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FOREWORD

HISTORY OF DISCOVERY AT MOUNTAIN PASS, CALIFORNIA
By D. F. Hewerr

The region near Mountain Pass, San Bernardino
County, Calif., has been the scene of at least three cycles
of prospecting for minerals; the discovery of deposits
containing large amounts of rare-earth minerals in
April 1949 marked the beginning of the third cycle.

The first cycle began about 1861 when a horde of pros-
pectors swarmed over southern Nevada and southeast-
ern California, following the decline in discovery and
production of gold along the western slope the Sierra
Nevada. In 1854 lead ore was found in the Yellow Pine
district (Potosi area) on the west slope of the Spring
Mountains in southern Nevada. In the early sixties,
prospectors began to explore southward into California
and in 1865 enough discoveries had been made near
Clark Mountain [fig. 1] to warrant the organization
of a mining district, Clark district. Soon thereafter,
the New York and Providence districts were organized
in the New York and Providence Mountains. By 1870
many silver-bearing veins had been discovered and ex-
plored on the north slope of Clark Mountain, 10 miles
north of Mountain Pass. During the next 25 years,
these mines yielded about $5,000,000 worth of silver.
It is reported that during the height of activity, the
population of the Clark district was about 500; in 1895,
only 50 persons remained. All that now remains of the
principal town, old Ivanpah, about 8 miles north of
Mountain Pass, are the walls of several adobe houses.

In this first cycle, copper deposits were found and
explored at and near the Copper World mine, 5 miles
west of Mountain Pass; lead deposits were worked at
the Mohawk mine, 4 miles west; and gold and copper
deposits on Mineral Hill, 4 miles southeast of Moun-
tain Pass. In all of these areas activity declined during
the early nineties. There was a slight revival after a
branch of the Santa Fe Railroad was built from Goffs to
Barnwell in 1892, to permit exploration of the gold veins
at Vanderbilt, near Barnwell, which lies about 20 miles
southeast of Mountain Pass. Theretofore, all supplies
needed for mining were brought by wagons from San
Bernardino, about 200 miles west.

The second cycle of prospecting in the Clark district
began in the late nineties and was stimulated by the

completion of the Union Pacific Railroad (Los Angeles
and Salt Lake Railroad) in 1905. A real mining boom
began during the war years of 1917-18, and under the
influence of the high prices obtained for copper, lead,
and zine, prospecting and production reached a new
peak and many mines were then active that have been
idle ever since. Mining activity declined after the war
but the higher price offered for lead during 1924 again
stimulated search for lead deposits. In September 1924,
Fred B. Piehl of Goodsprings, Nev., and associates
prospected for lead deposits on Sulphide Queen Hill,
sank several pits and shallow shafts, and located four
claims. Small amounts of galena are present on the
dumps but no ore was ever shipped.

In October 1924, D. F. Hewett of the U. S. Geological
Survey, having finished the study of the Goodsprings
district, Nevada, began the study and mapping of the
Ivanpah quadrangle, an area of about 3,900 square miles
near the center of which the Mountain Pass district lies.
Field work in the part of the quadrangle near Mountain
Pass was begun in October 1926 and continued through
the winter. The large area of pre-Cambrian crystal-
line rocks that extends north and southeast of Moun-
tain Pass was mapped and studied ; within a square mile
south of present U. S. Highway 91, three large bodies of
syenite, an unfoliated intrusive rock, were mapped.
The large body of shonkinite and syenite which lies a
mile north of the highway and in which the Birthday
veins are now known, was not found in 1926. In the
fall of 1926, the only active mine near Mountain Pass
was Wade’s antimony mine, about 2 miles north of the
Birthday shaft.

In 1983 the rise in the price of gold induced prospec-
tors to search for gold-bearing veins, and in December
Fred B. Piehl returned to the Sulphide Queen Hill and,
finding a good assay for gold in rock from a shallow
shaft northeast of the hill, located 3 more claims adjoin-
ing the 4 previously located for lead. This shaft later
became the Sulphide Queen shaft. Most of the work at
the mine, including development of the shaft (now 365
feet deep) and numerous levels, was done by J. C. How-
ard during 1939-41 under an option to purchase from
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the owners, Piehl and his associates. In 1941-42, about
$12,000 worth of gold was produced but no work has
been done since then.

