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THE EFFECT OF URANIUM-VANADIUM DEPOSITS ON THE
VEGETATION OF THE COLORADO PLATEAU

By
Belen L. Cannon

ABSTRACT

4 research study has recently been made by the Geological Survey
of the relation of plants to carnotite deposits in several districts of
the Colorado Plateau. The deposits occur as lenses or pods of ore along
the bedding of the Salt Wash sandstone member of the Jurassic Morrison
formation. The ore contains unusuel concentrations of uranium, vanadium,
and selenium; and, in some cases, plants growing near ore deposits accumu-
late small amounts of these metals, Basic geobotanical studies were made
largely in the Yellow Cat district, near Thompsons, Grand County, Utah.

Three lines of investigation have been pursued, The pathologic
effects on the plants of these concentrations of metals have been observed,
methods of analyzing plant ash for uranium snd vanadium have been develop~
ed and the absorption of uranium and vanadium by plants investigated, and
the ecolegy of the plante in uranium districts has been studied. Because
of the association of selenium~indicator plants with the uranium deposits
of the Yellow Cat dlstrict, the distribution of wvarious species of indi-
cator plants was mapned in detail;

Four important conclusions ﬁave been drawn from this work to date.
First, the plants growing on dumps and aress of mine seepage where the
metals are oxidized show chlorotic symptoms and dwarfing, but the vege=
tation in general, growing in carnotite districts, is not notice;bly
affected. Second, it has besn demonstrated that plants absorb small
amounts of uranium and vanadium that can be detected by sampling a given

part of the plant. The amount of uranium is consistently greater where



the plants are rooted in ore than where rooted in barren sandstone. Third,
& uranium~t{olerant flora has been recognized and compiled from a study of
123 areas. The flora is characterized by selenium~indicator plants, and by
sulfur~accumilat ing members of the mustard and lily families. Fourth,
where selenium~bearing ores lie at shallow depth and where the gsography
and rainfall are favorable for plant growth, it has been shown that the
distribution of selenium-indicator plants is accordsnt with that of the
carnotite ores. Certain species of selenium plants, depending on the
quant ity of selenium in the ore, can be mapped in a given area as a gulde
to exploration. The information gained from this study is being used in
the development of geobotanical methods of prospecting for uranium ores

in sandstones of the Colorado flateau.
INTRODUCTIOR

The Geological Survey is conducting at the present time a long-renge
program of exploration and geologic studies of uranium deposits in the
Colorado Plateau under the avspices of the Atomic Energy Commission. A
special research project has been in progress since the spring of 1949,
as a part of this program, to determine whether geobotanical methods of
prospecting could be used as tools in the search for this type of ore.

In particular, methods of prospecting by plant analysis as reported to
be used in Sweden (peisonal communication from Josef Ekland, Swedish
Geol. Survey) for locating & vanadium~bearing shale, and the use of
gselenium-indicator plants as suggested by Beath (1943) have been investi-
gated.

In the course of this study, considerable data have been acquired on
the effects of these uranium ore bodies on plant growth. KEcological

studies have been made of the tolerance of various specles for large amounts
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of uranium, vapadium, and selenium in the soil, an& conclusions have been
drawn from several thousand analyses of plant material on the absorption
of these elements by plants. Information in less detail on the absorption
by plants of uranium and selenium from other geologic types of uranium
deposits has been collected for comparison. These data, of interest to
botanists as well as to geologists who may wish to uge plants in prospect-
ing, are presented in this paper. The application of these relationships
to prospecting will be discussed separately.

