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ABSTRACT

This report summarizes the results of investigations into the
applications of Skylab EREP data to resources exploration in the.
southwest United States. Studies were conducted in a variety of
geologic and tectonic environments to analyze the characteristics,
qualities, and advantages of Skylab imagery. Information which
supplies indirect evidence for the presence of resource deposits
can be derived from imagery analyses including recognition of most
structural features and discrimination of rock and soil boundaries.
Arcuate, linear, and color anomalies detected in Skylab £ilms have
been genetically and spatially related to known resource deposits.
Skylab data gives the exploration geologist high;resolution
imagery that retains the value of synoptic coverage. The data are
excellent for interpreting regional lithologic and structural
relationships and determining areas with the greatest potential

for containing economic mineral, geothermal, or petroleum deposits.
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L. INTRODUCTION

Study Objectives

The overall purpose of this study was to utilize imagery and

other data from the Skylab Earth Resources Experiment Package i

(EREP) for applications to geologic investigations.
The objectives of the study were twofold:
1. To analyze and evaluate the qualities and characteristics
of Skylab EREP data and imagery; to compare the products
to other space-orbiting and aerial remote sensing

techniques -- including ERTS imagery, X-15, and Apollo

spacecraft photography, and high-altitude aircraft fJ
photography -- for an appraisal of the usefulness of EREP :
products to geologic investigations.

2. To analyze Skylab data and imagery for evidences of
geologic phenomena that can be interpreted as significant
indicators of mineral, petroleum, geothermal, or water
resources. Interpretations were to be confirmed and
extended by studies of published geological and
geophysical reports and maps, as well as by on-site field
reconnaissance surveys. Results were to be applied to
investigar'ons of potential resources for specific sites
within a test area.

Anticipated results from studies of imagery included:

1. Mapping of geologic units.




S

2. Detection of geoclogic structures -- faults, fractures,

A A B

joints, folds, foliation, etc. -- that are genetically

related to known resources. |
3. Detection of subtle expressions of eroded or buried i

intrusivus that may be indicative of mineral or geothermal

resources. X

4. Detection of altered rocks and other evidences of ‘

hydrothermal activity. ‘
5. Suggestions of new areas and extensions of old ones that |

should be thoroughly explored by remote sensing and by

conventional geological and geophysical methods for

potential mineral, petroleum, geothermal, or water

resources.

Test Area

The area chosen for the study is a 180,000-square kilometer
rectangle encompassing parts of Arizona, California, Nevada, and
Utah (Fig.lA). Most of the area is a part of the Basin and Range
physiographic province and is characterized by elongate,
partially-buried fault blocks of variable structure and rock type
separated by alluvium-filled basins. Parts of the Colorado
Plateaus province, a region of relatively unfaulted, flat-lying
Paleozoic and Mesozoic sedimentary rocks, and the granitic Sierra
Nevada massif are also included in the test ar-za. Thus, investi-
gations of remote sensing data and imagery were conductad over a

variety of geologic environments.
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Fig. 1A Map of Test Area (Lettered investigation sites listed in Table of Contents)




The mineral wealth of the area is exemplified by the large
deposits currently being mined, such as the Duval copper porphyry
deposit in northwestern Arizona, the iron deposits of southwestern
Utah, the Goldfield-Tonopah and Pioche gold deposits in Nevada,
and the borax deposits in California. Numerous mining districts
currently inactive produced millions of dollars in mineral wealth.
Many small mines are active in the test area and abandoned shafts,
pits, and tumnels signify that the region has been extensively
explored for mineral deposits.

Substantial geothermal energy resources are located within
the test area, as evidenced by the Coso known geothermal resource
area (KGRA) and the Long Valley depression region, California.
Geothermal activity in the form of hot springs and fumaroles is
common in the test area. It is usually associated with granitic
intrusions and comparatively recent volcanics that are typical in
the Basin and Range province.

Petroleum resources are confined to the extreme southwest
corner of the test area in the Kern River oil and gas fields near
Bakersfield. Minor hydrocarbon accumulations have also been
tested in southwestern Utah and northeastern Nevada.

A detailed description of lithology, structure, and known
fesources of the entire test area, including discussion of prior
workers' theories on geologic and tectonic history, will not be
pfesented in this report. The reader is referred ‘to "A Reconnais-
sance Space Sensing Investigation of Crustal Structure for a Strip
from the Eastern Sierra to the Colorado Plateau'" by Liggett and

others of Argus Exploration Company (1974), an earlier NASA study
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for which Ira C. Bechtold (PI of the present project) was also PI,
for a summary of the geologic literature pertinent to the test
area. The Argus study which was an ERTS-1 investigation
encompassed the same area as the present Skylab investigation.
Compilations of mineral and geothermal deposits, earthquake ;
epicenters, tectonic features, and Cenozoic volcanic and plutonic

outcrops were accomplished by Argus for the entire test area. To

avoid needless duplication, similar compilations were not attempted
during this study.

This report includes discussions on Skylab (EREP) and
correlative imagery, methods of analysis, imagery enhancement
procedures, applications of Skylab imagery to resources explora-
tion, detailed analyses and interpretations for sixteen specific
sites, and recommendations for further work. Appendices containing

supporting data are also included.
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II. METHODOLOGY

Skylab EREP and Supporting Data

S190A Multispectral Camera Photography

More than 70% of the 180,000-square kilometer test area was
photographed at least once by the S190A cameras. Five Skylab
tracks traversed the test area, three descending (63, 20, 6) and
two ascending (16, 59) (Fig. 1B). There were 14 different S190A
data-gathering EREP passes over those tracks; NASA supplied BESTEC
with photography from eight of the 14 passes (42 frames).

As specified in the data requirements section of BESTEC's
Skylab contract, NASA supplied only that imagery exhibiting less
than 30% cloud cover. On several occasions, however, we requested
copies of S190A frames over sites of particular interest even
though catalogs and reference maps indicated cloud cover of the
frame was greater than 30%. Cloud-covered frames were requested
only if no other Skylab data was available over the site of
interest. Fortunately, windows in the clouds were located over
the sites in some of the requested frames.

A few areas were photographed on more than one EREP pass,
which permitted evaluations under different climatic conditions
and different sun angles. For example, photography for the Lake
Mead region is available from S190A magazines 04 (SL2 - June 1973),
28 (SL3 - September 1973), and 4B (SL& - February 1974).

S190A photography was received in sleeved 70mm f£ilm positives
and in 9-inch (4X) film positives and negatives (for black and
white films only).

-6 -
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The quality of the films is generally excellent regarding
fogging, spots, and scratches due to processing. The small scale
of the film chips (1:2,850,000) makes geological analysis
difficult, but it is adequate for an evaluation of quality, cloud
cover, and geographic area covered by the frame as well as an
appraisal of the resolution and color contrast. The chips are
interpreted in an International Imaging Systems (128) multispectral
viewer which enlarges them 6.67X to a scale approximately
1:425,000.

The projection results in some loss of detall and also stereo,
especially in the Ektachrome films, but this is attributed mostly
to the Polacoat screen and optical degradation inherent in the
viewer.

70um chips have been composited (four at a time) with no
registration problems. Yo single configuration of light intensi-
ties, color filters, and spectral bands has proven best for
investigations of all magazines.

The black and white infrared film has relatively poor resolu-
tion (graininess) and generally detracts from the composited image.
Ektachrome chips are perhaps overall the most useful; but the
black and white band 5 usually has the best resolution.

Projecting S190A chips through the rear of the 128 viewer
permits enlargements of 20X from the 70mm size. In this way,

S190A can be registered directly onto published maps of conven-
tional scales: 1:250,000 and 1:62,500. The image is still very
useful if viewed in a darkened room where incident light does not

detract from the image. Obviously, some resolution and colox

-8 -




contrast is lost at enlargements of this magnitude; we interpret
the frame at 6.67X before the larger projection.

Photographic enhancement of S190A films has been accomplished
using the same procedures developed for ERTS films described
below. Contrast is improved, and enhanced films, when composited,
yield better color discrimination, particularly in alluvium-

covered areas. S190A Ektachromes have been processed into prints

after producing enhanced internegatives from NASA-supplied color
positives. Generally, a better color balance is obtained.
Stereo~viewing capabilities of S190A have been investigated
and utilized effectively during examinations of test sites.
Stereo viewing is particularly useful on images exhibiting low sun
angles, where subtle topographic relief is accentuated. For
example, frame SL4-4B-029 over the Lake Mead area and northwest :
Arizona has been examined using a sterescope. Several short
linears observed are interpretaed to be vertical faults, with the
mountain block of the fault up, relatively. The linears were not
observed during conventional monoscopic analysis. Stereo viewing 1
has been successfully used on transparencies as well as prints.
For some Skylab frames, sterec viewing is possible with alternating
scenes as well as consecutive ones.
Several features of the 5190A multispectral camera photography
are especially useful to geological investigations: 1) availabil-
ity in several bands of the spectrum; 2) capability of false-color

compositing in a multispectral viewer; 3) resolution: better than

ERTS; &) endlap: stereo-viewing capabilities; and 5) Ektachrome

films: more subtle color wvariations can be detected than is

-9 -




possible with ERTS. The color contrast in many S190A frames is
comparable to that in Apollo 6 photography which exhibits excellent
tone contrast and enhancement of topography due to a low sun angle.

Some of the principal advantages that analysis of S190A
imagery can contribute to geologic investigations are: 1) dis-
crimination of soil and rock types, 2) distinction between
materials of high reflectance such as clays and snow, 3) delinea-
tion of wvegetation patterns, 4) identification of geologic

structures, and 5) detection of alteration products.