The third cycle of prospecting and discovery may be
said to have begun in late March 1949 when Marty Hess,
an engineer, appeared in Goodsprings, Nev., to give a
talk on the search for uranium. Hess’s visit was spon-
sored and financed by Donald Cameron of the Nevada
Department of Education. Among those present in
the schoolhouse when Hess gave his talk was Herbert
S. Woodward, an engineer employed locally. In re-
viewing the occurrence of uranium, Hess mentioned the
common association of uranium and cobalt, an element
that was known to occur widely in ores of the Good-
springs district. After the meeting, Woodward dis-
cussed with several of the local miners the idea of
searching for uranium with a Geiger counter in those
parts of the district known to contain cobalt minerals.
P. A. Simon, owner of a service station and motor court
at Jean, 8 miles southeast of Goodsprings, offered to
buy a counter for an interest in the enterprise.

After two weeks spent in testing the dumps of many
prospects and mines and finding nothing that was radio-
active, Woodward became discouraged. He confided his
discouragement to Fred B. Piehl, who suggested that,
before giving up the search, Woodward examine and
test specimens of minerals and rocks at his cabin, col-
lected from a large area in southern Nevada and adja-
cent parts of California. To their surprise, specimens
of lead and gold ores from the Sulphide Queen Hill
were radioactive. Woodward and his wife quickly pro-
ceeded to the Sulphide Queen mine, a mile or two north-
east of Mountain Pass, and soon found that much of
the material on the Sulphide Queen mine dump and hill
nearby was radioactive. Because the ground was held
under the original lead and gold claims made by Piehl,
Woodward searched the hills that lay a mile or more
northwest. At this time, Clarence Watkins of Good-
springs joined Woodward and Simon as a third partner.
On April 23, 1949, the partners found intense radio-
activity along the outcrop of a vein, about 4,000 feet
northwest of the Sulphide Queen shaft, and located the
Birthday claim, named for its discovery on Woodward’s
birthday anniversary. A shallow pit showed the pres-
ence of about 6 feet of vein which contained a large
amount of a light-brown heavy mineral. Not recogniz-
ing it and not having the facilities to determine its
identity, they submitted a specimen of the heavy min-
eral to E. T. Schenk, at the Boulder City station of the
U. S. Bureau of Mines. A spectroscopic test showed
the presence of considerable rare-earth oxides, fluorine,
and carbon dioxide and indicated that the mineral was
bastnaesite.

MOUNTAIN PASS DISTRICT, CALIFORNIA

Through May and June, other veins were found
nearby and more claims were located. Through J. W.
Wilson, a friend in Las Vegas, Nev., Hewett learned of
the discovery on May 29 and asked the owners to send
specimens, which they did in mid-June. As one result,
Hewett visited the area on July 15 and with Wood-
ward, Watkins, Simon, and Schenk, examined the exist-
ing openings: several shallow trenches and one 8-foot
shaft on the original Birthday vein. The material in
each of the pits was very radioactive and other areas
nearby also showed noteworthy radioactivity. Even at
that time, it seemed that considerable bastnaesite with
some thorium-bearing minerals must be present in the
local area.

Later in July the identity of the mineral, bastnaesite,
was confirmed in Pasadena by Hewett and by min-
eralogists in the U. S. Geological Survey laboratory in
Washington, D. C., and arrangements were made for a
program of geologic study and mapping in the Birth-
day area by the Geological Survey. Geologic mapping
of the Birthday area was begun on November 3, 1949,
by W. N. Sharp of the Survey and Lloyd C. Pray, of
the Geology Department, California Institute of Tech-
nology, Pasadena, who also was employed by the Geo-
logical Survey. By November 18, enough had been
learned about the nature and extent of the veins and
their associations to warrant a public announcement,
and a statement by the Secretary of the Interior was
released to the public on November 18. Soon there-
after, a similar announcement was made by the Cali-
fornia Division of Mines.

There were at least two results of these announce-
ments: representatives of several large mining com-
panies soon sent engineers to examine the discoveries,
and some of these made offers to purchase the Birth-
day group of claims; and many prospectors soon vis-
ited the areas nearby to search for similar veins. In
February 1950, the Birthday group of claims were
bought by the Molybdenum Corporation of America,
and in May the company began to sink the Birthday
shaft. Among the prospectors who visited the Moun-
tain Pass area during February and March 1950 were
Otto Krone of San Francisco, William Benson and
George Watkins, Reynolds Robbins of Goodsprings
and J. B. Kasey of Bakersfield, Calif. Many veins con-
taining rare-earth minerals were found in the low hills
west and south of the Birthday group and in the hills
as much as 5 miles south of Highway 91, or 7 miles
south of the Birthday. An inquiry indicates that each
of the prospectors carried a Geiger counter and all of
the veins found were radioactive.

