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UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WASHINGTON, D.C.

MEMORANDUM LISTING THE AREAS IN COLORADO, UTAH,
ARIZONA AND NEW MEXICO THAT ARE GEOLOGICALLY

FAVORABLE FOR DEVELOPING LARGE RESERVES OF
VANADIUM ORE BY PROSPECTING

By

R. P. Fischer

Prepared For
Manhattan District Engineers

Neither the United States Government nor any agency thereof, nor any of their employees,

makes any warranty, express or implied, or assumes any legal liability or responsibility for

the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed in this report, or represents that its use would not infringe privately

owned rights. Reference therein to any specific commercial product, process, or service by

trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or

imply its endorsement, recommendation, or favoring by the United States Government or

any agency thereof. The views and opinions of authors expressed herein do not necessarily

state or reflect those of the United States Government or any agency thereof.

April 10, 1943



RMO-60

Memorandum Listing the Areas in Colorado, Utah, Arizona,
and New Mexico that are Geogically Favorable for Developing

Large Reserves of Vanadium Ore by Prospecting

Introduction

Vanadium ore is being mined at many places in western Colorado, southeastern Utah,
northeastern Arizona, and northwestern New Mexico (fig. 1).
-------------------------------------------------------------------- --------------------

/ Figure l.--Map showing the mines and groups of mines in southwestern Colorado,
southeastern Utah, northeastern Arizona, and northwestern New Mexico that have supplied
a significant production of vanadium ore from 1937 to 1942. (Important deposits near
Rifle and Meeker, Colorado, are not shown.)
----------------------------------------------------------------------------------------

Eight mills in this region produced about 4,300,000 pounds of V205 in 1942,
representing about 90 percent of the vanadium obtained from domestic sources. Although
ore production has mostly exceeded mill capacity since 1937, production during the last
half of 1942 averaged only about 19,000 tons or ore a month, whereas the capacity of
these mills total about 22,000 tons a month. At the expected rate of ore production,
ore stockpiles will be exhausted sometime in 1944, and these mills will then have excess
capacity. With more intensive prospecting than now practiced, however, it is believed

that sufficient reserves can be indicated to sustain capacity operation of these mills
for several years.

This memorandum is prepared to specify those areas that are considered most
favorable from a geologic standpoint for developing large reserves of vanadium ore by
prospecting. It is based on intensive studies by the Geological Survey since 1939 in
most of the areas that produce vanadium ore.

Geology

The ore consists of sandstone impregnated with vanadium-hearing minerals. Ore of
milling grade ranges from 1 to 5 percent V 2 05 , but most of it averages between 1 1/2
and 2 percent. The ore bodies are tabular or lens shaped masses, and they range in
content from a few tons of ore to many thousand tons, but most contain only a few
hundred tons of ore. They are mostly confined to a single sandstone bed within a given
district. In this bed many ore bodies are clustered in poorly defined mineralized areas
that may be a thousand to several thousand feet wide and from a thousand feet to a
couple miles long. From 5 to 10 percent of these areas may be underlaid by ore.
Between areas, ore bodies are widely spaced, and perhaps no more than 1 percent of the
ground is underlaid by ore. Geologic mapping can aid in outlining those mineralized
areas and in determining trends along which ore bodies may be alined, but no geologic
controls have been recognized that make it possible to predict the exact locations of
ore bodies.

Reserves

Owing to the spotty distribution of the vanadium ore bodies, it is more economic to
follow and develop ore by mining than to block out large reserves in advance of the
working faces. Reserves of known ore are thus small--reserves that can be measured and
indicated from natural exposures, mine workings, and drill holes in the entire region

are estimated to total about 240,000 tons, about 11 months mill supply. Reserves of



inferred (undiscovered) ore are thought to be large, however, and even the areas

adjacent to closely spaced ore bodies are thought to hold several year's supply for the

mills. Some of this ore will be found by the operators with continued mining and

prospecting, but as many of the mining operations are reported to be marginal today, the

intensive prospecting necessary to win large reserves of new ore to assure continued
operation of the mills probably will not be repaid by the sale of vanadium oxide at the

present price. Furthermore, at times the rate of ore production in any given area is

below capacity, for mining is retarded because of prospecting and development programs

started after exhaustion of known ore bodies. With intensive prospecting in favorable

areas, enough ore to supply mill needs for 2 to 4 years might be indicated by
prospecting at costs ranging from $2.00 to $5.00 per ton. "Wildcat" prospecting can be
expected to find unknown mineralized areas away from those already known, but only with

greater costs.

