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STUDIES RELATED TO WILDERNESS

Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21, 1976)
requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct mineral surveys
on certain areas to determine the mineral values, if any, that may be present. Results must be
made available to the public and be submitted to the President and the Congress. This report
presents the results of a mineral survey of the Spaulding Wilderness Study Area (OR-001-
139), Lake and Harney Counties, Oregon.
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Mineral Resources of the Spaulding Wilderness
Study Area, Lake and Harney Counties, Oregon

By Michael G. Sawlan, Harley D. King, and Donald Plouff

U.S. Geological Survey

Michael S. Miller
U.S. Bureau of Mines

SUMMARY
Abstract

The Spaulding Wilderness Study Area (OR-001-139) is
located along the east side of Guano Valley in southern Ore-
gon. At the request of the U.S. Bureau of Land Management,
34,800 acres of the Spaulding Wilderness Study Area was
evaluated for mineral resources (known) and mineral re-
source potential (undiscovered). In this report, the area stud-
ied is referred to as the “Spaulding Wilderness Study Area”
or the “study area.”

There are no identified resources in the study area. Two
groups of mining claims and a small prospect pit are located
in the study area. No workings are found near the claims
and no mining claims are current. There are no mineral leas-
es and no oil and gas leases or lease applications. The north-
western and southeastern parts of the study area have low
potential for epithermal (low-temperature) gold and silver
(precious-metal) resources; trace amounts of gold were de-
tected in alluvium in the northwestern part of the study area,
and anomalous concentrations of elements commonly asso-
ciated with precious-metal deposits were found in the south-
eastern part of the study area. The study area contains
occurrences of pozzolanic tuff, perlite, and building stone.
The sand and gravel occurrences in the study area are small
and of poor quality. The study area has low potential for oil
and gas. There is no potential for geothermal, uranium, or
thorium resources.

Character and Setting

The Spaulding Wilderness Study Area (OR-001-139)
is located along the east side of Guano Valley in Lake and

Manuscript approved for publication April 1, 1994.

Harney Counties, Oregon, about 8 mi north of the Oregon-
Nevada State line (fig. 1). The study area encompasses
34,800 acres, mostly mesas and rolling hills east of Guano
Rim. The northwestern part of the study area includes
low-lying areas in the north end of Guano Valley.

Access to the study area is via State Highway 140,
about 10 mi south of the study area; gravel roads and jeep
trails connect with State Highway 140 and encircle the study
area. The nearest towns are Adel, Oregon, about 25 mi west
of the study area, and Denio, Nevada, about 45 mi southeast
of the study area. National antelope refuges and ranges are
located south, west, and northwest of the study area. The
study area lies in the northern Basin and Range province and
encompasses part of the range between Guano Valley and
Hawks Valley. Relief in the area is moderate; elevations
range from about 5,250 ft in Guano Valley to about 6,250 ft
on the mesas in the central part of the study area.

The study area is underlain by flat-lying to gently dip-
ping middle and late Miocene volcanic rocks (see “Appen-
dixes” for geologic time chart), which include andesite lava
and tuff breccia, ash-flow tuff, tuffaceous sedimentary rocks,
and basalt. The western part of the study area is underlain
mostly by andesite, which forms the steep scarp along
Guano Rim. The central part of the study area is underlain by
mesa-forming basalt and tuffaceous sedimentary rock. The
eastern part is underlain by ash-flow tuff, which forms a
terrain of gently rolling hills and low-lying bluffs.

Identified Resources

There are no identified resources in the Spaulding
Wilderness Study Area. County mining records show that
two groups of mining claims, apparently for the same site,
were located in the study area. However, none of these
claims is current and there are no mineral leases. No on-
going mineral exploration is known in or adjacent to the
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Figure 1. Index map showing location of Spaulding Wilderness Study Area, Lake and Harney Counties, Oregon.
Unlabeled dashed lines represent gravel roads and (or) jeep trails.
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ASSESSMENT OF MINERAL RESOURCE
POTENTIAL

By Michael G. Sawlan, Harley D. King, and
Donald Plouff
U.S. Geological Survey

Geology

The Spaulding Wilderness Study Area lies in the
northern Basin and Range province, an area characterized
by north-trending ranges and intervening basins bounded
by normal faults. The study area includes part of a north-
trending range bounded on the west by faults along Guano
Rim and on the east by Hawks Valley (fig. 1). The study
area is underlain by flat-lying to gently dipping middle
Miocene to early Pliocene volcanic and volcaniclastic sed-
imentary rocks including andesite, two sequences of basalt
and tuffaceous sedimentary rocks, and ash-flow tuff (fig.
2). These rocks range in age from about 16 to 5 Ma
(mega-annum, or million years). This age range is defined
by K-Ar (potassium-argon) ages cited by Greene (1984),
and new K-Ar ages acquired during this study (J.E. Con-
rad, USGS, written commun., 1989) and that of the Guano
Creek Wilderness Study ‘Area (M.F. Diggles, USGS, writ-
ten commun., 1990).

Surficial deposits in the study area include thin accu-
mulations of alluvial gravel, sand, and silt along drainages
and in ephemeral lakes. Aeolian sand dunes are present
southwest of the study area in the eastern part of Guano
Valley. Small alluvial fans along the scarp east of Guano
Valley have a conical shape which indicates that relative
subsidence of Guano Valley, along faults that form the
scarp of Guano Rim, has occurred in Quaternary time and
perhaps is ongoing.