The field work of Pray and Sharp in November and
December 1949 showed that the veins on the Birthday
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claims fill fractures in a large body of an uncommon
igneous rock, shonkinite, and that it was the earliest
of four potash-rich rocks, shonkinite, syenite, granite,
and later shonkinite which occurs as dikes both in the
large shonkinite body and pre-Cambrian crystalline
rocks nearby. As a result of this work by Pray and
Sharp it seemed probable, as early as January 1950,
that other veins carrying rare-earth minerals would
probably be found throughout the belt within which
bodies of syenite and shonkinite had been found in the
mapping and study of the area during the fall of 1926.
Because prospectors were finding veins containing rare
earths as far southeast as Kokoweef Peak during Feb-
ruary and March 1950, it seemed advisable to study
and make a geologic map of the entire belt within which
the uncommon igneous rocks were found.

On August 3, 1950, J. C. Olson of the Geological
Survey arrived at Mountain Pass to plan the district
study with D. F. Hewett. Aerial photographs on the
scale of about 1,800 feet to the inch were used for the
mapping by Olson. Through mid-August all field
work was done south of the highway. On August
28-29, Hewett again visited Olson and they examined
the area between the highway and the Birthday claims
and found the large body of rock, largely made up of
barite and several carbonates, that is referred to herein
as the Sulphide Queen carbonate body. Examination
of the entire area, 20 acres in extent, with a Geiger
counter showed radioactivity as great as 2 to 5 times
the background count. The persistent high barite
content indicated that the body might be a commer-
cial source of that mineral, and 15 large specimens were
collected for specific gravity determinations. These
indicated that the average barite content was about
20 percent. Soon thereafter, plans were made to make
systematic tests over the entire area of the barite-car-
bonate rock, and this was undertaken by W. N. Sharp
when he joined Olson in October.

Meanwhile, because the persistent radioactivity indi-
cated small amounts of a thorium-bearing mineral and
the mineralogy of the deposit resembled that of the
Birthday veins, it was decided to examine thin sections
of the first 15 specimens for the presence of bastnaesite.
T'wo thin sections contained about 10 percent of bastnae-
site and more than average amounts of barite. About
mid-October a second group of about 15 specimens was
selected from those parts of the barite-carbonate body
which contained more barite than the average; all of
these specimens contained noteworthy bastnaesite. Oue
of these from a prominent outcrop at the southwest end
of the barite-carbonate body contained about 30 percent
bastnaesite, but this material was only slightly radio-
active. By early November, it had been determined

that this outerop is largely made up of bastnaesite and
barite and that the average rare-earth content for the
outerop, which is about 100 by 120 feet, is about 20 per-
cent. Also, it was determined that a large part of the
entire body of barite-carbonate rock contains from 5 to
15 percent bastnaesite.

It is probable that Otto Krone of San Francisco was
among the first of the new group of prospectors to
explore the area near Mountain Pass for radioactive
minerals. Krone went into the area in late January
1950 and about February 15, using a Geiger counter, he
located the Onessa claim, south of Mountain Pass. In
early March, having learned from Piehl the location of
his group of claims on Sulphide Queen Hill, Krone
located claims along the southwest border of the hill.
On March 10, Krone brought to Hewett in Pasadena,
several pieces of rock and asked to have them tested for
bastnaesite. The thin sections cut from one piece showed
about 30 percent of the mineral. Krone refused to
reveal the source, beyond stating that they were obtained
from the area north of the highway, but in 1952 he
stated that this piece of rock came from the outcrop of
high-grade rock at the southwest end of Sulphide Queen
Hill. J. B. Kasey, of Bakersfield, probably went into
the area in early March and located claims west of Sul-
phide Queen Hill. Reynolds Robbins of Goodsprings
later discovered veins both north and south of the high-
way. William Benson and George Watkins located the
Windy group and other claims northeast of Kokoweef
Peak in March 1950. It has been reported that Kasey
was able to enlist the interest of an eastern chemical
manufacturing firm and that they sent an engineer to
examine claims along the west slope of Sulphide Queen
Hill in May 1950, but this was not known to Survey geo-
logists until late August.

