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PROLOGUE

The U.S. Geological Survey has initiated a new program which is meant to
complement the already existing Conterminous United States Mineral Assessment
Program (CUSMAP). This new program consists of a short term commitment by earth
science specialists including geologists, geochemists, geophysicists, and
mineral resource analysts to evaluate two degree quadrangles with respect to
their mineral resource potential,

The Adel, Oregon two degree quadrangle is the subject of one of these
studies and of this report. . The Adel team assembled all relevent geology,
geochemistry, geophysics, and mineral deposit information; identified existing
and proposed mineral deposit types; delineated tracts which are permissible
environments for identified deposit types; and made recommendations as to
further studies within the Adel quadrangle. .

This document has been written for and directed towards an audience with
some background knowledge in the geological sciences. Introductory material
concerning regional geology, ore deposits, and the techniques involved in the
use of geology, geochemistry, and geophysics were addressed only in the broadest
sense,

All results presented within this report are tentative and subject to
change or reinterpretation as more information is gathered. Due to the short
time frame in which this study was conducted, no new information has been added
to that already in the public domain and therefore, this study is dependent upon
our current knowledge. '

Personnel and areas of responsibility in order presented within this Adel
preassessment report:

Geology Branch of Western Mineral Resources, Menlo Park
Dean B. Vander Meulen
George W. Walker

Geochemistry Branch of Geochemistry, Denver
Paul K. Theobald
Jean L. Ryder
Steven M. Smith

Geophysics Branch of Geophysics, Denver
Carol A. Finn (gravity, magnetics)
James A. Pitkin (radioactivity, remote
sensing)
Gerda A. Abrams (gravity, magnetics)

Mineral occurrences, Branch of Resource Analysis, Reston
deposit models, and Walter J. Bawiec
team leader

we would like to thank Jim Rytuba, Branch of Western Mineral Resources, for
“technical review of this document; and Arleen Michelitch, Branch of Resource _
Analysis, for the compilation and integration of text from many different
sources.



EXECUTIVE SUMMARY
Introduction

The Adel 1 x 2 degree quadrangle lies in the southeastern corner of Oregon
within the northern limit of the Basin and Range province. This area is
sparsely vegetated, semi-arid, and has a very low population density. The
topography is characterized by north-trending block-faulted mountains, plateaus,
and intervening basins which contain playa lakes and large playa deserts.

Mineral deposits found within the Adel quadrangle are typical -of those
deposits which occur 'in relatively young Cenozoic volcanitc rocks of the Basin
and Range province. Base and precious metal occurrences and deposits are found
in epithermal vein systems and are assoclated with several generations of faults
within the area; Basin and Range faults, range-front faults, and caldera-
related faults. Due to the high degree of porosity and permeability of the
volcanic and sedimentary rocks in contact with the fault system, hydrothermal
alteration and related deposits are also present. Mercury, uranium, lithium,
gold, silver, copper, lead, zine¢, antimony, arsenic, molybdenum, barium,
manganese and borates have either been mined or are reported to occur within the
Adel gquadrangle. However, the only significant production reported within the
Adel quadrangle is from the Opalite mercury district, which is associated with
the McDermitt Caldera Complex and is located in the extreme southeast corner of
the quadrangle.

The scientific benefits gained by conducting a resource assessment of the
Adel quadrangle would enhance two avenues of geologic research: the exploration
of buried or "blind" ore deposits in young volcanic rocks; and the improvement
of existing, and the development of new mineral deposit and grade-tonnage models
for non-metallic commodities. The potential for new metallic mineral deposits
lies mostly under the Cenozoic basalt and within ash~flow tuffs which cover the
surface, and under the basinal sedimentary rocks found between the north
trending fault-bounded horsts and plateaus within the quadrangle. Geochemical
exploration techniques, currently existing and newly developed, would be
utilized in the exploration and understanding of these buried ore deposits and
their associated geochemical halos, pathfinder elements, and solutions. It
should be emphasized that the volcanic rocks in the area are one of the largest
peralkaline volcanic fields in the world. The unique chemistry of these rocks
offers an opportunity to study a special class of processes that would likely
lead to new types of ore deposits. Some of the "new" deposits might include
light REE and "high tech" elements used in superconductors such as Nb, Ta, Zr,
etc., and specialty clays presently being mined in the McDermitt calderas (J.
Rytuba, personal communication). Geophysical research would include airborne
and remote sensing techniques for which extensive coverage is relatively easy to
acquire, ground surveys for those techniques that normally are not flown, and
site-specific ground surveys at targets detected by airborne techniques. The
validation of existing, and development of new mineral deposit and grade-tonnage
models for the Adel quadrangle would not only be of benefit here, but would also
be applicable in other areas. The eventual development of these types of models
for the non-metallic commodities is ecritical.