Suggestions for prospecting

As many ore bodies are clustered in mineralized areas, prospecting adjacent to known

ore bodies that are closely spaced can be expected to yield the best results and offers

the best chance of developing large reserves. These mineralized areas thus should be

extended and outlined by exploration. Depending upon local geologic conditions and the

average size of ore bodies expected, it is believed that most areas should first be
drilled with a pattern of holes spaced from 50 to 150 feet apart. Where ore is found,

drill holes should he more closely spaced, perhaps at 25- to 50-foot intervals, to
develop ore and encourage mining. No prospecting program should be rigidly planned in
advance, however, either as to the total amount of drilling or as to the pattern of
holes.

Districts favorable for intensive prospecting

The districts that appear most favorable for developing significant reserves of
vanadium ore by intensive prospecting are classified in order of preference from the
geologic standpoint. Factors other than geologic, such as ownership, location with
respect to vanadium mills, accessibility of ore as influenced by mining conditions and

available manpower and mining equipment, and the metallurgical character of the ore, are
indicated. However important these factors may be in the selection of areas fo:
intensive prospecting, they have not been considered in classifying these districts in
the order of preference.

The several areas that might be explored by the prospecting program sponsored by
Metals Reserve Company, and the Cottonwood Canyon district which the U.S. Bureau of

Mines tentatively propose to prospect, are not cdealt with in this memorandum. Neither

is the Rifle, Colorado, mine considered, as the U.S. Vanadium Corporation plan to
continue exploration of this body in the immediate future.

In the districts that were studied in detail by the Geological Survey in 1942 the
specific areas most favorable for prospecting are listed. For each of these areas an

estimate is given of the amount of prospecting that appears practicable. An estimate of
the tonnage of ore that might be indicated by prospecting is also given. This estimate
is based partly on the spacing and size of known ore bodies within these areas, and
partly on the prospecting results so far obtained by the operators. As well-defined
geologic controls are lacking, and as the prospecting programs so far undertaken have
not been planned to develop reserves much in advance of immediate mining needs, these
estimates are subject to a large margin of error.
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Districts of first order importance

Egnar-Slick Rock district, Colorado.--The Egnac-Slick Rock district-

_/ Duncan, D. C., and Stokes, W. L., Vanadium deposits in the Egnar area, San Miguel

County, Colorado: U.S. Geological Survey, preliminary report, submitted July 21, 1942.
Duncan, D. C., and Stokes, W. L., Vanadium deposits near Egnar and Slick Rock, San
Miguel County, Colorado: U.S. Geological Survey, preliminary report, submitted

September 9, 1942; final report in preparation.

is in the western part of San Miguel County, Colorado. Although vanadium deposits have

been mined in this district since about 1910, intensive prospecting and mining did not
begin until 1940. Yearly production during 1941 and 1942 averaged about 16,000 tons of

ore that contained about 2 percent V205. Ore from the district is being treated at

the Slick Rock mill near the center of the district, and at the Monticello, Uravan, and
Durango mills, about 45, 60, and 100 miles respectively from the district. This ore is
highly amenable to milling.

Most of the ore is being mined from open cuts and shallow underground workings.
Where overburden is thin, the ore-bearing sandstone can be tested with a jackhammer, but

a diamond drill would have to be used for most of the drilling. The known ore bodies
range in content from a few tons to several thousand tons, and they average about 500

tons. Measured and indicated ore reserves in the district are estimated to total about

40,000 tons.

The table below lists in order of geologic preference the areas in the Egnar-Slick
Rock district that are considered favorable for intensive prospecting. The amount of
drilling that might be used to test the more favorable parts of these areas, and an

estimate of the tonnage of ore that might be indicated by this drilling, is given. The

location of these areas is shown in figure 2.__

/ Figure 2.--Geologic map of the Egnar-Slick Rock vanadium district, Duncan,.D. C.,
and Stoke, W. L., op. cit., P1. 1 of final report.
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Egnar-Slick Rock district

Claim groups

Estimated

Owner* average
drilling
depth (feet)

Estimated

number of
drill holes

Total

footage
of drilliing

Estimated

tonnage
that might
be indicated

Snyder group-
Spud Patch
group

Lower group

Charles T
group

Legin group

Upper group

Easton B group-
Owenby claims

Golden Rod
group

Marie mine
area

*USV: U.S. Vanadium Corporation; VCA:

NCM: North Continent Mines, Inc.
Vanadium Corporation of America;
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U SV-
VCA

NCM

NCM

NCM

NCM

NCM-
Owenby

NCM

VCA

400

50

100

40

50

50

25

50

30

50

30

40

100

120

20,000

2,500

2,500

2,000

3,000

6,000

1,800

2,400
40,200

25,000

3,000

2,500

2,000

2,500

4,000

1,500

2,000
42,500

60

60



Carrizo Mountains district. Arizona and New Mexico.--The Carrizo Mountains dis-
trict-! is in the northeast corner of Arizona and the northwest corner of New Mexico.