By late November 1950, the presence of bastnaesite
in many parts of barite-carbonate body on Sulphide
Queen Hill had been proven by microscopic work by the
U. S. Geological Survey party, and it seemed advisable
to verify the results by chemical analyses. These
analyses, made by the Smith-Emery Company of Los
Angeles, confirmed the results of the microscopic work
and it was decided to issue a press release setting forth
the results of the field work from early August to late
December 1950. The release appeared in the press Jan-
uary 16, 1951. On January 18, the Piehl-Martin group
of claims that covered Sulphide Queen Hill, was pur-
chased by the Molybdenum Corporation of America.
During the next 3 months, the company drilled several
hundred vertical holes to an average depth of 50 feet
and made many analyses of the cuttings for rare earths.
The general results of this work were announced to the
stockholders during October 1951, and they were
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described in an article in January 1952 by staff writers
of the Engineering and Mining Journal.

Because of the need for more detailed mineralogical
information, W. T. Pecora entered the program in July
1951 to coordinate field work with expanded laboratory
investigations of mineralogy. In August, H W. Jaffe
collected specimens and began a systematic mineralog-
ical study of the district; early in October, D. R. Shawe
and J. C. Olson undertook additional detailed mapping
of the Sulphide Queen carbonate body and vicinity, and
this work was continued by Shawe in November and
December.

The discovery and delineation of large and extraor-
dinary mineral deposits are rarely the result of work by
one or a few men. Commonly, the first discovery is
made by one or several prospectors who, using well-
known techniques, recognize a few minerals or metals
in greater than average concentration. After a little
exploration within the limits of their resources most of
them either sell out or take in a new partner who adds
his resources and knowledge. Commonly, again, after
further work, the group then sells out to a company
equipped with resources and special knowledge. Geol-
ogists rarely make the first discovery but generally they

add special knowledge that clarifies some geologic rela-
tionships and controls.

At Mountain Pass two waves of prospectors recog-
nized the lead and gold deposits but none found the
veins of heavy rare-earth minerals within the area of
known mineralization; during these cycles, portable
instruments for measuring radiation had not been de-
vised. The first prospectors of the third cycle, Wood-
ward and Watkins, came equipped to search for radio-
active minerals. They deserve great credit for the
tenacity that led them to carry on the search after some
discouragements. Curiously, even though it was the
small amounts of thorium that led them to the veins,
that element is not an essential constituent of the rare-
earth mineral, bastnaesite.

It seems quite clear that several persons recognized
the radioactivity and rare-earth content of parts of the
barite-carbonate body in Sulphide Queen Hill before
geologists examined it in August 1950. It seems clear,
however, that the geologists, using well-known tech-
niques such as polished and thin sections viewed under
the microscope, definitely outlined the area within
which rare-earth minerals occur on Sulphide Queen
Hill and first recognized the body of high-grade barite-
bastnaesite rock on the southwest end of that hill.
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RARE-EARTH MINERAL DEPOSITS OF THE MOUNTAIN PASS DISTRICT, SAN BERNARDINO
COUNTY, CALIFORNIA

By J. C. Ouson, D. R. Smaweg, L. C. Pray, and W. N. Smare

ABSTRACT

Bastnaesite, a rare-earth fluocarbonate, was found in the
Mountain Pass district in April 1949. Subsequent geologic map-
ping has shown that rare-earth mineral deposits occur in a belt
about 6 miles long and 114 miles wide. One of the deposits, the
Sulphide Queen carbonate body, is the greatest concentration
of rare-earth minerals now known in the world.

The Mountain Pass district is in a block of metamorphic
rocks of pre-Cambrian age bounded on the east and south by
the alluvium of Ivanpah Valley. This block is separated on
the west from sedimentary and volcanic rocks of Paleozoic and
Mesozoic age by the Clark Mountain normal fault; the northern
boundary of the district is a conspicuous transverse fault. The
pre-Cambrian metamorphic complex comprises a great variety
of lithologic types including garnetiferous mica gneisses and
schists; biotite-garnet-sillimanite gneiss; hornblende gneiss,
schist, and amphibolite; biotite gneiss and schist; granitic
gneisses and migmatites; granitic pegmatites; and minor
amounts of foliated mafic rocks.

