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THORIUM AND RARE EARTH RESOURCES OF THE
LEMRI PASS AREA, IDAHO AND MONTANA

Summary Report

by

Byron J. Sharp and Donald L. Hetland

SUMMARY

The U. S. Atomic Energy Commission examined about 100 prospects in the
Lembi Pass thorium area during 1965 and 1966. Over 200 samples were
collected, and field reconnaissance expanded the already known trend
over a total distance of about 70 miles. The thorium veins fill faults
in the Precambrian Belt Series. The faulting and vein development are
considered to be Tertiary in age. Extensive Tertiary volcanics and
lacustrine sediments were deposited after the formation of the veins.

The tabular, steeply dipping veins extend for considerable distances
in both strike and dip. Ore minerals include phosphatic thorite,
monazite and rare-earth concentrations. The rare earth to thorium
ratio varies from 10:1 to 1:5. Exploration consists mainly of bulldozer
cuts with one adit and several drill holes.

Metallurgy of the ores is the subject of a special report prepared for
the U. S. Atomic Energy Commission by the U. S. Bureau of Mines. The
thorium, yttrium and rare-earth analyses of the samples from this area
were discussed by Austin (1968) in Technical Memorandum AEC-RID-2.
Both of these reports have been placed on open file at the Technical
Library in Grand Junction.

INTRODUCTION

The Lemhi Pass thorium and rare-earth deposits occur in a northwest-
trending structural zone near the Idaho-Montana border (Fig. 1). The
trend of this zone is apparently due to the structural influence of a
portion of the Rocky Mountain trench (Eardley, 1951). Northwest of Lemhi
Pass along the trench, two additional thorium-bearing areas have been
exposed; one is near North Fork, Idaho, and one is in Diamond Creek just
west of Salmon, Idaho. An anomalously radioactive granitic intrusion is
exposed southeast from Lemhi Pass along the same trend. The favorable
ground covers an area of about 560 square miles that is 70 miles long
and averages 8 miles in width.

Maximum relief in the area is about ii,OOO feet; the lowest part is along
the Lemhi River valley at 5,000 feet above sea level and the highest is
at 9,000 feet along the Continental Divide ridge which forms the border
between Idaho and Montana in this region. Bedrock is generally concealed
by a deep cover of soil and mantle, and vein outcrops are rare except where
cut by bulldozer trenches. Some material from the mineralized veins is
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Figure I - Index map showing location of the mapped area of the
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either residual or mixed into the thick soil cover making detection of
radioactivity possible by using sensitive instruments.

Winters are generally moderate, and scme of the lower properties can be
worked all year. However, severe winters may prohibit production for
several months.

Thorium was first discovered in the Lemhi Pass area in 194i9. Other
investigations include U. S. Atomic Energy Commission studies by Austin,
1968; Moen, 1957; a U. S. Bureau of Mines study by Ross and George, 1966;
U. S. Geological Survey reports by Kaiser, 1956; Sharp and Cavender, 1962;
Trites and Tooker, 1953; Weis, 1958; and several reports by Dr. A. L.
Anderson, 1959 and 1961, on behalf of the Idaho Bureau of Mines. The U. S.
Forest Service has released excellent planimetric maps of the area (scale:
1 to 51,680) on which were plotted geology from aerial photographs.
Individual workings were mapped by plane table or Brunton and tape methods.
A small, portable Victoreen scintillator was used in making radiometric
measurements on the properties, and the readings were recorded in counts
per second0 Field work was done mainly in 1965 with some field checks in
1966.

History and Ownership

Thorium was discovered in the Lemhi Pass district in 19249. Rutile-
monazite deposits were discovered in the Mineral Hill district in 1952 as-
a result of the building of access roads for logging operations. Reconnais-
sance examinations by A.E.C. and U.S.G.S. personnel were made from 1952 to
1956. This report represents a compilation of all the previous investi-
gations and work done by the A.E.C. in 1960-61 and 1965-66.