/ Duncan, D. C., and Stokes, W. L., Vanadium deposits of the Carrizo Mountains
district, Arizona and New Mexico: U.S. Geological Survey, preliminary report, submitted
Jan. 2, 1943; final report in preparation.

Vanadium deposits in the district have been known since 1919, but they were not

intensively prospected or mined until 1942. Production during May-December, 1942,
totaled about 7,500 tons of ore that contained about 2 percent V2 05 . This ore goes

to the mills at Durango, Colorado, and at Monticello, Utah, about 130 and 150 miles
respectively from the district. Some of this ore is relatively high in lime, resulting
in low mill recovery and high milling costs. Indian labor for mining is abundant and
satisfactory.

Although most of the known ore bodies contain only a few hundred tons, in places

they are closely spaced and lie at the surface or beneath shallow cover. These bodies
are mostly mined from open cuts. Much favorable ground could be tested cheaply with a
jackhammer, but it would be necessary to use shallow diamond drilling in many places.
Measured and indicated reserves are estimated to total about 17,000 tons.

The table below lists in order of geologic preference the areas in the Carrizo
Mountains district that are considered favorable for intensive prospecting. The amount
of drilling that might be used to test the more favorable parts of these areas, and an
estimate of the tonnage that might be indicated, is given. The location of these areas

is shown in figure 3.J

_/ Figure 3.--Geologic map of the Carrizo Mountains district. Duncan, D. C., and
Stokes, W. L., op. cit., P1. 1 of final report.

Carrizo Mountains district

Estimated Estimated Total Estimated
Area of mines Lessee* average number of footage tonnage

drilling drill holes of drilling that might
depth (feet) be indicated

Eastside mines VCA 30 330 10,000 10,000

Rattlesnake mine VCA 60 50 3,000 3,000

Eurida mine W&C 40 25 1,000 1,000

Horse Mesa open 20 50 1,000 1,000

Martin and
Sah Tah mines W&C 70 15 1,000 700

Syracuse mine W&C 90 20 1,800 1,000
17,800 16,700

*VCA: Vanadium Corporation of America;
W&C: Wade & Curran Company
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Districts of second order importance

Dry Valley district, Utah.--The Dry Valley district-! is about 10 to 20 miles north

/ Russell, R. T., and Strobell, J. D., Dry Valley district, Utah: U.S. Geological
Survey, preliminary report, submitted July 25, 1942. Russell, R. T., Strobell, J. D.,
and Fischer, R. P., Vanadium deposits near Monticello, Utah: U.S. Geological Survey,
final report in preparation.

of Monticello. Production in 1941 and 1942 totaled about 20,000 tons of ore; production
before 1941 is estimated to total about 5,000 tons. The ore averages about 1.50 percent
V205, and it is amenable to milling.

Two groups of claims held by the Vanadium Corporation of America justify prospecting
by diamond drilling. Since no maps have been made of the mine workings during the past
2 years of intensive operation, specific recommendations for prospecting cannot be

made. One of these groups, the Waterfall, consists of 20 claims that cover about 5
miles of outcrop. As overburden on the ore-bearing bed is thick along much of this
outcrop, drilling is feasible only in part of the area, and about half of that part has
already been drilled. On the basis of judgment rather than mapping, it is estimated
that about 100 drill holes, averaging about 75 feet in length, might indicate 5,000 tons
of ore. Reserves of known ore are estimated to total about 5,000 tons.

The Frisco group consists of 4 claims, on which about half of the area feasible for
drilling has been drilled. Fifty drill holes averaging 75 feet in length might indicate
2,500 tons of ore. Reserves of known ore are estimated to total about 3,000 tons.

Long Park district, Colorado.--The Long Park district is about 8 miles from the

/ See figure 47, Fischer, R. P., Vanadium deposits of Colorado and Utah: U.S.
Geological Survey Bull. 936-P, 1942.

Uravan mill and 15 miles from the Naturita mill. Since 1938 it has produced about
150,000 tons of ore that averaged about 1.75 percent V205. This ore is highly
amenable to milling. The district contains about 200 claims, most of which belong to

the U.S. Vanadium Corporation and the Vanadium Corporation of America.