Description of Lithologic Units

ANDESITE (Ta)

The oldest rocks exposed in the study area are andesite
and basalt(?) lava and andesite tuff breccia that underlie the
western part of the study area, mostly within 2 to 3 mi of
Guano Rim (fig. 2). These rocks generally dip gently, less
than 10°, to the southeast. This unit is mostly porphyritic
andesite with abundant plagioclase phenocrysts, but includes
sparsely porphyritic basaltic andesite or basalt with pheno-
crysts of olivinetplagioclasetclinopyroxene. The andesite
tuff breccia is a rock type commonly attributed to lahars, or
mudflows, deposited on the distal flanks of andesitic com-
posite volcanoes.

The andesite in the study area and the surrounding
region is about 17 to 14 Ma old. Two K-Ar ages on ande-
site from the mouth of Rocky Canyon (fig. 1) adjacent to
Guano Valley are 16.240.5 and 14.2+1.5 Ma (J.E. Conrad,

written commun., 1989). Basaltic andesite from the hills
along the west side of Guano Valley has been dated at
17.0+0.5 Ma (M.E. Diggles, written commun., 1990). An-
desite from Bald Mountain at the south end of Guano Val-
ley (about 2 mi south of the southwest corner of fig. 1)
has been dated at 15.330.9 Ma (E.H. McKee, written com-
mun., 1990, previously cited by Greene, 1984).

AsH-FLow Turr (Tt)

Two petrologically distinct ash-flow tuffs are found in
and adjacent to the study area: poorly welded tuff in Ryegrass
Valley northeast of the study area, and the Idaho Canyon
Tuff, which underlies most of the southeastern part of the
study area. Minor amounts of unwelded lapilli tuff and tuff-
aceous sedimentary rocks are also included in this unit. In
the study area, the Idaho Canyon Tuff mostly consists of
devitrified, vapor-phase altered, moderately welded tuff con-
taining about 6 to 10 percent phenocrysts of alkali feldspar,
quartz, and lesser amounts of fayalite. Locally, this tuff shows
dense welding, vitrophyric layers, and poorly welded layers
containing abundant pumice lapilli. It probably contains
more than one cooling unit. The Idaho Canyon Tuff extends
at least 20 mi south into Nevada and its age is about 15.5 to
15 Ma (Greene, 1984). It overlies the tuff of Craine Creek,
dated at 15.740.5 Ma (Noble and others, 1970), and it un-
derlies the Summit Lake Tuff, dated at 15.130.5 Ma (Noble
and others, 1970), which are both present in Nevada. Ash-
flow tuff exposed northeast of the study area, here informally
named the tuff of Ryegrass Valley, consists of poorly welded
white tuff containing biotite phenocrysts. This tuff is overlain
by the lower basalt unit. Stratigraphic relations between the
Idaho Canyon Tuff and the andesite lavas were not observed.

LOwER BAsALT (Thbl)

Gently tilted basalt flows are present in and adjacent to
the northern part of the study area (fig. 2). In Guano Valley,
this basalt contains abundant, large plagioclase phenocrysts—
these lavas may be correlative with the Steens Mountain
basalt, which is widespread in southeastern Oregon. These
lavas are cut by northwest-trending faults and dip about §
to 15° southwest or northeast. Correlation of the lower basalt
from the east and west sides of the study area is uncertain.
Along the east margin of the study area, the basalt contains
sparse olivine(?) phenocrysts and dips about 5 to 10° south-
east. The lower basalt in this area underlies the Idaho Canyon
Tuff and overlies the biotite-bearing ash-flow tuff that crops
out in Ryegrass Valley. The age of the lower basalt is not
certain but is at least 15 Ma, the age of the Idaho Canyon
Tuff (Greene, 1984). This lower basalt unit locally includes
tuffaceous sedimentary rocks that are intercalated with the
basaltic lavas; thicker sections of these sedimentary rocks
were mapped separately as the lower tuffaceous sedimentary
rocks unit (unit Tsl).
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LOWER TUFFACEOUS SEDIMENTARY Rocks (Tsl)

This unit includes poorly exposed tuffaceous sedimen-
tary rocks intercalated with the lower basalt. These rocks are
distinguished from the upper tuffaceous sedimentary rocks
by their stratigraphic association with the lower basalt (see
“Upper Tuffaceous Sedimentary Rocks” section).

UpPER TUFFACEOUS SEDIMENTARY ROCKS (Ts)

This unit includes poorly bedded, weakly lithified, fri-
able, and tuffaceous nonmarine sandstone, siltstone, and
minor amounts of conglomerate. Some beds locally contain
abundant rhyolite pumice lapilli. These pumice-rich deposits
may represent airfall or reworked deposits of airfall or un-
welded tuff. The poorly lithified rocks of this unit generally
are preserved only where overlain by basalt. This unit typi-
cally is poorly exposed and forms gentle grassy or talus-
covered slopes beneath basalt mesas. Mammalian fossils are
found locally within this unit; during this study, bone frag-
ments were found in the southeastern corner of the study
area. Both the upper and lower tuffaceous sedimentary rocks
are poorly exposed, have a similar appearance in the field,
and are distinguished by stratigraphic position in relation to
the lower and upper basalts. The upper tuffaceous unit may
include rocks of the lower tuffaceous unit where intercalated
basalt is absent and exposures are poor.

