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PART I

HISTORY OF URANIUM MINING

General

Development of carnotite ores of the Colorado Plateau region was
dependent upon discovery of the elements radium, uranium, and vanadium; upon
determination of their properties; upon development of uses for them; and upon
the dissemination of this information to the scientists and metallurgists of
the world. Although uranium was named in 1789 by Klaproth upon his isolation
of U02 , the true nature of the metal and its properties was not established
until 1840; even after this date, the metal was still only of academic
interest. But it wasn't until 1896, when Becquerel noticed that uranium salts

affected a photographic plate, that the whole array of eventful researches
disclosing the existence of radioactive elements and the nature of
radioactivity was initiated.

Manuel del Rio may have discovered vanadium in lead ores from Mexico in
1801; however, his discovery was not substantiated, and it was not until 1831
that the element was rediscovered by Sefstrom in the titaniferous iron ores of
Sweden. While Berzelius did much work on the chemistry of the element, he did
so without realizing that he had mistaken the oxide for the metal. Not until
1867 was the metal isolated and its properties determined by Roscoe, and from
that time to the present the primary use of vanadium has been in alloys of
steel.

Development of the vanadium-steel industry was slow with only small lots
of vanadium steel being produced up to 1900, and just 500 tons being produced
in the United States in 1905. While the demand for vanadium increased
steadily after this time, the demand was supplied principally from the low-
cost Peruvian Minasragra Mine. In 1915, the annual production of vanadium
steel was 450,000 tons, but was increased to 800,000 tons in 1916 under the
impetus of armament production for World War I. From 1916 to 1922, the demand
for vanadium was significant enough for the Placerville, Colorado, deposits to
be worked to capacity, and almost as much emphasis was placed on the recovery
of vanadium as that for radium from carnotite ores. With the close of the
war, the demand began to fall off and the metal was supplied from lower cost
areas. In 1922, practically the only vanadium produced in the region was from
reworked tailings. From 1923 to 1935, vanadium production from carnotite ores
practically ceased, although the newly opened vanadium deposit at Rifle
supplied relatively large quantities of ore from 1924 to 1931. With the
resumption of armament production in 1935, demand for vanadium again became so
great that the Colorado Plateau mines were reopened and worked until 1945.

As a result of Becquerel's observations on the action of uranium salts on
photographic plates in 1896, extensive research was immediately undertaken on
uranium metals, uranium salts, and uranium minerals. This research showed
some uranium minerals were much more radioactive than the pure element. The
presence of small amounts of some other highly radioactive material during
experimentation seemed to be the only logical explanation for this phenomenon.
Further research by Pierre and Marie Curie led to the discovery of radium in
1898. The discovery that radium acted upon certain types of cancerous growth
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led to a great demand for the material by the medical profession. Thus, ever
increasing quantities of carnotite ores were needed from 1896 to about 1908 or
1909 for research purposes. Between 1910 and 1914, when World War I
terminated the European market, relatively large quantities of carnotite were
mined and milled in this country, and the concentrates were shipped abroad for
the extraction of radium. Almost immediately after the collapse of the
European market, plants for the extraction of radium were constructed in the
United States, evidencing little appreciable slump in production in the
Colorado Plateau region. The demand for carnotite ores as a source of radium
continued, until the discovery of high-grade pitchblende deposits in the
Belgian Congo in 1921 provided a cheaper source of radium and dropped the
price from $120.00 per milligram to $70.00 per milligram.

Aside from the early interest in uranium for its radioactive properties
and a very limited use of its salts for coloring glass and for photography,
there was very little use for this element until about 1940. Even then, the
interest in uranium was a highly classified subject, and it was not until 1947
and 1948 that buying programs were established and extensive exploration work
was undertaken by the Federal Government. Thus, it is obvious that the
economic mining of the sandstone ores for uranium and vanadium on the Colorado
Plateau could not have been established before 1900. The development of the
industry has been controlled not only by the isolated and relatively
inaccessible geography of the area but also by world production and world
politics.

Operations in the Colorado Plateau Area to 1910

Existence of a yellow substance in sandstone was known to settlers of
southwestern Colorado prior to 1880, and it has been suggested that the Ute
and Navajo Indians may have used the yellow powder as pigment before the
advent of white men. The first known mining of carnotite occurred on Roc
Creek, about five miles northeast of the Paradox Post Office, in 1881. In
this year, a prospector named Tom Talbert sank a shaft, collected a few pounds
of the "yellowish mineral", and sent it to an assayer in Leadville. The

assayer was unable to give a complete anaylsis of the material but did report
traces of gold and silver. Apparently, there were not enough gold and silver
values present to make the claim worthwhile, so Talbert abandoned it. This
same claim was restaked several times by other prospectors during the next few
years, but each in turn found nothing of value and let the claim lapse. In
1887, the claim was again staked under the name of Copper Prince in hope that
its "chrome-copper" would be of value; it was again permitted to lapse. The
area was staked again in 1896 by a prospector named Tom Dullen who, in 1898,
leased his claims to Mr. Gordon Kimball and associates. This same year, Mr.
Kimball mined and shipped 10 tons of carnotite ore assaying 20 percent
U308 and 15 percent V205. As soon as it became known that the "yellow
mineral" was marketable, other claims were staked. Most of these claims were
located on Roc Creek, on La Sal Creek, and in adjacent areas. However, the
interest in the material must have been widespread because the discovery of
vanadium ore with some carnotite was reported at Richardson, Utah, in 1898;
the vanadium deposits at Placerville were discovered in 1899, and carnotite
deposits were discovered in the Slick Rock and Uravan (Long Park) districts in
1900. While there is no record of claims being filed at this time,
prospecting activity appears to have thoroughly covered the region.
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In 1900, M. Poulot and M. Voilleque did experimental work on extracting

vanadium and uranium oxides from carnotite ores at the camp of the Cashin Mine
on La Sal Creek. The carnotite ores used in these experiments came from mines

on Roc Creek, on La Sal Creek, and on the San Miguel River near the Hydraulic
Camp (2-1/2 miles downstream from the present site of Uravan). As a result of

these experiments, a company was formed by the two experimenters and James
McBride, one of the men who had an interest in the early development of the
Cashin Mine. This company, built an experimental mill in the McIntyre
district at the mouth of Summit Creek (now in the Slick Rock district), and
shifted the center of its operations to this locality. Mining and milling was
carried on intermittently in this area from 1901 to 1904.

Sufficient interest had been aroused in carnotite ores to cause
widespread staking of claims during the time between 1902 and 1905. The first
claims in the Long Park area were staked in 1902, and at Richardson that same
year, exploration work was done and various small shipments of ore were made
for testing purposes. In 1903, the Richardson ore was found to be
radioactive, and samples were sent to Pierre and Marie Curie in Paris; but,
their experimentation with the samples failed to affirm the presence of
radium. In 1903, before the results of the Paris analyses had been received,
a company was incorporated to work this deposit and to refine the ore at the
company's plant in Buffalo, New York. Apparently, nothing ever came of this
operation since no further mention of it is made in the literature.

Carnotite deposits were also discovered, prior to 1905, in such widely
scattered localities as both the north and southeast (Temple Mountain) sides
of the San Rafael Swell; on the Colorado River at Mill Creek between
Richardson and Moab; in the Thompson area at a point about 20 miles north of
Price, Utah; and in the Henry Mountains area. With the exception of the ore
in the vicinity of the plant at Summit Creek, all ore mined until about 1906
was shipped either to the eastern part of the United States for the recovery
of vanadium or to Europe for the recovery of radium.

In 1906, the Vanadium Alloy Company built an experimental plant at
Newmeyer (or Newmire, and later renamed Vanadium) about ten miles from
Placerville. The plant was intended to treat the roscoelite-type ores found
in this locality and apparently operated more or less continuously during this
early period. The plant was later acquired by the Primos Chemical Company who

operated the plant until it was destroyed by fire in 1918. Because of the
large size and relative richness of this vanadium deposit, the operation could
compete with imported vanadium. It was the only large scale operation on the
Colorado Plateau from 1906 to 1910.

Period of Emphasis on Radium 1910-1935

Because of the extreme interest in the carnotite ores of the Colorado
Plateau (beginning in about 1910), and because the rapid expansion by industry
brought about this interest, it was no longer possible to treat the Colorado
Plateau as a single unit. Therefore in this paper, each of the principal
districts will be discussed separately.
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Placerville District The vanadium prospects at Placerville continued
operation until the collapse of the domestic vanadium industry in 1921. As
has been mentioned, the Primos Chemical Company plant at Newmeyer operated
until it was destroyed by fire in 1918. The following year that plant was
rebuilt, and another plant was built at Sawpit, midway between Placerville and
Newmeyer, by the Colorado Vanadium Company. About 30 percent of the world's
production of vanadium, in 1919, came from these two plants, about 10 percent
from other U.S. sources, and about 60 percent from Peru.

Uravan District As has been stated, carnotite was discovered in the
Uravan district in 1900, with the first claim being staked by Maitland and
Marcus in the Long Park locality in 1902 and 1903. The development of the
district was retarded because of its isolation and lack of transportation
facilities. Until 1910, production consisted of only a few small lots of
high-grade ore varying from a few hundred pounds to a few tons each. This ore
was mined by rather primitive hand methods, shipped to the railhead at
Placerville by pack train and freight wagon, and then transported to the east

coast and to Europe for experimental purposes.

Shortly before 1910, metallurgical processes for relatively large scale
recovery of radium from carnotite ores were perfected. This resulted in
greatly increased demands for the ore and in accelerated prospecting in the
entire Colorado Plateau area. The Monogram and Jo Dandy group of claims were
staked in the South Paradox locality by the Sullivan Brothers in 1909 and
1910; the Club and Ophir groups were located in 1910 and 1911; the General
Vanadium Company acquired property in Paradox Valley localities in 1911; as
did the Standard Chemical Company, and that same year, the Crucible Steel
Company became interested in the Long Park locality. With development work
being organized by the Radium Luminous Metals Company in 1910 and by the
Radium Company of Colorado and the Standard Chemical Company in 1911, a mining
rush resulted which would affect the entire Colorado Plateau.

The Radium Company of Colorado treated its ore in a plant in Denver while
the Radium Luminous Metals Company shipped ore to its plant in East Orange,

New Jersey. The National Radium Institute built a dry-process plant in the
Long Park area. This mill was later purchased by the Pittsburgh Radium Com-

pany and moved a few miles northwest to Saucer Basin. The dry process did not
prove successful however, and after treating some 2,000 tons of ore, the mill
was dismantled.

The Standard Chemical Company, financed largely by the Flannery Company,

holders of controlling interests in many of the ferro-alloy plants in
Pittsburgh, Pennsylvania, treated most of the ore in their Joe Junior mill at
the present-day site of Uravan. Some of their highest grade ore was shipped
directly to a company whose plant used the dry-process method; however, after
about one year of operation, this plant was converted to treat ore by a wet
process.

Operating costs in the district were high because of its isolation; e.g.,
Placerville, about 65 miles from Uravan, was the nearest shipping point. Con-
centrates, ores, and supplies were hauled by freight wagon between Placerville
and Uravan and to other points within the district. The freight rates between
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Uravan and Placerville were $27.00 per ton in 1914, but by 1922 rates had been
reduced to $14.00 per ton as a result of road improvement and introduction of

motor trucks.

Because of the high freight rates, the Radium Company of Colorado and the
Radium Luminous Metals Company could not mine and ship ore assaying less than
2.0 percent U308 . The Standard Chemical Company could mine and mill ore
running as low as 1.25 percent U308 although the average grade of ore
treated in this plant was oyer 1.50 percent U308 . The mill recovery
varied between 65 percent and 70 percent.

The beginning of World War I in 1914 had little effect on the mining of
carnotite ores though it did affect the European market. Plants for the
extraction of radium were quickly constructed in the United States, and
because of the increasing demands for vanadium, these plants were engineered
so as to recover large quantities of vanadium as a by-product from carnotite.
With the entry of the United States into the war in 1918, emphasis slowly
began to veer away from the production of radium to the production of
vanadium. The complete change in emphasis came in 1922 with the opening of
high-grade pitchblende deposits in the Belgian Congo.

The end of the war caused both a drop in the demand for vanadium and a
resumption of the supply from lower-cost areas. Both mining and milling of
carnotite ores ceased in about 1923 and remained inactive in most districts of
southwestern Colorado and southeastern Utah until 1936.

Slick Rock District As has been mentioned, the first discoveries of
carnotite and the staking of the first claims in the Slick Rock (then part of
the McIntyre) district occurred in 1900 with intermittent mining and milling
being done until 1904. The exact fate of the first mill in the district is
not known. The Slick Rock district apparently was not an important producer
during the period of emphasis on radium because of the great distances that
ore, concentrates, or supplies had to be hauled. Just at the close of the
period in 1922, the American Rare Metals Company built a radium extraction
plant with a 10 to 15 tons-per-day capacity at Slick Rock. Presumably, some
ore was treated in this plant, but with the collapse of the radium market, it
must have been shut down almost immediately. Another plant was built in the
area in 1931 (10 to 15 tons-per-day capacity) to handle limited amounts of

high-grade ore. This mill was acquired in 1934 from the Shattuck Chemical
Company of Denver by North Continent Mines, Inc., who shortly thereafter
increased capacity to 30 tons daily. The mill was operated intermittently for
several years, only to be shut down finally in 1943.

Calamity District The claims of the Calamity district, including the
Blue Creek, Outlaw, and Tenderfoot Mesa groups, were located by several
prospectors in 1910 and 1911. Since many of the claims conflicted, a number
of lawsuits were pending when George Pickett acquired options on all claims in
1915 and 1916. Pickett leased out the claims for about four years.

From 1919 to 1935, the principal claims were developed and operated under
various ownerships by such companies as the Tungsten Products Company, the
Radium Company of Colorado, the Atlas Corporation, the International Vanadium
Corporation, and the Molybdenum Company of America.
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The Radium Company of Colorado acquired title to the properties in 1920
and operated them until 1922. During this period, the company patented about
40 claims in the more favorable parts of the district and did considerable
development and exploration work, including both core and jackhammer drilling.
In 1924, the properties were sold to the Atlas Corporation, who leased them to
Jake Lewis of Gateway. Lewis mined a considerable amount of high-grade ore in
1924 and 1925 which he sold to the Radium Luminous Metals Company of East
Orange, New Jersey. Shortly after the Atlas Company acquired the properties,
the first wagon road was built from Gateway into the district. Prior to this
time all ore, as well as all supplies, was transported between camps and

roadhead by burro packtrain.

Most of the production up until 1925 consisted o-f high-grade uranium ore
from fossil trees; this ore was mined primarily for its radium content. From

1925 to the end of the period, the district had only a very limited production

by a few small claim holders.

Moab District Occurrences of carnotite ore in the vicinity of Moab,
Utah, were known as early as 1909. The earliest recorded production was by
the Utah Rare Metals Company in 1911. This company shipped 30 tons of
high-grade ore to domestic buyers and 21 tons of concentrates, assaying 7.37
percent V205 , to purchasers in England. From 1912 to 1914, activity in
the district consisted primarily of claim locations and scattered small mining
operations. Increased demand for vanadium during World War I stimulated
mining activity here, and by 1920 a considerable tonnage of ore had been
produced. Mining continued intermittently for about 15 years after 1920. The
chief ore buyer from 1926 to 1929 was the Pittsburgh Radium Company.
Apparently, there was no production during 1932 and 1933, but the Yellow Creek
Mining Company produced ore from 30 small leased mines in 1934.

Dolores River District Early production from the Dolores River district
consisted of small amounts of ore mined for its radium content during World
War I. The claims lay idle from 1920 until 198 after which mining was
resumed by a number of claim owners and leasers.

Bull Canyon District The Standard Chemical Company located the first

claims in Bull Canyon at the time of World War I. Only a limited tonnage of
sorted, high-grade ore was mined at this time, but during 1920 and 1921, the
company conducted an extensive prospecting and exploration program and

discovered most of the present showings.

The company abandoned some of its holdings a few years after 1922 though
these were relocated several years later by Clyde Grabill, John Carver, and
Jim Elmer. Grabill later sold his claims to George McGee. There apparently
was little if any production in the district until after 1940.

Polar Mesa Camp District The Polar Mesa ores were discovered in 1914 as
a result of the demand for radium ores at that time. It is doubtful, however,
because of the relative inaccessibility of the area, if any ore was shipped
until several years later. The first known mining was done by the Keystone
Metals Reduction Company, but production figures for Keystone's operations are
not available. The company did considerable exploration and development work,
including drilling operations, between 1918 and 1920. Any claims held by the
company were permitted to lapse after 1922, and mining operations were not
resumed until 1937.
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Comb Ridge District The first claims were staked in the Comb Ridge
district in 1914 and 1915. In a relatively short time after 1915, some 1,000

claims had been located, but the generally low-tenor ore and the relative

inaccessibility of the district greatly retarded its development. Apparently,
very litte ore was shipped until well after 1935.

Henry Mountains Area The Henry Mountains area comprises the Granite
Wash, the Trachyte Ranch, and the Little Rockies districts. The Standard
Chemical Company located a number of claims in the Little Rockies district in
1914, and a considerable amount of development and prospecting work was done.
Though a small amount of high-grade carnotite ore was shipped, the claims were
abandoned soon afterward.

Carpenter Ridge District The earliest known operations in the Carpenter
Ridge district were those on Roc Creek, discussed previously. After the
attentions of M. Poulot, M. Voilleque, and Mr. McBride were directed away from
this area and toward the Slick Rock area, the Carpenter Ridge district lay
idle for a number of years. From 1916 to 1923, the Radium Company of Colorado
operated in the district. While no production figures are available,
apparently an appreciable amount of ore was mined mostly from the Roc Creek
locality. The district apparently lay idle again from 1923 to 1940.

Beaver Mesa District Little is known of the early mining history of the
Beaver Mesa district, but most of the discoveries were made prior to World War
I. The first organized mining was done in Lumsden Canyon by George Kuncle of
Grand Junction, Colorado. Since all ore and all supplies had to be packed to
and from the district over a trail leading down Lumsden Canyon to Gateway,
only high-grade ore was shipped while low-grade ore was stockpiled.

The Inter-River District While these deposits, located a few miles
southeast of Thompson, Utah, were known before 1905, only small amounts of ore
were mined before 1940.

Blanding District Carnotite was discovered in Cottonwood Wash in the
Blanding district by a Mexican sheepherder in 1920. The material brought in
by the sheepherder was identified as ore by A. E. Shumway, an employee of the
International Vanadium Company in Dry Valley. In 1930 and 1931, Shumway and
his two brothers located about 20 claims in Cottonwood Wash. In 1931, they

sold part of their claims to H. W. Balsley, an ore buyer of Moab, Utah, and
part to L. H. Hunter of Castlegate, Utah. Hunter later sold his claims to a
Mr. Garbutt of Los Angeles. The claims then apparently lay idle until 1936.

Green River District The occurrence of carnotite ores in the Green River
district was known from early times, and a little production prior to 1920 was

recorded. Since that time, however, there has been little recorded
production.

Coyote Mesa District The Coyote Mesa district is one of those that was
discovered in the earliest days. Production records show that most of the
mining was done in Little Gypsum Valley and in Silvey's Pocket. The ore was
mined originally for its radium content. The Standard Chemical Company owned
most of the properties and opened 14 new prospects in Silvey's Pocket before
the close of operations in 1922. There was little mining or prospecting
between 1923 and the end of the period.
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West Paradox District The West Paradox district also included some of
the earliest mines of the region. The Yellow Bird, on La Sal Creek, was one
of the sources of carnotite for the experiments conducted by M. Poulot and M.
Voilleque. There were a few new claims located in the district between 1910
and 1913, and other claims were located by a Mr. Gramlich in 1925 and 1929.

The Rifle Vanadium Deposit The deposit was first discovered by
prospectors searching for carnotite in about 1909; though, the deposit, on the
prominent cliff of Rifle Canyon, had been known to area stockmen for many
years. As the ore proved to be high in vanadium and very low in uranium, its

existence was apparently forgotten. The deposit was rediscovered in 1921, and
development was undertaken almost immediately by a local company called the

U.S. Vanadium Company. After a preliminary period of development and
financing, a 50 ton-per-day salt-roast treatment plant was constructed near

the town of Rifle in 1924. The assets of the company were purchased by the

Union Carbide and Carbon Corporation in 1926. Shortly after this purchase, a
new deposit was discovered on one of the properties, and the capacity of the
mill was increased to 50,000 tons yearly. Both mine and the mill operated to
capacity until they were shut down in 1931.

Other Districts A number of other districts were known to contain
carnotite mineralization, but for one reason or another were not important

producers or had been prospected only. Among these are included the San
Miguel River and Nucla districts in the Uravan country; the Abajo Mountains,
Cisco, Monticello (Dry Valley), and Polar Mesa districts in the Green River
Desert area; the Coal Creek Anticline and the Sleepy Cat Mountain districts of
the White River Uplift area; the B'Cla B'Toh, Eurida (Toh Atin), Toh Acon,
Sigi Ho Cho, Kinusta, and Cove districts on the Navajo Indian Reservation; the
Waterpocket Fold district in the Kaiparowits Plateau area; the McElmo and

Lightner Creek districts in the San Juan Basin area; the Huerfano Park
district in the Raton Basin area; and the Silver Reef district in the
Southwest Utah area.

Period of Emphasis on Vanadium 1935-1945

Prior to World War II in Europe, there was a sufficient demand for
vanadium to reactivate most of the mines of the Colorado Plateau region. Most
of the established mines were reopened by 1935, and new prospects and mines
were opened continually for the next several years. Between 1934 and 1935,

the assets of the Colorado Radium Company and the Radium Luminous Metals

Company were acquired by the Vanadium Corporation of America (V.C.A.). This
latter company constructed a complete plant for the extraction of vanadium
near the town of Naturita, about 16 miles east of Uravan. During the next few
years, domestic demand for uranium increased to such an extent that, in 1940,
the company modernized and increased the capacity of the Naturita mill.

During this same time, the assets of the Standard Chemical Company were
acquired by U.S. Vanadium Corporation, a unit of the Union Carbide and Carbon
Corporation. This company moved its Rifle plant to Uravan in 1936, altered
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the metallurgical processes to handle carnotite ores, built larger warehouses,

and improved housing facilities for employees. The company operated its Club

and Dolores Mines, a few of its other larger properties, and supervised the

operation of its smaller mines on a lease basis. In addition to the ore

produced from its own mines, the mill treated a considerable amount of ore

that had been stockpiled on dumps by earlier operators and purchased truckload
lots of ore from small independent producers.

The plant at Uravan operated more or less continuously until 1943, the
one at Naturita until 1945. Though the war had little effect on the district,

the scarcity of labor during World War II had the effect of forcing the
companies to use their known reserves without developing new ones. The
complete stoppage of work in August 1945 was a result both of the end of World
War II and of the demand for vanadium being supplied by more favorably located
and lower-cost districts. The U.S. Vanadium Company also constructed a mill
in Durango in 1941. The Durango mill, like the one at Uravan, operated until
1943.

