and there are 5 known mining areas in the Endi-

cott Peninsula.

CHARACTER AND SETTING

The study area consists of about 1250 sq mi on the
southwest side of the Coast Range in southeastern
Alaska; it is about 45 mi southeast of Juneau, Alaska.
An additional 550 sq mi between the study area and the
International Boundary with Canada and in part con-
tiguous with the southwest boundary of the wilderness
study area, was evaluated because of its importance to
the mineral-resource assessment of the area. The infor-
mation presented here is abstracted from Brew and
others (1977) and from a revised version of that same
report (Brew and others, 1983).

The area is one of spectacular scenery, with fiords,
forests, glacier-covered peaks to 8095 ft high, tidewater
glaciers, icebergs, and some broad river valleys.

Studies by the USGS in 1972-1975 included recon-
naissance geochemical sampling of stream sediments
and rocks; and study of geologic relationships of some
of the mines, prospects, and mineral occurrences. The
mineral-resource evaluation also utilized an aeromag-
netic survey of the area. Mining engineering studies
by the USBM included mining-claim records search; on-
site claim, mine, and prospect investigations; and
mapping and sampling of stained zones, altered zones,
and geochemically anomalous sites.

About 670 claims, approximately 90 percent of them
lode, are recorded in the area studied. Seventy percent
of these were within the wilderness study area. Approx-
imately 24,000 oz of gold and probably a similar quan-
tity of silver were produced from the Sumdum Chief
lode property at the turn of the century.

Geologically, the area spans most of the Coast Range
plutonic-metamorphic complex (an informal term). The
Coast Range complex is bounded on the west by a long
foliated tonalite sill of probable early Tertiary age; to its
northeast lies the main part of the complex, consisting
of a broad terrane of complexly deformed amphibolite-
facies gneiss, marble, and some schist of uncertain, but
probably original late Paleozoic and (or) Mesozoic age.
Near the International Boundary with Canada, this ter-
rane is intruded by a series of generally unfoliated
granodiorite bodies of mid-Tertiary age which are lo-
cally associated with migmatite zones. To the west of
the sill, the rocks consist of low-grade metamorphics
which are locally intruded by granite and other rocks.

MINERAL RESOURCES

Almost all of the mineralization within the wilderness
study area occurs in the western metamorphic belt,
parallel and adjacent to the western side of the Coast
Range batholithic complex (an informal term). Little
significant mineralization appears to be present within
the batholithic complex.

The western metamorphic belt has been recognized as
having mineral-resource potential since the early 1900’s
when most of the occurrences investigated were located.
The present study has identified two areas within this
belt in the study area with substantiated resource
potential for gold, copper, zinc, and silver; these are, in
the order of decreasing importance, the Sumdum
Glacier mineral belt and the Endicott Peninsula area.
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The Sumdum Glacier mineral belt extends for about
32 mi along the southwest side of the Coast Range
batholithic complex and contains three known impor-
tant mineralized areas: the Tracy Arm zinc-copper pros-
pect, the Sumdum copper-zinc prospect, and the newly
discovered Sweetheart Ridge gold-copper occurrence.
The deposits in the belt consist of pyrrhotite, chalcopy-
rite, sphalerite, pyrite, galena, and some gold in lenses
and pods parallel to the foliation or disseminated in the
metamorphic rocks.

These three deposits have demonstrated resources
and warrant further exploration. The Tracy Arm zinc-
copper deposit is estimated to contain 187,000 tons of
rock averaging 3.42 percent zinc, 1.42 percent copper,
0.43 oz silver/ton, and 0.008 oz gold/ton. The Sumdum
copper-zinc prospect is estimated to contain 26.7 million
tons of rock averaging 0.57 percent copper, 0.37 percent
zinc, and 0.30 oz silver/ton. A 147-ft-long portion of the
Sweetheart Ridge mineralized zone is estimated to con-
tain 7300 tons of rock per 100 ft of depth that average
0.23 oz gold/ton and 0.7 percent copper.

The entire Sumdum Glacier mineral belt is considered
favorable ground for the occurrence of mineral deposits
and the available information is used to suggest, there-
fore, that the number of deposits that may occur is
somewhere between 3 and 15. The minimum number
represents the deposits described above; the additional
12 could include some of the poorly known or unex-
plored prospects or mineral occurrences already known
in the belt.

The Endicott Peninsula area has been prospected
since before 1869 and several occurrences have long
been known: the Point Astley zinc-silver deposit, the
Sumdum Chief gold mine, the Taylor Lake area pros-
pects, the Holkam Bay gold prospect, and the Spruce
Creek area gold lodes and placers. The deposits in the
area are largely either sulfide minerals in lenses and
stringers along the foliation in phyllite or disseminated
through it, or gold-bearing quartz veins in shaly lime-
stone, limy slate, or phyllite. The area, as a whole, is
poorly exposed because of extensive timber and brush.

The one known significant deposit in the area con-
sisted of gold-bearing quartz veins in shaly limestone

at the Sumdum Chief gold mine. The Sumdum Chief de-
posit was mined before 1905; it produced about
24,000 oz of gold from ore that contained about 0.4 oz
gold/ton. The other prospects and mines had very little
or no production. The Taylor Lake occurrences are
geologically similar to the Sumdum Chief. The Point
Astley zinc-silver prospect has not been thoroughly ex-
plored. The deposit appears to be extremely irregular
and the lateral and vertical continuity of the mineralized
zones are not known. The gold mines and prospects near
Spruce Creek occur mainly along quartz stringers in
broad altered zones, and all appear to have low gold
contents that only rarely exceed 0.25 oz gold/ton. The
Holkam Bay prospect is similar and had some small
production.

The area was studied for radioactive minerals, oil,
gas, coal, and industrial mineral deposits as well as geo-
thermal energy, but there is little promise for the occur-
rence of these resources.

SUGGESTIONS FOR FURTHER STUDY

Since release of the report by Brew and others (1977),
several exploration companies have been active in the
Sumdum Glacier mineral belt, but further work, partic-
ularly in the southern part of the belt, would be of sig-
nificant help in refining the evaluation of that area.
Relatively little activity has occurred in the Endicott
Peninsula area; intense geochemical and geophysical
work would remove many of the present uncertainties
and probably would refine the present limit of the
favorable areas.
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WESTERN CHICHAGOF AND YAKOBI ISLANDS
WILDERNESS STUDY AREA, ALASKA

By BRUCE R. JOHNSON, U.S. GEOLOGICAL SURVEY. and

ARTHUR L. KIMBALL, U.S. BUREAU OF MINES

SUMMARY

On the basis of mineral-resource studies by the USGS and USBM in 1980 of
the Western Chichagof and Yakobi Islands Wilderness study area, southeastern
Alaska, five areas of substantiated mineral-resource potential and four areas of
probable mineral-resource potential have been delineated. No energy resource

potential was identified in this study.

CHARACTER AND SETTING

Western Chichagof and Yakobi Islands are part of the
Alexander Archipelago of southeastern Alaska. The
wilderness study area is within the Tongass National
Forest, is approximately 60 mi long and as much as 20
mi wide, and has an area of 633 sq mi. Topography is
moderately rugged with high peaks and ridges at about
3000 ft separated by river valleys and lakes at or near
sea level. The southwestern coastline is particularly ir-
regular, consisting of myriad small islands, peninsulas,
fiords, and reefs.

The sedimentary and metamorphic rocks of western
Chichagof and Yakobi Islands can be divided into four
roughly linear northwest-trending stratigraphic belts
which are progressively younger toward the southwest
(Johnson and Karl, 1982). The oldest rocks form a
discontinuous belt along Hoonah Sound and Lisianski
Inlet of metamorphosed sedimentary and volcanic
rocks. The second belt of rocks, to the southwest, is
composed of the Triassic(?) Goon Dip Greenstone and
Whitestripe Marble. These two belts have been intruded
by Jurassic and Cretaceous diorite, quartz diorite,
and tonalite plutons that exhibit a general northwest
foliation.

A major fault, the Border Ranges fault, forms the
boundary between the belts described above and two
younger belts to the southwest. The Cretaceous Kelp
Bay Group, the third belt, immediately southwest of the
Border Ranges fault consists of a complex assemblage
of metasedimentary and metavolcanic rocks. The fourth
and youngest belt, the Cretaceous Sitka Graywacke, is
southwest of the Kelp Bay Group and in fault contact
with it. All of the belts have been intruded by

Tertiary(?) plutonic rocks following movement on the
Border Ranges fault.

MINERAL RESOURCES

The Western Chichagof and Yakobi Islands Wilder-
ness study area lies within the Sitka recording district
and the Chichagof mining district. The following
descriptions of mineral resources are abstracted from
Johnson and others (1982). Detailed descriptions of the
mines, prospects, and occurrences within the study
area, as well as details of the individual resource calcula-
tions are given in Kimball (1982) and Still and Weir
(1981).

The older rocks of the northeastern belts and the Kelp
Bay Group and younger rocks to the southwest are cut
by small, felsic to intermediate stocks and dikes. The
dikes, which are believed to be related to Tertiary(?)
plutonism (Loney and others, 1975), tend to be most
abundant near localities of known mineralization. Many
gold-bearing veins occur near bends in fault surfaces or
at intersections of main faults and lesser splits. The ore
zones containing the veins tend to be tabular, dip steep-
ly, and are commonly a few feet thick and a few hundred
feet long. The mineralogy of the gold-bearing veins is
relatively constant throughout the study area. Quartz
veins carry from 0.5 to 3 percent pyrite, and smaller
amounts of arsenopyrite, galena, sphalerite, chalcopy-
rite, and gold, with local occurrences of tetrahedrite and
scheelite.

Gold occurrences in an area of probable resource po-
tential along the west coast of Chichagof Island (A, on
map), include nearly all the production in the Chichagof
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mining district. The occurrences are in weakly metamor-
phosed sedimentary and volcanic host rocks of the Kelp
Bay Group and the structurally overlying Sitka
Graywacke. The host rocks are cut by numerous strike-
slip and thrust(?) faults and mineralization in the form
of hydrothermal gold-quartz veins commonly occurs
along northwesterly striking, steeply dipping shear
zones within graywacke, schist, and marble. Numerous
precious-metal prospects occur within area A and sev-
eral small mines have produced small amounts of gold
and silver. There is a probable resource potential for ad-
ditional occurrences of gold along faults in this area.
Area A surrounds a center of mining activity and pro-
duction at Doolth Mountain (B). This area has substan-
tiated gold and silver resource potential and contains
the Chichagoff and Hirst-Chichagof mines, which have
demonstrated resources of 316,000 oz gold and 88,000
oz silver, almost all of the gold resources of the study
area.

The Chichagoff mine is located along the Chichagof
fault, which has a traceable strike length of at least 12
mi. The mine opened in 1905 and closed in 1942 with a
recorded production of 660,000 oz of gold and 200,000
oz of silver from over 600,000 tons of ore. The mine and
adjacent mineralized area consists of 29 patented claims
and ranks as the third largest lode-gold producer in
Alaska. Mining reached a depth of 2700 ft below sea
level, and underground workings explore the fault for
4800 ft in a horizontal direction and 4300 ft vertically.
Twenty-three percent of the area explored by under-
ground workings was mined. Almost all mine workings
are currently inaccessible.

The Hirst-Chichagof mine is along the Hirst fault
which is parallel to and approximately 0.8 mi southwest
of the Chichagof fault. The property was staked in 1905
and operated from 1922 to 1943. The structure is ex-
plored along 5000 ft of strike, as much as 2200 ft ver-
tically and mining reached a depth of 1800 ft below sea
level. It produced 131,000 oz of gold and 33,000 oz of
silver from over 140,000 tons of ore. Old records in-
dicate that less than ten percent of the area explored by
underground workings was mined. Almost all the old
workings are currently inaccessible. The mine and adja-
cent mineralized area are partially covered by 12
patented claims.

The Lisianski Gold area of probable gold and silver
resource potential (area E) is characterized by gold-
quartz occurrences along northeast-striking faults, frac-
tures, and shear zones in diorite, amphibolite,
greenstone, and schist within the belt of Mesozoic or
older metamorphic rocks. Area E includes five proper-
ties that produced about 18,000 oz of gold and 2,500 oz
of silver and twelve others with reported gold occur-
rences. Based on gold production area D is an area of
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substantiated gold and silver resource potential which
contains a number of gold occurrences (130 recorded
claims), including the Apex-El Nido mine, and is the
most important portion of the Lisianski Gold area (E).

The Apex and El Nido gold-bearing quartz veins were
discovered in 1919 and 1920, respectively, and produced
about 17,000 oz of gold and 2400 oz of silver in the
periods 1924-28, 1934-35, and 1937-39. Currently,
there are 41 unpatented lode and 3 placer claims, mostly
on the northeast side of Apex Mountain. The deposits
consist of steeply dipping, gold-bearing quartz veins, 1
to 4 ft thick, along faults in diorite and amphibolite.
Sporadically distributed scheelite (CaWO,) also occurs
in the veins.

Nickel-copper-cobalt deposits occur in 3 areas having
resource potential in the wilderness study area (two
substantiated and one probable). The deposits are
massive sulfide magmatic segregations in noritic and
gabbro-noritic facies of composite Tertiary(?) stocks
that are generally potassium poor and vary widely from
tonalite to norite. The stocks intrude Cretaceous
metavolcanic and metasedimentary rock of the Kelp
Bay Group and turbidites of the Sitka Graywacke. Con-
tact metamorphic halos surround the stocks. The
deposits consist generally of pentlandite, chalcopyrite,
and pyrrhotite in either massive or disseminated bodies.
The massive sulfide bodies are podlike, small, and dif-
ficult to explore or delineate without extensive drilling.

Bohemia Basin is an area of substantiated nickel-
copper-cobalt resource potential (area C), on Yakobi
Island. It is the largest of the three known nickel-
copper-cobalt areas and 980 mining claims have been
recorded since 1920, of which 265 are unpatented active
claims and 9 are patented claims. Extensive surface ex-
ploration and more than 50,000 ft of diamond drilling
have partially delineated three mineralized bodies. The
two largest bodies in this area are reported to contain at
least 20,100,000 tons of demonstrated resources averag-
ing 0.31 percent nickel, 0.18 percent copper, and 0.04
percent cobalt (Inspiration Development Company,
press release, April 3, 1978).

Similar magmatic segregations are known in an area
of substantiated nickel-copper-cobalt resource potential
in mafic rocks 15 mi to the southeast, on Chichagof
Island near Mirror Harbor (area F). These occurrences
have been known since 1911 and 330 claims have been
recorded, with 114 claims presently current. Explora-
tion, including diamond drilling, has been conducted
during the past several seasons in this area and
although tonnage estimates are not available, seven dia-
mond drill holes have intercepts of nickel, copper, and
cobalt similar in grade to Bohemia Basin. The Squid
Bay-Lost Cove area of probable nickel-copper-cobalt
resource potential (area G) is about 8 mi south of



Bohemia Basin on Yakobi Island and northwestern
Chichagof Island. Host rocks at this locality are similar
to the Mirror Harbor occurrences, but USBM samples
from this area contain low copper values, with minor
nickel and cobalt.

Ninety claims have been recorded near Mt. Baker, an
area of substantiated copper resource potential (area H).
The largest known concentration of copper is in a north-
westerly striking vertical zone in greenstone 350 to 400
ft long. Several trenches (now sloughed), a shallow
shaft, and a crosscut have been opened. Sample analy-
ses from a trench at the southeastern end of the zone
show 2.0 percent copper across a 13 ft width, and from a
shallow shaft at the northwest end of the zone show 7.5
percent copper across a 2 ft width. Minor gold and silver
values are also present.

The Slocum Arm Molybdenum area (I) is 1.5 mi east
of Hidden Cove, at the southern end of Slocum Arm.
Ten claims are currently active. Molybdenum minerali-
zation occurs in small quartz veins, dikes, and country
rock across an area 0.75 mi wide by 1.5 mi long near a
dioritic intrusion. The area has probable molybdenum
resource potential.

SUGGESTIONS FOR FURTHER STUDIES

Current knowledge of the detailed geology of the

study area is confined to areas adjacent to the well-
known mineral deposits such as at Doolth Mountain
and at Bohemia Basin. The remainder of the study area
is well mineralized, but the extent of mineralization is
inadequately known. Detailed geologic and geochemical
studies of the lesser known areas such as Squid Bay-
Lost Cove, Mt. Baker, and Slocum Arm would provide a
more complete resource assessment.
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ARNOLD MESA ROADLESS AREA, ARIZONA

By EDWARD W. WOLFE, U.S. GEOLOGICAL SURVEY, and

ROBERT A. McCOLLY, U.S. BUREAU OF MINES

SUMMARY

Geologic, geochemical, and aeromagnetic investigations and a survey of
mines and prospects in 1980 in the Arnold Mesa Roadless Area, Arizona, pro-
vide little evidence for the occurrence of mineral or energy resources. Buried
Proterozoic basement rocks are possible hosts for porphyry-type copper and
massive sulfide deposits but the thick cover of Paleozoic sedimentary rocks and
upper Cenozoic volcanic rocks precluded assessment of this possibility.
Chemistry and temperature of spring and well waters suggest that a geothermal
resource may exist near the eastern margin of the roadless area, but the anom-
aly has not been tested by drilling and this resource remains unverified. No

other energy resources were identified.

CHARACTER AND SETTING

The Arnold Mesa Roadless Area comprises about 44

sq mi in and along the flanks of the Black Hills south of
Camp Verde, Arizona. The crest and southwest flank of
the Black Hills within the roadless area are moderately
dissected rolling uplands. The northeast flank, which is
steep terrain that forms the western wall of the Verde
River Valley, has a total relief within the roadless area
of almost 4000 ft and is deeply incised by canyons such
as those of Gap and Chasm Creeks.

The roadless area is within the transition zone be-
tween the Colorado Plateaus and the Basin and Range
Province. The zone is underlain by Precambrian rocks
and gently dipping Paleozoic strata that are similar to
Precambrian and Paleozoic rocks in the southern part of
the Colorado Plateau in the Grand Canyon.

Proterozoic rocks just north of the roadless area, in
the vicinity of Squaw Peak Canyon, include foliated
mafic and, locally, intermediate volcanic rocks of
greenschist facies that are intruded by a Proterozoic
pluton composed mainly of tonalite. The tonalite is
locally exposed in the northern and central parts of the
roadless area. In the southern part of the roadless area,
Proterozoic rocks exposed along Gap Creek, in Chalk
Tank Canyon, and locally along the Verde River are
dominantly relatively unmetamorphosed dacite and
rhyolite with subordinate mafic volcanic or volcani-
clastic rocks.

Gently dipping Paleozoic dolomite and limestone with

subordinate sandstone and siltstone rest unconform-
ably on the Proterozoic rocks. These strata, Cambrian
to Pennsylvanian or Permian in age, have an aggregate
maximum thickness of 730 to 910 ft, but they pinch out
locally between the Proterozoic tonalite and the upper
Cenozoic Hickey Formation.

The transition zone in central Arizona was the locus
of voluminous eruptions of basaltic lava and pyroclastic
deposits that rest on the eroded surface of the Paleozoic
and Precambrian rocks. Dacitic to rhyolitic lava flows
and pyroclastic deposits, also of late Miocene age, occur
locally within the roadless area.

Northwest-trending linear basins of late Cenozoic age
characterize the transition zone and indicate extension
and basin subsidence. The roadless area includes the
southernmost part of one of these basins, the 30 mi-long
Verde basin alined approximately along the Verde
River, that contains late Cenozoic basin-fill deposits
more than 3100-ft thick (Nations, 1974) of the Verde
Formation.

The Verde basin and its sedimentary fill are bounded
on the southwest by the Verde fault, which, in the
northern part of the roadless area, is a conspicuous,
single, steep, normal fault. Near Chasm Creek, however,
the single fault splays southward into several high-
angle faults that can be traced only a short distance
southeast of Chasm Creek. Another fault system,
similar to the Verde fault in trend and sense of move-
ment but offset en echelon from it, extends from the up-
per part of Gap Creek to the southern boundary of the

roadless area.
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MINERAL RESOURCES

Prospecting and claim staking have occurred inter-
mittently from about the mid-1800’s to the present. No
mine production is known from within the roadless area
and at the time of field examination, no mining or ex-
ploration work was occurring within the roadless area.

At the Squaw Peak mine, just north of the Arnold
Mesa Roadless Area, the Proterozoic tonalite pluton is
the host for a porphyry-type copper deposit (Roe, 1976).
The Squaw Peak mine is not currently active, and the
only recorded production was from 1944 to 1946. Dur-
ing that period, 1000 tons of ore produced 5.4 tons of
98.82 percent molybdenite (MoS,) and 36 tons of concen-
trate averaging 22.85 percent copper, 1.92 oz silver/ton,
and 0.016 oz gold/ton (Hill, 1949). Roe has shown that
the deposit does not extend into the roadless area, and
no outcrop evidence of similar occurrences exists in the
roadless area. There is a small possibility that similar
porphyry-type mineral deposits may occur in the sub-
surface throughout the roadless-area; however, overly-
ing Paleozoic sedimentary and Cenozoic volcanic rocks
as much as 1500 ft thick cover any such porphyry-type
copper deposits.

A minor amount of gold with an estimated value of a
few hundred to a few thousand dollars has been pro-
duced north of the roadless area at the Chicken Wire
gold mine from brecciated tonalite adjacent to quartz
veins. Although quartz veins do occur in the roadless
area, they are relatively scarce in the outcrop areas of
tonalite and no resource potential for the occurrence of
small vein- or fracture-related deposits of silver or gold
was identified.

The Proterozoic volcanic rocks of Gap Creek underlie
the southern part of the roadless area. They are broadly
like the host rocks for the massive sulfide deposit of
Jerome, Arizona (Anderson and Creasey, 1958; Don-
nelly and Hahn, 1981), and there may be a possibility
for the occurrence of similar ores of copper, silver, and
gold. The unit is largely buried by younger sedimentary
and volcanic rocks as much as 2500 ft thick and because
direct evidence of a massive sulfide deposit has not been
found. However, this does not preclude the occurrence
of massive sulfide deposits under the cover of younger
rocks within the volcanic rocks of Gap Creek. Therefore,
the possibility exists for such deposits in the southern
part of the roadless area, but due to the lack of con-
clusive data, no resource potential was identified.

Rock suitable for crushing into aggregate occurs
throughout the roadless area, and tonalite has been
quarried locally for use in flood-control construction on
the Verde River. However, deposits of potential aggre-
gate material outside the roadless area are more acces-
sible and closer to markets. No potential was identified
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for the occurrence of resources in the Paleozoic and
Cenozoic rocks that cover most of the roadless area.

Evidence gathered by Ross and Farrar (1980) indi-
cates that ground water near the eastern boundary of
the roadless area has been in contact with reservoir
rocks of elevated temperature. The sampled springs and
wells all lie within and east of the Verde fault zone and
its projection to the southeast. Their modestly elevated
temperatures suggest a possible geothermal resource,
but this resource remains untested.

The results of geologic, geochemical, and aeromag-
netic investigations and a survey of mines and pros-
pects (McColly and Korzeb, 1981) in 1980 indicate little
likelihood that the Arnold Mesa Roadless Area has oc-
currences of metallic mineral resources in porphyry
copper-type settings, but a greater likelihood in the area
for massive sulfide-type deposits (Wolfe and others,
1983).

SUGGESTIONS FOR FURTHER STUDIES

Additional detailed examination and geochemical
sampling of the exposed Proterozoic rocks represent the
most direct approach to identifying geochemical pat-
terns that might offer further evidence on the presence
or absence of mineral deposits. Geophysical studies and,
ultimately, drilling are the most likely techniques for
additional evaluation of the weak geothermal anomaly.
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BLUE RANGE WILDERNESS, ARIZONA AND NEW MEXICO

By JAMES C. RATTE, U.S. GEOLOGICAL SURVEY, and

R. G. RAABE, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Blue Range Wilderness was completed in 1969 and it
was determined that a probable resource potential for molybdenum, copper, and
silver is present in volcanic rocks of middle Tertiary age in the southern and
southwestern parts of the area. There is also a likelihood for the occurrence of
base-metal resources (including porphyry copper deposits) of Laramide age
beneath the middle Tertiary volcanic rocks that cover the area, but data are in-

sufficient to assess the resource potential.

CHARACTER AND SETTING

The Blue Range Wilderness comprises about 380 sq
mi, about 35 sq mi of which are in Catron County, New
Mexico and the remainder of which are in Greenlee
County, Arizona. The wilderness is part of an irregular
mountainous region that is bisected north to south by
the Blue River. Altitudes range from 4500 ft to about
9400 ft, giving a maximum relief of nearly 5000 ft in the
canyon of the Blue River.

A mineral-resource appraisal of the area that is now
the Blue Range Wilderness (formerly the Blue Range
Primitive Area) was completed by the U.S. Geological
Survey and U.S. Bureau of Mines, and published by the
USGS and USBM in 1969, (Ratte and others, 1969); the
significance of an aeromagnetic anomaly in the south-
western part of the wilderness was described by Eaton
and Ratte (1969). Although there have been no further
studies in the Blue Range by either the USGS or the
USBM, considerable work in adjacent areas by both
agencies now provides a better understanding of the
regional setting as it pertains to mineral resources, and
additional data have been obtained from exploratory
drilling of mineral-resource targets within the wilder-
ness by private industry.

The Blue Range Wilderness is near the western edge
of the Mogollon-Datil volcanic field of middle Tertiary
age, which covers a large part of southwestern New
Mexico and adjoining parts of Arizona. This volcanic
field constitutes the mountainous transition zone be-
tween the Colorado Plateau and the Basin and Range
physiographic and structural provinces. The rocks in
the wilderness are all volcanic in origin except for
stream-deposited conglomerate that has buried the
volcanic rocks over about 25 percent of the wilderness.

A number of eruptive and intrusive centers for the
volcanic rocks are present, particularly in the south-
western part and near the southern border of the wilder-
ness. Red Mountain is a rhyolitic eruptive center that is
superimposed upon a much larger andesitic volcano, the
likely center of which is a few miles south of Red Moun-
tain, as indicated by a swarm of andesitic to quartz
latitic dikes and a positive magnetic anomaly. Other
silicic eruptive centers occur both west and east of the
Blue River in the southern part of the wilderness. These
silicic centers and the andesite center have local areas of
intensely argillized and silicified rocks that contain
disseminated pyrite and minor fracture coatings of
secondary copper minerals. The rhyolite of Red Moun-
tain has been altered locally by solfataric action, which
produces brightly colored iron-stained outcrops, and
minor fluorite was seen in some rhyolite breccia. Else-
where in the wilderness, the rocks consist mainly of
laharic and mudflow breccias derived from the andesitic
volcano, and of thick, younger lava flows of basalt and
basaltic andesite. Rhyolitic ash-flow tuffs, prevalent
mainly in the northeastern part of the area, are the
distal outflow sheets from eruptive sources in the
Mogollon Mountains, east of the wilderness.