UppER BASALT (Th)

The upper basalt unit consists of mesa-forming basalt
in the east-central and southwestern parts of the study
area, and basalt in Guano Valley. Individual flows are typi-
cally 15 to 40 ft thick, are aphyric or contain sparse phe-
nocrysts of olivinetplagioclase, and have a characteristic
diktytaxitic groundmass texture. At most localities, 1 to 3
lava flows have a composite thickness of 60 ft. or less.
These basalts differ markedly in chemical composition
from the andesite of unit Ta; that is, they have very low
amounts of potassium and generally high amounts of nick-
el, chromium, and cobalt compared to most volcanic
rocks. These basalts belong to the suite of low-potassium
tholeiitic basalt, which is widespread throughout southern
Oregon (Hart and others, 1984).

This upper basalt unit includes two groups of basalt
that are petrographically similar but differ in age. An older
group of lavas forms the north-trending band of mesas in
the eastern part of the study area. A younger group of
lavas includes the basalt mesa between Sage Hen and
Rocky canyons, the broad basalt mesa southwest of the
study area, and basalt in Guano Valley (fig. 2).

These basalts are late middle Miocene to early Pliocene,
but dating of these rocks has been imprecise due to analytical
difficulties caused by their low K,O (potassium oxide) con-
tents. Basalt belonging to the older group has not been dated

directly but it is probably between 13 and 9 Ma. The older
group may be correlative with mesa-forming basalt at Gooch
Table, about 16 mi south of the study area, which has a K-
Ar age of 9.9+1.2 Ma (E.H. McKee, USGS, written com-
mun., 1990; cited by Greene, 1984). The age of a basalt dike
in Sage Hen canyon, which perhaps fed some lavas of the
older group, is about 13 Ma (see “Basalt Dikes”). A K-Ar
age of 5.1£1.5 Ma on basalt of the younger group, from the
mesa south of Spaulding Reservoir, was obtained during this
study (J.E. Conrad, written commun., 1989).

Basalts of the older group forms gently south-dipping
mesas that may differ in elevation as much as 220 ft. Although
only one or two basalt flows are present at most localities,
differences in abundances of phenocryst minerals between
mesas suggests that these mesas comprise several different
lava flows. Individual flows can seldom be correlated across
most of these mesas and the number of lava flows may differ
between adjoining mesas. These basalts apparently comprise
several lava flows that were erupted over a sufficiently long
span of time for relief to be developed in the underlying
tuffaceous sediment owing to erosion and (or) faulting. Dif-
ferences in elevations of the older basalt mesas are attributed,
in part, to confinement of basalt flows within northwest-
trending fluvial channels and downwasting of adjacent, un-
covered tuffaceous sediment between basalt eruptions. Ac-
cordingly, these basalt mesas likely represent an inversion
of the topography that existed prior to eruption of the earliest
basalt flows. That is, basalt that forms the topographically
highest mesas was emplaced into early-formed channels;
younger basalts of this group flowed into shallow arroyos
cut into sediments not covered by older lavas. Although
differences in elevations of some basalt mesas of this older
group are attributed, in part, to erosion between eruptions of
different lava flows, these mesa-forming basalts are also cut
by northwest-trending faults at Buckaroo Pass in the northern
part of the study area and east of Sage Hen Canyon in the
southern part of the study area (fig. 2).

The younger group of basalts of this upper basalt unit
show an increase in the number and thickness of lava
flows from the Rocky Canyon area to the south. Probable
vent areas for these lavas include a small butte about 1.5
mi north of Sage Hen Butte and perhaps Sage Hen Butte.
The younger mesa-forming basalt is cut by north-north-
east-trending faults along Guano Rim but is not cut by the
northwest-trending faults (fig. 2).

BasALT Dikes (Tbi)

A 2-mi-long north-trending basalt dike in Sage Hen
Canyon (fig. 2) has the characteristic diktytaxitic texture and
low K,O content of the mesa-forming basalts. This dike,
dated at 12.8+1.3 Ma (J.E. Conrad, USGS, written commun.,
1989), probably represents a feeder to a fissure vent system
for the older group of mesa-forming basalt. It shows no
displacement along the northwest-trending fault along Sage
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Hen Canyon near Spaulding Reservoir. Smaller dikes, ap-
parently equivalent to the dike mapped in Sage Hen Canyon,
are also present in the northern part of the study area.

UNDIFFERENTIATED VOLCANIC Rocks (Tv)

This unit includes generally thick andesitic to dacit-
ic(?) lava flows that overlie tuffaceous sedimentary rocks
and ash-flow tuff north of Buckaroo Pass (fig. 2). These
rocks are probably late Miocene and appear to be derived
from volcanic centers north of the study area.

AEOLIAN SAND (Qd)

Windblown sand deposits are present on or adjacent
to basalt in the eastern part of Guano Valley at the base of
Guano Rim scarp (fig. 2). These sands generally form si-
nusoidal dunes trending east-west. Locally developed cus-
pate dunes are convex to the south and indicate a
northward migration direction of dunes.

