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DESCRIPTION OF INDICATOR PLANTS AND METHODS
OF BOTANICAL PROSPECTING FOR URANIUM DEPOSITS
ON THE COLORADO PLATEAU

By Hrrenx L. CanyonN

ABSTRACT

Two methods of botanical prospecting for uraniferous deposits on the Colo-
rado Plateau are useful in semiarid country in prospecting for ore-bearing beds
at depths as much as 70 feet. By one method, tips of tree branches are sampled
and analyzed for uranium content. Generally more than 1 part per million of
uranium in the ash indicates favorable ground for further geologic exploration.
The second method, that of mapping indicator plants, is used in semiarid parts
of the Plateau at low altitude. The distribution of indicator plants is con-
trolled by the availability of chemical constituents of the ore, such as selenium,
sulfur, and calcium. Plants of the genus Astragalus are most useful in prospect-
ing for uranium deposits of high selenium content; plants of the genera Allium
and EBriogonum are most useful as indicators of deposits with a high sulfur
content. Fifty indicator plants commonly associated with carnotite deposits
and plants tolerant of mineralized ground are described and illustrated.

INTRODUCTION

Two methods of botanical prospecting for uranium deposits have
been applied on the Colorado Plateau. One method is based on a
chemical analysis for the uranium content of deep-rooted plants that
absorb uranium from the ore bodies ; the other is based on distribution
studies of indicator plants that are commonly associated with uranium
deposits. A third method, that of determining morphological or
physiological changes in plants growing in ore deposits, has been dis-
carded in this area. The general principles on which methods of pros-
pecting were developed are described in earlier reports (Cannon, 1952;
1953).

The first method makes it possible to detect uranium-bearing mate-
rial through a maximum of 70 feet of barren rock by means of tree
root-systems, which act as conduits for the upward migration of
soluble salts to the ground surface. The method is applicable where
the mineralized bed crops out in a broad, flat bench so that plant
samples can be collected on a grid pattern to outline mineralized zones
at depth; and also where the mineralized bed crops out in a sharp cliff
that is commonly obscured by talus or slump. Here a line traverse
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400 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

parallel to the cliff may be desirable. The samples are either analyzed
in the field by a quick test for uranium or are sent to a chemical lab-
oratory for quantitative assay.

Prospecting by indicator plants is the less expensive of the two
methods and consists of mapping the areal distribution of key indi-
cator plant species. Indicator plants and also plants tolerant of
mineralized ground, and therefore common in uranium districts, are
described, illustrated, and evaluated in this report. The information
has been compiled not as a key for species identification but as a sorting
device that will enable geologists and prospectors to identify, in a pre-
liminary way, the plants that may be useful in prospecting an area.
The information was gathered while botanical prospecting studies
were being made on the Colorado Plateau by the U. S. Geological
Survey on behalf of the Division of Raw Materials of the U. S.
Atomic Energy Commission.

A part of the section on the use of absorber plants was taken from
unpublished reports by Albert J. Froelich of the Geological Survey.
The plants collected during the study were identified by T. H. Kearney,
formerly of the U. S. Department of Agriculture; A. H. Holmgren,
Utah State Agricultural College; R. J. Davis, University of Idaho;
and E. F. Castetter, University of New Mexico. The line drawings
were made from pressed plant specimens by Maxine Heyl, Ann Petti-
grew, and Catherine B. Hayes. The plants were photographed in the
field by the writer, with the part-time assistance of Edward Clebsch.

COLORADO PLATEAU SOILS AND GROUND-WATER
CONDITIONS

Plant associations on the Colorado Plateau depend on soil and
ground-water conditions. Because the climate of the Plateau is semi-
arid, little residual soil forms except in the mountains and on the
higher mesas. The sandy and clayey soils are commonly closely re-
lated to the alternating beds of sandstone and shale from which they
are derived (Shreve, 1951, p. 16). The texture and salinity of the
soil associated with the various stratigraphic units at lower altitudes
largely determine the plants that grow in them. The most common
soluble salts in a desert soil are carbonates, chlorides, and sulfates of
caleium, magnesium, and sodium (Shreve, 1951, p. 16). Many desert
plants tolerate large amounts of these compounds.