S190B Earth Terrain Camera Photography

The very high resolution of S190B photography makes it the
most useful of Skylab EREP products, although it does not have the
multispectral capabilities of S190A or S192 imagery. Approximately
60% of our test site was photographed with the S190B camera; the
largest expanse of territory not photographed is in southwestern
Utah-eastern Nevada (Fig. 1C). Thirty-four frames were supplied
by NASA in 5- and 9~inch film positives. All 5- and 9-inch films
have been processed into our storage system and analyzed.

The resolution of 5- and 9-inch S190B is excellent. Linear,
high-contrast features as narrow as 4m can be delineated, such as
dirt roads cutting alluvial fans in a desert. The black and white
films (e.g., magazine 85) apﬁear to have the best optical resolu-
tion, but it is easier to identify small features in the Ektachrome
films. Although the color infrared films we received have the
poorest resoclution of all the S5190B film types, resolution is still
sufficient to enable identification of features in an urban
enﬁironment approximately 15m square (magazine 87).

- 10 -
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An additional advantage of high resolution camera imagery is
that it permits identification of man-made features such as roads

and stock tanks that aid in the registration of projected f£ilms

directly onto published topographic or geologic maps. Thus, items

of geologic interest -- color anomalies or linears -~ can be
accurately located on the map, which makes field recommaissance
less time-consuming and more apt to be succeésful.

The S190B films we received are generally excellent in
quality; very few processing flaws have been noted in frames
analyzed. Parts of some magazines (e.g., 94) are overexposed --
color contrast is minimal. Because overexposure is especially
apparent in 2X films, we suspect the proble.. is sometimes in
processing, and the originals were not overexposed; the 5-inch
transparencies often appear monochromatic. We are attempting to
bring out colors on certain frames by enhancing internegs made
from NASA transparencies.

S190B 5-inch (scale 1:950,000) and 9-inch (scale 1:500,000)
£film positives have been analvzed on light tables with monoscopic
and stereoscopic viewing devices. Although the IZS multispectral
viewer is designed to accept film chips no larger than 70mm, we
have successfully utilized the enlargement capabilities of the
viewer on 5~ and 9-inch f£ilms. The technique devised is simple:
the film is taped to the underside of the platen, such that the
area of interest appears in the opening where a 70mm chip is
normally mounted. TIn this way, the 5-inch £ilm can be enlarged to
approximately 1:140,000 using the 6.67X front projecting facility

«ad to as large as 1:45,000 using the rear facility. S5190B films
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supplied at 2¥X enlargement can be projected to 1:75,000 and to
1:24,000 (scale of 7%' topographic maps).

S5190B photography complements S190A very well, because
anomalous features noted in S190A composited multispectral products
can usually be located on S190B films and analyzed as to geologic
significance using the better resolution films.

The most important advantage of the S190B photography from a
geologic standpoint, is that the resolution makes it possible to
discern faults, fractures, and other linear features not visible
in S190A, ERTS, Apollo, or Gemini imagery. Low sun angles seem to
be especially useful in S190B frames to enhance linear features,
particularly short-length faults that cut Holocene deposits of
uniform color. Lithologic contacts can frequently be resolved and

accurately mapped using Ektachrome films.

5192 Multispectral Scanner Imagery

Analysis of several segments of 8192 imagery over test sites
including northwestern Arizona and southwestern Utah has resulted
in the conclusions that S192 13-channel multispectral scanner.(MSS)
data can be extremely useful for geologic investigations. 85192
imagery is most effectively analyzed in a line-straightened, 70mm
chip format, utilizing false-color compousiting techniques developed
for ERTS MSS and Skylab S190A films (see Plate X ).

Registration of films of different channels from one 5192
scene presents no problems. Various combinations of two, three,
and four different channels when viewed through different color
filters with varving light intensities produce many different
false-color composites. Differen composites have proved useful
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for investigating varied aspects of the geologic emvironment. For
example, channels in the visible part of the spectrum, when viewed
in combination, emphasize drainage patterns and textures in
alluvial areas; conversely, composites produced from channels 8
through 12 emphasize outcrops and structural features within the
mountain blocks because the valleys exhibit abnormally high
reflectances that mask detail. These observations are generalized
and may not apply to all S192 scanes.

Projection of 8192 films to scales as large as 1:250,000 has

been accomplished for an area in northwestern Arizona without
significant loss of detail (see Plate X ).

Resolution liﬁits of 8192 films examined have been very
difficult to ascertain. Two-~lane dirt roads, even in areas of
high contrast, could not be located on any channels. As expected,
resolution varied considerably throughout the 13 channels; channel
7 appears to have the best over-all resolution. The low resolution
(less than ERTS) permits observations of large arcuate features
and linears, however. i“

Geologic features that can be detected in 5192 composites
include large faults, fracture and drainage patterns, and
alteration anomalies. Various rock types can be discriminated.
For example, in the Black Mountains in northwestern Arizona,
linear gneiss outcrops have been differentiated f£rom nearby
schists and granites using channel 11 imagery (see p. 239).
Coloration zones and anomalies within valley alluvium which have
been correlated with vegetation concentrations and soil distribu-

tions are noticeable in the blue to yellow channels.
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Investigation results indicate 8192 imagery is potentially
useful for analyses of sediment patterns in lakes and for studies

of shallow bottoms of lakes.

5191 Infrared Spectrometer

Very little effort has been expended for investigations of
the usefulness of S191 data to resources exploratioﬁ and no
significant results were achieved. Analysis of S191 16mm £ilm
indicates that the resolution is inadequate for geologic investi-

gations.

5193 Microwave Radiometer, Scatterometer, and Altimeter

8193 data was not examined or plotted in detail. From
theoretical considerations and discussions of Eagleman (1974), it
is expected a relation between moisture content and S193 values

can be determined.

S§194 1-Band Radiometer

8194 data was plotted for Skylab orbit 68 over the Sierra
Nevada and the Mojave Desert as anteuna temperature versus ground
position of spacecraft. No definite conclusions can be formulated
as to significance of results, but it is suspected a relation
exists between temperature values and presence of snow on the

ground.

ERTS (now LANDSAT; the acronym ERTS is used in this report)

Over 300 frames from many different ERIS cycles over the test
area have been received to complement the Skylab data. Nine-inch

prints, positive transparencies, and 70mm negative and positive
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films were delivered to BESTEC and filed. ALl of the area was
iﬁaged at leasﬁ once by ERTS sensors under optimum conditions,
yielding high-contrast, cloud-free imagery.

Prints are generally poor-quality reproductions, useful only
for quick scanning for indexing and coverage purposes. Nine-inch
transparencies are good quality and useful at the scale of
1:1,000,000. The 70mm negatives are of little use, and we find it
desirable to enhance 70mm positives photographically to increase
contrast for use in the multispectral viewer.

The common map scales (1:1,000,000) at which ERTS 9-inch
products are reproduced is a particular advantage of ERTIS. In
addition, the 125 multispectral viewer was designed to enlarge
ERTS 70mm chips to 1:500,000, a convenient scale, as many
geological and geophysical maps of the same resolution are
published at that scale; e.g., the geology, Bouguer gravity, and
residual aeromagnetic map series of Arizona. The 1:500,000 scale
is especially valuable as 2X enlargements of S190B photography are
also at 1:500,000 which will allow a ready comparison of the
products as well as evaluation of features noted in ERTS at the
higher resolution of S190B.

The coverage of large regions afforded by ERIS imagery and
the ease of mosaicking adjacent scenes remains a principal
advantage, especially regarding identification of major lineaments
and fracture systems. The consistent and repetitive coverage of
ERTS allowing temporal evaluations of features of interest is

another distinct advantage over Skylab photography.
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Apollo 9 and X-15 Spacecraft Photography

Supporting imagery available over the test area included
Apollc 9 and X-15 photography which covered primarily the Mojave
Desert-Colorado River region. All photography was oblique, to
different degrees, and thus each frame was characterized by
varying scales and resolutions. Apollo 9 photography is similar
to ERTS imagery in resolution, but the trueness of the color is
comparable to S190A Ektachrome photography. The Apcllo 9 does
exhibit synoptic qualities, and thus is useful for regional
geologic investigations. 'This imagery was analyzed in a 9-inch
print format.

X-15 photography was available as panchromatic black and
white, and near-infrared color 5- and 9-inch transparencies. The
data is comparable to U-2 photography in scale and can be substi-
tuted for it when no U-2 is available. The X-15 color infrared

films are especially useful for discrimination of playa surfaces.

High-Altitude Aircraft Photography

U-2 and RB-57 color and black and white transparencies were
available over parts of the test site. Primary use of the high
resolution data was to study, in detail, anomalies that had been
noticed in lower resolution imagery. A secondary use of the
imagery was to function as base maps to update topographic maps

with information regarding roads and mine localities.

Much of the U-2 photography over the test site was overexposed

and therefore of minimal value. Enlarged S190B transparencies

were frequently used in place of high-altitude aircraft photography
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because features noted in aircraft data could often be discerned
in S190B with the added advantage of synoptic view.

Data from various missions have been compared for the Lake
Mead area (p. 106), to graphically exhibit the relative merits of
high altitude aircraft photography, spacecraft photography, and

satellite scanner imagery.
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I1TI. GEOLOGIC INVESTIGATIONS

A very large number of sites in our 180,000 square kilometer
test area have been observed in Skylab imagery to display unusual
or anomalous spectral signatures, linear patterns, arcuate
features, or lineaments. Many of these sites have been investi-
gated thoroughly and correlations established between the anomalies
and occurrences of known mineral deposits, and geothermal activity.
The correlations are based on examination of published geologic
reports and maps and, for some of the sites, on field reconnais-
sance surveys. Studies of several sites have resulted in
delineation of additional areas to explore for potential resources.