The author gratefully acknowledges the suggestions and criticisms of
R. P, Fischer, geologist in charge of the Geological Survey's Plateau ex-
ploration program, and of H. E. Hawkes, in charge of the Survey's Geochemi-
cal Prospecting Unit. Samples were collected, and plants and geclogy were
mapped by the author and four assistants, John R. Harbaugh, Mary E. Durrell,
Richard Stillman, and Louis C., Rove, Jr. The chemical analyses of the
plants and rocks on which these studies were based were made by members
of the Trace Elements lLaboratories in the Geochemistry and Fetrology Branch,
of the Geological Survey. Ruth Kreher, Fred Ward, and Claude Huffman, are
responsible particularly for developing chemical techniques, and for gshing

and analyzing large numbers of the samples.
GEOLOGY AND GEOGRAPHY

The uranium deposits of the Colorado Plateau are of wide areal dis-
tribution and occur in sandstones of similar lithology in several forma-
tions of Triassic and Jurassic age. The deposits under immediate geobotani-
cal study are restricted to the Jurassic Morrison formation which can " -
be divided into two lithologic units of about equal thickness. The lower
unit, the Salt Wash sandstone member, consists of massive lenses of medium-

grained, rather porous sandstone, interbedded with red and gray mudstone.



These sandstones crop out as a series of cliffs, and in places the harder
beds form conspicuous benches or mesas. The upper unit, the Brushy Basin
shale member, forms a steep slope beneath the overlying Cretaceous Burro
Canyon formation and is composed of variegated shales and thin beds of
hard sandstone. Locally, thick lenses of sandstone and chert-pebble con-
glomergte occur in the basal part of this member.

Most of the uranium deposits are in the sandstone beds near the top -
of the Salt Wash member or in the basal conglomerate of the Brushy Basin
member. The ore bodies are extremely spotty in distridbution and form
irregular, elongate, tabular masses that lie essentlally parallel to the
sandstone beds. The bodies range from 1 tc 60 feet in thickness and
from a few feet to geveral miles in length. Those of the Yellow Cat
district, where most of the botanical gtudies were made, are compara-
tively small., Uranium- and vanadium-bearing sandstone averaging about
0.25 percent USOS and 2 percent Vp0g constitutes ore. Carnotite, which
is yellow, is the principal uranium mineral. Minor amounts of seleniunm,
molybdenum, lead, cobalt, nickel, chromium, and copper are associated
with the ore. The red mudstones that normally are interbedded with the
sandstones have been altered to blue green where they underlie a bed con-
taining ore. More detailed descriptions of the uranium-vanadium deposits
are contained in reports by R. P, Fischer (1942, 1950) from which this
brief description largely has been taken.

The Yellow Cat district is 10 miles southeast of Thompsons, Grand
County, Utah. The altitude of this area is about 4,900 feet, and the
climate is arid with an average rainfall of less than 7 inches per year.
The erosion of the mudstones interbedded with the sandstones has pro-
duced & typical badland topography. The vegetation is of the desert

type with blackbrush and saltbrush predominating and taller shrubs, scrub



oak, and junipers on certain of the higher mesas. The ecological environ-
ment is ideal for the development of selenium-indicator plants of the
Astragalus group that abound in the district. The distribution of these
plants is contrclled by the occurrence of selenium, which is associated
with the uranium ore bodles. The Carrizo district in northeastern Arizonma,
where additional plant date were acquired, has a similar ecology and geo-
graphic setting.

Plant studies were made on some of the higher mesas of southwestern
Colorado in a soﬁewhat different environment. These mesas range from
6,000 to 8,000 feet in altitude and receive around 15 inches of rainfall
per year. The vegetation is predominantly juniper end pinyon pine with
an undergrowth of Rosaceous shyrubs and tender herbaceous annualg. There
is sagebrush and saltbush in the drier areas. Selenium-indicator plants
of the Astragalus group do not grow at much over 6,000 feet altitude.

Stanleya pinnata, however, is unaffected by sltitude.

RELATION OF PLANTS TO ORE DEPOSITS

The chemical environment of an ore deposit affects the plants grow-
ing on the deposit in three ways. First, the metabolism of the plants
can be affected by the unusual smounts of certain elements available to
the roots, so that the plants acquire recognizable pathologic symptions.
Second, certain gpeciles of plants will absorb and accumulate available
ore elements in detectable quantities. Third, the chemical environment
can restrict the distribution of certain plants so as to create an in-
dicator flora. Under favorable circumstances, these three effects on

plants can be used in prospecting for ore bodies.