The rare-earth-bearing carbonate rocks are spatially and
genetically related to potash-rich igneous rocks of probable pre-
Cambrian age that cut the metamorphic complex. The larger
potash-rich intrusive masses, 300 or more feet wide, comprise 1
granite, 2 syenite, and 4 composite shonkinite-syenite bodies.
One of the shonkinite-syenite stocks is 6,300 feet long. Several
hundred relatively thin dikes of these potash-rich rocks range
in composition from biotite shonkinite through syenite to gran-
ite. Although a few thin fine-grained shonkinite dikes cut the
granite, the mafic intrusive bodies are generally the oldest, and
granitic rocks the youngest. The potash-rich rocks are intruded
by east-trending andesitic dikes and displaced by faults.

Veins of carbonate rock are most abundant in and near
the southwest side of the largest shonkinite-syenite body. Most
veins are less than 6 feet thick. One mass of carbonate rock
near the Sulphide Queen mine is 700 feet in maximum width and
2,400 feet long. About 200 veins have been mapped in the dis-
trict; their aggregate surface area is probably less than one-
tenth that of the large carbonate mass.

The carbonate minerals, which make up about 60 percent
of the veins and the large carbonate body, are chiefly calcite,
dolomite, ankerite, and siderite. The other constituents are
barite, bastnaesite, parisite, quartz, and variable small quanti-
ties of crocidolite, biotite, phlogopite, chlorite, muscovite,
apatite, hematite, goethite, fluorite, monazite, galena, allanite,
cerite, sphene, pyrite, chalcopyrite, tetrahedrite, malachite,
azurite, strontianite, cerussite, wulfenite, aragonite, and thorite.
The rare-earth oxide content of much of the carbonate rock is 5
to 15 percent; in some local concentrations of bastnaesite the
rare-earth oxide content is as high as 40 percent.

The foliation and inclusions in the Sulphide Queen carbonate
body, and the discordant contacts between this body and the
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gneissic wall rocks, show that the carbonate rock was intruded
as a mass into its present position. Radioactive age determina-
tions on monazite from the Sulphide Queen carbonate body indi-
cate a tentative age of about 900 to 1,000 million years (pre-Cam-
brian), and the potash-rich rocks are at least as old and thus are
of pre-Cambrian age. Four tentative determinations of 800 to
900 million years for the age of zircon in shonkinite at the Birth-
day shaft also indicate the pre-Cambrian age of the potash-rich
rocks.

The relation of the carbonate rocks to alkalic igneous rocks
is similar to rock associations found in certain other parts of
the world. Because of structural reasons, as well as the pre-
Cambrian age of the monazite, the rare-earth-bearing carbonate
rock could not have originated as sedimentary limestone or
dolomite of Paleozoic age or through assimilation of sedimentary
rocks of Paleozoic age by the parent magma of the potash-rich
rocks. The carbonate rock might have had a sedimentary origin
in the pre-Cambrian gneissic complex as limestone or evaporite,
subsequently modified and squeezed into discordance with the
foliation of the metamorphic rocks. A magmatic origin of the
rare-earth-bearing carbonate rock by differentiation of an alka-
line magma from shonkinite to syenite to granite, with a car-
bonate-rich end-product containing the rare elements, is in har-
mony with the field relations. This late differentiate might
have been introduced either as a relatively concentrated mag-
matic fluid, highly charged with volatile constituents such as
carbon dioxide, sulfur, and fluorine, or as a dilute hydrothermal
fluid.

INTRODUCTION

In April 1949 a vein containing considerable quan-
tities of bastnaesite, a fluocarbonate of rare-earth
metals of the cerium group, was discovered in the vi-
cinity of Mountain Pass in eastern San Bernardino
County, Calif. (fig. 1). Small quantities of this rare
mineral have been noted at several localities in the
United States, but this deposit was the first at which
the mineral was sufficiently abundant to offer promise
as a commercial source of rare-earth metals. The dis-
trict is now known to contain a large supply of the rare-
earth elements, and barium, strontium, thorium, and
minor quantities of other metals.