Properties which were discovered relatively early in the Lemhi Pass
area included the Buffalo and Wonder Lode claims. The exploration of
these properties was enhanced by D.M.E.A. loans granted in the early
1950's.

Some of the prospectors who staked claims in the 1950's were: G. E. Shoup,
I. C. Porter, F. Hussey, R. Pierce, C. Pierce, R. A. Wellborne, M. Evans,
C. Wells, J. Schenk, C. McConnel, J. Gage, F0 Guderjohn, H. Roberts and
others.

By 1960, claim ownership had been resolved into the hands of a few individuals
and companies. Individuals holding significant properties included Carroll
Wells, Miley Evans, Jake Schenk, and Charles McConnel. Companies which had
acquired properties in the area were Sawyer Petroleum, Nuclear Fuels and
Rare Metals (D. B. Lewis), Empire Exploration Ltd., Rare Metals Corporation
of America, and a local company called Agency Creek Thorium. By 1965,
Rare Metals Corporation of America had dropped its holdings in Agency
Creek and returned them to Agency Creek Thorium which is now called Lemhi
Pass Thorium Company. In 1965, an exploration company called Adalee
Enterprises Inc. took option on all of Lemhi Pass Thorium Company holdings.
Dow Chemical Company leased a property owned by Carroll Wells (Th02 claims)
and was still exploring as of 1966. Carroll Wells formed a company with
the remainder of his properties plus a gold property in Nevada and called
it Nuclear Fuehsand Golden Pleasure Company. By 1965, Lemhi Minerals
Company, Inc. (Harry Katsianis) had leased some state ground in Montana

and built a pilot mill at Baker, Idaho, some nine miles southeasterly from Salmon,



Idaho. Toward the end of 1966, Katsianis or Harvey Bell, a former partner,
acquired by option the Lucky Horseshoe property which had been controlled
by F. Guderjohn.

Nuclear Fuels and Rare Metals (D. B. Lewis) was actively exploring its
properties in 1965. The sudden death of D. B. Lewis brought a halt to
the exploration, and the holdings of the company were apparently controlled
by Dale Munsen and associates of Reno, Nevada in 1966.

By 1965, Miley Evans and associates had formed a company called the Thorium
Reactor Corporation which included the Lucky Gem claims on Diamond Creek
and some claims near North Fork0 The Diamond Creek property was leased to
Southern Gas Company of El Paso, Texas, but later returned to the
corporation.

In 1966, Sawyer Petroleum Company entered into an agreement with Union
Pacific Railroad Company to explore the Last Chance vein further and to
keep up the assessment work on the property. Sawyer also leased its
holdings on the Shear zone vein to Harry Katsianis of Lemhi Minerals
Company, Inc. during the year.

At the end of 1966, the active companies in the area were: Dow Chemical
Company, Union Pacific Railroad, Nuclear Fuels and Golden Pleasure , Inc.
(Carroll Wells), Leinhi Minerals Company, Inc. (Harry Katsianis), Thorium
Reactor Corporation (Miley Evans), Adalee Enterprises, Inc. (may have
returned holdings to Lemhi Pass Thorium Company) and Dale Munsen and
associates (may still be Nuclear Fuels and Rare Metals Corporation).
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GENERAL GEOLOGY

The thorium deposits of Lemhi Pass and related districts occur in a more-
or-less continuous southeast trending zone from North Fork, Idaho, to an
intrusive granite east of Leadore, Idaho. Host rocks for the thorium
veins are quartzites and phyllites of the Precambrian Belt Series. They
have been folded into a few broad arches, but they generally dip gently to
the northeast. Locally, however, the host rocks have been highly faulted
and jointed. Paleozoic rocks are also present in the trend but do not
contain thorium. Portions of the Idaho batholith are present near North
Fork and the Diamond Creek areas. Gneisses assumed to be metamorphosed
Belt Series rocks are also present at North Fork, Diamond Creek and Lemhi
Pass areas. Locally small dioritic masses have intruded the Belt rocks.
These intrusive bodies are probably late Cretaceous or early Tertiary in
age. The diorite may have: (1) been locally mineralized by early Tertiary
thorium-bearing solutions; (2) intruded the same faults that also include
the veins; or (j5) contained a small amount of thorium that has been
concentrated by residual weathering.