Pathologic sym.toms

Drobkov (1937, 1940) and Hoffmann (1942) indicate that the radioactive
elements, radiunm, uranium, and thorium, are necessary nutrient substances
for plant growth. The amount needed is infinitesimal, and concentrations
above a very low level are retarding or even toxic. In the beneficial
range, growth and seed germination are stimulated and maturing 1is acceler-
ated according to Gleditsch (1942), Bevilotti (1945), and Stoklasa (1912).
Preliminary experimental work done under the direction of Dr. L, w. Durrell
of the Department of Agriculture experiment station at Fort Collins, Colo.,
confirms these observations. Acqua (1912, and Bembacioni-Megetti (1934)
have reported injury to the roots of plants absorbing uranium compounds.
Jacobson and Overstreet (1947) experimented with the radiation effects of
& series of activated elements and demonstrated that radiation injury to
the roots is severe with only a mean activity of 0.1 microcurie per gm
soil at the region of contact. Verdueci (1945) has demonstrated that the
radiation effects on seed germination from uranium sulfate are greater
than from uranium nitrate in the soil. Kayser (1921) indicates that

uranivm nitrate increases nitrogen fixation in the socil by Azotobacter, a

genus of soil bacteria, and Drobkov (1945) has shown that the development
of root~nodule bacteris in legumes is likewise affected. This fixation
of atmospheric nitrogen in the soil is beneficial to all plant growth.

Bortels (1930) first demonstrated that molybdenum is necessary to
nitrogen~-fixing bacteria, (1933) that vanadium can be substituted for
molybdemum to fulfill this requirement, and (1936) that venadium and mo-
lybdenum are necessary to higher plants in catalyzing nitrogen-fixation.
This work has been confirmed by Burk and Horner (1935, 1942, 1944).

Suzriki (1903), Ducloux and Cobanera (1911-12), and G. Bertrand (1931)
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showed that small emounts of vanadium are stimulating to plant growth but
that large amounts are toxic. JFree and Trelsase (1917) found 20 ppm vans~
dium toxic to wheat, and Brenchley (1932) that 40 ppm are toxic to barley.
Gericke and von Rennenkampff (1940) have also shown that vanadium as an
anion is more favorable for plant growth than as a catiocn.

The amounts of uranium and vanadium present in the solls associated
with the carnotite deposits are commoply in the range retardative or even
toxic to plant growth, and, as expected, the effects are noticeable in
the field. Near mines, on dumps, and in poorly drained areas, plants have
been observed to set frult and mature early in the season with a marked
reddening of the stem and seed, and a yellow chlorosis of the leaves re-
sultsin early death of the plants. The fine roots are commonly decayed
and fragmental, and the large roots less commonly contain deposits of a
greenigh~yellow powdery material not yet identified. Where the plante
are rooted in undrained pockets of soil containing a large percentage of
soluble salts, they are dwarfed, exhibit indications of frenching, and
die before reaching ma*urity. The red and yellow coloration of the stems
and leaves as described by Warington (1937), however, is possibly due to
molybdenum which occurs in large quantities in certain of the sandstone

beds.

Absorption of ore elements by plants.

The uranium ores of the Colorado Platesu contain not oaly uranium but
also considerable quantities of vanadium and selenium. These elements
are absorbed in unusual amounts by vegetation rooted in mineralized ground.
Little information is available in the literature on the absorption of
uranium in quantity by naturally growing plants, although experimental work

is described by Baranov (1939) on the assimilation of this element. from



mutrient solutions. Hoffmann (1942) investigated the average content of

uranium in plants. In 1943 he reported fluorimetric determinations of

uranium in the ash of various parts of plants.

These determinations are

similar in range %0 those made in the Genlogical Survey's Trace Elements

Laboratories and are given here.

Plant material

Uranium

(parts per million)

Apple seed. 5.06
Grape stem 0.008
Grape skin 1.6
Grape seed 2800.0
Quack grass leaves 0.179
Quack grass root 0.573
Potato tuber 0.0318
Dill roots 1.54
Dill leaves 2.98

- Dill seeds 0.95886
Celery rootlets 7.81
Celery tap root 2.96
Celery root bark 0.03%
Celery leaves 26.5 (contaminated?)