The government installed uranium recovery circuits at Durango and Uravan,
and built a refinery in Grand Junction in 1943. The circuits at Uravan and
Durango were built to run tailings from the U.S. Vanadium Corporation mills.
The Grand Junction plant was erected to further process the concentrates from
the Durango and Uravan plants. All three of these operations were shut down
in the fall of 1945 and almost immediately dismantled.

In 1936, J. K. Kimmerle built a 10 ton-per-day mill at Cottonwood Canyon
in the Blanding district. Because of financial difficulties, both the mill
and the mines were taken over by the Mexirado Oil Company of Cortez, Colorado.
This latter company organized the Blanding Mines Company to operate the mill
and mines. In 1942, the mill was destroyed by fire, and the Defense Plant
Corporation advanced $75,000 for the building of a new one. The new mill was
completed early in 1943. The high lime content of the Blanding ores, combined
with the high payments made to the Defense Plant Corporation, made operation
unprofitable; so, the mill was shut down in July of 1943.

In 1942, with the encouragement of the Metals Reserve Company,
development was started at the old Rifle Mine. A large new orebody was
discovered, and the construction of a new mill was started on the site of the

original mill. The mill was not completed until early 1945; it operated at

capacity for only a few months; then, with the collapse of the vanadium

market, was curtailed to half its capacity.

In 1940, Gateway Alloys Company acquired the assets of the Atlas
Corporation and built a mill at Gateway. For about two years after the

construction of the mill, the ores from the Calamity district were treated at
this mill for the Metals Reserve Company. The mill was closed in 1942, and
the Calamity ore was then sold directly to the Metals Reserve Company.

In 1936, a 25 ton-per-day plant was built at Cedar City by the Utah
Vanadium Corporation.

Because the greater part of the carnotite production of the Colorado
Plateau region has come from them, known orebodies, in many of the more
favorably situated areas such as Uravan and Paradox, have been completely or
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nearly exhausted. To stimulate production, the Government undertook three
projects. The Metals Reserve Company, with the U.S. Vanadium Corporation as
its agent, started a buying and stockpiling program early in 1942. This
provided a ready market for the ores and permitted operation of properties
which had been considered submarginal before that time.

To stimulate mining in regions which were not considered profitable, the
U.S. Geological Survey and the U.S. Bureau of Mines, in 1943, undertook a
joint drilling program for the purpose of outlining and measuring known
deposits and exploring for new ones. Because the more favorable deposits were
already controlled by larger companies, who previously had done considerable
drilling on their properties and who had fairly accurate knowledge of their
reserves, it was decided to concentrate drilling on claims held by smaller
operators. While this program was not considered likely to develop large
reserves, the aggregate result justified the procedure: the ratio of indicated
ore per foot of drilling was unexpectedly high. Eight hundred and ninety-five
drill holes, comprising 38,510 feet of drilling, were completed in 1943. As a
result of this drilling, some 53,000 tons of ore were discovered.
Approximately 16,000 tons of ore, valued near $270,000 at 1943 ore prices,
were mined during the conduct of the program. Most of this tonnage was

produced as a result of the drilling.

The third project undertaken to stimulate production and to discover new
ore deposits was the entrance into the field, in the fall of 1943, of the
Union Mines Development Corporation (a unit of the Union Carbide and Carbon
Corporation) on a Government contract account. This company was limited to
work in the Colorado Plateau, with special emphasis on the Morrison Formation.
The study of two localities (the Temple Mountain and Huerfano Park areas)
outside of the Colorado Plateau and not in the Morrison Formation was made
before the limits to the study area were clearly defined.

The principal purpose of the Union Mines project was "to reconnoiter the
Colorado Plateau region, with sufficient study of its general geology,
stratigraphy, and structure; and, to assess the distribution, magnitude, and
tenor of its ore deposits as was considered necessary to completely evaluate
the ultimate potential uranium resources of the region."

To accomplish this purpose, an organization was established under the

direct supervision of a chief field geologist. An office engineer was in
charge of the administration of the program. An office engineer handled all
problems of field supply, non-geologic record keeping, and supervised the work

of parties engaged in the preparation and compilation of material gathered in
the field. There were from 7 to 12 field parties, consisting of a party chief
with from one to five or six assistants, engaged in the actual field work.

To be sure that each part of the area received its proper amount of
attention, the Colorado Plateau was first divided into areas, and these were
divided into districts. The field study unit was a district; insofar as
possible, one party was assigned to each district, and the party chief and his
assistants usually completed the work for an entire district.

In studying the geology of a district, the work proceeded from a broad,
general survey of a district to a specific detailed investigation. The areal
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geology was mapped on a scale of one inch to the one-half mile with a

reconnaissance plane table and open sight alidade. The base maps used were

modified from U.S. Grazing Service planimetric maps when these were available.

If no maps were available, or if existing maps were not of sufficient

accuracy, base maps were constructed. In constructing maps, General Land

Office section corners were used for base lines where they existed. In
territory unsurveyed by the General Land Office, a base line was set and a
triangulation net of reconnaissance accuracy was carried from the base.
Geology was mapped largely by resection. Supplementary work by Brunton
compass and paced traverse was used in some cases. In special cases where
close control was deemed necessary, a fourth order triangulation network was

set up with a transit. The areal geology was supplemented by pace and Brunton
cross sections to aid in reading the uncontoured map.

After the general geology of the region had been mapped, those localities
which contained important mineralization were selected for more detailed
study. The usual scale of maps of these detailed areas was one inch equals
200 feet, with a 20-foot contour interval. The maps were made by the stadia
and telescopic alidade method so that individual sandstone and mudstone units
could be designated. These maps were also accompanied by profile cross
sections.

The smallest unit mapped was the individual mine surveyed by Brunton
compass and tape. If the size and complexity of the working warranted, a
transit survey was made. It was on both Brunton and transit survey maps,
which usually had a scale of 40 or 50 feet to the inch, that the specific
geology of a mine and its ore deposits were plotted. Cross sections
accompanying the mine maps were usually made with Brunton and tape. Mine

maps, with assay data plotted on them, were the basis for calculations of ore
reserves.

These columns resulted in a continous end view of the formations and were
useful in determining ore horizons and in making correlations. Because

stratigraphic relationships were so imperfectly known for many of the areas,
stratigraphic columns were constructed every one-half to one mile along the
strike of the outcrop.

After completion of field work, the data were assembled in the office,
where they were studied and compiled. Field maps were redrafted into report
maps. Ore deposits were then considered in detail, and the well-defined

positive ore blocks, the less well-defined indicated ore blocks, and finally
the geologically inferred ore blocks were outlined. After ore boundaries were
delineated, tonnage and tenor of ore were determined, statistically weighted,
averaged, and tabulated. The report was then written into final form by the

party chief. All work was subject to inspection and editing by the office
engineer and the chief field geologist.

In this manner, some 50 district and special reports were prepared, the
first one was submitted in 1943 and the last in 1946. In addition to the
district reports, a final summary report was prepared by the chief field
geologist. The reports submitted for the various districts have been the
basis of most of the subsequent exploration planning, and the maps are still
the only ones available for many districts.
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Interest in production of carnotite ores was greatly stimulated by these
three programs. Prospecting and development work in the area increased during

the period for both the larger companies and the small independent operators.
The principal operations during the period are listed below by district.

Uravan District As has been mentioned, during this period the U.S.
Vanadium Corporation operated its Club Mine, its Dolores River Mines, and some
of its other larger properties, while leasing many of its smaller mines to

individual operators. It also hauled to its mill ore that had been stockpiled
during earlier operations. During the war, miners and leasers were scarce, so
in order to insure sufficient ore for the mill, all effort was directed toward
mining of known ore deposits. There was no opportunity for much exploration
work; consequently, rapid depletion of known deposits contributed to the
shutdown of mining and milling in 1943.

Slick Rock District The North Continent Mines, Inc. mill continued to

operate intermittently until 1943 when it, too, was finally shut down. The

company continued mining for about a year longer, selling ore to the Metals

Reserve Company, until that agency discontinued its ore-buying program. The
last shipments of ore were sold to the U.S. Vanadium Corporation. The North
Continent holdings were sold- to the Union Mines Development Corporation in the
summer of 1944.

In addition to the North Continent holdings, a number of claims were

owned and mined by small operators. Among the most important of these

non-company claims were those acquired by F. A. Sitton from Michael O'Neal.
Sitton, selling his ore to the Metals Reserve Company, continued to mine ore

from these claims until 1945.

Calamity District Until 1940, the district had limited production by
only a few small claim holders. When the Gateway Alloys Company acquired the
assets of the Atlas Corporation and built the mill in Gateway, production

increased markedly. After the mill closed in 1943, a considerable amount of
high-grade uranium ore was mined from fossil trees and sold to an ore buyer in

Grand Junction.

Moab District The increased demand for vanadium in 1936 resulted in a

slight increase in mining activity in the Moab district with the Utah Rare

Metals Company again operating for a short time. The continued demand in 1939
resulted in increased prospecting and mining activity that lasted until March

1944. Subsidy payments and the construction of the plant at Monticello

contributed significantly to economic mining of ore in this district.

Dolores River District The ores of this district were mined by the U.S.
Vanadium Corporation for treatment in their Uravan mill. Mining practically
ceased when the mill was shut down in 1943.

Bull Canyon In 1940, McGee, Carver, and Elmer, with financial assistance
from the U.S. Vanadium Corporation, completed the road started to the area by
the Standard Chemical Company in 1920. In 1943, the claims that belonged to
Carver and Elmer were sold to Lyle Mitchell; and in 1944, the U.S. Vanadium
Corporation purchased all of McGee's claims. Additional claims were located
in 1944 and 1945 as a result of the completion of the access road.
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Polar Mesa The Polar Mesa claims were acquired by Harbro Mines in 1937.

This company mined the principal deposits until about 1944 after which the

properties were leased to the Vanadium Corporation of America. This latter

company did some exploratory work but apparently little, if any, mining. As

Polar Mesa was one of the areas drilled by the U.S. Geological Survey-U.S.

Bureau of Mines drilling program, enough interest was aroused in the area for
it to be worked quite extensively by lessees until about 1945. Title to the
properties was acquired by the U.S. Vanadium Corporation in 1948.

Comb Ridge District The demand for vanadium was sufficient enough in
1939 to cause considerable prospecting in the Comb Ridge district, but
production in appreciable quantities did not begin until the Metals Reserve
Company started its buying program a few years later. Between 1939 and 1944,
several mining companies bought claims, leased claims, and started limited
mining operations in various parts of the district. The ore was shipped to
the Defense Plant Corporation mill in Monticello.

Henry Mountains Area In 1936, some of the known claims in the Little

Rockies district were relocated by Cornelius and Horace Ekker of Hanksville,
Utah, who mined and marketed about 15 tons of ore. In 1944, the claims were
sold to the Canadian Radium and Uranium Corporation. The Ekkers also
relocated a number of claims in the Granite Wash district in 1942 and 1943 and
sold them to the same company in 1944. The Canadian Radium and Uranium
Corporation also located about 65 other claims in the district in 1944.

Carpenter Ridge J. J. Jackson mined and shipped a few hundred tons of
ore from this district between 1940 and 1946.

Beaver Mesa District The first road was built to the Beaver Mesa
district in 1939. This road enters the district from the south via Salt Creek
and Sinbad Valley but has not been kept in repair and at the present time is
impassable. The road into John Brown Canyon was built by the U.S. Grazing
Service in 1943. All production to 1945, including practically all ore that

was stockpiled from previous operations, was transported over these two roads.

Inter-River District Ore from the intermittent production of the Yellow
Cat, Cactus Rat, Monument, and Squaw Park groups of claims during this period
was shipped to the Metals Reserve stockpile at Thompson, Utah. In addition,
about 40 tons of ore per month was shipped to the Rifle plant from the Cactus
Rat group.

Blanding District Part of the claims in Cottonwood Canyon were leased
from Mr. Garbutt by H. J. Kimmerle in 1936. The ore from these claims was
processed in a small mill built near the mines in Cottonwood Canyon.

Financial troubles soon caused both the claims and the mill to be assumed by
the principal creditor, the Mexirado Oil Company of Cortez, Colorado. In
1940, this latter company organized the Blanding Mines Company to operate both
the mill and the mines. The ore produced was milled at the site until 1943
after which all ore was shipped to the plant at Monticello.

In 1941, the Vanadium Corporation of America purchased all of the Garbutt
claims. A renegotiation of the lease with the Blanding Mines Company gave
part of the claims to this company while the title to the others was retained
by the Vanadium Corporation of America.
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Coyote Mesa District Because of the remoteness of the district, Standard
Chemicals Company let some of its claims in the district lapse some time
between 1920 and 1935. These were relocated by Blake and Maupin. The claims
that were retained by Standard Chemical Company were acquired by the U.S.
Vanadium Corporation who patented some of the claims between 1938 and 1940.
In 1941, the Vanadium Corporation of America purchased the Blake and Maupin
properties in Silvey's Pocket, actively mined them, and shipped the ore to
Naturita. All mining ceased by the fall of 1944.

West Paradox District A limited amount of mining was done by small

independent operators from 1936 to 1944. Ore was shipped to Uravan and
Naturita for milling.

Rifle District Because of the prevailing demand for vanadium, the Rifle
Mine was reopened at the request of the Metals Reserve Company in 1944 or

1945. Since the original orebodies had been depleted by the time of the 1931
shutdown, a great deal of development work was necessary before the present
orebody was discovered. Since then, the mine has operated only
intermittently; for several years the mill was limited to treatment of 100

tons of ore per day.

Other Districts Some activity, either prospecting or mining, occurred in
all other known districts during this period. However, either because of
inaccessibilty or because of its character and grade, little ore was shipped.
Several new districts were discovered as a result of the demand for vanadium;

among these new districts are the following:

It had been known for many years that carnotite ore existed in the Coal
Creek Anticline district (east of Meeker, Colorado), but only necessary
assessment work was done. Mining and development operations were started in

1939 or 1940 by the U.S. Vanadium Corporation. Several thousand tons of ore
were shipped during these years.

On the Navajo Indian Reservation, a number of districts were discovered,
among them the B'Cla B'Toh, Eurida, and Sigi Ho Cho districts, and a little
mining and developing was done by Curran Brothers and Wade Company of
Farmington, New Mexico, and by the Vanadium Corporation of America.

The Lightner Creek district was apparently discovered in 1941 or 1942.
Mining began in 1942, when Elliott leased the Butell claims and shipped ore to

Durango. In 1943, Metals Reserve Company leased the holdings; they were then

operated by the Minolette Brothers until 1944.

While no production records are available, and none are inferred from
hearsay, at least five claims were staked in the Abajo Mountains district

between 1939 and 1944.

Carnotite ores were reported from the Cisco district, though no
production is known, and it is not definitely known when the ores were

discovered.
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Carnotite was apparently discovered in the Monticello (Dry Valley)

district sometime during this period. No production figures are available
though it is known that considerable exploratory work was done in the district

and that some ore was shipped.

Mineralization was also reported from the Waterpocket Fold district in
the Kaiparowits Plateau area, the Nucla and San Miguel River districts, the
Huerfano Park district in the Raton Basin area, and the Silver Reef district
in southwestern Utah.

The increased activity was apparently due to the stimulus of Government
prospecting and buying programs, with total production from the Colorado
Plateau to the time of shutdown in 1945 given in Table 1.

Period of Emphasis on Uranium 1946 to Present.

Relatively large quantities of uranium are needed for nuclear research
and production of nuclear weapons. While much of the supply has been
furnished from South African and Canadian sources, it was deemed advisable by
the Atomic Energy Commission to develop as large a domestic supply as
possible. For this reason, a buying program was instituted and the Colorado
Raw Materials Office was established late in 1947. In the spring of 1948, the
Commission guaranteed minimum prices for carnotite and roscoelite-type ores
for a period of three years. In addition to the guaranteed minimum price, a
$10,000 bonus was offered for the discovery and production of 20 tons of ore
or concentrates from any new discovery. Because of the special conditions and
difficulties encountered in mining, transporting, and milling these ores,
certain temporary additional allowances were made also. In order to further
stimulate the search for high-grade ores on the Colorado Plateau, a sliding
price scale favoring high-grade ores was established early in 1949. Early in
1951, the guaranteed minimum price schedule for Colorado Plateau ores was
extended to 1958 to conform with the original 10-year guarantee for other
types of ore. Price schedules were also increased at this time to further
stimulate both mining and prospecting activity.

The Rifle plant continued to operate intermittently at half capacity
until 1948 after which it operated at full capacity for both U.S. Vanadium
property ore and for custom milling. After several periods of rehabilitation,

the mill at Naturita opened in 1947, the Durango mill in 1949, and the mills
at Monticello and Uravan in 1950. The mill rehabilitation involved not only
replacement of obsolete and worn-out equipment but also re-engineering for
recovery of uranium. The mills remain basically vanadium mills adapted more
or less successfully to the recovery of uranium. A mill built by the Climax
Uranium Company in Grand Junction was opened early in 1951 and was engineered

specifically for the recovery of uranium from carnotite-type ores. Another
mill, engineered to recover approximately 100 tons-per-day from nearly any
type of ore, was built in 1951 by the Vitro Manufacturing Company in Salt Lake
City. The Sitton-Dulaney partnership plan to build a mill, estimated to
handle 300 tons per day of high-lime ore from the Navajo Indian Reservation
and the New Mexico districts near Shiprock, New Mexico, in 1954. A small,
35-ton capacity pilot mill was built at Hite, Utah, in 1949 to treat the
copper-uranium ores from that district.
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Table 1. Production by districts to 1945.

COLORADO DISTRICTS

Beaver Creek Mesa
Bull Canyon
Calamity
Carpenter Ridge
Coal Creek Anticline
Coyote Mesa
Dolores River
Gypsum Valley
Lightner Creek
Slick Rock
San Miguel River
Uravan:

East Paradox Locality
Club Locality
Long Park Locality
Ophir Locality
Miscellaneous

Placerville
Rifle

Total Colorado

Tons

2,770
18,660
26,150
3,000
7,230

700
38,500
20,000

336
60,200

50

15,845
163,147
213,477
66,536
8,508

101,800
500,568

1,247,477

UTAH DISTRICTS

Blanding
Comb Ridge
Green River
Inter-River
Little Rockies
Moab
Monticello (Dry Valley)
Polar Mesa
Polar Mesa Camp (West Gateway)
Temple Mountain
Trachyte

Total Utah

ARIZONA DISTRICTS

Sigi Ho Cho (Navajo Reservation)
Total Arizona

NEW MEXICO DISTRICTS

B'Cla B'Toh (Navajo Reservation)
Total New Mexico

GRAND TOTAL

25,780
11,310

280
10,600

110
11,000
23,000

50
10,060

500
375

93,065

6,900
6,900

1,500
1,500

1,348,942

Percent Percent U308 -V205 Pounds

U308 205 Ratio U308

0.21
*0.30
0.17
*0.27
0.17
*0.27
0.22

*0.27
0.13
0.27

*0.05

0.30
0.32
0.30
0.24
0.33
0.05
0.05
0.17

0.12
0.13
*0.18
0.27
0.48
*0.26
*0.10
*0.43
*0.46
*0.20
0.27
0.19

0.15
0.15

0.27
0.27

0.17

2.00
2.18
1.92

*1.90
1.50

*1.90
2.20

*1.90
2.94
2.50
*1.50

1.83
1.93
1.77
1.43
1.87
1.50
1.86
1.85

1.83
1.68
1.25
2.79
1.57
1.80
1.87
3.00
3.24
0.40
3.68
2.08

2.00
2.00

3.00
3.00

1.87

* Estimated from the best available information.

1:9.5
1:7
1:11.3
1:7
1:8.8
1:7
1:10
1:7
1:22.6
1:9.3
1:30

1:6.1
1:6
1:5.9
1:5.9
1:5.7
1:30
1:37
1:10.9

1:15.2
1:12.9
1:7
1:10.3
1:3.3
1:7
1:18.7
1:7
1:7
1:2
1:13.6
1:10.9

11,634
111,960
88,910
16,200
24,582
3,780

169,400
108,000

874
325,080

50

95,070
1,044,140
1,280,862

319,373
56,153
101,800
500,568

4,258,436

61,872
29,406
1,008
57,240
1,056

57,200
46,000

430
92,552
2,000
2,025

350,789

1:13.3 20,700
1:13.3 20,700

1:11.1
1:11.1

8,100
8,100

Pounds

205

110,800
813,576

1,004,160
114,000
216,900
26,600

1,694,000
760,000
19,757

3,010,000
1,500

579,927
6,297,474
7,557,086
1,902,930

318,199
3,054,000
18,621,130
46,102,039

943,548
380,016

7,000
591,480

3,454
39,396,000

860,200
3,000

651,888
4,000
27,600

3,868,186

276,000
276,000

90,000
90,000

1:11 4,638,025 50,336,225

Compiled by Union Mines Corporation

(RMI-437, February 1947, Fig. 59)
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Beginning early in 1948 and continuing to the present, all known mining

districts were reactivated and several new ones opened. Mining companies,

both large and small, as well as individual operators, did extensive
exploratory and development work on the deposits of all known districts, and

active prospecting has been carried on in regions peripheral to the known

carnotite area. Copper-uranium ores, as well as carnotite-type ores from the

Shinarump Member, are being exploited. As an example of the magnitude of the
operations at the present time, the production of mills operating in the
region during 1950 may be cited. The 200-ton-per-day capacity Rifle plant
averaged 144 tons per day in 1950, exclusive of old tailings rerun and of
Rifle Mine ores; the 185-ton-per-day capacity mill at Uravan averaged 155 tons
per day; the 100-ton-per-day mill at Naturita averaged 103 tons per day; the
125-ton-per-day mill at Durango averaged 104 tons; the 100-ton mill at Durango
averaged 106 tons per day; and the 35-ton mill at White Canyon averaged 20
tons per day for the seven months it operated. In addition, the Climax
Uranium mill in Grand Junction, rated at 150-tons-per-day capacity, and the
200-ton Vitro mill at Salt Lake City are not expected to suffer from a want of
ore. All of these mills are expected to operate at capacity for the next
several years, at least.

In order to stimulate production by exploring areas that could not
feasibly be handled by companies or individual operators, the Commission
instituted a drilling program in 1947 and 1948. Part of the drilling is being
done by the U.S. Geological Survey, and part is being done by the Commission
itself. The Geological Survey is exploring areas around the highly productive
region in the Uravan-Paradox Valley, (while the Commission's drilling programs
are conducted in peripheral areas in an attempt to extend the limits of the

area of high production, and to open up new territory). It is interesting to
note that wherever government drilling has been done, a mining rush has
resulted. This is not necessarily due to the discovery of ore by government
drilling but is an effect of the incentive offered to private operators by the
Government. The conduct and results of this drilling will be given in another
place.