Pre-Tertiary rocks are nowhere exposed at the surface
within the wilderness, but their presence or absence in
the subsurface is critical to an assessment of the poten-
tial for ore deposits beneath the volcanic rocks. Explora-
tory drilling by private mining companies in the wilder-
ness since 1969 has shown that below the Tertiary
volcanic rocks, the Mesozoic(?) and Paleozoic rocks,
which are 600 to 800 ft thick, overlie Precambrian rocks
at depths of as little as 2300 ft beneath the surface.

The Blue Range Wilderness is along a major north-
northeast-trending zone of faults that may mark a deep-
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seated regional fracture system. Thus, most faults that
cut the rocks in this area have north to northeast trends
like the Blue Fault. There are also strong west to north-
west faults like the Strayhorse fault.

Rock and stream-sediment samples were collected
within the wilderness and chemically analyzed. Anoma-
lously high metal values for molybdenum, copper, and
silver were found largely in samples of altered rocks
around the volcanic centers or in stream sediments adja-
cent to them.

There is no record of mineral or petroleum production,
nor of patented mining claims, within the Blue Range
Wilderness. Several groups of unpatented claims, total-
ling at least 600, are present in the southwestern part of
the wilderness and along its southern boundary, and
these have been sites of active mineral exploration, both
before and since 1969. At least eight deep exploration
core holes totalling about 25,000 ft have been drilled
within or adjacent to the wilderness since 1969 by
private mining companies.

Major copper deposits at Morenci, Arizona, which
have produced more than 3 million tons of copper, occur
at the southwest end of the north-northeast-trending
structural zone, about 20 mi south of the Blue Range
Wilderness. Other nearby metal mining districts, in
rocks similar to those in the Blue Range, include
Mogollon and Steeple Rock, New Mexico, which have
produced modest amounts of silver, gold, and copper.

MINERAL RESOURCES

The mineral-resource potential of the Blue Range
Wilderness consists of the following: (1) An area of prob-
able resource potential for molybdenum, silver, and cop-
per deposits is associated with middle Tertiary volcanic
centers of andesite to high-silica rhyolite compositions
in the southern part of the wilderness. The resource
potential in these rocks is supported by geologic and
geophysical evidence of intrusive activity and intensely
altered and weakly mineralized rocks at several volcanic
centers. (2) The wilderness also has a likelihood for the
occurrence of base-metal veins or porphyry copper
deposits of Laramide age (Late Cretaceous-early Ter-
tiary) beneath the middle Tertiary volcanic rocks that
cover this area, but data are insufficient to assess the
resource potential. Major copper deposits of the same
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age occur in the area adjacent to the wilderness, par-
ticularly at Morenci, Arizona. It is reasonable to expect
that the pre-middle Tertiary geologic terrane beneath
the wilderness is similar to that near Morenci, and
therefore, could include Laramide intrusive rocks and
copper deposits.

That the Blue Range Wilderness is located on the
same north-northeast-trending structural zone as the
Laramide ore deposits at Morenci could be favorable
evidence for the emplacement of intrusives or ore de-
posits of either Laramide or mid-Tertiary age. This has
been a factor in exploration in the wilderness by sev-
eral major mining companies since the USGS-USBM
mineral-resource appraisal in 1969.

The results of private exploration, which has included
a total of about 25,000 ft of deep-core drilling, are not
adequate to assess the mineral-resource potential of the
area. Mineralized and altered rocks were encountered in
some drill holes in both middle Tertiary volcanic rocks
and pre-Tertiary rocks (best assays for 10-ft intervals
were 0.56 percent copper and 0.19 oz silver/ton). Al-
though the companies who have drilled in the wilder-
ness have discontinued their projects there, drilling to
date has not been sufficient to determine the presence or
absence of significant mineral resources.

SUGGESTIONS FOR FURTHER STUDIES

Improved techniques for interpreting geophysical
data collected over complex volcanic terranes should be
applied in an effort to identify Laramide intrusives
beneath the middle Tertiary rocks. Additional geologic
studies of the major faults and volcanic centers might
enhance mineral-deposit target definition in the middle
Tertiary rocks.
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CHIRICAHUA WILDERNESS, ARIZONA

By HARALD DREWES,! U.S. GEOLOGICAL SURVEY, and

FRANK E. WILLIAMS, U.S. BUREAU OF MINES

SUMMARY

Based on the results of geologic, geophysical, geochemical, and mines and
prospect studies in 1972, the Chiricahua Wilderness in southeasternmost
Arizona was assessed to have three small areas of probable resource potential
for silver, gold, and molybdenum. The remainder of the area has little promise
for the occurrence of energy and mineral resources. Samples from the areas with
probable resource potential are enriched in silver, gold, and molybdenum prob-
ably associated with widely scattered quartz veinlets. Other kinds of mineral
deposits like those in nearby mining camps, that conceivably could be present in
the area, would be covered by several thousand feet of volcanic rocks younger

than mineralized rocks of the region.

CHARACTER AND SETTING

The Chiricahua Wilderness covers an area of about
28 sq mi in the central, high part of the Chiricahua
Mountains in extreme southeastern Arizona. The area
lies in Cochise County about midway between Douglas
and Willcox, Arizona, and Lordsburg, New Mexico; it is
about 10 mi south of the Chiricahua National Monu-
ment, 6 mi southwest of the village of Portal, Arizona,
and lies entirely within the Coronado National Forest.

The wilderness is centered around Chiricahua Peak,
almost 9800 ft high, and has a local relief of 3000 ft. The
area is forested and has fairly abundant, if somewhat
intermittent, stream water as a result of a yearly precip-
itation of about 20 in. Access to the area is by means of
roads up the canyons from the highways in the inter-
montane valleys east and west of the mountains, and
from roads that cross the mountains at Onion Saddle
and between Tex and Rucker Canyons that serve recrea-
tion areas. Trails are abundant within the wilderness.

Mining history of the region around the study area
began in 1881, when claims that later became the Hill
top mine, 6 mi north of the area, were first placed. Early
production came from lead oxides near the surface,
largely in Paleozoic host limestone. The California
(Chiricahua) mining district, which covers most of the
range of mountains contains 4100 unpatented claims,
all outside the study area, and only 12 claims within

'With contributions from G. P. Eaton, USGS.

2mi of it. Recorded production from 1902, when the
Hilltop mine was developed, to 1950 amounted to
28,700 tons of ore and concentrates valued at about
$1.1 million. This ore yielded 290 oz gold, 117,000 oz
silver, 4035 tons lead, 582 tons zinc, and 176 tons
copper, with most of the production coming from the
Hilltop mine.

The wilderness is underlain mostly by mid-Tertiary
volcanic and plutonic rocks and by some Cretaceous
sedimentary and volcanic rocks (Sabins, 1957; Drewes,
1981a). These rocks overlie a sequence of Paleozoic
rocks, mainly limestone, like those at the Hilltop mine.

Most of the Cretaceous rocks are the Bisbee Forma-
tion (in places known as the Bisbee Group), estimated to
be at least 2500 ft thick. The Bisbee is mainly a
medium- to dark-gray shale and siltstone that has in-
terbedded sandstone, limestone, and conglomerate
(Drewes and Williams, 1973).

In the northern and northeastern part of the study
area dacitic lava, volcanic breccia, and conglomerate
and sandstone derived from dacitic material unconform-
ably overlie the Bisbee Formation. The probable age of
these dacitic rocks is Late Cretaceous-early Tertiary.

Most of the wilderness is underlain by rhyolite and
latite in a volcanic pile at least 3000 ft thick. These
rocks include much welded tuff, some unwelded tuff and
tuff breccia, and lava flows. Monzonite which is mostly
a brownish-gray rock with abundant coarse crystals, in-
trudes these volcanic rocks and locally was effusive
upon them, apparently forming shallow laccoliths and
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some extrusive domes. The rhyolite tuff and welded
tuffs make the spectacular and colorful yellowish-brown
cliffs along the canyons on the east side of the range.
Several of these volcanic units in nearby parts of the
Chiricahua Mountains are dated at 25 to 28 million
years, or early Miocene-late Oligocene.

Quartz veinlets are scattered in west- to northwest-
trending steeply inclined fractures in the monzonite of
the northeastern and southwestern parts of the study
area. Mostly the veinlets are less than 2 in. thick; to the
southwest, one is about 2 ft thick. Although almost en-
tirely quartz, the vein material, based on laboratory
study, contains small amounts of silver, gold, molyb-
denum, and other metals (Drewes and Williams, 1973,
p. A24-A33).

Several rhyolite and andesite dikes cut the volcanic
and sedimentary rocks of the study area, but appear
unrelated to the sparse mineralization.

The rocks of the wilderness are cut by a few normal
faults. These trend northerly, dip steeply or are vertical,
and have large displacement. The older rocks of nearby
areas are typically more severely faulted and are locally
folded; presumably such structural features also occur
in the subvolcanic rocks of the wilderness. Marjaniemi
(1968) proposed that the central part of the Chiricahua
Mountains is underlain by a large subcircular area of
volcanic collapse, or a caldera; this has not been con-
firmed, however, it would place potential subvolcanic
mineral targets far below the reach of modern explora-
tion and development methods.

MINERAL RESOURCES

The results of the combined geologic, geophysical,
geochemical, and mining-history investigations indicate
that the Chiricahua Wilderness is largely unmineral-
ized. Weak silver, gold, and molybdenum mineralization
occurs in a few small areas mainly near the northeast
and southwest borders of the area.

The observed areas of probable mineral-resource
potential are associated with rocks that contain quartz
veinlets or oxidized or leached areas. A large quartz vein
was explored and 12 tons of ore was shipped in 1945
from a mine 3 mi from the wilderness; the mineral con-
tent and value of the ore is unknown. An area of leached
rock near the northeast corner of the study area was
also explored by drilling, but, again the results are
unknown.

Possible mineralization of Cretaceous and Paleozoic
rocks beneath the volcanic pile is highly speculative and
would be difficult to explore. Although in nearby areas
these older rocks are more abundantly mineralized than
are the Tertiary volcanic rocks, the estimated overlying

thickness of 3000 ft of the volcanic rocks in the wilder-
ness is so large that underlying mineral deposits would
be difficult to locate.

Potential resources of industrial materials were not
recognized in the study area; most rock types within the
area with any possible industrial material also occur
outside of it in far more accessible situations.

Petroleum and natural gas have not been produced in
nearby parts of Arizona and New Mexico. The nearest
wildcat well (Portal Drilling Company, Portal No. 1) was
drilled to a depth of 5353 ft, bottoming in Tertiary vol-
canics (Pierce and others, 1970, p. 193).

From these observations and this evaluation, the wil-
derness has very little promise for the occurrence of
energy resources.

SUGGESTIONS FOR FURTHER STUDIES

Some of the rhyolite ash-flow tuff sheets of the north-
ern Chiricahua Mountains are believed to have come
from a volcanic center in the high, central part of the
mountains, and contain anomalous concentrations of
tin. Although tin is not typically a resource from such
rocks, further study on tin occurrences in this and other
areas in the region would be desirable.

Petroleum and gas exploration has increased in south-
eastern Arizona in recent years, with the recognition
that an overthrust belt in the region (Drewes, 1981b)
may provide a deep-drilling target, even through a thick
volcanic cover. The results of deep seismic studies,
which are used to spot specific targets, would be
valuable to assess the possibility for oil and gas
resources.

REFERENCES

Drewes, Harald, 1981a, Geologic map and sections of the Bowie
Mountain South quadrangle, Cochise County, Arizona: U.S.
Geological Survey Miscellaneous Investigations Map [-1363,
scale 1:24,000.

1981b, Tectonics of southeastern Arizona: U.S. Geological
Survey Professional Paper 1144, 96 p.

Drewes, Harald, and Williams, F. E., 1973, Mineral resources of the
Chiricahua Wilderness area, Cochise County, Arizona: U.S.
Geological Survey Bulletin 1385-A, 53 p.

Marjaniemi, D. K. 1968, Tertiary volcanism in the northern
Chiricahua Mountains, Cochise County, Arizona, in Southern
Arizona Guidebook 3: Arizona Geological Society, p. 209-214.

Pierce, H. W., Keith, S. B., and Wilt, J. C., 1970, Coal, oil, natural gas,
helium, and uranium in Arizona: Arizona Bureau of Mines Bulle-
tin 182, 289 p.

Sabins, F. E., Jr., 1957, Geology of the Cochise Head and western
part of the Vanar quadrangles, Arizona: Geological Society of
America Bulletin, v. 68, no. 10, p. 1315-1342.

o7



I
T
/ f(:j-Cu, Pb, Zn, Au, Ag
(R
GOLDEN RULE MINE
/
|
\
o | ~Approximate boundary
/
‘\
Cu, Pb; Zn; Ag,-b
Mo, W '
=3 , Pb, Zn, Ag
A
!
: 1
A
“\
) SAN JUAN
MINE
3
¥ :
N Cu, Pb, Zn, Ag, W, Au
ARIZONA X SACK DIAMOND R,
2 ____ MINE
, Pb,Zn,
. Ag, W
MAP LOCATION
]
0 5
L po 1 1 1 |
MILES
EXPLANATION
Geologic terrane with probable Alluvium on gravel
mineral-resource potential (Quaternary)
Cu Copper [ Stocks, mainly granite
(Tertiary)
Au Gold )
Pb aad Sedimentary and
metasedimentary rocks
Mo Molybdenum (Mesozoic, Paleozoic, and
Ag Silver Precambrian)
W Tungsten ——— Contact
Zn Zinc Eault
R Mine 2 Location discussed in text

Figure 15.—Dragoon Mountains Roadless Area, Arizona.

58




DRAGOON MOUNTAINS ROADLESS AREA, ARIZONA

By HARALD DREWES,' U.S. GEOLOGICAL SURVEY, and

T. J. KREIDLER, U.S. BUREAU OF MINES

SUMMARY

The mineral and hydrocarbon resource potential of the Dragoon Mountains
Roadless Area was assessed in 1980-82 and six areas of probable mineral-
resource potential were identified. The area may contain metamorphic skarn-
type mineralization of copper, lead, molybdenum, and zinc, and some of these
may contain silver and gold. More remotely, the area could also contain

stockwork molybdenum mineralization and

replacement or vein-type

mineralization of beryllium, fluorite, thorium, tin, and tungsten. Rock products
exist within the area and are discussed due to the proximity of a railroad, but
similar materials occur outside the area. There is little promise for the occur-

rence of energy resources.

CHARACTER AND SETTING

The Dragoon Mountains Roadless Area lies in the
northern end of the Dragoon Mountains near the center
of Cochise County in southeastern Arizona. It covers an
area of about 52 sq mi, lying between the village of
Dragoon to the north and the county road through Mid-
dle Pass to the south, and between the San Pedro River
valley to the west and Sulfur Springs valley to the east.

The area is rugged and is in the Coronado National
Forest. Scrubby forests cover the high terrain and
grass, shrubs, and cactus cover the lower country. Sur-
face water is scarce, with springs few and watercourses
ephemeral. Access is by ranch or USFS roads from the
highways in the adjacent valleys, and some of these
roads extend well into the roadless area.

Base and precious metals were mined from several
sites in and near the roadless area. These deposits are
from skarn-type alteration of mixed limestone and shale
near granite. Most production probably was lead, zinc,
and silver; a little gold and tungsten may have been pro-
duced. Production records for the patented claims and
mines in and near the study area show that the total
value of production was about $2 million. In one can-
yon, marble has been quarried.

The roadless area is underlain by a wide variety of
rocks that are stongly faulted and intruded by several

'With contributions from K. C. Watts, Jr., and D. P. Klein, USGS.

stocks and many dikes (Drewes and Meyer, 1983). A
Precambrian basement is made up of schist, arkose,
quartzite, sedimentary breccia, metavolcanic rock, and
amphibolite, all intruded by granodiorite stocks. These
are unconformably overlain by Paleozoic and Mesozoic
sedimentary sequences. The Paleozoic rocks are mainly
limestone but include some clastic rocks both near the
base and top; the Mesozoic sequence is largely of clastic
rocks.

The basement rocks and sedimentary sequences are
intruded by igneous rocks. A small Oligocene stock lies
along the northwest flank of the mountains. The large
Miocene to Oligocene Stronghold Granite, a stock, lies
in the center of the mountains and extends beyond their
west flank. Tertiary or Cretaceous plugs occur near the
Golden Rule mine in the northeastern tip of the range.
Most dikes in the area are also Miocene, and typically
trend northwest across stock and host rock alike.
Quaternary gravel deposits lap against the flanks of the
range and west of the Stronghold stock they lie upon a
pediment.

The Dragoon Mountains are abundantly faulted.
Many faults are steep northwest- or north-trending
stuctures; others are gently inclined. Many of the faults
are thrust faults formed under compressive deforma-
tion. A few tight folds or truncated folds occur with the
thrust faults. Nearly all of these structural features are
cut by the stocks and thus were available as conduits
for fluids dispersing from the stocks and plugs, some of
which probably carried metals.
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MINERAL RESOURCES

Six areas have probable mineral-resource potential
based on observations of geology, geochemistry and
geophysics (Drewes and others, 1983).

Area 1 is around the Golden Rule mine, largely out-
side the northeast corner of the roadless area. The area
is underlain by metamorphosed Paleozoic rocks, in-
cluding the Abrigo and Martin Formations, intruded by
the Tertiary rhyolite porphyry plugs. Mining records
and analyses of mineralized rock on the dump show the
presence of base metals, silver, and gold. Aeromagnetic
and gravity anomalies, along with surface observations,
suggest the concealed presence of a stock and of a
strong northeast-trending fault at the northern flank of
the range. The metamorphosed and locally mineralized
formations dip southwest and are cut by the northeast-
trending fault, as well as by bedding-plain thrust faults.
These data suggest that area 1 has a probable resource
potential for mineralization similar to that found at the
mine, most likely down-dip in the Abrigo and Martin
Formations, along the fault, or beneath the gravels
north of the range. This implied mineralization would be
vein or skarn-type contact deposits like those at the
surface.

Area 2 is along the northwest flank of the Dragoon
Mountains largely along the southeast wall of the
Oligocene stock, where its roof is projected outward at a
low angle. The site also extends south along a zone of
steep faults and to an upwarped and up faulted, miner-
alized structural feature. Small mines and prospects lie
along steeply inclined to vertical faults along which
there are slivers of metamorphosed Paleozoic limestone.
Geochemical anomalies appear to be more widespread
than the known mineralization. A geophysical anomaly
at the stock has a configuration suggesting that body
has a shoulder to the southeast, where pods of aplite ap-
pear along the fault zone with the limestone slivers.
These observations indicate that additional base metal
and silver mineralization may exist, most likely along
fault zones and in formations typically altered to skarn
minerals. There is also a probable resource potential for
stockwork molybdenum deposits or tungsten deposits.

At area 3, on the northeast side of the Stronghold
stock, a probable mineral-resource potential is inferred
because the Abrigo and Martin Formations, and other
units of the Paleozoic sequence dip gently northeast-
ward over a shoulder of the stock. The area has some
prospects and small mines, containing concentrations of
base metals and silver. Area 3 also has favorable geo-
chemical anomalies and a magnetic anomaly pene-
trating the area from the northeast. We feel there is a
probable resource potential in area 3 for small skarn-
type deposits of base metals and silver down dip along
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the favored formations, and perhaps also some enrich-
ment along intersections of faults and dikes at higher
stratigraphic levels in the northern half of the area.

Area 4 lies largely outside the roadless area along a
prong of sedimentary and metamorphic rocks between
two lobes of the Stronghold stock. The Abril and San
Juan mines lie in this area, along with many prospects.
These mines are on skarn-type replacement deposits in
faulted Paleozoic limestone along faults and near the
stock. The mines are on a north-trending linear
magnetic anomaly. A base metals-tungsten-silver geo-
chemical anomaly trends northwest along the faulted
sedimentary and metamorphic rocks, and a thorium-tin-
beryllium geochemical anomaly trends northeast across
the area, largely following the stock itself. These studies
suggest that area 4 has a probable resource potential for
additional deposits of base metals and silver, and.
perhaps also of other metals in vein or replacement
deposits. While most of the site is outside the Dragoon
Mountains Roadless Area, some zones of faulted meta-
morphic and sedimentary rock near the stock may ex-
tend into the roadless area.

Area 5 covers some of the southwestern part of the
roadless area, along a gently outward dipping wall of
the Stonghold stock which intrudes the Abrigo and
Martin Formations. Skarn-type mineralization appears
in scattered prospects near the contact, with enrich-
ment in base metals, silver, and tungsten. The linear
magnetic anomaly of area 4 extends across the eastern
part of area 5, too. Area 5 has a probable resource poten-
tial for occurrences of lead and silver enrichment where
the favored host rocks are expected to lie at moderate
depth. While the deposits may be small, the area is ac-
cessible and would thus be easier to explore than most
parts of the other areas of probable mineral-resource
potential.

Area 6 is almost entirely south of the roadless area,
lying along a zone of northwest-trending faults mostly
in Paleozoic and Mesozoic rocks. The Black Diamond
mine, south of Middle Pass, is in this belt near the point
at which the present study ends. The north end of this
area is close to a gently south dipping part of the
Stronghold stock. With the exception of this northern
end and some slices of limestone along fault zones, the
rocks are unaltered. Part of the area coincides with a
magnetic anomaly. Geochemical anomalies for silver
and tungsten occur in most of the area, and for gold in
the southern part of the area. These data indicate that
there is a probable resource potential for occurrences of
small deposits of base metals, silver, gold, and perhaps
tungsten, in replacement bodies in fault slices of
limestone or along heavily fractured ground near the
larger faults.

Several industrial rock products occur in the roadless



area. Marble for use as crushed rock or as flux may be
obtained in several zones in the southern end of the
roadless area, with the most promising marble in the
Escabrosa and Horquilla Limestones of the Paleozoic
sequence. The Horquilla Limestone may also be suitable
for use in cement production, as it is near Tucson. A
quartzitic variety of Pinal Schist of the basement rocks,
near the mouth of Fourr Canyon may prove suitable for
flux in copper smelters. Although in each of these in-
stances the rock products are close to a railroad, other
areas outside the roadless area also contain an abun-
dance of these commodities.

Conditions for the accumulation of petroleum and
natural gas are believed to be negligible. The roadless
area does lie in the proposed southern extension of the
overthrust belt in which exploration for possible deep
targets has been in progress for a few years. The local
accumulation through thrust faulting of a thick pile of
sedimentary rocks not withstanding, the entrapment
conditions near so many young (mid-Tertiary) stocks,
plugs, and dikes are probably poor.

SUGGESTIONS FOR FURTHER STUDIES

Further study of several of the areas indicated as hav-

ing probable mineral-resource potential and of areas
containing industrial rock products may be desirable.
Extending this study for base metals and silver would
probably involve more closely spaced geochemical sam-
pling of alluvium and altered rock chips along fractures
in those parts of areas 1, 3, and 5 overlying down-dip ex-
tensions of suitable host rocks of mineralization, and a
similar check along faults of areas 2, 3, 4, and 6. More
detailed geophysical work may also help to indicate the
configuration of shoulders or cupolas of concealed parts
of stocks.

The simplest single extension of this study would be
to check the key rock types like the Horquilla Forma-
tion or the metamorphosed northern part of the area for
suitability in use for lime rock or cement production.
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FOSSIL SPRINGS ROADLESS AREA, ARIZONA

By L. S. BEARD,' U.S. GEOLOGICAL SURVEY, and

C. E. ELLIS, U.S. BUREAU OF MINES

SUMMARY

Based on field studies conducted by the USGS and the USBM during
1980-81, the Fossil Springs Roadless Area in central Arizona is concluded to
have little promise for the occurrence of mineral or energy resources. Rocks in
the Supai Formation (Pennsylvanian-Permian) near the central part of the
roadless area contain widespread but spotty copper mineralization and trace
amounts of uranium. Analyses obtained during the study define geochemical
anomalies in two portions of the area that remain unexplained. The suites of
anomalous metals suggest the possibility of hydrothermal veins and the
presence of ultramafic rocks; neither were found in the field. Construction
materials present within the roadless area—chiefly basalt, sandstone, limestone,
and dolomite—are readily available in abundance and more accessible in adja-
cent areas. The presence of oil and gas is unlikely; the only producing wells in

Arizona are in formations not present in the Fossil Springs Roadless Area.

CHARACTER AND SETTING

The Fossil Springs Roadless Area includes about
22 sq mi of plateau and canyons in the Coconino Na-
tional Forest in Yavapai, Gila, and Coconino Counties,
Arizona. The roadless area lies near the Mogollon Rim,
southern boundary of the Colorado Plateau, which in
this vicinity is characterized by steep-walled canyons
cut into a high tableland of relatively flat lying Paleo-
zoic sedimentary rocks veneered locally with Tertiary
volcanic rocks.

Paleozoic and Cenozoic rocks present in the Fossil
Springs Roadless Area have a cumulative thickness of
about 3000 ft. The bulk of the outcrops in the canyon
walls in the northeastern part of the area consist of
sandstone, siltstone, shale, and minor limestone of the
Supai Formation (Pennsylvanian and Permian) and
crossbedded sandstone of the Coconino Sandstone (Per-
mian). To the northwest, the plateau is covered by Ter-
tiary volcanic rocks, a few tens to a few hundred feet
thick. South of Fossil Springs the volcanic rocks, chiefly
dark gray basalts and yellowish-gray basaltic and
dacitic tuffs, thicken abruptly to more than 2000 ft
against an ancestral Mogollon Rim (Twenter, 1962) cut

'With contributions from G. W. Weir, USGS.

into the Paleozoic section by prevolcanism erosion.
Preserved locally beneath the volcanics are Tertiary
gravel deposits containing clasts of lower Paleozoic and
Precambrian lithologies. A K-Ar age of 10.16+0.22 mil-
lion years for a basalt flow about 1250 ft above the floor
of the canyon gives a minimum age of formation of the
ancestral Mogollon Rim and subsequent deposition of
the gravels (Pierce and others, 1979). A unique feature
of the area is a deposit of travertine (Pleistocene and
Holocene) that forms a conspicuous bench above Fossil
Springs. Thin sheets of colluvium and masses of land-
slide blocks obscure much of the outcrop throughout the
roadless area.

The prevailing dip of the Paleozoic strata is low
toward the north or northeast. This homoclinal struc-
ture is broken into several fault blocks in which the
strata dip westerly or southerly. All the faults in the
roadless area are high-angle normal faults that have dis-
placements commonly ranging from about 50 to 400 ft.
The Tertiary volcanic rocks, which rest unconformably
on the Paleozoic strata, are flat lying in the northern
part of area, but south of Fossil Springs they dip gently
southwestward. Most of the faults that cut Paleozoic
strata seem to displace the volcanic rocks also, but with
less displacement. The buried ancestral Mogollon rim
appears to be in part structurally controlled, but this is
difficult to prove because of poor exposures. Few of the
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faults can be traced in the volcanics away from the can-
yon rims because of the lack of lithologic contrasts on
the plateau top.

