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ABSTRACT

The Hamilton Quadrangle was evaluated to identify geologic environments
favorable for the occurrence of uranium deposits. Surface reconnaissance,
low-level aerial radiometric traverses, and geochemical sampling were
conducted in all geologic environments within the quadrangle. Data from an
aerial radiometric survey by GeoLife International, Inc., and hydrogeochemical
and stream-sediment reconnaissance data were evaluated, and followup work was
conducted in selected environments. Determinations of favorability and
deposit classification were based on similarities to known uranium
occurrences.

Tertiary strata in the Bitterroot Basin have been classified as favorable
for sandstone-type uranium deposits. All other geologic environments were
determined to be unfavorable, although several areas may warrant further
examination.
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INTRODUCTION

PURPOSE AND SCOPE

The Hamilton Quadrangle, Montana and Idaho (Fig. 1), was evaluated to
identify and delineate geologic environments that exhibit characteristics
favorable for the occurrence of uranium deposits. Each environment was
categorized as favorable or unfavorable according to criteria established for
this study (Mickle and Mathews, eds., 1978).

This evaluation was conducted by Salisbury & Dietz, Inc. (S&D Inc.),
under subcontract to Bendix Field Engineering Corporation (BFEC) for the
National Uranium Resource Evaluation (NURE) program, managed by the Grand
Junction Area Office of the U.S. Department of Energy (DOE).

Evaluation of the Hamilton Quadrangle began February 1, 1978, and was
accomplished in three phases. Phase I, involving literature research and
preparation of a work plan, took 3.7 man-months to complete. Field work,
phase II, required 25.6 man-months and took place during the field seasons of
1978 and 1979. Data evaluation and report preparation, phase III, required
4.8 man-months and were completed January 31, 1980.

LOCATION AND PHYSIOGRAPHY

The Hamilton Quadrangle, between lat 46*00'00"N. and 47*00'00"N. and long
114 00'00"W. and 116 00'00"W., is in the Rocky Mountain physiographic
province. It includes portions of Clearwater and Idaho Counties in Idaho and
Mineral, Missoula, Ravalli, and Shoshone Counties in Montana.

Dominant topographic features include the Clearwater Mountains and the
drainage system of the Clearwater River in the west, and the Bitterroot
Mountains and Bitterroot River Valley in the east. The mountains have been
glaciated and in some areas are extremely rugged; much of the land is densely
forested.

The quadrangle is sparsely populated, with the exception of the
Bitterroot and Missoula Valleys, where the only major towns, Missoula and
Hamilton, are located. Road access outside these valleys is limited. Most of
the study area is national forest land, and a large portion (approximately 53%
of the quadrangle) is classified as wilderness or roadless (P1. 12). Private
and state-owned lands lie primarily in the river valleys along the eastern
side of the quadrangle and along the foothills and western slope of the
Clearwater Mountains in the west. Part of the Nez Perce Indian Reservation
occupies the southwestern corner of the quadrangle.

PROCEDURES

Geologic reconnaissance was conducted in all environments, with emphasis
on areas of potential favorability. Reconnaissance consisted of rock, water,
and stream-sediment sampling; general mapping; and ground and air radiometric
surveys.
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During the program, 356 rock samples, 53 well-water samples, and 14
stream-sediment samples were collected for geochemical analyses. In addition,
141 analyses of rock samples from Swanberg (1971) and eight analyses from the
Missoula/Bitterroot Drilling Program by BFEC are included in this report
(P1. 5).

All samples collected for this study were fluorometrically analyzed for
U308 . Rock and stream-sediment samples were analyzed for 29 elements by
semiquantitative spectrographic methods. All analyses were performed by TSL
Laboratories Limited, Opportunity, Washington. Temperature, pH, conductivity,
dissolved oxygen, and alkalinity of water samples were measured at the sample
site. All analytical results are listed in Appendix B.

Total-gamma radiation was measured on the ground with a Mount Sopris
(SC-132) scintillometer and (or) a geoMetrics (GR-410) gamma-ray spectrometer.