Summaries, abstracts, and preliminary reports for the majority
of the site investigations have been included with interim progress
reports previously submitted to NASA (Appendix A). This section
contains detailed reports for eighteen areas selected from all sites
studied on the basis of most significant results and best demon-

stration of applications of Skylab imagery to resources exploration.

A. Inyo Mountains

Investigation of Plutonic Stocks and Potential Ore Deposits

A section of the Inyo Mountains north and east of Independence,
California, was studied to determine mineralized zones from imagery
analyses of the structure, outcrop pattern, and host rock altera-
tion related to plutonic bodies occurring throughout the range.

Numerous plutons easily visible in Skylab imagery as bodies of
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contrasting coloration and texture exhibit distinctly curved
boundaries, often defining circular or oblong shapes. In this
remote sensing study, four major plutons were studied and field
work subsequently performed in some areas identified from images
to be zones likely to possess ore mineralization.

The very prominent arcuate and oblong features visible in
Skylab S190A (SL2-04-188) and S190B (SL4-94-011,012) images appear
generally lighter in color than the surrounding terrain, and often
display bright white rims. Careful image study and comparison
with geologic maps at a scale of 1:62,500 revealed the bodies to
represent major granitic stocks intruded into Precambrian and
Paleozoic rocks. The white areas correspond to limestones and
dolomites thermally metamorphosed at the plutonic margins and
further hydrothermally altered rock. The relations of these
intrusive bodies in contact with the carbonate rocks suggest the
possibility of economic ore deposits lying in and nesr the altered
zones. Study of satellite images does not reveal the compositions
of the granitic rocks, but color tone differences indicate compo-
sitional facies, predominantly mafic and silicic variations, most
pronounced within one plutonic body.

The Papoose Flat pluton occurs about 24km northeast of
Independence in a relatively inaccessible, high region of the Inyo
Mountains and includes Waucoba Mountain (3,360m elevation) near the
eastern edge (Fig. 2). The pluton's border describes a teardrop
shape with apex pointing directly west to Owens Valley; it appears
dark gray and brown (in SL2-04-188) and fairly homogeneous in

texture and coloration, but its borders are most easily discerned

- 20 -

e TSR Sy



Tingmaha
Reservoir
P r

(= ‘\'
— 37°00’ —7[ | \5 \\\
o i r ~ SeG 3
i I i
|
; <
/ \
! P 1
A
~ 7 ~
K /. }
"/ r
\ m
~ ,..{.\
g < P

X
T //y
R ( Inc{epondelN

|
na® 15 -
Deep Bprings!
N Lake
— 37015 |— y
\ E
.\\ \‘\ e ,/
3 o
S () q
“\
 \% p N
L = P R P
) ‘\ ,‘/. -
R

= T
s _/'! z
<
£
Vi
s

\._.\ ,_.__/“‘\' ,{ - :
SQUA)II('FLAT )

-~ o~ o -

o y
il

r"PAPOOSE

..
)

155~ ~oWIN0ZOW

\ \'\

Fig. 2 General Location

-~ Pluton Borders
~ Bedrock Outcrops

Map of Inyo Mtns., Scale:

1:250,000
L_n—_-:-r;_ =2 5 Miles
3 9 —2 Kilometers

REPRODUCIBILITY OF THE
ORIGINAL PAGFE IS POOR



in ERTS images. The body is mapped as "light-colored, coarse-
grained, porphyritiec quartz monzonite, strongly foliated in border
zone" (Nelson, 1966b).

The contacts do not show significant alteration or intrusion
into the wall rock, and mineralization possibilities appear very
limited, except perhaps just north of Squaw Flat away from the
granitic stock where the Cambrian bedding clearly strikes north,
perpendicular to the contact. Bordering the quartz monzonite are
mostly Precambrian and Cambrian sediments with some limestone, but
probably not extensive enough to host significant ore deposits, A
few small white zones occur to the east that apparently correspond
to limestone beds of Precambrian age metamorphosed to calc-silicate
rocks near the pluton border.

The Marble Canyon pluton, exposed 24km northeast of Big Fine
(Fig. 2), appears in tones of gray and exhibits a curved border
with a narrow white band describing most of its periphery. The
body is mapped as a complex of diorite and monzonite (Nelson,
1971). TInternal structure is manifested in Skylab images as
concentric bands of slight coloration and possible topographic
differences shown on the Waucoba Spring geologic quadrangle map.
Minor amounts of marble occur within the body and along its
margins, expressed as bright white areas.

Of possible significance to ore deposition is a region of
brown coloration {(in SL2-04-188) on the northern edge of the
pluton with scattered spots of white rock within it. In general
appearance, it roughly forms a circular figure. The supposition

is that two rock types occur here, but the map shows the same beds

- 922 -




outcropping across the area. Also shown are abundanﬁ curved
faults, ouvtcrops of younger Cambrian rocks containing m’o're lime-
stone, and small patches of igneous rock (aplite and fine-grained’
granite) occurring on the edge of the circular feature. Dikes
also have been mapped which trend in directions tangential and
radial to the structure, thereby giving credence to the arcuate
structure representing an unexposed pluton. This body lies
directly between the Marble Canyon and the Joshua Flat plutons.

The Joshua Flat pluton appears similar to the Marble Canyon,
having a diameter of about 1l0km and a broad white alteration zone
along its southern border, immediately east of Deep Springs Valley.
It intrudes much of the Cambrian strata, including beds of dolo~-
mite which comprise much of the white zone seen.

Particularly striking in Skylab imagery is a semi-circular
structure which corresponds with the Santa Rita Flat pluton and
the tilted Paleozoic rocks on its eastern edge. The structure
contains a light gray and brown subdued interior, bordered by
alternating bands of dark and light rock forming a highly
symmetrical arcuate zone. The interior corresponds with the
exposure of granodiorite of the Santa Rita Flat pluton; the
surrounding rocks are Paleozoic marine sediments In part meta-
morphosed and faulted, especially near the granitic rock. Due to
their white reflectance, limestones in direct contact with the
pluton's edge appear altered and the combined occurrences of these
rocks and arcuate faults and radial lineaments suggest the

probability of ore deposition in the border zone.
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Réconnaissancé field work was done early im March, 1975, to
investigate the arcuate structures observed and to detérﬁine what
alteratioq and evidence of economicvminéralization might occur at
their margins. Borders of the Marble Canyon, Joshua Flat, and
Santa Rita Flat plutons were visited and sampled.

The access route to Marble Canyon is a very narrow (0.2km
wide);'straight, and long (appfoximately 6km) canyon striking
‘east-west tangential to the southern boundary of the pluton. In
the west afe exposed Precambrian and Cambrian strata composed of
siltstones and dolomite. Some 1imestoﬁes interbedded with shale
and sandstone occur near the contact of diorite of the Marble .
Canyon pluton. Numerous mine shafts pierce the alluvium in the
canyon floor, dug presumably for placer gold. Marble Canyon
itself appears to represent a long fault or fractured zone likely
associated with the intrusion of the pluton. A contact of
monzonite and brecciated limestone was found with large euhedral
pyrite cubes, indicating sulfide deposition probably accompanied
emplacement of the pluton in the Cambrian sedimentary rocks. The
area lies at the junction of the edge of the arcuate structure, in
general representative of the pluton periphery, and the linear
canyon which deeply dissects it.

The Joshga ?lat pluton to the north was sampled along its
southwestern edge where it has intruded Cambrian limestones and
dolomites, forming a white reflectance zone interpreted as marble
and calc-silicate metamorphic facies. Associated are minor
pegmatite dikes and sulfides in limestonme. A brecader white zone

not visited is visible in imagery to the east of Joshua Flat as
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_Wéli as what;appear_tp be contorted beds of the same. In_cOnjunc-
tibn'ﬁith thése ré1atipns, the océurrence of mény faults:in the
area and a hypotheSized buried intrusive immediately south
.(substantiated iﬁ part by isolated mapped outcfops df aplite and
grénite) indicate the region‘should be studied as'a pqtentially
ofe—bearing area.

Of-greatest significance are the types of intrusion, altera-
tion, and mineralization at the margins of the Santa Rita Flat
pluton east of Independence. The Intrusion of quartz monzonite
into Paleozoic strata of diverse types with accompanied fracturing
apparently created very favorable circumstances for deposition of
later stage metal-bearing fluids. The area chosen by image
analyéis for field investigation proved to be an area replete with
small mining operations and prospects.

Skylab S190B photography defines the details of the Mazourka
Canyon area best, and although overexposed, shows zones of white
reflectance and numerous linears along the arcuate canyon
representative of the edge of the Santa Rita Flat pluton. Radial
fractures appear abundant in the southern half of the 20km long
arcuate zone. In combination with the major tangential faults and
apparent deformation at the contact, the area appears to be a
potentially well-mineralized zone. The Mazourka Canyon alluvium
was worked in the early 1900's for placer gold deposits, and
apparently only small prospects have been active except in the
southernmost region where some activity still proceeds.