Activities of the Industry

It would be impractical to give a complete list of all the individuals
and companies which produced ore from 1947 to the present time, and a list of
all the prospectors would be almost impossible to compile. By far the greater
part of any list of producers would consist of small companies and individuals
producing, at most, only a few tons of ore per day. All of these individuals
and small companies are actively mining ore and developing their claims at the
present time. So far, few of these small mines have developed into large
operations, but occasionally one of the small operators will develop a deposit
that will, temporarily at least, put him in the class of a large producer.
While the actual value of the work on any single claim or small group of
claims may be small, in the aggregate it amounts to very sizable proportions.

21



Much of the ore produced from the Plateau is mined either by the larger
companies or by individuals leasing company claims. The U.S. Vanadium
Corporation not only produces from its larger mines but leases smaller mines
and claims to individuals. The company buys all the ore from lessees,
collects royalties on them, and in return provides financing, geologic and
engineering advice for development work, and conducts a diamond drilling
program in areas recommended by the company geologist. Because of the small
and scattered nature of most of the carnotite deposits, some companies find

this to be the most economical way to operate.

The Vanadium Corporation of America practically duplicates this activity;
except to date, they have done almost no diamond drilling. The J. R. Simplot
Company acquired properties in Bull Canyon in 1950 and staked many other
claims in the district that same year. The company is actively mining many of
its claims and had done some 40,000 feet of diamond drilling on others within
the past year. Minerals Engineering Company controlled a large number of
claims until 1950 when it transferred many of them to the Climax Uranium

Company. These latter two companies have done a great deal of diamond and
wagon drilling, both in the Calamity district and in outlying areas such as
Temple Mountain, etc. Both companies are also producing ore from many of
their claims. Both the Dulaney Mining Company and Sitton and Dulaney, Inc.,
have done a great deal of underground development work in their operating
mines and have constructed many access roads in the hitherto inaccessible

Lukachukai district of the Navajo Indian Reservation, Arizona. In addition to
the companies mentioned above, some 32 smaller companies, as well as many
individual operators, have from 1949 to the present consistently shipped ore
to custom mills.

Prospecting activity, claims staking and grounds leasing in areas such as
the Red Canyon district, Utah, and the Grants area, New Mexico, have at times
been phenomenal. For example, the Anaconda Mining Company has staked over

1,000 claims in Red Canyon, 125 were staked in one day. In the Grants area,
every other section is owned by the Santa Fe Railroad, and this company is
actively prospecting its property. The Anaconda Mining Company has also
acquired many leases in the region.

Activity on the Navajo Indian Reservation has been hindered due to the

difficulty in obtaining leases through the Bureau of Indian Affairs.
Prospecting by companies and individuals is continuing, however, and
considerable development may be expected as soon as the matter of obtaining

mining rights is clarified.

Thus, from contact with mining firms, the trends in prospecting and in
development work in the Colorado Plateau region done by private industry is
many times that being done by the Government. The great activity at the
present time is due to the demand created by the Government; a guaranteed
minimum price enables mines to be worked at a profit; the length of time which
the Government program is scheduled to be in effect makes large-scale
operations economically feasible; the bonuses offered by the Government
provide incentive for greater effort from individual operators; and Government

prospecting within the Plateau area furnishes an incentive to all, not only by
ore discovered but also by the activity of Governmental agencies.

22



PART II

GEOLOGY

General Problems

Locating carnotite ore by exploration drilling methods has given rise to
a number of geologic problems that probably will be answered only after the
genesis of the ore is understood. However, there is an urgent demand for
uranium that cannot wait on time-consuming research. Present day discovery of
ore deposits is not a hit-and-miss proposition, however; certain useful
observations on ore occurrence have been made which, even when empirically
used, aid in the location of ore.

It has been known for many years that carnotite deposits occur along the
sandstone rims of the Salt Wash Member of the Morrison Formation. In the
past, all that was necessary to discover a new deposit was to walk an
unexplored section of the thousands of miles of Salt Wash rims. After the
rims had been thoroughly explored and new deposits were no longer being
discovered, it became necessary to develop some other method of prospecting.
Evidence from some of the larger mines has demonstrated that orebodies
continue a distance back from the rims. All of the drilling programs have
been instituted on that hypothesis.

One of the major difficulties in locating ore by drilling is the size and
shape of the target. The orebodies are roughly lenticular or pod-shaped with
their two longer dimensions lying parallel to the bedding. They are of small
size, a 100-foot by 200-foot orebody being considered relatively large. In
addition, the rock in a given ore deposit may not be continuously mineralized,
so that it is quite possible to drill a hole through a large orebody without
encountering mineral.

Among the first of the useful observations made, both by prospecting on
the rims and by drilling, is that the ore almost invariably occurs in
sandstone. All of the economically minable orebodies that were observed
occurred in a sandstone unit, usually thick, frequently in lenses 40 to 50
feet thick, and rarely in lenses less than 10 feet thick. The ore usually
occurs in a fine- to medium-grained sandstone; occasionally, it occurs in one
of the rare grit conglomerates that lie near the top of the Salt Wash. The
ore obviously occurs in or near the more permeable parts of the formation, and
frequently an abundance of carbonaceous matter is associated with the ore or
in its immediate vicinity. In fact many of the early, very rich deposits
consisted of fossil logs with the woody matter replaced by carnotite. Another
fact noted by early workers in the field was that the ore deposits seem to
favor diastems that may occur within the sand lenses. These diastems may be
marked by a thin mudstone split, by a line of clay galls, or merely by a
change in grain size; in any case, they represent a change in permeability.
Another noteworthy fact is that in many localities a thick, light-green
mudstone lies beneath the ore. Sometimes this green mudstone is directly below
the ore, and sometimes it is slightly offset. Another fact, more recently
noted, is that carnotite ores, at whatever geologic horizon they lie, occur in
fluviatile sediments.
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It has also been noted that the major ore deposits of the better known
regions tend to have similar orientation, labeled by the miners as ore

"trend". In the past, it had been considered that these ore trends lie
parallel to the elongation of the sand lenses. This observation led to the
construction of isopach maps and lithofacies maps of the various members of
the Morrison Formation. As a result of this work, it is apparent that the
Salt Wash sediments were laid down on a huge, very flat alluvial fan with its
apex somewhere in central Arizona with distributary streams spreading out from
this point in a generally northeast direction. If the ore occurs within the

central, more permeable portions of these ancient channel sands, then the
rough parallelism of the orebodies is easily understood. A factor which must
be considered however is that the direction of these old stream channels is
roughly normal (at right angles) to both modern and ancient geologic zones of
crustal weakness. For that reason, ground waters of any age would have
followed the permeable paths through the centers of the lenses.

Drilling, in the past, has been based on geologic interpretation of these

observations. Most of the drilling has been done immediately behind known
orebodies and not far from the rims. More recently, a considerable amount of
drilling has been done entirely across narrow mesas. The holes have been
drilled on a grid pattern with their spacing dependent on the size of the
known orebodies in the subject area. Examination of the drilling core has
permitted experienced geologists to differentiate between favorable and
unfavorable ground. For example, if the core from the ore horizon around the
rims is 50 percent or more mudstone, the permeability is usually not great
enough to have permitted passage of ore-bearing solutions. Even though the
critical section contains more than 50 percent sandstone, if the sand lenses
are thin (less than 10 feet thick) it is unlikely that any one lens will
contain enough permeable sandstone to permit the development of an economical

orebody. If the mudstone below the sandstone is red, red-brown, or
chocolate-brown, as is apparently normal in the Salt Wash Member, there is
little chance of finding ore. On the other hand, if the core shows the

critical zone to contain a thick, medium-grained, clean sandstone, readily

permeable, that has considerable carbonaceous matter along the diastems, and a
thick, green mudstone below it, there is a good possibility of finding ore
nearby.

At present, the only way of determining favorable ground is by drilling.
The entire area must be prospected with widely spaced holes even though it is
well known that less than 10 percent of the area may prove favorable. Enough

geologists must be available to log the core in detail and to plot the results
on maps. The drilling necessary to obtain this information may require as

much as 75 percent of the footage assigned to an area. Also, areas remaining
to be prospected in this way are apt to be in the higher, central parts of
otherwise favorable areas, so that individual drill holes will be deep--in
some cases as much as 500 or 600 feet. Thus, drilling for geologic
information is bound to be slow and expensive. For this reason, much research
is being directed toward cheaper and faster methods for eliminating
unfavorable areas.

24



Geophysical methods of determining the favorable or the unfavorable parts
of an area would seem to offer resonable chances for success. Work with

various types of gamma-ray counters, both carried by hand and transported by
aircraft, have been tried without notable success. It is quite obvious from
other work done that none of the existing modifications on various geophysical

methods, with the possible exception of some resisitivity method, are adequate
for detecting measurable radiation or for increasing estimate confidence. It
will require a research geophysicist, working in conjunction with an
experienced field geologist, to devise a method which will work under the
particular conditions found on the Colorado Plateau.

A study of the character and distribution of some of the ore deposits,
based on data obtained from both mining and drilling, has given a number of
leads that are being investigated at the present time. Although one of the
hypotheses of the region is that there is no structural control for ore
deposition, a study of the results from several recent drilling projects
indicates that this hypothesis may be false and that some sort of structural
control may play a part in localization of ore. Some of the structures
involved seem to be original sedimentary structures such as channel scours,
while at other times the controlling structures seem to consist of slight
flexures in the major post-Laramide regional stratigraphy. Some structures
which may be slightly post-depositional in age may be factors in controlling
ore in still other cases. If structural control can be established, detailed
mapping of rim outcrops, supplemented by drill hole data, may permit the
construction of a structure-contour map delineating either large blocks of
unfavorable ground or pointing to areas more favorable than others.

It has generally been considered that all of the mineralization of any
one orebody occurred at the same time. It has also been thought that the
deposition of ore occurred very shortly after the deposition of the sand.
Recent work, however, has shown that in at least one district there is an
almost certain secondary enrichment. A hasty examination of several other
districts disclosed no obstacles to the formation of high-grade orebodies by
this method. Without the recent laboratory work on the chemistry of the
uranium minerals, such interpretation could not have been made; but with the
results of laboratory work now in progress immediately available to field
personnel, the solution to this problem should be forthcoming.

The combination of structural control and secondary enrichment offers a
good possibility for determining favorable drilling areas with relatively
rapid and inexpensive field methods. The solution of the problem will
necessarily be carried on by Government geologists because they have access to
mines and information that no company geologist could be expected to equal.

Another vexing problem, the solution to which would increase the
efficiency of drilling programs, is the age of the uranium ores. In the past,
most geologists believed that ore minerals were either syngenetic or
penecontemporaneous. Recent field observations have cast doubts on that
explanation in an increasing number of cases. Laboratory work now in progress
seems to indicate the possibility for later introduction of ore minerals. If
it were known when the ore was formed, the conditions under which it was
deposited could more easily be inferred and the favorable places for drilling
more easily determined.
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Many other problems have been suggested from time to time, and will
continue to be. While some of them will have the immediate practical value of
increasing the efficiency of drilling and prompt implementation, many others
will be filed away for future work.

Mineralogical Problems

Introduction Mineralogically, the Colorado Plateau uranium deposits are
very complex. The uranium minerals are essentially of a secondary nature
although in some cases minerals of a primary or apparently primary nature
occur. The mineralogy of deposits within a single geologic horizon may vary
from one occurrence to the other; similar mineral associations, however, may
occur at widely seperated geologic points.

A knowledge of the mineralogy of any given deposit may be of immediate
value to the prospector or miner. In many cases, ores high in uranium content
are not being purchased due to the difficulties in processing arising from the
way the uranium is combined or because of associated elements that interfere
with the normal recovery process. Furthermore, the mineralogy is a valuable
guide to the genesis of the deposits. In both cases attention must be paid,
not only to the uraniferous minerals but also to the associated minerals
regardless of whether or not they are in themselves of economic value.

Mineralogical Ore Types On the basis of mineralogic a composition, the
various deposits of the Plateau can be subdivided into several major types.
In addition to the major types, there are a few that are mineralogically
distinct but, as yet, are of no great economic importance. It is noted that
within any one type of deposit there may be small bodies of ore which are
better classified by some other type. This may be due to local controls,
either structural or chemical, which cause a change in the mineral suite
deposited.

(1) "Roscoelite-type" ores In this ore type, the uranium appears to be
combined in the vanadium-mica roscoelite. The deposits at Placerville, Rifle,
Rico, and Lightner Creek are of this type. There seems to be some doubt as to
the identity of the mineral in question.

(2) Carnotite-type ores In this case, the principal minerals are
carnotite and its calcium analog tyuyamunite. In almost all cases, there are
dark vanadium minerals (vanoxite?) associated in varying amounts. The
carnotite may occur either disseminated in the host rock or as a fracture
coating. Examples are Lukachukai, Monument No. 2 Mine and Club Mesa.

(3) Asphaltic types In this type of deposit the host rock, usually
sandstone, is impregnated with asphaltic material. Some carbonized organic
material is present as in other deposits, but the characteristic mineral is
asphalt of varying hardness. The very pitchy, soft asphalt usually contains
little inorganic matter while the harder, dull material is often rich in
uranium and vanadium as well as other elements. The uranium and vanadium seem
to impregnate the hydrocarbons. Necessarily, only a limited amount of
inorganic elements can be held by the hydrocarbons and when that concentration
is exceeded the metals appear as other minerals. Temple Mountain is the best
example of asphaltic ore with hydrocarbons often occurring locally in deposits
of other types and very often being high in vanadium and uranium content.
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(4) Vanadium oxide types The two minerals under consideration in this

group, vanoxite and corvusite, generally occur with minerals in other groups.
This type is better considered as a modification of some other minerals;
whereas vanoxite is an important mineral at the Big Hole Mine at Cottonwood,
corvusite is associated with asphaltic material at the Corvusite Mine, Beaver

Creek Mesa.

(5) Copper-Uranium type This group more generally includes uranium
associated with heavy metals with or without vanadium. These deposits may be
of two types: (a) sulfides and oxides, and (b) oxidized types. The sulfide
oxide bodies are often altered to oxidized types near the surface. The White
Canyon area shows oxidized and unoxidized copper-uraniums. In this case, the
unoxidized portion contains chalcocite and uraninite while the oxidized
portion shows many sulfates. At Silver Reef, the uranium occurs with silver
halides. These unoxidized ore bodies are suggestive, mineralogically, of
hydrothermal action.

(6) Replacement types Throughout the Plateau, small deposits of replaced
wood and bone occur, and both have a high content of uranium. It is from
mineralized logs that the early high-grade ores were produced. The log
mineralization is often carnotite while the bone mineralization is less
obvious and may be related to the phosphates present.

(7) Other types In addition to the major types listed above, there are
several other minerals not considered economically important as yet. These
consist of deposits of sulfate and phosphate types such as schroeckingerite
and autunite. The recent find at Grants, New Mexico consists of a limestone
which carries uraninite, tyuyamunite, and uranophane.

Application of Studies of Uranium Minerals A knowledge of the properties
of the various uranium and uranium-bearing minerals encountered would prove a
valuable tool in determining the genesis of deposits. Solubility studies on
secondary minerals would permit an interpretation of the leaching,
concentration, and transportation of uranium; this in turn could be used as a
guide in choosing material for age determination. In most cases, the dating
methods applicable to most of the minerals encountered are complicated because
host minerals are too fine grained or of too high a refractive index. This
makes field identification, so valuable in the evaluation of properties,
nearly impossible.

Studies on the Non-Uranium Minerals Of equal importance to age dating in
any genetic studies are the non-uraniferous minerals of any given suite. A
single mineral may form under a wide range of conditions but the grouping of
two or more minerals would lower the probability of formation,
proportionately. In some cases, physico-chemical studies of the uranium
minerals might give no results, whereas studies on some other better-known
minerals may give the desired information. Several elements have been noted
to be frequently associated with uranium deposits--vanadium, copper, cobalt,
arsenic, sulfur, selenium, etc. These associations may be of value in genesis
studies and in prospecting. The selenium-indicating astragalus plants have
been the subject of extensive study as uranium ore guides. At Temple
Mountain, it has been noted that some of the asphalt contains sulfur and
selenium while some contains only sulfur. All types carry vanadium, but only
the seleniferous ones contain uranium.

27



Mineral deposits of the area that are not uranium-bearing should not be
overlooked since they, too, may indicate general processes by which
mineralization has taken place. One of the problems in the age determination
of the Plateau uranium has been determining the correction factor to be
applied to lead isotope ratios. For this purpose, the isotope ratios in a
sample of galena from a non-uraniferous occurrence was used. In this case,
data on galena provides information for an entire region.

Conclusions It is evident that a mineralogic study of the entire
province will yield information on specific applications. Much work of this
type is being done by the U.S. Geological Survey. Such work is necessarily of
a long-range nature but, together with structural and sedimentation studies,
offers the only solution to the problem of ore genesis in uranium-bearing
sediments.

Copper-Uranium Deposits

Introduction No concise system has yet been used to classify sedimentary
uranium deposits into types based on elemental composition, stratigraphy or
geography. Certain terms currently used to describe the uranium ore types
include: copper-uranium, vanadium-uranium (subdivided into carnotite and
roscoelite types), asphaltic, yellow-oxide, and silver uranium. In addition
to copper, vanadium, and silver, often there is associated cobalt, arsenic,
selenium, molybdenum, nickel, lead, zinc, or gold in excess of the amounts
found in the surrounding sediments.

It has become general practice to group the deposits into four large
classes: the carnotite type of vanadium-uranium ores, found principally in the
Jurassic Morrison Formation; the roscoelite type vanadium-uranium ores, occur-
ring principally in the Entrada Sandstone of Jurassic age; the asphaltic
vanadium-uranium type with less restricted stratigraphic position; and a much
looser term, the copper-uranium deposits that include the remaining ores
contained in a wide variety of minerals and that have a great stratigraphic
range.

History The present copper-uranium mineralization was regarded before
the turn of the century as copper, silver, or lead deposits. In fact, claim
notices filed in the 1880s and 1890s covered ground now held as uranium
claims. The Silver Reef deposits near Leeds, 16 miles north of St. George,
Utah, was first discovered in 1873; and the exploitation of uraniferous de-
posits formed the booming silver camp from 1879 to 1909. The Richardson Basin
deposit was discovered in 1898 with ore shipped in 1904. B. S. Butler, in his
U.S. Geological Survey Paper 111, dated 1920, calls attention to the "yellow
uranium sulphate" occurring in the Blue Dike Mine (now the Happy Jack Mine) in
the White Canyon district. In the same publication, Butler reports "small de-
posits of copper have been found and uranium minerals are reported" in the
district along the Colorado River east of the Henry Mountains. Similar men-
tion is made of "uranium deposits in Triassic sandstones" near Paria in Kane
County, Utah. He also mentions deposits now known as the Circle Cliffs dis-
trict and an occurrence in the Browns Park Formation in the Uinta Mountains.

Little attention had been given to these deposits as potential uranium
producers by either industry or government until 1945. At that time, the old
copper, silver, and other uranium deposits not of the carnotite type were
relocated with the advent of the post-war economy. No production for
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uranium recovery from these deposits was known until 1949. Prior to that
time, metallic elements made the ores incompatible for the recovery in the

existing mills.

After obtaining shipping agreements from prospect owners in White Canyon,

the Vanadium Corporation of America erected a copper-uranium mill at Hite,
Utah, near the mouth of White Canyon on the Colorado River. The flow sheet
was designed to handle oxidized copper ores containing secondary uranium
minerals. Operation of this mill commenced in the summer of 1949. At that
time, development worc at Happy Jack Mine in White Canyon entered the primary
copper-sulfide and pitchblende zone. Flow sheets were changed to treat this
higher grade primary ore, with oxidized ore from other mines refused by the
mill.

In the latter part of 1950, renewed interest in copper-uranium deposits
resulted from rumored promises of a Government "raw ore" buying and
stockpiling program. Prospecting, promoting, sales, and minor development
work increased. In March of that year, the purchasing program for
copper-uranium ores was activated. Buying stations were established at the
Monticello mill and the Marysvale stockpile. Uranium was purchased under the
carnotite schedule, and copper, in excess of one percent, was paid at a rate
of 40 percent of the prevailing electrolytic price.

By 1951, shipments were being made regularly from claims in White Canyon
and Red Canyon, Utah. Prospecting had reached boom proportions in previously
neglected copper-uranium districts.

Geologic Problems Due to the recent interest in the copper-uranium type
of orebodies as potential uranium producers, only meager reconnaissance
information has been compiled. As a consequence, the problems involved in
exploration, mining and metallurgy are not yet as well-defined as are those in
the carnotite field. However, some problems have already become apparent.

(1) Stratigraphy The copper-uranium deposits, located in some of the
more remote and inaccessible localities in the United States, have received
only the most cursory geologic attention. As a result, the status of geologic
studies started in recent years by industry and Government are in the infant
stage. For the most part, where work has been done by industry, such as oil

and mining companies, the information has been restricted. This work has been
spotty, with the result that regional stratigraphic correlations are poor or
nonexistent.

As information concerning occurrences of these deposits is gathered, it
becomes increasingly apparent that uranium mineralization is not confined to
rocks of one geologic age or formation. The assignment of deposits to certain
formations is under question and may be changed when sufficient stratigraphic
work has been done. Deposits have been assigned to the Hermit Shale of
Permian age, Moenkopi Formation of Early Triassic age, Shinarump Member and
Chinle Formation of Late Triassic age, the Wingate Sandstone of Early Jurassic
age, and the Uinta Formation of Tertiary age.

The problems of stratigraphy arise from the nature of the rock types and
their origin. Although these rocks do consist of alternating layers of
sandstones and shales with similar physical properties, differentiation is
difficult.
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Laterally, these sediments change character making it impossible to
follow a bed from one area to the next. Due to deposition environment, there
are few fossils, if any, that can be used as horizon markers. Therefore,
mapping the geographic distribution of these rocks, noting the lithologic
changes, and measuring the thicknesses over several thousand square miles
enables geologists to make usable stratigraphic correlations.

(2) Mineralogical problems of the copper-uranium deposits The mineralogic
study of the various types of deposits, roughly classified as copper-uranium,
is in the infant stage. Because little can be learned regarding origin and
method of emplacement for copper-uranium deposits, it is suspected that many

of the deposits, as seen today, are at least partially altered by surface
weathering and probably by other types of alteration as well. The Happy Jack
Mine development has made possible initial studies of this nature, and strong
evidence is now accumulating to show that the primary ore in many deposits may
have been sulfides of copper, silver, lead, and molybdenum, arsenates of
cobalt and nickel, and uranium in the form of pitchblende. Later oxidation by
ground waters formed the secondary minerals found on the outcrop. There is
also some evidence to show that many of the virgin outcrops have been
considerably leached of original uranium values. The nature of the primary
minerals, the amount of oxidiation, and the mechanism of leaching and where it
operates, are all important factors in evaluating mining properties both by
industry and the Government.