In areas of restricted access, and particularly where detailed geologic
mapping is lacking, helicopter-supported sampling and low-level air
radiometric surveys were conducted. For the airborne survey, a Bell 47-G3-B2
helicopter transported a eoMetrics (GR-410) spectrometer and externally
mounted 1835-cm3 (112-in.1) crystal. Altitude above surface was measured
with a Bonzer Mark-lOX radar altimeter. Both altitude and total-count
radiation were recorded on a Soltec two-channel chart recorder. Traverses
were flown primarily along contours and ridgetops with line spacing from 1 to
2 km (0.5 to 1 mi). Aircraft speed ranged from 25 to 50 km/h (15 to 30 mph)
with ground clearance of 5 to 30 m (20 to 100 ft), depending on terrain
conditions. Approximately 7077 line km (4,423 line mi) were surveyed (P1. 9).
Anomalies detected by the airborne survey were ground checked and sampled.

As a related part of the NURE program, a uranium hydrogeochemical and
stream-sediment reconnaissance (HSSR) survey was conducted by Los Alamos
Scientific Laboratory on the Montana portion of the Hamilton Quadrangle
(Aamodt, 1978). Geochemically anomalous areas identified by the HSSR survey
are outlined on Plate 4.

As part of the quadrangle evaluation, ground water was sampled from
domestic wells in the Bitterroot and Missoula Valleys, and additional stream-
sediment samples were taken where sediment anomalies had been located by the

HSSR program (P1. 7 and 4). Well-water sample sites were selected by
examining drillers' logs kept by the Montana Bureau of Mines and Geology, and
identifying wells which appeared to penetrate Tertiary material.

GEOLOGIC SETTING

Information from geologic mapping within the quadrangle varies
significantly. Some portions have been mapped in detail, whereas others have
received only cursory examination. Interpretations and descriptions of
individual rock units differ from area to area and among individual
investigators. Plate 10 is a compilation of available geologic mapping.
Figure 2 shows a simplified age relationship of the major rock units.

Precambrian rocks of the Belt Supergroup underlie much of the quadrangle.
Within the study area, these rocks have been subdivided into the Pritchard
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SYS- FORMATION DESCRIPTION
TEM SERIES GROUP UNIT

Sz Recent> W Alluvium Gravel, sand, silt and clay.
a Alluvium

z

Z Glacial

Deposits Sand, gravel, clay and silt.

oZ. Conglomerate, sandstone, siltstone, and
Sediments * claystone, locally tuffaceous, depos-

ited in fluvial, paludal, and lacustrine
IW Basalts environments in the Bitterroot and
z Missoula Basins.

_ g .Thick columnar basalt flows on the
Tertiary west side of the quadrangle.

Volcanics Intermediate to silicic flows and breccias.
I- W W - _ __ __ __ __ __

C-o)0 Tertiary Medium grained porphyritic to equi-
W ~ 0Intrusives granular pink granite and quartz mon-

zonite ; rhyolite and quartz latite dikes.

0
W

.
Idaho Quartz diorite, equigranular to porphy-

Batholith ritic quartz monzonite, and granite.
0

0

Border Primary gneiss, paragneiss and ortho-
Zone gneiss, related to intrusion of Idaho

batholith.

2 < Cambrian
Quartzite, limestone and shale.

Undivided

Missoula
Undivided Argillite, impure quartzite, and limestone.

zg

Wallace Schist, quartzite, and gneiss.

0 - St. Regis Garnet mica schist.
W

a. Revett Quartzite

Burke Schist and quartzite

Pritchard Schist, quartzite, and lime-silicate rocks.

* Favorable for uranium deposition

FIGURE 2. Idealized correlation chart of major rock units
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Formation, primarily schist, quartzite, and lime-silicate rocks; the Ravalli
Group, schist and quartzite; the Wallace Formation, schist, gneiss, and
biotite quartzite; and the Missoula Group, argillite, quartzite, and
limestone. The Precambrian rocks have undergone low-grade regional
metamorphism, as well as local deformation and metamorphism to higher grades
by several events usually accompanied by the intrusion of igneous rocks
ranging from Precambrian to Tertiary.

The dominant igneous feature within the quadrangle, the Idaho batholith,
is a complex intrusive composed predominantly of quartz monzonite. The
batholith was intruded in several separate stages during the Late Jurassic to
Late Cretaceous.