The Santa Rita Flat granitics appear well-weathered and

dissected, but the eastern edge contacting the Paleozoic sediments
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stands in relief and exhibits a white appearance, probably due to
silicification. Mazourka Canyon is the result of downwarping
during intrusive emplacement and weathering along the arcuate
outcrop of steeply dipping Paleozoic shales, siltstones, and
limestones directly east of the plutonic intrusion. The majority
of the altered-appearing zones lie amidst thinly bedded limestones
of the Keeler Canyon Formation. Adjacent beds of Rest Spring
shale directly to the east appear dark brown, but limestones
further east appear somewhat altered and faulted in places,
indicating possible small zones of mineralization. The curvature
of the beds appears to be directly related to the intrusion of
quartz monzonite; beds dipping westward into the pluton and only
deformed close to the contact indicate a substantial amount of
assimilation of wall rock by the igneous body. Additionally, the
deformed and faulted area would provide excellent channels for ore
deposition, especially in the abundant limestones.

Ore minerals are found in the altered, light areas in the
vicinity of granitic rocks contacting the Paleozoic rocks, where
some later hydrothermal activity prevailed. Observed minerals in
these contact metamorphic zones include abundant copper oxides,
some sulfides in pegmatite and limestone, locally dense masses of
magnetite and tactite, and abundant quartz in veins. This
assemblage occurs at the south end of the canyon where the
Paleozoic rocks are considerably metamorphosed, faulted and
further altered. To the north along the canyon, the outcrop
pattern is similar. The far eastern edge of the granitic bedy is

well-fractured, quartz is abundant, and salts are readily apparent
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on the soil surface near swall (fault-controlled?) bluffs, indi-
cating some vestigiél hydrothermal activity is still occurriﬁg.
Small amounts of copper ﬁinéralization were observed, and in one
‘area, a highly fractured mafic phase of granitic rock is riddled
- with veinlets of copper oxide and shows substantial alteration of
‘its feldspars. Minor iron sulfides are also present in the
igneous rock and in pegmatite.

Economic grade ore mineralization is suggested teo occur in
the arcuate zone in proximity to the igneous-limestone contact,
and may extend both into the Paleozoic host rocks and the granitic
rocks where they are fractured and altered. Accumulations of
copper oxides and magnetite seem most worthy of future considera-
tion, and non-metallic resources such as dolomite and limestone
are plentiful and accessible. Image linears trend north-south and

northwest through the granitic body and in places appear white;
Ross (1965) maps these as faults and shear zones and indicates
small gold and silver workings have produced in the past. Further
exploration along the contact zones should indicate the extent of

the deposits of ore-bearing tactite and concentrations of copper.

B. Hunter Mountain

Application of Skylab Imagerv to Resource Exploration

in the Death Valley Region

The Hunter Mountain plateau in the northern Panamint Range,
California, exhibits anomalous topographic, vegetative, color and

structural features in Skylab and ERTS satellite images having
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strong correlation with mineralized areas of potential economic
importance. The area is topographically high and occurs between

two major downfaulted valleys, Saline Valley to the northwest and

"Panamint‘Valley to the south. A large arcuate feature, nearly

perfeétly circular, was first observed on Skylab frame SL4-94-013

to encompass Hunter Mountain and a relatively featureless plateau

bounded by steep canyons (Plate II) .

Comparison of the area with published geologic maps reveals
that the structure lies almost entirely within quartz monzonite.

Paleozoic carbonate rocks, dark gray-green and brown in Skylab

- images of the area, appear bright white on the north edge of the

arcuate anomaly where they contact the quartz monzonite. This
apparently altered region seemed a likely site for mineralization
based on the occurrences of ore deposits in the quartz monzonite
plutons of southern Arizona.

Field checking of the region in November, 1974, revealed a
dramatic vegetation change across the arcuate zone, the interior
of the pluton being virtually devoid of growth. The northern edge
of the arcuate was found to be composed of a wide zone of cale-
silicate metamorphic rock with tactite and significant amounts of
copper oxides and some sulfides. Faults, very important in
controlling mineralization in the area, as well as many other
unmapped lineations readily visible in imagery are probably

potentially important to locating new ore deposits,

(For full report, see Appendix A, p. 250)
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C. Argus Range

Identification of Geologic Features

Banded Paleozoic rocks are readily discernible in the Argus
Range west of Panamint Valley (SL4~76-223). Alternating beds of
dark and light limestone form a spectacular outcrop pattern which
apparently curves northwestward across the mountains. Image
linears in the Argus Range appear directly related to minéraliza-
tion in the north end of the range. Linears strike north-south
in the central range, but to the north, they curve northwestward
paralleling the Darwin Tear fault and related fault zones which

are mapped in the nearby Darwin mining district to the west. Less

prominent northeast-trending linears occur in the northern area

and generally parallel linears in the Darwin area, which evidently
are responsible for control of ore deposits in the district (Hall
and Mackevett, 1958).

Prominernt white reflecting zones visible inlimagery occur
amidst the intersecting lineations and probably trepresent
thermal metamorphism of limestones by the abundant granitic

intrusions in the area. As much of this area is mapped as

‘Paleozoic sedimentary rocks with masses of granitic rocks, the

north and northwest-trending structures observed are probably

‘bedding. The northeast-trending 1ineatibns, however, appear less

distinct and almost discontinuous across the range; they are

perhaps pre-intrusive fractures or may be related to the intrusive

proﬁess. The white areas, then, may represent areas altered and

mineralized, especially where the small faults or fractures
carried solutions into the most favorable beds. Alteration
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appears to crop out furthest north in the Modoc mining district
where little detailed geologic mapping has been done and the
geology is undoubtedly complex. Presumably, the rocks here are
highly altered and silicified Paleozoics, and it is supposed the
area may have undergone intrusion associated with ore emplacement
contemporaneous with that in the Darwin district. Mapped mines
appear to lie on or near linears in close proximity to the white
zones, most of which appear elongated striking N60W.

The Modoc district produced lead and silver as well as some
gold, but mines and prospects have long been idle (Clark, 1970).
Zinc also has been produced. Similar deposits may be present to
the north in the Paleozoic rocks where they are intruded by stocks
of the widespread granitic rocks. A small region to the northwest
near Darwin Canyon appears bright red, similar to the Darwin
mining district and although lacking white alteration. it exhibits
the same linear trends. This area may well prove to contain much
of the mineralization present in the Darwin distriect.

The eastern Argus Range is bounded and dissected by numerous
linears, many of which are mapped or supposed faults. The Ash
Hill fault, in particular, is easily visible, offsetting alluvium
in fans on the west flank of Panamint Valley (Fig. 3). This
north-south striking fault is mapped (Hall, 1971), but an
apparently unmapped fault (A) offsetting it is visible extending
westward through the Argus Range north of Shepherd Canyon.

iay study of the alluvial fans in Skylab images, the relative
movement can be ascertained on the Ash Hill fauvlt. The alluvial

fans west (the Argus Range side) of the fault appear ordinary,
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currently~depositing stream channels, but as the drainage has
reached the fault, it has been diverted either north or south. A
few areas show where the drainage has broken the barrier and cut
across the fault trace. In most places, however, the fan deposits
east of the fault (Panamint Valley side) look much darker brown
and are dissected by stream channels apparently caused by flooding
over the fault scarp. The dark appearance of the alluvial material
is probably due to "desert varnish," formation of an iron oxide
rind that is typically found on desert rocks long exposed to the
harsh climate. This seems to provide a reliable method of
determining relative ages of Quaternary slope and basin sediments.
By the reasoning given above, the east side of the fault has been
elevated relative to the west. This movement would contradict the
usnal fault displacement by extension characteristic of this
western edge of the Basin and Range province, but field evidence
indicates the Ash Hill fault has moved with the mountain side down
200 feet relative to the east side since the late Pliocene" (Hall,
1971, p. 59). Similar image analysis of the eastern slopes of
Panamint Valley indicate that again the valley side has been
relatively uplifted.

Determination of relative dip-~slip movement of this kind can
be readily made throughout the region based on alluvial deposit
outcrops, drainage patterns, surficial colorations, and
occurrences of vegetation when present.

The apparent cross fault north of Shepherd Canyon (A, Fig. 3)
is identified mainly by the very linear appearance of the canyon

and also by offset of the Ash Hilllfault at the surface; the north
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side is displaced to the west. Projection of the lineament across
the Panamint Valley into deep canyons which dissect the Panamint
Range near Ballarat provides further evidence it may be a strike-
slip fault with small east-west movement. This may represent part
of an ancient fracture system developed in the basement rock which

has contimied to be active through the present.

D. Saline Valley Region

Manifestations of Late Tertiary Volcanism

Image study of the region surrounding Saline Valley in the
northern Panamint Mountains west of Death Valley has indicated
areas of potential geothermal activity. A graben (Saline Valley),
apparently having undergone extensive Tertiary faulting, occurs
adjacent to extensive basalt flows. In addition are prominent
white areas amidst the alluvium in the center of the valley floor.
The lowermost of these have been identified as Palm Spring and
the uppermost Warm Spring (Fig. 4). Active springs can be
discerned on S190B image SL4-94-012 where the minerals of the
springs have been deposited at the surface of the darker alluvial
fans. These springs are located where an apparently recently
faulted valley joins Saline Valley (in the vicinity of Palm
Spring) on its northeast edge (Fig. 4). Similar white areas above,
but on the side of the alluvial washes, correspond to "calcareous
deposits forming a distinct white weathering ledge'" associated
with the warm springs near Quaternary lake deposits, as described

and mapped by Burchfiel (1969, p. 12). Also further up the valley
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Fig. 4 General Location Map of Saline Valley, California
Scale: 1:250,000

—~~ Faults s o
~ Bedrock Outcrops E:__!:E:“‘P-{_:L'".’_‘_T_“: Miles
- Intermittent Streams =2 ———F Kilometers
e REPRODUCIBILITY OF THE

ORIGLVAL PAGE IS POOR



[

are less disﬁinct white regions which.correlate with mapped pyro-
clastic and volcanic rocks of late Tertiary age. Although the
outcrops are all grouped together by Burchfiel, differentiation
can be made by image study indicating that the majority are
probably tuff (based on weathering and dull color) and that one
body is a siliceous, probably more resistant, rhyolite exhibiting
bright white reflectance.