(3) Genesis and structural control The lack of knowledge concerning the
genesis and emplacement of copper-uranium ores is not entirely due to the past
indifference to them. In many cases, uranium is found in deposits of other
metals that have attracted some previous interest, such as the old silver camp
at Silver Reef. Also, the uranium deposits associated with copper have
certain similarities to red-bed sedimentary deposits that have attracted some
notice for several decades. These have a wide distribution in Utah, Arizona,
New Mexico, Texas, and Oklahoma, but they do not fit any of the established
theories of mineral deposition. In most cases, there is neither an obvious
connection with igneous activity nor is there major structural control (such
as faults or shear zones) to furnish migration paths or loci of deposition.

It is necessary, therefore, to develop some new concept to describe genesis in

the sedimentary metal deposits. So, because of the lack of evidence for
normal hydrothermal origin, many geologists have accepted the syngenetic
origin hypothesis.

The syngentic hypothesis is sometimes modified to allow original
syngenetic deposition in trace amounts throughout the sediments, followed by
later concentration. The sulfate, carbonate, and chloride minerals of the
associated metals that were found on the outcrop of mineral deposits have
somewhat substantiated this hypothesis. However, recent development tiork in
mines and initial research on the deposits have cast some doubts on the
process of secondary concentration of disseminated syngenetic minerals. Some
of the strongest evidence to date refuting the previous theories is found in
the mineral suites now being identified. They have a strong similarity to
those commonly associated with hydrothermal deposits. The best example of
such a suite is the unoxidized mineral zone of the Happy Jack Mine in the
White Canyon district. Here, the primary uranium mineral is pitchblende.
Copper is found in chalcopyrite, bornite, chalcocite, and covelite.
Gersdorffite, (Co, Ni, Fe) AsS, which is present, is also commonly thought to
be hydrothermal in origin.
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There is sufficient evidence to suggest a study to determine whether or

not two stages of mineralization occurred with the uranium being introduced at

a slightly different time than the other metals.

The only structural control accepted thus far is one of permeability and
porosity of the enclosing sediments. In spite of the lack of mine development
(where such studies can best be made), there is rather good evidence for
permeability control. The larger and higher grade mineral bodies are confined
to the more porous and permeable sediments in a majority of cases.

A major problem in finding new copper-uranium minerals, or in evaluating
the potential of known mineral deposits, is the determination of ore genesis
and possible structural controls. It becomes rather difficult to locate
orebodies scientifically when the controls are unknown. There is little
evidence available to demonstrate ore habit, even for one district and one ore
type, since the copper-uranium deposits are found in widely diverse districts,
horizons, and ore types.

(4) Physical problems encountered in exploration for and exploitation of
copper-uranium mineral deposits.

(a) The major physical problem encountered in the exploration for
copper-uranium deposits is the topography. The known deposits are those which
have been exposed by erosion, and rapid erosion in the semi-arid climate has
formed flat-topped plateaus, mesas, and buttes with extremely steep or
vertical sides. Where the plane of a cliff intersects a bed containing a
mineral deposit, an outcrop of the deposit more or less covered by talus is
available for the prospector to find and for the geologist to examine. In
some cases, the cliff continues above or below the deposit for hundreds of
feet and restricts observation to two planes. The third dimension remains an
unknown factor until drilling or mining permits third dimension observation.
Because of the steep slopes or cliffs and the great thicknesses of overlying
rocks in many localities, drilling by any method is relatively costly. Access
to drill sites requires extensive road construction as does access to the
outcropping deposit. Undertaking such construction is costly and requires
high-risk capital though little is known about the potential of the orebodies.

(b) The relative scarcity of water is another problem, and deep drilling
requires considerable quantities of water. Mining also requires water for
both men and equipment. This water can be hauled to the site, but this again
is a costly procedure usually involving road building, road maintenance, and
vehicle assignment and maintenance for haulage which often amounts to many
miles.

(c) Another problem is that of distance and access to mills. Ordinarily,
a single mine cannot furnish sufficient ore to sustain a mill. Ore must be
transported to the mill from numerous mines, and existing market points lie
from fifty to several hundred miles from the mineral deposits. At present,
cost estimates for ore haulage range between 6 and 18 cents per ton-mile and
allow only high-grade ore to move to the mill. In many cases the return trip
with mining supplies and equipment is just as costly.
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Activities of Industry in Exploration for and Exploitation

of Copper-Uranium Deposits.

Until the advent of purchasing programs for the copper-uranium ores in
late 1950, no major companies representing large capital or employing
technical personnel had entered the field to any extent. In contrast to the
carnotite field, the copper-uranium industry is not strongly supported by
large companies. Therefore, a discussion of industry activity is best covered
by a review of the districts.

(1) White Canyon District (No. 21 on the Index Map). The most prominent,
from the development and production viewpoint, is the White Canyon district.
It is an area 40 to 50 miles long and 15 miles wide in the San Juan County of
southeastern Utah. The district is bounded on the north by Dark Canyon, on
the south by the high cliff separating it from Red Canyon, on the east by the
Abajo Mountains and Cottonwood Canyon, and on the west by the Colorado River.

The ore is located in sandstones and conglomerates stratigraphically
situated near the middle of the Lower Triassic Moenkopi Formation. These ores
contain substantial amounts of copper which may be recovered in future milling
operations. Eleven copper minerals have been identified to date from this
district, and five uranium minerals, including pitchblende, have been
identified with others probably present. Gold and silver are present in small
amounts. Cobalt and lead minerals have been identified, but thus far no
vanadium minerals have been found.

The Shumway Brothers of Blanding, Utah, located their initial uranium
claims in White Canyon in 1945. Fourteen EX (approximately 1.5-inch drill
hole width) core drill holes were drilled by Vanadium Corporation of America
on the Fry Point claims for the Shumways. Recovery of core was very poor, and
the drilling was unsatisfactory. In 1949, Shumway Brothers built several
rough access roads and mined ore from three of their claims. At this time,
the mill refused shipment on the grounds that the shaly ore was not amenable
to treatment.

In November of 1950, the White Canyon Mining Company was organized by
R. 0. Dulaney, Jr., F. A. Sitton, and Edward Key who purchased 86 claims in
the White Canyon district from the Shumways. The White Canyon Mining Company
built roads to several claims, staked approximately 100 new claims, and
started mining development on several claims. Ore shipments to Monticello
started in March 1951, from the Fry No. 4 claim.

The major mine of the district, the Happy Jack, together with twenty
additional claims, is owned in partnership by Joe Cooper, Fletcher Bronson,
and Grant Bronson of Monticello, Utah. Total production through December
1950, had been 5,475.41 tons. Individual 5-ton shipments had been as high as
3.99 percent. In addition to the mined ore, approximately 80,000. tons of ore
has been developed or inferred from the development of nearly 2,000 linear
feet of tunnels. Production had been held to the rate of 25-30 tons per day
in the hope that marketing conditions would improve. This mine is under
contract to ship to the mill owned and operated by the V.C.A. at Hite, Utah.
The shippers receive payment of a flat rate per pound of U308 recovered
rather than by the sliding scale with a premium on high-grade ore used by
Government. The prevailing price, in 1951, was reported to be $5.50 per pound.
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Thirty percent of the total assay value is paid upon delivery to the mill with

additional payment for recovery greater than 30 percent after milling. The

owners state that if they could market ore under the Government price

schedule, production would be increased twofold to threefold. Mr. Cooper
started exploration on the adjacent, but not contiguous, Sunrise Claim in May

1951. This consisted of cleaning the outcrop with a bulldozer and tunneling
into the mineralized beds.

Dr. Walter P. Duncan of Oklahoma City had a field geologist in the White
Canyon district from December 1950 until mid-1951. Duncan acquired the
Jacob's Chair group of about 65 claims by lease from the three partners, W.
Goforth, W. Stevens, and J. Pehrson, who located the ground in November and
December 1950. In addition, Duncan retained several prospectors to locate
about 50 claims in the district. This capital was attracted to the
copper-uranium field by the inauguration of the new Government copper-uranium
purchasing program.

In addition to these relatively large capital interests, many small
operators hold mineralized ground in the White Canyon district. These
prospectors or small operators must depend on promoting operating capital on
the basis of claim showings or on a favorable reputation in the district.
Thus far, the Plosser-McLeod partnership is the only small operator to build
an access road to a claim and to start exploration and development. The Jomac
claim was being leased to Garwood and Gerlich who shipped a 10-ton ore sample
to Monticello and received a 300-ton contract.

A relatively new arrival into the district was the Baird-Randolph
partnership. During the early part of 1951, these men located, by right of
discovery, several very favorable claims. It was thought that they intended
to sell or lease a portion of these claims for operating capital and to retain
and operate personally several of the more favorable showings. This
partnership brought a bulldozer into the district in 1952 to build access
roads and start development.

These small operators did not retain any technical personnel and all
such work was of necessity done by Government personnel in connection with
regular exploration duties.

The copper-uranium mill located at Hite, Utah, on the Colorado River near
the west end of White Canyon, represents one of the major investments of
private industry in the copper-uranium field. This mill was erected at an'

estimated cost of $50,000 in the summer of 1949 and is operated by the V.C.A.
The first flow sheet was designed to recover uranium from the oxidized type of
ore then existing in the potentially minable areas of the district. Later
development of the sulfide ore required a change in the flow sheet, and the
trial-and-error method has not proven satisfactory in developing a flow sheet
to extract both copper and uranium. Various combinations of acid and alkali
leach have been used sometimes in conjunction with table concentration and
flotation concentration. The plant is more of a pilot mill than a production
mill. When the Hite plant is operative, 20-25 tons per 24-hour day would be
treated although the rated capacity is 35 tons. When the table and flotation
units were used in conjunction with the leach, about one-third of the uranium
values were recovered in the leach, one-third concentrated with the sulfides,
and one-third went to tails. Recovery has varied radically with the flow
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sheet being tested at efficiencies ranging from 27 to 52 percent recovery for
uranium. Suitable methods for removing uranium from the sulfide concentrate
have not been worked out, and it is reported that the concentrating units have
been discontinued. The tailings are being retained for future work, and the
Cooper-Bronson partnership is retaining an equity in the ore tailings from the-
Happy Jack Mine which has provided the bulk of the material already passed
through the mill.

The V.C.A. holds only two claims in White Canyon in the vicinity of the
Happy Jack Mine. These have been partially explored by two tunnels 50-80 feet
long without finding any ore since the mineralized exposures were very meager
before tunneling. The V.C.A. built about 0.5 mile of access road to these
Uracop claims.

Louis and John Dunning have been staking claims for half interest with
the V.C.A. in Hidden Valley. This locality lies between White Canyon and Red
Canyon though topographically is linked more to Red Canyon. However, access
at this time is by horse trail over Blue Notch from White Canyon. They have
located 20 claims and the V.C.A. is building a rough access road into the
locality. This will also give access to claims owned by Merrit Brumley,
Cooper and Bronson, and M. R. Waters.

(2) Red Canyon District (No. 22 on Index Map). The Red Canyon district
lies immediately to the south of White Canyon and is contiguous to it. The
division is one of topography and access rather than geology. This is a long,
narrow district extending from the mouth of Red Canyon at the Colorado River
on the west for 20-25 miles to the east to a point where the canyon heads
under the vertical Red House Cliffs and the Mossbacks (Tables of the Sun).

The Red Canyon district is isolated and had received interest only from
the cattlemen until 1948. At that time, J. Niley Redd located the Posey
claim, the Red Canyon group, and the Scotty claim. These claims are now held
in partnership with Preston Redd, Donald Adams, and Mr. Hunt. In 1949, a
rough truck trail was extended by the Redd, Adams and Hunt partnership for 11
miles from Red House into the eastern half of Red Canyon to the Posey claim.
Several loads of ore were shipped to Rifle and Monticello for metallurgical
tests from these claims, but the copper values were excessive for these mills

to handle. With the announcement of the copper-uranium purchasing program,

the property was put into operation and regular shipments have been made since

March 1951.

In March 1949, Jim Rigg flew into Red Canyon and landed. From the crude
airstrip that was built, a prospecting party was maintained in the area of the
North Fork country, a major drainage to the north of Red Canyon wash. A group
of about 35 to 40 claims was located at this time. The Anaonda Mining
Company sent a representative to examine these claims in December 1949. In
December of 1950, the Anaconda Mining Company placed a field party in the Red
Canyon district, and in addition to acquiring the Cub group owned by Rigg,
Neville, Wegner, and A. Shumway, had located claims now totaling more than
1,000. Jim Rigg and Don Wegner were reported to have received 10 percent
royalty from production on these new claims in return for the services
rendered, i.e., flying personnel, supplies, and airborne scintillometer
surveys for the Anaconda Mining Company. This organization placed a working
crew and two bulldozers in the area and erected proper claim monuments,
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surveyed, and built roads to the claims. Actual mining operations began on

the first claim in April 1951. Present plans call for shipping the ore to an

existing mill, until such time as the potential reserves of the company have

been determined.

The remaining claims in the Red Canyon district are held by various
individuals or small partnerships. Undoubtedly, these small operators will be

able to use roads constructed by the larger organizations and will eventually
be able to do some exploration themselves. These private individuals could
not construct the necessary roads for access to their claims through the
rugged terrain of Red Canyon.

It, therefore, seems likely that for some time at least the ore from Red
Canyon as well as from White Canyon may be considered tributary to
Monticello.

(3) Colorado River - Dirty Devil River District (No. 23 on Index Map).
The Colorado River - Dirty Devil River (lower Fremont River) district may be
considered a nearly unknown district. Because so little is actually known of
this area, the boundaries as indicated on the Index Map should be considered
approximate---based upon formational outcrop distribution rather than
mineralization. The district as thus defined forms a five-mile wide strip
along the west bank of the Colorado River east of the Henry Mountains from
slightly below Red Canyon on the south to the junction with the Fremont River,
the lower portion of which is locally known as the Dirty Devil River. The
district then diverges from the Colorado River and spans both banks of the
Dirty Devil northward for 20 miles. Old literature, prior to 1920, only
refers to rumors of copper mineralization in the red-beds, but no mention is
made of actual prospects or mines. Within the last two years, fresh rumors
have supported the increased possibilty of mineralization in this area.

Several of the younger-generation Shumways of Blanding are reported to
have found mineralization and located claims in this district. The ore
horizon outcrops in vertical canyon walls along the rivers makes access from
the river nearly impossible and access from the top down extremely hazardous.

Mr. Reo Hunt and his father, of Hanksville, Utah, have located
mineralization on Poison Spring Wash, a northwest-trending tributary to the

Colorado River. The mineralization is thought to be 30 feet below
(stratigraphically) the Shinarump in the Moenkopi near the contact of the
red-beds and the gray shale. Where reconnaissance checks have been made, some
radioactivity was indicated over at least a two-mile length. However, little

is known about the mineralization to date. In places, mineralized thicknesses

attain four feet and, where sampled, appear to carry 0.12 percent to 0.15
percent U308 . The other minerals noted were malachite, azurite,
chalcocite, limonite and gypsum. No uranium minerals could be identified in
the field but the similarity to the White Canyon district, immediately to the
east across the river, strongly indicated the probable presence of pitchblende
in finely divided and disseminated particles. Mr. Hunt is attempting to stake
nearly the entire outcrop zone in Poison Spring Wash before allowing word of
his discovery to become public. When this has been accomplished, a rough
bulldozer road will be constructed for about 12 miles down the wash from the
point where the wash crosses the State road. This road, located in the wash,
will require frequent repairs from floods. Present plans call for stripping
outcrops to find the more profitable faces and then mining and shipping the
ore to the Monticello buying station.
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Other potential country in the district to the north and south must be
prospected from the air or by boat, and development by private individuals in
this area probably will be slow.

(4) Monument Valley Area (No. 13 on Index Map). The Monument Valley
area, divided into three districts, embraces the southern half of the Monument
Valley upwarp near the Arizona-Utah boundary and has exposed rocks known to
contain surface uranium mineralization. This area is subdivided on the basis
of major groupings of known mineralization.

(5) Comb Ridge District (No. 53 on Index Map). This district, as now
defined, is located in northeastern Arizona, northeast of Kayenta, on the
southern end of the Comb Ridge fold. The ore from this district has been
arbitrarily assigned to the copper-uranium type largely because of
stratigraphic location in the Shinarump Member. The mineralogy is much more
closely associated with the carnotite type commonly found in the Morrison
Formation. Traces of copper are present but not in sufficient quantities to
cause metallurgical problems for the standard carnotite mills. The major
uranium mineral is carnotite and the associated vanadium minerals are those
found in other carnotite deposits in the Morrison, i.e., vanoxite, hewettite,

and pascoite. These ores have been milled at Monticello, Naturita, and
Durango.

The major proportion of exploration, development, and mining has been
done by the V.C.A. The Monument No. 1 Mine, located 10 miles north of
Kayenta, has produced an estimated 5,000 tons but is now inoperative and lacks
ore development in the workings. This ore, located by Indians, cropped out
and was easily accessible with minor road building. Development and mining
were contemporaneous, and little capital was expended on exploration.

The Monument No. 2 Mine, also known to the Indians from the outcrop, was
neglected for several years with no exploration attempted since the outcrop
did not look promising to V.C.A. In 1948, V.C.A. reworked existing trails and
built some new roads, totaling about 22 miles, from Mexican Hat on the San
Juan River to the property. Mining has been in progress since the first part
of 1948. Starting from the mineralized outcrop with a minimum of exploration,
two ore shoots about 700 feet by 300 feet have been disclosed. For some time,

it was the practice to ship the low-grade ore to Monticello, the high-grade to
Naturita, and the mine run material to Durango when that mill started

operation. However, this practice has been discontinued, and the bulk of the
ore is now going to Durango.

In 1950, the newly organized Climax Uranium Corporation obtained the
operating lease on the Cato Sells Monument tract immediately adjacent to the
V.C.A. Monument No. 2 Mine. No outcrop was available, but geologic deduction,
corroborated by 10,000 to 11,000 feet of wagon drilling, has located a
considerable orebody. This orebody is probably a central portion of an
arcuate-shaped deposit the ends of which have been developed by V.C.A. Thus,
the Climax Uranium Corporation completed the exploration of the Monument
orebody.

(6) Oljetoh District (No. 54 on Index Map). The Oljetoh district covers
the remaining southern and western portion of the Monument upwarp south of the

San Juan River. The mineralized localities, from the southern portion of the
district near Kayenta to the San Juan River, are limited to isolated erosional
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remnants of the mineralized strata. Erosion had less influence on the

mineralized horizon in the western portion of the district where a more
continuous outcropping is available.

Moonlight Mesa, in the Oljetoh district, is one of these remnants. To

date, production and exploration have been limited to the capacities of the
small operators, mostly Indians, so that favorable ground has been limited.
Production has been limited to sporadic gophering totaling a few hundred tons
of carnotite type with trace copper content on the Shinarump ore horizon.

The Shumway-Black property, in the northwestern portion of the district
overlooking the San Juan River, is located stratigraphically near the top of
the Moenkopi Formation. This deposit was located by A. Shumway from surface
prospecting of the outcrop; but the property could not be mined until the
middle of 1950 when a lease was obtained from the State. A lease was
necessary because the property is located on a school section. Since that
time, about 6,000 tons have been produced averaging about 1.00 percent
V205 , 0.25 percent U308, and copper, estimated at 1.00 to 2.00
percent, in the form of chalcocite. To gain access to the property, 19 miles
of Indian trails were improved and three miles of rough road were built.

(7) Silver Reef District (lies to the west of Index Map). The Silver
Reef district is apparently coextensive with the famous old silver mining
districts discovered in 1873. The district is roughly synonymous with the
surface expression of the Virgin anticline. This structure has been breeched
by erosion, but it forms the resistant ridges of Shinarump and sandstone
members of the Chinle Formation. The mineralization is believed to occur
principally in the Chinle Formation and contains a wide assortment of
minerals, many unidentified, associated with some of the old silver chloride
deposits.

Only a ghost town remains to mark the site of Silver Reef, 16 miles north
of St. George, Utah; the booming silver camp existed from 1879 to 1909.
Because of the remoteness of this district from existing markets, the activity
had been largely limited to speculation. However, records show 8.68 tons of
ore with values of 0.67 percent U308 and 3.77 percent V205 have been
received at Monticello, and it is reported that 150 claims are in existence
the area. Minor pit testing and sampling was done in 1951. With the in
increased price, it may be possible to ship some of the higher-grade material
to mills in eastern Utah and western Colorado.

(8) Circle Cliffs District (No. 41 on Index Map). The Circle Cliffs
district, sometimes referred to as the Escalante area, lies for the most part,
near the headwaters of Silver Falls and Moody Creek, approximately 28 miles
southeast of the town of Escalante, Garfield County, Utah. The known deposits
are located at the base of the Shinarump Member (of the Chinle Formation)
which forms an oval-shaped distribution of tilted sediments resulting from the
breeched top of an elliptical dome. The district is accessible by 47 miles of
rough trail passable by four-wheel drive vehicles only. The comparative
inaccessibility has retarded activities in this district. There are at least
a score of reported uranium claims in the district, but only a few show
substantial uranium mineralization. In general, the claims are held by two
groups of Escalante townspeople---one consisting of Loren W. Griffin and
associates, who have leased to the New Park Mining Company, and a second
group, under the leadership of Claron Barney and Grant Twitchell, use the name
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Escalante Uranium Company. A representative of the New Park Mining Company

has estimated that it would cost $50,000 to construct a suitable haulage road
into the district. Because of the access problem, however, only minor
pick-and-shovel type of exploration has been attempted thus far. The
orebodies appear to be smaller and of lower grade than those of similar
mineralogy in the White Canyon district. Although the bulk of the material
classed as ore will assay only slightly better than 0.1 percent U308,
individual samples contain up to 5.00 percent.

(9) Capitol Reef District (No. 39 on Index Map). This district is based
on the outcrop zone of favorable stratigraphy and only one prospect. This
prospect, known as the Oyler Tunnel, lies two and one-half miles southeast of
Fruita, Wayne County, Utah, in the Capitol Reef National Monument. This
occurrence was first staked by a Mr. Christensen of Salt Lake City and was
developed by two parallel adits 20 feet apart at a depth of about 80 feet.
This work was done prior to the establishment of the National Monument and the
deposit is presumed to have been in the form of sulfides. The claims were
allowed to lapse and attempts to reinstate them since the establishment of the
National Monument have failed. In July of 1950, Merrill H. Larson, an
attorney from Salt Lake City representing the group interested in the
property, sent mineralized material to the Massachusetts Institute of
Technology for study and testing. In spite of the desire by these individuals
to pursue some development, they were unable to do so until some arrangement
was made concerning mining in the National Monument.

(10) Myton District (No. 5 on Index Map). The Myton district is a
relatively new district in that there are no records of mining activity until
1950. Consequently, little has been done in the way of development work to
date. The location is in the vicinity of the town of Myton, Duchesne County,
Utah, in the Uinta uplift area. Operators in this district are G. B. Reed,
who holds the Split Canyon claim and Cooper & Sands, who hold about a dozen
claims, including the Canary Bird. This latter group has been placed under
option to the F. A. Sitton interests. Access to this district is relatively
good by existing roads. The mineral deposits are found in the Uinta Formation
of Eocene (Tertiary) age and consist of copper carbonates, iron oxide, carbon,
and uranium in an unidentified form disseminated in sandstones and shales.