MINERAL RESOURCES

An aeromagnetic map of the Fossil Springs Roadless
Area (Davis and Weir, 1983) shows variations in total
magnetic intensity of the area related to magnetic prop-
erty contrasts in the volcanic rocks and to magnetic
contrasts between the basalts and the sedimentary
rocks. There are no magnetic lows that might represent
zones of alteration in which metallic mineral deposits
may occur, nor of magnetic highs that would indicate
any large masses of high magnetic susceptibility, other
than basalt.

Geochemical analyses obtained on samples of stream
sediments, pan concentrates of stream sediments, bed-
rock, and mineralized rock from the copper-uranium
occurrences define complex geochemical anomalies that
as yet cannot be geologically accounted for. Panned con-
centrate samples containing anomalous levels of chro-
mium, cobalt, and nickel normally associated with ultra-
mafic rocks were found in the central part of the area,
about 1 mi upstream from Fossil Springs. In the upper
reaches of Calf Pen Canyon, large barium and beryllium
anomalies in the pan concentrates suggest possible
hydrothermal vein deposits. Neither ultramafic rocks
nor vein systems were observed in the field. The source
of these anomalies is not known. The chromium, cobalt,
and nickel anomalies are perhaps related to either a thin
mafic dike or flow or to mineralization along a fault
zone; neither was observed in the field. The barium and
beryllium anomalies might be related to barite veins;
although none are known in the roadless area, occur-
rences have been reported to the south along Tertiary
fault zones (C. M. Conway, oral commun. 1982). The
anomalies do not seem to indicate the occurrence of
mineral resources.

The Fossil Springs Roadless Area does not lie within
an organized mining district. Four bulldozer cuts orig-
inally made during coal prospecting and later utilized
for copper and uranium exploration in Permian rocks
are included in a block of claims located in 1962 and
1969 in the central part of the roadless area. The pros-
pects were inactive in 1980 and early 1981. Quarries in
Paleozoic sandstone and Tertiary basalt near the
borders of the roadless area were also inactive in 1980
and early 1981.

Copper-uranium occurrences are found within a dis-
continous zone, a few tens of feet thick, in the lower
third of the Supai Formation about 400 ft above the
base of the formation. This zone is characterized by
lenses of limestone-pebble conglomerate, sandstone,
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and carbonaceous shale, interstratified with lesser
amounts of siltstone, shale, and sandstone. Radioactiv-
ity due to the uranium occurrences is generally confined
to coaly layers within carbonaceous shale and most of
the copper minerals also occur in the carbonaceous shale
or in gray sandstone and conglomerate interlayered
with carbonaceous shale. Mineralization is sporadic and
not concentrated; the sparsely mineralized rock occu-
pies only a small part of the zone and is commonly only
a few inches to a few feet thick and extends a few feet to
several tens of feet along the outcrop. This minor miner-
alization is not assessed as being a resource and no
resource potential for the area was identified.

Flagstone has been quarried from two small workings
in the Coconino Sandstone near the southeast edge of
the area. Basalt quarried from three small workings on
the southeast and south edges of the area was probably
used locally as road material. Both of these commod-
ities are in abundance outside the area. No energy re-
source potential was identified in this study.

SUGGESTIONS FOR FURTHER STUDY

Although there is little promise for the occurrence of
mineral resources in the Fossil Springs Roadless Area,
studies to identify the source of the geochemical anoma-
lies could have valuable implications for regional stud-
ies and mineral exploration in the surrounding area.
Anomalies of this type are unexpected in terms of what
is presently known of the geology of the area; of partic-
ular interest is that ultramafic bodies are not known to
occur in this region.
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GALIURO WILDERNESS AND CONTIGUOUS ROADLESS AREAS, ARIZONA

By S. C. CREASEY,' U.S. GEOLOGICAL SURVEY, and

J. E. JINKS, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Galiuro Wilderness and contiguous roadless areas in
southeastern Arizona during 1972 identified one area of substantiated and four
areas of probable resource potential for base and precious metals. It is possible,
however, that the dominant, Oligocene and Miocene Galiuro Volcanics, which
cap most of the Galiuro Range, conceal other mineral occurrences within
underlying, older rocks. No energy resources were identified in this study.

CHARACTER AND SETTING

The Galiuro Wilderness and contiguous roadless
areas, to be referred to as the study area, are in the Cor-
onado National Forest, in southeastern Arizona, about
50 mi northeast of Tucson. The study area lies entirely
within the Galiuro Range, one of the large northwest-
trending mountain ranges that form the Basin and
Range province in southern Arizona. The range is
bounded on the west by the San Pedro valley and on the
east by the Aravaipa valley. In the study area, the
range consists of two ridges separated by two medial
valleys and a low pass. These deeply incised valleys,
Rattlesnake and Redfield, are developed parallel to the
lengths of the ranges, in contrast to most of the other
streams in the area, which flow at high angles to the
range fronts. The Galiuro Wilderness covers an area of
about 96 sq mi, and lies at altitudes ranging from about
4000 to 7650 ft; it forms a broad U-shaped area that
opens to the north, and the area within the limb of the
“U”, essentially the floor of Rattlesnake valley, is
excluded from the wilderness. The roadless areas sur-
rounding the Galiuro Wilderness include most of the
area lying between the boundary of the wilderness and
the boundary of the Coronado National Forest.

The Galiuro Range is a tilted fault block bounded on
the west by a west-dipping high-angle normal fault. A
parallel west-dipping normal fault extends about three-
quarters of the way through the central part of the
study area from the south boundary. Movement along
these and other normal faults produced a gentle east-
ward dip in the Galiuro Volcanics, the sequence of vol-
canic rocks that covers most of the Galiuro Wilderness.

'Abstracted from a report by Creasey and others (1981) by Susan Tufts, with contributions
from W. J. Keith, USGS.

Mineralizing solutions carried small amounts of base
and precious metals along the central fault, which was
at least partly active during accumulation of the
Galiuro Volcanics. These volcanic rocks, Oligocene and
Miocene in age, conceal older rocks that include Precam-
brian schists, granites, and quartzites, Paleozoic quartz-
ites, and Upper Cretaceous and (or) lower Tertiary
volcanic rocks and granitic stocks. The mineral poten-
tial of study area lies primarily in the possibility that
the Galiuro Volcanics conceal mineral occurrences
within the underlying older rocks.

Historically, two mining districts lie near the study
area, Copper Creek (Bunker Hill) and Rattlesnake. The
Copper Creek district is centered around the mines in
Copper Creek just to the northwest of the study area,
and the Rattlesnake district is in the approximate
geographic center of the wilderness, where the bound-
ary of the wilderness has been drawn to exclude known
mines. Copper and gold production data on the two min-
ing districts show that the Copper Creek district was
the most significant, producing 1354 oz of gold, whereas
the Rattlesnake district yielded only 163 oz of gold.

The mineral appraisal of the Galiuro Wilderness and
contiguous roadless areas consisted of geologic, geo-
chemical, and geophysical studies and examination of
mines and prospects (Creasey and others, 1981). The
USGS geochemical studies consisted of sampling and
analysis of minus-80 mesh stream sediments, altered
bedrock, and rocks from prospect pits; the geophysical
study consisted of an aeromagnetic survey made to help
separate the areas favorable for mineral deposits from
the unfavorable areas. Mine and prospect evaluation
made by the USBM consisted of locating, mapping, and
systematically sampling all claims, mines, and

prospects.
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MINERAL RESOURCES

The mineral potential of the Galiuro Wilderness and
contiguous roadless areas is difficult to assess. The
study area lies within the Arizona copper province, one
of the world’s most productive, but the main surface
rock units in the wilderness are younger than the
deposits of the copper province and, therefore, conceal
the older rocks that could be the hosts for significant
copper deposits. Some indication of the copper potential
in these older rocks is given by the occurrence of copper
deposits in the Copper Creek district, adjacent to the
northwest corner of the wilderness, and by geologic and
geochemical studies of the older rocks in that same area.
These studies revealed a large area of altered rock con-
taining anomalous quantities of copper. This area of
copper-bearing older rocks has a substantiated copper
resource potential. These altered and mineralized older
rocks no doubt extend eastward beneath the younger
volcanic rocks in the adjoining corner of the study area,
where they could be potential hosts for copper deposits.
Based on these observations the northwest corner of the
study area is assessed as having a probable copper
resource potential. However, the extent of these older
rocks beneath the volcanic cover is not known; the sur-
face geology is not diagnostic and, although some drill-
ing has been done, the drill logs are not available for
study.

Within the study area, altered (pyritic and argillic)
volcanic rocks occur in two areas and along the major
north-trending fault that extends almost throughout
the length of the study area. Clear signs of near-surface
occurrences were not observed, although anomalies for
several metals occur within these altered areas.
Whether these near-surface metal anomalies indicate
mineral deposits at depth in the older rocks beneath the
volcanic rocks cannot be evaluated from data obtained
from this study, but the areas are considered to have a
probable resource potential for copper, zinc, molyb-
denum, silver, and gold.

Altered rocks in the area between the Rattlesnake and
Redfield Canyons contain anomalously high amounts of
molybdenum and silver and could be interpreted to in-
dicate copper and molybdenum at depth in the older
rocks. Estimates of the depth from the surface to the
older rocks in this area range from 800 to 2400 ft.
Sampling in the area around the Sixteen-to-One mine on
the west side of the wilderness and Jackson mines in the
southern part of the wilderness indicates that anoma-
lous amounts of metals are present. However, there are
no indications of mineral resources in the rocks exposed
at the surface, and the possibility of mineral occurrences
at depth is conjectural. Geochemical sampling in the
southeastern corner of the study area indicates base-

and precious-metal anomalies in stream-sediments, but
the origin of these metals is unknown. Neither surface
outcrops of altered rocks nor prospects indicate mineral-
ization and no resource potential was identified. Based
upon the geochemical studies, it is unlikely that any
large near-surface deposits of base metals, such as zinc,
or molybdenum, tungsten, and tin, were overlooked dur-
ing this study. The same assurance does not exist for
the precious-metal deposits of silver and gold, because
they form deposits at low concentrations relative to
base-metal deposits and are harder to detect by sam-
pling. However, careful prospecting over the past
century has not revealed such deposits.

Examination of claims, mines, and prospects by the
USBM did not reveal demonstrated mineral resources.
The alteration and mineralization associated with the
Copper Creek district may extend under the northwest,
corner of the study area. However, this can be deter-
mined only by drilling or by sinking shafts in that area.

There is near-surface gold in altered volcanic rocks
containing pyrite around the divide between Rattle-
snake and Redfield Canyons, which includes the Powers
and Long Tom mines. However, this low-grade material
occurs in small, disconnected pockets along faults and
only a probable resource potential for gold has been
identified.

The Sixteen-to-One mine area, outside the wilderness,
but inside the contiguous roadless area is in a pyritized
area that has small pockets of gold mineralization along
fractures and faults and the area is judged to have a
probable gold resource potential in the volcanic rocks at
the surface. It is not likely that widespread copper min-
eralization occurs at depth in the older rocks, because of
the small size of the pyritized area at the surface.

The altered and mineralized areas around the Jackson
mine and the prospects to the southeast are closely
associated with the fault that runs through the central
part of the study area. The exposed alteration zone
along the fault is narrow and the metal content low.
Whether or not this fault zone contains deposits at
depth where the fault cuts older rocks is conjectural, but
the possibility exists and the area has a probable
resource potential. Other metal anomalies along the
fault appear to be isolated and do not indicate a resource
potential.

An aeromagnetic survey of the study area revealed a
high magnetic intensity in the northwestern part of the
area and several discontinuous high-gradient anomalies
over the eastern part of the area. Although most of the
major anomalies are associated with the volcanic rocks
on the upper slopes and crests of the mountains, the
host rocks in mining localities probably are expressed in
the magnetic pattern. For example, the higher intensity
in the northwestern part of the area may represent an
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extension of the rocks that contain copper deposits in
the Copper Creek mining district. None of the anomalies
has sufficient amplitude to indicate large deposits of
highly magnetic ore minerals lying at shallow depths in
the study area.

Limestone, quartz sand, sand, and gravel, all occur in
the study area, but all are found in abundance outside
the area. The Galiuro Volcanics have resources of con-
struction stone and pumice, as well as vitrophyre and
obsidian, some of which might be perlitic in the com-
merical sense of expanding on heating. However, the
study area is far from potential markets and without ac-
cess roads. The volcanic rocks in the study area are too
old and too thin to retain enough heat for geothermal
energy and the area has no known occurrences of
uranium. The geologic setting is not favorable for the
occurrence of fossil fuels.
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SUGGESTIONS FOR FURTHER STUDIES

Further sampling should be undertaken to confirm or
disprove some of the apparent metal anomalies found
during the reconnaissance sampling. In addition, drill-
ing would be necessary, particularly in the northwestern
corner of the study area, to determine whether the older
rocks underlying the Galiuro Volcanics contain ore
deposits.
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HELLS GATE ROADLESS AREA, ARIZONA

By CLAY M. CONWAY, U.S. GEOLOGICAL SURVEY, and

ROBERT A. MCCOLLY, U.S. BUREAU OF MINES

SUMMARY

Although no mineral-resource potential was identified in the Hells Gate
Roadless Area during mineral surveys in 1981, the area is largely underlain by a
regionally extensive Proterozoic granite-rhyolite complex which is tin-bearing.
The geologic setting precludes the occurrence of fossil fuel resources and no

other energy resources were identified.

CHARACTER AND SETTING

The Hells Gate Roadless Area comprises approx-
imately 49 sq mi in the northern part of the Tonto Na-
tional Forest in Gila County, Arizona. The area is
roughly a 4 by 15 mi strip along a deeply incised seg-
ment of upper Tonto Creek. Altitudes range from 3000
ft in the lower gorge to 6000 ft in hills above the upper
gorge. Vegetation is light to moderately heavy. Inter-
mediate to higher altitudes are forested with pinion
pine, alligator juniper, and several oak varieties with
stands of yellow pine above 5000 ft. Succulents, cactus,
and chapparal are common at lower altitudes.

The Hells Gate Roadless Area lies in the central
mountain belt of Arizona at the base of the Mogollon
Rim which is the physiographic margin of the Colorado
Plateau. Geologically the area is a slightly structurally
disrupted and erosionally stripped margin of the Colo-
rado Plateau. Paleozoic and Middle Proterozoic sedi-
mentary rocks, exposed nearby, have been entirely
removed by erosion from the roadless area, exposing
folded, faulted, and metamorphosed Early Proterozoic
volcanic, plutonic, and sedimentary rocks (Gastil, 1958;
Conway, 1976). These 1.7 billion year old rocks are lo-
cally blanketed with upper Tertiary lacustrine sand and
gravel deposits.

About 90 percent of the exposed Proterozoic rocks in
the roadless area are intrusive and extrusive rhyolite,
granophyre, and granite, all of essentially the same com-
position. They formed as subaerial and hypabyssal
parts of a great volcanic complex. This complex is
overlain by quartzite which constitutes most of the re-
maining rocks exposed in the area. The granite-rhyolite
complex is stratigraphically underlain by and intruded
into a thick section of variable sedimentary and volcanic

rocks immediately southeast of the roadless area.
Geologic and geochemical studies have shown that the
rhyolite, and particularly the granophyre and granite,
have certain characteristics common to tin-bearing
granites.

MINERAL RESOURCES

Little mining activity has occurred within 20 mi of the
roadless area. For a short period in the late 1800’s, there
was small-scale gold mining in quartz veins in diorite
3-10 mi west of the roadless area. A few small mines
have operated intermittently in the volcanic and clastic
strata underlying the extrusive rhyolite south and east
of the roadless area for gold, silver, copper, beryllium,
and barite, but there has been very little production.
There are no mines or claims of record in the roadless
area; only a few barren prospect pits have been found.

The absence of past mining in the roadless area, very
few prospects and claim records, and the absence of
geologic, geochemical or geophysical evidence for spe-
cific sites of mineralization, indicate that there is little
promise for the occurrence of mineral resources in the
Hells Gate Roadless Area. However, the area is largely
underlain by felsic igneous rocks, part of a regionally ex-
tensive suite (Tonto Basin, Mazatzal Mountains), which
has petrographic and chemical characteristics in-
dicating a possibility of tin mineralization. Widespread
tin values in analyses of sediments and concentrates
and the tin oxide, cassiterite, occur in the nearby Mazat-
zal Wilderness (Wrucke and others, 1983) and in the
Hells Gate Roadless Area. Associated with the anoma-
lous tin are high niobium, tantalum, yttrium, and
beryllium.
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Upper parts of the granite and the overlying grano-
phyre, which have the greatest possibility for tin, crop
out along the northwest margin of the roadless area and
dip beneath it. Most of this zone is outside the Hells
Gate Roadless Area.

There are small occurrences of barite along Miocene
faults that extend into the roadless area, but barite
veins in the region are sparce and no barite was ob-
served while mapping the faults in the roadless area.

SUGGESTIONS FOR FURTHER STUDIES

The potential for tin and associated metals in the
Hells Gate Roadless Area and the region cannot be fully
evaluated at this point. The granophyre and the upper
part of the granite pluton along the northwestern
margin of the area should be further explored.
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HELLS HOLE ROADLESS AREA, ARIZONA AND NEW MEXICO

By JAMES C. RATTE,! U.S. GEOLOGICAL SURVEY, and

JOHN P. BRIGGS, U.S. BUREAU OF MINES

SUMMARY

The Hells Hole Roadless Area was studied in 1979 and the southeast part was
determined to have a probable mineral-resource potential for the discovery of
base- or precious-metal deposits related to igneous intrusions of middle to late
Tertiary age. There also is a probable resource potential for porphyry copper
mineralization of Laramide age beneath the Tertiary volcanic rocks that cover
the area. There is little promise for the occurrence of energy resources in the area.

CHARACTER AND SETTING

The Hells Hole Roadless Area encompasses about
50 sq mi along the Arizona-New Mexico State line 3 mi
southwest of Mule Creek, New Mexico and 24 mi east of
Clifton and Morenci, Arizona. New Mexico and Arizona
Highway 78 is the northern boundary of the roadless
area.

The area is part of a northwest-trending mountainous
region that merges with the Big Lue Mountains north-
west of Arizona Highway 78. Altitudes in the area
range from less than 5000 ft along the southwest flanks
of the mountains to 7488 ft on Maverick Hill along the
range crest. The range is cut by steep-walled canyons
that drain north or northwestward to the San Francisco
River or southwestward to the Gila River.

Geologically the area is in the southwestern part of
the Mogollon-Datil volcanic field of middle to late Terti-
ary age, which covers part of the transition zone be-
tween the Basin and Range and Colorado Plateau struc-
tural provinces. The study area is toward the northwest
end of a fault-bounded, mountainous block that is about
70 mi long and 25 mi wide. No pre-Tertiary rocks are ex-
posed in the study area. The nearest basement rocks to
the mapped area crop out 5-6 mi to the west, where
lower Paleozoic quartzite and limestone overlie Precam-
brian granitic, gabbroic, and metasedimentary rocks
(J. E. Cunningham, written commun., 1980). A more
complete section of Paleozoic rocks is exposed a few
miles farther west in the Clifton-Morenci area (Lind-
gren, 1905). About 12 mi southeast of the mapped area,
Mesozoic rocks unconformably overlie Precambrian
granitic rocks without any intervening Paleozoic rocks.

'With contributions from D. C. Hedlund, R. A. Martin, and J. R. Hassemer, USGS.

Major porphyry copper deposits are being mined at
Morenci, Arizona, 24 mi west, and at Tyrone, New Mex-
ico, 50 mi southeast of the study area. These large,
disseminated copper deposits occur in quartz monzonite
intrusives of early Tertiary age, which are overlapped
by mid-Tertiary volcanic rocks; similar deposits could
underlie mid-Tertiary volcanic rocks in the intervening
area between these deposits, including Hells Hole Road-
less Area (Ratté and others, 1982).

The Hells Hole Roadless Area does not lie within an
organized mining district. There are no patented mining
claims within the area nor has there been any recorded
production from within its boundaries. Actual mining
has been limited to two small workings. One is located
on the west flank of Yellowjacket Peak, where second-
ary copper minerals occur in a narrow shear zone at the
Yellowjacket prospect; the other is at the Telluride mine
on upper Sawmill Creek, where a narrow zone of discon-
tinuous quartz veins is exposed in the stream bed. The
only other prospect is the Pajaro Azul (Bluebird)
uranium prospect on Coal Creek in the northeastern
part of the area, where a siliceous, cemented fault zone,
which cuts rhyolite breccia, is anomalously radioactive.
Approximately 850 unpatented mining claims have
been located within or adjacent to the mapped area
(80 percent or more outside the study area), of which
650 were in compliance with federal recordation require-
ments in 1980. A strip of claims connecting the Tellu-
ride mine and Yellowjacket Peak represents recent base-
and precious-metal exploration efforts within the study
area.

The southern portion of the study area adjoins the
Steeple Rock (Mayflower, Twin Peaks) mining district.
Production from the district totals about $7 million in
silver, gold, and minor amounts of base metals and
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fluorite. A characteristic, northwest-trending, fault-
fissure vein system extends into the northern part of
the district, south of the study area. A current base- and
precious-metal exploration program is centered on a
tract south of the western half of the study area and, on
the New Mexico side, a similar program is being con-
ducted. No recent production has been recorded from
this northern portion of the Steeple Rock district; past
production includes 1115 oz gold, 3640 oz silver, and
1965 lbs copper.

MINERAL RESOURCES

A probable mineral-resource potential for base- or
precious-metal deposits within the Hells Hole Roadless
Area is based on the following: (1) A favorable geologic
environment has been determined by geologic mapping
(Ratte and Hedlund, 1982) and by geophysical interpre-
tations (Martin, 1981). (2) Evidence of mineralization is
provided by present and past mining activity in areas
adjacent to the Hells Hole Roadless Area and by anom-
alously high elemental concentrations in geochemical
samples taken in the area. Stream-sediment concen-
trates, veins, and hydrothermally altered rocks were
sampled within the mapped area (Hassemer and others,
1981).

The favorable geologic environment consists of a
middle Tertiary volcanic center and a subjacent shallow
stock or small batholith of silicic to intermediate com-
position that is believed to underlie most of the study
area. Volcanism and intrusive activity were sustained
over an interval of about 10 million years during which
time the magma, or magmas, evolved from andesite
through rhyodacite and low-silica rhyolite to high-silica
rhyolite. Ore deposit models indicate that this geologic
environment is most conducive to the formation of
stockwork molybdenum deposits, and epithermal
precious-metal deposits of the fissure-vein type like
those that occur in the nearby Steeple Rock mining
district. The geologic setting is generally favorable for
the occurrence of porphyry copper deposits; however,
such deposits almost invariably are early Tertiary or
Late Cretaceous in age in this region. Because of the
proximity of major porphyry copper deposits at Moren-
ci, Arizona, and Tyrone, New Mexico, the possibility
exists that a similar deposit is buried beneath mid-
Tertiary volcanic rocks within the roadless area. A tin
porphyry system is also possible in this geologic en-
vironment (Sillitoe and others, 1975), and although it
would be a unique and unlikely occurrence in this

region, the strategic importance of tin makes even the
possibility of a tin porphyry system noteworthy.

Panned concentrates from stream-sediment samples
show anomalously high amounts of beryllium and nio-
bium over the volcanic center, particularly from areas
draining outcrops of the rhyolite of Hells Hole and near
the vent for the rhyolite of Mule Creek. Anomalously
high amounts of tin, boron, barium, and tungsten,
although more dispersed, are also most common over or
peripheral to the volcanic center. Anomalously high
amounts of silver, copper, molybdenum, lead, zinc,
bismuth, antimony, and arsenic, on the other hand, are
concentrated both over and around the volcanic center
and along the northwest fracture zone south of the
roadless area. Samples of altered and mineralized rock®
associated with the volcanic center contain significant
values for beryllium, niobium, tin, barium, molyb-
denum, silver, and copper. Selected samples of altered
and mineralized rocks from the northwest fracture zone
are enriched in silver, copper, molybdenum, zinc, lead,
and barium; one sample from the Twin Peaks mine con-
tained gold. Fluorite is common in the concentrate
samples in the northwest fracture zone, but was not
seen in concentrates that might be associated with the
rhyolites of the volcanic center within the Hells Hole
Roadless Area.

Niobium in the minerals pseudobrookite and ilmenite
(Hassemer and others, 1981) forms as much as 1 1/2 per-
cent of the magnetic fraction of the gravel in some
drainages across the major rhyolite outcrops, but there
is little likelihood of sufficient volume or grade for
economic niobium placer deposits.

The silicic volcanic rocks, particularly the high-silica
rhyolite of Mule Creek, are suitable source rocks for
uranium-bearing solutions. A single prospect in the
northwestern part of the roadless area (Pajaro Azul) has
revealed a uranium occurrence, formed most likely by
the movement of uranium-bearing ground water along a
fracture zone in rhyolite. No evidence of other occur-
rences of this type, nor evidence for other types of
uranium deposits was found within the mapped area.

As aresult of this study, there is little promise for the
discovery of oil, gas, energy resources, or any other
mineral resources within the Hells Hole Roadless Area.

SUGGESTIONS FOR FURTHER STUDIES

Additional geochemical and petrological studies of
the rocks of the Hells Hole volcanic center and modeling
of geophysical anomalies are necessary to adequately
appraise the mineral-resource potential of the area.
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KANAB CREEK ROADLESS AREA, ARIZONA

By GEORGE H. BILLINGSLEY,' U.S. GEOLOGICAL SURVEY, and

CLARENCE E. ELLIS, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey in 1982, the Kanab Creek Roadless Area in
north-central Arizona has a probable mineral-resource potential for uranium and
copper in four small areas around five collapse structures. Gypsum is abundant
in layers along the canyon rim of Snake Gulch, but it is a fairly common mineral
in the region outside the roadless area. There is little promise for the occurrence

of fossil fuels in the area.

CHARACTER AND SETTING

The Kanab Creek Roadless Area encompasses about
14 sq mi within the Colorado Plateau Province and is
about 18 mi north of the Grand Canyon, Arizona. It is
contiguous with the Kanab Canyon Wilderness on the
west and south sides and lies within the Grand Canyon
Game Preserve of the Kaibab National Forest. The rug-
ged canyon area is over 1500 ft deep at its deepest point,
and crosses Kanab Canyon in its westernmost part.
Altitudes in the roadless area range from 3720 ft to
6200 ft.

The nearest settlements in the region are Fredonia, 15
mi to the north, and Jacob Lake, 9 mi to the east; both
towns are in Arizona and connected by State Highway
89A. The roadless area can only be reached by a few un-
marked, unimproved jeep and hiking trails.