ALLUviuM (Qa)

Alluvial deposits include accumulations of gravel,
sand and silt along drainages and in Guano Valley. Silt and
fine sand, probably carried onto the basalt mesas by wind,
and locally-derived basalt debris are present in shallow de-
pressions in the surfaces of the basalt mesas. These de-
pressions, which intermittently pond with water, are as
much as 1,500 ft across and about 10 to 25 ft deep.

Structure

Two episodes of faulting have displaced rocks in the
study area. Older, northwest-trending faults were active in
the middle and late(?) Miocene. Younger north-northeast-
trending faults, related to formation of basins and ranges
that dominate the present-day regional physiography, cut
all volcanic strata in the study area.

The older, northwest-trending faults cut all volcanic
rocks except for younger mesa-forming basalt. In part,
movement along the northwest-trending faults appears to
have been concurrent with eruption of mesa-forming ba-
salt in the central part of the study area. Some of these
mesa-forming basalts show displacement along northwest-
trending faults; others appear to have flowed into shallow
northwest-trending drainages that probably developed in
grabens and are not offset. The youngest rocks cut by
northwest-trending faults, the older mesa-forming basalt,
are between about 13 to 9 Ma. The younger lavas of the
upper basalt, however, show no displacement along the
northwest-trending faults. Therefore, movement on the
northwest-trending faults occurred prior to and probably
during eruption of the older group of mesa forming basalt,
which is between about 13 to 9 Ma, but ceased before

eruption of the younger group of mesa-forming basalt at
about 5 Ma. Minor tilting to the southwest and northeast is
associated with the northwest-trending faults.

Movement along the younger north-northeast-trending
faults has formed the 25-mi long scarp along Guano Rim
(figs. 1 and 2). Normal displacement along this fault sys-
tem has resulted in subsidence of Guano Valley relative to
the range the east, and gentle tilting of this range to the
east-southeast. In several places along this fault zone, nar-
row fault-bounded blocks about % mi wide have rotated
downward to the north along curvilinear traces of faults
that bound the south side of the blocks. These block rota-
tions between subparallel faults occur where the main
fault trace steps to the east. The east-stepping fault pattern
suggests that the fault system along Guano Rim has a
component of right-lateral displacement in addition to the
dominantly vertical displacement. Tentative correlation of
younger mesa-forming basalt in the Rocky Canyon area
with basalt in Guano Valley indicates that about 500 ft of
normal displacement has occurred along this fault zone
since about 5 Ma. The conical shape of small alluvial fans
along the Guano Rim scarp suggests that faulting has oc-
curred in Quaternary time and perhaps is ongoing.

Alteration and Mineralization

Alteration of rocks in the study area is generally weak
and localized. Weak iron-oxide staining is present at sites
near Chimney Rock, and Miller (1988) reported local iron-
staining and clay alteration adjacent to a dike about 2 mi
north of Spaulding Reservoir. Miller (1988) also reported
black glassy veins of unspecified mineralogy (goethite?
and (or) manganese minerals?) north of Chimney Rock.
Rounded clasts of silicified rock are present north of the
study area at Buckaroo Pass and in the northwestern part
of the study area in Guano Valley.

Manganiferous iron-oxide veins are present in upper
Sage Hen Canyon. The manganiferous veins are dark gray
to black, earthy, less than 3 in. thick, and continuous for only
5 to 15 ft. The veins cut tuffaceous sedimentary rocks in
which a weak iron-oxide halo, about 150 ft long by 40 to 60
ft wide, developed. The larger veins trend mostly north,
although smaller, thin (less than 1 in.), brittle to friable green
and brown veins of amorphous material trend roughly east.
The margins of the black veins commonly show stubby,
radiating, granular aggregate forms, as much as 10 in. across
and 2 in. thick, that probably formed by replacement.

Geochemical Studies

Introduction

A reconnaissance geochemical survey was conducted
in the study area by the USGS in the summers of 1987

Mineral Resources of the Spaulding Wilderness Study Area, Lake and Harney Counties, Oregon  E9



and 1988. The study consisted of collecting, analyzing,
and evaluating rock, stream sediment, and heavy-mineral-
concentrate samples. Minus-80 mesh (0.007 in.) stream
sediments, nonmagnetic ~heavy-mineral concentrates of
stream sediments, and rock samples were collected. Both a
minus-80 mesh sample and a nonmagnetic heavy-mineral
concentrate sample were collected from 49 sites. Eight
rock samples were collected from five of those sites and
79 rock samples were collected from other sites. Most of
the rock samples were taken from outcrops. The stream
sediments from which the concentrates were derived were
taken from active alluvium in stream channels.

The stream sediment and nonmagnetic heavy-mineral
panned-concentrate samples (heavy-mineral concentrates)
are collected primarily for their ability to reveal metal
anomalies within drainage basins. Stream sediment samples
represent a composite of the rock and soil exposed up-
stream from the sample site. The processing of heavy-min-
eral concentrates removes common rock-forming minerals
and retains ore and ore-related minerals. The selective con-
centration of minerals permits determination of some ele-
ments that are not easily detected in bulk stream sediment
samples.

The rock samples, nearly all of which appeared unal-
tered and unmineralized, were collected to determine if
analyses might indicate mineralization. Some samples
were collected to provide information on background con-
centrations of elements. In some cases, rock samples were
collected along fractures to determine if anomalous con-
centrations of elements had been deposited there. Anoma-
lous values were determined by statistical methods, by
comparison of mineralized and altered samples with unal-
tered equivalent rocks, and by comparison of with pub-
lished data for common rock types.