In the semiarid Colorado Plateau the dependence of plants either
directly or indirectly on ground water requires a study of the ground
water in areas where plants are studied. Water beneath the ground
surface occurs in the zone of saturation and the zone of aeration
(Meinzer, 1928, p. 29-95). The upper surface of the ground water
occurring in the zone of saturation is called the water table. Owing
to capillarity, however, the earth is moist for a distance of several
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feet above the water table. The thickness of this capillary fringe
may range from 8 or 10 feet in fine silt or sand to 8 or 4 feet in coarse
clean sand. Roots of most phreatophytes terminate in the capillary
fringe (White, 1932, p. 834). The zone of aeration extends from the
water table to the surface. Other zones of saturation may occur above
the main water table where lenses or layers of impermeable material
prevent movement of water down to the main water table. Such
zones are termed “perched water tables” and may be temporary or
permanent.

Perched water tables are common on the Colorado Plateau where
the ore-bearing sandstone beds are underlain by impervious clay (D. A.
Phoenix, written communication, 1952). Locally, clay seams may
prevent the downward movement of ground water and thus prevent
the oxidation of primary ores even at relatively shallow depths.

PLANTS IN RELATION TO GROUND WATER

Perennial plants that obtain water from the water table, especially
in arid regions, in contrast to plants that utilize soil moisture above
the water table are called phreatophytes (Meinzer, 1923, p. 95; 1927,
p. 15 Robinson, in preparation). Plants that utilize soil moisture
where it is available in the zone of aeration but can withstand long
periods of drought are called xerophytes. Many, like the cactus, have
short roots and thickened stems or leaves that are well protected from
evaporation and designed for water storage. A third group, called
ephemeral, endures adverse periods as bulbs or as seeds beneath the
soil, bursts into bloom suddenly after a period of heavy rainfall, sets
fruit, and disappears. All three groups grow in uranium districts of
the Colorado Plateau and are described in this report.

Such phreatophytes as Saliz (willow), Tamariz (tamarisk), Cow-
ania (cliffrose), Shepherdia (buffaloberry), Sarcobatus (grease-
wood), Chrysothamnus (rabbitbrush), and Hedysarum (sweetvetch)
are typical indicators of ground water. Normally, on the Colorado
Plateau juniper and pinyon are also phreatophytes and, in areas
where the ore-bearing bed contains water, are useful for uranium
analysis.

Generally xerophytes are tolerant of soils that have a high salt
content, and these are therefore tolerant of and in some cases indicative
of shallow uranium deposits. Where the water table is below the ore
zone, Atriplex confertifolia (shadscale), a xerophyte, may be used as
the sampling medium.

In areas where the capilliary fringe extends nearly to the surface
and soluble salts from sulfide ore bodies have migrated in large quan-
tities to surface soils, ephemeral indicator plants may flourish and
become useful in prospecting. For example, wild onions, which are



402 CONTRIBUTIONS TO THE GEOLOGY OF URANIUM

sulfur indicators, have indicated uranium at depths of 20 to 30 feet
beneath the surface.

PLANT ASSOCIATIONS AND INDICATOR PLANTS ON
THE COLORADO PLATEAU

The distribution of major plant associations on the Colorado Plateau
is controlled by many factors including slope, altitude, ground-water
conditions, and texture and salinity of the soil. Few uranium de-
posits occur at altitudes of more than 9,000 feet in the spruce-fir and
alpine life zones. At altitudes of 7,400 to 9,500 feet ponderosa pine
and Douglas-fir forests predominate. These include the following
shrubs and trees:

Pinus ponderosa, ponderosa pine

Abies concolor, white fir

Psendotsuga tawifolia, Douglas fir

Juniperus scopulorum, Rocky Mountain juniper
Populus tremuloides, quaking aspen

Quercus gambelli, Gambel’s oak

Arctostaphylos pungens, manzanita

Ceanothus fendleri, buckbrush

Amelanchier alnifolia, shadbush
Symphoricarpos oreophilus, snowberry

Lack of sunlight causes a poor distribution of herbaceous plants and
consequently of indicator plants in this association. Here tree sam-
pling has been used successfully as a method of prospecting.