Tertiary volcanics blanket some of the area and have been displaced by
very recent faults. The volcanics have not been mineralized.

Tertiary lake beds have been deposited near the Lemhi River and on the
lower slopes of the pass. Moderately deep alluvial cover over most of
the area makes bulldozing necessary to expose mineralized veins.

Regional Setting

Regional forces which formed the Rocky Mountain trench apparently
influenced the geographic location of the thorium veins in these portions
of Idaho and Montana, The zone of veins extends from the Idaho batholith
on the northwest to a thorium and rare-earth bearing granite intrusion in
the middle of the trench on the southeast. A rare earth district called
the Mineral Hill District at North Fork is near the batholith to the north,
the Diamond Creek District is a few miles to the southeast and Lemhi Pass
is about twenty miles farther southeast (see Figs. 2 and i3). The radio-
active granitic intrusion is a few miles east of Leadore, Idaho, and intrudes
Lower Paleozoic rocks. In all, the zone is about 70 miles long and 8 miles
wide.

Veins at the northwest end of the zone contain mainly monazite and the
cerium group of the rare earths; farther southeast, the veins contain
thorite and the yttrium group of the rare earths,

Sedimentary Rocks

The oldest rocks in the area are assumed to be those of the Precambrian
Belt Series. According to E. P. Kaiser, gneisses and schists in the
North Fork area are assumed to be metamorphosed Belt Series and not an
older formation. However, the gneisses and schists appear to be in the
lower portion of the Belt Series in Diamond Creek and are therefore
separated for this report. The metamorphic grade suggests that these
rocks may be older than the Belt Series because some of the exposures
are fairly remote from known batholithic intrusions.
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The Belt Series in general consists of gradational and interbedded red-
to-brown and gray quartzites and gray-to-buff phyllites. Bedding is
locally obscured by persistent fracture patterns produced under the
stress of folding.

Lower Paleozoic limestones are exposed in the Bitterroot Range east of
Leadore, Idaho; though mineralized by base metals, they are devoid of
thorium and rare-earth minerals. Some base metal deposits have been
worked in this area. The Ordovician Kinnikinic quartzite is exposed
on the upturned edges of the sedimentary section which has been intruded
by a thorium and rare earth-bearing granite a few miles southeast of
Leadore. The Kinnikinic quartzite is probably the basal unit of the
Paleozoic section in this portion of Idaho.

Tertiary formations exposed here consist of the Beaverhead Conglomerate
and lake sediments. Lake sediments are exposed mainly in the valleys;
however, the Beaverhead Conglomerate is involved in much of the recent
faulting and is more variable in depositional forms and topograhic
occurrences.

Igneous Rocks

Igneous rocks exposed in the area consist of intrusive rocks of the Idaho
batholith, Tertiary granites, dioritic dikes and sills, and thick,
intensely faulted units of the widespread Challis Volcanic Series of
central Idaho.

The Idaho batholith is mainly coarse-grained granodiorite or quartz mon-
zonite, According to A. L. Anderson (1959, p. 40), theelongated body of
quartz monzonite northwest of Salmon may not be related to the Idaho
batholith but more likely to the later Boulder batholith and its satellites
of Montana. The age of this batholith and other igneous masses in the
area will remain in doubt until a number of age determinations have been
made.

A thorium and rare earth-bearing Tertiary granite is exposed near the
southern portion on the trend, a few miles east of Leadore, Idaho. The
granite is medium grained and is generally stained red from the weathering
of iron, The intrusion tilted the Lower Paleozoic sediments to nearly
vertical around the contact. The granite is composed essentially of
orthoclase with some microcline, quartz and biotite.

