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SUMMARY

Southeastern Oregon contains a thick Tertiary succession of intertonguing
mafic to silicic volcanic rocks and volcanic-derived sediments that overlie
a poorly exposed pre-Tertiary eugeosynclinal basement. In the Lakeview
uranium district and elsewhere in the study area, rhyolitic magma invaded
the Tertiary section.

Based upon this reconnaissance study and limited subsurface information,
only the lower Cedarville Formation contains sedimentary rocks that have
characteristics favorable for the formation of supergene uranium deposits.
However, beyond the immediate vicinity of known uranium prospects and mines,
anomalous uranium concentrations were not detected in any sedimentary rocks.

Tertiary sedimentary rocks of poorly known character and thickness under-
lie a Holocene alluvial cover in Catlow Valley, Goose Lake Valley, Harney

Basin, and Pueblo Valley. The favorability of these buried sedimentary rocks
cannot be completely evaluated with the data available. However, in Catlow
Valley and Harney Basin, available well-log information, the character of the
exposed sedimentary and silicic volcanic rocks, and the lack of known uranium
occurrences suggest that these two areas are not favorable for sandstone
uranium deposits.

Anomalous concentrations of uranium have been detected in: (1) rhyolite

plugs adjacent to the Lakeview uranium deposits, (2) an ash-flow tuff in south-
western Harney County, (3) rhyolites of the Pike Creek Formation near the
Steens Mountain uranium prospects, and (4) a number of widely distributed

silicic hypabyssal eruptive centers. It appears that rhyolitic plugs are the
source of uranium in the Lakeview district.

1



INTRODUCTION

PURPOSE

This study was conducted in order to assess the character and extent

of Tertiary volcanic rocks and volcanic-derived sedimentary rocks as

potential uranium host and (or) source rocks.

LOCATION

The study area occupies approximately 17,000 sq mi in southeastern
Oregon (Fig. 1).

METHODS OF INVESTIGATION

Approximately 50 man days were spent in the field. All of the area
in Figure 1, except for the extreme northwest corner of the Burns quadrangle,

was studied in reconnaissance fashion. Field work included radiometric
surveying, rock sampling, and routine geologic investigation of represent-
ative stratigraphic sections. Samples of 51 silicic tuffs, 3 stream

sediments, 7 waters from the Lakeview area, and 2 select ores from the

Steen-Pueblo Mountains prospects were collected for fluorometric uranium
and (or) gamma spectrometric analysis (Tables 1 and 2). The White King
mine and several uranium prospects were examined briefly in order to assess

the extent, source, nature, and controls of their uranium mineralization.

Logs from water and petroleum test wells in the Harney Basin (as summarized

by Leonard, 1970) and three petroleum test wells in the Lakeview area provided

limited subsurface lithologic and stratigraphic information (see App. A).

PREVIOUS WORK

Geological mapping of the area at 1:250,000 scale has been completed by
Greene and others (1972), Peterson and McIntyre (1970), Walker (1963), and

Walker and Repenning (1965) and at 1:500,000 scale by Walker (1973). Cohenour
(1960), Peterson (1958), Peterson and McIntyre (1970) summarized the geology

of the uranium occurrences near Lakeview. Matthews (1956) described several

uranium occurrences in the Steens-Pueblo Mountains area. Walker ans Swanson

(1968a, 1968b) summarized the geology and mineral resources of wildlife

refuges in Lake and Harney Counties. Ground-water resources of the Harney

Basin were discussed by Leonard (1970). Limited subsurface geothermal, oil

and gas, and water-well data are available.

GEOLOGIC SETTING

The study area lies in the northernmost part of the Basin and Range pro-

vince and is predominantly underlain by Tertiary basalt, andesite, and rhyolite
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TABLE 1. CHEMICAL AND GAMMA-RAY

SPECTROMETRIC ANALYSES OF ROCKS

Map unit Leachable Total U308*

Sample no. Rock type (P1. 1) U308 (ppm) (ppm) eK(%) eU(ppm) eTh (ppm)

101 felsite plug Tvs 0.2 8 4 6 7
131 felsite plug Qtvs 0.4 3 4 2 6
133 felsite plug Tvs 0.5 11 - -