From 5,000 to 7,400 feet pinyon and juniper forests predominate on
foothill pediments and on mesas capped with sandstone that contains
sufficient water. The shrubs that occur in or near the fringes of these
forests prefer a light sandy soil and water of low salt content. They
include:

Cowania stanshuriana, cliffrose

Cercocarpus montanus, mountain mahogany

Ephedra viridis, Mornron tea

Mahonia fremontii, hollygrape

Rhus trilobata, skunkbush
They also include low growth of Gambel’s oak. The herbs in this
altitude range include many of the plants described in this report.
Pinyon and juniper have been used commonly in plant analysis
prospecting.

From altitudes of 8,500 to 5,000 feet the plants are characteristic of
the northern desert flora and are divided into two major groups;
namely, those that are tolerant of alkali soils and those that are not.
In loose soils of low-salt content, sagebrush predominates. Sage-
brush is frequently associated with or replaced in drier areas by :



INDICATOR PLANTS AND METHODS OF BOTANICAL PROSPECTING 403

Atriplex canescens, saltbush

Grayia spinosa, hopsage ,

Coleogyne ramosissima, blackbrush

Chrysothamnus puberulus, little rabbitbrush
The sagebrush association is common on pediments and alluvial fans
at the base of mountains and is the characteristic flora in areas under-
lain by the Dakota sandstone.

In low areas of drier soils and of higher salt content within this
altitude range, the shadscale association is dominant. Aériplex con-
fertifolia, or shadscale, is shallow rooted and depends upon moisture
in the surface soils for its water supply. Woody plants belonging to
the association include:

Tetradymia spinosa, horsebrush

Artemisia spinescens, budsage

Gutierresia sarothrae, snakeweed

Eurotia lanata, winterfat.
The shadscale association is characteristic of sandstone exposures of
the Summerville, Chinle, and Mancos formation at lower altitudes.
In heavy saline soils of high moisture content, an association of Sar-
cobatus vermiculatus, or greasewood, prevails. The association is
generally restricted to low, poorly drained salt flats, and the presence
of greasewood indicates saline ground water at depths of not much
more than 15 feet. In areas where the water table is at or near the
surface, seepweed or pickleweed may be the only plants able to grow
in the highly alkaline environment.

The importance of these associations in prospecting lies not in
their normal association with a given geologic formation of the Colo-
rado Plateau but in their abnormal occurrences as island communities
indicative of greater or less soil salt or moisture content than the
endemic association. On the higher benches where ground water of
low alkali content is available in the sandstone, little change in the
general appearance of the juniper-pinyon flora can be seen around
carnotite deposits. In drier areas at lower altitude, however, the
general appearance of the flora in the carnotite districts is commonly
similar to the flora of a salt flat. Instead of an association in which
sagebrush (Artemisia tridentata), hop sage (Grayia spinosa), or
saltbush (A¢riplex canescens) is dominant, it is largely a shadscale
(Atriplex confertifolia) association capable of growing in soils of
high salt content.

Patches of indicator plants, controlled in distribution by the avail-
ability of specific chemical elements, are commonly found within
areas of shadescale and snakeweed. These plants that indicate min-
eralized ground are not all controlled by the same chemical element
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and are usually common weeds rather than unusual plants. The
control of the species may be pH variations; a change in the avail-
ability of phosphorus, calcium, or other major constituent necessary
for plant growth; or a true dependence on a minor element, such as
selenium or sulfur.

Selenium-indicator plants are the only group definitely known to be
completely dependent on the presence or absence of a single element.
The selenium indicators described by Trelease and Beath (1949) in-
clude a tribe of Astragalus species, Stanleya, Aster venustus, Oryzop-
sis, and several other plants. These indicators absorb large amounts
of selenium, sufficient to poison sheep and cattle. Because selenium
is present in many uranium ores, these plants are in some places useful
guides to the location of uranium deposits.