Geologic structure is well represented in the image, showing
an abundance of strong northeasterly-trending faults. According
to Burchfiel's map, these seem to define boundaries of small horst
and graben blocks.

The northern Saline Range east of Saline Valley appears to
exhibit anomalous fault trends relative to the surrounding region.
The usual north and northwesterly trends defined by the Owens
Valley, Panamint Valley-Saline Valley, and Death Valley fault
systems are transected at about 60° by the dip-slip motion evident
east of Saline Valley. Tensional forces have apparently arisen,
perhaps by some strike-slip component on the Furnace Creek fault
zone. Evidence includes the apparent right-lateral movement on
the Grapevine Canyon fault (with southeasterly trend) bounding the
south end of Saline Valley, and apparently causing thrusting of
the Hunter Mountain block over the north end of Panamint Valley
(Smith, 1975). Whatever the cause, the consequence has been
extensional rifting accompanied by eruption of basaltic centers,
notably those giving rise to the extensive Suline Range basalt

flows and the Ubehebe Crater area, near major fault intersections.
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A large, discolored portion of the basalt-fldws.in‘tﬁe‘Saline
Range (just north of upper edge of Figure 4) appears almost
circular in outline and may represent older basalt. Also within
the body are small patches of white sediments, presumed to be
clays in small basins formed from alteration and decomposition of
the basalts probably dominantly by_meteoricfwaters;-darker-
surrounding basalts exhibit none of these white bowls but display
flow lines and recent fault scarps. The lighter, brownish
g nearing basalt, then, is thought to be older, having been
longer-exposed to weathering. The freshest basalt appears to be
that nearest Saline Valley, as well as swrall masses in the
tributary valley along the northwest flank; other fresh basalt
crops out to the southeast along the valley's edge. Active
volcanism, therefore, seems to be temporally shifting towards the
southeast, and in effect, extension appears toc proceed in the same
direction, leaving the north and east area successively fractured
and plugged with basalt.

Notable in the image is a linear trend of vegetation crossing
Saline Valley where the tributary valley joins. The plant life
seems to occur where the gradient of washes decreases approaching
the low point in the basin and where alluvial £fans enter from the
sides of the wvalley, but it also appears that their occurrence may
be due partly to water conduction along a possible extension of
the faults which intersect the springs. In effect, then, the
vegetation may reflect a continuation of geothermal waters

conducted along the northeasterly-striking rift.
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 The COmbined.occurrénce of a large mass of-relatively.fresh~.
appearing black basalt flow, excessive extensional faulting
closely associated with the volcanism, adjacent outecrops of fine
‘lacustrine clays as well as the close proximity of the Saline
Valley evaporite basin, and the known occurrence of small amounts
of borates, suggests the possibility of a substantial borate
deposit buried by alluvium or basalt. At the north end of Saline
Valley, the main tributary, Waucoba Wash, has obviously been
covered and offset by a sheeﬁ of basalt, as the stream has been
forced to a slightly higher elevation where it cuts across old
alluvial fans. If any of the basalts had been extruded when water
was plentiful in the basin, emanating gases including boron nitride
would be retained and precipitated as salts upon reaction with the
evaporating saline water. Favorable fine-grained sediments
beneath the playa surface would trap not only the primary borates,
but also later accumulating compounds transported in solution,
readily creating enriched strata sufficient for economic

extraction,

E. Lava Mountains

Evidence of a Potential Geothermal Resource

The Lava Mountains, located about 8km northeast of Johannes-
burg, California, appear in Skylab Ektachrome imagery as brightly-
colored hills indicating various phases of volcanic activity.
Black outcrops of smoothly weathered basalt flows are extensive

and overlie varicolored rocks of reds, browns, and pale blues,
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identified as andesites. At the southwestern end of the range
near Red Mountain and only 3km east of the Trona road, occurs a
white to light g;ay zone nearly 5km long, surrounded by a blue
zone about 3km wide (Plate IT, p. 42). Red volcanic rocks
generally occur outside of this area. The zone is irregular in
outline, covered by alluvial washes in places, and elongated in a

northeasterly-southwesterly direction. Contained within it arxe

four small, sharply-peaked ridges which trend in the same

direction. Much of the higher ridge crests appear brightest white,
probably indicating resistant siliceous rock., Image linears are
found trending in two major directions: northwest and northeast.
The most siliceous-appearing zones crop out in the southwest part
of the light-colored area. As the rock types appear similar and
seem to be continucus, the supposition is that the light zone
indicates siliceous alteration of andesites.

Three vaguely arcuate areas appear on Skylab S190B
(SL4-92-347) imagery in the southeastern part of the Lava Mountains
about likm east of the main white altered region. The structures
seem to partly follow the topography of the hills, their edges
usually corresponding to washes. The rock types appear similar
(probably andesite) to those cropping out in the west, apparently
altered in areas. A white zone again corresponds with relatively
high relief, probably indicating silicification. Blue coloration
seems closely related to the arcuate regions, likely produced as
the surface expression of alteration by thermal waters.

The Trona sheet of the geologic map of California indicates

the entire area between Klinker Mountain and Red Mountain consists
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of intrusive andesite'flanked by extrusive andesite of Pliocenev
age. From image analysis, the area appears to contain brown-
" colored andeéités compositionally zoned and aitered'due to a
~ probable hydrothermal source, the white ridges representing
fractures now filled by siliceous deposition from solution.

| One published source_(Anderson and Hall, 1973) indicateé‘;hatf
the area was drilled in the 1920's in search of ore minerals,
presumably associated with the rich Randsburg mining district
deposits. Holes drilled were found hot at depth and although some
were dry, one drill hole found hot rock and steam at 120m (400
feet) depth in the southwesternmost Lava Mountains, with tempera-
ture and pressure increasing with increasing depth. It was
planned that this steam would be utilized for power generation but
no further attempt at development was made. A series of claims
(Sackawanga) were made just east of the previously drilled wells,
apparently near a more plentiful water supply. These correspond
precisely with the area defined as containing the three arcuate
anomalies and small, altered-appearing outcrops, perhaps underlain
by centers of hydrothermal activity.

Following imagery study of the area and plotting of zones
identified as probably exhibiting highest geothermal potential,
the observed data was compared with the detailed report on the
Lava Mountains by G. I. Smith (1964). He mapped the area at a
scale of 1:24,000, and comparison with Skylab-derived geology
shows a remarkably close agreement between the plotted white area
from imagery with the zone identified by Smith as hydrothermally

altered andesite (propylite). Furthermore, the bluish zone found
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corresponds with his zone of "subpropylite" he refers to as "a
boundary in the intensity of hydrothermal alteration" (Smith,
1964, p. 24). He also indicates the propylites are characterized
by light coloration of gray, blue and green and the subpropylites
vary in coloration from gray through purple and reddish purple.
This same general sequence is that observed in Skylab imagery, the
reddish colors forming the outermost zome of alteration. The color
anomalies identified, then, represent a large hydrothermal system,
with color zonation representing relative intensities of alteration.
The southern Lava Mountains region, studied only briefly in
Skylab imagery, deserves serious detailed study as a potential
power-producing geothermal resource location. A brief reconnais-
sance field excursion made in May, 1975, revealed substantial
amounts of siliceous, hydrothermally altered rock judged as
favorable in location for development in the southwestern end of
the range. Successful evaluation of a hydrothermally altered zone
from this study implies significant value for Skylab image analysis
in detecting geothermal systems in other less well-known areas.
The extensive siliceous alteration of volecanic rocks and past
determinations of substantial heat and steam indicate an area of
about 15 square kilometers is still thermally active and

potentially exploitable.
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¥F. QCoso Geothermal Area

Imagery Analysis of Volcanic Terrane and Geothermal Region

Space imagery analysis of the Coso geothermal area, California,
was undertaken to define geologic parameters of a KGRA that are
detectable in imagery obtained from orbiting sensor platforms.
Much conventional geologic work has been done in the érea,
including detailed ground and airborne geophysics, K-Ar age dating,
and aerial photography. Therefore, sufficient ground truth existed
to evaluate space imagery analysis results. Imagery used in the
study included Skylab handheld (SL3-121-2337), S5190A (SL4-76-078,
see Plate II, p. 42), ERTS (many cycles), and Apollo (AS9-20-3134).
The ERTS proved very useful for near-regional linear and arcuate
stndies, and the SlQOA was best for detailed analysis of the Coso
hot springs area. Unfortunately, no S190B was available.