Sample Preparation

Stream sediment samples were sieved using 80-mesh
stainless-steel sieves; the minus-80 mesh fraction was
used for analysis. The heavy-mineral concentrate was ob-
tained by panning minus-10-mesh (0.08 in.) stream sedi-
ment to remove most of the quartz, feldspar, organic
material, and clay-size material. Immersion of this materi-
al in bromoform, a liquid having a specific gravity of 2.8,
removed any light mineral grains remaining after panning.
The resultant heavy-mineral concentrate was separated,
using an electromagnet, into three fractions: a magnetic
fraction, chiefly magnetite; an intermediate fraction con-
sisting of common rock-forming minerals; and a nonmag-
netic fraction composed predominantly of light-colored
rock-forming accessory minerals and primary and second-
ary ore-forming and ore-related minerals. Using a micros-
plitter, the nonmagnetic fraction was split into two
fractions. One of these fractions was analyzed and the
other was visually examined with a binocular microscope.

Rock samples were crushed and pulverized with ceramic
plates to a grain size of less than 0.006 in.

Analytical Methods

The rock, stream sediment, and heavy-mineral-concen-
trate samples were analyzed for 35 elements (antimony,
arsenic, barium, beryllium, bismuth, boron, cadmium, calci-
um, chromium, cobalt, copper, gallium, germanium, gold,
iron, lanthanum, lead, magnesium, manganese, molybde-
num, nickel, niobium, phosphorus, sodium, scandium, sil-
ver, strontium, thorium, tin, titanium, tungsten, vanadium,
yttrium, zinc, and zirconium) by a six-step, semiquantita-
tive, direct-current arc emission spectrography method rou-
tinely used by the USGS (Grimes and Marranzino, 1968).
Stream sediments were also analyzed by more sensitive
techniques for certain elements of special interest. Antimo-
ny, arsenic, bismuth, cadmium, and zinc concentrations were
determined by inductively coupled argon plasma-atomic
emission spectroscopy (ICAP-AES) (Crock and others,
1987). Lower limits of determination for these elements are
shown in parentheses as follows, in ppm: antimony (2),
arsenic (5), bismuth (2), cadmium (0.1), and zinc (2). Mer-
cury was analyzed by cold vapor atomic-absorption spec-
trometry (lower limit of determination, 20 ppb) (Crock and
others, 1987).

Gold concentrations were determined in stream sedi-
ment samples and in 10 rock samples by flame atomic ab-
sorption (lower limit of determination, 50 ppb); 77 rock
samples were analyzed for gold by flameless atomic absorp-
tion with a heated graphite atomizer (lower limit of deter-
mination, 2 ppb). Both methods are described in O’Leary
and Meier (1986). Gold analyses obtained by these methods
largely reflect the gold introduced into the rock by mineral-
ization and not the total gold concentrations in the rock; the
common rock-forming silicates, which may contain trace
amounts of gold (less than 5 ppb), are not decomposed by
the method used in gold analysis sample preparation.

Results and Interpretations

Anomalous values for several elements including sil-
ver, lead, barium, bismuth, and zinc are present in heavy-
mineral concentrates from an area of about 2 mi’ in the
southeastern part of the study area, about 1 to 2 mi south-
west of South Corral (fig. 2). The area is chiefly underlain
by welded tuff cut by northwest-trending faults. Anoma-
lous silver values (7 and 70 ppm Ag) are present in two of
the heavy-mineral concentrates taken from adjacent
streams. The sample with the higher silver value also con-
tains anomalous values of lead (1,500 ppm), barium
(2,000 ppm), bismuth (70 ppm), and zinc (700 ppm). Two
concentrate samples collected upstream from the site with
the 70 ppm silver value contain 200 and 300 ppm lead but
no other elements in anomalous concentrations; however,
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samples of welded tuff from these same two sites contain
moderately anomalous concentrations of copper (100 and
150 ppm). Anomalous amounts of barium (3,000 to more
than 10,000 ppm) are present in three other concentrate
samples from this area and are attributed to small amounts
of barite in the concentrates. The concentrates from this
area also contain pyrite; the largest amount of pyrite,
about 10 percent of the concentrate, is present in the con-
centrate with the 70 ppm silver value. The abundance of
silver, lead, and zinc in concentrate samples suggests these
elements are most likely present as impurities in galena.
Although no galena was observed in the concentrates, it
could be present as mineral grains included in pyrite and
(or) as individual grains that are altered to anglesite, a
common alteration mineral after galena in surficial envi-
ronments. Anglesite is colorless or weakly colored and
could have been easily overlooked during microscopic ex-
amination of the concentrates.

The source of barite and pyrite and associated geo-
chemical anomalies in the southeastern part of the study
area is enigmatic because no visibly altered or mineralized
rock was observed in nearby areas. The presence of barite
and the angular, faceted morphology of pyrite grains sug-
gest that these minerals are derived locally and most likely
have not been transported from distant sources into the
study area. These minerals may have been eroded from
fractures or cavities in tuff along northwest-trending faults
that cut this area but iron-staining, a characteristic result of
oxidation of iron sulfide, is absent. The small amount of
pyrite found, however, suggests the presence of only a
small amount of pyrite in the area, and therefore a notice-
able amount of iron staining may not be expected.