135 rhyolite vitrophyre Tvs 0.4 6 2 2 6

136 welded tuff Tat 3.5 6 - -

138 rhyolite plug Tvs 4.1 7 4 4 8
140 rhyolite plug Tvs 1.6 11 4 7 15
141 felsite plug Tvs 2.7 7 4 5 18
142 banded vitrophyre Tvs 1.8 12 3 7 12
143 rhyolite plug Tvs 0.7 9 3 5 7
144 rhyolite plug Tvs 0.7 6 4 4 9
146 rhyolite plug Tvs 0.6 6 4 3 6
148 rhyolite vitrophyre Tvs 0.1 5 4 2 5
149 rhyolite plug Tvs 0.3 6 2 3 7
151 rhyolite plug Tvs - 2 3 2 5
152 rhyolite plug Tvs - 5 4 6 13
153 rhyolite plug Tvs 0.6 5 4 6 14
154 rhyloite tuff Tsf - 5 3 5 15
155 rhyolite tuff Tsf - 3 3 5 16
156 rhyolite tuff Tts 0.4 4 4 5 15
157 rhyolite tuff Tts 0.2 9 5 6 20
158 rhyolite breccia Tts 0.7 5 4 5 16
159 rhyolite Tvs 3.6 8 4 5 27
160 rhyolite Tvs 3.5 6 4 4 37
163 stream sed. Qal - 2 - -

166 stream sed. Qal- 6 - -

167 stream sed. Qal - 2 - -

*Fluorometric U308 analysis.

tGamma spectrometric analysis.



TABLE 1. (continued)

Map unit Leachable Total U3 08 *
Sample no. Rock type (P1. 1) U308(ppm) (ppm) ek(%) eU(ppm) eTh (ppm

168 rhyodacite plug Tvs - 4 3 3 9
169 welded tuff Tat - 4 4 4 8
171 tuff Tat - 3 4 2 12
172 rhyolite vitrophyre Tat - 5 4 3 10
173 lapilli tuff Tts 2 11 5 9 26
174 welded tuff Tts 5 9 4 7 24
175 welded tuff Tts 3 14 6 10 28
176 welded tuff Tts 1 11 - -
177 rhyodacite Trs - 8 4 6 14
179 tuff-breccia Ts - 2 4 6 22
180 rhyolite Trs - 8 3 1 7
181 rhyolite Tsf - 7 5 6 8
182 select-ore - - 9000 - -

183 rhyolite Tsf - 8 5 3 10
184 rhyolite Tsf - 11 4 11 9
185 rhyodacite Twt - 3 4 2 17
186 rhyolite plug Tvcs - 1 4 8 26
187 rhyolite Tvcs - 8 3 7 19
188 welded tuff Twt - 3 3 6 15
189 tuff Ts - 11 5 9 23
191 select-ore - - 2300 - -
192 rhyolite Tvs - 4 4 3 9
193 welded-tuff Tat - 6 4 4 7
194 welded-tuff Tat - 4 4 4 9
195 welded-tuff Tat - 3 4 2 8
196 welded-tuff Tat - 1 4 4 9
197 welded-tuff Tat - 5 4 3 12
198 rhyolite Tvs - 7 4 6 18
199 rhyolite Tvs - 9 4 6 16

*Fluorometric U3 08 analysis.
Gamma spectrometric analysis.
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TABLE 2. CHEMICAL ANALYSES OF WATER SAMPLES

Total U308 *
Sample no,. Type (ppb)

137 spring water <1
139 spring water 2
145 spring water t
147 spring water <1
161 spring water t
162 well water <1
165 spring water <1

*Fluorometric U308 analysis.
tBelow detectability limits.
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flows and pyroclastic rocks that intertongue with fine-grained tuffaceous
fluviatile and lacustrine sedimentary rocks (P1. 1). Pre-Tertiary meta-
sedimentary and metavolcanic rocks compose the crystalline basement that is
exposed in very limited areas in the extreme north and southeast part of the
map area. Extensive systems of high-angle faults, with predominant northwest
and secondary north-northeast to northeast trends, cut rocks as young as
Pliocene age. All surficially deposited rocks are gently dipping, except
locally where they are strongly deformed adjacent to shallow intrusives and
eruptive centers.

GEOLOGIC HISTORY

Pre-Tertiary rocks of the study area were formed during a period of
island-arc-type deposition in Permian and Triassic times, followed by the em-
placement of middle to late Mesozoic dioritic to granodioritic plutons. Sub-
sequent uplift and extensive erosion took place during the late Mesozoic to

early Tertiary time.

Throughout Oligocene to early Miocene time, while basaltic to andesitic
volcanism was occurring in the western part of the study area, silicic volcanism
took place farther east in the Steens Mountain area. The silicic volcanism was
followed by the eruption of large volumes of basalt and andesite flows and flow
breccias during middle(?) to late Miocene time. After mafic volcanism, silicic
pyroclastics and interfingering silicic tuffaceous sediments were deposited
throughout the area during late Miocene to early Pliocene time. Renewed
basaltic and minor andesitic volcanism took place in early Pliocene time.

Pliocene time was also characterized by the extrusion of widespread silicic

pyroclastics and the emplacement of related rhyolitic exogenous domes and
plugs. Silicic volcanic rocks intertongue with contemporaneous fluviatile and
lacustrine tuffaceous sediments. Renewed but sporadic basaltic volcanism con-
tinued into the Pleistocene. High-angle faulting occurred during late Pliocene
to Pleistocene time (Peterson and McIntyre, 1970).