A variety of gneissic rocks, including primary gneiss and paragneiss,
flanks the batholith. These rocks are grouped on the geologic map (P1. 10) as
"Metamorphic rocks associated with the Idaho batholith." They constitute a
separate environment for purposes of this report and are referred to as the
"border zone of the Idaho batholith."

Tertiary granitic bodies intrude the Idaho batholith in the south and the
Belt rocks in the north-central and west-central part of the quadrangle.
Thick flows of Tertiary Columbia River basalt occur on the western edge of the
quadrangle.

The Missoula and Bitterroot intermontane basins have been filled with
thick sequences of Tertiary sediments which have been covered by Quaternary
alluvium and local glacial deposits.

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

SUMMARY

Favorable environments, as defined by BFEC, are those that by surface and
subsurface investigations are found to have conditions favorable for the
occurrence of uranium deposits that could contain at least 100 tons U308
with an average grade not less than 100 ppm U308. A favorable environment
is identified by its geologic similarity to environments of known uranium
deposits based on recognition criteria from Mickle and Mathews (eds., 1978).

In the Hamilton Quadrangle, the Bitterroot Tertiary basin is the only
environment favorable for uranium deposits (P1. 1). The Tertiary strata in
the valley are considered favorable for Wyoming roll-type deposits (Subclass
241, Austin and D'Andrea, 1978).

The surface extent of the favorable area is approximately 930 km2 (360
mi2). Depth to pre-Tertiary bed rock is estimated to be from 0 to
approximately 1400 m (4,200 ft) near the valley center (Lankston, 1975). The
valley may contain 500 km3 (120 mi3) of Tertiary and Quaternary material.
Tertiary sedimentary strata occur at or near surface over approximately 25% of
the area; largely unknown thicknesses of Quaternary alluvium cover the
remaining area.

7



FAVORABLE EVIDENCE FOR THE BITTERROOT TERTIARY BASIN

The Bitterroot Tertiary basin is favorable for uranium deposits because
Tertiary sedimentary rocks meet recognition criteria for Wyoming roll-type
deposits. Favorable characteristics of this environment are:

* Continental depositional environments, primarily fluvial, paludal,
and possibly lacustrine.

* Favorable lithologies, including thick sequences of conglomerate and
sandstone deposited as alluvial fans, interbedded with finer grained,
less permeable flood-plain deposits. Composition is quartzose,
feldspathic to arkosic, and tuffaceous.

* Presence of reductants, including debris from land plants in the form
of coal and carbonaceous material, and trace amounts of pyrite.

* Potential sources of uranium, including tuffaceous sedimentary
material within the Tertiary sequence and granitic basement rock
surrounding the valley.

* Geochemical indication of anomalous quantities of uranium in water
wells on the east side of the basin.

* Irons staining in the exposed Tertiary sedimentary rocks may indicate
postdepositional alteration.

GEOLOGY OF THE BITTERROOT VALLEY

The Bitterroot Valley is a structural trough on the east side of the
Idaho batholith that contains sedimentary rocks ranging in age from early
Tertiary through Quaternary. The oldest rocks recognized in the basin are
conglomeratic beds of probable Eocene age. Overlying this conglomerate are
Tertiary (upper Oligocene-Miocene) sedimentary rocks consisting of
conglomerate, with clasts derived from the adjacent uplands, and sandstone and
mudstone composed of feldspathic to arkosic grains. Carbonaceous material and
pyrite occur in trace to minor amounts. McMurtrey and others (1972) described
the Tertiary sediments as grading basinward from coarse colluvial deposits
near the base of the mountains into fine-grained sand and gravel deposited as
alluvial fans. Farther from the mountain front, these alluvial-fan deposits
grade into flood-plain deposits of silt and clay with intercalated beds of
sand and gravel in local stream channels. McMurtrey and others (1972)
reported the central areas of the valley are composed of sand and gravel
deposited by the ancestral Bitterroot River. At least five beds of volcanic
ash were identified by McMurtrey and others (1972) and found to be
intercalated mostly with flood-plain silt.