Dioritic dikes and sills are generally associated with the thorium vein
deposits. Locally the diorite has been mineralized, and these small intru-
sions are apparently near most of the major vein deposits. Either float
or actual exposures of diorite have been noted throughout the entire dis-
trict, One of the dioritic dikes exposed on the Continental Divide has
been partially altered to carbonate which may be related to the carbonate-
type veins in the district, According to A. L. Anderson (1961, p. 54),
the dike is a greenish-gray, medium-grained diorite that retains scme
distinguishable grains of hornblende and biotite despite rather extensive
alteration. Its color reflects a somewhat high content of feldspar which
appears as white chalkygrains to the unaided eye, The rock includes
chlorite and epidote among its leading minerals, The alteration is not
the kind associated with weathering but is deep seated alteration, either
the product of end-stage magmatic processes or of hydrothermal alteration.
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The Challis Volcanics consist mainly of flows and pyroclastics; the
latter composing the larger part of the exposed rock. They have been
faulted into the lower portion of the Rocky Mountain trench and are most
common in the areas of the mineralized veins. The volcanics show same
variety in rock types. The flows are represented by andesite, dacite and
rhyolite. The pyroclastics include both waterlaid tuffs and ignimbrite
units (welded and fragmental tuffs).

Structure

Regional folding is most evident in the Belt Series; it consists of a
few broad warps whose axes trend northwesterly. Gentle dips are generally
to the northeast in the Lemhi Pass district, where few are in excess of
1150. In the volcanic rocks, attitudes range from nearly horizontal initial
dips to vertical dips near the contacts with major faults.

Regional faulting has formed a portion of the Rocky Mountain trench (Eardley
1951) which apparently influences the location of the thorium and rare-
earth veins. The force fabric or pattern of the trench influences not
only the location of thorium and rare-earth bearing veins but also the later
faulting which rifts the widespread volcanics. Volcanics have been
faulted down into the lower portions of the trench and preserved. A
prominent northwest fault zone strikingly apparent on aerial photographs
transects the Beaverhead Range at Lernhi Pass. This fault zone is best
exposed in Pattee Creek, Flume Creek, and on the east side of Lemhi Pass
where volcanic rocks on the south block have been faulted against Belt
Series strata on the north (Fig. 3). This zone is designated the Lemhi
Pass fault zone -inasmuch as it crosses the range at the pass. Several
springs issue from the shattered rocks of the zone between Flume Creek
and Pattee Creek and on the east side of the Lemhi Pass.

Faults are the major structural feature in the area and will be an impor-
tant factor when mining ccxnmences. The veins occupy faults or shear zones
of Tertiary age that may actually represent the reactivation of older
Precambrian fractures, After the veins were formed another set of faults
developed that are relatively steep in altitude and cut the thorium veins
but show little topographic expression. Following the period of Tertiary
volcanism a third and final set of faults formed. Certain of these
faults form the contact between the volcanics and the Belt -Series. Many
of these faults have a pronounced topographic expression indicating their
relatively recent age.

Geologic History

Thorium and rare-earth bearing veins were deposited in a northwest trending
zone in the Belt Series of Precambrian age. The time of deposition was
before both the Tertiary Challis volcanics and an undated period of faulting
which also preceded the vulcanism. A later period of faulting took place
and displaced the volcanic rocks (nearly everywhere). Deep grabens were
formed which were related to the structures of the Rocky Mountain trench.
The thorium veins and down-dropped blocks of volcanic rocks are similar in
trend to the Rocky Mountain trench, although the veins are earlier.
Apparently the same zones of weakness responded to both the stresses which
produced the trench and also the stresses which produced the thorium-
bearing faults. Small dioritic intrusions were emplaced before the thorium

- 8-



veins and may account for the carbonate-type veins inasmuch as one dike
was observed which was altered to carbonate. A granite stock at the
southern portion of the mineralized trend was apparently associated
with the veins, because it is radioactive and contains an anomalous
amount Qf the yttrium rare earths.