FAVORABILITY CHARACTERISTICS

The study area contains the following geologic characteristics which are
considered favorable for potential uranium deposits:

1. Middle to late Tertiary silicic volcanic flows-and pyroclastic rocks
are interbedded with volcanoclastic fluviatile sedimentary rocks.

2. The area contains the White King and Lucky Lass uranium mines and

about 10 uranium prospects.

3. Post-Pliocene high-angle faulting and contemporaneous low-amplitude

folding produced gently dipping homoclines and monoclines.
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GEOLOGY OF POTENTIALLY FAVORABLE ROCK UNITS

Silicic volcanic and volcaniclastic sedimentary rocks were the focus
of this preliminary study. A large part of the area contains basaltic and

andesitic volcanic rocks and volcaniclastic sedimentary rocks, which normally

contain little uranium and appear to be unrelated to known uranium occurrences.

The following descriptions of the map units are summaries of published in-

formation, but they also contain comments based upon this reconnaissance study.
(Map units are identified by symbols found in Plate 1.)

OLIGOCENE-MIOCENE ROCKS

The base of the Tertiary section in the western part of the area consists

primarily of a thick succession of andesitic to basaltic flows, pyroclastics,

and local dacite interbedded with volcaniclastic sedimentary rocks (Tsf, P1. 1).
These rocks probably correlate with the lower Cedarville Formation in

northeastern California (Russell, 1928). Locally, carbonized plant remains
appear in thinly bedded volcaniclastic sedimentary rocks in the Paisley Hills,
north of Lakeview (Munzert, 1969). Data from the Humble Leavitt No. 1 well
south of Lakeview (App. A) indicate that 7,200 ft of andesitic flows(?),
agglomerate(?), and fine-grained pyritic shales overlie 300 ft of coals inter-

bedded with shale, which grade downward into 2,000 ft of pyritic volcanic
sands and mafic flows. Presumably, the 300-ft coal-bearing horizon is the base
of the lower Cedarville Formation as described from surface exposures in the

Warner Range (Russell, 1928).

The eastern counterparts of the lower Cedarville Formation are the Alvord

Creek Formation and the Pike Creek Formation (Fuller, 1931; Wilkerson, 1958;
Tsf, P1. 1), which are exposed along the east front of Steens Mountain. These

units consist of rhyolitic pyroclastics and rhyolite, dacite, and andesite

flows interbedded with tuffaceous sediments that are locally silicified and

devitrified. The combined maximum thickness approaches 3,000 ft (Wilkerson,
1958).

MIOCENE SEDIMENTARY ROCKS

Miocene sedimentary rocks consist of fluviatile volcaniclastic siltstones

and lacustrine siltstones which are interbedded with silicic ash-flow tuffs,

lapilli, ash, and flows (Tts, Pl. 1). These deposits interfinger with pyro-

clastics and flows derived from silicic eruptive centers (Trh, Tvcs; P1. 1).
The sediments are moderately well sorted, fine grained, weakly consolidated,

and massive to thin bedded. Locally, more permeable thin channel sands are
present. No carbonaceous material was observed. These sedimentary rocks

correlate with the upper Cedarville Formation (Russell, 1928; Walker, 1963).
Combined sections of the lower and upper Cedarville Formations in the Lakeview
area, as determined by drilling, probably approach thicknesses of 13,000 ft
(Peterson and McIntyre, 1970).

8



MIOCENE-PLIOCENE SEDIMENTARY ROCKS

Lacustrine and fluviatile Miocene-Pliocene tuffaceous sedimentary rocks
crop out in the northeastern part of the area (Tls, P1. 1). Kittleman and
others (1965) referred to these rocks as the Juntura and Drewsey Formations,
which have a combined thickness of about 2,000 ft. They consist of semi-
consolidated, medium- to thin-bedded tuffaceous siltstones; volcaniclastic
and minor feldspathic sandstones; shales; silicic tuffs; interstratified
diatomite; and minor volcanic conglomerate. Carbonized plant remains, which
locally are present in tuffaceous paper shales, have been replaced by limonite.
Locally, tuffaceous rocks are silicified.

PLIOCENE SEDIMENTARY ROCKS

Pliocene sedimentary rocks are widely scattered throughout the area and
locally approach an estimated maximum thickness of 1,000 ft (Ts, P1. 1).
They predominantly consist of weakly consolidated fluviatile tuffaceous silts,
silty sands, silicic ash, welded tuff, and local conglomerate. Volcanic glass
is a prominent constituent of most sediments. Leonard (1970) described a
confined aquifer system present in loosely consolidated Pliocene sandstone
and conglomerate near Burns in the Harney Basin area. The aquifer drains the
gently southward-dipping silicic volcanic terrane to the north of the basin.