Following deposition and subsequent folding and faulting of the lower to
middle Tertiary sedimentary rocks, at least one pre-Pliocene erosion surface
developed over the basin. Pliocene sediments and volcanic ejecta followed.
Early Pliocene depositional environments were similar to those of the early to
middle Tertiary, and a similar depositional sequence developed: colluvial, to
fan, to flood plain, to ancestral river channel (McMurtrey and others, 1972).
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In the late Pliocene or early Pleistocene, the ancestral Bitterroot River
eroded a broad valley into the Tertiary sedimentary rocks. During the
Pleistocene, glacial activity was extensive, especially on the west side of
the Bitterroot Valley. Deltaic and lacustrine deposits, outwash fans, and
morainal deposits covered the irregular late Pliocene to early Pleistocene
topography.

RECENT STUDIES OF THE BITTERROOT TERTIARY BASIN

Subsurface information available for the basin is limited. Until
recently, the primary data on the depth of the Quaternary and Tertiary fill
were from a gravimetric study by Lankston (1975). These data indicate the
depth to bed rock is from 0 at the valley margin to as much as 1400 m (4,200
ft). Apparently, the deepest part of the basin is between Hamilton and
Victor. Calculations based on profiles from Lankston's report indicate
approximately 500 km3 (122 mi3) of Tertiary and Quaternary fill within the
basin. The amount of Quaternary material is unknown. Interpretations of the
gravimetric data were made by Lankston with the assumption that the unexposed
bed rock is homogeneous. If contrary data should become available, a
reinterpretation would be necessary, and some of the depth estimates might
require alteration (Lankston, pers. comm.).

BFEC conducted a preliminary investigation of uranium potential in
selected Tertiary basins in 1977 and concluded in a report entitled
"Favorability for Uranium in Tertiary Sedimentary Rocks, Southwestern Montana"
(GJBX-56[77]) that "although a favorable sedimentary rock sequence is present,
the strata lack uranium occurrences and radioactivity anomalies; and potential
host rocks contain no know reductants or permeability barriers."

Following this study, BFEC conducted a drilling program in the Missoula
and Bitterroot Valleys during summer 1978 and spring 1979. The purpose of the
program was to obtain subsurface data to aid in the assessment of favorability
for uranium mineralization in the Tertiary strata. Seven holes were drilled,
five of which were in the Bitterroot Valley (Fig. 3). Preliminary
interpretation of data by BFEC indicated the Bitterroot Valley exhibits many
favorable characteristics for uranium concentrations, including the widespread
presence of trace to minor amounts of reductants. However, neither a high

concentration of reductants nor significant accumulation of uranium was
encountered (Abramiuck, 1979).

A comprehensive interpretive study of the drill cuttings and core is
presently being conducted by Robert Fields of the University of Montana
Geology Department.

Results from the HSSR study indicate anomalous U308 concentrations
(up to 44 ppb) in surface water within the Bitterroot Valley and entering the
valley from the east side (Pl. 4).

During the quadrangle evaluation, ground-water samples were collected
from 51 wells throughout the Missoula and Bitterroot Valleys (P1. 7; App.
B-Ic). Nine samples from the Bitterroot Valley contain greater than 10 ppb
U308. The median value for all samples is 1.6 ppb.

9
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Uranium in the water apparently is derived primarily from tuffaceous
layers in the Tertiary material. Rock sampling at the limited number of
outcrops in the valley indicates that the tuffaceous Tertiary strata contain
as high as 8 ppm U308 in surface exposures (App. B-la). Basement rocks
surrounding the valley probably contribute a lesser amount of uranium.

Areas where anomalous uranium was detected in both ground and surface
water are on the eastern side of the valley (P1. 4 and 7). This is apparently
caused by the more extensive exposure and near-surface occurrence of Tertiary
material on the eastern flank (P1. 7). The tuffaceous layers were not found
exposed on the west side, but are assumed to be present in subsurface. From
data available, it can only be assumed the entire valley has equal potential.

CULTURAL FEATURES OF THE BITTERROOT VALLEY

Most of the land within the Bitterroot Valley is private or state owned.
Federal ownership is limited to the Ravalli National Wildlife Refuge located
northeast of Stevensville (P1. 12).