The rocks of the Kanab Creek Roadless Area consist
of horizontal beds of sandstone, shale, and limestone, of
Early Permian age. The rock units exposed include (in
ascending order), the Esplanade Sandstone, Hermit
Shale, Toroweap Formation (Seligman, Brady Canyon,
and Woods Ranch Members), and the Kaibab Forma-
tion (Fossil Mountain and Harrisburg Members). The
Triassic Moenkopi Formation is exposed 15 mi to the
north.

The upper 160 ft of the Esplanade Sandstone is ex-
posed at the mouth of Snake Gulch and consists mainly
of a dark-reddish-brown mudstone and siltstone capped
with a resistant reddish-brown to white massive ledge-
forming sandstone. An erosional surface with relief of

'With contributions from Jack Antweiler, USGS.

about 20 ft marks the unconformity between the Espla-
nade and Hermit Shale. The slope-forming Hermit
Shale, (which is about 575 ft thick), consists of alter-
nating bright-red-brown shaly mudstone and siltstone
interbedded with pale-red-brown ledge-forming massive
beds of sandstone. The contact with the overlying
Coconino Sandstone, which is absent in the Kanab
Creek Roadless Area, but exposed about 3 mi to the
east-southeast, is a level surface with large tension
cracks in the underlying Hermit Shale that are fiiled in
with Coconino Sandstone. The Coconino Sandstone is a
cross-laminated white sandstone only 14 ft thick in the
upper 6 mi of Snake Gulch (outside of the roadless area)
and nonexistent elsewhere. Reworked white Coconino
Sandstone and red shale and sandstone of the Hermit
form the interbedded layers of the basal Seligman
Member of the Toroweap Formation. The Seligman
Member, which is about 30 ft thick, forms a continuous
cliff with the overlying Brady Canyon Member, which
has a thickness of approximately 210 ft. The fossilifer-
ous gray limestone beds of the Brady Canyon grade up-
ward into slope-forming palered and gray shale and
siltstone of the Woods Ranch Member of the Toroweap,
which is about 160 ft thick. Thick layers of massive
gypsum occur throughout the Woods Ranch Member.
An erosional unconformity with as much relief as 10 ft
marks the boundary between the Toroweap and the
Kaibab. The basal unit of the Kaibab is a yellowish-gray
fossiliferous cherty limestone representing the Fossil
Mountain Member, which is about 280 ft thick. An ar-
bitrary boundary is drawn at a gradational contact be-
tween the cliff-forming Fossil Mountain Member and
the overlying slope-forming Harrisburg Member. The
Harrisburg, which is about 200 ft thick, is a series of
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alternating gray and palered shale and siltstone inter-
bedded with gray limestone and gypsifereous siltstone.
The Harrisburg forms the semiresistant plateau surface
around the Kanab Creek Roadless Area and has vari-
able thicknesses because of recent erosion. Unconsol-
idated Quaternary deposits are scattered on the slopes
of the canyon as colluvium, and elsewhere as flood-plain
deposits, alluvial-valley deposits, alluvial fans, and a
few travertine deposits.

A few normal north-south trending faults occur at the
east end and southeast of the Kanab Creek Roadless
Area with a maximum throw of 1200 ft. One large fault,
the Gunsight Point fault, occurs in Kanab Canyon just
west of Snake Gulch. The sedimentary rocks of Snake
Gulch dip very slightly from east to west, with a re-
gional dip of 1°. Collapse structures are scattered at
random on the Plateau surface on both sides of the can-
yon. The collapsed structures are recognized by gently
dipping strata from 1° to 10° towards a central point in
the center of a circular-shaped area. The collapsed areas
vary in diameter from about 50 ft to 0.75 mi, and are
commonly brecciated to the depth of Mississippian
strata to form breccia pipes. Uranium often occurs in
these structures.

MINERAL RESOURCES

The nearest known mineral deposits to the roadless
area, until recently, were the copper deposits of the
Jacob Lake-Warm Springs district, 4 mi east of Snake
Gulch (Tainter, 1947). These are ribbon-like bodies of
azurite and malachite at the intersection of vertical
joints in beds of cherty sandy limestone of the Kaibab
Limestone. Copper occurrences such as these could ex-
ist near the rims of Snake Gulch, but no copper minerals
were observed within the Kanab Creek Roadless Area.

The presence of uranium resources and several
uranium prospects related to collapse structures in a
contiguous area of similar geology indicate a probable
mineral-resource potential for uranium adjacent to
parts of the Kanab Creek Roadless Area. Collapse struc-
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tures (breccia pipes) are near the Snake Gulch canyon on
lands of the U.S. Bureau of Land Management and the
Kaibab National Forest. A deposit of uranium in a col-
lapse structure (Pigeon Pipe) occurs on the north rim of
Snake Gulch and an area of probable uranium resource
potential extends a small distance into the roadless
area. Three small areas of probable potential around
four other collapse structures extend into the area.
Elsewhere, the Snake Gulch canyon has a little promise
for the occurrence of mineral deposits except for layers
of gypsum that occur in the Woods Ranch Member of
the Toroweap Formation along the rim of the canyon.
Mineral prospects are rare or nonexistent, and no signif-
icant anomalies were found in geochemical samples col-
lected within the roadless area.

The deep Paleozoic rocks could be favorable for oil
and gas in this area. However, the nearest drill hole,
about 12 mi northwest of the Kanab Creek Roadless
Area, penetrated Cambrian strata, and was dry.

SUGGESTIONS FOR FURTHER STUDIES

It is unlikely that further study of the Kanab Creek
Roadless Area would reveal evidence for mineral re-
sources at the surface, but studies of collapse structures
in surrounding adjacent areas might reveal significant
mineralization at depth, such as the recent discovery of
the uranium ore body at depth in the Pigeon Pipe.
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LOWER SAN FRANCISCO WILDERNESS STUDY AREA AND
CONTIGUOUS ROADLESS AREAS, ARIZONA AND NEW MEXICO

By JAMES C. RATTE,' U.S. GEOLOGICAL SURVEY, and

MICHAEL E. LANE, U.S. BUREAU OF MINES

SUMMARY

The Lower San Francisco Wilderness study area and contiguous roadless
areas were examined for mineral potential in 1980-81 and found to have an area
of probable mineral-resource potential for base- or precious-metal deposits in
middle to upper Tertiary volcanic rocks. The entire area has a largely
unassessable potential for base-metal deposits related to igneous intrusives of
Laramide age, like those in the nearby Morenci mining district, Arizona. The
contiguous roadless area has an area of probable mineral-resource potential for
molybdenum or copper deposits related to intrusive igneous rocks in the core of
a dacitic volcano of Oligocene age. An area in the west part of the study area has

a probable geothermal-resource potential.

CHARACTER AND SETTING

The Lower San Franciso study area consists of about
40 sq mi, in a strip between 1 and 6 mi wide, along a
20-30 mi stretch of the San Francisco River in Arizona
and New Mexico. The wilderness study area is almost
equally divided between the two states, but the con-
tiguous roadless area is entirely in New Mexico. Within
the study area, the San Francisco River has cut a spec-
tacular steep-walled canyon nearly 2000 ft deep. The
area was studied in 1980-81 and the results were
published in 1982 (Ratté and others, 1982).

Clifton and Morenci, Arizona, are the closest towns
down river about 10 mi west of the study area, and
Glenwood, New Mexico, is about 5 mi upriver. Eleva-
tions in the study area range from about 3800 ft, at the
mouth of the Blue River at the west end of the area, to
about 4500 ft at the east end, and 6600 ft on the north
rim of the San Francisco River canyon.

The study area is within the transition zone between
the relatively stable Colorado Plateau and the more tec-
tonically active Basin and Range structural and physio-
graphic provinces. The transition zone was the site of in-
tense faulting and igneous activity during Laramide

'With contributions by J. R. Hassemer and R. A. Martin, USGS.

time (Late Cretaceous to early Tertiary), and large
volumes of basaltic to rhyolitic volcanic rocks were
erupted along the transition zone in middle Tertiary
time. The study area is entirely covered now by middle
Tertiary and younger volcanic rocks or stream-
deposited sedimentary rocks, but lower Tertiary and
pre-Tertiary rocks may underlie parts of the study area
at 1000 ft or less below the level of the San Francisco
River. In fact, middle Tertiary volcanic rocks overlie
Paleozoic sedimentary rocks and Precambrian granite
only a few miles south of the study area.

The rocks within the study area are cut by 3 sets of
high-angle normal faults that trend north-northeast,
northwest, and west-northwest. Displacements on the
faults of each set range from a few tens of feet to hun-
dreds of feet. The other major structures in the study
area are all constructional volcanic features, mainly
eruptive centers, such as andesitic and basaltic cinder
cones, a small stratovolcano, and rhyolite vents, plugs
and breccia pipes.

Mining activity within the study area has been prac-
tically nil, and there were no active mining claims
within the area in 1980. However, since completion of a
minerals survey in 1981, sizeable blocks of claims have
been filed in the New Mexico part of the study area in
Goat Basin, and southeast of Goat Basin on the north
side of the San Franciso River.
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MINERAL RESOURCES

Any ore deposits discovered in the study area are
most likely to be of Laramide or middle Tertiary age.
Laramide time is when most of the important copper de-
posits of the southwestern United States were formed,
including the deposits at the Morenci and Metcalf
mines, less than 15 mi southwest of the western end of
the study area, which have produced more than 3 mil-
lion tons of copper. Some subvolcanic intrusive centers
of middle Tertiary age in the vicinity of the study area,
as at Steeple Rock and Mogollon, New Mexico, have
deposits of silver, gold, copper, and fluorite.

Within the study area, the greatest incentive to
mineral exploration is the possibility of discovering a
porphyry copper deposit related to a Laramide intrusive
buried beneath the middle Tertiary volcanic cover. The
probability of such a blind intrusive occurring within
the 40 sq mi area of the Lower San Francisco Wilder-
ness study area and contiguous roadless area, and the
further probability of its being mineralized sufficiently
to form an ore deposit, is largely unassessable by the
methods used in this mineral survey.

The best exploration target for ore deposits of mid-
Tertiary age is the Goat Basin volcano, north of the San
Francisco River and entirely within the contiguous
roadless area. The volcano is a stratified volcanic cone
2-3 mi in diameter; it consists of explosive breccia, lava
flows, and minor tuff of hornblende dacite and pyroxene
andesite, 26-28 million years old. Its flanks are largely
buried by younger andesite lava flows, but its center
(Goat Basin) is eroded to a depth of 1200-1400 ft below
the exhumed rim. A negative aeromagnetic anomaly of
about 100 gammas, which is centered over the volcano,
and the presence of small rhyolite dikes and altered and
weakly mineralized rocks in the center of the volcano
indicate a subvolcanic silicic intrusive at a depth of a
few hundred to a few thousand feet beneath the volcano,
and such an intrusive might be mineralized. Geochem-
ical samples of silicified and pyritized rhyolite show
molybdenum and copper. A probable molybdenum-
copper resource potential exists in this area.

Weak signs of mineralized rocks also occur in the
form of quartz and calcite veins peripheral to 18-21
million year old (Miocene) rhyolite eruptive centers, and
as silicified and argillized rocks within rhyolite south of
Goat Basin, along and south of the San Francisco River.
The rhyolite centers are exposed mainly along a narrow
downdropped block, the west-northwest trending Pot-
holes Country graben, which is expressed as an aero-
magnetic low similar to and merging with the aeromag-
netic low over the Goat Basin volcano. The magnetic
pattern thus indicates the possibility that the 18-21

million year old rhyolite extends beneath the volcano
and is connected to the rhyolite dikes at its center.

The 18-21 million year old rhyolites are high-silica
rhyolites (greater than 77 percent SiO,) and are chemi-
cally similar to rhyolites that are commonly associated
with molybdenum-tin-tungsten mineral deposits.
Samples of altered and mineralized rocks along in-
dividual quartz-calcite veins, and in siliceous or other
altered zones within the rhyolite, commonly have very
weak metal concentrations of silver, gold, copper, lead,
antimony, tungsten, and manganese. Silicified zones in
similar rhyolite in prospects in adjacent areas are highly
anomalous in silver and gold. Panned concentrates from
stream sediments in the vicinity of the rhyolite also
show weakly anomalous abundances of molybdenum,
tin, niobium, and thorium. This area has a probable
resource potential for molybdenum, copper, gold, and
silver.

The Dix Creek north-northeast-trending fault block in
the western part of the study area contains quartz-
calcite veins along the faults on both sides of the block,
and the fault block has been interpreted to have a possi-
ble large volume silicic intrusive at considerable depth
beneath the surface. Samples from the veins lack metal
values except for manganese in calcite, silver, gold, and
copper in quartz at the north end of the fault block, just
north of the wilderness study area. It is unlikely that
this structure is related to significant mineral resources.

A probable potential for geothermal resources is pres-
ent in the Lower San Francisco Wilderness study area
according to a study by the University of Arizona for
the U.S. Department of Energy (Witcher, 1979). The
wilderness study area encloses a stretch of the San
Francisco River that is between two known geothermal
resource areas (KGRA's) as classified by the USGS
(Muffler, 1979; Hatton, 1981). A KGRA is defined by
the USGS as an area which has the necessary geother-
mal potential to justify spending money for develop-
ment. Several springs along the river between the
KGRA's, and within the wilderness study area, have
surface temperatures that are above the average tem-
perature of other springs and the river water. One of the
springs with above average temperature (26°C) has a
calculated temperature at depth of 126°C. It also
has chemical characteristics similar to the water of the
nearby KGRA's, being a sodium-chloride water high in
silica and lithium (Witcher, 1979, tables 1, 2). The
spring occurs along the eastern fault of the Dix Creek
fault block, which is also cut by a west-northwest fault
in this area. Thus, the setting of this geothermal spring
is consistent with an origin for the heated water by deep
circulation of ground water through fractured rocks, the
water rising to the surface again along a major fault
zone.
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In summary, there is a probable, though largely unas-
sessable (without deep drilling), resource potential for a
porphyry copper deposit beneath the middle Tertiary
volcanic cover. Areas of probable mineral-resource
potential exist for a molybdenum-copper deposit in the
middle Tertiary volcanic rocks beneath the Goat Basin
volcano, and for minor precious-metal deposits in rocks
related to intrusive and extrusive rhyolite centers of
Miocene age. Springs along the San Francisco River in
the west part of the study area indicate a probable
geothermal-resource potential.

SUGGESTIONS FOR FURTHER STUDIES

Additional geologic and geophysical studies are need-
ed to assess the position and character of the post-
Laramide surface beneath the middle Tertiary volcanic
rocks, and to characterize geophysical anomalies that
might represent hidden Laramide-age intrusive bodies.
Mathematical modelling of the aeromagnetic anomalies
associated with the Goat Basin volcano and Miocene
rhyolite eruptive centers, and additional geochemical
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sampling in those areas are needed to better assess their
mineral-resource potential.
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MAZATZAL WILDERNESS AND
CONTIGUOUS ROADLESS AREAS, ARIZONA

By CHESTER T. WRUCKE,' U.S. GEOLOGICAL SURVEY, and

CLARENCE E. ELLIS, U.S. BUREAU OF MINES

SUMMARY

A mineral survey conducted in 1979 and 1980 by the USGS and USBM has
shown that the Mazatzal Wilderness has demonstrated resources of silver, gold,
lead, and mercury, small areas of substantiated mineral-resource potential for
silver and copper, and areas of probable resource potential for resources of
silver, copper, lead, mercury, and molybdenum. Gold, silver, and copper
resources occur in small deposits in the north-central, eastern, and southern
parts of the wilderness. A small demonstrated mercury resource is located at the
Sunflower mine near the southeastern corner of the wilderness adjacent to the
well-known Sunflower mining district. Molybdenum mineralization found dur-
ing this study in the Tangle Creek area west of the Verde River may extend
eastward into the roadless area and the wilderness. Tin occurrences not
previously known in the Mazatzal region were found in the central part of the
wilderness, and uranium was found near Horseshoe Reservoir, but there is little
promise for the occurrence of tin and uranium resources. No potential for fossil
fuel resources was identified in this study.

CHARACTER AND SETTING

The Mazatzal Wilderness comprises 320 sq mi, and
the contiguous roadless areas comprise an additional
130 sq mi, in the mountainous region of central Arizona.
The dominant physiographic feature is the northern
part of the Mazatzal Mountains. This part of the moun-
tains rises steeply from an altitude of about 3500 ft in
the valley east of the mountains to 7903 ft at Mazatzal
Peak. To the west, the range slopes steeply from the
forested crest, then more gently on the lower flanks to
the desert lowlands at altitudes of about 2500 ft along
the Verde River. Mountainous terrane on the west side
of the Verde River is in the roadless area bordering the
wilderness. The spectacular escarpment of the Mogollon
Rim, marking the southern border of the Colorado
Plateau, is a few miles north of the wilderness. It rises
above mesas that extend southward into the wilderness
and are separated from the Mazatzal Mountains by the
deep canyon of the East Verde River, a tributary of the
Verde River. The nearest town is Payson, 8 mi east of
the wilderness.

'With contributions from Sherman P. Marsh, Clay M. Conway, Dolores M. Wilson (Kulik),
and Calvin K. Moss, USGS.

Much of the Mazatzal Mountains, the canyon of the
East Verde River, and the mountains west of the Verde
River are underlain by a variety of Proterozoic stratified
rocks that form several tilted, structurally fragmented,
layered sequences that, if stacked together, would have
a total stratigraphic thickness of about 55,000 ft. These
rocks are little altered despite their antiquity even
though some were invaded by a large mass of Protero-
zoic granite. The ancient layered rocks retain many
features indicative of their origin as sedimentary and
volcanic rocks. Overlying the Proterozoic rocks are
much younger Paleozoic sedimentary strata that were
deposited in shallow seas and today are extensively ex-
posed as flat-lying beds along the Mogollon Rim. These
rocks have been eroded from most of the wilderness and
roadless areas but occur as cappings on a few ridges and
as isolated exposures. Erosion of these and the older
rocks has taken place over a long span of geologic time
but was accelerated about 15 million years ago, after the
beginning of faulting that broke central and southern
Arizona into mountain blocks and intervening basins.
Volcanic rocks that were erupted during the faulting
partly buried all older rocks. These volcanic rocks and
the sedimentary deposits that accumulated with them
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are widely exposed in the wilderness. They, too, have
been faulted repeatedly in the last few million years dur-
ing the evolution of the present mountains and valleys.

A mineral-resource study in 1979 and 1980 included
geologic mapping, geochemical sampling and evalua-
tion, geophysical studies (compilation and interpreta-
tion of gravity and aeromagnetic data), and an examina-
tion of mines, claims, and prospects in the area.

MINERAL RESOURCES

Metallic mineral occurrences are widespread in and
around the Mazatzal Wilderness. Within the wilderness
are occurrences of silver, gold, copper, mercury, and (or)
tin, and the roadless area along the west side of the
wilderness has indications of uranium and molybdenum
(Wrucke and others, 1982). Despite these abundant oc-
currences and their wide distribution, there is little
promise for the occurrence of mineral deposits in much
of the area.

Silver and gold occur in Proterozoic metamorphic and
granitic rocks in and around the wilderness. The most
favorable area for silver and gold in the wilderness is at
and near the Storey mine. The vein deposits that have
been mined are estimated to have demonstrated re-
sources of 78,000 tons of additional mineralized rock,
containing 1.9 oz silver/ton, 0.06 oz gold/ton, and 3.9
percent lead. A geologically similar area occurs 0.5 mi
north and northeast of the Storey mine and has a prob-
able potential for gold, silver, and lead. An area of
silver-gold-copper veins immediately east of the wilder-
ness, north of Mazatzal Peak, has a probable mineral-
resource potential. Copper was produced in the 1880's
from the silver-gold veins. The northern and southern
ends of this area extend into the wilderness but chances
are small that these veins extend a significant distance
into the wilderness. The Copper Mountain area has a
substantiated resource potential for silver and copper
based on assay and geochemical data and the fact that
485 oz of silver and 33.5 tons of copper ore were
produced from the deposit in 1967. Silver also occurs
in small sulfide veins in the Proterozoic granite north
of Midnight Mesa, but no resource potential was
identified.

An occurrence of copper is in an area 3 mi west of the
Storey mine southwest of Mazatzal Peak. Here bedded
gossans suggest the possibility of massive sulfide
mineralization. No evidence of a massive sulfide body
was found by geophysical techniques above the max-
imum search depth of 400 ft. However, this area also
has locally abundant copper minerals in veins and has a
probable resource potential for copper.

The Sunflower mercury district, located in metamor-
phosed Proterozoic sedimentary and volcanic rocks east

of the southern end of the wilderness, has produced
about 95 percent of the mercury recovered in Arizona.
However, the total production from the district has
been small, amounting to 3973 flasks of mercury
(Beckman and Kerns, 1965). The mercury distribution
in the district trends southwestward and extends into
the wilderness at the southwestern end of the district. A
demonstrated mercury resource estimated at a few hun-
dred flasks of mercury occurs within the wilderness as
an extension of the Sunflower mine. Farther inside the
wilderness, evidence of mercury mineralization has not
been found at the surface.

Indications of porphyry molybdenum deposits were
found during this study by geochemical sampling in
granitic rock (Proterozoic quartz monzonite) exposed in
the Tangle Creek area west of the wilderness. Although
a traverse through the area revealed no obvious indica-
tions of molybdenum minerals, the data support a prob-
able potential for a porphyry-type molybdenum re-
source. Interpretation of gravity and aeromagnetic data
indicate that the granitic body may be of modest size
and extend eastward into the roadless area, and
possibly also into the wilderness beneath younger rocks.
Exploration would be required to determine the distri-
bution and grade of mineralized rock.

Tin was identified in the Proterozoic granite during
this study in the central part of the wilderness. Tin had
not previously been reported as occurring in central
Arizona. High concentrations of tin were found in alter-
ation zones of a kind associated with tin deposits in
many parts of the world. However, available data offer
little promise that the granite contains tin resources.

Uranium occurrences exist in Cenozoic sedimentary
rocks outside the wilderness near Horseshoe Reservoir,
and barely inside the roadless area and the wilderness
northeast of the reservoir. The concentration of
uranium in these rocks is low and there is little promise
for the occurrence of uranium resources in the area.

SUGGESTIONS FOR FURTHER STUDIES

The broad features and many details of the geology
and mineral resources of the Mazatzal Wilderness and
contiguous roadless areas are known as a result of this
study. However, the area contains tin-bearing rocks not
previously reported in central Arizona and a possibly
significant molybdenum deposit, neither of which is well
understood. Detailed study of the Proterozoic granitic
and metamorphic rocks that contain the tin and molyb-
denum mineralization may reveal further evidence of a
potential for the occurrence of deposits of these com-
modities in and around the Mazatzal Wilderness. Fur-
ther study of the Proterozoic metamorphic rocks also
may provide information on their potential for massive
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sulfide depOSitS of the kind known in similar rocks in  Wrucke, C. T., Marsh, S. P., Conway, C. M., Ellis, C. E., Kulik, D. M.,
northwestern Arizona. and Moss, C. K., 1983, Mineral resource potential map of the
Mazatzal Wilderness and contiguous roadless areas, Gila,

Maricopa, and Yavapai Counties, Arizona: U.S. Geological

REFERENCES Survey Miscellaneous Field Studies Map MF-1573-A, scale

1:48,000.
Beckman, R. T., and Kerns, W. H., 1965, Mercury in Arizona, in

Mercury potential of the United States: U.S. Bureau of Mines
Information Circular 8252, p. 60-74.
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MOUNT BALDY WILDERNESS, ARIZONA

By TOMMY L. FINNELL,' U.S. GEOLOGICAL SURVEY, and

JOHN H. SOULE, U.S. BUREAU OF MINES

SUMMARY

The Mount Baldy Wilderness, Arizona, was surveyed for mineral resources in
1966 and was judged to have little or no promise for the occurrence of mineral
resources. No mineral deposits, mining claims, or concentrations of trace metals
were recognized within the area during the investigations of the USGS or the
USBM. No oil test holes have been drilled within the area; holes drilled about
35 mi north of the area were not productive.

CHARACTER AND SETTING

The Mount Baldy Wilderness occupies about
11.5sgmi in the White Mountains of east-central
Arizona, about 140 mi east-northeast of Phoenix. The
wilderness is very near the highest part of the White
Mountains; elevations range from about 9200 ft to
11,400 ft above sea level. Baldy Peak, the highest point
in the White Mountains, is about a % mi south of the
wilderness and has an elevation of 11,403 ft.

The wilderness is underlain by about 3500 ft of
young (less than 26 million years old) volcanic flows
and as much as 450 ft of glacial drift (Finnell and
others, 1967). The volcanic rocks are mainly inter-
mediate (dacite to rhyolite) porphyry, basalt, and
basaltic scoria and tuff. The geologic structure of the
rocks exposed in the wilderness is simple. The older
basalt flows are steeply tilted locally, the intermediate
flows above them slope gently to the northwest, north,
east, and southeast, and the glacial deposits and
younger basalts are flat lying.

MINERAL RESOURCES

The wilderness lacks significant faults of the kind
that contains veins of gold and silver ore at Mogollon,
New Mexico, about 53 mi to the southeast. Concentra-
tions of visible ore minerals were not found, and a
geochemical survey of the wilderness showed the metal
content of all samples to be so low that the possibility
of discovering mineral resources in the area is remote.

'With contributions by C. Gilbert Bowles, USGS.

A small cinder cone in the north part of the
wilderness might be suitable for road metal, but many
cinder cones east and north of the area are much larger
and more easily reached. Sedimentary rocks that yield
oil, gas, coal, uranium, and bleaching clay elsewhere in
eastern Arizona either are absent from or are present
only at great depth beneath the Mount Baldy Wilder-
ness. The Coconino Sandstone (Permian), a potential
reservoir for petroleum and natural gas, may be present
at depth beneath the wilderness, but the existence of
structural traps is highly conjectural. Thin coal beds
may be present in sedimentary rocks at depths of
3000 ft or more beneath the wilderness, but exploita-
tion for thin coal at such depths is considered to be
unlikely. Rocks of the type that yields bleaching clay
are not found in the wilderness. Small deposits of
uranium are in the Chinle Formation (Triassic) about
40 mi north-northwest of the area, but regional geologic
relationships indicate that the Chinle Formation does
not underlie the Mount Baldy Wilderness. Similarly,
other uranium-bearing formations of the Colorado
Plateau do not lie beneath the area.

SUGGESTIONS FOR FURTHER STUDIES

Further study of the Mount Baldy Wilderness would
seem warranted only in the event that economic
deposits of minerals or petroleum are found in nearby
areas.