The rare-earth metals are used primarily in the form
of an alloy called misch metal, a mixture of several
rare-earth metals of the cerium group. The principal
current uses of the metals depend upon their pyro-
phoric properties. The rare earths are used in arc
lamps, tracer bullets, in the flints of pocket lighters
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and carbide lamps, in the manufacture of gas mantles,
and as deoxidizing agents in metallurgy. They have
shown promise in alloys of light metals and in steel.
Chemical compounds of rare earths have a wide variety
of uses in industry. Several of the rare earths are ex-
cellent absorbers of slow neutrons, and their poisoning
effect on the action of nuclear-energy piles has stimu-
lated intensive study of the metals by the Atomic En-
ergy Commission. ,

The rare earths have largely been obtained from
monazite placer deposits in various parts of the world,
chiefly from beach sands in India and Brazil, but only
small quantities of monazite have been produced in this
country. Bastnaesite had been known previously from
only about 10 localities in the world. A little bast-
naesite was mined in the late nineteenth century at
Bastniis, Sweden, and small amounts have been obtained
from placer deposits in Belgian Congo and from de-
posits in central New Mexico.

During the period of 1949-51, exploration was in-
tensive but only a few tons of bastnaesite ore were mined
at Mountain Pass for metallurgical tests. Many pits
and bulldozer excavations, commonly 5 to 10 feet deep,
have been made in extensive search for rare-earth
minerals. Only two mine workings in the district, the
old Sulphide Queen gold mine and the Birthday shaft
made in bastnaesite exploration, are as much as 100 feet
deep. Present activity (1952) is largely confined to
quarrying and drilling at the Sulphide Queen deposit.

LOCATION AND SURFACE FEATURES

The Mountain Pass district is an area about 7 miles
long and 3 miles wide centered near Mountain Pass, 60
miles southwest of Las Vegas on U. S. Highway 91,
near the northeast corner of San Bernardino County,
Calif. (fig. 1). Most of the district is readily accessible
from the main highway by dirt roads. The district is
16 miles by paved highway west of Nipton, Calif., a
station on the Union Pacific Railroad. Altitudes
range from about 4,000 feet at Wheaton Springs to
slightly more than 6,000 feet on Kokoweef Peak and
the Mescal Range. Clark Mountain, just northwest of
the district, dominates the terrain; its altitude is 7,903
feet. The surface east of Wheaton Springs slopes
within a few miles to the floor of Ivanpah Valley, about
2,595 feet in altitude. Mountain Pass, which has an
altitude of 4,730 feet, is the highest point on Highway
91 between Las Vegas and Los Angeles.

The district is in part a rolling upland about 5,000
feet in altitude, which is part of a mature surface of
moderate relief that has been referred to as part of the
Ivanpah upland (D. F. Hewett, 1950, personal com-
munication). Several peaks and ridges in the district

rise about 1,000 feet above this surface. The eastern
part of the district is chiefly a rugged, dissected ter-
rain between the Ivanpah upland and the slope into
the wide, alluviated Ivanpah Valley. Rock exposures
generally are good. The central part of the district,
near Mountain Pass, is partly obscured by gravels and
alluvium. The gravels are several hundred feet thick
in places and have been dissected so that ridges several
hundred feet high are composed entirely of gravel
deposits. The gravels contain blocks and fragments of
the pre-Cambrian gneiss, Paleozoic limestone, dolomite,
and quartzitic sandstone, Mesozoic sandstone and vol-
canic rocks, and igneous rocks, all in various propor-
tions depending upon their distances from the sources
of these materials.

The climate is arid. The district is dotted with juni-
per and joshua trees, and pifion are found near the
north end of the district and on Clark Mountain.
Water is scarce, rainfall is scant, and the principal
sources of water are the springs. Waring (1919, p.
76-77) gives data on the water at Mexican Well and at
Mescal, Roseberry, Mineral, and Wheaton Springs in
the Mountain Pass district.

FIELD WORK AND ACKNOWLEDGMENTS

The Ivanpah 1°-quadrangle, which includes Moun-
tain Pass near its center, was mapped by D. F. Hewett
during the period 1924 to 1929. After the discovery
in April 1949 of radioactive deposits and bastnaesite,
the area of about 900 by 1,500 feet around the discov-
ery (pl. 10), including the Birthday shaft (pl. 11), was
mapped at 50 feet to the inch by W. N. Sharp and L. C.
Pray between November 15, 1949, and January 20, 1950
(Sharp and Pray, 1952).

The geologic mapping of the district was done by
J. C. Olson between August 3 and December 7, 1950,
with the assistance of E. D. Jackson during August.
Aerial photographs were used in the field mapping,
and the geology was transferred to a planimetric base
compiled from the photographs by the U. S. Geological
Survey (pl. 1).

The Sulphide Queen carbonate body was mapped
by W. N. Sharp and J. C. Olson during late October
and November 1950, at a scale of 100 feet to the inch.
During October, November, and December 1951, 