Access to the valley is primarily from the north or south because of the
bordering mountains to the east and west. Good roads exist throughout the
valley, although many are private and access is often restricted. The
Northern Pacific Railroad runs the length of the valley and connects with
other east-west lines at Missoula.

Historically, the land in the valley was used primarily for ranching.

Recently, much of the ranch land has been subdivided for home development,
particularly along several of the large terraces on the eastern side of the
valley. These terraces overlie Tertiary strata considered favorable for
uranium deposition.

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

SUMMARY

Unfavorable environments, as defined by BFEC, are those that were
examined and, by comparison with the recognition criteria (Mickle and Mathews,
eds., 1978), do not conform to the definition of a favorable environment. The
following environments were examined and found to be unfavorable:

* Tertiary sedimentary rocks of the Missoula Basin

* Plutonic igneous rocks within the Hamilton Quadrangle, including the

Idaho and Lolo batholiths, and smaller related intrusive bodies

* Precambrian metasedimentary rocks and the border zone of the Idaho
batholith

* Tertiary basalt flows

11



Although these environments are classified as unfavorable, Tertiary igneous
environments and the Missoula Tertiary basin warrant further work.

MISSOULA TERTIARY BASIN

Although significant differences exist, the Missoula Tertiary basin
exhibits many characteristics similar to those of the Bitterroot Tertiary
basin, previously described as a favorable environment.

Preliminary data from the BFEC drilling program indicate the Tertiary
strata of the two valleys are similar (Abramiuck, 1979). Two holes (MB 2, 4)
were drilled in the Missoula Valley (Fig. 3). MB 2 is several miles north of
the quadrangle. Tertiary material encountered shows some favorable
characteristics for the accumulation of uranium, including thick sequences of
sandstone and conglomerate and the presence of reductants (Abramiuck, 1979).
The preliminary BFEC report concluded that, despite the favorable
characteristics of the Tertiary sequence, the provenance of the valley is
unfavorable. The basement source rocks surrounding the valley are Precambrian
and Cambrian sedimentary rocks with low uranium content. Also, although the
Tertiary strata contain a significant amount of tuffaceous material (McMurtrey
and others, 1965), they probably contribute little uranium to the water in the
valley, as indicated by low values in samples of surface and ground water (P1.
4 and 7) (Aamodt, 1978).

Because of the minor amount of uranium apparently available for
concentration, the Missoula Tertiary basin is considered unfavorable. Water
sampling for this report, however, was restricted to the near-surface
environments; the deepest well sampled was 170 m (560 ft). Information from
depth is limited to the two BFEC drill holes. Similarities between the
Missoula and Bitterroot Tertiary basins are such that further work would be
warranted in the Missoula Basin, if a favorable uranium source were identified
or if deeper ground water were found to contain concentrations of uranium.

PLUTONIC AND RELATED IGNEOUS ROCKS

The Cretaceous Idaho batholith has a lower uranium content than the
Tertiary intrusive and related extrusive rocks occurring in the north-central
and west-central parts of the quadrangle (the Lolo batholith and Bungalow
pluton). The Idaho batholith, primarily quartz diorite to quartz monzonite,
contains relatively low uranium values (149 samples averaged 2.5 ppm U308)
with little variation in uranium content. Tertiary igneous rocks are from

quartz monzonite to granite and their extrusive equivalents. They have a
higher uranium content (88 samples averaged 5.3 ppm U308) and a greater
range, up to 22 ppm. No evidence of secondary concentration was found in any
of the igneous rocks. None of the igneous environments meets the criteria for
favorable environments. Because the uranium content of the Tertiary rocks is
locally high, they may be of interest for further exploration.

12



PRECAMBRIAN AND BORDER ZONE ROCKS

Metasedimentary rocks of the Belt Supergroup and metamorphic rocks
bordering the Idaho batholith were investigated for the occurrence of uranium
deposits related to the plutonic rocks which they surround. The uranium
content of all the metamorphic rocks was found to be low (106 samples average
3.4 ppm U308). The Idaho batholith was also found to be low in uranium,
making it an unlikely source for deposits in the surrounding rocks. The Lolo
batholith and Bungalow pluton, with their higher uranium content, are more
likely source rocks, although investigation of the contact areas produced no
evidence of concentration.