Garlic rootlets
Garlic bulb skin
Garlic bulblets
Mistletoe branch
Mistletoe leaves
Mistletoe berry
Mistletoe seed
Pine branches
Pine needles

4 e o

FRIRANES

o

[}

°

¢

Although his results are variable, perhaps owing to differences in the soil,
the uranium content of the feeder roots in most plants is noticeably higher
than of the leaves. The analyses of some of the seeds show that there is a
greater concentration of uranium in the seeds than in the whole berry or
fruit. Hoffmann also analyzed pear, epricot, and birch leaves in the spring
and fall and found & consistent decrease in uranium content in the fall.

A much higher content of uvranium has been reported by the Canada Dem:-
partment of Mines (Informel communication from 8. C. Robinson, Geological

Survey of Canada, Ottawa, 1951) in plants growing in the vieinity of pitch~
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blende deposits. Plants growing on the asphéltic sandstone deposits at
Temple Mountain, Utah; and on limedtone deposits at Grants, N. Mex., also
absorb uranium readily (table 8). The maximum valu2s are considerably
higher than those found in plants associated with carnotite deposits of
the Colorado Platesu. !

Ter Meulen (1921) first discovered unusual amounts of vanadium in &
species of Amanita, a poisonous mushroom, D. Bertrand (1941, 1942)
analyzed 62 species of pléntg which rdnged from 0.152 to 4.2 ppm vanadium
in the dry weight of lsaves, 0.0l %o 1.2 ppm in the roots, and less than
0.0l ppm in thg seeds. Thekblanté.avérageﬁ 1 ppm in the dry weight of
the plant or 7.l ppm in the ash., Robinson and Edgington (1945) report 20
rpm in the dry weight of several species.

Robinson (1933), Beath and others (1934), and Byers (1935) have
shown that certain plants in Wyomingﬂibecause of their selenium content,
were poisonous to cattle. A considerable amount of selenium is also
absorbed by vegetation growing om the Morrison formation of the Colorado
Platean. Soms plants of the ég&égggggg éromp growing on the uranium de-
posits near Thompsons, Utah, were reported by Beath (1943) to accumulate
up to 8,512 ppm selenium in ghe dry weight of the plant. The Geological
Survey's Trace Elements>Labprétories have found 2,200 ppm selenium in
the ash of similar plants from tﬁe same d%strict. The analyses, however, .
were restricted to a few check sampies, because the selenium content of
these plants is not as imp@rtént in progpecting ag their distribukiqn.

The absorption of vanadium and more particularly uranium from sand-
stone deposits of the Plateau Has been investigated by the Geological
Survey in some detail. Uranium and vanadium analyses reported by Beath

(1943) from deposits near Thompsous, Utah, have been duplicated in the
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systematic analyticel wark of the study desoribed in this report. Vegete-
tion believed to be free of artificlal contamination in mining arees aver-

ages 40 ppm V305 and 1.5 ppm uranium in the ash and contains mexima of 300

,and 100 ppm respectively where rooted in ore.

All plants weré airvdried, grou#d; and carefully ashed at about 500° C.
The vanadium content was determined by an adaptation of the phosphowtung-
state method. The uranium content was determined photofluorimeﬁrically
on a 5-mg sample of ash, using a mixq& fluoride~carbonate flux to prepere
the phosphor. This method has recently been described by Grimaldl and
others (1950). The limit of detection is about 1 x 10~9 g uranium, using
the instrument described by Fletcher and others (1950). The vanadium and
uranium contents qf the soils were determined by the same methods that
were used for plantg. [t should be polnted put that only the total metal
contente of the soils were determined and that the amount of these metals
soluble in water and directly available to the plante in different types
of soils is not known. The availability of_these metals to plants is
probably influenced b& (1) the clay qonéeqt, (2) the organic content, (3)
the acidity of the soil, and (4) the combination in which the elements
occur.