REFERENCE

Finnell, T. L., Bowles, C. G., and Soule, J. H., 1967, Mineral resources
of the Mount Baldy Primitive area, Arizona: U.S. Geological
Survey Bulletin 1230-H, p. H1-H14.
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NORTH END ROADLESS AREA, ARIZONA

By HARALD DREWES,' U.S. GEOLOGICAL SURVEY, and

P. R. BIGSBY, U.S. BUREAU OF MINES

SUMMARY

Studies conducted in 1978-79 in the North End Roadless Area indicate prob-
able or substantiated metallic mineral-resource potential in about one-fifth of
the area. The area has potential for disseminated or stockwork-type

molybdenum mineralization,

copper-lead-zinc-silver veins,

lead-zinc-silver

limestone replacement deposits, and tungsten-bearing contact metamorphic
skarn deposits. The area also contains cement rock and marble dimension stone,
but has only slight promise for the occurrence of petroleum and natural gas.

CHARACTER AND SETTING

The North End Roadless Area covers about 40 sq mi
of the northern end of the Chiricahua Mountains near
the southeastern corner of Arizona. It lies adjacent to
the north and east sides of the Chiricahua National
Monument and is about midway between the towns of
Portal and Bowie, in the Coronado National Forest.

The roadless area covers moderately high terrain that
is partly forested. Access to the area is by means of
roads up the larger canyons from county roads or State
highways in the intermontane valleys east and west of
the mountains. A few trails facilitate access to the in-
terior of the area.

The North End Roadless Area is underlain by a wide
variety of sedimentary, volcanic, and plutonic rocks,
some of which are strongly faulted (Sabins, 1957;
Drewes, 1981, 1982, 1983). Precambrian schist and
granodiorite plutons are the oldest rocks of the area,
forming a basement for four sequences of overlying
sedimentary and volcanic rocks. The lowest of these is
mainly a limestone sequence, about 8100 ft thick and of
Paleozoic age. Next is a shale and sandstone sequence,
about 6500 ft thick and of Mesozoic age. The third is a
rhyolite and andesite volcanic sequence of Tertiary age;
it is about 6500 ft thick near a major volcanic center in
the eastern part of the area, but it thins rapidly and is
absent over much of the area. The capping sequence, of
Tertiary and Quaternary gravel, is thin in most of the
area but is at least 6000 ft thick beneath the San Simon
Valley east of the roadless area.

'With contributions from C. L. Forn, K. C. Moss, and K. C. Watts, Jr., USGS.

The faults cutting these rocks are the key features
that guided the emplacement of Tertiary granitic
plutons, influenced the distribution of metamorphism,
and probably controlled mineralization. The Apache
Pass fault zone trends diagonally northwest to south-
east through the area, forming a belt of broken rock 0.5
to 1 mi wide. This fault zone is almost vertical and has
been active at various times between the Precambrian
and late Tertiary. A zone of thrust faults trends west
across the northern part of the area, and is also related
to the Apache Pass fault zone. The thrust faults dip
moderately at the surface, but presumably flatten at
depth, and are offset by some of the latest movement on
the Apache Pass fault zone. These faults and the broken
rock near them have helped granitic magma of Tertiary
age and mineralizing fluids move upward from deep
sources into the Paleozoic and Mesozoic rocks. Near the
intrusive rocks the Paleozoic and Mesozoic rocks are
metamorphosed, and locally contain lead, silver, zinc,
and copper mineralization.

Mining began in 1881 in the vicinity of the roadless
area with the early development of claims that later
became the Hilltop mine, 1 mi south of the area. Scat-
tered prospects and a few patented claims lie within, or
just outside the roadless area. During the time of the
study, there was sporadic development work at the
King of Lead mine and nearby claims lying in an area
between the Chiricahua National Monument and the
roadless area. Base metals and silver ore have been pro-
duced from the Hilltop mine (about $1.1 million produc-
tion between 1902 and 1950) and a small amount of
similar ore was probably produced from the King of
Lead mine and from mines in the Buckhorn Basin about

0.5 mi west of the roadless area.
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MINERAL RESOURCES

Seven areas of probable and substantiated mineral
potential were identified in this study. These areas are
discussed in order of their decreasing significance
(although a few successive sites are of nearly equal
significance), based on their known or inferred geologic,
geophysical, and geochemical features.

Although area 1 contains only a few small prospects it
is regarded as having substantiated mineral-resource
potential. It lies along the Apache Pass fault zone and
is, in part, underlain by metamorphosed Paleozoic
limestone, two Tertiary rhyolitic plugs, and a Tertiary
granodiorite stock. Volcanic rocks in the northeastern
part of the area are extensively pyritized and oxidized.
Chip samples from prospects and outcrops show the
presence of copper, lead, zinc, molybdenum, barium, and
silver mineralization. Geochemical anomalies in stream-
sediment samples from area 1 suggest a possible focus
of mineralization many hundreds to a few thousand feet
below the center of the area (Watts and others, 1983).
Three types of mineralization could occur in area 1; vein
or replacement deposits of lead, zinc, and silver in the
sedimentary rocks, skarn contact deposits near the
granodiorite stock, and copper or molybdenum
porphyry-type mineralization at moderate depth.

Area 2 contains the Hilltop mine and numerous pros-
pects (Drewes and others, 1983), and extends to the
southeast beyond the North End Roadless Area. It also
lies along the Apache Pass fault zone and is underlain
by Mesozoic and Paleozoic sedimentary rocks, a small
stock and rhyolitic plugs north of Hilltop, and a large
stock on its southern side. Sampling in the area gave
data showing anomalous concentrations of base metals
and silver. From aeromagnetic data, we infer that the
crest of the large stock plunges gently northwest
beneath Hilltop. A mineralized zone like that at the
Hilltop mine is inferred to plunge to the northwest, ex-
tending below part of the study area, defining a zone of
substantiated resource potential for base metals and
silver.

Area 3 has a probable resource potential for small
lead-zinc-silver replacement or vein mineralization at
moderate depths like that at the King of Lead mine
(Drewes and others, 1983). This area also lies along,
or within, the Apache Pass fault zone, and it is under-
lain by Mesozoic and Paleozoic sedimentary rocks and
some small plugs and dikes (Sabins, 1957; Drewes,
1982, 1983). There is less observed mineralization
than at areas 1 and 2 and anomalous concentrations of
copper and molybdenum are more widely scattered.
Aeromagnetic data (Moss, 1983) shows positive
anomalies suggestive of the presence of small buried
stocks, which may provide a favorable environment for
mineralization.
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Area 4 lies northeast of the Apache Pass fault zone
and is underlain by Tertiary volcanic rocks cut by some
breccia pipes and normal faults. The area contains
almost no signs of prospecting. Mineralized carbonate
reefs along the faults contain high values for lead,
barium, molybdenum, and silver. Aeromagnetic data
shows the possible presence of a stock beneath the
eastern end of area 4. These signs are viewed as in-
dicating probable resource potential for base metals and
silver beneath the volcanic cover, possibly in veins
along faults.

Area 5 lies largely outside the roadless area and, also
follows a strand of the Apache Pass fault zone. The area
is underlain by Mesozoic and Paleozoic rocks that are
intruded by a stock and by plugs and dikes. Observa-
tions of mineralization at the surface and of geochemical
and geophysical features are suggestive of a probable
resource potential for small replacement, vein, or con-
tact metamorphic mineralization containing base and
precious metals.

Area 6 also has a probable mineral-resource potential
for base and precious metals but lies largely outside the
roadless area. The area is underlain by the same kind of
sedimentary rocks as the other sites but its thrust-
faulted terrane has only a few plugs and dikes. The area
contains geochemical anomalies and a few small mines.
Aeromagnetic data suggests that area 6 is above the
south flank of an eastward-plunging stock. The area is
favorable for blind vein or replacement mineralization
at accessible depths, and may also contain deeper con-
tact mineralization.

Area 7 has probable resource potential for base and
precious metals, though evidence is weaker than for the
other areas. It is underlain mainly by Mesozoic and
Paleozoic sedimentary rocks intruded by Tertiary
stocks and dikes. Some Precambrian granite is in the
northern part of the area. These rocks are cut by a
strand of the Apache Pass fault zone and by a splay
fault branching from the zone. Scattered prospects oc-
cur in area 7, and some of them contain copper, lead,
zine, arsenic, antimony, and silver. Geochemical
samples of the alluvium suggest the possible presence
of concealed mineralization near the boundary of the
study area. Aeromagnetic data suggests that a stock
exposed west of the site has a crest that plunges gently
northeastward below this possibly mineralized ground.

Marble and lime rock occur in the area and other
commodities—silica rock, sand and gravel, and
graphite—are present or have been reported present in
or near the roadless area. All these products are more
accessible and abundant at and near old quarries or out-
crops outside the roadless area.

The North End Roadless Area lies within the over-
thrust belt (Drewes, 1980, 1981) and has become an area
of interest for petroleum and natural gas resources.



While rocks deep in the subsurface could contain traps
for these fluids, the abundant steep faults and stocks in
the roadless area suggest that such fluids would not
likely be preserved.

SUGGESTIONS FOR FURTHER STUDIES

The abundance of areas deemed favorable for
mineralization suggest the area warrants further study.

The part of area 1 with disseminated sulfides war-
rants a more detailed geologic and geochemical in-
vestigation, and possibly studies using ground
geophysical techniques. A more precise modeling of
subsurface extensions of stocks and plugs at this site
may also be desirable. A study of the alteration
minerals in the volcanic terrane would also be useful.

In several other areas where known or projected
mineralization is associated with faults (areas 1, 2, 4, 5,
and perhaps 7), a more detailed geochemical sampling
program examining mineralized rock and alteration
along fractures might determine areas of movement of
hydrothermal solutions.
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PINE MOUNTAIN WILDERNESS, ARIZONA

By FRANK C. CANNEY,' U.S. GEOLOGICAL SURVEY, and

FRANK E. WILLIAMS, U.S. BUREAU OF MINES

SUMMARY

A geologic study and geochemical survey were made of the Pine Mountain
Wilderness in 1966. Only slight traces of mineralization of no apparent
significance were found and the results of the geochemical survey were negative.
The presence of important near-surface mineral deposits in the area is con-
sidered unlikely. No evidence of nonmetallic or energy resources was identified

during the course of this study.

CHARACTER AND SETTING

The Pine Mountain Wilderness comprises an area of
about 31 sq mi in southeastern Yavapai County near
the center of Arizona. The wilderness is between the
Black Canyon Highway (Arizona State Route 69 and
Interstate Highway 17) and the Verde River. It is about
40 mi east-southeast of Prescott, the county seat of
Yavapai County, and about 20 mi south of Camp Verde.
The northwestern part of the area is in the Prescott Na-
tional Forest, and the southeastern part is in the Tonto
National Forest. The Pine Mountain Primitive Area
was studied in 1966 (Canney and others, 1967). Because
the boundaries of the proposed wilderness were known
in 1966, all the additional tracts of land outside the
existing primitive area proposed for inclusion in the wil-
derness were also examined. The Pine Mountain Wilder-
ness was formally established in 1973.

The Pine Mountain Wilderness is characterized by
rather diverse types of topography and vegetation, but
in general it is rugged and mountainous. It forms the
southeast end of the Black Hills, a northwest-trending
range that bounds Verde Valley on the southwest, and
extends northwestward to the famous Verde mining
district. The wilderness is divided into two parts
roughly equal in size but different in character. The part
west and northwest of the Prescott-Tonto National
Forest boundary is generally mesalike because of the
nearly horizontal attitude of the Tertiary lava flows and
moderately deep canyons have been cut into it by
Bishop and Sycamore Creeks. Within the Prescott Na-
tional Forest area a good network of horse and foot
trails permits relatively easy access to much of the area.

'With contributions by William L. Lehmbeck, USGS.

The part of the wilderness southeast and east of the
Prescott-Tonto National Forest boundary is extremely
rugged and is dissected by many moderately deep can-
yons. In the Tonto National Forest area travel is
generally difficult owing to complete lack of trails and
the vegetative cover is often so dense that to travel any
distance is an extremely difficult, painful, and time-
consuming operation.

Altitudes in the wilderness range from 6814 ft on Pine
Mountain to slightly less than 4000 ft at several points
on the southeast border. Turret Peak (alt. 5840 ft) and
1 M Peak (alt. 5998 ft) are prominent and easily recog-
nizable landmarks on the southwest edge of the area.
The vegetation is extremely varied, both in type and
amount, as would be expected from the rather large dif-
ferences in altitude between various parts of the area. It
ranges from plant communities composed of various
species of shrubs and cacti characteristic of the Sonoran
Desert to relatively open stands of ponderosa pine.

The rocks in the Pine Mountain Wilderness vary
greatly both in age and type. The Tonto National Forest
section is underlain principally by very old (Precam-
brian) rocks, mostly granites and closely related types,
although there are small areas of highly metamor-
phosed volcanic and sedimentary rocks. The meta-
morphic rocks are also well exposed in the deeper
canyons in the Prescott National Forest section. Over-
lying Precambrian rocks, principally in the western part
of the wilderness (Prescott National Forest section), are
nearly flat-lying strata of sandstone and limestone of
early to middle Paleozoic age (about 350-550 million
years old). These sedimentary rocks are covered nearly
everywhere by basalt lava flows of Tertiary age, so are
generally exposed only in the walls of the deeper can-
yons in the western part of the wilderness and in the
east-facing cliffs along the Pine Mountain escarpment.
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The Paleozoic rocks are missing from large areas in the
southwestern part of the wilderness; presumably they
were eroded before the advent of volcanic activity, for
basalt flows rest directly on the old igneous rocks in
those areas. The basalt flows that are widespread in the
wilderness, and compose much of the exposed bedrock
in the Prescott National Forest area, were deposited
during an episode of extensive volcanic activity that oc-
curred in north-central Arizona only a few million years
ago.

Strong tectonic forces elevated the Black Hills at
least 3000 ft a few million years ago. Vigorous stream
erosion since that time has shaped the landscape of the
Pine Mountain Wilderness that we see today. The rocks
in the wilderness responded to the stresses during the
period of Cenozoic deformation principally by simple
uplift and minor tilting; no folds have been recognized,
and the principal structural features are vertical to high-
angle faults.

MINERAL RESOURCES

The 1966 mineral survey (Canney and others, 1967)
found no evidence of any significant near-surface
mineral deposits in the Pine Mountain Wilderness. This
was not unexpected, because much prospecting has
been done during the past 75-100 years in this part of
Arizona in the hopes of finding large and rich deposits
of gold, silver, copper, and zinc like those mined in the
Verde mining district, 30-40 mi to the northwest. Cer-
tainly any surface indications of important minerali-
zation would have been detected by these early pros-
pectors. And considering how thoroughly this area
must have been prospected, diggings are surprisingly
scarce; only three prospects were noted during the 1966
survey.

Precambrian massive sulfide deposits and Precam-
brian fissure veins are the principal types of ore deposits
in the Black Hills and in the Bradshaw Mountains to
the southwest. Although most of the important known
Precambrian ore deposits are found in a belt extending
south and southwest of the Verde district, the geology
of the wilderness is permissive for the occurrence of
such deposits, because Precambrian igneous and meta-
morphic rocks are exposed in more than 50 percent of
the area.

Very few mineral claims have apparently been staked
in the wilderness. In 1966, only the Frances Young
group of 18 claims were believed to be in the wilderness,
but fragmentary and incomplete land records prevented
finding their precise location. Since the 1966 survey, ad-
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ditional claims were staked in 1972, 1979, and 1981 ac-
cording to the USFS, but they have no record or
knowledge of any physical exploration on these claims.

Geochemical prospecting, using active-stream sedi-
ments and heavy-mineral concentrates, was the prin-
cipal method employed to evaluate the mineral poten-
tial of the area. No anomalies that might be considered
indicative of the presence of near-surface metallic
mineral deposits were found.

Iron-stained zones, bleached areas, quartz-jasper
stringers and veins, minor shear zones, and other mis-
cellaneous types of altered rock are common in the
metamorphic rocks of the wilderness. These occurrences
were examined, and samples were collected for analyses
from many of them. Only insignificant traces of metallic
minerals were revealed by the analytical data and field
studies. The presence of significant near-surface mineral
deposits in the area therefore is considered unlikely.

No nonmetallic or energy resources were identified in
the wilderness in the course of this study.

SUGGESTIONS FOR FURTHER STUDIES

Additional studies do not appear warranted at this
time. Ore deposits, if present, are probably of the
massive sulfide type, and buried deeply beneath the
ground surface, beyond the range of the various geo-
chemical and geophysical techniques used in routine ex-
ploration. Some of the newer geophysical methods
might possibly be capable of detecting such hidden ore
bodies if not buried too deeply, but this would require
blanketing the entire wilderness with expensive
surveys; such techniques are usually used in limited
areas where it is possible to define restricted target
areas by other means, for example geochemical surveys,
and such target areas were not defined by the 1966
study. Future development of a geochemical method
that could detect mineralization beneath a cover of
younger barren rocks would, of course, be ample
justification for conducting such a survey in the wilder-
ness, especially the western part (Prescott National
Forest section) where the Precambrian rocks are nearly
everywhere covered by much younger sedimentary and
volcanic rocks.
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PUSCH RIDGE WILDERNESS, ARIZONA

By MARGARET E. HINKLE, U.S. GEOLOGICAL SURVEY, and

GEORGE S. RYAN, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey in 1979 by the USGS and USBM, the Pusch
Ridge Wilderness, located at the northern boundary of the city of Tucson,
Arizona, offers little or no promise for the occurrence of energy resources. Only
one area contains a probable potential for small, isolated contact-metamorphic
deposits containing copper, molybdenum, tungsten, lead, and zinc. This area is
located around the southwestern end of Pusch Ridge, adjacent to a residential

area.

CHARACTER AND SETTING

The Pusch Ridge Wilderness covers approximately
88 sq mi of the Coronado National Forest on the south-
west side of the Santa Catalina Mountains in Pima
County, Arizona. The wilderness abuts the northern
edge of the city of Tucson, about 8 mi from the center of
Tucson. Other borders of the wilderness are, roughly,
the Canada del Oro and U.S. Highway 89 to the west,
Cargodera Canyon to the north, and the Mount Lem-
mon Highway to the east. Access to the area is easily
accomplished except on the north side. The terrain has
rugged, steep canyons, sharp ridges, and pinnacle-type
peaks. Altitudes range from about 2800 ft at the valley
floor in the Sonoran desert environment, to 9160 ft in
the coniferous forest environment at the summit of
Mount Lemmon.

A mineral survey was made of the Pusch Ridge Wil-
derness in the fall of 1979 and the area was evaluated
for its mineral potential by analysis of geochemical
samples by the USGS, and by examination of mines,
prospects, and mineralized areas by the USBM. The
results were published in 1982 (Hinkle and Ryan, 1982).

The Pusch Ridge Wilderness is located in the south-
ern Basin and Range province of the Western United
States, where subparallel mountain ranges are sepa-
rated by broad alluvial valleys. The Santa Catalina
Mountains are part of a zone of metamorphic rocks that
form mountain ranges in Arizona extending from the
Rincon Mountains northwest through the Santa Cata-
lina Mountains to the Picacho Mountains.

The part of the zone of metamorphic rocks in which
the Pusch Ridge Wilderness is located consists primar-
ily of a Tertiary granitic and Proterozoic gneissic com-

plex that is locally deformed and intruded by pegmatitic
dikes and sills. Although identification of some of the
rock units within the complex and opinions concerning
the ages and origins of these similar appearing rocks
have been and remain controversial, the rocks within
the wilderness were apparently originally made up of
Tertiary age granitic rocks that were intruded into Pro-
terozoic granites (Banks, 1980; Keith and others, 1980).
Both rock types have been widely converted to gneisses
whose foliation forms a broad arch trending westerly
across the wilderness. This part of the mountain range
is bounded on the south by the Catalina fault zone,
which juxtaposes gneissic rocks with middle Tertiary
sedimentary rocks that lie just south of the wilderness.

The old Pontatoc mine is located in this fault zone
just outside of the wilderness boundary. The Pontatoc
mine contained copper mineralization, minor molybde-
nite, and trace amounts of silver. The mine has not
operated since 1918 and the workings are now within a
residential area. Additional scattered old prospect pits
and adits occur within the Catalina fault zone; all of
these small faults and fractures which have been ex-
plored contained localized concentrations of copper and
associated metals.

Along the western border of the Santa Catalina
Mountains the Pirate fault has juxtaposed Pliocene and
Miocene(?) gravel and conglomerate against the Ter-
tiary granitic and Proterozoic gneissic complex. The
Pirate fault has a large displacement. Many fractures
parallel the Pirate fault in the adjacent rocks of the
complex. The fractures acted as localizing channels for
pods and lenses of pegmatite rocks which intruded the
granitic and gneissic rocks. An area of fractured and
cemented rocks exists where the Pirate fault crosses
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Cargodera Canyon, and the granitic and gneissic rocks
contain abundant inclusions of metamorphosed sedi-
mentary rocks; a few old prospects occur in this area.
The Romero Pass fault is a zone of fractured igneous
rocks with intrusions of pegmatitic rocks that extends
from Romero Pass westward approximately N. 60° W.
and intersects the Pirate fault. A large mass of frac-
tured and cemented rock occurs in the area of intersec-
tion. The eastward extension of the Romero Pass fault
zone coincides with the series of valleys and streams
extending southeast. Although a few outcroppings of
copper-stained quartz and other rocks occur within the
Romero Pass fault zone, no prospect pits were seen.

MINERAL RESOURCES

Although located within a highly mineralized region
of Arizona, the Pusch Ridge Wilderness has very little
history of mineral activity and no mineral production.
The Pontatoc mine, just south of the wilderness yielded
a small production of copper from the Catalina fault
zone; the Oracle Ridge mining district (Old Hat district)
about 3 mi northeast of the wilderness yielded a moder-
ate copper production from Paleozoic carbonate rocks in
contact with intrusive diorite. Though related metamor-
phosed carbonate rocks occur to a minor extent in the
northeast part of the wilderness, the mineralizing
diorite is missing. The central part of the wilderness
seems characterized by barren gneissic granites; the
periphery, chiefly along the Catalina and Pirate fault
zones, has scattered claims and prospects. Most of the
prospecting activity within the wilderness has been
along and near these fault zones in veins stained with
secondary copper or in pegmatite dikes, or in fractured
areas that appeared to be favorable to mineral concen-
tration. No resultant mineral preduction has come from
these prospecting activities. Other than the aforemen-
tioned occurrences, the Pusch Ridge Wilderness ap-
parently lacks appropriate geologic environments
favorable for the occurrence of mineral resources.

Nevertheless, the geochemical survey of the USGS
and assays of samples from prospects by the USBM
indicate that the Pusch Ridge Wilderness has anoma-
lously high concentrations of copper, lead, zinc, tin,
tungsten, and molybdenum in four broad geographic
areas: (1) south and southeast of the Mount Lemmon
Highway, primarily between the Palisade Ranger Sta-
tion and Molino Basin, (2) along most of the length of
the Pirate fault on the west side of the wilderness, and
adjacent areas east of the fault, (3) scattered sites along
the Catalina fault on the south side of the wilderness,
and (4) at the intersection of the Pirate and Catalina

faults at the southwestern end of the Pusch Ridge. West
of the Mount Lemmon Highway, the anomalous metal
values were not considered as indicating a resource po-
tential as they could be the result of contamination by
ore minerals washed down the drainages from isolated,
small, mineral deposits east of the wilderness. Along the
Pirate and Catalina faults there is little promise for the
occurrence of mineral resources because the distribution
of samples containing anomalous metal concentrations
was discontinuous and erratic. The area near the inter-
section of the Pirate and Catalina faults, both of which
have scattered areas that contain anomalously high
amounts of metals and mineralized prospects, was
determined to have probable mineral-resource potential.
If mineral deposits exist in this area, they are probably
small, discontinuous fracture-controlled deposits with
copper, molybdenum, tungsten, lead, and zinc minerals.

No additional areas with promise for mineral re-
sources were found during the USGS-USBM investiga-
tion of the Pusch Ridge Wilderness. No evidence for
energy resources was identified in the course of this
study.

REFERENCES

Banks, N. G., 1980, Geology of a zone of metamorphic core complexes
in southeastern Arizona, in Crittenden, M. D., Jr., Coney, P. J.,
and Davis, G. H., Cordilleran metamorphic core complexes: Geo-
logical Society of America Memoir 153, p. 177-215.

Hinkle, M. E., Kilburn, J. E., Eppinger, R. G., 111, and Speckman,
W. S, 198la, Geochemical analysis of samples of stream
sediments, panned heavy-mineral concentrates, rocks, and
waters of the Pusch Ridge Wilderness Area, Arizona: U.S.
Geological Survey Open-File Report 81-435, 44 p.

Hinkle, M. E., Kilburn, J. E., Eppinger, R. G., III, and Speckman,
W. S, 1981b, Statistical analyses of data on stream sediments,
panned heavy-mineral concentrates, rocks and waters of the
Pusch Ridge Wilderness Area, Arizona: U.S. Geological Survey
Open-File Report 81-436, 183 p.

Hinkle, M. E., Kilburn, J. E., Eppinger, R. G., I11, and Tripp, R. B,
1981, Geochemical maps of the Pusch Ridge Wilderness Area,
Pima County, Arizona: U.S. Geological Survey Miscellaneous
Field Studies Map MF-1356-A, scale: 1:50,000.

Hinkle, M. E., and Ryan G. S., 1982, Mineral resource potential map
of the Pusch Ridge Wilderness, Pima County, Arizona: U.S. Geo-
logical Survey Miscellaneous Field Studies Map MF-1356-B,
scale: 1:50,000.

Keith, S. B., Reynolds, S. J., Damon, P. E., Shafiqullah, Muhammad,
Livingston, D. E., and Pushkar, P. D., 1980, Evidence for mul-
tiple intrusion and deformation within the Santa Catalina-
Rincon-Tortolita crystalline complex, southeastern Arizona, in
Crittenden, M. D., Jr., Coney, P. J., and Davis, G. H., Cordilleran
metamorphic core complexes: Geological Society of America
Memoir 153, p. 217-267.

Ryan, G. S., 1982, Claim and sample location map of the Pusch Ridge
Wilderness, Pima County, Arizona: U.S. Geological Survey Mis-
cellaneous Field Studies Map MF-1356-C, scale: 1:50,000.

99



111°45'
T

o,

_ Approximate
,\/ <roadless
‘ . 'boundary

3aNoz L1Nnvd

NOANYD %3380 A

340"
45" 19\

ARIZONA

MAP LOCATION

0 5
L 1 Il 1 1 J
MILES
EXPLANATION
A ‘ Contact

Volcanic rocks (Tertiary) FonleBar and balll =

| Conglomerates, fluviolacustrine deposits, and downthrown side
intercalated basaltic flows (Tertiary) % Bokow pit
Sedimentary rocks (Paleozoic)

Figure 27.—Rattlesnake Roadless Area, Arizona.

100



RATTLESNAKE ROADLESS AREA, ARIZONA

By THOR N. V. KARLSTROM,' U.S. GEOLOGICAL SURVEY, and

ROBERT MCCOLLY, U.S. BUREAU OF MINES

SUMMARY

There is little promise for the occurrence of mineral or energy resources in the
Rattlesnake Roadless Area, Arizona, as judged from field studies by the USGS
and USBM in 1982. Significant concentrations of minerals within the roadless
area are not indicated by geologic mapping, geochemical sampling, or
aeromagnetic studies. Basalt, volcanic cinders, sand and gravel, and sandstone
that may be suitable for construction materials occur in the area, but are more
readily accessible outside the roadless area boundary.