The Canary Bird claim has produced 18 tons of 0.14 percent U308 ore. Most
of the mineralization appears to be rather low-grade. However, one seven-ton
shipment assayed 0.32 percent uranium oxide, 0.28 percent vanadium oxide, and

2.77 percent copper. The Red No. 1 claim covers a limestone bed carrying
values of about 0.03 percent uranium oxide widely disseminated throughout.
This occurrence probably contains an extremely large tonnage of this low-grade
mineralization. If the mill in Salt Lake City will treat the Myton ores, some
exploration and development may be expected.

(11) Hosteen Nez District (No. 59 on Index Map). The Hosteen Nez
district has been indicated on the index map by a small square centered around
the Hosteen Nez claim in Coconino County, Arizona, near the towns of Cameron
and Tuba City. The extent of the district is unknown at this time and the
mineralization is only known on the one claim. However, the stratigraphic
exposure indicates that there is considerable surrounding area of similar
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favorable horizon that may carry mineralization. The claim is controlled by
Hosteen, Louis, Theodore, Anna, Nettie, and Nellie Nez and is managed for them

by Mr. Hubbell, an influential Indian trader. Mineralization of ore occurs in

at least two horizons, one is approximately 15 feet thick at one point. A

yellow radioactive mineral is present, with other unidentified uranium
minerals, and is associated with unusual concentrations of iron oxide and
manganese. Some shipped material has been assayed at 0.20 percent uranium
oxide and 11.8 percent CaCO3. No copper minerals have been observed.
Further shipments were refused, presumably due to the high lime content. At
such time when this ore is marketable, this claim could go into immediate
production which woul4 stimulate prospecting throughout the district.

(12) Marble Canyon District (Lee's Ferry - No. 57 on Index Map). Little
is known at present concerning the Marble Canyon district. It is centered
around Lee's Ferry where U.S. Highway 89 crosses the Colorado River. The
reports of copper mineralization and some uranium mineralization are vague in
the old literature. In 1949, some publicity was given to mineralized logs
occurring in the Chinle Formation in this district. More recently, bedded
copper-uranium mineralization, a sample of which assayed at 0.5 percent
U308 and 5.0 percent Cu, has been reported.

(13) Hack's Canyon District (No. 56 on Index Map). The Hack's Canyon
district contains only one mine though the possibility of further
mineralization could expand this locality into a true uranium district. The
district is located south and west of the towns of Kanab and Fredonia, in
Mohave County, Arizona, in Hack's Canyon, a northern branch of the Grand
Canyon. The property consists of 14 unpatented claims with poor access that
are passable for four-wheel drive vehicles only down the Hack's Canyon wash.
The claims are owned by Mr. A. F. Jenson, the discoverer, and his associates,
Ray Pointer, G. C. Harwood, and Clair Pierson. The property was developed by
two shallow shafts and minor underground workings for the mining of copper.
It is estimated that 200 tons of copper ore were shipped during World War II.
The ore horizon appears to be at the contact of the Hermit Shale and Coconino
Sandstone of Permian age, the oldest host formations with good mineralization
known to date. The minerals consist of pitchblende, various sulfides of
copper, carbonates of copper, secondary copper-uranium minerals, and traces of
cobalt. This mineral suite shows close affinities to the White and Red Canyon
districts. No market had been available until the copper-uranium purchasing

program; the result has been that no development has been done since the mine

was closed as a copper property. The great isolation of this property from a
buying station will probably continue to retard exploration in this district.

(14) Big Indian Wash - a locality in the Moab District (No. 16 on Index
Map). The Big Indian Wash locality falls within the larger Moab uranium
district which is primarily the carnotite type in the Morrison Formation. The
Big Indian locality, however, contains non-carnotite uranium mineralization in
the Cutler Formation exposed in Big Indian Wash about 9 miles south of the
settlement of La Sal, south of the La Sal Mountains, in eastern Utah.
Although the locality has been known for many years, attention from a uranium
viewpoint was not directed toward Big Indian Wash until the first shipments of
ore, which assayed from 0.23 percent to 0.30 percent uranium oxide, were
received at Monticello. The Big Buck group of 18 unpatented claims is under
lease to L. Gribble and E. Bryant of Monticello. It is believed that Donald
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Adams is the owner. Additional claims are owned by Gordon Babble and Nicholas
Murphy, and a section of school land, owned by the State of Utah, lies near
the center of the locality. Development has not been extensive except in one
spot where bulldozer stripping has exposed the mineralization for 500 feet.
Five short adits, measuring from 5 to 31 feet, have been driven into the
outcrop. The grade of shipped ore deteriorated with later production, and the
Monticello mill refused further shipments. Shipments from the one working
have totaled 852 tons, averaging 0.126 percent U308, 0.21 percent
V205 , and 4.85 percent CaCO3. A maximum grade sampled over 30 inches of
thickness contained 1.56 percent U308. In addition, mineralization has
been reported over five miles along the outcrop horizon in Big Indian Wash.

(15) Seven-Mile Canyon Locality - Inter-River District (No. 11 on Index
Map). The Seven-Mile Canyon locality closely parallels the Big Indian Wash in
many respects. Mineralization has been found near the Shinarump-Moenkopi
contract within a district which is usually considered a Morrison carnotite
field. The locality lies immediately west of the highway between Moab and
Crescent Junction, west of the La Sal Mountains, in eastern Utah. The rather
extensive Moab fault has brought the Triassic beds to the surface at this
locality. Nicholas Murphy, Gordon Babble, and Jess Abernathy hold 18
unpatented claims which they located with a Geiger counter designed and built
by Babble. An attempt to ship the ore to Monticello was made in 1949, but it
was not accepted on the grounds that it was not able to be treated. The
claims lay dormant until the new price schedule was established. These claims
are now being developed by two small tractors stripping the overburden from
the mineralized horizon. It was reported by Mr. Babble that U.S. Vanadium and
Climax Uranium would accept 10 tons a month at their mills. This, however,
would not warrant any great amount of activity by the claim owners. The ore
mineral is not identified but is presumed to be a yellow uranyl mineral
similar to the Big Indian Wash type. Mr. Abe Day reports that he has located
claims of similar mineralization in Little Valley, a branch of Seven-Mile
Canyon. These claims are not accessible by road at this time though it is
hoped that a new oilfield road will be constructed through this locality
shortly.

Summary of Industry's Part in Exploration for Copper-Uranium Ore

From the fragmentary information available and by applying a certain
amount of imagination and estimation, it would appear that private capital has
invested approximately $250,000 in exploration and development of prospects,
roads, and mills. Thus far, production has been limited to orebodies yielding
ore of low copper content that could be processed in existing mills; the major
exception being the Happy Jack high-content copper ores. To date, records and
estimates indicate that 130,000 tons would approximate the total tonnage pro-
duction from ores classified as copper-uranium type. An estimated grade
average might be near 0.25 percent U308 '

Only the most meager information is available at this time concerning
total reserve estimates for ore deposits of the copper-uranium type. Only 10
percent of the known claims have been investigated thus far, and very likely
it is a smaller percentage. For many of these, no reserve figures could be
obtained because exposures were poor or nonexistent. With the understanding
that this is a poorly documented estimate, the figure of 875,000 tons is the
present ore reserve estimate for copper-uranium types.
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Exploration Sponsored by the Commission

The first preliminary work on the copper-uranium mineral deposits appears
to have been a one-day examination of the Happy Jack Mine by G. C. Selfridge
of the New York Raw Materials Operations (NYRMO) office in the latter part of

1947. This was followed by similar short investigations by R. P. Fischer of

the U.S. Geological Survey in 1948, McGrath and Wimber of Colorado Raw
Materials Office about the same time, and a full-scale reconnaissance by S. K.
Smyth of the Colorado Exploration Branch in 1949. Several brief mine
examinations have been made by C. A. Rasor of Colorado Exploration Branch on
the Hack's Canyon, White Canyon, and Big Indian Wash districts and localities
in 1949 and 1950. A Trace Elements Report (TEM-7) was submitted on White
Canyon and Red Canyon by Granger and Beroni in 1950. A reconnaissance of
copper-uranium deposits west of the Colorado River was made by D. L. Everhart
of NYRMO in the summer of 1950, and a report (RMO-659) was submitted in
November of that year.

A contract for mineralogic work, concerned primarily with copper-uranium
mineral deposits, was awarded to the University of Minnesota in May 1949, for
performance under the direction of Professor John Gruner. This work,
continuing at an average cost of $1,054 per month, has effected much of our
knowledge of the minerals found in the deposits.

The Trace Elements Memorandum Report 214 by Frederick Stugard, Jr. was
submitted in January 1951 on the Silver Reef district.

In October 1950, the first field party of the Geologic Investigations
Section of the Colorado Exploration Branch moved into the White Canyon
district. In addition to spot examinations, a preliminary report on the Happy
Jack Mine has been submitted. This party, in addition to starting a program
of planned reconnaissance of the Colorado Plateau uranium deposits, formed an
experimental group to determine the problems such groups would have and to
gather data useful in making more detailed plans for the general
reconnaissance program.

With the addition of the required personnel, this program gained speed
and direction. Preliminary reconnaissance was made and parties were assigned
to the little-explored uranium districts. Spot examination and more detailed
reports were submitted as the work progressed. These made possible the
initial evaluations of the various heretofore unknown districts. Final
reconnaissance reports with detailed recommendations followed as work
progressed sufficiently, and this information contributed to the development
of the following program.

41



PART III

PROPOSED PROGRAM FOR THE GEOLOGIC INVESTIGATIONS SECTION

I. Functions

A. Provides geologic reports with maps and sections, adequate for
planning the exploration operations of the Colorado Exploration
Branch.

B. Conducts reconnaissance examinations and compiles information
relative to new mineral discoveries within the Plateau.

C. Conducts detailed investigations of prospects and mine workings in
areas mineralized by uranium, with the combined objectives of
outlining new orebodies and obtaining acknowledge of genesis and
physical and chemical control of ore location.

II. Plan of Operations (Calendar Year 1951)

A. Establish geologic field parties in the following areas:

1. White Canyon - Red Canyon district, San Juan County, Utah.

2. San Rafael Swell district, Emery County, Utah.

3. Circle Cliffs - Capitol Reef district, Wayne and Garfield
Counties, Utah.

4. Navajo Indian Reservation district, southern Utah and northern
Arizona.

5. Dolores River district; Mesa, Montrose, and San Miguel Counties,
Colorado; and Grand County, Utah.

6. Spot examination party to operate throughout the Colorado Plateau.

B. Perform the following progressive, although partly simultaneous,
series of operations and studies in each of the districts listed:

1. In cooperation with the geophysical exploration section, plan
airborne reconnaissance and follow with ground reconnaissance of
favorable areas.

2. Compare reconnaissance reports, including preliminary evaluation,
for every known and reported deposit; locating each on a 1:31,680
scale district planimetric map that will also include regional
geology.

3. Plane table mapping with detailed geology on a scale of 1 inch
equals 500 feet for individual properties where such detail will
be of direct aid to development by private companies or by the
Government.
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4. Detailed geologic mapping of existing underground or surface

workings, utilizing mineralogic and petrographic assistance of

research contractors, for the purpose of evaluating ore guides and

reserves. Mapping will include adits driven by the AEC for
geologic information.

C. Submit recommendations, backed by geologic reasoning, for exploration
and/or development by the Government or private industry, to
include:

1. Recommendations for core boring.
2. Recommendations for driving adits or sinking shafts.
3. Recommendations for construction of access roads.
4. Advisory engineering service for small operators.

D. Conduct a program of prospecting, using local prospectors on a daily
wage or grubstake basis who will be employed by and responsible to
the field party chiefs.

E. Conduct a program of spot examinations of reported mineral
localities. Examinations will include recommendation for
reconnaissance geologic investigations or other disposition. Listing
of properties to be examined will be obtained from:

1. Taxpayers' letters.
2. Local prospector program.
3. Airborne radiometric prospecting.

III. Estimated Cost

A. Personnel:

1. Salaries: 28 men @ $4,000 p.a. $112,000
2. Per Diem: 28 men @ $1,080 30,240
3. Travel: 28 men @ $550 15,400

Total $157,640
B. Equipment:

1. Vehicles: 17 ea @ $2,000 $ 34,000
2. Trailers: 10 ea @ $1,200 12,000

Total $ 46,000

Upon completion of the investigation phase outlined above, the
exploration phase will begin. In some of the larger districts, the
exploration phase may operate concurrently with investigation in its latter
stages since favorable localities within the district may be recommended
before the detail work on the entire district is completed. Of what the
exploration will consist cannot be determined until the investigation phase
has been completed for at least several of the localities. It is hoped, as
the studies progress, that old methods can be used with more efficiency based
on firmer scientific knowledge of the nature, habit, and emplacement controls
on the orebodies; and that technical advances will introduce even better
methods.
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In addition to Commission-sponsored direct exploration for ore, a program
of access roads would enable the smaller private operators to do much in
exploration and development. It is hoped that four to five million dollars
will be allotted to the access road program for the next one to two years, and
a total of ten million dollars allotted for a more complete program by the end
of a five to six year period.

Future of the Copper-Uranium Deposits as a Source of Uranium

The future of the copper-uranium deposits as a source for uranium is very
bright and growing brighter as our knowledge of these deposits increases. The
potential reserves of this ore type cannot be conjectured at this time with
any assurance. No market had been established for these ores until March of
1951. Since that time, a prospecting boom of considerable magnitude has
developed; and while only 100 claims existed in the White Canyon and Red

Canyon districts a year ago, there are now about 2,500. If only one claim in
ten contains mineralization, and one in a hundred contains ore-grade
mineralization, there will be more copper-uranium mines in this district than
were known on the Colorado Plateau just two years ago.

The stage of development of the copper-uranium ores today roughly stands
where the carnotite ores were in 1914. With a new market to stimulate
prospecting, it is estimated that 85 percent of the orebodies exposed at the
surface will be discovered within three or four years. However, the many
square miles of potentially good horizon lying under covering rocks will
require decades to explore.

In spite of differences in mineralogy and stratigraphic position, there
are marked similarities between the copper-uranium mineral deposits and the
better-known carnotite deposits of the Morrison Formation. The reported
occurrences have a wide geographic distribution; but at this time, less than
half of the claims have been investigated, and a smaller percentage studied in
any detail. From this small portion, observed in only two dimensions,
indications for about 875,000 tons of reserves of the possible class have been
reported. It seems entirely possible that the potential of the copper-uranium
ores may well be on the order of millions of tons.

Uraniferous Asphaltite Deposits

Deposits of uraniferous asphaltic ore occur at several localities
throughout the Colorado Plateau but not all are of commerical interest. Those
which appear to be incidental to the immediate problem will be described at
the outset.

Placerville, Colorado (Condensed from a description by Gruner.) A fault,
which brings Dolores red beds in contact with limestone, contains lenses and
nodules of asphaltic carbonized shale cemented by calcitic material.
Chalcopyrite, pyrite, erythrite, malachite, and azurite are present but
apparently not associated with uranium. Pitchblende has been isolated from
the asphaltic material. Ore, averaging only a few inches in width (maximum 18
inches), may be traced for about 100 feet in a drift that explored the vein.
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No estimate of grade had been made. In a second location, uraniferous asphalt

nodules also occurred in shale on the north wall of the fault. Beds that con-

tain ore had a maximum thickness of three feet and could be traced for some
125 feet along the outcrop. (Whether ore is three feet thick and traceable

along the outcrop is not mentioned.) No estimate of U3 08 content was

made.

There has been no production from either of these occurrences, and the
deposit appears to be relatively unimportant although the mineralogy is of
extreme geologic interest.

Beaver Mesa, Utah. A highly carbonaceous ore has been produced from the
Salt Wash Member in the Beaver Mesa district which is generally considered a
"carnotite" area. The ore that occurs on the Lumsden and LaSalle claims is
asphaltic and contains corvusite, carnotite, and probably pitchblende. The
area is under consideration for exploration by the AEC and probably will be
recommended for drilling as described elsewhere in this report. This may be
considered an unusual type of Salt Wash occurrence, mentioned here only
because of the asphalt association.

Grants, New Mexico. Lenses of uraniferous asphaltic material have been
reported as occurring at the base of the Dakota Sandstone in the Grants, New
Mexico, district. Selected samples contain over three percent U308, but
the discovery is so recent that little can be said in regard to the possible
extent of the deposit.

Northeastern Utah. It should be noted that extensive deposits of
asphaltite now being commerically exploited in northeastern Utah in the
general vicinity of known occurrences of uranium in the Uinta and Mesaverde
Formations carry no appreciable radioactivity.

San Rafael Swell.

History Deposits of uranium-vanadium ore were discovered in the
general area of the San Rafael Swell probably prior to 1903. The earliest
reported production was not until World War I, when an unknown tonnage was
shipped from the Temple Mountain district, reportedly for the extraction of
contained radium. In 1922, an organization known as Chemical Products Company
was operating the Temple Mines, but we have no record of its work. Subsequent
activity from 1922 to 1943 is not known, but it may be reasonably assumed that
leasing operations resulted in the shipment of no more than a few hundred tons
of ore. Early operations produced only high-grade material, evidenced by the
large tonnage of low-grade dumps existing in 1943.

In August 1943, the Union Mines Development Corporation reported on a
reconnaissance of the San Rafael Swell and in September started an extensive
examination of the Temple Mountain district. Prior to this, no systematic
evaluation of these deposits had been made nor were maps of any sort avail-
able. The Union Mines investigation continued until May of 1944, and the
following September a report on the district was submitted. The area remained
practically dormant until stockpiling began at Monticello in 1948. By early
1949, when the first purchase schedule was issued by the Commssion to provide
a market for low-grade uranium ore, mining in the Temple Mountain district was
well under way, and prospecting became active in other potential asphaltic
areas of the Swell.
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Through December 1950, approximately 20,000 tons of asphaltic ore, con-
taining around 0.16 percent U3 08 and 0.45 percent V205 , had been ship-
ped from the San Rafael area; and all but approximately 1,000 tons was pro-
duced from Temple Mountain mines. It is estimated that 50 percent of this
production resulted from the rehandling and sorting of mine dumps. In March
1951, the Monticello plant received 640 tons of San Rafael ore containing 0.23
percent U308 and 0.69 percent V205 .

Geologic Setting Uraniferous asphaltic deposits of commerical interest
appear to be confined to the region of the San Rafael Swell, a distinctive
geologic and geographic province in southeastern Utah. The name applies to an
ovate, northeasterly trending upwarp of sedimentary rocks approximately 70
miles by 30 miles in dimension embracing parts of Emery and Wayne Counties.
The western and northern limits of the Swell are somewhat indefinite, and the
gentle flanking dips in these areas continue for many miles away from the
structure itself. However, on the south and east sides, the limits are well
defined. The attitude of formation on the east side abruptly changes from a
gentle westerly regional inclination approaching the Swell to 30- to 70-degree
easterly dips, rapidly leveling again with the Swell to gentle easterly dips
which continue to the axis. Although faulting probably accounts for some of
the deformation along the eastern edge of the structure, faulting within the
Swell is, from a regional standpoint, unimportant. Erosion has produced a
border escarpment in younger formations surrounding the central area of the
upwarp which is dotted with outliers of younger rocks. Formations from
the Permian Coconino Sandstone to the Upper Cretaceous Mancos Shale are ex-
posed, with older beds outcropping in the deeper canyons that dissect the dome
of the structure. Only the formations of immediate interest, the Triassic
Moenkopi, Shinarump, and Chinle, and the Jurassic Wingate, will be described.

Moenkopi The Moenkopi Formation consists principally of reddish-brown
sandstone, shale, and fine conglomerate, and includes a persistant 40- to
100-foot member called the Sinbad Limestone that is locally asphaltic. The
formation ranges from 480 to 840 feet in total thickness, but only the extreme
upper portion, comprising a chocolate-brown sandstone and mudstone, affects
the uranium problem.

Shinarump The Shinarump Member of the Chinle Formation which overlies
Moenkopi is a persistent cliff-forming, bench-capping formation easily re-
cognized throughout the district. Its sharp lower contact is undulated du to
scouring of the Moenkopi surface. The upper contact with the Chinle Formation
is gradational and apparently conformable. Sections measured at various
points throughout the San Rafael Swell range from 55 to 178 feet. The forma-
tion is generally gray to light brown on weathered surfaces and lithologically
exhibits extreme lateral variation. Channeling is evidenced by rapid lensing
and invariable cross-bedding of the coarser clastics. Any section would
include conglomerate, conglomeratic sandstone, sandstone, shale, and mudstone;
however, the dominant rock type that comprises possibly 90 percent of the
formation is a hard, coarse quartz sandstone containing conglomerate lenses
with average grain size decreasing from bottom to top. Silicified and car-
bonized fossil wood is common, with occasional logs measuring two feet in dia-
meter.

Many of the sandstone horizons, particularly those within 50 feet of the
base of the Shinarump, contain zones in which brown-to-black asphalt occurs
interstitially or as blebs or seams. The relation of the asphalt to the
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surrounding sand grains, and the general conformance of asphalt seams and
zones to bedding, indicate that asphalt was, in part, a contemporary

constituent of original sedimentation. The distribution of asphalt within any
horizon is erratic, however, and occasionally the pinch-out of an asphaltic

zone appears to have migrated across the bedding. The Shinarump is the

principal ore-bearing formation in the San Rafael Swell.

Chinle Formation The contact between the Shinarump Member and the

overlying Chinle Formation is indefinite but may be conveniently established
by the color change from gray to maroon in a series of interbedded sandstones
and shales. The thickness of the Chinle in the Temple Mountain region is
fairly constant i.e., ranging from 190 to 200 feet. The formation is
predominantly a cross-bedded, reddish-brown sandstone with minor conglomerate

and red shale.

Ore Deposits The association of uranium and vanadium salts and metallic
sulfides with carbon compounds is highly developed in the San Rafael Swell
where interstitial and bedded asphalt frequently carry high uranium-vanadium
content. Associated with asphaltic ore are several uranium-vanadium minerals,

copper oxide, and metallic sulfides.

The orebodies are found in asphaltic sandstone and conglomerate in the
lower half of the Shinarump Member. They occur at numerous localities on the
130 to 150 miles of outcrop that forms a rough loop around the periphery of
the Swell. As a matter of convenience, the area is divided into the West
Side, East Side, and Temple Mountain districts.