The amount of wranium and vanadium abgorbed by plants varies with
the species, time of yeaf, part of plant, availability of these elements
in the soil, and chemical composition of the country rock. The uranium
content of ashes of species of plan§s growing on various materials and
the uranium content of the underlying rocks are shown in table.l. The
variation between contents of gsheg of species growing on the same soil
is shown horizontelly, and the contpnf of the ash of a given species
growing in diffé;ent gsoils is shown vertically. It is rare for the

uranium content of any species growing in nonmineralized ground to be
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greater than 1 ppm. A content of 2 or more ppm is common in plants rooted
in uranium~bearing rock. The V305 content of ashes of species of plants
growing c.m various materials and the vaos content of the underlying rocks
are shown in the same menner in table 3. Although excessive amounts of
vanadiun are sometimes absorbed when a large percentage of avallable vana-
dium is present around the roots, lesser variations are masked by the nor-

mal requirements of the plant.
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Teble 3 shows the uranium and V205 contents of ashes of various paris

6f several plants collected in mineralized areas.

Table 3.-~Uranium end VpO5 contents of ashes of

various parts of the same plant*

“Uranium in ash V205 in ash
. (ppm) (ppm)
. Plent | Stems Pruits Tops Roots Fruit Tops Boots
Juniper 1 2 g 5 5 80
Juniper 0.6 2 2 5 40 70
Juniper 0.5 10 20 30 30 50 ‘
Juniper 3 (peeled X 20 70 (peeled)
(vark) 30 (vark)

Saltbush| 0.8 0.96 1.98 leaves
Juniper | 11 (peeled) 24 {washed) Y49 (peeled)}
Pinyon

pine | 26 (peeled) 30 (washed) T4 (peeled,)l

*Ruth Kreher, Jesse Greene, and Norma Guttag, analysts

Because uranium and vanadium are largely precipitated within the root

near the point of intake, & root sampled at the surface will have a lower

content of uranium and vanadium than the same root sampled in the ore-bearing

sandstone, as shown in table 4. OContamination of the roots need not be con-

gidered because the roots contain more of these metals than the sandstone.

Purthermore, as shown in taeble 3, the peeled roots contain more uranium and

vanadium than the contaminated root bark.

Table 4.--Distribution of urenium and Vo0g in ashes of parts
of a Juniper tree and in rock underlying plant*

Plant

Juniper tops (ash)
Juniper root (ash)

Juniper root (ash) in mineralized

sandstone at U-foot depth

Rock underlying plant

Mineralized sandstone at U-foot depth

Uranium Vo
(ppm) (pgsm)
, 7.8 20
at surface 8.4 200
1,600 3,000
540 2,000

*Ruth Kreher, Jesse Greene, and Norma Guttag, analysts
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A root on one side of the tree reaching intoc barren sandstone will not be
of the same composition as one on the opposite side of the tree growing in
mineralized rock. This variation is transmitted in & lesser degree to the tops

and is illustrated in the analyses in table 5 of the end branches of a Jjuniper

tree.
Table 5.,-~ Uranium content of ashes of branches of four sides
of a juniper tree growing on east side of an ore body*
Uranium

(ppm)

Juniper branches (ash), north side of tree sceeressencsscnsees 0451

Do. do. do. south side of Bree seveeescenevsensss . 0,29

Do. do. do. east side Of tT€@ sevvecercinonnnnesn . 0.53

Do. do. do, wast side of tree .vevessennn ciensessa  3.20

®Puth Kreher, Jesse Greene, and Norme Guttag, analysts

Analyses of samples taken in different months of the summer from the same
trees indicate that the vanadium content rises during the growing season, and
that the uranium content probably rises through the growing season in some ever-
greens but falls in most deciduous species. These findings agree with those of
Hoffmann (1943).

Junipers are known to penetrate 20-30 feet of sandstone in certain areas
of the Colorado Plateau., The depth to which the roots will penetrate depends
not only on the species but also on water conditions and on the composition of
the rocks penetrated. Many desert plants or xerophytes possess deep- »
seated root systems able to draw water from moist beds at a considerable
depth. Although the roots commonly penstrate to the water table, sufficient
moisture may be retained in a sandstone bed above the water table to satisfy
the plant's requirements. The moisture content of the ore bed and of the

intervening sandstones and shales is the prime controlling factor in the
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absorption of metals from ore bodies at depth. Tables 6 and 7 show analyses
of plants and soils for U, V205, Se, MoOz, and Pb, The samples were collected
to show the relation of different species to variocus types of mineraliged soil,
the seasonal variations in comtent, and the relative variations of these
elements and oxides in plant parts, In addition to samples taken in uranium
districts, plant samples for comparative purposes were collected on nomnminersl-
ized parts of the Salt Wash member,and on the Mancog shale and Dakots sand-
stone, both of Cretaceous age.