Volcaniclastic fanglomerate appears at the base of an otherwise fine-

grained Pliocene section along the east front of the Pueblo Mountains. This
fanglomerate appears to be relatively impermeable because of poor sorting.

MIOCENE AND PLIOCENE SILICIC VOLCANIC ROCKS

A variety of silicic pyroclastic rocks, flow-banded rhyolites, exogenous
domes, hypabyssal plugs, and extrusive centers are exposed throughout the map
area (Tr, Tsf, Tvcs, Trh, Tvs, Twt, Tat, QTvs; P1. 1). They range in age from
a 33 m.y. stock in the Paisley Hills north of Lakeview (Peterson and McIntyre,
1970) to the 6 m.y. Double "0" welded tuff of the Harney Basin area (Greene and
others, 1972). These deposits intertongue with basalts and tuffaceous flu-

viatile sedimentary rocks. Ash-flow sheets cover wide expanses of the area,
particularly in the Harney Basin area where Walker (1974) described possible
collapse calderas.

The thickness of silicic volcanic rocks ranges widely. At Duck Butte,
southeast of Burns, rhyodacite and rhyolite volcanics reach an estimated
thickness of 2,000 ft. Single welded-tuff sheets range in thickness from 20
to 30 ft but are 75 to 100 ft thick in the Trout Creek Mountains, southeast of
the Alvord Desert.

Pyroclastics and flows are variable in their degree of compaction and
lithification. Most welded tuffs overlie basal ash, are densely welded near
their base, and grade upward into a devitrified lithophysal zone. The absence
of scree from slopes underlain by welded tuffs suggests that rapid mechanical
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disintegration of these rocks takes place. Although the degree of welding,
particle size, and thickness of ash-flow sheets varies laterally and vertically,
radioactivity is nearly uniform throughout a single cooling unit.

GEOLOGY OF KNOWN URANIUM OCCURRENCES

Uranium is found in two regions in the study area: (1) the Lakeview
district, which contains the White King and Lucky Lass mines and several smaller
prospects, and (2) prospects in the Steens-Pueblo Mountains (Fig. 1).

LAKEVIEW DISTRICT

Six uranium prospects and the geology and production history of the White
King mine are described in detail by Cohenour (1960), Peterson (1958), and
Peterson and McIntyre (1970). The deposits are adjacent to Pliocene rhyolitic
plugs that invaded tuffaceous sedimentary rocks of the upper Cedarville
Formation and are near the junction of major northwestward- and minor

northeastward-trending faults (Fig. 2).

The White King deposit is a vein ore body that contains pods of coffinite
and uraninite associated with arsenic, lead, and iron sulfides (Cohenour, 1960).
Ore is distributed along shear zones in tuffaceous sedimentary rocks at the
contact of a rhyolite plug. Cohenour considered the deposit to be epithermal
and suggested that ore deposition was controlled by fault zones that formed
during the emplacement of the rhyolite plug. Presumably, sulfides that
existed prior to uranium deposition reflect the local reducing conditions
favorable for uranium precipitation.

The Lucky Lass mine, 3,000 ft west of the White King mine, contains
secondary uranium minerals in brecciated tuff and fault gouge. The absence
of sulfides and primary uranium minerals and the structural setting of this
deposit suggest a supergene origin (Cohenour, 1960).

STEENS AND PUEBLO MOUNTAINS PROSPECTS

Four uranium prospects in Steens Mountain and one in the Pueblo Mountains
were briefly examined (Fig. 1). The Steens Mountain prospects contain narrow
areas of oxidized uranium in and adjacent to brecciated rhyolite and rhyolite
dikes in the Pike Creek Formation (Matthews, 1956; Peterson, 1958;
Wilkerson, 1958; Williams and Compton, 1953). Intense local radiation was
detected in a 4- to 6-in. breccia zone at the Pike Creek uranium prospect.
One sample of select ore from the breccia zone assayed 0.9 percent U308
(sample 182, Table 1). In general, uranium surface shows at the Steens pros-
pects are weak, small, and sporadic.

The Pueblo Mountains prospect consists of surface trenching in Permian-
Triassic metavolcanics. The trenching has exposed a narrow irregular

10
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northeast-trending quartz vein that contains malachite and sporadic uranium
minerals of unknown type, but only a trace amount of uranium is exposed.

RECONNAISSANCE RESULTS

TERTIARY SEDIMENTARY ROCKS

As a result of field examination and scintillometer surveys of repre-

sentative stratigraphic sections in the study area, no anomalous concentrations
of uranium were detected in Tertiary sedimentary rocks beyond the immediate

vicinity of the known uranium occurrences. The authors have found no evidence
for uranium movement and (or) enrichment in these rocks. With the exception
of the localities discussed below, the bulk of the sedimentary rocks are

relatively impermeable and commonly fine grained; reductants are scarce.

Where present, permeable horizons have limited thickness and lateral extent.

These characteristics are discussed in more detail by region in the following
section.