All structures, veins and intrusions have similar trends and attitudes
regardless of their relative ages. This lineation indicates the possi-
bility that the same stresses were imposed upon the basement rocks during
several periods of fracturing, faulting, ore deposition and igneous activity.
Probably most of these processes took place in Tertiary time0

MINERAL DEPOSITS

Mineral deposits in the area include thorium and rare earths, copper,
gold, silver, fluorite and some lead-zinc. Some of the thorium and
rare-earth veins carry values in gold, silver, -lead and zinc, although
generally not high grade enough to make the vein economic without the
main constituents. The thorium and rare-earth veins are confined to the
previously mentioned northwest trending zone; however, other veins such
as gold, silver, cobalt, lead, zinc, etc. are more widespread.

Thorium and Rare-.Earth Deposits

Most of the bedrock is masked by relatively thick layers of overburden;
consequently, natural exposures of veins are rare0 Exploration work for
thorium and rare earths in the zone consists mainly of bulldozer cuts,
a small amount of drilling and a moderate amount of underground develop-
ment work. Properties with underground workings are the Last Chance,
Cago, Lucky Horseshoe, Wonder Lode, and Buffalo, in Lemhi Pass and the
Ames property near North Fork, Idaho. The other veins have been exposed
by bulldozer cuts or shallow trenches and pits.

The steep veins are tabular in shape and vary from a few inches to about
40 feet in thickness. Lengths for many of the veins are unknown, but
some have been traced intermittently for nearly two miles. Most veins
strike in a northwesterly direction and dip steeply (850 to 400) southi-
westerly and are generally discordant with the Belt Series host rocks.

Rare earth to thorium ratios range from 10:1 to 1:5. Generally, the
lower grade thorium occurrences contain a higher ratio of rare earths;
however, high-grade thorium samples with lower ratios of rare earths
may have a higher total rare-earths content. Veins in the Mineral Hill
district at the northern part of the trend contain mainly monazite and
rutile; thus they are high in cerium rare earths. The monazite in this
district is very low in thorium; the average domestic monazite contains
5% thorium, whereas the impoverished Mineral Hill monazite contains only
about 1% thorium. Southeast from the Mineral Hill district, the veins
contain more thorite and xenotime, and the yttrium group of rare earths
is more dominant. One vein, the Lucky Gem, in the Diamond Creek district
contains appreciable amounts of gold. One sample assayed three ounces,
but the average grade of gold must be determined in order to have any
economic bearing on the extraction of the contained thorium and rare
earths. Near Lemhi Pass a relatively high content of yttrium rare
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earths is in most veins. These rare earths will become an important source
as the demand for them improves. The Wonder Lode-Black Rock vein contains
up to two ounces of silver and several pounds of zinc besides the thorium
and rare earths. This vein needs further sampling and evaluation before
the economics can be determined.

A. L. Anderson (1961) summed up the vein characteristics in the Lemhi
Pass district as follows:

"Most of the deposits discovered during the late wave of prospecting
are not associated with earlier quartz and copper-bearing veins but are
along independent zones of shearing and fracturing. These may be more
appropriately characterized as mineralized shear and fracture zones with
ore introduced partly by filling but largely by replacement0 These
comprise the lodes of the greatest promise.

"Because of their mineral associations and structural relations, these
deposits may be classed as hydrothermal veins and lodes composed of a
unique group of minerals, which are in part more characteristic of
igneous rocks and pegmatites than of veins."

The principal ore mineral has been determined by the U. S. Bureau of Mines
as phosphatic thorite or aueralite. Thorite (ThSiO 4) and xenotime (YPO4)
form an isomorphous series where yttrium and other rare-earths ions
substitute for thorium and the POj4 substitutes for SiO4. Depending upon
the amount of ionic substitution, the minerals may range from nearly
pure thorite in composition to nearly pure xenotime. Aueralite is a
name given to a mineral between these two end members,

Megascopic minerals associated with the thorium mineralization include
specular hematite, feldspar, calcite, barite, and quartz. Aueralite,
apatite, allanite and pyrite are commonly present but not distinguishable
to the unaided eye. The surface exposures of the veins generally show
abundant hydrous iron oxides, mostly yellowish-brown goethite and some
black manganese oxides.