The Coso area lies on the extreme western boundary of the
Basin and Range physiographic province, adjacent to the gramitic
Sierra Nevada massif (Fig. 5), approximately 25km south of Owens
Lake. The area containing geothermal activity is underlain by a
Mesozoic coarse-grained granite with inclusions of diorite and
gabbro as dike-like intrusions. The granite is deeply weathered
and overlain by alluvial fans and beds of volcanic breccia. Above
the breccia is a basalt flow and a few cinder cones, rhyolite
flows, and perlitic domes. Volcanism is as recent as Holocene
(Lanphere and others, 1975). Extensional-type faulting,
characteristic of the Basin and Range, forms step-faulted basaltic
terrane in the eastern part of the Coso area. The left-lateral
Wilson Canyon fault cuts across the area to the south, the west
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is bounded by the Sierra Nevada front fault, and the northern edge
is defined by the Darwin tear fault. Minor faults mapped in the
geothermal area strike north-northeast or northeast. Sense of

movement on the minor faults is dip-slip; displacement is probably

only a few meters (Duffield, 1975). Many of the volcanic domes
and hot springs within the Coso area are concentrated along these 5
faults.
The principal source of heat in the Coso KGRA is a granitic !
intrusion of batholithic proportions, which has manifested itself
at ground sﬁrface as perlitic domes, lava flows, ash deposits, and
fluid leakage (Austin and others, 1971). In Plate II, the hot
springs and volcanic centers that characterize the geothermal
activity are located to the north of the dark basalt mass (Volcano
Peak) in the center of the wvalley.
Imagery analysis resulted in the identification of three
types of features that can be related to geothermal activity in
the area -- linears, arcuates, and coloration anomalies.
Linears observed in ERTS and Skylab imagery were diverse in
orientation and variable in length. Careful analysis of the
plotted linears resulted in the resolution of the complex patterms
into four moderately well-defined trends: northwest, north-
northwest to north-south, east-west, and north-northeast. The
northwest trend is exemplified by the Wilson Canyon and Darwin
fault systems, but no other faults of this strike have been mapped
in the Coso KGRA. The significance of this set of linears to the
geothermal activity is unknown, but Austin (1971) ::.d others y

report the Wilson Canyon fault is the southern boundary of the
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geothermal activity (Fig. 5). This fault is a very large struc-
ture, extending from'Searles Lake on the eastacross Indian Wells
Valley aﬁd Volcéno'Peak into the Sierras at least 12km. Many
basalt cones and the Airport Lake playa are aligned along the
fault, Other.imagerj—linears parallel this fault in Indian Wells
Valley and_the Volcano Peak basalt flows. Some evidence can be
discerned from reconnaissaﬁce-scale aeromagnetic maps to indicate
the presence of the Wilson Canyon and adjacent faults. The «
evidence is a northwesterly-elongate border of a closed
aeromagnetic~low anomaly which corresponds, in part, to the Coso
area.

Many linears striking northwest are defined in the imagery
as ridges, fregquently connecting rhyolite domes. If the northwest-
striking faults are genetically related to geothermal activity,
the fault extensions beyond the KGRA boundaries suggest areas of
additional potential geothermal resources.

Linears striking north-northwest to north-south are most
abundant in the area of the Coso perlite domes which appear to be
aligned on the linears. Thus, these linears may represent a
series of fractures that acted as conduits for hydrothermal fluids.
Most of these linears terminate near the Wilson Canyon fault,
enforcing the ideas of Austin and others that a boundary to the
geothermal activity exists.

One long-length linear (40km), striking due north, originates
south of the Airport Lake playa, which abuts against the linear.
The linear traverses volcanics and granites and apparently ends

near Upper Centennial Flat. Several valleys and fumaroies are
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aligned along its length. The linear corresponds to several
short, discontinuous, normal faults. Other linears of this set
noted in the imagery are the step faults in the basalt flows near
Wild Horse Mesa.

East-west striking linears are the least common. The most
obvious one controls a stream channel near Cactus Peak. The
linear extends from the step-faulted basalts to just west of the
peak,

The north-northeast linears are most apparent in granitic
terrane and may represent a direction of jointing. However,
several linears of this strike appear in the imagery to offset
linears of other strikes, indicating the north-northeast set are
faults with a strike-slip component of movement.

A substantial number of arcuates that range in diameter from
one to 25km were identified in the space imagery. Most were
evidenced by topographic or structural features, but some were
noted as anomalous arcuate coloration zones.

Several large arcuate features that are discernible, particu-
larly in ERTS imagery, probably represent surface expression of
heat-source batholith, such as arcuate fractures and £faults,
collapse features, or alteration zones. Smaller arcuates evident
are stocks from the batholith and may be directly responsible for
the numerous hot springs and other manifestations of geothermal
activity in the area.

Many of the volcanic centers, especially the rhyolite-perlite
cones, are contained within smaller arcuate features. 1In Plate'II,

arcuates can be observed as light-colered curvilinear ridges,
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anomalous red colorations in black basalts, circular colorations
in alluvium, and circular outerop patterns. The brightest white
areas seen near the volcanic domes are located on the edges of
arcuates along linears, and represent fumarole activity or
leaching of the rocks by hydrothermal fluids.

Duffield (1975) reports that ring faults observed in the
field define an oval encompassing the Coso area. The oval extends
from the basalt terrane on the east into the Sierra Nevada on the '§
west, and to just below the Wilson Canyon fault in the south. No
sbvious evidence of this oval anomaly was noted in space imagery,
but many imagery-linears observed correspond approximately to the
edges of the oval. Furthermore, nearly all arcuates are located
within this oval. Duffield theorizes the Coso ring anomaly
represents a subsidence structure, originating from the collapse
of an underlying magma chamber.

Coloration anomalies in the Coso area are generally light-
colored and visible in the volcanic and granitic rocks. Many
correspond to areas of known surface geothermal activity, such as
that at Devil's Kitchen. These anomalies are located in granitic
terrane, where no obvious manifestations of geothermal activity
exist. The anomalies may vrepresent discolored, mineralized,
hydrothermally altered zones in the granitics caused by concealed
or buried hydrothermal activity where the heated £luids did not
rise to the present surface. Many anomalies of this type are in
the granitics adjacent to volcanic domes, but several are to the
east, beyond the limits of the geothermal activity, suggesting ‘

areas that may indicate extensions of the resource. Detailed
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ground magnetics over the area of the altered-appearing rocks

could confirm the nature of the anomalies.
An evaluation of the results of the space imagery analyses

indicates that many features observed in ground recommnaissance and

interpreted to be related to geothermal activity can be identified
from space. Furthermore, known fault structures can be extended
and new faults identified in the imagery. Relationships between
faults, fractures, and known surface geothermal activity can be ‘
established. Arcuate features, whether volcanic domes, stocks
from batholiths, or subsidence phenomena, can be located, and
significance to potential geothermal resources ascertained.

A comparison of the analysis of the available S190A scene
over Coso with an analysis of a conventional-altitude photomosaic
by Austin and others (1971} indicates high-resolution space
photography is superior for geothermal exploration. Many more
linears determined to be geologic in origin and related tc¢ the
structure of the Coso KGRA were identified in the S190A than were
plotted on the photomosaic by Austin, Furthermore, color anomalies
noted in the S190A Ektachrome could not be detected on the black
and white mosaic. Since many color anomalies represent hydro-
thermally altered rocks, their identification is valuable to
geothermal exploration. Other advantages of the space imagery --
synoptic view, elimination of cultural detail, etc, -- have been
enumerated by many other workers and need not be listed here.

In summary, many features of the Coso KGRA are detectable
from space imagery. Most of these features are geologic in origin,

and can be related to the geclogic structure responsible for the
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geothermal activity. Many characteristics of Coso can be effec-

tively utilized in exploring for other geothermal resources.

G. Southern Sierra Nevada

Image Analysis of Structural Features

Various major lineaments conspicuous in satellite images are
observed to cut the Sierra Nevada granitic block; cursory examina-
tion of Skylab images SL4-92-345 and SL4-~76-077 reveals most of
these have not been mapped or previously recognized as significant
features.

The most remarkably plain feature is the Kern Canyon fault,
appearing as a long north-trending fault. From the view afforded
by ERTS, the fault appears to extend as far north as the South
Fork of the Kings River near Kearsarge Pass. The latter river
valley has a relief of thousands of feet, as does the Kern River
Canyon, and trends almost due east-west, thereby appearing to be
fault-controlled. The Kern Canyon fault strikes almost directly
north-south, bends slightly to the southeast above Lake Isabella,
and continues southward where it gradually dissipates (Fig. 6).
Numerous sub-parallel lineations, apparently emanating from the
Lake Isabella region, are probably responsible for the disappear-
ance of the main fault trace. The total length of the major
fracture as viewed from satellite exceeds 150km. The proposed
northern extension of the fault as well as the linear Kings River

Canyon have not been mapped as faults, but the probability has
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important implications for the structural evaluation of the range

and the adjacent Basin-Range province boundary.

A few linear features transverse to the trend of Kern Canyon
are evident in imagery, including a possible extension of the
Wilson.Canyon fault penetrating the granitic block west of Coso

Voleanic Field (see Plate II, p. 42). The fault has been mapped.

across Owens Valley and through the Argus Range, and apparently
terminates at Searles Lake to the east, but has not previously
been recognized as crossing the Sierra Nevada fault =zone.

A fracture zone exhibiting a curious radial pattern occurs
about 25km northeast of Lake Isabella. Prominent fractures lie
perpendicular to the outward~trending lineaments, forming a
circular pattern in the center, creating a web-like symmetry. The
feature appears to have formed as the result of an intense stress
exerted at a point source.

A circular feature observed to the northeast on the South Fork
of Kern River, 25km northeast of Kernville, is snow-enhanced on
one Skylab S190B scene and appears as a topographic depression;
its interior exhibits striations trending northeast, and a series
of ridges appear sheared in a different northeast trend (partly
visible at far edge of Plate II, west of Coso Volcanic Field).

This may be a weathered pluton carrying a sheared core of more
resistant rock. The significance of these structures is not yet
understood, but further study may provide enlightenment of the
tectonic stresses within the Sierra block.