Harney Basin

Sedimentary rocks in the Harney Basin area are poorly exposed in the
foothills and are covered by Holocene alluvium within the basin. The poor

quality and overall inadequacy of subsurface data from the Harney Basin does

not permit a complete evaluation of the sedimentary rocks that lie at depths

exceeding 1,000 ft. Shallow aquifers in upper Pliocene sediments of Harney
Basin (Leonard, 1970) are highly permeable and possess favorable structural

forms for potential basinward accumulation of epigenetic uranium. The present

ground waters are oxidizing, carbonate-rich, and alkaline. However, from the
data available, the sedimentary rocks of the area do not appear favorable for

uranium deposits. No uranium occurrences are known in this region. Silicic

volcanic rocks in the surrounding highlands have normal to marginally anomalous
uranium abundances, and on this basis they cannot be regarded as adequate

source rocks for sandstone uranium deposits. A review of well logs (App. A)
indicates that older Pliocene sediments are relatively impermeable and too
fine-grained to be considered suitable uranium host rocks. In general, car-

bonaceous material and (or) pyrite is lacking in all of the sedimentary rocks
exposed.

Lakeview District

Data from three petroleum test wells in the Lakeview area (Fig. 2) in-
dicate that reductants and sandy horizons are more abundant in the lower part
of the Cedarville Formation than in the upper part. Compared to the lower

Cedarville Formation, the upper Cedarville is less favorable as a potential
uranium host rock. Beyond the immediate vicinity of known uranium prospects

and mines, no anomalous uranium contents have been detected in either unit.

In the lower Cedarville Formation penetrated by a well south of Lakeview

(Humble Oil and Ref. Co., Leavitt No. 1, App. A), pyritic mafic volcanic
rocks (?) overlie 300 ft of coaly shales interbedded with sandstones at a depth

12



of 7,000 ft. Below 7,000 ft, the amount of volcaniclastic(?) sandstone increases
progressively from 0 to approximately 50 percent at a depth of 9,000 ft.
However, total gamma-ray counts from this well do not exceed twice the back-
ground. Munzert (1969) described exposures of organic-bearing sandstones in
the Paisley Hills north of Lakeview (Fig. 2), but no coal zone is reported.
Exposures in the Paisley Hills were not examined during this study. Duncan
(1953) reported that carbonaceous shales of the lower Cedarville Formation
exposed in northeastern California were nonradioactive.

In the upper Cedarville Formation, sedimentary rocks with rare carbonaceous
zones contain minor sulfides which are disseminated through fine-grained
tuffaceous clastic rocks. The Humble-Thomas Creek No. 1 well intersected a
100-ft-thick conglomerate at a depth of 2,800 ft (App. A).

Steens-Pueblo Mountains Area

The thickness and character of sedimentary rocks underlying the Pueblo

Valley and Alvord Desert are unknown. The graben extends along the east front
of the Steens.-Pueblo Mountains for approximately 50 mi. Vertical displacement
has probably exceeded 4,000 ft. Several uranium prospects are located in the
range front immediately west of the graben.

Tertiary sedimentary rocks exposed along the west and east margins of the
graben are generally fine grained and tuffaceous, as described above, and are

unfavorable for sandstone deposits. Furthermore, the minor extent of uranium

exposed in known prospects would be insufficient as a source of secondary
uranium. Gently dipping late Tertiary fanglomerates (Ts) crop out along
Arizona Creek at the eastern base of the Pueblo Mountains adjacent to the
Pueblo Mountains uranium prospect. These rocks are poorly sorted, appear to

have poor to moderate permeability, lack organic materials, and exhibit no

evidence of anomalous uranium content.

Catlow Valley

Tertiary sedimentary rocks presumably underlie a cover of Holocene alluvium
in the Catlow Valley. These rocks are well exposed along the eastern flanks
of Beaty's Butte where they dip gently eastward toward the valley. They are

composed mainly of fine-grained zeolitized volcanic-derived detritus (Walker
and Swanson, 1968a, 1968b). These rocks are cut by high-angle faults with
variable amounts of vertical displacement; however, the rocks can be reliably
projected eastward beneath the alluvial cover of the Catlow Valley.

No uranium occurrences are known in the area, and the sedimentary and
silicic volcanic rocks exposed in the surrounding highlands are essentially
nonradioactive. Consequently, the sedimentary rocks east of Beaty's Butte,
and presumably those beneath the Catlow Valley, are considered unfavorable

for uranium deposits, even though most of the evidence is circumstantial.
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TERTIARY SILICIC VOLCANIC ROCKS AND PLUGS

Radioelement Content

Chemical total U3 08 and equivalent gamma-ray spectrometric analyses of
potassium, uranium, and thorium from representative Tertiary silicic hypabyssal

and volcanic rocks appear in Table 1. Locations for these analyzed rocks

appear on Plate 1, Figure 2, and Appendix B. For the purposes of this study,

anomalous uranium concentrations in silicic igneous rocks were identified as

those values which exceed by approximately 2 to 4 times the mean U308 abundance

in rocks with similar bulk composition. Background concentrations of U3 08 was

determined to be approximately 4 to 5 ppm for silicic igneous rocks of the

study area (Table 1) and abundances over 8 ppm U308 are considered anomalous.