The distribution of many sulfur and calcium-absorbing plants re-
flect the presence of gypsum in the soil. Plants that require large
amounts of these elements for their growth include the lily and mus-
tard families, at least a part of the buckwheat family, and various
isolated genera. Because uranium ores commonly contain sulfides
from which gypsum may be produced in the surface soils, gypsum-
indicators may also be found in the vicinity of uranium deposits.

Both selenium and sulfur occur in all sedimentary rocks, but the
concentration varies greatly between different stratigraphic units and
in different regions. For instance, the selenium content of western
shales of Cretaceous age is high and remains relatively constant in
particular beds or strata for several hundred miles. Both elements
may also be concentrated in tuff, coal, or sulfide ore deposits. The oc-
currence of selenium and sulfur, on the other hand, in amounts less
than 10 ppm in barren sandstones of Triassic and Jurassic age con-
trasts sharply with concentrations of 100 to 1,000 ppm in ore deposits
in the same formations, For this reason, the distribution of indicator
plants along the outcrops of these sandstones forms conspicuous
patterns.

Besides an increase in total selenium in carnotite ore, experimental-
plot studies indicate that the proportion of water-soluble selenium
is increased in the presence of carnotite. This results in a marked
tendency for the Astragalus group to grow in the vicinity of ore
deposits where it is possible for them to absorb selenium in concentra-
tions of several hundreds or perhaps thousands of parts per million
from ground containing only 2 ppm total selenium. Stanleya, how-
ever, appears to substitute selenium for sulfur in the plant metabolism
and is capable of extracting and concentrating large quantities of
selenium from gypsum containing only small amounts, but it is not
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capable of extracting large amounts of selenium from a carnotite ore.
For this reason Stanleya is not a primary indicator of seleniferous
uranium ore but may be used in some areas as a secondary indicator of
mineralized ground water.

Many of the other plants found near uranium deposits probably
reflect changes in acidity and in the availability of major plant nutri-
ents. Experimental studies show that larger amounts of calcium and
phosphorus are available to plants in the vicinity of carnotite deposits
than in barren ground. This favors an increase in the number of the
calcium absorbers, M entzelia, Cryptantha, and Oenothera, around ore
deposits. The phosphorus absorbers, £riogonum, Allium, Calochor-
tus, and mustards, are encouraged by the increase in available phos-
phorus and sulfur as indicators of uranium ore.

In addition to those plants that act as indicators of mineralized
ground or can be used in alluvial prospecting, many plants are tolerant
of mineralized ground. Sixteen of these plants are described in this
report. In general, the plants best adapted to soils of high mineral
content are those having an acid cell sap that enables the plant to
absorb and neutralize alkali elements. For example, shadscale ab-
sorbs large quantities of salts without harm to the plant growth.
Plants of the goosefoot, rose, and cactus families are also tolerant of
highly mineralized ground on the Colorado Plateau.

HOW TO PROSPECT BY PLANT ANALYSIS

Trees or shrubs of extensive root habit may be analyzed for uranium
content to denote areas of mineralized ground. Basic information
on the rate of absorption of uranium by plants must be gathered for
control in the area to be prospected. Commonly a collection of
samples from a variety of species in close proximity is made in an area
that is known to be mineralized from drill-hole data or surface outcrop
but is uncontaminated by surface workings. This collection is com-
pared with similar collections in an area known by past exploration
to be unmineralized.

In general, uranium is best absorbed by plants with a fairly acid
cell sap and high cation exchange capacity in the root. Experimental
work shows that plants belonging to this category absorb large
amounts of calcium, selenium, and (or) sulfur along with uranium, but
very little potassium. Conversely, potassium absorbers absorb only
small amounts of uranium. Plants that have been used in sampling
programs belong largely to the rose and pine families.
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The trees and shrubs commonly sampled on the Colorado Plateau
are as follows:

Altitude
, (feet)

Pinus ponderosa Dougl. (ponderosa pine)
Pseudotsuga tazifolia Britt. (Douglas fir) . _________