Aueralite is not the only source of thorium and rare earths, although
this complex mineral is an essential constituent of most deposits.
Allanite and monazite locally are common; they contain thoria and rare
earths, but they are usually subordinate to aueralite.

Other Deposits

Other deposits in the area studied are mainly copper bearing. The Copper
Queen mine in Agency Creek near Lemhi Pass has previously produced some
copper which was milled at the mine site. Small amounts of galena were
observed on the Last Chance claims in Pattee Creek.

A copper prospect on McDevitt Creek assayed 6% bismuth. It also contained
minor amounts of uranium but no thorium. The veins on the fringes of the
trend are assumed to be in a uranium zone which is farther from the source.
Gold prospects are fairly common near the Diamond Creek district- -some
of the prospects show a little radioactivity from the thorium,

- 10 -



Placer possibilities exist along the terraces and in the bed of the Lernhi
River which transects the thorium belt for 14Q miles. However, little or
no information is available on the placer potential of the radioactive
heavy minerals.

Resource Evaluation

Over 200 channel and grab samples from vein exposures have been assayed,
and vein projections have been traced by radioactivity in the overburden.
Such data is less than that usually used as criteria for ore reserves,
but does give a basis for evaluating thorium resources on a broader scale.
Most of the reasonably assured thorium resources of the United States,
100,000 tons of Th02, are in the Lemhi Pass District. Possible additional
resources of several hundred thousand tons of ThO2 are estimated by
projecting the persistent veins to depths of i5,000 feet. At the present
time there is no commercial reactor market for thorium, and the deposits
are not in production.

Yttrium and rare earths are of interest as products of this area, especially
in view of the current demand for yttrium and europium for color television.
Although samples of veins richest in thorium tend to be richest in rare
earths, no consistent simple relationship between thorium and rare-earth
contents is evident, As should be expected, the quartz-hematite-thorite
veins, where the principal thorium and rare-earth mineral is thorite,
exhibit higher ratios of thoria (Tho ) to rare-earth oxides (RE203 ) than
do the replacement deposits dominates by monazite. For example, a composite
sample from a thorite vein assayed 2.31 percent Th02 and 0.36 percent RE203 ;
whereas, a similar sample from a monazite deposit assayed 0.60 percent
ThO2 and 4f.45 percent RE203 . The resource of rare earths available is several
thousand tons of RE203 .

Preliminary tests by the U. S. Bureau of Mines, Salt Lake City, Utah, (Ross
and George, 1966) indicate that 85 percent recovery of thorium and 50 to 70
percent recovery of rare earths could be obtained, but that an acid cure
was necessary to obtain significant recovery of rare earths.
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CONCLUSIONS AIND SUGGESTIONS FOR PROSPECTING

Prospecting for thorium in the area should be concentrated in the main
northwest trend and preferably south of the Salmon River where the river
turns to the west at North Fork, Idaho.

The Mineral Hill district northwest of North Fork, contains veins which
are monazite bearing, but the Ames property, south of the river, contains
thorite which is much higher in contained thorium. The rare earths of the
North Fork area, north of the river, are of the cerium group which does not
have a good future market potential.

In the Diamond Creek area of the trend, gold may be a by-product and would
aid greatly in the economics of the thorium. Gold veins in this vicinity
contain anomalous radioactivity due to thorium; thus, prospecting for gold
with a scintillator is possible. Many unprospected areas remain in the
Lemhi Pass portion of the trend, and these areas contain the greatest
potential for the discovery of significant thorium deposits.

Sensitive radiation detection instruments capable of detecting small amounts
of radioactivity in the overburden are essential. The weak anomalies should
be investigated by excavations to bedrock where veins may be exposed.
Generally, soil or overburden creep is negligible and veins may be deter-
mined with moderate up-slope excavations.

Bttlldozers have been used in the past and are probably still the most
economical method for this type of primary exploration.

The yttrium rare earths, which occur in great quantity at Lemhi Pass, may
be produced from the area in the future. Yttrium and europium used in
color television will be the most important rare-earth elements and may
cause some activity in the next several years.
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