By comparison, Rogers and Adams (1969) designated 6 3 ppm to be the average

U308 content of silicic igneous rocks. Anomalous U308 contents were found in

the following igneous rocks:

1. Pliocene rhyolitic plugs of the Lakeview district along Thomas Creek
and in the vicinity of the known uranium occurrences;

2. Pliocene ash-flow tuff and lapilli tuff of southwestern Harney County;

3. rhyolites in the Pike Creek Formation in the Steens Mountain prospect

area; and

4. widely distributed ash-flow tuffs and rhyolite-rhyodacite eruptive
centers, such as Pine Mountain in the extreme northwest, Duck Butte in the

extreme east, and Red Mountain and the Trout Creek Mountains in the southeast.

Lakeview District

Shallow rhyolitic intrusives in the immediate vicinity of the Lakeview

prospects and the White King and Lucky Lass mines range from 7 to 12 ppm
U3 08 compared with 2 to 6 ppm U3 08 in rhyolitic plugs, flows, and tuffs of

the surrounding region (Fig. 2). The highest values (11 to 12 ppm U308) were
found in a stock in the north-central part of T. 37 S., R. 18 E., along Thomas

Creek. The distribution of uranium in the silicic rocks of the area may

reflect: (1) differences in the primary abundance of uranium in volcanic

versus plutonic rocks of the district; (2) differences in age, although plugs
have 7.6 and 8.1 m.y. K/Ar ages; (3) differences in magma sources; or (4) dif-

ferences in uranium depletion (that is, primary vapor-phase or deuteric

redistribution, or secondary surficial leaching). Nonetheless, this spatial
association of uraniferous plugs and uranium occurrences, the apparent lack
of suitable uranium source rocks in the Cedarville Formation, and the association
of sulfides with uranium ore in the White King deposit indicate that the

rhyolitic intrusives are the potential source for the uranium deposits of the

Lakeview district.

Ratios of leachable U3 08 to total U3 08 and equivalent uranium to thorium
support the conclusion that the uranium deposits of the Lakeview district were
deposited by hydrothermal fluids derived from the same magma that formed the

adjacent rhyolite plugs rather than by weathering and supergene enrichment.
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In only one sample does the leachable uranium closely approach the total uranium
content (sample 138, Table 1). The low solubility of uranium during the weath-
ering of glassy felsite was emphasized by Rosholt and others (1971). Equivalent
uranium to thorium ratios appear to be typical of silicic igneous rocks, which
supports the conclusion that U3 08 abundances in the silicic rocks are primary and
that little depletion of uranium has taken place. Cohenour (1960) described an
assemblage of sulfides that are associated with the uranium ore at the White
King mine. It is unknown whether the sulfides acted as a reductant for super-
gene uranium or whether both sulfides and the uranium are part of the same
hydrothermal depositional sequence.

Steens-Pueblo Mountains Area

Rhyolites in the Pike Creek Formation contain marginally anomalous con-
centrations of uranium (samples 183, 184, Table 1). Additional anomalous
concentrations are present in rhyolitic flows and plugs southeast of this

district (samples 186, 187, 189). All samples from the Pike Creek Formation
were gathered downslope from known prospects. However, because equivalent
uranium to thorium ratios appear normal, they are probably primary ratios.

Deposition of uranium found in this district and farther south in
northern Nevada appears to be related to high-angle fracture zones that

parallel Basin-and-Range fault systems. This control is suggested by the
localization of a number of uranium prospects in tuffaceous sediments and
silicic volcanic rocks along the strike of high-angle faults. In the Steens-
Pueblo Mountains district, the origin of the uranium in the prospects is

unknown, but significant uranium mobilization has taken place.

Southwestern Harney County

Southwest of Shallow Lake and northwest of Acty Mountain in southwestern
Harney County, an ash-flow tuff contains the most anomalous uranium concen-

trations found in any silicic volcanic rocks of the study area. This tuff is
poorly welded and contains as much as 14 ppm U308 (sample 175, Table 1).
Further testing of the extent of leachable uranium from this tuff is required
before this rock can be considered a potential source rock.

Stratigraphic relations in the area are not known in detail. Walker
and Repenning (1965) considered the ash-flow to be late Miocene (Ttf, their
map). It lies between upper Tertiary basalts and underlies, but is topo-
graphically higher than, Pliocene tuffaceous sedimentary rocks. Over several
townships, the tuff mantles gently tilted fault blocks and possibly extends
southward into the Virgin Valley area of Humboldt County, northern Nevada.