As no detailed studies have been made by the Geological Survey in this district
since 1939, specific recommendations for prospecting cannot be presented. Even though
the district has been intensively prospected and mined, owing to the large size of the

known ore bodies, the grade and favorable character of the ore, and the proximity to 2

mills, it is still worthy of consideration. Prospecting, however, might be slightly
more costly for the amount of ore developed than in the districts mentioned above.

Placerville district, Colorado.--The Placerville district/ is in the eastern part

/ Fischer, R. P., Raff, J. C., and Rominger, J. F., Vanadium deposits near
Placerville, San Miguel County, Colorado: U.S. Geological Survey, preliminary report,
submitted Oct. 8, 1942; final report in preparation.

of San Miguel County. From 1910 to 1920 the district produced about 200,000 tons of

ore, which yielded nearly 4,000,000 pounds of vanadium (V). Production 1940-1942 totals
about 25,000 tons of ore containing about 1.75 percent V205, most of which has gone
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to the mill at Naturita, 45 miles from the district.

The ore bodies are largely restricted to a belt that is about 1 1/2 miles wide and

at least 9 miles long, within which many of the bodies are clustered in poorly defined

areas that are one to several thousand feet across. Two of the known ore bodies

contained about 50,000 tons, but most contain only about 2,000 tons. Measured and

indicated reserves of ore that is minable at the present price total about 20,000 tons.

As the ore-bearing sandstone is exposed along steep-walled canyons and overlaid by

about 800 feet of beds, diamond drilling from the surface is not considered economic.

Systematic prospecting might best be done by making a series of parallel drifts,

approximately 300 feet apart, driven about 40 feet below the ore-bearing bed, from

which, at stations 100 feet apart, one vertical and two inclined diamond drill holes

would be driven. The inclined holes should be so drilled as to intersect the

vanadium-bearing bed at a horizontal distance of about 75 feet on either side of the

drift. After ore bodies are found, the cost of developing them for mining would be
small. The following areas i9 the district are considered most favorable for
prospecting (figs. 4 and 5) ._.

/ Figures 4 and 5.--Map of the Placerville area, and map showing the geology and
ore bodies of the important vanadium mines near Placerville. Fischer, R. P., Haff, J.

C., and Rominger, J. F., op. cit., Plates 1 and 2, final report.

Fall Creek mine: During 1940-1942 the Fall Creek mine produced 19,000 tons of ore

containing about 1.80 percent V205, but so far this ore has not yielded a
satisfactory mill recovery. As the known ore bodies in the western part of the mine are
closely spaced, this part of the mine is favorable for prospecting. Following the plan
of systematic prospecting suggested above, part of this area could be explored with

about 6,000 feet of drifts and 11,000 feet of diamond drilling. It is estimated that

this work would indicate from 20,000 to 30,000 tons of minable ore.

Omega mine: During 1941 and 1942 production from the Omega mine totaled about 6,000
tons of ore containing about 1.70 percent V205, but so far this ore has not yielded
satisfactory mill recovery. As the known ore bodies, most of which were discovered at
the outcrop, are closely spaced, the ore-bearing zone in the vicinity of these is
considered favorable for prospecting. With a few thousand feet of drifts and several

thousand feet of diamond drilling, perhaps 10,000 to 20,000 tons of minable ore would be
discovered.

Bear Creek mine: The Bear Creek mine produced about 130,000 tons of ore from 1910

to 1917. This ore averaged between 2 1/2 and 3 percent V2 05 , and it is reported to

have been more amenable to milling than ore from the other mines in the district.

Unexplored ground adjacent to the worked-out ore bodies appears to be worth prospecting
and with luck, closely spaced bodies containing from a thousand to many thousand tons

might be found. A passable road follows Bear Creek and is only a short distance below
the portals of the old mine.

Areas west of the Pocahontas mine: From the Pocahontas mine to a point about 1/2
mile to the west the outcrop of the ore-bearing sandstone shows small but closely spaced

ore bodies. Subsurface exploration in this area might indicate ore at costs for
prospecting comparable to these costs in the other favorable parts of the Placerville

district. This area is about 1,000 feet above the San Miguel River, and at present it
is accessible only by foot.

7



The Fall Creek, Omega, and Bear Creek mines are owned by the Vanadium Corporation of

America; the area west of the Pocahontas mine is partly owned by the Vanadium

Corporation and partly by the Rare Metals Mining and Milling Company.

R. P. Fischer
Montpelier, Idaho
April 10, 1945
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