The economic benefits which would be gained by conducting a resource

assessment of the Adel quadrangle cannot be guaranteed in the form of
discovering new deposits. However, a CUSMAP study could stimulate the mining
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industry with its new products, and through the use of cooperative geologic
studies benefit the State of Oregon and academic institutions working in the
area.

Specific recommendations as to how a mineral resource assessment would
proceed with respect to the geology, geochemistry, geophysics and mineral
resources are contained within this report. Areas of additional geologic
mapping; additional geochemical sampling; geophysical surveys of gravity,
magnetics, and radioactivity; and additional mineral deposit and grade-tonnage
models are delineated. The successful completion of a CUSMAP study within the
Adel quadrangle would result not only in resolving the mineral potential of the
area and enhance exploration techniques’in volcanic terraines of buried
deposits, but would'also add significantly to our understanding of the regional
geology, structural history, and dynamics of plate boundary environments.
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OVERVIEW
Introduction

The Adel 1 x 2 degree quadrangle lies in the southeast corner of Oregon
along the Nevada border (fig. 1) and is included in the northern most extension
of the Basin and Range province. The region is semi-arid, sparsely vegetated,
and has a very low population density.

The data coverage for the geology, geochemistry, geophysics, and mines and
prospects are discussed in detail later in this report. In many instances the
level of information.is too general, at’ too small a scale, not extensive enough
to cover the entire’ quadrangle, or not examined for parameters which are
relevent to mineral deposits. Only a small part of the Adel quadrangle has been
mapped in detail; more mapping will be required in areas deemed critical for a
better understanding of the geology and potential mineral deposits; geochemical
sampling has not been as dense, exténsive, nor analysed for all relevant
elements; and the gravity and magnetic data for the Adel quadrangle is too
coarse to define other than very large features,

Mineral deposits and occurrences within the Adel quadrangle are typical of
deposits in relatively. young Cenozocic volcanic rocks of the Basin and Range
province. Epithermal deposits containing mercury, uranium, and other related
mineral deposit types have been documented. Except for the production of
mercury and clay from the Opalite mercury district, in the McDermitt Caldera
Complex, other minerals have not been found within the Adel quadrangle in large
enough tonnages and grades to warrant large scale mining. Grade-tonnage models
for many of these deposit types already exist, but need to be improved upon to
become useful. Deposit types for which grade-tonnage models do not exist
include non-metallic industrial and construction materials, which could be a
very important resource of the Adel quadrangle. Grade-tonnage models should be
developed for the industrial and construction materials deposit types for use
within the Adel quadrangle.

Scientific Benefits Expected

The scientific benefits expected from a formal Adel quadrangle CUSMAP study
are diversified and numerous. This is in part due to the tremendous amount of
work which is left to be done within Adel to gain a better understanding of the
geology, geochemistry, geophysics, and mineral resources; and the diversity of
mineral deposits and geologic environments which are present.

Additional geologic mapping within the Adel quadrangle to investigate
potential mineral resources and to unravel geologic questions would be
restricted to specific target areas. Questions to be addressed include the age
and sequence of faulting; their depth; and the source of metalliferous solutions.
It is important that the structural history for the Adel quadrangle be
incorporated into the regional geology for the northwestern United States for a
better understanding of the regional geology and related plate boundary
environments. It should be emphasized that the volcanic rocks in the area are
one of the largest peralkaline volcanic fields in the world. The unique
chemistry of these rocks offers an opportunity to-study a-special class .of
processes that would likely lead to new types of ore deposits. Some of the
"new" deposits might include light REE and "high tech" elements used in
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FIGURE 1 - EXPLANATION

Rapid reconnaissance mapping, including extensive photogeology, at
1:250,000 (Walker and Repenning, 1965)

Geologic mapping at 1:24,000 as part of McDermitt caldera complex
and wilderness investigations

Geologic mapping at 1:24,000 for mineral resource assessments of
wilderness areas

Assessment of wilderness areas based on'exiétihg (1:250,000)
geologic map. No additional field work. (Walker and
Swanson, 1968)

Known geothermal resource area (KGRA)

Theses (area covered and character of geologic mapping largely
unknown; mostly unpublished data)
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Reno, Nevada, University of Nevada Master thesis, P.
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superconductors such as Nb, Ta, Zr, etc., and specialty clays presently being
mined in the McDermitt calderas (J. Rytuba, personal communication).