The differences in amounte of metals absorbed in plants growing on
shales and those growing on sandstones are not great, as shown in tables
6 and 7. A more significant varistion in amcunts of metals absorbed appears
to be associated with differences in the amount of calcium in the ore. A
rough comparison of the uranium, vgos, and selenium contents of various
types of ores from other districts is shown in table 8. Considerably more
uranium is absorbed from the deposits of calcium-uranium carbonates and
from deposits occurring in limestones than from calcium-poor sandstones and
shales. The absorption of uranium from the carbonate mineral schroeckingerite
by the plants at Wamsutter, Wyo., is particularly noteworthy and compares
favorably with the absorption, by plants, of the carbonate in the Yellow Cat
district. The absorption of uranium by plants is considerably greater from
the asphaltic deposits of Temple Mountain, Utah, and the limestone deposits
of Grants, N, Mex., than from the Plateau carnotite deposits studied.
Although the cause of the variation may be due to the solubility of the
gsecondary minerals in each type of ore, it is also possible that uranium is
absorbed by plants along with calcium which has a similar ionic radiue and
that vanadium is absorbed along with phosphorue. The latter is suggested

by the analyses of plants growing on the Permian Phosphoris formation.
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Bxperimental plots are bHeing established to test the influence of these ele-
ments on the absorption of metals from the ore minerals.
Artificial contamination is a considereble source of error in sampling

areas of active mining (table 9.) Dust from an operating surface pit may

Table 9.-~Oontamination of trees near area of mining*

VpOs;

Plant | (percent) - (ppm in ash)
Cowania mexicana
" Puring active mining 19#9 5.3 £1.0 400.0
During dormant period 1950,
unwashed sample ‘ 5.0 g.4 75.0
During dormant period 1950,
washed sample 5.0 6.4 50.0
Juniperus monosperma
Sampled in 199 5.0 7.8 20.0
Sampled in 1950
unwashed sample 4.5 7.0 65.0
washed sample 4.5 5.3 50.0
AL

*Claude Huffman, Ruth Kreher, analysts

raise the uranium contedt of nearby trees from 2 to 100 ppm. Contamination
from the Uravan mill has substantially increased the content of uranium in
Jjuniper ash near the Olub mine, 1 mile south of the mill at U:awan, Colo.

Semples collected from between the Club mine and the mill show an increment

of over 1,000 ppm uranium, as shown in table 10.

Table 10.-—Contamination of junipers near a uranium mill*

-

"
s o

Distance from Number of Uranium content

mil;v : sggples (ppm)
2,000.4,000 f%. ‘ 6 40 (average)
800-1,500 f%. ‘ 4 150 (average)
Adjacent to the mill ‘ 2 700 and 1,100

*Claude Huffmen, analyst
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The need for gunarding against contamination in any plant sampling
cannot be emphasized too strongly. A regular routine has been established
of checking surface soil and washing some samples t0 assure more representative
analyses. Because the amount of contamination present in active areas‘was not
realized énring the preliminary sempling for basic information, many of the
early Survey analyses have %een rejected. Tables € and 7, however, summarize
data on samples collected in inactive areas where contamination is probably

at a minimum,

Indicator plants

Although an indicatsr plant has been defined by agricultural
speclalists as a plant restricted in distribution to soils containing un-
usually large quantities of a particular element, a plant can be used as
an indicator in-geochemical prospecting if its distribution is controlled
by any factor related to the chemistry of the ore deposit. A plant can
indicate mineralized ground by either its presence or absence; it can
accumulate or not the element heing soughty and, ir different chemical
environments, it can indicate various metallic deposits. No <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>