Abies concolor Lindl. (white fir) 7,000-9,000

Shepherdia rotundifolia Parry (buffaloberry)

Pinus edulis Englm. (pinyon)
. 6,000~
Juniperus scopulorum Sarg. (Rocky Mountain juniper)._.____ } ? 7,000
utahensis Sarg. (Utah juniper)
monosperma Engelm. (oneseed juniper) ______________ 4,000-6,000
tl tl

Cowania stansburiane Torr. (cliffrose)___________________
Atriplex confertifolia (T. & F.) 8. Wats (shadseale)_______

The sampling medium and sampling interval are determined after
a study is made of the extent of mineralized outcrop, size, and habits
of the known ore bodies, and the relation of the ore-bearing bed to
the water table and to plant roots. A plant species that has an exten-
sive root system which penetrates to the ore horizon is chosen as the
sampling medium. If information concerning the absorption of
uranium by that species is not available, preliminary samples are col-
lected to determine the lowest value indicative of mineralized ground.
Several trees are also selected for periodic sampling to test the con-
sistency of laboratory results and seasonal variation. Branches on a
given side of the tree are connected directly with roots on that side of
the tree; thus the uranium content may vary greatly from one side of
the tree to the other. To obtain the most representative sample,
therefore, it is recommended that branch tips be collected from all
sides of the tree. The method is applicable where the uranium-bear-
ing bed is not more than 70 feet beneath the surface.

The sampling interval depends in part upon the objective of the
project. On a broad flat bench a grid-pattern spacing adequate to
detect either ore bodies or mineralized halos is desirable. The result-
ing values may be contoured to show areas favorable for geologic
exploration. An initial sampling program on a 200- to 250-foot spac-
ing is usually adequate. Later fill-in samples on a 50-foot spacing
may be collected in anomalous areas. A short interval of 15 to 30
feet is recommended for sampling across talus-covered outcrop.

In the fluorimetric laboratory procedure, pint samples (about 75
grams) of material are required for an analysis. Samples are shipped
to a well-equipped, uncontaminated laboratory for analysis. Two
fluorimetric methods of analysis for small amounts of uranium in
plant ash have been developed by the Geological Survey laboratories
(Grimaldi and others, 1952 and 1954). By the direct fluorimetric
method the plant ash is mixed with a fluoride-carbonate flux and the
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amount of fluorescence of the bead or button is measured photoelec-
trically by a transmission fluorimeter. This method is satisfactory
for samples that contain little or no manganese or other elements that
may act as a quencher and reduce the amount of fluorescence of the
uranium bead. When quenching elements are present in quantity,
the extraction-fluorimetric method is employed. By this method the
uranium is separated chemically from interfering elements before the
button is made. The procedure is considerably longer and more ex-
pensive than the direct fluorimetric method. Analytical results are
stated in terms of parts per million of uranium in the plant ash. The
precision to be expected from the laboratory for values from 0.3 to
5.0 ppm of uranium is a standard deviation of 0.5 ppm. A chroma-
tographic field test by which many more analyses may be made in a
day has also been developed in the Survey laboratory.

The detection of radioactivity in plant ash by alpha count has been
used by Anderson and Kurtz (1955) in prospecting for pitchblende
vein deposits. It is possible by this method to detect variations in
uranium content above 10 ppm. Interferences from natural radio-
activity due to other elements in the plant ash apparently mask radio-
activity due to uranium below this amount. Therefore, the method
is probably not applicable to prospecting for carnotite-type deposits.

Although the average amount of uranium absorbed by plants rooted
in ore varies slightly, depending on the type of ore and degree of oxi-
dation and also on the species collected, an average figure of 1 ppm
in the ash has been used in many areas sampled as an arbitrary cutofl.
Contents of uranium above this amount are considered anomalous
and indicate favorable and possibly mineralized ground.