Most of the uranium-bearing deposits on the West Side consist of small,

lenticular, mineralized portions of asphaltic sandstone at the base of the
Shinarump. The known deposits range from unminable patches to commercial
bodies, the largest of which measures approximately 500 feet along the outcrop
and carries good uranium values over a thickness of one foot. Most of the
known deposits are small; of the 17 properties recently examined, only three
have probable reserves of over 100 tons of minable ore. Prospecting is
extremely active in the area, and undoubtedly numerous discoveries are yet to
be made. The Shinarump of the East Side district, north of Temple Mountain,
is known to contain only a few scattered occurrences of uranium one of which
has been exploited. The ore occurs in a lens of gray conglomerate and carries
traces of asphalt and abundant fine pyrite. Possible reserves are on the
order of 200 tons, containing 0.30 percent U308 . An occurrence of

uraniferous asphaltic ore containing pitchblende, pyrite, and sphalerite is
reported from Oak Creek, southwest of the Swell area. In general,

comparatively little is known about the possible extent of these asphaltic
bodies, and considerable investigation is warranted to evaluate outcrops and
determine the ore controls that will guide development.

The orebodies of the Temple Mountain district occur in asphaltic zones
within 35 or 40 feet of the base of the Shinarump. The principal workings are
at the north and south extremities of a 7,000-foot Shinarump-capped bench.
Faulting and hydrothermal activity have resulted in the distribution of
uraniferous asphalt throughout a wide vertical range with minor occurrences
along fractures in the Wingate Sandstone. Mineralization is widespread, and
extensive reserves of low-grade material are indicated. However, exploitation
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of the deposits during 1949 and 1950 has resulted in the near-complete
extraction of the easily found outcropping ore, and present production depends
upon advance drilling.

Activities of Industry Until recently, the exploration for and
production of asphaltic ore has been carried out by individual operators; the
larger organizations have shown only minor interest in this phase of the
industry. Within the first few months of 1951, efforts have been made to

combine certain small holdings in the Temple Mountain district by the
Consolidated Uranium Mines, Inc. of Salt Lake City, Utah. Actual development
and mining operations of this organization are being handled by the Minerals

Engineering Company of Grand Junction.

The Magnolia Lead Company of Salt Lake City has recently acquired

interest in the West Side district. Among individual claimholders, Lawrence
Migliaccio has been an outstanding producer. Others include Hannert and

Tomisch, of Columbia, Utah; Pettiti-Nelson, et al., of Huntington and Castle-
dale, Utah; Russel Palmer, et al., of Huntington, Utah; and Lyman Staker, et
al., of Lawrence, Utah.

In addition to actual production, the Consolidated-Minerals organization
is actively engaged in exploration at Temple Mountain and along the Muddy

River in the West Side district. Several sections of its Temple Mountain
holdings are leased to individuals. To provide lease holders with close
objectives and to assure maximum productivity, the company has recently
completed 35,000 feet of wagon drilling and plans to continue exploration at

the rate of 10,000 feet per month. Within the past few weeks, Consolidated-
Minerals has acquired interest in established claims in the East Side district
and has set up an exploration camp on the Muddy River to facilitate
development and appraisal of the deposits and to implement immediate
production.

Exploration by individuals has been limited to prospecting and small-
scale development. Immediate production is invariably the object of all such
exploration; few if any, individuals have been capable of conducting geologic

investigations even on a moderate scale.

Commission Exploration and Future Possibilities

Until recently, exploration by the Atomic Energy Commission has been

primarily concerned with the development of carnotite orebodies in the

Morrison Formation. By comparison, the amount of effort and money expended on
investigation of asphaltic ore is negligible. Lately, reconnaissance
examinations of parts of the San Rafael Swell have been made, and an initial
program of wagon drilling has been proposed for the Temple Mountain district.
Contemporaneous with this work, a geologic investigations unit will carry on
examinations of all known deposits to study ore controls to guide exploration
and to select potential drilling areas.

On a broader scale, the region (approximately 1,600 square miles) is to

be photographed for the production of planimetric and geologic maps and for
topographic study. This work, supplemented by detailed ground mapping, will

be essential to the study of the relationship of ore occurrences to the
effect, if any, of regional emplacement controls.
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In contrast to the extensive geologic knowledge of the Salt Wash carno-

tite deposits, the asphaltic deposits, except for Temple Mountain production,

are a new environment that needs study. So little thought has been given to

this type of occurrence that it is difficult to estimate its potential. Most

known deposits are small, as in the West Side district, but the widespread

occurrence of asphalt is suggestive of other deposits similar to Temple
Mountain.

It is expected that the initial 40,000 to 50,000 feet of drilling by the
Commission in the Temple Mountain district will prove 300,000 to 500,000 tons
of material containing around 0.05 percent U308, in addition to
substantial reserves (possibly 50,000 to 100,000 tons) of presently marketable
ore. Depending upon 1) the success of private operators in locating
outcropping orebodies and 2) the application of ore control models developed
by Government geologists, exploration by Commission-sponsored drilling may be
expected to continue at the rate of 50,000 to 75,000 feet per year. Some
underground exploration may be warranted in topographically undrillable areas.

The comparatively small area of the Shinarump outcrop encircling the San
Rafael Swell will be included in a reconnaissance of the Plateau by airborne
radiation-detection equipment if low flying is considered feasible over the
flanks of the structure.

In the event of a high degree of success in the initial phase of
Shinarump exploration, in which case continued investigation would be
warranted, certain problems will arise at a comparatively early stage.

a) Extensive, shallow-drilling areas comparable to Salt
Wash benches, produced by eroding the overlying
Brushy Basin Member of the Morrison Formation, are
not developed in the Shinarump of the San Rafael
Swell. In several instances in the vincinity of known
deposits, the overlying Chinle and Wingate crown the
outcrop of the ore formation to the extent that the
Shinarump bench is practically non-existent.
Penetration of the overlying rocks will involve 500
to 600 feet of extra-formational drilling.

b) Should the neccessity for deep drilling arise, the
need for criteria will be more critical than ever
before. Introduction of asphalt as a uranium host
provides the geologist with a medium not present in
other types of uranium occurrences. It is entirely
possible that detailed study of known asphaltic
deposits by geologists familiar with oil problems
will point up the application of some of the criteria
used in petroleum geology. The domal structure of
the San Rafael Swell has always been considered
favorable for oil accumulation, and the same line of
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reasoning may be applicable in the search for
asphaltic bodies in the Shinarump if appreciable
ore-solution migration is indicated. The formation is
frequently bituminous when encountered in wells
drilled in the general area, and current drilling
may prove a valuable source of information9  A report
of radioactivity in a well drilled on the east flank
of the Swell is being investigated by the Commission.

c) As ore depths and exploration costs increase, maximum
information will have to be gained from diamond drill
holes through refined interpretation of gamma-ray and
neutron logging and the possible application of
techniques or equipment yet undeveloped.
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PART IV

GENERAL ACTIVITIES OF INDUSTRY AND GOVERNMENT

Exploratory and Development Drilling

Drilling for subsurface exploration on the Colorado Plateau closely
followed the original discoveries of the sedimentary deposits in 1899. The
importance of drilling may be recognized in the fact that each period of
increased production activity in the uranium-vanadium industry on the Colorado
Plateau has been closely associated with an increase in the drilling
activities. Mining production is and has been directly dependent upon
drilling results for the extension of the mining areas ahead of known
occurrences.

A description of the deposits, most of which lie in flat, tabular,
lenticular pods and masses conforming to the stratigraphy of the rock, readily
suggests vertical drill holes as the likely means of exploration. The upper
and lower limits of the orebodies are well defined, lithologically, and easily
recognized from the drill cuttings or cores. To date, most of the deposits
have been in relatively shallow horizons, the discovery of which originated
from the rim exposures. The earliest history of the region has no accurate
records, but drill hole depths between 5 and 15 feet are often mentioned.
Hand methods of drilling and simple jackhammers were predominant in the early
days because of the lack of better equipment and because the relatively soft,
shallow beds were amenable to these primitive tools.

The advantages of exploratory and development drilling have been
recognized most readily since the beginning of the uranium-vanadium industry
on the Colorado Plateau. Most of the drilling has been done by the larger
companies operating their own equipment, but contractors and small operators
have also contributed their share to the exploration. Two types of drilling
machines have predominated: the smaller EX core drill and the regular
jackhammer both hand machine- and wagon-mounted.

About 130,000 feet of diamond drilling and 51,000 feet of jackhammer
holes were drilled prior to 1923. Contract diamond drilling is reported at 80
cents per foot while the jackhammer drilling, usually done by the private
companies, was probably about half that cost. Drill hole depths ranged from
20 feet (with jackhammers) to an average of 35 feet (with the diamond drills).

After.1923 and until 1943 when the activity in vanadium increased, there
was a definite lull in all phases of the industry. Foreign pitchblende ore
captured the market previously held by Plateau-produced radium and vanadium.
Nevertheless, a total of 490,000 feet of drilling which included about 50,000
feet of jackhammer holes was reported during this period. From the resulting
production of approximately 575,000 tons of ore to date, it has been estimated
by experienced miners in the area that two-thirds of this tonnage was
discovered and developed by drilling. Using an aggregate figure of
approximately'570,000 feet of diamond drilling and wagon drilling performed up
to this date, an average of 0.57 tons of ore per foot was discovered by
drilling methods.
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The first organized Government exploration program on the Colorado
Plateau began drilling operations on May 3, 1943. The need for this
assistance to industry became evident when the supply of ore dwindled to the
new vanadium mills at Monticello and Durango. Since the entry of the United
States into World War II, the existing mines had steadily exhausted their
immediate reserves in order to meet the production requirements necessary for
war uses. The make-up of the mining industry, composed of numerous small
scale independent miners operating with limited capital, made it impossible to
maintain adequate development and exploratory programs. The purpose of the
program, conducted by joint cooperation of the Bureau of Mines and the USGS,
was to enlarge the available reserves and, if possible, to discover new ore.
The results proved most gratifying in both respects.

From the maps and studies by the Geological Survey, holes were spotted in
the most favorable areas and drilled by the Bureau. Since reserve data was
already available in most cases on those properties controlled by the larger
companies, the program was directed more to the aid of the smaller operators.

Most of the drilling was EX bit size and the pattern of holes was closely
spaced directly back from the rim outcrop and from faces of existing mines.
When the deposit was delimited, additional more widely spaced holes were
drilled at greater intervals in order to prospect for possible extensions or
adjoining deposits. A total of 38,510 feet of drilling which included 895
holes was accomplished during the remainder of the year. This program
comprised 46 drilling projects exploring 90 claims in all. The ore actually
produced from these claims during this period totaled 16,000 tons having a
value of $270,000. Although all of this tonnage was not found directly by
drilling, the program is responsible for sustaining and encouraging mining in
areas where operations otherwise would have ceased. Additional reserves
calculated as a result of the drilling totaled about 110,000 tons having a
value of approximately $900,000.

At the close of the Bureau of Mines' drilling program in December 1944,
the exploration on the Colorado Plateau took the aspect of general
reconnaissance and geologic investigation under the direction of the Union
Mines Development Corporation. No drilling was done during this period until
the USGS came into the program in late 1947. Very complete and detailed
records are on file, and the results of the work done by Union Mines are
summarized in a report by Benjamin N. Webber. Approximately 40 engineers and
geologists were in the field gathering data and making observations later to
be included in the final report, "RMO-437 Geology and Ore Resources.of the
Uranium-Vanadium Depositional Province of the Colorado Plateau Region"
submitted on January 16, 1947. This was the culmination of the program by the
Union Mines Development Corporation.

The USGS drilling program for exploring the carnotite deposits on the
Colorado Plateau began in November 1947. Approximately 130,000 feet of
drilling was accomplished through 1948 on eight contracts, five of which were
completed to the maximum footage (Table 2). The average depth of holes
drilled in this period increased from 45 feet on the first contract to 70 feet
toward the end of the year. The rate of drilling was variable depending upon
ground conditions, but an average rate of up to 75 feet/drill/day was reported
for, monthly performances.
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TABLE 2. U.S. Geological Survey drilling statistics, Colorado Plateau project, September 1, 1947- March 31, 1951

Project name

Blue Mesa

Calamity group

Maverick group

Club Mesa

Charles T area

Carrizo Mountains

Ellison and Burro claims

Ceorgetown group

Jo Dandy area

Legin group

Lower group

Long Park area, No. 1
No. 2

Moon Mesa

Outlaw Mesa, No. 1
No. 2
No. 3
No. 4
No. 5

Radium group

Spud Patch group

Summit and Mercantile groups

Upper group

County

Mesa

Mesa

Vesa

Montrose

San Miguel

Apache

Contract Number
I-gs No. of rigs

12068
12405

9680
10452

9680
10452

9516
13420
10529
10566
11625
12393

9220
9609
10084
11180

11319

San Miguel 9609
10084
11319

San iguel 9516
13084
11319

Montrose 11180
11319

San Miguel 9549
11180
12160

San Miguel 9549

"ontrose 10566
11625

Mesa

Mesa

12068

10452
10587
11106
11676
12068

San Miguel 10084

San Miguel 11180

San !iguel 9609

San Miguel 9609
10084
11319

Contract footage

8 60,000 - 80,000
5 30,000 - 45,000

3 30,000 - 40,000
6 30,000 - 40,000

3 30,000 - 40,000
6 30,000 - 40,000

2
1
5
3
8
8

1
3
6
6

15,000 -
1,500 -

35,000 -
20,000 -

50,000 -
(s ?ts)85,000 -

5,000 -
15,000 -
35,000 -
30,300 -

20,000
2,000

50,000
30,000
75,300

127,500

7,500
20,000
50,000
45,000

2 12,300 - 18,000

15,000
35,000
15, 300

3
6
2

2
6
2

- 20,-00

- 50,100
- 18,000

15,000 - 20,000
35,000 - 50,000
15,000 - 18,300

6 3,,000 - 45,000
2 15,000 - 18,000

6
3

13,000 -
30,000 -
12,000 -

15,000
45,000
18,000

2 13,000 - 15,000

3 20,000 - 30,000

7 - 8 50,000 - 75,000

8 60,000 - 80,000

6
6
6
3
8

33,000 -
8,000 -

40,000 -
10,000 -
60,300 -

Probable duration
and

completion date

3 months-7/1/51

10 months-12/31/51

Official
starting
date

Footage Date Bid
completed completed cost/ft

(dollars)

Contract
cost/ft
(dollars)

8/9/50 14,6132  12/14/50 1.90 1.82,
3/26/51 1,504-' active 2.73 2.709

6/17/48 37,659 12/16/48 1.83 1.70
12/17/48 3,637 1/19/49 2.11 2.03

6/ 9/48 2,392 12/16/48 1.83 1.70
12/16/48 3,335 1/19/49 2.11 2.03

3/ 6/48
12/30/48
4/ 7/49
1/30/50

12/18/50
2/20/51

11/10/47
5/18/48

11/ 1/48
8/ 2/49

16,123
1,>64

49,977
3,574
1, J79

12,232

7,466
1 , 20u
1- ,156
4,16>

10/20/48
2/19/49
3/15/50
3/ 8/50
1/13/51
active

3/23/48
10/30/48
1/29/49
9/13/49

1.57
4.65
c.31
2.75
2.41
2.83

1.59
4.85
2.11
2.69
2.353
2.8

1.41 1.35
1.46 1.46
1.85 1.81
1.62 1.66

12/13/49 3,032 1/ 6/50 2.29

6/48/48
2/10/49
1/13/50

10/22/48
1/31/49
4/14/50

8/ 1/49
4/24/50

6/29/48
8/14/49
8/16//50

80 6/29/48
3,103 3/12/.49
1,407 2/14/50

1, 88 12/ 4/48
1,553 2/1)/49

542 4/19/50

2.32

1.46 1.46
1.85 1.81
2.29 2.32

1.57 1.59
1.85 1.81
2.29 2.32

8,140 4/ 7/50 1.62
807 5/ 5/50 2.29

10,414
11,615
18,009

11/29/48
11/14/50
12/ 5/50

1.66
2.32

1.50 1.51
1.62 1.66
1.87 1.87

4/26/48 4,643 6/28/48 1.50 1.51

4/21/49 26,345 1/28/50 2.75
4/21/50 73,827 1/25/51 2.41

2.69
2.35

11/14/50 1,426 12/ 3/50 1.90 1.95

40,000
12,000
50,000
15,000
80,000

6 35,000 - 50,000

6 30,000 - 45,000

3 15,000 - 20,000

3
6
2

15,000
35,000
12,000

- 20,000

- 50,000
- 18,000

1/20/49
5/16/49
7/13/49
5/ 8/50
7/ 3/50

33,057
12,052
49,781
15,094
64,252

5/31/49
6/28/49

12/21/49
6/30/50
1/31/51

2.11
1.77
1.86
1.90
1.90

9/28/48 31,389 2/11/49 1.85

11/ 5/49 16,936 2/28/50 1.62

6/22/48

6/21/48
2/14/49
2/14/'0

395 6/26/48 1.46

276
3,742
10,559

6/26/48
3/ 9/49
4/13/50

2.D3
1.82
1.97
1.82
1.95

1.81

1.66

1.46

1.46 1.46
1.85 1.81
2.29 2.32

All orojects in Colorado, except Carrizo Mountains in Arizona
Footage completed on active contract as of March 31, 1951
Estimated payment to contractor per foot

TOTAL FOOTAGE, drilled to March 31, 1951 597,152

TOTAL EXPENDITURES, to March 31, 1951, Exploration $2,138,107.02

(project level expenditures of funds actually

received from AEC)

TOTAL COST PER FOOT DRILLED, as of March 31, 1951 $ 3.580

AVERAGE BID COST PER FOOT (not weighted) $ 2.131

AVERAGE CONTRACT COST PER FOOT (paid to contractors,
not weighted) $ 2.115
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Today, the drill records, both from cost analysis and operational
standpoints, are taking advanced strides. This is due in part to improved
machinery design and also to more refined techniques developed from an
increasing fund of experience.

The present Colorado Exploration Branch (CEB) of the Atomic Energy
Commission had its beginning under the designation of the Grand Junction
Extension of the NYRMO. Exploration was begun on July 1, 1948, but actual
drilling operations were not begun until May 5, 1949. Total footage drilled
to April 1, 1951, under this program amounts to 265,961 feet (Table 3). The
total footage drilled under the USGS program to this same date amounts to
597,152 feet (Table 4).

The two agencies have collaborated on exploration for a comprehensive
evaluation of ore reserves and ore potential in the Colorado Plateau area
(Table 5). More recently, the question of ore supply to existing mills, as
well as ore supply to proposed mills, has become more evident with the overall
program being altered in some instances to comply with these demands.

The recently completed CEB drilling project covering the first four mesas
of the Lukachukai Mountains is an example of the newer aspects of the program
trend. This project was inauguarated on short notice without much basic
preparation because of an official inquiry regarding the possible tonnage
available from this source. On September 25, 1950, drilling began with 10
rigs and continued until January 20, 1951, completing 49,944 feet, or maximum
contract. Indicated tonnage and inferred tonnage discovered as a result of
this drilling was calculated at 120,000 tons. An additional 25,000 tons of
potential ore has been added to this figure from indications in the geologic
studies of those areas where drilling was impossible. The cost of this
drilling was $235,308 which includes all direct costs incident to the project,
or about $2.94 per foot. This is the most expensive drilling to date, but the
remote region and adverse conditions under which it was performed and the
urgency of the request fully justifies the cost. From a tonnage standpoint,
the project results show a cost of $1.62 per ton and 2.9 tons of ore
discovered for each foot of drilling. These statistics are exceptional over
past records and show the increasing efficiency of drilling as well as
substantiating the overall costs.

Today, two principal methods of operation are presently being employed by
the CEB namely, diamond-bit core drilling and dry-hole non-core drilling.
Each type has several modifications and may be interchanged within certain
limits. However, the selection of a particular type of drilling is made from
the existing conditions presented by each location area based upon our
knowledge of past performances and the characteristics of the technique
involved.

The normal, diamond-bit, rotary machine is available in several sizes,
generally adaptable to drilling EX, AX, BX, or NX core. The dimensions of the
core produced by these sizes are 15/16", 1-5/16", 1-5/8" and 2-1/8",
respectively. The early drilling on the Plateau favored the EX core size,
possibly from an economic standpoint. However, the stratigraphy of the
sediments, which in places are comprised of varigated, interbedded sandstones,
mudstones, and shales, is not sufficiently consolidated and compacted to
withstand the penetration of tools and still present an intact core sample.
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TABLE 3. Colorado
May 1949

Project Name

Calamity Mesa

Tender foot

Polar Mesa

Lukachukai

Blanding

Ln Total
0O

Total Footage

74,926

17,560

37,904

49,944

85,627

265,961

Overall
Drilling Costs

221,231.31

62,209.17

122,325.74

235, 308.47

209,172.47

Exploration Branch drilling statist:
to June 1951

Drilling Costs Total Reported
Per Foot Reserves in Tons

2.953 45,100

3.543 ------

3.227 3,965

4.711 145,200

2.443 9,665

850,247.16 203,930

Average 3.201

* Average grade of Class A and Class B, indicated and inferred ores.

Average Grade
Overall Reserves Overall Cost

Percent U 0 * Per Tont

3 8
0.254 4.905

0.120

0.288

0.143

0.271

30.851

1.621

21.642

4.169

Tons Discovered
per Foot

of Drilling

0.602

0.105

2.907

0.113

0.767

t Based on drilling. costs only.



TABLE 4. Combined drilling statistics, U.S. Geological Survey
and Colorado Exploration Branch

Total footage drilled
to March 31, 1951*

Drilling cost (per foot)

C.E.B.

265,161

$ 3.20

USGS

597,152

$ 3.58

Total expenditures
(project level) $ 850,247.16 $ 2,138,107.02 $2,988,354. 18

Total reported reserves

d i s c o v e r e d b y d r i l l i n g 2 0 3 , 9 3 0 - - --- - --

Average grade .271%-----

Overall cost per ton $ 4.169-----

Ton discovered per
foot of drilling .767 ---- ----

*C.E.B. operations began May 5, 1949; USGS operations began April 26, 1948.

57

Total

863,113



Cooardo

Colorado

Utah

Utah

Utah

Arizona

Utah

TABLE 5. Sumsry of drilling projects by the Colorado Exploration Branch

Contract
Footage Rig Bid Cost Cost

Contractor From To Drilled Units Per Foot Per Foot

Minerals 5/5/49 2/18/50 74,926 10 2.723 2.490
Engineering

Minerals 10/6/49 2/19/50 17,560 4 2.723 2.490
Engineering

Minerals 2/19/50 5/9/50 55,780 10 2.007 1.810
Engineering

Minerals 5/22/50 9/2/50 37,904 10 2.102 2.156
Engineering

Minerals 9/11/50 10/20/50 5,847 2 2.007 1.685
Engineering

Minerals 9/25/50 2/2/51 49,944 10 3.189 2.940
Engineering

.loy Mann- 2/17/51 6/15/51 24,000 8 2.165 1.988

location

Calamity Mesa, Mesa Co.,

Calamity District, Un-

compaghre Uplift

Tenderfoot Mesa, Mesa Co.,
Calamity Dist., Un-
compaghre Uplift

Cottonwood Canyon, Bland-
ing, San Juan Co., San
Juan Basin Area

Polar Mesa, Grand Co.,
Beaver Creek Dist., Un-
compaghre Uplift

Cottonwood Canyon, Bland-
ing, San Juan Co., San
Juan Basin Area

Lukachukai Mtns., Apache
Co., Lukachukai Mtns.
Dist., Chuska Mtns.