CHARACTER AND SETTING

The Rattlesnake Roadless Area is an area of about
110 sq mi located in Yavapai and Coconino Counties,
central Arizona. Sedona and Oak Creek, the nearest
population centers, are located, respectively, at the
northwest corner and along the western margin of the
roadless area.

The roadless area boundary mainly follows the rims of
steep-walled canyons cut into the Mogollon Rim of the
Colorado Plateaus by Dry Beaver Creek and its main
tributaries in Jacks, Pine Tank, and Rattlesnake Can-
yons. The area is skirted by Interstate Highway 17 to
the east and southeast, by State Highway 179 to the
southwest and west, and by Schnebly Hill Road (USFS
road 153) to the north. The canyon mouths mark the
edge of the Mogollon Rim where its gently westward
dipping surface falls off abruptly to the Verde Valley, a
structural basin in the Arizona transition zone floored
with a thick sequence of deeply dissected lake deposits.
The maximum altitude in the roadless area is 6834 ft on
the eroded plateau surface; the lowest altitude, 3480 ft,
is on Dry Beaver Creek where it flows into Verde Valley.

The canyon walls in the area expose multicolored sedi-
mentary rocks of Pennsylvanian to Early Permian age
as much as 2500 ft thick, unconformably overlain by
basaltic rocks and associated gravels and fluviolacus-
trine deposits of Tertiary age as much as 500 ft thick.
The exposed Paleozoic rocks include (from bottom to
top): distinctive reddish siltstone and sandstone of the

'With contributions from George H. Billingsley, USGS.

lower, middle, and upper units of the Supai Formation
(525 ft), including in the upper unit the gray to greenish-
gray limestone of the Fort Apache Limestone(?)
Member of the Supai Formation (about 25 ft); a transi-
tion zone of alternating red and gray siltstone and sand-
stone (550 ft); the grayish thick-bedded, primarily eolian
crossbedded sandstone of the Coconino Formation (600
ft); the grayish thin- to medium-bedded sandstone of the
Toroweap Formation (350 ft); and erosional remnants of
the lower part of the grayish to buff limestone and
dolomite of the Kaibab Formation (less than 300 ft).
Subsurface data indicate that the exposed sedimentary
rocks are underlain by Cambrian to Pennsylvanian
sandstone, siltstone, and limestone more than 1000 ft
thick that lie unconformably above metamorphosed and
intruded basement rocks of Precambrian age (Earl Hug-
gins, oral. commun., 1983).

The volcanic rocks mantling the Plateau surface are
mainly alkali olivine basalt flows that locally overlie
Tertiary gravels and that were fed by dikes or plugs
which cut underlying rocks as young as late Tertiary in
age. Radiometric dating of basaltic flows in the region
(Damon and others, 1974; Peirce and others, 1979) indi-
cates that volcanic activity was concentrated mainly in
Miocene and Pliocene time. The volcanic rocks directly
overlie either eroded Paleozoic strata or Tertiary con-
glomerates. At lower altitudes, interbedded conglomer-
ates and lacustrine deposits are intercalated with basalt
flows that record late volcanic eruptions contemporane-
ous with marginal lacustrine deposition in Lake Verde
during Pliocene time (Nations and others, 1981). Within
the roadless area, Lake Verde at its maximum extent
rose to about the present 5000 ft level.
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During dissection after the lake retreated, a series of
Quaternary fluvial gravels were deposited in the road-
less area. Locally, as many as five aggradational epi-
cycles are recorded by terrace gravels and alluvial fans
that graded to successively higher levels above present
stream grade.

The nearly flat lying Paleozoic and Cenozoic rocks in
the roadless area are cut by a system of near-vertical
curving normal faults that trend northwest, north-
south, and east-west. Traced southward through the
area, the northwest-trending and north-south-trending
faults tend to decrease in displacement and to split into
a series of curving faults that define both horsts and
grabens. This progressive decrease in displacement and
bifurcation into secondary faults suggest that the
roadless area lies near the margin of a structural sub-
province. Downward displacements on bounding faults
have occurred around the Munds Mountain-Lee Moun-
tain upland. A magnetic high coincides with the dif-
ferentially elevated crustal block, which indicates that
the block is probably intruded at depth by an igneous
body of high magnetic susceptibility (Martin, 1983).
Faulted basalt flows on Horse Mesa, which have a
potassium-argon age of 6.4 million years (Peirce and
others, 1979), suggest latest fault movement along the
north-south-trending Oak Creek Canyon fault zone in
late Miocene or later time.

MINERAL RESOURCES

Based on geologic mapping, geochemical sampling
and analysis (Gerstel and others, 1983), aeromagnetic
data (Martin, 1983), and a review of County and Federal
land records, the roadless area is evaluated as having
little promise for the occurrence of mineral-resource
potential. Significant mineral concentrations were not
observed nor previously reported from the roadless
area. Field observations and geochemical sampling
along steep-dipping faults and intrusive contacts, and
the available subsurface information do not suggest ex-
tensive mineralization at depth. Concentrations of
heavy minerals that would suggest potential placer
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deposits or buried upstream source bodies were not de-
tected in outcrop nor indicated by geochemical sam-
pling of the fluvial and fluviolacustrine deposits in the
roadless area. The basaltic flows, cinders, and sand and
gravel can be used for road metal, concrete aggregate,
riprap, or cinder block, and some of the sandstone ex-
posed in canyon walls might provide usable building
stone and flagstone. Similar construction materials,
however, are more readily accessible and closer to
markets outside the roadless area boundaries.

SUGGESTIONS FOR FURTHER STUDIES

Further mapping and sampling in the roadless area
offer little promise for establishing any significant
mineral-resource potential.
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RINCON WILDERNESS STUDY AREA, ARIZONA

By CHARLES H. THORMAN, U.S. GEOLOGICAL SURVEY, and

MICHAEL E. LANE, U.S. BUREAU OF MINES

SUMMARY

On the basis of geologic and geochemical investigations by the USGS and ex-
amination of mineralized prospects by the USBM, in 1977, the Rincon
Wilderness Study Area has little promise for the occurrence of mineral or energy
resources. A few prospects and small exploratory mines in four widely separated
areas exist, but no record of mineral production was found. Geochemical
anomalies in these four areas are weak and no resource potential was identified.

CHARACTER AND SETTING

The Rincon Wilderness Study Area includes about 98
sq mi of the Coronado National Forest in the Rincon
Mountains east of Tucson, Arizona. The area is
horseshoe-shaped, encompassing the Saguaro National
Monument on its north, east, and south sides. Mica
Mountain (8666 ft) and Rincon Peak (8482 ft), the
highest peaks in the Rincon Mountains, are about 1 mi
inside the Monument. Much of the study area lies on the
rugged flanks of the mountains, but it extends to less
rugged terrain to the south, along Happy valley to the
east, and into the Redington Pass area, the broad saddle
between the Rincon and Santa Catalina Mountains to
the north. The Rincon Mountains lie within the Basin
and Range province, about 100 mi south of the Colorado
Plateau province. North- to northwest-trending moun-
tains and valleys typify this part of the Basin and
Range province.

The geology of the Rincon Mountains is complex.
Rocks range in age from about 1.8 billion years old
(Precambrian) to about 0.5 million years old (Cenozoic).
The core of the Rincon Mountains, which includes most
of the Saguaro National Monument as well as parts of
the wilderness study area, is underlain by igneous and
metamorphic rocks chiefly of Precambrian and Tertiary
ages, hereafter referred to as the core rocks. Most of the
study area, which flanks the mountains, is underlain by
a terrain of sedimentary, metamorphic, and igenous
rocks of Precambrian through mid-Tertiary age, here-
after referred to as the cover rocks. Separating the cover
and core rocks is the Santa Catalina fault which dips
gently away from the center of the mountains. Develop-
ment of the Santa Catalina fault is interpreted to have
begun in late Mesozoic-early Tertiary time when the

cover rocks were pushed northeastward over the core
rocks.

In mid-Tertiary time, the present form of the Rincon
Mountains was attained as the result of doming of the
core area. This caused the cover rocks to slide off the
high part of the dome reactivating the Santa Catalina
fault, an already established zone of weakness. Subse-
quent erosion has left the cover rocks exposed primarily
on the flanks of the mountains. The cover rocks are cut
by many low- and high-angle faults due to the two
periods of deformation, late Mesozoic-early Tertiary and
mid-Tertiary. Mountain ranges in the southwestern
United States having many of the same geologic fea-
tures as the Rincon Mountains are generally referred to
as metamorphic core complexes.

Valley-fill gravel deposits were deposited in the basin
areas surrounding the Rincon Mountains uplift from
about 15 million years ago until the present. Locally
these valley deposits are faulted against the cover
rocks, along high-angle faults.

MINERAL RESOURCES

There is little promise for the occurrence of mineral or
energy resources in the Rincon Wilderness Study Area.
Geochemical investigations during the study included
the collecting and analyses of stream-sediment and rock
samples. Anomalous amounts of beryllium, copper,
manganese, molybdenum, lead, and silver were detected
in some stream-sediment samples, but because most of
these samples are interspersed with samples containing
only background values they are not considered in-
dicative of significant mineralization. In four small
areas, however, samples containing anomalous values
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are clustered. Analyses of rock samples confirmed that
the sources for the anomalous metal values were weakly
mineralized zones that had already been examined by
prospectors, as evidenced by numerous small diggings
(areas A-D, on map). In each instance the mineralized
rocks occur along or very near to the Santa Catalina
fault or one of the smaller faults related to it. As a result
of this study it was concluded that the anomalous geo-
chemical samples are not considered as indicating
mineral-resource potential.

Mountain ranges in the southwestern United States
referred to as metamorphic core complexes, such as the
Rincon Mountains, differ geologically from areas known
to contain mining districts. No metamorphic core com-
plexes are known to have large metallic ore deposits.

The known areas of anomalous concentrations of
metals in the Rincon Mountains are small and the con-
centration of metals weak and erratic. The surface signs
of mineralization are largley restricted to four locales in
which some prospects exist: east of Colossal Cave,
southwest of the Rincon Mountains (area A); north of
Happy Valley, east of the mountains (area B); between
Roble and Youtcy Canyons, northeast of the mountains
(area C); and near Italian Trap, north of the mountains
(area D). Very little primary sulfide mineralization is
present, and signs of alteration are restricted to narrow
zones along faults and fractures. The geochemical
anomalies are weak; sites at which anomalous values of
copper, molybdenum, or silver were obtained are mainly
controlled by faults.

Nonmetallic mineral resources occur in deposits that
are small and remote. Sand and gravel deposits in the
main drainages are similar to larger deposits that occur

closer to nearby highways and cities. Limestone and
marble present in some of the metamorphic rocks are
too impure and too broken for use as dimension stone.
Use of this marble as decorative rock is limited by the
distance to available markets. Limestone suitable for
making cement is not likely to be found in large quan-
tities within the Rincon Wilderness Study Area. Closely
spaced fractures in the granitic rocks make them of lit-
tle value for building stone.

The likelihood for occurrences of energy resources in
the study area is remote. The abundant granitic rocks of
the core area and the intense faulting of the cover rocks
leave the study area with a completely unfavorable
situation for oil and gas accumulations, and a history of
later thermal activity in the study area further reduces
the chances for the preservation of such accumulations.
The kinds of rocks in which coal deposits could occur are
not known in the Rincon Mountains. Although uranium
mineralization occurs 1-2 mi northeast of the study
area, such mineralization is unlikely within the study
area. Known deposits occur along or close to low-angle
faults that strike and dip away from the study area. No
geothermal potential was identified in the study area
and no hot springs or evidence of ancient hot springs oc-
cur in the Rincon Mountains. The youngest volcanic
rocks are too old to be viewed as signs of available heat
at shallow depths.
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SIERRA ANCHA WILDERNESS, ARIZONA

By CHESTER T. WRUCKE,! U.S. GEOLOGICAL SURVEY, and

THOMAS D. LIGHT, U.S. BUREAU OF MINES

SUMMARY

Mineral surveys conducted in 1978 show that the Sierra Ancha Wilderness
has demonstrated resources of uranium, asbestos, and iron; probable and
substantiated resource potential for uranium, asbestos, and iron; and a probable
resource potential for fluorspar. Uranium resources occur in vein and strata-
bound deposits in siltstone that underlies much of the wilderness. Deposits of
long-staple chrysotile asbestos are likely in parts of the wilderness adjacent to
known areas of asbestos production. Magnetite deposits in the wilderness form
a small iron resource. A fluorite resource may exist in the northern part of the
wilderness east of a notable flourite deposit that is located in a comparable
geologic setting 1.4 mi west of the wilderness boundary. No fossil fuel resources

were identified in this study.

CHARACTER AND SETTING

The Sierra Ancha Wilderness occupies an area of
about 33 sq mi in the mountain region of central Ari-
zona, about 75 mi northeast of Phoenix. The wilderness
is located in the Sierra Ancha, a northerly trending
mountain range that has a flat-topped crest along much
of its length, and cliffs, steep slopes, and broad benches
on its flanks. Higher parts of the range are thickly
forested and rise to altitudes of 7000 to 7700 ft above
the deeply dissected regions to the east and west. Most
of the wilderness is situated on the eastern side of the
Sierra Ancha, where the range descends precipitously to
altitudes of 3000 to 4000 ft along Cherry Creek, located
immediately east of the wilderness boundary. State
Highway 288 traverses the Sierra Ancha region from
the north and south, 0.2 to 3 mi west of the wilderness.

The wilderness and surrounding areas are underlain
principally by a layered sequence of sedimentary and
igneous rocks of Middle Proterozoic age (Bergquist and
others, 1981). These rocks rest unconformably on Mid-
dle Proterozoic granites that form the basement
throughout most of the region. The oldest of the Middle
Proterozoic stratified sequences is the Apache Group,

'With contributions from James K. Otton, Andrew F. Shride, Joel R. Bergquist, Paul K.
Theobald, James S. Duval, and Dolores M. Kulik (Wilson), USGS.

about 1300 ft in thickness, which comprises in ascend-
ing order the Pioneer Formation, the Dripping Spring
Quartzite, the Mescal Limestone, and an unnamed
basalt. The Troy Quartzite, which is the youngest Pro-
terozoic sedimentary formation, rests unconformably
on the Apache Group and is about 1000 ft thick.

Diabase, 1150 million years old, intruded the Apache
Group and the Troy Quartzite mostly as sills. Dikes are
numerous but insignificant in volume. Sills are individu-
ally as thick as 1200 ft and aggregate about half the
volume of the host strata. Where diabase was emplaced
in the Mescal, the original dolomite of the formation
was converted almost completely to limestone. In the
noncarbonate formations, a narrow selvage of hornfels
was commonly formed adjacent to thick sills.

The Tapeats Sandstone of Cambrian age occurs as
erosional remnants on the Proterozoic rocks at two
localities on the crest of the Sierra Ancha. The sand-
stone is the youngest geologic unit in the vicinity of the
wilderness, other than Cenozoic gravels and a few
Quaternary landslide deposits.

The subhorizontal attitude of most strata in the
wilderness reflects the location of the Sierra Ancha in
the Colorado Plateau structural province. However, the
stratified rocks locally record significant disruption,
largely from the effects of inflation by the diabase and
the uplift of some blocks more than others. The Cherry
Creek monocline east of the wilderness and the Sierra
Ancha monocline to the west represent deformation
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before and during emplacement of the diabase. Addi-
tional displacements occurred along a few faults during
Cenozoic time.

MINERAL RESOURCES

The Sierra Ancha Wilderness contains resources of
uranium, asbestos, iron, and possibly fluorspar. Field
studies in the wilderness were conducted by the USBM
and the USGS in 1978 (Otton and others, 1981).

Uranium was discovered in the Sierra Ancha region in
1950, and in the period 1953-60 a total of 2185 tons of
ore averaging 0.24 percent U,O, was produced from 14
mines. Most of the production was from the Red Bluff
area, 2.5 mi southwest of the wilderness (outside of the
area studied), and from the Workman Creek area west of
the wilderness. Three uranium mines, the Big Buck,
Donna Lee, and Horseshoe, have had production and
are located in the wilderness; they accounted for 291
tons of ore averaging 0.14 percent U,0O;. As of 1979, ex-
ploration was being continued in several localities.

Uranium deposits in the Sierra Ancha region occur in
carbonaceous siltstone in the upper member of the Drip-
ping Spring Quartzite. This rock underlies nearly all of
the wilderness. Most of the uranium occurs as uraninite
in near-vertical veins and disseminated along favorable
stratigraphic zones laterally adjacent to the veins. The
most extensive uranium deposits overlie diabase sills or
are located near major dikes of diabase.

Most of the wilderness has resource potential for
uranium, and several areas in or adjacent to the wilder-
ness have demonstrated uranium resources in areas of
substantiated resource potential. Demonstrated
resources with an average grade of 0.05-0.1 percent
U,0; include 4 to 8 million lbs U,0, along both sides of
Workman Creek within 2.5 mi of the wilderness, 2 to 6
million lbs U,0; at the Donna Lee mine along Bull Can-
yon inside the wilderness, and 1 to 5 million lbs U,0; at
the Big Buck mine in the wilderness about 2.5 mi east-
northeast of Aztec Peak. Areas underlain by the Drip-
ping Spring Quartzite contiguous to these localities,
and the area centered about 1.5 mi east-northeast of
McFadden Horse Mountain, have substantiated
uranium resource potential. Uranium deposits in these
areas probably range in grade from 0.01 to 0.3 percent
U,0; and in size from 100,000 to 2.0 million lbs U,O,. An
area of probable resource potential underlies the central
part of the wilderness, where specific geologic sites for
uranium are difficult to identify because of the great
depth of burial of the Dripping Spring Quartzite.

Asbestos, in the form of long fiber, low-iron chryso-
tile, has been produced in the Sierra Ancha region since
1913. As much as 50 to 85 percent of the fibers in these
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deposits are textile length (more than 1/8 in.). The only
asbestos production in the wilderness has been from the
Pueblo mine, which probably produced several tens of
tons of fiber, as did the Lucky Strike just north of the
Pueblo mine but outside the wilderness. The Reynolds
Falls mine, just west of the wilderness, furnished
several hundred tons of asbestos, and a few thousand
tons of fiber were produced from the American Ores
mine, located 1 mi west of the southwest corner of the
wilderness. An area of substantiated asbestos resource
potential borders a large-scale discordant diabase-
Mescal Limestone contact beneath Center Mountain. If
this contact is characterized by numerous steps or other
irregularities over broad areas, a few deposits with con-
tents of 200 to 10,000 tons of long-staple asbestos
would be likely. If irregularities are widely spaced and
of short lateral extent at this or other discordant con-
tacts, many separate occurrences of 10 to 50 tons, and
exceptionally as much as 200 tons, can be expected. A
number of small areas of probable asbestos resource
potential exist in the Sierra Ancha Wilderness, and one
area of substantiated resource potential occurs in the
area around Asbestos Point.

Iron occurs in a few small deposits in the wilderness
and adjacent areas. A magnetite-bearing horizon on the
southern and eastern flank of Zimmerman Point has
about 15 million tons of demonstrated resources averag-
ing 26.5 percent iron in an area of substantiated iron
potential (Cerro de Pasco Corp., written commun.,
1979). Magnetite beds at the Pueblo and Lucky Strike
asbestos mines have been estimated by Colorado Fuel
and Iron, Inc. to contain about 6 million tons of
demonstrated resources averaging 40-60 percent iron
(B. B. Kyle, oral commun., 1978). Although these
deposits and others suggested by magnetic anomalies
occur in areas of substantiated iron resource potential,
they are regarded as having little promise for the
recovery of iron.

Fluorspar mined during the period 1976-78 from the
Mack mine on the McFadden fault, about 1.4 mi west of
the wilderness, totalled approximately 30,000 tons of
ore that averaged between 60 and 90 percent CaF, A
probable resource potential for fluorspar exists along
the McFadden fault in the wilderness. Scattered occur-
rences of copper and anomalous concentrations of
barite, lead, bismuth, tin, tungsten, and molybdenum
found in concentrates from stream sediment in the
Sierra Ancha are not associated with known resources
(Tripp and others, 1980).

Hydrothermal alteration and contact metasomatism
associated with the diabase were important in the
development of most of the known mineral deposits in
the Sierra Ancha. The genetic relationship of diabase
and uranium mineralization is suggested by (1) prox-
imity of diabase to uranium deposits, (2) similar ages of



uraninite in veins and zircons in diabase, and (3) high
temperatures of formation for the deposits. Syngenetic
uranium in the carbonaceous siltstone in the upper
member of the Dripping Spring Quartzite was mobilized
and redeposited in fractures by hydrothermal fluids
driven by heat from the diabase. The asbestos deposits
formed where the Mescal Limestone was subjected to
karstification and silicification prior to deposition of the
Troy Quartzite and was subsequently serpentinized by
heat and fluids from the diabase. Deposition of asbestos
occurred generally within 25 ft above or below a diabase
sill in veins developed where small-scale thrust and
bedding-plane faults opened near discordant steps as
diabase shouldered aside the adjacent sedimentary
strata. The relationship of iron deposits to diabase is
evident from magnetite stockworks formed by pyro-
metasomatic replacement of carbonate rock adjacent to
sills and by the partial to complete conversion of sedi-
mentary hematite in the Apache Group to magnetite by
contact metamorphism during diabase intrusion.

The origin of the fluorspar deposits is uncertain. They
occupy the McFadden fault, which formed during
emplacement of the diabase.

SUGGESTIONS FOR FURTHER STUDY

The general geology and mineral resources of the
Sierra Ancha Wilderness are moderately well known.

However, careful investigations of the structural
geology and stratigraphy in areas where discordant
diabase intrusions transect favorable strata would pro-
vide information useful for making projections of pos-
sible concealed uranium and asbestos resources, some of
which could be substantial. Additional geochemical and
geophysical surveys may be helpful in defining the
sources of the anomalous concentrations of barite, lead,
bismuth, tin, tungsten, and molybdenum observed in
the wilderness.
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STRAWBERRY CRATER ROADLESS AREAS, ARIZONA

By EDWARD W. WOLFE, U.S. GEOLOGICAL SURVEY, and

THOMAS D. LIGHT, U.S. BUREAU OF MINES

SUMMARY

The results of a mineral survey conducted in 1980 in the Strawberry Crater
Roadless Areas, Arizona, indicate little promise for the occurrence of metallic
mineral or fossil fuel resources in the area. The area contains deposits of cinder,
useful for the production of aggregate block, and for deposits of decorative
stone; however, similar deposits occur in great abundance throughout the San
Francisco volcanic field outside the roadless areas. There is a possibility that the
Strawberry Crater Roadless Areas may overlie part of a crustal magma
chamber or still warm pluton related to the San Francisco Mountain
stratovolcano or to basaltic vents of late Pleistocene or Holocene age. Such a
magma chamber or pluton beneath the Strawberry Crater Roadless Areas
might be an energy source from which a hot-, dry-rock geothermal energy
system could be developed, and a probable geothermal resource potential is

therefore assigned to these areas.

CHARACTER AND SETTING

The Strawberry Crater Roadless Areas are located in
Coconino County, Arizona, approximately 20 mi north-
east of Flagstaff, Arizona. Together the two roadless
areas encompass 15.5 sq mi in the northeastern portion
of the Coconino National Forest. The Strawberry Crater
Roadless Areas are accessible from U.S. Highway 89 by
several interconnecting USF'S roads.

The eastern San Francisco volcanic field was previ-
ously studied by Moore and Wolfe (1976). The area, in
the southern part of the Colorado Plateau, is underlain
by largely basaltic Quaternary lavas and cinder cones
that overlie nearly horizontal Permian Kaibab Lime-
stone or Triassic siltstone or sandstone of the Moenkopi
Formation. Holocene basaltic cinders from the eruption
of Sunset Crater mantle much of the area. Locally,
basaltic ash has been reworked to form small dunes.
Tree-ring dating (Smiley, 1958) indicates that the lavas
and cinders of the Sunset Crater eruptions are less than
1000 years old.

The Strawberry Crater flow consists of blocky
basaltic andesite dated at less than 100,000 years old
(Damon and others, 1974). The cone, built largely of ag-
glutinated basaltic andesite spatter, was breached by
the flow. Subsequently a small dacite vitrophyre plug
was emplaced within the breached cone. In addition to
resting on older Quaternary basalt, Strawberry Crater

and its lava flow overlie the east edge of the rhyodacite
of Deadman Mesa, which erupted from the O'Leary
Peak silicic center and has been dated at about 0.17 m.y.
(million years) old (P. E. Damon and M. Shafiqullah,
unpub. data, 1980).

There has been no mining in the Strawberry Crater
Roadless Areas, and exploration and mining activity in
the general vicinity of Strawberry Crater have been
limited to cinder and pozzolan deposits. Cinder deposits
within 5 mi of the roadless areas were being mined in
1980. No other commodities are known to occur in the
areas.

MINERAL RESOURCES

All rocks exposed in the Strawberry Crater Roadless
Areas are relatively unaltered; there is no evidence of
mineralization. Semiquantitative spectrographic analy-
ses of samples of flow and pyroclastic units give values
appropriate for unaltered basaltic rocks (Wolfe and
Hahn, 1982) and show no indication of concealed metal-
lic mineral resources.

The Strawberry Crater Roadless Areas contain
deposits of cinder suitable for the production of ag-
gregate block and deposits of decorative stone; similar
deposits occur in great abundance throughout the San
Francisco volcanic field outside the roadless areas.
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The Strawberry Crater Roadless Areas are within a
region of the San Franciso volcanic field that has prob-
able resource potential for geothermal energy. The
youngest volcanic vents of the San Francisco field are in
the general vicinity of Strawberry Crater. These include
Sunset Crater, which is less than 1000 years old, the
rhyolite of Sugarloaf (K-Ar age is approximately 0.22
m.y.), and the dacitic to rhyolitic O'Leary Peak center
(K-Ar ages of approximately 0.17 and 0.24 m.y.) (K-Ar
ages from Damon and others, 1974, and P. E. Damon
and M. Shatiqullah, unpub. data, 1980). Strawberry
Crater itself erupted less than 0.1 m.y. ago (Damon and
others, 1974). Strawberry Crater, O’'Leary Peak, Sugar-
loaf, and the exposed conduit system for the San Fran-
cisco Mountain stratovolcano, which erupted largely
between 1.0 and 0.4 m.y. ago, form an alinement that
coincides closely with a distinct linear aeromagnetic low
(Sauck and Sumner, 1970); a common volcano-tectonic
control for these vents is suggested (Wolfe and Hoover,
1982). If an intrusive complex related to these alined
vents and to the coincident aeromagnetic low contains
residual magmatic heat or is partly molten, it may com-
prise a potential source of geothermal energy. Stauber
(1982) suggested that one of several possible explana-
tions for low compressional wave velocity approxi-
mately 6.5 to 22 mi below San Francisco Mountain
would be the presence of partly molten rock. In addi-
tion, magnetotelluric soundings show local anomalously
low resistivities at depth near Sunset and Strawberry
Craters (Ware and O’Donnell, 1980). Possibly these
anomalies reflect locally high lower crustal
temperatures.