Monache Mountain and Templeton Mountain are prominent circular

peaks apparent in all images over the southern Sierra. They are
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mapped as Tertiary volcanic cones and appear in imagery to be
closely related to swarms of long, directly north-south trending
lineaments, OtherlmajOr linear features strike northeast and
east-west. The weak zones represented by these lineaments
presumably gave rise to the conduction of volecanic material
contemporaneously with western Basin-Range volcanism.

Numerous hot springs are known to occur along the Kern Canyon
fault zone from Kernville to 20km ¢ uthwest of Lake Isabella. Two
hot springs occur near the volcanic centers on the South Fork of
the Kern River. All of these springs yield temperatures generally
of about L00°F.

Relatively few significant mineral deposits are mined in the
southern Sierra; barite and tungsten ore deposits occur in the
area studied, mainly within metamorphic rocks near igneous
intrusions. Although composed predominantiy of granitic rocks,
the mountains may have potential of further mineral occurrences.
In much of the remote and rugged terrain and those areas which
exhibit poor rock outcrops at ground level, imagery analysis can
be a valuable aid in determining rock types, possible structural
controls of mineralization (such as faults, fractures, joints, and
cleavages), and outlines of intrusive bodies. Skylab views of the
central Sierra have revealed extremely well-defined arcuate
margins of plutons and the intruded host rocks, and orientations
of joints and faults, most of which are rarely mapped. Synoptic
views from satellites are particularly applicable to locating
features, especially on a large scale, which exhibit sparse or

subtle expression in the £field.
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H. Borates in the Test Site

Skylab Investigation of Occurrences and Environments

of Deposition of Borate Minerals

The late Tertiary borate-bearing lacustrine sediments in the
Death Valley region exposed in the vicinity of Furnace Creek Wash
and the surrounding basin are readily identifiable in Skylab
imagery as brightly reflecting (frequently overexposed) outcrops
(see Plate IIL, p. 60). The beds apparently have been faulted,
tilted, and folded considerably between the Death Valley and
Furnace Creek fault zones ﬁhere exposed southwest of the wash.

The sedimentary beds form a large fold, probably a syncline, as
strata are visible in cross-section to the outside edges of the
structure, while smoother terrain, presumably bedding planes,

occur toward the interior. Outcrops appear through alluvial fan
deposits to the north and east, and the brightest white zones
correspond generally with the Furnace Creek Formation of siltstones
and evaporites which are host to the borate depusits that apparently
accumulated during periods of volcanism in and adjacent to the
lake basins. Individual borate deposits cannot be discerned on
S190A images, and the one S190B image (SL4~94-015) covering the
area of the fine sediments is slightly overexposed. Nevertheless,
it is significant that these bedded deposits are the only outcrops
in the region that have such a bright appearance in the imagery,
excepting present-day playa surfaces. The reason seems to be that
it is one of the few areas whers evaporite-playa deposits have

been uplifted and re-exposed, and the extensive occurrence of
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borates in the sediments seems to at least partly cause the high
reflectivity.

According to McAllister (1970), the main occurrences of
borates in the Furnace Creek region occur in the Pliocene Furnace
Creek Formation cbmposed of siltstone, evaporites, and fine
tuffaceous sediments with interbedded basalt flows, intrusions,
and altered fragmental basalt. Limestone and gypsiferous mudstone
occur as beds throughout the formation and some borates occur with
them. The imagery-observed white beds correlate with the fine-

"grained, borate-bearing members of the Furnace Creek Formation.

Large white outcrops nmorth and northeast of Furnace Creek
Ranch are obvious in S190B Ektachrome imagery and correspond with
the mapped member of the Furnace Creek Fermation identified as
containing major borate deposits. These lie in the East Coleman
Hills which supplied ore to the well-known Harmony Borax Works.
Conglomeratic members of the formation appear light brown and are
not generally borate-bearing. The bright white beds, however, are
generally confined to the members containing some borates., Image
study can delineate different members of the formation due to the
spectral response of borate and evaporite minerals. Borate
minerals undoubtedly will not be found everyﬁhere that these white
beds occur; borates seem to require the conditions of saline
deposition within lake sediments and the heat and boron from
basaltic rock or associated gas-saturated solutions.

Numerous small white areas crop out below the basalt flows of
the Greenwater Range southeast of Ryan. These seem to be similar

to the white beds of the Furnace Creek Formation and may represent
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an extension of the same beds, although they are mostly buried by
late Tertiary volcanic flows. The Lila C. Mine is one known
deposit below these basalts that has been exploited. The recently
faulted Greenwater Valley may host more borate beds in lake
depogits once continuous with those of the Furnace Creek area.

The volcanic rocks of this area might have been directly respon-
sible for bringing in the boron which accumulated in the surround-
ing lake basins.

Other regions outside of Death Valley well known for borate
production include the larger playa lake beds like the ones near
Kramer, Shoshone, Searles Lake and Owens Lake, as well as uplifted
and deformed Tertiary lake sediments in the Resting Spring Range,
the Calico Mountains, and Callville Wash north of La%e Mead (see
Fig. 7). The latter exposures seem generally scarce compared with
high percentage, sodium borate-producing beds from present playas.
Probably most production will come in the future from as yet
unlocated buried playa deposits. Some areas that appear in imagery
to contain similar enviromments favorable for borate occurrences
are the Tertiary sediments cropping out west of the El Paso
Mountains, possibly the basins of Saline Valley and its north-
easterly extension, and southern Eureka Valley. Also potential
areas for further investigation are the Amargosa River Valley
northwest of Lathrop Wells, Nevada; Gold Flat-Paiute Mesa area,
Nevada; Adobe Valley and other closed basins in the Mono Lake
region; and Greenwater Mountain Range and Alkali Flat near Death
Valley Junction. All these areas have in common a broad lacustrine

depositional basin adjacent to young faulting and basaltic
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volcanism. Uplift and exposure of late Tertiary shale beds have
been responsible for the ease of locating most of the presently
known deposits of borates, with the notable exception of the
Kramer borax and kernite beds. The latter occurrence is unique
and was discovered accidentally by drilling for a water well. The
potential of other borax deposits rivaling it in extent is still
good in the relatively unexplored playa basins like those
described above. '
Deformation and volcanism apparently contemporaneous with
closed-basin lacustrine sedimentation in the Death Valley ares and
in much of the Mojave Desert and Basin and Range provinces ‘reated
ideal circumstances for precipitation of boron compounds.
especially as calcium salts. Calcium borates (notably colemanite)}
occur abundantly as crusts, indicating evaporative deposition
prior to the more soluble salts. Sodium borates precipitate only
under more concentrated sodium solutions; thus, the depositional
environment would be one of active fumaroles, springs, or basaltic
extrusions directly into a highly concentrated saline lake.
Theoretically, the same process may have taken place in the
subsurface where basaltic material intrudes water-satu:ated saline
clays. The presence of carbonate rocks surrounding basins provides
the major source of large quantities of calcium which react with
boron in solution, probably often as boric acid. With a lack of
Paleozoic carbonates there may be greater likelihood of deposition
of sodium borates, especially where occur large amounts of sodium-
bearing basaltic or granitic rock. A relative lack of carbonates,

but large quantities of granitics containing at least as much
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sodium as calcium exposed in the western Mojave Desert, may
account for the occurrence of deposits of sodium-bearing borate
minerals near Kramer.

Borate compounds, being easily dissolved, are usually
released from rocks and carried by streams, eventually to ocean
basins. The land-locked playa basins, however, are a physical
trap for the borates and during evaporation are forced to precipi-
tate as salts of the prevalent neighboring ions. The special ¢
physical and chemical circumstances required may have given rise
to only a small number of such deposits, especially those contain-
ing sodium borates, but favorable locations should be studied
carefully to discover any possibility of another large deposit.

Undoubtedly many deposits in Miocene to Pleistocene playas
containing borate-rich strata exist throughout the arid and highly
tectonically active southwest; those yet to be found will be
mainly subsurface accumulations which usually show only subtle
surface manifestations. Satellite image analysis provides many
clues for locating borate deposits; the geologic environments of
brightly reflecting, finely stratified sedimentary rocks adjacent
to interbedded or intrusive basaltic volcanic rocks mainly in
large closed basins are easily detectable in Skylab imagery.
Reccnnaissance study as well as detailed scrutiny of the surround-
ing geology is particularly necessary for identification of the
late Tertiary history of the inland lake basins and for further
understanding of the accumulation of borates and related =conom-

ically extractable evaporite minerals.
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PLATE III Skylab S190B SL4-94-015
Approximate Scale 1:250,000
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I. Greenwater Valley

Potential Water Resource Area

BEastward tilting of the Black Mountains and Greenwater Range
in response to movement on associated fault zones has produced a
rectangular valley striking parallel to the mountains., The valley
is bordered on the east by the fault bounding the Greenwater Range
and on the west by the dip-slops» of the Black Mountains (see Fig.
8). The fault bordering the valley is unnamed and not identified
on most geologic maps of the area. However, the fault is apparent
in Skylab imagery (Plate III) as a series of discontinuous scarps
and elongate, narrow plateaus of dark-colored alluvium, identified
in the field as desert pavement. The areas of desert pavement are
topographically higher by a few feet than adjacent detritus,
suggesting fault movement. An intermittent stream in the valley is
apparently controlled by this fault.

A series of dark, reddish-brown linears cross the valley
approximately perpéndicular to its strike near the townsite of
Greenwater in the Black Mountains. The linears correspond to
conglomeratic deposits of the Funeral formation, which was once
continuous across Greenwater Valley (Drewes, 1963).