TERTIARY BASALTS

The basalts occurring in the western portion of the quadrangle were
investigated for possible accumulation of interflow, organic-rich material,
which could serve as a uranium trap. No such material was encountered nor
were any other favorable characteristics identified.

INTERPRETATION OF RADIOMETRIC DATA

During August and October 1978, an aerial radiometric and total-magnetic-
field survey was flown over the Hamilton Quadrangle by GeoLife, a joint
venture between High Life Helicopter, Inc., Puyallup, Washington, and Geodata
International, Inc., Dallas, Texas. The survey was flown using an
Aerospatiale Lama helicopter at an average elevation of 120 m (400 ft) above
the surface. Location of flight lines is shown on Plate 3.

Eight detectors with a total volume of 33,500 cm3 (2,048 in.3) were
used to measure gamma radiation from the surface. Two 2600-cm3 (160-in.3 )
detectors were used to record atmospheric bismuth-214 radiation. Altitude was
measured by a Collins ALT-50 radar altimeter system. Data were processed by a
Digital Equipment Corporation LSI-11 computer system (Geodata International,
Inc., 1979).

Areas considered anomalous by Geodata (1979) and by BFEC are shown on
Plate 3. Anomalous areas, as determined by Geodata, are locations where eU
anomalies correspond to high equivalent uranium-to-equivalent thorium ratios.
The two areas considered significant by BFEC show anomalous eU and eTh. Other
high readings are "located in granitic units and are not necessarily anomalous
for granites" (BFEC correspondence). Radiometric data were received by S&D
Inc. too late to be fully investigated during this program. Several of the
anomalous areas, however, were ground checked or resurveyed by helicopter with
low-level air-radiometric equipment (Pl. 9). No significant anomalies were
identified.

Both Geodata and BFEC concluded that the radiometric survey found nothing
"particularly promising." The evaluation of anomalies was made by
statistically grouping and analyzing the data according to the underlying
geologic units, as represented on the geologic map compilation which
accompanies this report (P1. 10). Much of the quadrangle is mapped only on a
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reconnaissance basis, and in some areas the compilation does not include

available recent mapping. Radiation attributed to a particular geologic unit
could easily be related to an unmapped or neighboring unit if a contact has
been misrepresented. The statistical treatment is therefore considered
questionable. It is recommended that a re-evaluation of the raw data be made
if further uranium investigations are undertaken.

INTERPRETATION OF GEOCHEMICAL DATA

SURFACE AND GROUND-WATER SAMPLES

HSSR data were available for only the Montana part of the Hamilton
Quadrangle. A summary of these data is presented on Plate 4. Outlines shown
on the plate indicate areas where high uranium content occurs at several

sample sites. Ground-water samples taken during the quadrangle evaluation
produce a similar pattern of anomalous uranium (Pl. 7). Many of the anomalous
water samples occur within or near areas where Tertiary strata are at or near
surface. Most of the uranium is believed to be derived from the porous
tuffaceous layers which contain as much as 8 ppm U308 . Plates 4 and 7
show that the anomalous water is restricted to the east side of the Bitterroot
Valley, where most of the Tertiary material is exposed. The more extensive
Quaternary cover probably accounts for the low uranium values on the west
side. Uraniferous tuffaceous layers may be present in subsurface on both
sides of the valley, although data available are insufficient to verify this.

A detailed study of selected water-well logs in the Bitterroot Valley was
undertaken to determine the distribution and origin of the anomalous uranium
values found during the investigation. Several cross sections were prepared,
and attempts were made to identify the aquifer containing uraniferous water
(P1. 8). Difficulties were encountered because of a lack of exact well
elevations, unavailability of information on casing perforations, and
variation in lithology descriptions by drillers. Despite these limitations,
the following tentative conclusions are presented:

* Most, if not all, anomalous wells are perforated in the same aquifer
(P1. 8).

* The aquifer with anomalous values consists of sand and gravel and is
overlain by impermeable clay.