SUGGESTIONS FOR FURTHER STUDIES

Additional geophysical studies to elucidate the elec-
trical and magnetic characteristics of the crust beneath
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the eastern part of the San Francisco volcanic field
would contribute to evaluation of geothermal resources.
The most definitive information, however, will be ob-
tained only when and if holes suitable for heat-flow
studies are drilled into the Precambrian basement.
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SUPERSTITION WILDERNESS, ARIZONA

By DONALD W. PETERSON,! U.S. GEOLOGICAL SURVEY, and

JIMMIE E. JINKS, U.S. BUREAU OF MINES

SUMMARY

On the basis of geologic studies and mineral evaluations made between 1973
and 1977, most of the Superstition Wilderness and adjoining areas are judged to
have little promise for occurrence of mineral resources. However, two areas in an
east-trending zone near the southern margin of the area, marked by spotty oc-
currences of mineralized rock, prospect pits, and a band of geochemical
anomalies that coincides with alined magnetic anomalies, are considered to have
probable mineral-resource potential. This zone lies within about 6 mi of two pro-
ductive mines in Arizona’s great copper belt, and the trend of the zone is parallel
to many of the significant mineralized structures of this belt. A small isolated
uranium anomaly was found in the northeastern part of the wilderness, but no
evidence of other energy resources, such as petroleum, coal, or geothermal, was

found.

CHARACTER AND SETTING

The Superstition Wilderness in south-central Arizona
includes about 194 sq mi; an additional contiguous area
of about 50 sq mi was included in the study for a total of
about 244 sq mi. The Superstition Mountains rise as a
spectacular range front above the adjacent desert to the
south and west and provide a scenic treat to travelers on
U.S. Highway 70. Arizona State road 88 skirts the
northern boundary of the wilderness and offers hints of
the ruggedly dissected landscape that makes up the in-
terior of the wilderness. Altitudes range from 1660 to
6266 ft; local relief between canyon bottoms and ridge
tops ranges from a few hundred to a thousand feet, and
the relief between the desert and the summit of the
Superstition Mountains is 3500 ft.

The wilderness is in a region of highly diverse rock
types and complex geologic structure. Rocks range in
age from Middle Proterozoic to Quaternary and include
metamorphic, sedimentary, and both intrusive and ex-
trusive igneous rocks. The geology of the eastern half of
the wilderness differs distinctly from that of the west-
ern half. The eastern half includes mainly Proterozoic
rocks of different types that have been pervasively

'With contributions from D, L. Gaskill, M. L. Sorensen, W. E. Yeend, W. R. Miller, J. M.
Motooka, J. C. Wynn, K. L. Stark, N. H. Suneson, and G. D. Johnpeer, USGS, and F. E.
Williams, H. C. Meeves, L. S. Griffiths, and J.A.T. Fallin, USBM.

faulted. The rocks include schist and granite of Protero-
zoic age unconformably overlain by Middle Proterozoic
sedimentary rocks (sandstone, quartzite, shale, con-
glomerate, and limestone), all intruded by massive sills
and dikes of diabase. These, in turn, are unconformably
overlain by isolated remnants of Paleozoic sedimentary
rocks. The Proterozoic and Paleozoic rocks have been
extensively faulted on an intricate scale chiefly by
discontinuous high-angle normal faults of various orien-
tations. Fault blocks have been tilted in diverse direc-
tions; the attitude of strata within individual fault
blocks is relatively uniform, whereas attitudes vary
widely from one block to another. These rocks are lo-
cally overlain by volcanic rocks of Tertiary age.

The western half of the wilderness consists chiefly of
Tertiary volcanic rocks of many different types. The
most abundant are thick deposits of ash-flow tuff; these
are overlain, underlain, and intruded by rhyolitic,
dacitic, and basaltic lavas. The volcanic rocks were
erupted from many different vents that lie within or
near the wilderness, and, as is characteristic of volcanic
source areas, the rocks are locally highly contorted and
bear complex relationships with one another. The roots
of one or more collapsed calderas that are the source of
the voluminous ash-flow tuff may lie within the wilder-
ness. Spectacular canyons have been cut into the
volcanic rocks, and in some places erosion has carved in-
tricate and fantastic forms for which the Superstition
Mountains are famous.
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The USBM, at intervals from 1973 to 1977, examined
mining claims, prospects, and the few accessible mine
workings showing evidence of mineralization. The
USGS, at intervals from 1975 to 1977, carried out
reconnaissance geologic mapping and geochemical sam-
pling for analyses. Aeromagnetic mapping and a grav-
ity survey were also carried out. Analytical results were
compiled by Motooka and others (1978), and gravity
results by Wynn and Manydeeds (1978).

MINERAL RESOURCES

The southern and eastern boundaries of the area
studied are within 6 mi of large copper mines; the mines
of the Globe, Miami, and Superior areas, which have
had copper and precious-metal production exceeding
$2 billion, lie within 20 mi of the wilderness. In spite of
this proximity and intensive prospecting throughout
terrane that resembles the geology around the major
mineral deposits, little mining activity has resulted
within and adjacent to the wilderness.

Legal records reveal that no mining claims have been
patented or mineral leases effected within the wilder-
ness or the adjoining areas. Notices of claims filed
through the years indicate a low level of prospecting ac-
tivity during recent years, and most claims have not
been maintained.

Abundant pits, shafts, and adits dot an east-west
zone along the southern margin of the wilderness.
Material found on dumps shows that the workings en-
countered appreciable mineralized ground, particularly
in two areas designated here as the JF area (SE part of
wilderness) and the Peralta Canyon area (SW part of
wilderness). Valid claims have been maintained in the
areas and although almost all workings are inaccessible
and could not be examined both areas have a probable
mineral-resource potential. In the JF area, hydrother-
mal alteration and copper, lead, zinc, and silver
mineralization are found in both schist and granite in an
elongate zone extending from about 1.5 mi south of the
JF Ranch for about 4 mi in an east-northeast direction
toward Iron Mountain; the vaguely defined zone is as
much as 1.5 mi wide and lies both within and outside the
wilderness.

In the Peralta Canyon area, mineralized ground in an
east-northeast trending zone from 1 mi west of the
mouth of Peralta Canyon eastward for about 4 mi has
been explored by several small operations. Alteration
and mineralization of base and precious metals occur
both in Proterozoic granite and Tertiary volcanic rocks,
and they are associated, at least in part, with an east-
northeast trending range-front fault. A few claims are
maintained, but no recent exploration activity is known.

A small amount of mineralization evidently occurs
along a siliceous vein in a mine near the western margin
of the wilderness, about 2 mi southeast of the commu-
nity of Goldfield. The workings are inaccessible.

An important control of ore deposits in the Globe-
Miami mining district (6-20 mi east of the wilderness) is
postulated to be the east-northeast trending contact
between Proterozoic schist and granite (Peterson, 1962).
Granitic stocks of Late Cretaceous or early Tertiary age
intruded this ancient zone of weakness, carrying miner-
alizing fluids that solidified to form the important ore
deposits. A reconnaissance of the geology of the area
undertaken as part of this study showed that the con-
tact between the ancient schist and granite extends
westward across the southern part of the wilderness. A
band of geochemical anomalies with high values of cop-
per, lead, zinc, silver, and other metals extends across
the southern part of the wilderness and straddles the an-
cient contact. An east-west series of magnetic low
anomalies is also alined roughly along the contact. No
large intrusive bodies of younger Cretaceous or Tertiary
age were found in proximity to the contact, although a
north-trending dike swarm has intruded schist just
north of the contact in an area just west of Iron Moun-
tain (JF area). These dikes could be outliers of a larger
concealed intrusive body. The possibilities are intrigu-
ing because of the alteration and mineralization in the
JF area. Owing to these combined factors, the two areas
along the southern margin of the wilderness are desig-
nated as having probable mineral-resource potential.

Another possibility for undiscovered minerals would
be a deposit concealed beneath the Tertiary volcanic
rocks. The only hint of such a deposit is a tongue-like
geochemical anomaly extending north-northwest from
the Peralta Canyon area and no resource potential is
identified.

Anomalously high values of uranium and thorium
were detected in a number of rock and stream-sediment
samples near the northeastern corner of the wilderness
(Peterson and Jinks, 1983).

Although the Superstition Mountains are well known
for legends of lost gold, the general geologic environ-
ment holds little promise for an important gold deposit
that could have been found using the techniques of 19th
century prospecting. The Lost Dutchman mine can like-
ly be relegated to the store of folk tales that extend and
embellish historical reality.

SUGGESTIONS FOR FURTHER STUDIES
Most of the wilderness holds little promise for iden-

tification of mineral resources. The areas indicated as
having probable mineral-resource potential will need
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detailed geologic mapping and exploration to determine
the feasibility of realizing this potential.
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SYCAMORE CANYON PRIMITIVE AREA, ARIZONA

By LYMAN C. HUFF, U.S. GEOLOGICAL SURVEY, and

R. C. RAABE, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey made by the USGS and USBM in 1965, the
Sycamore Canyon Primitive Area has little promise for the occurrence of

mineral commodities.

CHARACTER AND SETTING

The Sycamore Canyon Primitive Area, which oc-
cupies about 74 sq mi, lies about 24 mi southwest of
Flagstaff, Arizona. The margin of this primitive area
corresponds to the rim of deeply eroded Sycamore Can-
yon. To the southeast, beyond the canyon rim, lies an
upland within the Coconino National Forest. To the
northwest, also beyond the canyon rim, lies a similar
upland within the Kaibab National Forest. These
uplands near the head of the canyon have an elevation
of about 6700 ft above sea level. In its lowest part,
where Sycamore Creek leaves the primitive area at its
southern end, the area has an elevation of 3600 ft.
Through much of the area the canyon is more than 1700
ft deep.

The rocks in Sycamore Canyon consist almost en-
tirely of flat-lying sedimentary rocks of Paleozoic age.
Many of the formations that crop out in the Grand Can-
yon National Park also crop out in Sycamore Canyon
and form similar beautiful cliffs.

The Paleozoic sedimentary rocks include thick forma-
tions of limestone, siltstone, and sandstone. Above
these is a thin layer of mudstone and sandstone of early
Mesozoic age, which is in turn overlain locally by gravel
and basalt flows of Tertiary and Quaternary age. The
alluvial sand and gravel deposits along the narrow flood
plain of Sycamore Creek are also of Quaternary age. The
basaltic igneous rocks present are located mostly near
the head of the canyon. They are flows and dikes periph-
eral to the volcanic complex centering around San Fran-
cisco Mountain to the north.

Access to Sycamore Canyon is limited to hiking trails
which wind down from the canyon rim to the narrow
lowland along Sycamore Creek. Vistas are similar to
that along the Kaibab Trail at Grand Canyon but on a
smaller scale. Kelsey Spring and other springs in the
northern part of the canyon provide fresh water near

good camping sites. During late summer much of the
flow of Sycamore Creek is underground and good
sources of water in the lower part of the canyon are dif-
ficult to find.

MINERAL RESOURCES

No evidence of mineral deposits was discovered in
this area. The sedimentary beds are cut by numerous
small faults but none of these are mineralized. The rocks
are well exposed so that if any mineral deposits were lo-
cated in the area they would almost certainly be noticed.

The only mining claims located in the area are near
the southern end where two partners excavated the clay
fill in a cave close to Sycamore Creek in the belief that
that is where the renegade Apache Indian Geronimo
buried treasure. This cave, which is limestone, and its
clay filling were examined carefully and concluded to be
entirely natural.

To help evaluate the area for mineral resources, sedi-
ment samples were collected along Sycamore Creek and
its tributaries. These were analyzed for traces of the ore
metals without finding any local concentrations. In ad-
dition, a scintillometer was used to test rocks in the area
without finding any abnormal radioactivity.

No oil wells have been drilled in the area and it is
unlikely that any drilled would be successful. Geologic
structures favorable for accumulating oil are lacking
and geologic mapping indicates that Precambrian crys-
talline rocks unsuitable for oil underlie the area at rela-
tively shallow depth.

SUGGESTIONS FOR FURTHER STUDIES

Further study of this primitive area offers little prom-
ise for the discovery of any hidden mineral deposits.
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WEST CLEAR CREEK ROADLESS AREA, ARIZONA

By GEORGE E. ULRICH, U.S. GEOLOGICAL SURVEY. and

ALAN M. BIELSKI, U.S. BUREAU OF MINES

SUMMARY

Results of USGS geologic, geochemical, and aeromagnetic studies and USBM
review of mineral records and prospect examination for the West Clear Creek
Roadless Area, Arizona, indicate that there is little likelihood of the occurrence
of mineral or energy resources. No concentrations of minerals were identified
within the boundary of the area. A small manganese deposit occurs 1-3 mi east
of the area but does not extend into the area. Slightly anomalous values for cer-
tain trace metals were found in samples taken within the area, but do not indi-
cate the presence of metallic resources. Gypsum, basaltic cinders, and sandstone
occur in the area, but similar materials are available and have been quarried out-
side the area where they are much more readily accessible.

CHARACTER AND SETTING

The West Clear Creek Roadless Area includes approx-
imately 53 sq mi in Yavapai and Coconino Counties in
central Arizona, about 70 mi north of Phoenix. The area
lies on the southwestern margin of the Colorado Plateau
and includes part of the Verde valley, one of several
northwest-linear basins in the Arizona transition zone
separating the Basin and Range and Colorado Plateaus
physiographic provinces. Interstate 17 connecting
Phoenix and Flagstaff crosses Verde Valley 10 mi west
of the roadless area and affords a view of the west-
facing escarpment of the plateau margin notched by the
prominent canyon of West Clear Creek.

The roadless area boundary closely follows the rim of
the steep-walled canyon of West Clear Creek and its
tributaries. The perennial stream within the canyon
drops 3000 ft over a distance of 36 mi from its head at
the juncture of Willow and Clover Creeks to its con-
fluence with the Verde River. Together with its
tributaries, it drains an area of about 240 sq mi. The
maximum altitude of the area, approximately 7000 ft
above sea level, occurs at the eastern end, on the top of
the plateau. The topographic relief increases about 100
ft at the eastern end, to a maximum of 1800 ft toward
the west as the canyon deepens across the Plateau
margin. The relief decreases abruptly at the western
boundary where West Clear Creek flows onto the broad
open floor of the Verde River valley.

Paleozoic and Mesozoic rocks are exposed in the

precipitous walls of the canyon and include upper
Paleozoic sedimentary strata having a cumulative
thickness of about 1700 ft and remnants of Triassic
rocks in the northeastern corner of the roadless area.
The Paleozoic formations, in ascending order, are the
impressive ‘“‘red rocks’ of the Supai Formation (650 ft
of siltstone, sandstone, and minor limestone), the light-
gray crossbedded Coconino Sandstone (700 ft), and the
ledgy limestones of the Kaibab Formation (as much as
350 ft). In the middle part of the canyon, west of the
Cash Tank fault, these rocks were deeply eroded more
than 10 million years ago, creating an old valley at least
1300 ft deep which crossed the direction of the modern
westerly course of West Clear Creek. This paleovalley
was partly filled by as much as 300 ft of coarse conglom-
erate chiefly derived from the valley walls. Beginning
about 11 million years ago (Pierce and others, 1979), ex-
tensive volcanic eruptions, primarily basaltic, produced
pyroclastic deposits and lava flows that filled and over-
topped the remaining space within the old valley,
reaching a maximum thickness of about 1500 ft. Basin-
filling sediments of the Tertiary Verde Formation were
deposited in the western part of the roadless area during
and following the volcanic activity. After deposition of
the Verde Formation had ceased, extensive erosion by
the present river system began; it has cut as much as
1500 ft into the plateau.

The structural setting is one of gentle westward dips
in the sedimentary rocks and steeply dipping normal
faults. Most of the faults trend north to northwest, but
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two of them, the Cash Tank and Toms Creek faults, are
unusual in that they strike northeasterly and can be
traced for more than 3 mi. The Cash Tank fault is also
notable for its large throw, 240-360 ft, and is reflected
in both the gravity and aeromagnetic data. The Toms
Creek fault parallels the aeromagnetic contours in the
area and lies on a trend which, if extended to the north-
east, would coincide with the breccia zone described by
Jones and Ransome (1920) in the Long Valley manga-
nese district.

MINERAL RESOURCES

On the basis of geologic mapping, geochemical sam-
pling, an aeromagnetic survey, and review of the county
and federal land records, the roadless area is considered
to have little likelihood for the occurrence of hidden
mineral resources. No metallic mineral occurrences are
known within the area.

Mineralized areas, mining claims, and mining activi-
ties are limited to the Long Valley manganese district
1-3 mi east of the roadless area. The Last Chance mine
near the head of Iron Mine Draw, is within the Long
Valley district but mineralization does not appear to ex-
tend into the roadless area.

The Verde Formation occurs at the western extremity
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of the roadless area and is quarried for gypsum about
2 mi west of the area; however, this formation does not
contain evaporite deposits within the roadless area.
Basalt and basaltic cinder deposits along the canyon
rim have uses for road metal, concrete aggregate,
riprap, and cinder blocks, and the Coconino Sandstone
exposed in the canyon can be used as building- and
flagstone but similar construction materials are more
readily available outside the area.

SUGGESTIONS FOR FURTHER STUDIES

Further study of the roadless area offers little promise
for the identification of hidden mineral deposits.
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WET BEAVER ROADLESS AREA, ARIZONA

By GEORGE E. ULRICH,! U.S. GEOLOGICAL SURVEY, and

ALAN M. BIELSKI, U.S. BUREAU OF MINES

SUMMARY

On the basis of field studies by the USGS and the USBM in 1982 there is little
promise for the occurrence of mineral or energy resources in the Wet Beaver
Roadless Area, Arizona. No significant concentrations of metals were indicated
by geochemical sampling or aeromagnetic data within the area. Basaltic cinders
and sandstone have been quarried for construction materials near the area but
are readily available and more accessible outside the precipitous canyons of Wet

Beaver Creek and its tributaries.

CHARACTER AND SETTING

The Wet Beaver Roadless Area includes 15.4 sq. mi of
the Coconino National Forest in Coconino and Yavapai
Counties, central Arizona, about 85 mi north of
Phoenix. Montezumas Castle National Monument is
4 mi southwest of the area’'s western boundary. The
roadless area lies on the southwestern margin of the Col-
orado Plateau and near the eastern margin of the Verde
valley, one of several linear basins in the Arizona Tran-
sition Zone that separates the Basin-and-Range and Col-
orado Plateaus physiographic provinces. Interstate 17
connecting Phoenix and Flagstaff crosses Verde valley
2 mi northwest of the roadless area, and access to the
area is easiest from the Sedona interchange to the USFS
Ranger Station from which only foot traffic is allowed
into the roadless area. Two well-marked trails climb
from Wet Beaver Creek onto the basalt-capped surface
of the Mogollon Rim within 2 mi of the Ranger Station.

The roadless area boundary closely follows the rim of
the steep-walled canyon of Wet Beaver Creek and its
tributaries cut into the gently westward sloping surface
of the Colorado Plateau. The perennial stream within
the canyon drops 2100 ft over a distance of 13 mi from
its head at the juncture of Brady and Jacks Canyons in
the east to the intersection with Casner Canyon on the
western edge of the roadless area. Wet Beaver Creek
continues another 12 mi on the broad floor of Verde
valley before it joins the Verde River near Camp Verde.
Together with its tributaries, Wet Beaver Creek drains
an area of 101 sq mi above the western boundary of the

'With contributions from J. Suzanne Bywaters, USGS.

roadless area. Perennial springs below Hog Hill dis-
charge 1200 to 1500 gallons of water per minute into
Wet Beaver Creek (Twenter and Metzger, 1963). The
maximum altitude within the roadless area, just east of
Hog Hill, is 6470 ft. The lowest point, at 4000 ft, is the
stream bed of Wet Beaver Creek near the western
boundary. Topographic relief within the roadless area
ranges from 1200 ft near the mouth of the canyon at
Casner Butte, to approximately 150 ft at the eastern
boundary.

The rocks exposed by the downcutting of Wet Beaver
Creek include, in ascending order, the spectacular red
sandstones and siltstones of the upper Supai Forma-
tion, (550 ft) in the western part of the canyon, the light-
gray and yellowish-gray crossbedded Toroweap and
Coconino Sandstones, undivided, (600 ft) exposed in
most of the canyon, and the gray ledgy limestones and
dolomites of the Kaibab Formation (280 ft) in the east-
ern part. These sedimentary rocks, all of Early Permian
age, are unconformably overlain by 300 to 1500 ft of
Tertiary basaltic rocks and are intruded by basaltic
dikes and at least one basaltic plug. The unconformity
truncates increasingly older rocks from east to west and
is commonly marked by a thin conglomerate or gravel
with clasts of the Permian rocks described above.

The structural setting is one of variable local dips and
a gentle regional dip to the east within the sedimentary
rocks. Normal faults offset volcanic and sedimentary
units, dip steeply, and strike mainly northwest or north.
Blocks of Permian strata between faults are generally
upthrown on the west and tilted downward toward the
east. The net displacement for all faults mapped within
the main canyon is approximately 1300 ft down to the
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west. The density of faults increases locally near areas
of basaltic vent deposits.

MINERAL RESOURCES

On the basis of geologic mapping, geochemical sam-
pling, an aeromagnetic survey, and review of the county
and federal land records, the roadless area is considered
to have little promise for the occurrence of mineral
resources. There are no known mineral occurrences
within the roadless area. Basalt and basaltic cinder
deposits along the canyon rim have a potential for road
metal, concrete aggregate, riprap, and cinder blocks,
and the Coconino Sandstone exposed in the canyon may
be used as building and flagstone but similar construc-
tion materials are more readily available outside the

roadless area. No energy resources were identified in the
study.

SUGGESTIONS FOR FURTHER STUDIES

Further study of the roadless area offers little promise
for the identification of hidden mineral deposits.
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WHETSTONE ROADLESS AREA, ARIZONA

By CHESTER T. WRUCKE,' U.S. GEOLOGICAL SURVEY, and

ROBERT A. MCCOLLY, U.S. BUREAU OF MINES

SUMMARY

A mineral survey conducted by the USGS and the USBM in 1981 has shown
that areas in and adjacent to the Whetstone Roadless Area have a substantiated
resource potential for copper, lead, gold, silver, and quartz, and a probable
mineral-resource potential for copper, silver, lead, gold, molybdenum, tungsten,
uranium, and gypsum. Copper and silver occur in a small vein deposit in the
southwestern part of the roadless area. Copper, lead, silver, gold, and
molybdenum are known in veins associated with a porphyry copper deposit in a
reentrant near the southern border of the roadless area. Vein deposits of
tungsten and uranium are possible in the northeast part of the roadless area
near areas of known production of these commodities. Demonstrated resources
of quartz for smelter flux extend into the roadless area from the Ricketts mine.
Areas of probable potential for gypsum resources also occur within the roadless

area. No potential for fossil fuel resources was identified in the study.

CHARACTER AND SETTING

The Whetstone Roadless Area comprises about 57 sq
mi in the Basin and Range province of southeastern
Arizona, about 40 mi southeast of Tucson and 25 mi
north of the border with Mexico. The principal phys-
iographic feature of the roadless area is a prominent
north-northeast-trending ridge about 9 mi long that
forms the crest of the Whetstone Mountains and cul-
minates in several peaks about 7100 to 7700 ft in alti-
tude, no one of which stands out significantly compared
to the others. Some lower slopes and many of the higher
areas in the mountains expose well-defined layered rock
sequences, a few of which, especially near the ridge
crest, form bold exposures many hundreds of feet in
length, giving an impression of bedrock structure of
marked simplicity and continuity. This is the general
appearance of the range from the vicinity of Benson, the
nearest town, which is situated about 6 mi northeast of
the roadless area.

Bedrock in the roadless area and surrounding parts of
the Whetstone Mountains consists of Proterozoic ig-
neous and metamorphic rocks and an overlying strati-
graphic succession of Paleozoic and Mesozoic strata.

'With contributions from David C. Scott, USBM, and R. Scott Werschky, Viki Bankey,
M. Dean Kleinkopf, Mortimer H. Staatz, and Augustus K. Armstrong, USGS.

The Paleozoic and Mesozoic rocks have been intruded
by Mesozoic granitic masses. Published geologic maps
of the area are by Creasey (1967) and Hayes and Raup
(1968).

The oldest rocks in the area are muscovite-biotite-
quartz schist of Early Proterozoic age and quartz mon-
zonite and alaskite of Middle Proterozoic age. The
metamorphic rocks formed from shales and silty shales
that were regionally metamorphosed near the end of the
Early Proterozoic Era and intruded by quartz mon-
zonite about 1400-1450 million years ago. Alaskite that
also intruded the schist may be genetically related to
the quartz monzonite.

Resting unconformably on the Proterozoic rocks are
sedimentary deposits that range in age from Cambrian
to Permian. Middle Cambrian sandstone and quartzite
recorded the beginning of Paleozoic sedimentation in
southeastern Arizona, and represent deposition by ad-
vancing seas that beveled the Proterozoic basement.
The overlying limestones and dolomites were deposited
from the Late Cambrian into the Late Pennsylvanian in
an open marine environment, whereas carbonate strata
of Late Pennsylvanian to Late Permian age originated
under tidal, supratidal, and marine conditions. Gypsum
beds of Late Permian age record a supratidal environ-
ment. The Paleozoic rocks aggregate about 8000 ft in
thickness.
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Sandstone, shale, limestone, and conglomerate of
Late Cretaceous age were deposited on an unconformity
of great local relief that had been carved into the
Paleozoic rocks. Deposition of the Mesozoic strata was
marine and nonmarine in a prograding delta near the
margin of a shallow sea that advanced northwestward
into southeastern Arizona from Mexico. The Cretaceous
stratified succession is about 8800 ft thick.

The youngest Mesozoic rocks in the roadless area are
granodiorite in sills and a small stock, and intrusive
rhyodacite in irregular sill-like masses. These bodies
were emplaced into the Paleozoic and Mesozoic strata
about 74 million years ago. They are the youngest rocks
in the Whetstone Mountains, other than a Tertiary(?)
dike near the south end of the range, and Cenozoic
gravels that crop out mainly around the base of the
mountains.

The principal structural feature of the Whetstone
Mountains is a southwest-dipping homocline of Paleo-
zoic and Mesozoic strata. Steep faults and thrust faults
in these rocks generally have displacements of a few
hundred feet or less and do not significantly disturb the
homoclinal pattern of the strata. The homocline and
faults probably represent deformation mainly during
the Laramide orogeny of Late Cretaceous and Early
Tertiary age. Additional deformation probably occurred
during Basin and Range faulting in the Neogene.