Topographically this area is a "peak' in the elevation of the
valley and divides it into south and north halves. Surface runoff
to the north drains toward Ryan, into Furnace Creek; runoff to the
south drains toward Shoshone. Thus the linears may indicate a
tupographic high in the basement of the valley, or a fault.

Linears were also detected at the north end of the valley.
These linears are interpreted to be near-vertical faults that
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displace Tertiary volcanics. They may represent extensions of
faults mapped in the Black Mountains, such as Dante's fault.

Thus, northern Greenwater Valley is effectively bounded on
two sides by faults, on the third side by a dip slope, and on the
fourth by a basement ridge. Gravity maps of the region (Mabey,
1963; Chapman and others, 1971) indicate a closed Bouguer gravity
low that correlates with the bounded portion of Greerwater Valley.
The gravity anomaly suggests that a substantial thickness of low
density material has accumulated in the valley.

A potential water reservoir may exist in the alluvium of the
valley, if the material can be demonstrated to have sufficient
porosity and permeability to yield infiltrated runoff water to
well pumps.

A large recharge area exists in the Black and Greenwater
Mountains. Intermittent £low in Furnace Creek, which leaves the
north end of the valley near Ryan, may not be sufficient to carry
off rainfall of the area. Thus, a substantial amount of rain may
infiltrate into Greenwater Valley and be trapped there, restricted
from lateral movements by impermeable fault zones, a basement

ridge, and a dip slope.

J. Black Mountains-Greenwater Range

Imagery Analysis of Copper Deposits

An investigation of the Black Mountains-Greenwater Range area,
east of Death Valley, was conducted using Skylab S190 photography

to analyze the geologic enviromment of minor, known copper deposits
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and to suggest additional areas that may be favorable for explora-
tion for copper mineralization (see Plate III and Fig. 8).

The northwest-trending Black and Greenwater Mountains which
are separated by the narrow Greenwater Valley form a diamond-shaped
structural block that has been squeezed and jostled between the
Death Valley fault zone on the west and the Furnace Creek fault on
the east. The block is approximately 92km long and 56km wide.
Repeated movement on faults bordering the blc % has subjected the
block to relative northeastwsouthweét horizontal shortening and
northwest-southeast extension (Hill and Troxel, 1966). This strain
system evidently has been active from Precambrizn to Quaternary,
as structures of this time span compatible with the sense of strain
have been mapped in the rocks of the block.

Estimates of total lateral displacement on the Death Valley
and Furnace Creek faults have been presented by several workers
and range from as much as 80km to only a few kilometers. Sense of
motion on the faults is described by vertical offset as well as a
strike-slip component. Movement on the faults has produced complex
folding and faulting within the block and subjected it to repeated
uplifts during which the once thick Paleozoic section and some
Cenozoic volcanics have been eroded.

The Black Mountains are composed of Precambrian metasediments
that are exposed in northwest-trending anticlines (turtlebacks),
Tertiary quartz monzonites, and Tertiary-Quaternary volcanics and
sedimentary rocks. Paleozoic rocks occur on! as chaotic struc-
tural blocks, although Paleozoic sections as Lhick as 6,000m

are known in areas outside the Black Mountains block. The rocks
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exposed in the Greenwater Range are predominantly Tertiary-
Quaternary volcanics and sediments. Most of these lithologies can
be discerned and contacts traced in Skylab photography, especially
S190B Ektachrome.

Analysis of the photography resulted in the identification of
several areas in both the Black and Greenwater Mountains that
display anomalously bright reflectances in Ektachrome films. These
areas were interpreted to be alteration zones that are largely
exposed in extrusive rhyolites and rhyodacites that form gray, tan,
and red-colored slopes and knobs. The zones are linear, trending
northwest, and are approximately parallel to each other and to the
nearby contact of the volcanics with outcrops of quartz monzonite.
Mining activity in the early 20th century was concentrated along
these zones, and many shafts and pits were dug in the zones to
locate copper deposits.

Further study of the more comspicuous parts of the alteration
zones in the Black Mountains near the townsite of Greenwater
revealed many linears striking northeast, approximately perpendic-
ular to the trend of the alteration zones and the monzonite-
volcanics contact. These linears are generally short (0.3-0.5km)
and only rarely are continuous across lithological contacts.
However, linears striking northeast are common, and can be observed
on the crests of the turtlebacks and in the monzonite and the
volcanics of the Blacks; they are less common in the volcanics of
the Greenwater Range, but are abundant in the monzonite outcrops

southeast of Greenwater townsite.
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Some of the linears correspond to faults and to dikes that
crop out on the crests of the Precambrian anticlines and near the

contact of Tertiary monzonites with host metasediments (Drewes,

1963). The majority of the linears are not mapped as geologic
structures by Drewes, but northeast-trending features are
compatible with the strain system described above and correspond
to a direction of temsion fracturing (Hill and Troxel, 1966).

Field examination of several northeast linears at their
intersection with the alteration zones near Greenwater townsite
resulted in the identification of some of the linears as brecciated
fault zones, approximately 45m wide, composed of volecanic rock
fragments. More significantly, copper minerals -- silicates and
carbonates -- were common as veins and fracture f£illings in the
breccia. Additional exploration in the rhyolites that were
interpreted as altered in Skylab photography disclosed further
deposits of copper minerals and veins of barite. As these
mineralized rhyolites are near contacts with quartz monzonite, a
genetic relationship between the monzonite and the copper deposits
was suspected.

Further interpretation of imagery and comparison of locations
of known copper deposits in other areas, northeast linears,
alteration zones, and monzonite outcrops resulted in the observa-
tion of spatial relationships of all elements for each area
examined.

A tectonic history utilizing interpretations derived from
obser-7arions of Skylab imagery and from theories of Drewes (1963)

and Hill and Troxel (1966) has been developed to explain the
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copper deposits of the Black Mountains and Greenwater Range. The
initial pertinent geologic event was the passive emplacement of

the Tertiary quartz monzonite into the Precambrian metasediments
and Paleozoic rocks. The monzonite stock was elongated northwest-
southeast Which complied with directions of strain active at the
time of emplacement and with dominant Precambrian structures.
Primary copper sulfides were disseminated in the stock. Continued
movement on the Death Valley and Furnace Creek faults caused uplift
of the block and subsequent erosion of the Paleozoic section and
exposure of the Precambrian and Tertiary rocks. Tension oriented
northeast-southwest, caused by £fault movement, resulted in
fractures and faults which served to control volcanic extrusive
and intrusive activity. Sulfides in the monzonite were remobilized
in a late phase of the activity and localized by the northeast
fractures. Secondary copper minerals were redeposited in the

fault zones and fractures in adjacent volcanic rocks.

This model implies that a disseminated porphyry-type copper
deposit may exist in the area if copper minerals have not been
totally eroded from the monzonite., Additional exploration of
quartz monzonite outcrops is warranted. Geophysical studies,
particularly to determine depth of alluvial fill in Greenwater
Valley, are needed to evaluate the possibilities of the area

containing a major copper deposit.
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K. Mono Lake-Long Valley Areas

Volcanism and Geothermal Activity as Viewed from Skylab

The Mono Lake region has long been known as an active
volecanic and geothermal district, in gemeral related to the
extensional tectonism on the eastern edge of the Sierra Nevada
fauvlt block. Satellite imagery puts the locations of these
thermal areas in geologic and geographic perspective; structural
controls on, and surface manifestations of, geothermal systems
become evident through study of the data at different scales, in
different seasons, and with different spectral combinations.

Long Valley is a tremendous oval-shaped depression, rimmed by
hills on the east and south, and bounded on the west by the Sierra
Nevada faulted basement complex. Drainage into the basin, mostly
from the west, loses velocity quickly near the central part before
flowing into Crowley Lake. 1In the west and central areas, many of
the streams appear bright white in imagery due to transport of
large quantities of fine clays, in most part produced as alteration
products from prolific hydrothermal activity. The most prominent
white areas correspond with known hot springs deposits and streams
frequently f£flow out from these, spreading into plume-like fans as
they near the basin's interior. The sluggish sediment plumes
appear mottled dark brown rather than white, probably due to an
abundance of vegetation and old organic debris.

One prominent but narrow canyon observed in S190B imagery
(SL3-88-007, Plate IV) is where Hot Creek flows directly eastward
into the depression. A section of the stream valley about 1.6km
long appears bright white. This area was visited briefly and
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consists of tremendous deposits of tufa and travertine, actively
deposited at present by numerous steam vents, water spouts, and

fumaroles along the valley floor and even hot upwellings within

}
:
!

the creek itself. The canyon is narrow and steep-sided (about 15m
deep) and the linearity observed in imagery strongly suggests

fault or fracture control.

In general, altered zones appear to be restricted to the west
and central areas of the Long Valley depression; outcrops of ‘
voleanic rocks as well as old cones are visible along the periphery
in the northwest. The activity may be related to the apparent
linearity of volcanism associated with the Mono Craters directly
to the north. Numerous other linear features, probably fractures,
should be carefully studied as potential conductors of geothermal
fluids, particularly where they intersect the western area.

The Mono Craters extend from Mono Lake to the town of Mammoth
Takes, about 40km south, in a general north-south alignment (map
accompanying Plate IV). The volcanic centers are evident in
Skylab imagery as circular cones usually about l-2km in diameter,
amidst smoothly surfaced and vegetated volcanic terrane, presumably
mainly basalt flows.

Vegetation in the Mono Craters area is readily visible in the

high resolution S190B scene. Individual trees can be discerned

especially in one area which was presumably thinned by logging
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