In the northwestern part of the study area, where trac-
es of alluvial gold are present (Miller, 1988), no signifi-
cantly altered rock was observed in outcrop. The alluvial
gold may possibly be derived from buried mineralized
rock or, alternatively, may be derived from mineralized
rock outside the study area and was transported into the
study area by fluvial processes. In the latter interpretation,
concentration of gold in alluvium occurred during erosion
and redeposition of the tuffaceous sediment. Analyses of
the finer grained tuffaceous sediments shows no geochem-
ical anomalies but rounded, silicified cobbles, apparently
derived from tuffaceous sedimentary rocks, were found in
the northern and northwestern parts of the study area. The
presence of altered clasts, and notably the rounded shape
of silicified clasts, suggest that the gold in this area may
have been derived from mineralized rock located some
distance from the study area.

Nonmagnetic heavy-mineral-concentrate samples from
two sites along Sage Hen Creek near the southern boundary
of the study area contain high values of lead (2,000 and
50,000 ppm). The sample with the highest lead also contains
antimony, less than 200 ppm. Both the lead and antimony
can be attributed to bullet fragments or lead shot, which

commonly contain antimony as a hardening agent. A metal
particle from the sample with the highest lead value was
determined by x-ray analysis to be a lead artifact. Although
most of the artifact was removed from the sample prior to
analysis, oxidized margins of the artifact that were not ex-
tracted from the sample most likely contributed lead and
antimony to the sample that was analyzed.

Anomalous concentrations of several elements are
present in samples of thin veins collected in Sage Hen Can-
yon. Most of the veins are dark gray and oxidized. Samples
generally contain abundant iron oxide and three samples
contain 5,000 ppm or more manganese. Anomalous arsenic
is also present in most of these samples; the higher arsenic
values (28 to 67 ppm) are in samples with high amounts
of iron (5 to 15 percent), and the lower arsenic values are
in samples with high amounts of manganese (greater than
5,000 ppm). Several of these samples also contain anomalous
amounts of cadmium (1.7 to 6.5 ppm) and molybdenum
(as much as 20 ppm). The samples with high manganese
values also contain anomalous amounts of antimony (16
and 17 ppm), barium (greater than 5,000 ppm), bismuth
(4 ppm), cobalt (150 ppm in one sample), mercury (0.18
ppm) and zinc (122 and 123 ppm). These anomalous elements
were probably enriched by coprecipitation and scavenging
(adsorption) of the elements by the iron and (or) manganese
oxides (Chao and Theobald, 1976; Levinson, 1974, p. 134
138). As such, the anomalies may be unrelated to mineral
deposits, and instead are probably the result of enrichment
of the elements over background concentrations from the
weathering of unmineralized rock. No gold was detected
in any of these vein samples at a lower limit of determination
of 2 ppb. Although black glassy veins from northwest of
Chimney Rock were not analyzed for manganese, they con-
tain weakly anomalous concentrations of barium, molyb-
denum, and arsenic (see “Identified Resources”), and they
may be similar to the manganiferous veins in Sage Hen
Canyon.

Geophysical Studies

Gamma-ray Survey

The aerial gamma-ray data were compiled by Geodata
International, Inc. (1980) for the National Uranium Resource
Evaluation (NURE) program of the U.S. Department of En-
ergy. The survey was flown in east-west lines with 6-mi
spacing at flight altitudes ranging from 200 to 500 ft above
the ground. The coverage in the study area consists of 4
east-west flightlines totaling about 20 mi. Recordings were
made of gamma-ray flux from radioactive isotopes of ura-
nium, thorium, and potassium. Radioactivity count rates gen-
erally were low over the andesite exposed in the southwestern
part of the study area and the mesa-forming basalt. Radio-
activity count rates exceeded the mean background level
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over rhyolitic rocks in the study area, including tuffaceous
sedimentary rocks and ash-flow tuff. However, these count
rates are attributed to generally higher uranium and thorium
concentrations in-the rhyolite compared to average crustal
rocks and to the basalt and andesite in other parts of the
study area. No locality was identified where the concentration
of either uranium or thorium is high enough to indicate
the presence of uranium or thorium resources.

Gravity Survey

Gravity data were previously available at two sites
along the edge of and about 1 mi south of the study area
(National Geophysical Data Center, 1984). In 1986, the
USGS established 6 gravity stations along the margins of
the study area and 25 stations within 5 mi of the study
area (Plouff, 1987). A gravity-anomaly map shows that
gravity anomalies interpolated within the study area in-
crease to the northwest by about 12 milligals in 10 mi.
The source of the gravity gradient is probably a contrast in
density between rock masses buried deeply beneath the
surface. A local small-amplitude gravity high is located
near the west corner of the study area.

Aeromagnetic Survey

A regional aeromagnetic survey was flown over the
study area at a constant barometric elevation of 9,000 ft
above sea level with east-west flightline spacings of about
2 mi (U.S. Geological Survey, 1972). An aeromagnetic
low with two minima covers most of the study area. The
shape and location of the aeromagnetic low correlate with
areas underlain by andesite and ash-flow tuff. Therefore,
these rocks probably erupted and cooled at a time when
the Earth’s magnetic field was reversed. The pattern of the
magnetic low is interrupted by a north-trending magnetic
high through the central part of the study area over out-
crops of normally magnetized mesa-forming basalt.