MINERAL RESOURCES

The Whetstone Roadless Area has a substantiated
resource potential for copper, gold, silver, and quartz
and a probable resource potential for lead, copper,
silver, gold, molybdenum, tungsten, uranium, and gyp-
sum. Fluorite and mercury occur in or near the area but
no resource potential was identified (Wrucke and others,
1983; McColly and Scott, 1982). Mining activity in the
Whetstone Mountains dates from the 1870s, but no
mines have yielded ore since the 1960’s.

Copper ore containing minor amounts of silver was
mined from a vein deposit in quartz-rich sandstone at
the Copper Plate mine in the 1950’s, and the mine con-
tains demonstrated resources of 2000-4000 tons of low-
grade copper and occurs in an area of substantiated
mineral-resource potential.

Copper also is known in Mine Canyon just outside the
roadless area. The copper occurs in a porphyry-type
deposit in granodiorite and in vein and replacement
sulfide deposits in granodiorite and skarn at nearby
mines. The area of the porphyry deposit as well as the
vein deposits has substantiated mineral-resource poten-
tial, based on demonstrated resources of 32 million tons
of 0.28 percent copper and 0.01 percent molybdenum
(DeRuyter, 1957). Records dating from 1918 show that
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mines in the vein deposits have produced at least
136,048 lbs of copper, 900,000 lbs of lead, and small
amounts of silver and gold. A probable mineral-resource
potential for copper, lead, silver, gold, and molybdenum
exists around the area of substantiated resource poten-
tial. This determination is based on the assumption that
copper mineralization extends beyond the area explored
by drilling and mining, and on geophysical evidence
that the granodiorite widens at depth.

Quartz was produced for smelter flux during the
1950’s from the Ricketts mine, located outside the
roadless area, north of Middle Canyon. Demonstrated
resources of 5000-6000 tons for each vertical foot of
quartz exist in that part of the quartz body that extends
for a distance of 800 ft westward into the roadless area
and is shown on the map as an area of substantiated
quartz resource potential.

Tungsten has been mined sporadically since about
1900 from an area 1 mi north of Middle Canyon. Most of
the production was from veins at the Chadwick mine
outside the roadless area, although the James mine
within the roadless area has recorded production. All of
the ore-grade deposits were exhausted prior to 1960,
and there is little promise of additional deposits near the
surface. A probable resource potential for tungsten in
this area is based on the possibility that tungsten veins
occur at depth.

High-grade fluorspar has been produced at the Lone
Star mine, on the north side of Middle Canyon.
Although the mine is about 1000 ft outside the roadless
area the fluorite vein system might extend into the
roadless area at depth. The mine is believed to have
been the largest single producer of fluorspar in Arizona.
Although the workings are now inaccessible, a probable
mineral-resource potential for fluorite is assigned to this
area.

Uranium deposits occur in veins in Proterozoic quartz
monzonite and alaskite on the northeastern flank of the
Whetstone Mountains. High scintillometer readings,
chemical values for uranium, and the production of
uranium at the Old Windmill No. 1 mine in Cottonwood
Canyon indicate that additional resources exist at the
mine. Demonstrated resources of 47 tons of uranium-
bearing rock containing as much as 0.094 percent
uranium occur at the Star No. 1 (Bluestone) prospect
north of Middle Canyon. However, the concentration of
uranium in the mine areas and elsewhere is spotty. The
northern part of the Whetstone Mountains has a prob-
able resource potential for uranium.

Gypsum occurs in Permian sedimentary rocks near
the south end of the Whetstone Mountains, outside the
roadless area, and these same Permian rocks occur
within the roadless area, indicating a probable resource
potential for gypsum.

A gold deposit at the Gold Crystal prospect in Middle



Canyon outside, but within a few hundred feet of the
roadless area has about 3000 tons of demonstrated low-
grade gold resources to a depth of 100 ft, and a small
area of substantiated resource potential extends into
the roadless area.

Mercury (as cinnabar) was found in heavy-mineral con-
centrates during sampling in the vicinity of Middle Can-
yon and Montosa Canyon. The mercury shows no clear
relationship to any of the known mineral resources in the
area. No mercury resource potential was identified.

Most of the known mineral deposits in the Whetstone
Mountains were formed by hydrothermal processes that
can be related to igneous events. The copper deposits in
the southern and western parts of the mountains are
best developed in and adjacent to Cretaceous grano-
diorite, leaving little doubt of a genetic tie between
these deposits and the Cretaceous intrusive rocks. A
genetic relationship between the uranium, tungsten,
and fluorite veins and the Proterozoic quartz monzonite
and alaskite is suggested by the close spatial associa-
tion of the mineral deposits to these igneous rocks.
Moreover, the trace-element suite uranium, fluorine,
tungsten, beryllium, niobium, and yttrium is in both the
host igneous rocks and the vein deposits. This relation-
ship is consistent with a model for mineralization in
which the uranium, tungsten, and beryllium were car-
ried in solution as fluoride complexes during a late
phase of the igneous event. The quartz body located be-
tween the quartz monzonite and alaskite probably is of
Proterozoic age, whereas the mercury mineralization
most likely was Cretaceous or younger.

SUGGESTIONS FOR FURTHER STUDY

The geology of the Whetstone Mountains is known in
some detail, but the mineral deposits are understood
only in a general way as a result of this investigation.
Detailed study of the Proterozoic rocks would lead to a
better understanding of the fluorite, tungsten, and
uranium mineralization and enhance the possibility for
finding additional occurrences of these commodities.
Study of the Cretaceous igneous rocks would aid in
understanding the copper mineralization. Detailed geo-
chemical sampling and geologic mapping could provide
information on the source and setting of the mercury
occurrences.
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WINCHESTER ROADLESS AREA, ARIZONA

By WILLIAM J. KEITH,' U.S. GEOLOGICAL SURVEY, and

TERRY J. KREIDLER, U.S. BUREAU OF MINES

SUMMARY

Results of geologic, geochemical, geophysical, and mining activity and pro-
duction surveys in the Winchester Roadless Area in 1981 indicate little promise
for the occurrence of metallic and nonmetallic or energy resources in the area.
Volcanic rocks cover the area to a thickness of 1000 to 2000 ft and possibly
more, thus preventing inspection and evaluation of the underlying rock.

CHARACTER AND SETTING

The Winchester Roadless Area, located in north-
western Cochise County, Arizona, consists of 22 sq mi
of Coronado National Forest in the Winchester Moun-
tains. The area lies approximately 15 mi northwest of
Willcox, Arizona. Access to the boundary of the road-
less area by county and ranch roads (with permission
from the owners) is good on all but the west side, where
roads generally end more than 1 mi from the boundary.
Within the area the terrain is steep and rugged, with
many vertical cliffs. Altitudes in the area range from
about 5000 ft on the eastern flank of the mountains to
7631 ft at the summit of Reiley Peak. Heavy growth of
manzanita inhibits accessibility at higher altitudes. In-
termittent streams have incised steep-walled canyons
into the volcanic rocks.

This study consisted of (1) field checking and modifi-
cation of the existing geologic maps of the area (Creasey
and others, 1961, 1981), (2) field examination of all
mines, prospects, and mineralized areas in and adjacent
to the Winchester Roadless Area, (3) sampling of bed-
rock and stream sediments from drainage basins for
geochemical analysis; and (4) examination and interpre-
tation of available aeromagnetic and gravity data. The
results have been published by Keith and others (1982).

Rocks of the Winchester Roadless Area consist of a
sequence approximately 1000 to 2000 ft thick of silicic
ash-flow tuffs and lava flows capped by basaltic lava
flows. The silicic volcanic rocks are assigned to the
Galiuro Volcanics (Cooper and Silver, 1964). The
Galiuro Volcanics is divided into four members, two of
which occur in the Winchester Roadless Area. The lower
or latite member consists of undifferentiated lava flows

'With contributions from Ronny A. Martin, USGS.

and tuffs that range from latite to rhyolite in composi-
tion. This member is limited to the central and eastern
parts of the area and dips approximately 30° northwest.
The upper or rhyolite member consists of rhyolitic lava
flows, dikes, and ash-flow tuffs. The rhyolite member is
found in the central and western parts of the area and
appears to thicken to the west. The Galiuro Volcanics,
considered to be of Oligocene and Miocene age (Creasey
and Krieger, 1978) is capped by younger basalt which
consists of black vesicular lava flows and is confined to
the central and western parts of the roadless area.

MINERAL RESOURCES

Twenty-eight sample sites were selected as represent-
ative of the drainage basins in and around the Win-
chester Roadless Area. The sites were sampled for rock,
stream sediment, and panned concentrates. Samples
were analyzed for 31 elements by six-step semiquan-
titative emission spectrography and for two additional
elements (zinc and gold) using atomic absorption or col-
orimetry. The results of the analyses indicate a gener-
ally high concentration of lanthanum, niobium, lead,
and tin in the panned concentrates. The lanthanum and
niobium occur in zircon, sphene, and other minerals that
weather out of the Galiuro Volcanics and have no signif-
icance for the assessment of resource potential. The tin
and lead anomalies, which are from drainage basins near
the boundary of the roadless area, are probably related
to human contamination in areas where springs have
been developed and where there has been a large
amount of human traffic (hunters, picnickers, or
ranchers).

Geophysical data (gravity, magnetic, and audio-
magnetotelluric) indicate no significant features that
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can be confidently interpreted as being directly related
to mineral deposits. The Galiuro Volcanics have gener-
ally lower magnetic susceptibilities than the overlying
basalt. A magnetic high along the southern border of
the roadless area possibly reflects an underlying exten-
sion of the Precambrian intrusive rocks exposed to the
south that have high magnetic susceptibility but are
not known to be mineralized. A broad magnetic low in
the northwest corner of the roadless area probably
reflects a thin basaltic cover over a thick section of
rocks with low magnetic susceptibility (probably an
extension of the Galiuro Volcanics). Therefore, these
magnetic anomalies do not in themselves indicate the
presence of significant mineralization. Reconnaissance
gravity data show a broad gravity low over the central
roadless area, which probably indicates the area where
ash-flow tuffs and lava flows are at their maximum
thickness. Resistivity contrasts between audio-
magnetotelluric soundings just south of the roadless
area suggest the possibility of a northwest-trending
fault along the west face of the Winchester Mountains.
Low resistivities at depth for two soundings and an en-
tire low-resistivity section for another sounding plus
low magnetic intensity suggest that the rocks may have
been altered along the postulated fault, although there
is no surface evidence of mineralization.

The Winchester mining district lies approximately 3
to 4 mi south of the southern boundary of the roadless
area. The district was originally worked for silver in the
1870’s, but has had little or no activity since the 1920’s
(Keith, 1973). Gold mineralization southeast of the road-
less area occurs in a sliver of Paleozoic limestone in fault
contact with Precambrian granite but geologic evidence
indicates that this feature does not extend into the
roadless area at the surface. Geophysical data suggests

132

that it may extend into the roadless area in the subsur-
face, buried under a thick pile of Tertiary volcanic rocks.

A search of the Cochise County records revealed that
no mining claims have been located in or near the road-
less area. The only prospect in the roadless area was a
small pit near the center of sec. 17, T. 12 S., R. 22 E. No
mineralization was evident in the pit, which had been
dug into volcanic rock.

Pan concentrates of stream-sediment samples in or
near the Winchester Roadless Area assayed no signifi-
cant gold and silver values.

Geologic, geochemical, geophysical, and mines and
prospects surveys of the Winchester Roadless Area in-
dicate that there is little promise for the occurrence of
any metallic or nonmetallic resources.
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BELL STAR EAST AND WEST ROADLESS AREAS, ARKANSAS

By MARY H. MILLER, U.S. GEOLOGICAL SURVEY, and

LYLE E. HARRIS, U.S. BUREAU OF MINES

SUMMARY

On the basis of mineral and geologic surveys in 1981-82, it was concluded
that Bell Star East and West Roadless Areas, Arkansas, have inferred
resources of coal in areas of substantiated coal resource potential from the
Lower Hartshorne coal bed at depths of 2000 to 4000 ft below the surface. These
areas also have a probable potential for natural gas from the Atoka and Hall
Formations at depths as much as 6000 ft below the surface. No metallic mineral
resources were identified in the roadless areas.

CHARACTER AND SETTING

Bell Star East and West Roadless Areas cover about
18 sq mi in the Ouachita National Forest, Sebastian and
Scott Counties, Arkansas. Access to the areas is by
USFS Road 158 and by primitive, privately owned dirt
roads that cut across private land.

Bell Star East and West Roadless Areas occupy the
center and part of the north flank of the east-west trend-
ing Poteau syncline (Reinemund and Danilchik, 1957).
The Pennsylvanian Savanna and McAlester Forma-
tions are exposed in the roadless areas, and the Penn-
sylvanian Atoka Formation and Hartshorne Sandstone
are exposed on the outer flanks of the syncline (Haley,
1966; Haley and Hendricks, 1968).

MINERAL RESOURCES

There are no mines within the roadless areas; one coal
prospect was found near West Creek in Bell Star West
Roadless Area. Coal has been produced from the Lower
Hartshorne coal bed in the McAlester Formation about
2.25 mi north and about 1 mi south of the roadless
areas. This coal bed, which underlies the roadless areas
at depths of 2000 to 4000 ft, contains 47.5 million short
tons of inferred coal resources (Reinemund and Danil-
chik, 1957; Haley and others, 1980; Harris, 1981) and
the roadless areas are classified as having substantiated
coal resource potential. The Lower Hartshorne coal bed
in the roadless areas also could contain coal bed gas
(Harris, 1981) although no coal bed gas resources were
identified.

Natural gas has been produced from the Mansfield
field about 3 mi north of the roadless areas, and minor
quantities from the Waldron syncline, about 4.5 mi
southeast of the roadless areas. These wells produce
from the Pennsylvanian Atoka Formation at depths as
much as 6000 ft (Haley and others, 1980; W. M. Caplan,
oral commun., 1982). There is a probable potential for
natural gas in the roadless areas.

The Savanna and McAlester Formations contain
stone, sand, and gravel useful to the construction in-
dustry, but these materials occur in abundance outside
the roadless areas.

SUGGESTIONS FOR FURTHER STUDY

Drilling to determine thickness and continuity of the
Lower Hartshorne coal bed would be necessary to com-
pletely evaluate the resource potential for coal in the
roadless areas.

The potential for natural gas in the Atoka Formation
within the roadless areas can be proved or disproved
only by exploratory drilling.
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BELLE STARR CAVE WILDERNESS STUDY AREA, ARKANSAS

By BOYD R. HALEY, U.S. GEOLOGICAL SURVEY, and

RAYMOND B. STROUD, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Belle Starr Cave Wilderness Study Area conducted in
1977 concluded that there is little promise for the occurrence of metallic mineral
resources in the area. There is a probable resource potential for small quantities
of natural gas. A coal bed that underlies the area contains demonstrated coal
resources of about 22.5 million tons in a bed that averages less than 28 in. thick.
Despite its contained coal, this area is not shown as having a coal resource

potential.

CHARACTER AND SETTING

The Belle Starr Cave Wilderness Study Area covers
an area of about 9.4 sq mi in parts of Sebastian and
Scott Counties, west-central Arkansas. Rock Creek is
an intermittent stream that has its headwaters in the
southwestern part of the area and flows northeastward
in a valley that, at its maximum, is about 1100 ft
deep and 2 mi wide. The forest-covered valley walls are
a series of slopes underlain by shale, and some bluffs
as much as 40 ft high formed by the more resistant
sandstone.

The rocks in the study area are sedimentary and are
gently folded into the Poteau Syncline. They consist of
shale, sandstone, and siltstone, a few thin coal beds of
limited extent, and one coal bed (Lower Hartshorne) of
wide extent. All of the rocks at the surface are part of
the Des Moinesian Series of Middle Pennsylvanian age.

MINERAL RESOURCES

The Lower Hartshorne coal bed extends under the
study area and has been mined at the surface and in the
subsurface north and south of the study area. Assuming
an average thickness of the coal at 2 ft (it may be more),
there is a demonstrated resource of 22.6 million short
tons of coal under the Belle Starr Cave Wilderness
Study Area. Demonstrated coal resources are estimated
separately for beds more than 28 in. thick and for beds
less than 28 in. thick. Beds more than 28 in. thick are

considered as areas of substantiated coal resource
potential, but because the Lower Hartshorne coal bed
more than likely averages less than 28 in. thick, no coal
resource potential is shown on the map.

Natural gas was discovered in 1902 about 3 mi north
of the study area. Wells drilled since that date have pro-
duced gas from sandstone reservoirs of Atokan age to
depths of about 6000 ft. The southern limit of that gas
field (Mansfield) has not been established by dry holes,
and shows of gas have been reported from wells drilled
through similar Atokan rocks about 7 mi southeast of
the study area. Because these Atokan age rocks are
present at depth underneath the study area, the area
has been assessed to have a probable resource potential
for small volumes of gas.

Some of the sandstone in the area could be used as
flagstone or aggregate and some of the shale could be
used in the brick industry. Stone of equal quality is
present elsewhere in west-central Arkansas.

There is little promise for the occurrence of metallic
mineral resources according to the data derived from
geochemical studies of outcropping rocks and stream
sediments (Haley and others, 1980).
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BLACK FORK MOUNTAIN ROADLESS AREA, ARKANSAS AND OKLAHOMA

By MARY H. MILLER,! U.S. GEOLOGICAL SURVEY

SUMMARY

On the basis of a mineral survey in 1982, the Black Fork Mountain Roadless
Area has little promise for the occurrence of metallic mineral resources. Stone
and sand and gravel suitable for construction purposes occur in the Jackfork
Sandstone and the Stanley Shale which also occur outside the roadless area.
Although the potential for gas and oil is unknown and no resource potential was
identified, some investigators believe that there is a possibility for the occur-

rence of gas and oil in the roadless area.

CHARACTER AND SETTING

Black Fork Mountain Roadless Area covers about 21
sq mi in the Ouachita National Forest in Polk County,
Arkansas and LeFlore County, Oklahoma. Access to
the area is principally via U.S. Highway 270 and USFS
roads.

The north flank of Eagle Gap syncline makes up
Black Fork Mountain. The area is bounded on the north
and south by high-angle thrust faults, and the strat-
igraphic displacement may be as much as 25,000 ft
(Seely, 1963). Formations exposed in the roadless area
are the Pennsylvanian Atoka Formation, the Pennsyl-
vanian and Mississippian Jackfork Sandstone, and the
Mississippian Stanley Shale (Seely, 1963).

MINERAL RESOURCES

Between 1900 and 1918, impsonite, a nearly infusible
asphaltic pyrobitumin with a high-fixed carbon content,
was mined from a deposit near Page, Oklahoma for its
vanadium content (Ham, 1956). Although this material
is present in the roadless area in fissures and along a
bedding plane in the Jackfork Sandstone, no resource
potential was identified.

'With contributions by Marjorie C. Smith, USGS.

Good-quality rock for construction purposes occurs in
the Jackfork and Stanley Formations throughout the
roadless area.

Most of the area is leased for gas and oil, and
although no oil and gas potential was identified, some
investigators believe there is a possibility for the occur-
rence of gas and oil in this area from rocks of Arbuckle
(Cambrian and Ordovician) age or younger (C. G. Stone,
oral commun., 1983).

SUGGESTIONS FOR FURTHER STUDY

Deep exploratory drilling to determine the gas and oil
potential seems desirable.
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CANEY CREEK WILDERNESS, ARKANSAS

By GEORGE E. ERICKSEN,! U.S. GEOLOGICAL SURVEY, and

MAYNARD L. DUNN, JR., U.S. BUREAU OF MINES

SUMMARY

Metallic and nonmetallic mineral resources identified in the Caney Creek
Wilderness during a study in 1978, include many small manganese deposits in
areas of substantiated manganese resource potential and moderate to large
deposits of novaculite, tripoli, shale, and slate. Small amounts of hand-sorted
manganese-oxide ore have been recovered from several of the manganese
deposits during sporadic mining activity from the late 1880’s to the mid-1950'’s.
Additional manganese resources remain in the known deposits, but the amount
in any given deposit is small. Large resources of novaculite, tripoli, shale, and
slate are in the wilderness but even larger resources exist in this region outside
the wilderness and nearer to markets. No energy resources were identified in

this study.

CHARACTER AND SETTING

The Caney Creek Wilderness extends over an area of
22.5 sq mi in the Cossatot Mountains, a southern seg-
ment of the Ouachita Mountains of west-central Arkan-
sas. The area is elongate, being about 8 mi long and
3-3.5 mi wide. Located in Polk County, Arkansas, the
northwest corner of the wilderness is 12 air miles
southeast of Mena, the county seat. The wilderness is
accessible by State Route 375 from Mena and by State
Route 246 from U.S. Highway 71, south of Mena. The
area is encircled by unimproved roads, and the interior
is accessible by a well-maintained trail along Caney
Creek and an unmaintained trail that follows a former
road along Short Creek.

The wilderness encompasses three prominent east-
west ridges and the intervening valleys of Caney and
Short Creeks, which drain westward into the Cossatot
River. Altitudes range from 940 ft at the confluence of
Caney Creek and the Cossatot River to 2320 ft at Buck-
eye Mountain, the highest peak in the wilderness. The
crests of the three principal ridges slope gently west-
ward from altitudes of 2000-2300 ft in the east to
1500-1700 ft in the west.

The wilderness is in a region of deformed Paleozoic
sedimentary rocks having an aggregate thickness of

'With contributions from S.H. Patterson, USGS, and D. K. Harrison, USBM.

8000-9000 ft. Six formations crop out in the wilderness.
From oldest to youngest these are Ordovician Bigfork
Chert and Polk Creek Shale, Silurian Blaylock Sand-
stone and Missouri Mountain Shale, Devonian and
Mississippian Arkansas Novaculite, and Mississippian
Stanley Shale. The highly resistant, ridge-forming
Arkansas Novaculite, about 900 ft thick, is the domi-
nant formation in the wilderness. The Stanley Shale is
about 6000 ft thick, and is by far the thickest formation
in this region. Only the lower part of this formation is
exposed in the wilderness. The Arkansas Novaculite
and Stanley Shale were of particular interest in our
study because at many places in western Arkansas
these formations contain mineral deposits, chiefly
manganese-oxide and tripoli in the Arkansas Novaculite
and bedded barite in the Stanley Shale. The novaculite
is also the source of the famed Arkansas wetstones.

The Paleozoic sedimentary rocks were intensely de-
formed during late Paleozoic orogeny, which produced
tightly folded anticlines and synclines. The repetition of
formations across the wilderness is the result of erosion
of these folds.

Our investigations included reconnaissance geochem-
ical sampling of stream sediments and rocks, field
checking and modifying existing geologic maps, exami-
nation and sampling of prospects, and a search of court-
house records for mining claims in the wilderness. This
report is based on the results of these investigations
(Ericksen and others, in press).
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MINERAL RESOURCES

Manganese oxide is the only mineral commodity that
has been produced from the wilderness. Most of the
manganese deposits are in the northeastern section of
the wilderness where deposits were first prospected in
the late 1880’s; a few deposits are scattered westward
along Short Creek valley. Prospect workings on the
lower north slope of Tall Peak, opened by the Arkansas
Development Company in 1887-1889, consisted of two
adits, the longest of which was 100 ft. Other prospect
workings were opened on Buckeye Mountain at this
time. Additional prospecting was done in the Buckeye
Mountain-Tall Peak area during World Wars I and 11,
when some manganese oxide was mined, but most of the
work in this area apparently was done during the 1950’s
in response to the U.S. stockpile purchase program.
Aerial photographs taken in the mid-1950’s and court-
house records indicate that most prospecting and min-
ing of manganese along Short Creek was done during
the stockpile purchase program.

The total tonnage of manganese oxide produced from
the wilderness is not known, but to judge from in-
complete production records it could not have been
more than a few hundred tons. Manganese oxide re-
sources exist in small deposits, and it is possible that
additional resources exist in yet-to-be-found deposits in
the wilderness. However, it is unlikely that any undis-
covered deposits are larger or richer than the identified
deposits.

The manganese deposits of the Caney Creek Wilder-
ness occur chiefly in the upper of the three major units
that comprise the Arkansas Novaculite, and near the
top of the lower unit. All are of secondary origin, having
formed as local concentrations of manganese oxides
deposited from ground water that had previously
leached the manganese from manganese-bearing car-
bonate minerals in the novaculite and perhaps other
Paleozoic formations. The deposits consist of the
manganese oxide minerals pyrolusite, hausmannite,
lithiophorite, and cryptomelane occurring chiefly as ir-
regular masses and short veins within linear zones of
fractured and brecciated novaculite. A few occurrences
are in other formations near the contact with the
novaculite. Deposits that have been prospected are com-
monly a few tens of feet to about a hundred feet long
and a few feet to 10 or 20 ft wide. Masses of high-grade
manganese ore are rarely more than a few feet in max-
imum dimensions.

Relatively pure manganese oxide ore ranges from
about 29 percent to 40 percent manganese, and it is
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estimated that most of the hand-sorted ore shipped
from the wilderness contained about 40 percent manga-
nese. The manganese ore also contains small amounts of
copper, zinc, nickel, and cobalt. The total content of
these metals in most ore is less than 1 percent, but
samples collected in the present study show maximum
values of 1.5 percent copper, 0.3 percent zinc, 0.2 per-
cent nickel, and 0.3 percent cobalt. Such values suggest
that these metals are potential byproducts of the
manganese resources. There is a substantiated potential
for manganese resources in the area.

Novaculite suitable for whetstones occurs in the
Arkansas Novaculite. Several thousand tons of tripoli, a
weathering product of the Arkansas Novaculite, was
mined from an open cut about 600 ft south of the south-
eastern margin of the wilderness. This deposit extends
into the wilderness to the east, where it has been pros-
pected. Small amounts of slate have been mined from
the Missouri Mountain Shale in Polk County, outside
the wilderness. However, the slate in this formation and
in other formations in and near the wilderness is
relatively low grade, and no slate has been mined in
Polk County since the 1950's. Some of the shale in the
Stanley Shale is suitable for heavy clay products and
brick, and slaty material from the Bigfork Chert will
bloat with heat, so that it might be suitable for light-
weight aggregate. Although deposits of novaculite,
tripoli, shale, and slate occur in the wilderness, large
resources of these materials occur widely in the
Ouachita Mountains outside the wilderness.

SUGGESTIONS FOR FURTHER STUDIES

Known manganese oxide deposits should be mapped
and core drilled, and a search for other deposits be
made. New manganese oxide deposits would be ex-
pected to occur chiefly in the upper and lower units of
the novaculite, and might best be located by detailed
geochemical sampling. The most favorable areas for
finding such deposits are the northern and northeastern
part of the wilderness where the identified deposits
occur.
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