CONCLUSIONS ON URANIUM FAVORABILITY

On the basis of the results of this study, the Lakeview districts
judged to be favorable for potential uranium accumulations. At least
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300,000 pounds of U308 have been produced at the White King and Lucky Lass mines,
(Cohenour, 1960; Peterson and McIntyre, 1970) and favorable structures, such-
as those at the White King mine, lie adjacent to anomalously uraniferous silicic
plugs along the Thomas Creek drainage. The spatial relationship between uranif-
erous plugs and known prospects and mines, the apparent lack of anomalous uranium

contents in the Cedarville Formation, and the association of uranium minerals

and sulfides at the White King deposit indicate that uranium was probably

deposited by late-stage hydrothermal solutions derived from the rhyolitic

magmas.

The most favorable areas for potential uranium would include the region

adjacent to Thomas Creek and the upper Chewaukan River in the vicinity of the

silicic plugs. The northwest-trending zone of silicic intrusives and potential

uranium mineralization probably extends northwestward beneath the Quaternary

basalt cover. Silicic plugs immediately west of Goose Lake (Fig. 2; T. 41 S.,
R. 18 E.) were not sampled.

Prospects in the Steens-Pueblo Mountains district are not considered

favorable for potential economic vein-type uranium accumulations. Exposed

uranium occurrences are small and very sporadic. The extent of known mineral-

ization is insufficient to warrant further study of these deposits. Because

of their small size, these deposits have probably not been a potential source

for uranium in late Tertiary sandstone along the western edge of the Alvord

Desert. However, these deposits may be the surface manifestation of redistrib-

uted deeper uranium mineralization.

Uraniferous ash-flow tuff found in southwestern Harney County cannot be

evaluated from available data. Further study of uranium favorability is

warranted in this area. The present and former distribution of the tuffs and
the location of potential uranium traps need to be determined.

Exposed middle and upper Tertiary sedimentary rocks of the study area

appear unfavorable. They tend to be fine grained, impermeable, and generally

lack suitable reductants. Exposed permeable horizons are thin and (or) lack

lateral extent. These factors, in addition to the absence of suitable uranium

source rocks over much of the study area, preclude the formation of supergene

uranium deposits. Only the older lower Cedarville Formation recognized in

test wells in the Lakeview area and exposed in Paisley Hills has abundant

reductants and possible permeability. This formation is considered a possible

uranium host rock. However, beyond the known uranium prospects and deposits,

no evidence exists for anomalous uranium content or movement within the

Tertiary sedimentary rocks.
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APPENDIX A. LIST OF SELECTED PETROLEUM TEST WELLS

Company

United Co. of Oregon

United Co. of Oregon

Oroco Oil & Gas Co.,
Portland Land Co.

Gulf Oil Co.

Humble Oil & Ref. Co.

Humble Oil & Ref. Co.

Well

Fay N. 1

Weed and
Poteet No. 1

Wildcat No. 1

Favell-Utley
No. 1

Thomas Creek
No. 1

Leavitt No. 1

Location

sec. 9, T. 24 S., R. 33 E.;
Harney County

sec. 9, T. 23 S., R. 31 E.;
Harney County

sec. 18, T. 24 S., R. 33E.;
Harney County

sec. 17, T. 39 S., R. 20 E.;
Lake County

sec. 18, T. 36 S., R. 18 E.;
Lake County

sec. 2, T. 40 S., R. 20 E.;
Lake County

20

Depth
(ft)

3,826

6,480

2,247

5,440

12,093

9,579

...



APPENDIX B

LOCATIONS OF ANALYZED SAMPLES
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APPENDIX B. LOCATIONS OF ANALYZED SAMPLES

Sample No. Name Location County

101
131
133
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
151
152
153
154
155
156
157
158
159
160
161
162
163
165
166
167
168
169
171
172
173
174
175
176
177
179
180
181

Thomas Creek SWSE sec
Grays Butte SW NW sec
Pine Mountain SE SE SW
Glass Butte NE NW SE
Wagontire SW SE NE
N. Hunters Spring SE NW NE
Hunters Spring Bluff NE SW NE
Shoestring Spring NE NE SE
Shoestring Butte SW SE SE
Drumhill NE NW NW
Thomas Creek NE SE NE
Thomas Creek NE SE NW
Owen Butte NW NW SW
Bill Spring SE SW SE
Quartz Mountain SW SE sec
Quartz Mountain SW SE sec
Quartz Mountain SW SE se
Quartz Butte SE SE SW
Ferguson Mountain -
Howard Creek NESE se
Howard Creek SE sec.]
Lakeview NWSE sec
Lakeview NW SE se
Chandler SE NW SW
Chewaucan River SE SW sec
do
Bald Butte SE SW se
North Creek NW NW NE
Hunters Hot Spring SW NE NW
White Rock Ranch SW SW SE
Crooked Creek NE SE SW
Bauers Spring SW NW sec
do
Warner Creek NE NE SE
Coyote Hill SE NW se

Kit Canyon SE NW sec
Jackass Creek SW SW se
Coz Butte SESW se
Ryegrass SE SW se
Chimney Rock NE NE se
Chimney Rock NE SE se
Acty Mountain SWSE sec
Hawk Valley NE SE se

Winnemucca Spring NE sec.
Fields NW SE se
Pike Creek NE SW NE

C.