In places where grid sampling is used, isograms of the assay data can
be drawn on base maps. Where rim-sampling is employed, areas of
favorable rim can be indicated for back-from-rim drilling. The
anomalies, however, delimit only areas of unusual uranium content in
the vegetation cover. They do not show a positive correlation between
the amount absorbed by the plants and the grade of the ore or the depth
to ore. The interpretation of the data depends on the validity of the
Iaboratory analysis, the size of sample interval, and the studies that
are made of geologic and topographic field relations. Much depends
on the comprehension by the prospector of the geologic environment.
Plant analysis is an additional prospecting tool to be used with geo-
logic interpretation in the search for ore.

HOW TO USE INDICATOR PLANTS IN PROSPECTING

The use of a plant as an indicator in prospecting for uranium is
based on the assumption that its distribution is affected by the avail-
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ability of the chemical constituents of the ore. The first step, then,
in a new area is to study the plants growing in ground known to be
mineralized. The information on indicator plants included in this
report was established by marking off 10- by 5-foot areas over known
ore bodies in a number of districts, and similar areas over unmineral-
ized parts of the same bed with similar exposure and slope. Complete
lists of plants in each plot were made, and final lists of indicator and
tolerant plants were derived from them. When any of the plants
illustrated in this report are observed in a new area, a careful study
of their distribution should be made to determine whether and how
they can be used in prospecting.

After such studies have been made, similar plant associations may
be sought along the outerop of an ore-bearing bed through recon-
naissance prospecting. Caution must be exercised because the plants
are, of course, all common weeds and may be found in places where
no uranium occurs. Selenium plants, for example, grow wherever
there is a small amount of selenium in the soil. Sulfur plants may
grow wherever gypsum is present. The plant species described in
this report, nevertheless, have been noted repeatedly in close associa-
tion with uranium ore deposits on the Colorado Plateau and have been
used successfully in uranium prospecting.

Indicator plants are best studied and mapped when in bloom. For
this reason, the approximate blooming date has been given for plants
growing at an altitude of 4,500 feet and near the 39th parallel. The
blooming time for a given plant would be somewhat earlier farther
south or at lower altitudes, and later farther north or at higher alti-
tudes. In general, ephemeral plants such as the lily family are avail-
able for study only in the spring or early summer. Although many
of the Astragalus species bloom in April, they can be recognized from
the dead seed pods and stalks and can be used in prospecting through-
out most of the year (fig. 74). Stanleye and other mustards bloom
throughout most of the summer. Many Composites, Plantago, and
Mentzelia bloom in the late summer and fall.

The plants shown in this report (figs. 76-175) are given in order of
their importance in prospecting. Those that have aided directly in
the location of uranium ore have been marked primary indicators;
those that occur in plant associations known to indicate favorable
ground are listed as secondary indicators; and common plants known
to be very tolerant of mineralized ground are included last. 1t is not
necessary to identify species of many genera because all species may
act as indicator plants. Species identification of these genera has not
been given. Common and scientific names of most species are spelled
in accordance with Kelsey and Dayton (1942). Descriptions have









INDICATOR PLANTS AND METHODS OF BOTANICAL PROSPECTING 411

SELECTED BIBLIOGRAPHY

Abrams, Le Roy, 1940, Illustrated fiora of the Pacific States: 4 v., Stanford Univ.
Press.

Anderson, R. Y., and Kurtz, E. B., Jr., 1955, Biogeochemical reconnaissance of
the Annie Laurie uranium prospect, Santa Cruz County, Ariz. : Econ. Geology,
v. 50, p. 227-232.

Benson, L., and Darrow, R. A., 1944, A manual of southwestern desert trees and
shrubs: Ariz. Univ. Bull,, v. 15, no. 2, 411 p.

Cannon, H. L., 1952, The effect of uranium-vanadium deposits on the vegetation
of the Colorado Plateau: Am. Jour. Sei., v. 250, p. 735-770.

1953, Geobotanical reconnaissance near Grants, N. Mex.: U. S. Geol.
Survey Circ. 264, 8 p.

Cannon, W. A., 1911, Root habits of desert plants: Carnegie Inst. Washington
Pub. 131, 96 p.

Dayton, W. A, 1937, Range plant handbook: U. S. Forest Service, U. S. Dept.
Agriculture.