Cot tonwood Canvon, Bland-
ing, SanJ lan Co., San
Juan Basin Area

265,961

Drilling- Total
Cost Drilling Project

Per Foot Cost Status -

2.953 $221,231.31 Completed

3.543 62,209.17 Prelim. Ex-
ploration
only

2.526 140,892.72 Prelim. Ex-
ploration
only

3.227 122,325.74 Prelim. Ex-
ploration
only

1.819 10,633.16 Prelim. Ex-
ploration
only

4.711 235,308.47 One Area
Completed

8/ f/
-. 161 57,646.59 In prowrems

$850,247.16

3.20

Calasity Mesa, Measaa C.,
Calamity District, Un-
compaghre Uplift

Tenderfoot Mesa, Mesa Co.,
Calamity Dist., Un-
compaghre Uplift

Cottonwood Canyon, Bland-
ing, San Juan Co., San
Juan Basin Area

Polar Mesa, Grand Co.,
Beaver Creek Dist., Un-
compaghre Uplift

Cottonwood Canyon, Bland-
ing, San Juan Co., San
Juan Basin Area

Lukachukai Mtns., Apache
Co., Lukachukat Mtns.
Dist., Chuska Mtns.

Cot tonwood Canyon, Bland-
ing . San Juan Co., San
Juan Basin Area

TOTALS

AVERAGES

CLASS A-b/
Indicated Ore Inferred Ore

Tons U308 Tons U30

.'i,9.( )0. i 14,900 0.15

e/

6,075

890

0.15

0.12

e/

86,900 0.34

-0- -0-

122,785

2,290 0.15

1,075 0.12

33,300 0.26-

1,300 0.10

CLASS B~C
Indicated Ore Inferred Ore

Tons U308  Tons 0O

5,680 i0.1 -0- -(1

-0-

-0-

-0-

-0-

52,465

0.32 0.23

-0-

-0-

-0-

-0-

-0-

-0-

-0-

-0-

0.19

--

-0-

-0-

-0-

-0-

a/ Drilling cost per foot and total drilling cost figures contain all charges
for supplies, equipment, salaries of CEB personnel, per diem, contractual
costs and equipment operation.
Class A ore contains all tonnage of 1 ft thickness or more, 0.10 percent
U 0 or more, or 1.00 percent V 0
Class B ore contains all tonnage f 1 ft thickness or more, 0.05 percent
to 0. 10 percent 1130g or 0. S0 to 1.00 percent V2 )y

d/ Potential ore---not blocked out or penetrated.
e/ No ore realized as a result of preliminary drilling.
f/ Drilling cost through March 31, 1951.I/ Footage through March 31, 1951, of 18,239.3 ft. used to obtain this figure.
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factoring
Company

TOTALS

AVERAGES

CO 10ar aid

Colorado

Utah

Utah

Utah

Arizona

Utah

Tctal

Reported Reserves
Tons U.0

4', 185 1.%

d/
Potential Or~

Tons U308

-0- -0i-

-0- -0-

2,000 0.12

0.15

0.12

0.29

0.10

8,365

3,965

145,200

I.100

203,930

0.12

-0-

25,000

-0-

27,000

0.12 0.27

-



When core recovery drops much below 80 percent, the object of drilling is
defeated and the results are proportionately inaccurate. Comparing core
recovery against core sizes (under average, general conditions) shows that

fewer losses in critical horizons result when the larger sized core is

drilled. The present active CEB project at Cottonwood Camp, Blanding, Utah,
has produced better than 95 percent core recovery, using a special, 2-inch
diameter "N" core. The previous phase -of this project was drilled in AX size
which produced an overall average core recovery of about 80 percent.
Consequently, the present selection of core sizes tends to larger sizes by
virtue of the added information gained in more complete cores.

Core drilling is usually preceded by plug-bit drilling or similar
adaptation. This practice, however, is fairly recent because of the lack of
experience by the prospector of earlier days. It was thought that a complete
study should be made of the whole stratigraphic column being drilled; though,
this is not always necessary since a few test holes will usually give the
structural data required for any particular locale. Plug-bit drilling, which
merely grinds out a hole with no core, costs about one-third of a core-drilled
hole, and the overall expense of drilling can be appreciably reduced. Plug-
bit drilling is accomplished in several fashions, such as with a standard
churn drill, or a Hughes-style rotary cutting bit with air and water returning
the cuttings around a solid-faced diamond bit.

Recently, the Minerals Engineering Company of Grand Junction has
perfected the use of a mounted jackhammer with special adaptations. The
machine works on a vertical slide carried on the front of an Army half-track
that permits changes of steel in 18-foot lengths. The bits used are made with
tungsten carbide inserts which permits drilling either up or down and prevents
the sticking of tools. The machine operates from a 210-pound capacity air
compressor which also supplies air to the hole to blow out the cuttings. The
starter bit is 2-1/2 inches in diameter while the main part of the hole is.
drilled with a 1-7/8 inch bit.

Drilling with the half-track rig is accomplished very successfully in the
shallower deposits or those up to 120 feet; the maximum gained footage is 155
feet. The condition of the rock must be dry to allow the cuttings to blow
back from the hole. The usual procedure is to catch the accumulated cuttings
for each 5-foot run and test for radioactivity with a Geiger counter. When
mineralization is encountered or when the drill reaches the expected horizon,
the length of run is reduced to 6 inches. These mineralized samples are then
assayed for V205 and U308 content.

The Joy Manufacturing Company, presently engaged in the CEB drilling
contract at Cottonwood Camp, is also pioneering dry-hole, non-core drilling.
For plug-bit drilling it is using a regular Hughes-type bit with air injection
instead of the conventional water method. Complete study of these techniques
is not available, but the performance appears most satisfactory.

The general direction of drilling technology shows that all efforts are
being expended to improve the latest methods and to develop new ideas for
improving the overall efficiency of the work. Due to the generally increased
prices for material and labor, costs are not being reduced, but the increased
efficiency and more detailed information gained from the added depths required
today is a most propitious comparison.
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It should be noted at this point that the use of compressed air is
becoming more prevalent in drilling operations. This has resulted, especially
in the non-core dry-hole drilling, in greater penetration rates as well as
reduced costs. It has already permitted exploration in certain regions
heretofore not considered drillable because of lack of water facilities. Its
perfection will open up broad avenues for future work.

Closely following the new adaptations in drilling technique are new
systems for radiation detection. Electronic probes are now being developed
which reproduce a graphic record from which lithographic and analytical
determinations can be made. The present experiments being tried use gamma-ray
recorders in conjunction with dry-hole non-core drilling. If reasonable
efficiency can be achieved in this experiment, it will greatly enhance the
dry-hole non-core program and eliminate the present requirements of catching
the cuttings for analysis.

The present drilling program conducted by the CEB has recently been
expanded to several times the original size. Up to the beginning of 1951, the
drilling schedule was designed to complete approximately 150,000 feet per
year. To meet existing demands, the efforts of the Branch are being
accelerated to the arbitrary goal of 800,000 feet of drilling per year.
Allowing a minimum of time for procurement of equipment and selection of
personnel, a schedule has been devised whereby this rate of drilling should be
attained.

The CEB drilling section is divided into a number of field crews, each of
which is a separate functioning staff for each project. This organization is
under the general direction of an administrative staff in Grand Junction. The
size of each field crew varies with the magnitude of the project and the
number of drills in operation. A typical field crew conducting an exploration
project utilizing 8 to 10 drills is made up of four or five professional men,
including geologists and engineers, plus two nontechnical field assistants.
The regular activities required in the field to maintain an active project are
quite varied. Access roads and the preparation of drill sites are routine.
Some of this is handled in the preliminary stages of the project prior to
beginning drilling operations. Mapping and spotting drill locations must keep
ahead of the drilling. All core recovered is scanned with a Geiger counter
and logged in detail by the geologist, and a record is made of recoveries and
footage drilled. The core is boxed and marked for skeletonizing or tagged for
the core library. A review of costs shows that the previous practice of
stacking and covering all core is prohibitive in light of the future program.
The latest procedure is just being inaugurated whereby only a few strategic
holes are saved in their entirety; some are skeletonized and the rest are
dumped.

After completion of a hole, the location is permanently marked with a
standpipe stamped with the hole number for future reference.

The close of a project requires many hours of study and compilation on
the part of the project geologist in preparation of the final report.

All field crews live in trailers and no boarding facilities are
furnished.

60



Field Investigations and Mapping

Prospectors and Miners as Field Investigators The earliest field

investigations of the carnotite deposits of the Colorado Plateau were made by

the Ute, Navajo, and Hopi Indians, who enhanced the color scheme of their

ceremonial dances with the yellow pigment.

The white discoverer of carnotite is unknown, but the existence of yellow
masses scattered through some of the sandstones of the Colorado Plateau was
recognized as early as 1880. A claim on Roc Creek on the rim of Carpenter
Ridge on the southeastern slope of the La Sal Mountains was located early in
the 80's,, and several tons of carnotite ore were shipped from it as gold-
silver-copper ore. The yellow mineral in the rock was called "chrome-copper".
The smelter assay indicated traces of gold and silver, but no copper, so the
claim was abandoned.

In 1898, Gordon Kimball of Ouray, Colorado, obtained some of the yellow
material and sent it to a French chemist, Charles Poulot, who determined that
is was a uranium mineral. The following year, M. M. C. Friedel and E. Cumenge
obtained the approximate formula of the mineral, and named it carnotite in
honor of the French scientist Adolph Carnot.

Mme. Curie's discovery of radium in 1898 could have created an immediate
market for the ore, but is was not until 1910 that Gordon Kimball made his
first shipment from the Roc Creek property. This shipment consisted of
several tons and was sent to France where it assayed 15 percent U308 .

Following Kimball's successful shipment, others were made from a number
of properties in the vicinity of Roc Creek and from the rim of Club Mesa west
of the San Miguel River. The industry expanded rapidly until 1914 when the
start of World War I terminated the French uranium market. Radium plants were
soon established in the United States and operation of the mines resumed; new
mines were opened, and the industry expanded until 1923 when the pitchblende
mines of the Belgian Congo were discovered. These mines were able to supply
the world market with a better product at a cheaper price. The Colorado
Plateau mines were subsequently shut down and practically forgotten for
several years.

Prior to 1923, the vanadium content of the ores had been given no

attention, as there was no market. The increased demand for vanadium as an

alloy for the toughening and hardening of armor plate and gun barrels created
a shortage before World War II that could neither be met by the facilities
then available at the Minasragra Patronite Mine in Peru nor by the two Plateau
mines at Rifle and Placerville. As a consequence, other Colorado Plateau

mines were reopened, in 1937, for their vanadium content, and the uranium
minerals were disregarded.

U.S. Vanadium Corporation (U.S.V.C.) built a new mill and a new town,
Uravan, on the San Miguel River, and the V.C.A. built a mill and a town on the
San Miguel River at Vancoram near Naturita.

An extensive search for and exploitation of the vanadium orebodies
continued until 1947 when the Atomic Energy Commission (AEC) began to pay for
the uranium content of the ores. Since that date, a stable price for vanadium
and an ever-increasing price for uranium has brought a horde of prospectors

61



onto the Colorado Plateau. The potentially productive area has been expanded
from a single claim on Roc Creek to a region covering about 15,000 square
miles comprising most of the Colorado Plateau. The number of productive
formations has been increased from the original basal sands of the Morrison to
include the Shinarump, Moenkopi, Chinle, Entrada, Hermit, Hermosa, Mesaverde,
as well as the Bridger Formation, and Todilto Limestone. As time advances,
other formations will probably be added to the list.

Of the thousands of miners and prospectors who have stumbled, fallen, and
thirsted over the rims of the Colorado Plateau, only a few here and there have
had any discernment. Those few have imparted to the others the results of
their observations so that many of them have worked and searched with as
adequate a knowledge of the task at a hand as the best-trained geologist.
Even some of their nomenclature for the Plateau has been adopted into the
literature, sometimes without parentheses. Thus, the Entrada Sandstone is the
Slick Rim, the upper sand of the Salt Wash Member is the main ore rim, and a
mottled yellow-black uranium-vanadium ore is Rattlesnake ore. Thousands of
prospectors have studied the rims and have spent millions of man-days in
pursuit of the work; until 1945, the area had been studied by a mere dozen
geologists who acquired most of their information from these prospectors.
Hence, most of our knowledge of the uranium-vanadium field has come directly
or indirectly from miners and prospectors. It is they who are now expanding
the field beyond the farthest expectation of the operators of ten years ago.
The field of the geologist is, and may remain, the expansion into the interior
of the mesas of ores discovered by prospectors on the rims of mesas. It is
because the work of the prospector comes first, and because without it the
geologist would not even exist, that the description of this phase of field
work has been given first.

Although the ore-bearing rims near existing roads have now been
thoroughly prospected, vast, inaccessible areas remain almost unknown. The
immensity of the area, the present inaccessiblity of much of it, and the
ever-increasing number of formations that must be examined for ore deposits,
indicate that the days of usefulness for prospecting in the uranium-vanadium
field will extend many years into the future.

Early Geologic Investigations and Investigations by the U.S. Geological Survey

History In 1853, A. W. Whipple conducted a party along the southern edge
of the area from which uranium ores are now being extracted. His geologist,
Jules Marcon, made notes on the stratigraphy of the area, but he knew nothing
of the existence of uranium ores. Prior to 1875, J. S. Newberry, A. R.
Marvine, and E. E. Howell visited the area and published notes. On pages 95
to 98 and 262 to 269 of the Ninth Annual Report of the U.S. Geological and
Geographical Survey of the Territories (1875) and in the Tenth Annual Report,
pages 162 to 169 (1876), there are notes on the stratigraphy of the region by
Peale and Holmes who were attached to the Hayden Survey. In 1897, H. S. Gane,
working with Whitman Cross in his study of the San Juan Mountains, traversed
McElmo Creek north of Sleeping Ute Mountain in an effort to correlate the
relatively undisturbed sediments of that area with the folded sediments of the
San Juan Mountains. In 1899, A. C. Spencer with the same purpose in view,
traveled over a 450-mile circle in 30 days, going from Ouray to the Paradox
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and Sinbad Valleys, then onto the crest of the Uncompahgre Uplift and back to
Ouray. In 1905, Whitman Cross attempted a correlation of sediments in
southwestern Colorado.1

No further notes on geologic studies appear to have been made thereafter,
until 1921, when R. C. Coffin published Bulletin 16 for the Colorado
Geological Survey, entitled "Radium, Uranium, and Vanadium Deposits of
Southwestern Colorado". This bulletin was the result of a comprehensive study
on the limited area known at that time to be mineralized; and in view of the
prevalent belief that ore existed only in the lower Morrison Formation, some
of the deductions, not now appearing valid, are understandable. It is an
excellant treatise, considered by many people the best work thus far on the
uranium-vanadium deposits.

In 1939, a comprehensive survey of the area was undertaken by the U.S.
Geological Survey under the supervision of B. S. Butler. The work was
continued by R. P. Fischer and has been conducted by him without interruption
to the present time. The work of the Survey has been accomplished in
conjunction with the State of Colorado and the Colorado Metal Mining Fund.
(Several publications have been written, chiefly by R. P. Fischer, entitled
"Vanadium Deposits of Colorado and Utah", Geological Survey Bulletin 936-P.)
From 1939 until 1947, the Survey party consisted of from 1 to 3 men. But in
order to assist a drilling campaign in search of uranium ores (initiated in
1947) with funds supplied by the AEC, the party was expanded to about 20
geologists. Thus far, the studies of the Survey have been limited to the
Morrison Formation and to the ores contained in that formation. This summer
(1951) Fred Smith of the Survey, with seven assistants, will start a study of
the Shinarump Member, thus tripling their area of activities.

During the time that geologic work was conducted by the Survey, the
Topographic Branch of the Survey had been active. Seven quadrangle
topographic maps, covering the area surrounding Paradox Valley in Colorado and
one map covering Elk Ridge in eastern Utah, have been completed and others
were in preparation. Scales of 1:24,000 and 1:250,000, suitable for
reference, are entirely too small, however, to serve as adequate base maps for
detailed or even reconnaissance geologic work.

Investigations by the Bureau of Mines In 1942, the shortage of vanadium
incident to the manufacture of armor plate for World War II became so acute
that government aid was extended to the miners of the Colorado Plateau in
order to increase production. Financial assistance was granted several
operators to construct mills, and in order to keep the mills running to full

capacity, Metals Reserve Company, a Government agency, set up and operated
stockpiles where ore was purchased from the miners. As further assistance was
required, the Bureau of Mines, working in conjunction with the Geological
Survey, made a study of a wide area; and upon completion of the study, drilled
895 holes that totaled 38,510 feet. This drilling was done in the Thompson
area near Arches National Monument; on Polar Mesa on the northeastern flank of
the La Sal Mountains; on Calamity Mesa on the western slope of the Uncompahgre

1 Cross, Whitman, "Stratigraphic results of a reconnaissance in western
Colorado and eastern Utah", Journal of Geology, Vol. 15, No. 7, pp. 634-635,
October-November, 1907.
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Uplift; in Gypsum Valley; in the Egnar-Slick Rock area; in Cottonwood Canyon
west of Blanding, Utah; and in the vicinity of the Yellow Circle, Corvusite,
Happy Jack and Shamrock Mine(s). How well this work was done is indicated by
the Corvusite Mine, where 9 holes out of 22 drilled were in ore. (Estimated
are from the 9 holes was 1,100 tons.) In February 1951, the Corvusite Mine
had produced 13,000 tons of ore.from the area drilled by the Bureau and only 8
of the 9 drill holes had been cut.

The report of the Bureau of Mines is incorporated in U.S. Bureau of Mines
R. I. 3930 - (1946) by W. P. Huleatt, Scott W. Hazen, Jr., and William M.
Traver, Jr.

Investigations by the Water Resources Branch of the U.S. Geological
Survey In 1916, H. E. Gregory made a study of the water resources of the
Navajo Indian Reservation. His work was published in 1921 as Water Supply
Paper No. 380 of the U.S. Geological Survey. Although it was not written as
an aid to uranium miners, the maps and the descriptions of formations in
southeastern Utah and northeastern Arizona are proving outstandingly useful to
the present-day miners and geologists.

Later, A. A. Baker revised some of the stratigraphy in Gregory's-report
on Monument Valley in Bulletin 865, entitled "Geology of Monument Valley and
Navajo Mountain".

Gregory and Baker did similar work in the Kaiparowits region of south-
central Utah--an area which has thus far seen little exploration for uranium
ores.

Investigations by the Petroleum Branch of the U.S. Geological Survey
The many salt and gas domes on the Colorado Plateau provided targets and
accessible products to the oil producers, so that various places on the
Plateau have been drilled from 1915 to the present. Some oil and gas have
been recovered by these operations, but in insufficient quantities, in nearly
all instances, to pay for the drilling investment. To assist the petroleum
operators, portions of the Plateau were studied by the U.S. Geological Survey.
The maps accompanying these reports have proven to be useful to uranium
geologists and prospectors. Outstanding among these reports are:

McKnight, E. T. "Geology of the area between the Green and
Colorado Rivers", USGS Bulletin 908, (1940),
147 p.

Baker, A. A. "Geology and oil possibilites of the Moab
District" Grand and San Juan County, USGS
Bulletin 841, (1914), 92 p.

Lupton, C. T. "Oil and gas near Green River, in Grand
County, Utah", USGSBulletin 541, (1914),

pp. 115-134.

Gilluly, James and "Sedimentary rocks of the San Rafael Swell
Reeside, J. B., Jr. and some adjacent areas in eastern Utah",

USGS Professional Paper, 150 D, (1928),

pp. 61-110.
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Gilluly, James "Geology and oil and gas prospects of-part of

the San Rafael Swell, Utah", USGS Bulletin
806 , (1929), pp. 69-130.

Dane, C. H. "Geology of the Salt Valley anticline and
adjacent areas, Grand County, Utah", USGS
Bulletin 863, (1935), 184 p.

Field Investigations by Oil Companies Extensive field work has been done
on the Colorado Plateau by most of the major oil companies for many years.
The results of their work have been kept confidential and are not available
for use in the search for uranium ores. During the last few years, several of
the larger oil companies have had large parts of the Plateau surveyed by air
and photographed. From the photographs, contour and surface geology maps have
been prepared. Negotiations have gone on for several months for the CEB of
the Atomic Energy Commission to obtain copies of these maps. At this time,
few maps have been obtained and those few were merely sketchy, preliminary
maps with some widely spaced contours and one or two incomplete formational
contacts. After spending hundreds of thousands of dollars, the oil companies
are understandably reluctant to impart extensive and valuable information that
might fall into the hands of rival companies.

Field Investigations by Union Mines Development Corporation This work
was conducted by the Union Carbon and Carbide Corporation under the direction
of the Army Corps of Engineers from 1943 to 1946. Extensive examinations were
made over a wide area and much valuable information was obtained for the
Colorado Exploration Branch of the Atomic Energy Commission. A full account
of the activities of the Union Mines Development Corporation (a subsidiary of
the Union Carbon and Carbide Corp.) is given elsewhere in this report.

Field Investigations by the Colorado Exploration Branch of the Atomic
Energy Commission The Colorado Exploration Branch resumed the work of the
Union Mines Development Corporation in 1947. Detailed topographic maps have
been made in the Bull Canyon Area south of the La Sal Mountains and in the
Cottonwood area south of the Abajo Mountains in Utah. Careful geologic
studies have been made in the following areas in conjunction with the drilling
programs: Tenderfoot Mesa, Polar Mesa, the Cottonwood District, the
Lukachukai Mountains, and the areas southwest, south, and southeast of the
Carrizo Mountains.

Spot examinations have been made over the entire Plateau of every mine
and prospect which has been brought to the attention of the organization.

Present Field Investigations of the Colorado Exploration Branch At the
present time there are 20 people engaged by the CEB if Geologic
Investigations:

1 Supervisor

1 Secretary

4 Geologists in White Canyon

4 Geologists in the Lukachukai Mountains

2 Geologists in Monument Valley
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2 Geologists in Bull Canyon

2 Geologists in the Henry Mountain - San Rafael Swell area

2 Geologists on spot examinations

2 Geologists examining small mines for the possibility of drilling to
assist operators

Total: 20 People employed by Geologic Investigations.

During the early months of 1951, plans for the field season entailed
expansion of the first five investigational groups, so that each group would
have at least 4 men. The full complement of personnel when completed would be
28 people. This included: 1) the four geologists in White Canyon concluding
their reconnaissance study of the area and choosing a few mesas they felt were
worthy of detailed study for the recommendation of drilling programs; 2) the
four geologists in the Lukachukai Mountains recommended three drilling
programs, one of which has been successfully concluded, a second was being
drilled, and a third to be started during the summer of 1951, and 3) the
Monument Valley, Bull Canyon, and Henry Mountains-San Rafael groups had been
organized for periods varying from a few days to three weeks and were still in
the reconnaissance stage of study.