Exploration for buried mineral deposits and calderas within Cenozoic
volcanic rocks would also be an area of research within the Adel quadrangle.
The use of geochemical anomalies, pathfinder elements, mineral deposit halos and
the mobility of elements within young volcanic rocks would all be areas of
interest. The geophysical studies associated with the search for "blind"
mineral deposits and calderas within volcanic rocks would involve methods that
can search beneath the surface, such as aerial and ground magnetics, gravity,
and electrical measurements;_ and the surface measuring techniques of
radioactivity and landsat imagery to detect surface expression of buried
mineralization. Thé present methods used in the exploration for ore deposits,
and the understanding of ore deposit genesis and alteration within young
volcanic rocks would be greatly enhanced if these studies were persued within
the Adel quadrangle. . -7

Another important product of an Adel CUSMAP study would be the development
of new, and the enhancement of existing deposit and grade-tonnage models. The
development of new deposit and grade-tonnage models for non-metallic commodities
present within the Adel quadrangle would be accomplished. This would signifi-
cantly help resource analysts to quantify mineral resource assessments, both
within the Adel quadrangle and elsewhere. Adding Adel mineral deposit informa-
tion to currently existing models of commodities which occur in young volcanic
rocks would increase their validity and the confidence with which they could be
used.

Economic Benefits Expected

The economic benefits expected from a formal CUSMAP study conducted within
the Adel quadrangle would influence private industry, the State of Oregon, and
local academic institutions. Although these benefits may not be immediate nor
result in guaranteed economic rewards, the long term affect of gaining a better
understanding of the geologic environment and related mineral deposits would
benefit the area immensely.

The State of Oregon is receptive to and anxious for the exploitation of its
mineral resources, if it can be done in an environmentally sound fashion. The
private minerals industry has invested money into exploration for new deposits
within the Adel quadrangle, but with very little success. With the help of the
types of products which would result from a CUSMAP study of the Adel quadrangle,
mining companies could better define their target areas with respect to
exploration and this could result in a new phase of exploration activity.

The State of Oregon would benefit from a formal CUSMAP study of the Adel
quadrangle not only because of the possible increase to its tax base for the
above stated reasons, but also through a better understanding of the geology and
mineral deposits within the state. Oregon has a very active Department of
Geoclogy and Mineral Industries which would benefit from and be a benefit to a
CUSMAP study.

" The economic benefits of a CUSMAP study within-the Adel.- quadrangle to .. _ _
academic institutions lies mainly in the additional funding which would be
available to them through cooperative projects. There are many institutions



which have worked in the area including: Oregon State University, University of
Oregon, University of Washington, University of Montana, University of Colorado,
and others.

GEOLOGY

Introduction
Topography and Setting

The Adel 1° x 2° quadrangle (lat. 42°00' N to 43°00' N by long. 118°00' W
to 120°00' W) (plate 1-A and figure 1) covers a sparsely vegetated, semi-arid
region of the northern Basin and Range physxographlc province of southeastern
Oregon. The region'is characterized by several north-trending ranges, plateaus,
and intervening basins. The highest and most prominent range in the region
includes the Steens and Pueblo Mountains which trend north-northeast across the
eastern part of the quadrangle. Elevations in the Juadrangle range from 9,670
ft at the crest of Steens Mountain td 4,020 ft in Alvord Desert. The highest
and lowest points in the quadrangle are less than 6 mi apart, separated by the
impressive Steens Mountain scarp. Most of the quadrangle consists of upland
ranges and plateaus ranging from 5,200 to 7,400 ft above sea level. The higher
ranges and plateaus, as well as west facing slopes, support isolated groves of
mountain aspen and juniper trees. The uplands are separated by four north-
trending, trough shaped basins ranging from 4,100 to 4,500 ft above sea level.
From west to east the basins include Warner Valley, Guano Valley, Catlow Valley,
and Pueblo Valley. Small rivers and streams that drain the region, all part of
internal drainage systems, are confined to the intervening ranges and basins.
The westernmost basin contains several playa lakes while the eastern basins
contain large playa deserts.

Access

Access into most parts of the quadrangle is generally poor or limited.
State Highway 78 crosses the extreme northeast corner of the quadrangle (plate
1-A) and State Highway 140 crosses the southwestern part of the quadrangle. A
third paved road, State Highway 205, enters the quadrangle from the north
following the west side of Steens Mountain, terminating south of Frenchglen.
Access to eastern and central parts of the quadrangle are by an improved gravel
road that follows the north-trending Pueblo and Steens Valleys. The road
branches to the west near Fields, crosses the Steens-Pueblo Range, and continues
north along Catlow Valley to Frenchglen. The eastern branch follows Alvord
Desert north through Steens Valley to State Highway 78. Limited access to the
western part of the quadrangle is by an improved gravel road that follows the
north-trending Warner Valley. The road passes through Adel, Plush, and the Hart
Mountain National Game Refuge.