Implications for Mineral Resource Potential

The geophysical data provide no constraints on the
distribution of altered or mineralized rock in the study
area. Altered areas are typically only several feet wide in
the study area; these relatively small features are not de-
tected with geophysical data collected on widely spaced
flightlines or from widely distributed stations. No exten-
sions of known sites of alteration were found.

MINERAL RESOURCE POTENTIAL

The mineral resource potential of the Spaulding Wil-
derness Study Area was assessed on the basis of geologic

investigations, geochemical and geophysical studies, and a
study of prospects and claims in the area of reported mineral
occurrences and deposits in the region. The northwestern
and southeastern parts of the study area have low potential
for epithermal gold and silver resources, with a certainty
level of B. This assessment is based on the presence of
Jocalized gold or altered areas and (or) the presence of ge-
ochemical anomalies associated with precious-metal miner-
alization. Geochemical anomalies in silver, lead, zinc,
bismuth, and the ore-related minerals barite and pyrite are
present in nonmagnetic heavy-mineral concentrates from the
southeastern part of the study area, and trace amounts of free
gold are present in alluvial sand and gravel samples from
the northwestern part of the study area. The source of these
geochemical and mineral anomalies may differ for the north-
western and southeastern parts of the study area.

The presence of rounded clasts of silicified rock in
the northwestern part of the study area suggests that the
source of gold in this area may be detrital clasts of altered
and mineralized rock. No similar rocks were found in out-
crop and the rounding of these clasts suggests significant
transport distances. The altered clasts probably were erod-
ed from tuffaceous sedimentary rocks, which had a prove-
nance outside the study area. Most, if not all, of the study
area was at one time covered by tuffaceous sediment.
Hence, the geochemical anomalies and traces of alluvial
gold may be related to sources outside the study area.
Scattered weak alteration zones suggest that minor hydro-
thermal alteration has affected parts of this area.

In the southeastern part of the study area, the pres-
ence in stream-sediment samples of faceted ore-related
minerals showing little evidence of abrasion suggests that
hydrothermal alteration has affected this part of the study
area and that a local bedrock source is likely. Alternative-
ly, the pyrite and barite present in the southeastern part of
the study area may represent reworked lag deposits that
remained after erosion of tuffaceous sediment off the
welded tuff and were incorporated into present-day alluvi-
um. This latter explanation is consistent with the general
lack of alteration in exposed rocks in the area and the dis-
persed, low-level geochemical anomalies indicated by
analysis of alluvial material, but is difficult to reconcile
with the angular shape of crystal fragments of relatively
soft minerals, such as barite, that were found in stream
sediment samples.

The geochemical anomalies of elements such as mer-
cury, arsenic, antimony, lead, copper, zinc, bismuth, and
cadmium do not indicate potential resources for deposits
of these elements. Concentrations of these elements are far
below economic levels, and they are viewed as accessory
constituents of an element suite related to epithermal pre-
cious-metal mineralization.

Tuffaceous rocks that pass nominal tests for use as
pozzolan, which could possibly be used as additives to ce-
ment, are found in the northern part of the study area. These
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rocks, however, would require detailed testing for compati-
bility with various cements. In addition, considering that the
value of pozzolan depends largely on proximity to market
and that similar rocks are widespread throughout the western
United States, it is unlikely that these rocks will ever be
mined. Perlite is present in small amounts in and near the
study area but is of poor quality. The stone in the study area
has no special aesthetic characteristics or physical properties
that make it particularly desirable for decorative or construc-
tion uses. The pozzolanic rocks, perlite, and stone are re-
garded as occurrences only and have no resource potential.

There is low oil and gas potential in the study area
(Fouch, 1982, 1983). The tuffaceous sedimentary rocks, the
only likely source rock for hydrocarbons, do not contain
significant amounts of organic material. There are no geo-
logic indications of oil and gas or structural traps for hydro-
carbon accumulation in or around the study area; hence, the
assessment of low potential may be too high. If oil and gas
are present at depth in the area, then they are buried beneath
the volcanic section and could only be found with detailed
geophysical surveys and drilling. The certainty of assess-
ment, therefore, is B.

The study area has no geothermal energy potential,
certainty level D (Muffler, 1979). No young volcanic cen-
ters are located in the area. The youngest volcanic rocks in
the study area are the younger mesa-forming basalts,
which are about 5 Ma. No fossil or active hot springs are
present in the area.

The study area has no uranium or thorium mineral
resource potential, certainty level D. Aerial gamma-ray
surveys indicate slightly high amounts of uranium and
thorium in rhyolitic rocks in the study area, but these lev-
els are typical of rhyolitic rocks in the Basin and Range
province. Field scintillometer readings and laboratory
checks for radioactivity of heavy mineral fractions of allu-
vial material showed no anomalous readings.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

LEVELS OF RESOURCE POTENTIAL

H

N
U

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char-
acteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit models
indicating presence of resources, and where evidence indicates that mineral concentration has taken place.
Assignment of high resource potential to an area requires some positive knowledge that mineral-forming
processes have been active in t least part of the area.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of
data indicate reasonable likelihood for resource accumulation, an (or) where an application of mineral-
deposit models indicates favorable ground for the specified type(s) of deposits.

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char-
acteristics define a geologic environment in which the existence of resources is permissive. This broad
category embraces areas with dispersed but insignificantly mineralized rock, as well as areas with little or
not indication of having been mineralized.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.

UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign a
low, moderate, or high level of resource potential.

LEVELS OF CERTAINTY

ON®>

Available information is not adequate for determination of the level of mineral resource potential.
Available information only suggests the level of mineral resource potential.

Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

A B C D
U/A H/B H/C H/D
HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL
M/B M/C M/D

MODERATE POTENTIAL | MODERATE POTENTIAL | MODERATE POTENTIAL

UNKNOWN POTENTIAL L/8 L/C /D
LOW POTENTIAL LOW POTENTIAL LOW POTENTIAL
N/D

NO POTENTIAL

LEVEL OF RESOURCE POTENTIAL

LEVEL OF CERTAINTY — g

Abstracted with minor modifications from:

Taylor, R.B., and Steven, T.A., 1983, Definition of mineral resource potential: Economic Geology, v. 78, no. 6, p. 1268-1270.
Taylor, R.B., Stoneman, R.J., and Marsh, S.P, 1984, An assessment of the mineral resource potential of the San Isabel National Forest, south-central Colorado: U.S.

Geological Survey Bulletin 1638, p. 40-42.

Goudarzi, G.H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S. Geological Survey Open-File Report 84-0787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION

IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Probability Range
Inferred
Measured | Indicated Hypothetical Speculative
|
ECONOMIC Reserves Inferred
; Reserves '
______ O co--
[} I
MARGINALLY Marginal h'/;‘ffrfﬁgl
ECONOMIC Reserves a8
| Reserves .
______ S S PR
Demonstrated Inferred :
SUB- Sub : Sub .
ECONOMIC ubeconomic ubeconomic
Resources Resources ,

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from McKelvey, V.E., 1972, Mineral
resource estimates and public policy: American Scientist, v. 60, p. 32-40; and U.S. Bureau of Mines and U.S. Geological Survey, 1980, Principles
of a resource/reserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.
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GEOLOGIC TIME CHART
Terms and boundary ages used by the U.S. Geological Survey in this report

'Rocks ofder than 570 Ma also called Precambrian, a time term without specific rank.
Zinformal time term without specific rank.
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MILLION YEARS (Ma)
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geophysical techniques, such as gravity, magnetic, seismic, or
radioactivity, which reflect subsurface structures that are of eco-
nomic or geologic significance. Many maps include correlations
with the geology.

Miscellaneous Investigations Series Maps are on planimetric
or topographic bases of regular and irregular areas at various scales;
they present a wide variety of format and subject matter. The series
also includes 7 1/2-minute quadrangle photogeologic maps on
planimetric bases that show geology as interpreted from aerial
photographs. Series also includes maps of Mars and the Moon.

Coal Investigations Maps are geologic maps on topographic or
planimetric bases at various scales showing bedrock or surficial
geology, stratigraphy, and structural relations in certain coal-resource
areas.

Oil and Gas Investigations Charts show stratigraphic informa-
tion for certain oil and gas fields and other areas having petroleum
potential.

Miscellaneous Field Studies Maps are multicolor orblack-and-
white maps on topographic or planimetric bases on quadrangle or
irregular areas at various scales. Pre-1971 maps show bedrock
geology in relation to specific mining or mineral-deposit problems;
post-1971 maps are primarily black-and-white maps on various
subjects, such as environmental studies or wilderness mineral inves-
tigations.

Hydrologic Investigations Atlases are multicolor orblack-and-
white maps on topographic or planimetric bases presenting a wide
range of geohydrologic data of both regular and irregular areas;
principal scale is 1:24,000, and regional studies are at 1:250,000
scale or smaller.

Catalogs

Permanent catalogs, as well as some others, giving comprehen-
sive listings of U.S. Geological Survey publications are available
under the conditions indicated below from the U.S. Geological
Survey, Books and Open-File Reports Sales, Federal Center, Box
25286, Denver, CO 80225. (See latest Price and Availability List.)

"Publications of the Geological Survey, 1879-1961" may be
purchased by mail and over the counter in paperback book form and
as a set of microfiche.

""Publications of the Geological Survey, 1962-1970" may be
purchased by mail and over the counter in paperback book form and
as a set of microfiche.

""Publications of the Geological Survey, 1971-1981'' may be
purchased by mail and over the counter in paperback book form (two
volumes, publications listing and index) and as a set of microfiche.

Supplements for 1982, 1983, 1984, 1985, 1986, and for subse-
quent years since the last permanent catalog may be purchased by
mail and over the counter in paperback book form.

State catalogs, "List of U.S. Geological Survey Geologic and
Water-Supply Reports and Maps For (State)," may be purchased by
mail and over the counter in paperback booklet form only.

""Price and Availability List of U.S. Geological Survey Pub-
lications," issued annually, is available free of charge in paperback
booklet form only.

Selected copies of a monthly catalog "New Publications of the
U.S. Geological Survey" are available free of charge by mail or may
be obtained over the counter in paperback booklet form only. Those
wishing a free subscription to the monthly catalog "New Publica-
tions of the U.S. Geological Survey"” should write to the U.S.
Geological Survey, 582 National Center, Reston, VA 22092,

Note.--Prices of Government publications listed in older cata-
logs, announcements, and publications may beincorrect. Therefore,
the prices charged may differ from the prices in catalogs, announce-
ments, and publications.