In addition to searching for ore outcrops, the geologists were studying
criteria which might aid in a further search for ore and which might ulti-
mately lead to a better understanding of uranium-related ore genesis. They
were observing local and regional tectonic structures as well as sedimentary
structures including paleo stream-channels, comparative grain sizes, orien-
tation of grains, and the thickening and thinning of sandstone and mudstone
beds. They also prepared isopach maps of the various formations involved in
their studies.

CEB geologists were making structure contour maps on some pronounced and
well exposed formations in the vicinity of the ore horizon to determine
whether variations in dip are a controlling factor in ore deposition.

They were observing various other features as ore guides, such as the
presence or absence of green mudstone inclusions in the sandstone, spots of
pyrite, marcasite, or limonite in the sandstone, and plant remains and lack or
presence of carbonization or silicification.

CEB geologists were also observing alteration, not only in the ore sands,
but in the surrounding shales as well. Bleaching of the sediments from their
natural red color to gray, white, or yellow indicates careful examination
should be made for the presence of ore regardless of the formation in which it
occurs.

It is hoped that within a few years we may be able to say that certain
areas will contain ore, that other areas are not worthy of drilling and that
we will be able to assign such conclusions to a different reason than the one
that was held to the present time: That ore is or is not exposed on the rims
of the mesas in question. In brief, we hope in time to lift the project from
the realm of prospecting to the realm of geology; to subject it to the laws
of science rather than to the leg work of rim-walkers.
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Future Field Investigations of the Colorado Exploration Branch The areas
to which the field parties were assigned are large. A full study of some of

them will be concluded in less than a year though some will extend into two to

five years.

(1) It is expected that the time consumed on current projects will run from

one to five years, averaging about three years, to cover approximately
3,300 square miles. The Plateau is an area bound on the west by the
Wasatch Mountains, on the north by the Uinta Mountains, and on the east
by the main range of the Colorado Rockies. The southern boundary is
indefinite, but may be considered to lie a few miles south of a line
running from Flagstaff east to Winslow, Arizona. This entire area is
about 160,000 square miles, and probably one-third of the area enclosed
within these boundaries may be of sufficient interest to justify
examination. This would indicate approximately 50,000 square miles that
would need to be examined sometime during the life of this program.

(2) As maps are lacking for wide areas in the Colorado Plateau and as those
which do exist are made on greatly varied scales, it is planned to have
the entire Plateau flown at an elevation that would produce photographs
on a scale of 1:20,000. From these photographs, planimetric maps could
be prepared on a scale of 1:24,000 to correspond with the topographic
maps of the U.S. Geological Survey.- As the geologic field groups
determine those areas they consider worthy of detailed study, contour
maps of study areas will be prepared on a scale 1:6,000 using the same
photgraphs employed in making the planimetric maps.

(3) When it is felt that these areas have been completely studied, that the
miners of the areas involved have received ample encouragement to proceed
without further aid, and that the returns from continued drilling would

diminish markedly in disclosures of new orebodies, these groups will be
transferred to other areas. These other areas will include the Circle
Cliffs; the Waterpocket Fold; the Capitol Reefs; the base of the
Kaiparowits Plateau; the Kaibab Plateau; the rim of the Grand Canyon; the
Morrison Formation at the base of Black Mountain; the Shinarump lying in
a widely flung circle around Black Mountain; all of the Morrison
exposures around the Abajo, La Sal, Sleeping Ute, Carrizo, and La Plata
Mountains; the raised area enclosed within the Grand Hogback lying
between Meeker on the north and Carbondale on the south and between Rifle
on the west and Dotsero on the east; the triangle formed by the junction

of the Green and Colorado Rivers; the area between the La Sal Mountains

and Colorado River. In short, no portion of the Colorado Plateau may at
the present time be eliminated from study. Formerly, all areas were
eliminated where the Salt Wash was not exposed. Now, as ores are found
in other formations, the probable ore-bearing areas are rapidly being
delineated. At present, it is felt that the Mancos Shale offers little
possibility of containing ore, yet ore has been found in the Mesaverde
overlying the Mancos.

Geophysical Exploration

Introduction Exploration methods used in the search for and development
of uranium mineralization have been largely confined to coring operations.
Minor attention has been given to various methods of applied geophysics;
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however, only limited operational utilization of such methods has been
attained. This fact reflects the lack of adequate research rather than a
failure of the methods. It is probable that future exploration will be
increasingly guided by the application of resistivity measurements, subsurface
radiation logging, and other geophysical techniques.

Geophysical techniques that might be applied to a search for uranium
deposits must necessarily be based upon some unique physical property of the
ore in a particular area. Factors that may fall in this category are: 1)
radioactivity of the uranium minerals; 2) association of minerals with
sandstone lenses characterized by local changes in resisitivity; 3) density
anomalies associated with concentrations of high-gravity uranium minerals or

deep-seated igneous intrusives; 4) anomalous temperature conditions relative
to radioactive decay; 5) chemical considerations resulting in (a) ground
potential, (b) differences in soil pH, (c) determinable biochemical
variations. Geophysical testing methods that have already been tried include
gamma-radiation counting, resistivity, self-potential, thermal gradient,
gravimeter, soil pH measurements, and biochemical techniques. Of these
methods, gamma-radiation counting is rapidly becoming an operational
technique, and the application of resistivity methods has proven interesting
enough to warrant continued study.

The application of geophysical methods dependent upon radioactivity are
restricted to situations in which there is an actual surface exposure of
radioactive material. Methods and techniques utilizing the Geiger-Mueller
counter are well established. New developments in instrumentation include the
scintillation type counter and the use of aerial counter equipment. In areas

of mineralization where surface outcrops do not exist, radiation detection is

being applied by introducing a counter probe into drill holes. This type of
work is becoming sufficiently successful to deserve widespread utilization in

exploration.

Subsurface Radioactivity Logging The Commission's program for
radiometric logging of drill holes includes both the Colorado Exploration
Branch and the U.S. Geological Survey. Radiometric logging is a method by
which radiation and gamma-ray intensity can be recorded throughout a drill

hole. The equipment generally consists of a surface unit and a subsurface

unit. A power. supply, electronic circuits, a paper recorder, and a winch with
cable are mounted on a conventional 4-wheel drive vehicle. The subsurface

unit is a Geiger tube and amplifier in a metal cylinder attached to the end of
the logging cable. The subsurface unit is lowered to the bottom of a drill
hole and variations in gamma-ray intensity are recorded as the probe is
removed from the hole at a constant logging speed.

The first use of gamma-ray logging on the Colorado Plateau was by the
Union Mines Development Corporation during World War II. Mr. Henry Faugh
developed the equipment used by the Union Mines Development Corporation. In
July of 1948, the U.S. Geological Survey began experimenting with the original
Union Mines equipment, which was named Barnaby. About May of 1949, Mr.
Kenneth G. Bell was placed in charge of the Survey's radiometric program on
the Plateau. From May of 1949 until January of 1950, the equipment was
redesigned and experimental work was conducted. In redesigning Barnaby,
emphasis was placed on determining the grade and thickness of mineralized
zones and not upon interpreting the lithologic changes. Since May of 1950,
Barnaby has been entirely engaged in field logging.
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Since early 1951, there have been five Barnaby units in use, operated by
eight employees, which include all technicians, field operators, and office
personnel. A radiometric maintenance shop was located in Grand Junction. Mr.
Bell had an annual budget of about $45,000 for operating expenses such as
salaries, per diem, vehicle operating cost, etc. A complete record of the
expenditures for radiometric logging activities since the start of the program
is available at the office of Mr. Frank Stead in Washington, D. C. Each
Barnaby unit cost approximately $9,500. One of the five Barnaby units is
permanently engaged in logging drill holes in the phosphate mines near
Lakeland, Florida.

The Colorado Exploration Branch has had, since early 1951, only one
gamma-ray logging unit. This equipment was designed and constructed by
Geophysical Measurements Corporation of Tulsa, Oklahoma, at a cost of $9,250
including a jeep station wagon. The name "Batskoy" refers to this particular
unit. A contract had been negotiaged for another Batskoy unit because the
need for several additional units is anticipated in the near future. The
price for a second Batskoy will be approximately $10,500.

The Batskoy unit was used in the Lukachukai drilling project,
northeastern Arizona, from October 14, 1950, to January 25, 1951. The
electronic equipment continued to function even though considerable vibrations
occurred from traveling over rough terrain to and from the drilling area. It
was possible to use the equipment during the winter months, and the jeep
station wagon proved ideal for traveling the roads within the drilling areas.
The gamma-ray logs were a necessary supplement to information on the drilling
operation. A relatively low percentage of core recovery was realized on this
project thus adding to the difficulties in constructing accurate geologic
strip logs. It was observed that coring was difficult throughout the
mineralized section, but the gamma-ray log confirmed whether or not
mineralization was present. Geologic strip logs could be adjusted for major
lithologic changes and mineralized zones. From January 26, 1951, to February
14, 1951, Batskoy was brought into Grand Junction for an equipment check
before drilling began in the Blanding District, Utah. About 3 weeks were
spent at Blanding before moving the equipment to the wagon drilling operation
at Cove Mesa, Arizona. Since March 11, 1951, Batskoy has been logging wagon
drill holes at Cove Mesa.

Field operations have shown that on a core-drilling project, an average
of five to six holes can be logged per shift with a total footage of 650 to
950 feet. On a wagon drilling project, an average of seven to ten holes, with
a total footage of 500 to 800 feet can be logged per shift. The Cove Mesa
wagon-drilling project averaged 320 feet per shift with about five holes
being bottomed per shift. The Blanding, Utah core-drilling project drilled
three holes per shift with an average 500 feet per shift.

The primary objective in using gamma-ray logs was to interpret the
boreholes in terms of geology and to obtain assay values for the mineralized
sections. Geologic features that were interpreted included sandstones, grey
claystones, red and brown claystones, interbedded units of claystone,
sandstone, siltstone, and clay galls and flakes within a uniform sandstone.
It is an accepted fact that an assay value by radiometric logging would be a
more representative assay than one from coring even in cases where the core
recovery is 100 percent. A radiometric assay from gamma-ray logs represents
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a much larger sample volume in the vicinity of the drill hole as compared to
the volume of core sample assayed. Plans were being drawn up to construct an
experimental test hole to determine calibration curves on ores from various
areas of the Plateau. This test hole would be horizontal and on the ground
surface so it could be adapted to testing ore concentrations of variable
thicknesses and grades. Calibration, in absolute units with a known amount of
radium homogeneously dispersed in a concrete medium, would be conducted either
by the Grand Junction office or by Mr. S. A. Scherbatskoy of Geophysical
Measurements Corporation, Tulsa, Oklahoma. By comparing experimental data of
this type with actual field results obtained from logging drill holes, a
relationship between a gamma-ray intensity and percentage U 3 08 can be
determined. Arrangements were made to sample selected drill holes as they
were intersected by mine workings. This would be a sample assay of drill
holes that were previously radiometrically logged.

Gamma-ray logs provide the site geologist with:

1. A guide for sampling the core.

2. Confirmation of mineralization and assistance in constructing a
geologic strip log whenever core recovery is poor.

3. Location of ore horizons in which very weak anomalies occur. Such
anomalies are not apparent by checking the core with a hand counter,
but they may be indicative of mineralization in the vicinity a drill
hole.

4. A more accurate geologic record than can be interpreted from a
gamma-ray log obtained by visually inspecting cuttings from the drill
hole.

Reliable logs of this type could be of economic importance because the
overall cost/foot of drilling would be appreciably reduced since the majority
of holes would not be cored. Rock-bit drilling would accelerate a drilling
program and eliminate such costly items as core boxes, handling and storage of

core, and a geologist's time spent in field-logging the core. A certain
amount of core drilling would be necessary to provide reference holes for
establishing and checking the interpretation procedure in a new area.

Aerial Radiometric Prospecting Aerial radiometric prospecting is a
technique that is in a very elementary stage of development. Research work
has been in progress since 1949 by the U.S. Geological Survey, various
Canadian companies, The Texas Company, and more recently, by the Colorado
Exploration Branch of the Atomic Energy Commission. Experimentation has shown
that by the use of either sensitive Geiger tubes or scintillation counters, it
was possible to record surface radiation at elevations to several hundred
feet. Where the surface exposure of mineralization is of a grade and a size
that would be of economic interest, detection from the air is very positive.
Work has been undertaken to outfit an aircraft with suitable equipment for
this type of aerial prospecting, and it was planned to make extensive use of
this aircraft in prospecting remote and inaccessible districts of the Colorado
Plateau.
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There are two approaches to the problem of airborne detection of

radioactive material. First, it is possible, by using precise vertical and

horizontal control of the aircraft, preferably a helicopter, to obtain an

isoradiometric map of surface distribution of anomalous radioactivity
intensity. This procedure has been developed by The Texas Company and is most
applicable to the detailed working of a small area. It is questionable
whether this type of detection is sufficiently more rapid than a ground
radiometric survey to warrant the very much higher cost. A second application
of the aerial radioactivity survey is for prospecting purposes. In this type
of utilization, no attempt is made to fly a uniform pattern in an area for an
isorad map. Rather, an extensive area of potentially prospectable formation
exposure is flown at relatively uniform height, and locations of high
radioactivity are determined. Ground control is visual by using aerial
photographs. Locations of anomalous high readings may be investigated later
on the ground. This application provides an inexpensive and rapid method of
investigating less accessible areas. It will detect only those deposits
having a surface outcrop and is inconclusive in the absence of uranium
mineralization. The possible discovery of entirely new districts for future
development warrants an extensive survey of the Colorado Plateau by
this method.

Conventional Geophysical Methods Conventional surface geophysical
methods have received the least attention of any of the listed methods of
exploration. Resistivity studies have been conducted by the U.S. Vanadium
Corporation and by the U.S. Geological Survey. The work of the Geological
Survey, in progress since 1949, has involved detail studies of small areas
adjacent to the San Miguel River in the Uravan District where known ore has
been developed by core drilling. Resistivity surveys, both by ground surface
and vertical profiling, have been employed using, the Lee Partitioning
configuration. The interpretation of results from the first two summers'
operations show that it was possible to delineate sand channels and thick sand
units as favorable to ore deposition. Depth profiling, although the more
expensive of the methods, is also the most reliable in determining anomalous
resistivity that may contain minerals. Results were sufficiently encouraging
to warrant expansion of the investigation with the final objective of
providing an operational tool for guidance of core boring.

An investigation of the applicability of self potential methods in
locating carnotite-type deposits produced negative results. This method may

have application in the detection of copper-uranium deposits where there is a
frequent association of sulfide minerals and a definite zone of surface
oxidation, but this application has not been tried.

A brief investigation into the existence of an anomalous thermal gradient
conditions associated with orebodies was conducted by the U.S. Geological
Survey in 1949. Measurements were made in several core holes using vertical
spacing of thermal measuring devices, but the results were inconclusive.
Circulation of drilling fluid undoubtedly altered the thermal equilibrium in
the rock adjacent to the hole and this may take a long period to readjust.
More extensive measurements of this type may lead to usable results in holes
drilled by dry methods.

A program of gravimeter surveying directed specifically toward uranium
development has not been attempted. There has been a gravimeter oil survey
conducted over parts of the Mineral Belt area, and reportedly, interpretation
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by private industry shows some correlation of gravity highs with the
occurrence of uranium deposits. Although most of the uranium minerals of the
Colorado Plateau deposits have a specific gravity from 2.8 to 4.0, and should
not be expected to create an appreciable gravity anomaly, the report of this
method was being investigated for evaluation. It is possible that an
association with shallow eruptive rocks may exist which could produce a
regional correlation between gravity highs and mineralized areas.

There was no record of an application of seismic methods to the discovery
of uranium deposits. Refraction seismic methods could have been used in the
delineation of sand channel structures generally considered favorable for
mineral accumulation. This method will be investigated, but its possible
application is limited to conditions where the structural features to be
defined are bound below by a medium having a higher rate of sound wave
propagation.

Geochemical-Biochemical Techniques Geochemical and biochemical
techniques have been attempted by the Atomic Energy Commission and the U.S.
Geological Survey. An investigation of soil pH values led to negative
results. Biochemical studies indicate that there was some correlation between
plants endemic to restricted areas and the presence of uranium minerals in the
soil. The Astragalus type of plant, a selenium indicator, is sometimes
indicative of nearby carnotites. The presence of high uranium content in the
ash from juniper trees also showed a correlation with the existence of
mineralization. The U.S. Geological Survey was continuing investigations of
this type; however, eventual operational usage does not appear probable.

Anticipated Future Utilization In the order of prominence, future
utilization of geophysical techniques will be as follows: the development
of subsurface radiation detection techniques is sufficiently advanced to
consider this a useful operational tool. The utilization of radiation
detection for airborne prospecting, although still experimental, should
rapidly evolve to become a continuing investigation procedure. The
application of resistivity methods, although in an early experimental stage of
development, may prove a useful method for guiding drilling operations. It is
hoped that further research will bring resistivity usage into an operational
stage of development. The application of other geophysical techniques such as
self-potential, refraction seismic, gravimeter, thermal gradient, and
biochemical techniques are sufficiently interesting to warrant some continued
research.
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PART V

FUTURE EXPLORATION OF SEDIMENTARY URANIUM DEPOSITS AND
ANTICIPATED RESULTS

Certain predictions as to future ore discoveries to be expected from
sedimentary deposits may be made on the basis of our past experience
(Table 6). Exploratory drilling conducted by the AEC up to 1951 had
discovered ore reserves at the rate of about 0.7 ton/foot of drilling. It is
recognized that this rate of discovery cannot be maintained after exploration
of the most favorable districts has been completed.

Much of the earlier Government drilling was conducted for the express
purpose of discovering new ore reserves in previously unexplored areas. After
discovery, new deposits usually were not developed beyond the stage where
private industry would be interested in mining operations. This practice did
not result in a full evaluation of new ore discoveries, so that the amount of
ore calculated and shown in reports as either indicated or inferred was, in
many cases, substantially less than would have been indicated had additional
drilling been done to delineate the orebodies. Incomplete drilling, also, had
the disadvantage of not giving the geologist complete knowledge of the
characteristics of an orebody which is essential for the intelligent planning
of exploratory drilling. All drilling being conducted since 1951 was directed
toward complete evaluation of newly discovered ore deposits.

Concentration of drilling in districts known to be favorable (from the
standpoint of potential ore discoveries) has permitted the collection of
geologic and statistical data that have become increasingly valuable for
planning drilling exploration. This knowledge makes it possible to delineate
areas considered to be more favorable than surrounding areas, and to
determine, with a minimum of drilling, which portions of a distict are
unfavorable.

The first areas selected for drilling were those in which the ore
horizons were relatively close to the surface. Future drilling will be
progressively deeper which is a major factor in reducing the amount of ore
discovered per foot of drilling. It is recognized that, in general, the areas
to be drilled in the future would be less desirable from a standpoint of
potential ore discoveries than those that have been drilled in the past.
Exploration plans were fairly well formulated for 1952 and 1953 with a
drilling rate of about 1,500,000 feet per year; and the selection of actual
areas to be drilled is dependent upon the results of reconnaissance
investigations being conducted by field geologists. The importance of careful
and complete geologic investigation prior to actual drilling cannot be
overemphasized.

Plans have been made to thoroughly examine each potential district in the
Colorado Plateau. These examinations will employ every method available
including various geophysical techniques and the use of airborne radioactivity
detection equipment. These techniques permit us to select certain areas that
appear most desirable, and thus make it possible to concentrate our efforts
where the possibilities of ore discoveries are greatest.
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TABLE 6. Comparative annual core-drill statistics
on the Colorado Plateau

Up to
1923

Total footage drilled 130,000

Average hole depth 25
(in feet)

Maximum hole depth 35

Cost per foot 0.80
(in dollars)

1
1

923 1943
942 1944

-- 370,000

-- 43

-- 130

-- 1.25*

1945
1947 1948

-- 130,000

-- 70

--. d105

-- 1.64

Percentage core
recovery

Total tons
(developed reserves)t

Tons of ore
discovered per foot

Cost per ton

* Estimated

t C.E.B. reserves only

60 -- 63 78 81 86 89

-- -- -- -- 35,080 131,250 37,600

-- -- -- -- -- 0.49 0.83 1.03

-- -- 6.24 3.92 3.10
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1949

71,446

131

184

1.97

1950

158,029

184

265

2.10

To date
1951

36,486

244

270

3.19

.r..r. .
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Our present knowledge of the application of geophysical methods will not,
however, make it possible to definitely eliminate districts. It will be

necessary to completely evaluate each district by thorough field
investigation.

Within recent months, the discovery of two completely new uranium-

producing districts, each of which appears to be capable of supplying
sufficient ore to warrant construction of a new mill, has clearly illustrated
that important new discoveries can be expected. In 1950, Lukachukai district
was relatively unknown. The first 50,000 feet of exploratory drilling
conducted by the AEC in this district placed about 120,000 tons of ore in the
indicated and inferred class, and it is expected that total ore reserves
developed would furnish sufficient justification for construction of a large
mill. Other exploratory projects planned in adjacent districts should insure
full-scale operation of the proposed mill for many years. From past
experience, we know that mining operations stimulated by the erection of a
mill in a new district will develop reserves equal to, if not greater than,
those indicated by diamond drilling.

Our long-range exploration plans must take into consideration the fact
that drilling will become progressively deeper. To compensate for this, we
are constantly attempting to develop new exploration techniques that will
permit us to explore the earth more economically. Dry-hole drilling methods
employing wagon drills, and rotary rigs using compressed air in place of
water, are being introduced. Rotary drilling permits exploration of certain
areas at a cost of approximately one-third that required for core drilling.
It is believed that the savings resulting from dry-hole drilling will make it
possible to conduct a reasonable amount of deep drilling in areas considered
most favorable. It is anticipated that radiometric logging of diamond-drill
holes and non-core holes will become an increasingly important factor in
improving the efficiency and effectiveness of exploratory drilling.

It is important to recognize that the cost of exploratory drilling will
be progressively higher if present trends are an indication of the future.
Exploration which had been conducted at a contract cost of between $2.00 and
$3.00 a foot during 1950-51, soon may be expected to cost between $3.00 and
$5.00 a foot. Efforts are being made to prevent further increases in these
exploration costs by carefully scheduling drilling projects and by introducing

new equipment and techniques.

Considering all factors, it is believed that the average rate of
discovery of 0.5 ton/foot of drilling can be maintained for at least the next
seven to ten years. An exploration program conducted at the proposed rate of
1,500,000 feet of drilling/year will disclose an estimated 750,000 tons of ore
each year. If this rate of drilling is maintained for a period of ten years,
a total of 7,500,000 tons of ore will be discovered. Ore reserves discovered
by this drilling program should be sufficient for maintaining full scale
production for all existing mills and should permit the construction of new
mills in newly discovered districts.
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