Base Materials

The entire Adel 1° x 2° quadrangle is available in finished 7. 5 minute
series topographic maps at a scale of 1:24,000.

Aerial photographes are available for the entire quadrangle through the
U.S. Geological Survey EROS data center. They include low and high altitude
black and white coverage at various scales, and high altitude color infrared
photos at 1:64,000 scale. Direct geologic mapping on aerial photographes is
practical in some areas because of sparse vegetation.



GEQOLOGY
Previous Geologic Investigations

Previous geologic investigations of the Adel quadrangle are a reconnaissance
geologic map by Walker and Repenning, published in 1965 (scale 1:250,000) and a
number of unpublished theses (fig. 1). Between 1980 and 1983, the southeastern
part of the quadrangle was mapped by the U.S. Geological Survey for caldera
related studies (fig. 1). During the past 4 years, parts of the Adel quadrangle
have been remapped by the U.S. Geological Survey for the purpose of mineral
resource evaluation of wilderness lands (plate 1-B). About 30 percent of the
quadrangle was remapped during these studies at a scale of 1:24,000.

Geologic Setting

The Adel 1° by 2° quadrangle is in the northermn Basin and Range Province
and exhibits many of the lithologic''and structural features characteristic of
the region. Dominant among the rocks exposed in canyon walls of fault-block
mountains (horsts) are thick sequences of Cenozoic volcanie, volcaniclastiec,
and terrestrial sedimentary rocks; only in the Pueblo Mountains and in a small
area in the western Trout Creek Mountains are older, pre-Cenozoic metamorphic
and intrusive granitoid rocks exposed.

The maximum thickness of the Cenozoic section over most of the quadrangle
is unknown, but is thought to be highly variable and in excess of 7,000 ft,
perhaps locally totalling as much as 10,000 ft.. This section consists of
Oligocene tuffaceocus sedimentary rocks, ash-flow tuffs, and rhyolite flows and
domes 1,500 ft or more thick exposed on several major fault scarps bounding the
Warner Valley graben and at the base of the Steens Mountain scarp west of Alvord
Desert; in none of these areas is the base of the Cenozoic section exposed. At
Steens Mountain these rocks have been identified as the Pike Creek Formation and
Alvord Creek Formation (Fuller, 1931; Walker and Repenning, 1965). Stratigraphi-
cally above the 0ligocene rocks is a sequence of basalt and andesite flows of
lower and middle Miocene age that includes the Steens Mountain Volcanic (or
Andesite) Series and the Steens Basalt (Fuller, 1931; Williams and Compton,
1953). The Steens Mountain Volcanic series has recently been renamed the Steens
Mountain Volcanics (Minor and others, 1987). About 4,000 ft of Steens Basalt
and 1,500 ft of Steens Mountain Volcanics are exposed on Steens Mountain scarp
and over 2,000 ft of Steens Basalt is exposed on Poker Jim Ridge adjoining
Warner Valley.

Ash-flow tuffs of middle Miocene age, partly the age equivalent of the
Steens Basalt and partly younger, are extensively exposed in the Trout Creek
Mountains and in areas along the southern border of the quadrangle east of Guano
Valley. Measured sections of individual ash-flow tuffs range in thickness from
a few tens of feet to as much as 600 ft. Several hundreds of feet of tuffaceous
sedimentary rocks (plate 1-A); map unit Tts), of about the same middle Miocene
age as the ash-flow tuffs, are exposed extensively west of Guano Valley,
surrounding Beatys Butte and in several other parts of the quadrangle. The
middle Miocene sedimentary rocks are overlain by late Miocene tuffaceous
sedimentary rocks, ash-flow tuffs, and, locally, basalt flows all totaling 300
to 400 ft thxck — - - o

Major fault-block depressions (graben), such as Warner Valley and Pueblo
Valley-Alvord Desert, contain late Pliocene and Quaternary sedimentary deposits



of largely unknown thickness. Most of these poorly consolidated deposits relate
to deposition in late Pleistocene (pluvial) lakes and to surfical, wind-blown,
dune accumulations.

Stratigraphy
Mesozoic Rocks

The oldest rocks exposed in the Adel quadrangle are Mesozoic age
metamorphic rocks and intrusions that form the eastern part of the Pueblo
Mountains and southern parts of the Trout Creek Mountains (plate 1-A). Mesozoic
rocks in the Pueblo Mountains include metamorphosed volcanic and intrusive
rocks, and schist. .Parts of the schist are intruded by stocks of quartz
monzonite and quartz diorite (Roback and others, 1987). Mesozoic basement in
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