* Drillers' well logs usually describe the sedimentary rocks overlying
the proposed uraniferous aquifer as tan, yellow, or brown, and, in at
least two well logs, the sedimentary rocks underlying the aquifer are
described as gray to blue. McMurtrey and others (1972) described the
Oligocene-Miocene rocks within the basin as predominantly gray, and
the Pliocene rocks as mostly buff to brown to yellow. They reported
that the Pliocene sediments were deposited on a pre-Pliocene erosion
surface. The similar color descriptions suggest the aquifer may be
on this erosional surface.

Although most of the uranium in the water is believed to come from the
tuffaceous material within the basin, data from water samples (P1. 4) indicate
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at least some of the uranium is derived from surrounding basement rock. Rocks
bordering the east side of the valley have a slightly higher uranium content
than those on the west. (The mean content for 27 rock samples from the east
side is 4.3 ppm U308 , compared to 2.8 ppm for 50 samples from the west
side.) Two drainages on the east side of the valley, Sleeping Child and
Skalkaho Creeks, contain anomalous uranium in the surface water. The uranium
is apparently derived from rocks bordering the valley, as well as from a more
remote source. The headwaters of Sleeping Child Creek drain the Crystal Mine
area in the Butte 1 x 2 Quadrangle, which contains up to 100 ppm U308
(Sartoris and others, 1980).

Surface and shallow ground water sampled in the Missoula Valley contains
very low amounts of uranium compared to the Bitterroot Valley (P1. 4 and 7).
This is attributed to a lack of uraniferous source rocks in the Missoula
Valley.

STREAM-SEDIMENT SAMPLES

Results of stream-sediment sampling done for the HSSR program and for
this study conflict in some areas. The interpretation of HSSR anomalies on
Plate 4 shows the portions of drainage basins which may influence anomalous
samples. An arbitrary cutoff of approximately 5 mi upstream from the sample
site was used to define the area of influence of anomalous samples in large
drainage basins. Air radiometric and surface examination in most of these
areas failed to identify obvious sources for the anomalies, and resampling of
stream sediments in several cases shows a substantially lower uranium content
than HSSR samples at duplicate locations.

Of the two anomalies considered significant, one is in the Lolo Pass area
(P1. 4, Area A), where some of the granitic rock contains slightly anomalous
uranium values. The other is northeast of Stevensville (P1. 4, Area B), where
a sediment anomaly corresponds to a water anomaly.

Other anomalous areas, shown on Plate 4, are probably caused by uranium
concentration in organic material included in the sample and are not
considered significant. Apparently, the procedure for sediment sampling in
the HSSR program was to preferentially collect organic-rich material (Aamodt,
1978; Sharp and Aamodt, 1978). Organic material was avoided, if possible, in
collecting samples for this report. HSSR locations resampled for this report
produced substantially lower results where organic material was not included.
The discrepancy in results is probably caused by the different sampling
procedures.

RECOMMENDATIONS TO IMPROVE EVALUATION

TERTIARY BASINS

Additional ground-water studies are recommended for the Tertiary basins,
beginning with the Bitterroot Valley. Preliminary indications from work done
for this study suggest that a more extensive examination of water-well
drillers' logs is warranted. This should include a verification of exact
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location and elevation of each hole. Wells of varying depths should be
sampled and analyzed for uranium to verify that anomalous uranium values are
being derived from a single aquifer. If this is the case, the direction of
water movement should be determined to identify a source and potential
depositional sites for uranium. These data, if encouraging, should then be
used to locate sites for a drilling program.

Because the data acquired from analyses of water-well logs are limited to
the upper levels of the Tertiary strata, deep drilling will be needed for
additional evaluation.

TERTIARY IGNEOUS ROCKS AND RELATED ENVIRONMENTS

Although the Lolo batholith and related environments, including the
surrounding Belt rocks, do not meet the criteria for a favorable environment
(Mickle and Mathews, eds., 1978), they may warrant further evaluation. Little
subsurface information is available, and most of the area has not been
geologically mapped in detail. The HSSR study, which was to have covered the
entire quadrangle, has been completed on only the Montana portion. No stream-
sediment or water data, therefore, are available for a large part of the Lolo
batholith. It is recommended that a detailed stream-sediment survey be
conducted in this area followed by detailed geologic mapping of any anomalous
areas.
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