C.

C.

C.

C.

C.

C.

C.

c.o

14, T. 35 S., R. 23 E.

2, T. 32 S., R. 26 E.
28, T. 30 S., R. 30 E.
26, T. 34 S., R. 29 E.
10, T. 38 S., R. 29 E.
9, T. 39 S., R. 29 E.
15, T. 39 S., R. 29 E.
36, T. 39 S., R. 29 E.
12, T. 40 S., R. 31 E.

S., R. 32
37 S., R.

T. 34 S.,

E.
33
R.

33, T. 40
c. 30, T.

sec. 20,
E.

34 E.

22

c. 27, T. 37 S., R. 18 E.
c. 10, T. 30 S., R. 23 E.
sec. 33, T. 20 S., R. 15 E.
sec. 15, T. 23 S., R. 22 E.
sec. 35, T. 27 S., R. 23 E.
sec. 7, T. 38 S., R. 19 E.
sec. 7, T. 38 S., R. 19 E.
sec. 33, T. 36 S., R. 18 E.
sec. 33, T. 36 S., R. 18 E.
sec. 7, T. 36 S., R. 18 E.
sec. 9, T. 37 S., R. 18 E.
sec. 35, T. 37 S., R. 18 E.
sec. 18, T. 37 S., R. 16 E.
sec. 7, T. 37 S., R. 16 E.

c. 27, T. 37 S., R. 16 E.
c. 27, T. 37 S., R. 16 E.
c. 27, T. 37 S., R. 16 E.
sec. 26, T. 37 S., R. 16 E.
sec. 5, T. 36 S., R. 13 E.

c. 4, T. 38 S., R. 17 E.
15, T. 38 S., R. 17 E.
c. 22, T. 39 S., R. 20 E.
c. 22, T. 39 S., R. 20 E.

sec. 31, T. 36 S., R. 21 E.
c. 35, T. 35 S., R. 18 E.

c. 19, T. 34 S., R. 17 E.
sec. 19, T. 34 S., R. 17 E.
sec. 4, T. 39 S., R. 20 E.
sec. 26, T. 37 S., R. 20 E.
sec. 1, T. 37 S., R. 20 E.

c. 4, T. 38 S., R. 20 E.

sec. 21, T. 38 S., R. 20 E.

Lake
Lake

Deschutes

Lake
Lake
Lake

Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake

Lake
Lake
Lake
Lake
Lake
Lake

Lake
Lake

Lake
Lake
Lake
Lake

Lake
Lake

Harney
Harney
Harney

Harney

Harney

Harney
Harney

Harney
Harney

Harney

Harney



APPENDIX B. (continued)

Sample No. Name Location County

182 Pike Creek prospect NE NW sec. 20, T. 34 S., R. 34 E. Harney
183 Pike Creek NE NW sec. 20, T. 34 S., R. 34 E. Harney
184 Timberbeast prospectNE/SW/ sec. 8, T. 34 S., R. 34 '. Harney
185 Trout Creek NE/ sec. 26, T. 39 S., R. 36 E. Harney
186 Flagstaff Butte NW SW/ sec. 9, T. 39 S., R. 37 E. Harney
187 Red Mountain NW/SE/ sec. 33, T. 37 S., R. 36 E. Harney
188 Sweeney Ranch SW NW sec. 29, T. 38 S., R. 39 E. Malheur
189 Cottonwood Canyon NW/NE/ sec. 34, T. 40 S., R. 36 E. Harney
191 Pueblo prospect NW SE/ sec. 8, T. 40 S., R. 35 E. Harney
192 Buchanan SW NW/ sec. 23, T. 22 S., R. 33 E. Harney
193 Burns SE SE sec. 4, T. 24 S., R. 30 E. Harney
194 Burns SE SE sec. 6, T. 24 S., R. 30 E. Harney
195 Harney Lake NW/SE/ sec. 9, T. 27 S., R. 29 E. Harney
196 Harney Lake SW SE sec. 29, T. 27 S., R. 29 E. Harney
197 Crane NW NW sec. 22, T. 24 S., R. 34 E. Harney
198 New Princeton NW NE sec. 10, T. 27 S., R. 34 E. Harney
199 Dick Creek NE SE sec. 13, T. 27 S., R. 37 E. Malheur

23/24