Grimaldi, F. 8., May, Irving, and Fletcher, M. H., 1952, U. S. Geological Survey
finorimetric methods of uranium analysis: U. S. Geol. Survey Circ. 199, 20 p.

Grimaldi, F, 8., May, Irving, Fletcher, M. H., and Titcomb, Jane, 1954, Collected
papers on methods of analysis for uranium and thorium: U. 8. Geol. Survey
Bull, 1006, 184 p.

Harrington, H. D., 1954, Manual of the plants of Colorado: Denver, Colo.,
Sage Books.

Kearney, T. H., and Peebles, R. H., 1951, Arizona flora: Calif. Univ. Press,
1069 p.

Kelsey, H. P., and Dayton, W. A., 1942, Standardized plant names: Compiled
for American Joint Committee on Horticultural Nomenclature, McFarland
Co., Harrisburg, Pa., 673 p.

Meinzer, O. E., 1923, Occurrence of ground water in the United States: U. S.
Geol. Survey Water-Supply Paper 489, 320 p.

1927, Plants as indicators of ground water: U. S. Geol. Survey Water-
Supply Paper 577, 95 p.

Muenscher, W. C., 1951, Poisonous plants in the United States: 277 p. New
York, The Macmillan Co.

Patraw, Pauline M., 1951, Flowers of the Southwest mesas: SW Monuments
Assoc. Popular Ser. no. 5, U. S. Natl. Park Service, 112 p.

Robinson, T. W., 1957, Phreatophytes: U. 8. Geol. Survey Water-Supply Paper
1423, 1In press.

Rydberg, P. A., 1917, Flora of the Rocky Mountains and adjacent plains: Pub-
lished by author, New York, 1110 p.

Shreve, Forrest, 1951, Vegetation of the Sonoran Desert: Carnegie Inst. Wash-
ington Pub. 591, v. 1, 192 p.

Trelease, S. F., and Beath, O. A., 1949, Selenium ; its geological occurrence and
its biological effects in relation to botany, chemistry, agriculture, nutrition,
and medicine. Published by the authors, Box 42, Schermerhorn Hall,
Columbia Univ., New York.

White, W. N., 1932, A method of estimating ground-water supplies based on
discharge by plants and evaporation from soil: U. 8. Geol. Survey Water-
Supply Paper 659-A, p. 1-107.

Wooton, E. O., and Stanley, P. C., 1915, Flora of New Mexico: U. S. Natl. Her-
barium Contrib., v. 19, 800 p.

421588—57——2







ILLUSTRATIONS AND DESCRIPTIONS
OF INDICATOR PLANTS

The plants shown on the facing pages that follow are the same
species, the scientific name being given on the left-hand page
and the common name on the right-hand page.
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FI1GURE 76.—Astragalus pattersoni A. Gray.

Family : Pea, Leguminosae.

Subgenus: Jonesiella.

Flowers: Cream-colored irregular flowers with purple dot on keel, growing in
tall clusters which extend beyond the foliage. Blooms in April
and May.

Leaves: Pinnate with numerous oval leaflets.

Fruit: Fat pods mounted on short stem. Seeds rattle in pod when dry (then
called rattleweed).

Root : Very long taproot, commonly 30 feet or more in length.

Plant: Perennial, 1-4 feet high. Garliclike odor common to foliage owing

to presence of selenium.















































































































































































































































































































Actinea acaulis______________________________
Allium acuminatum_ ... __________...
Antelope bitterbrush____
Aplopappus armeriodes. .
Aster venustus.____________._____
Astragalus aculeatus. . ... _________________
bisudeatus.. . .
confertifiorus.
dodgianus......
lonchocarpus.
missourtensis. ... __________.______.____
pattersoni____________ .. ___________
preussi- . -

tenellus
thompsona@e. .- ... .. . ...
Afriplex canescens....______._______._______.
confertifolia._ .. _________.____________
B
Black greasewood. ..o ... .. _____ 500, 501
Blue poisonvetch.___ 420, 421
C
Calochortus nuttalli.___.____.________________ 436, 437
Castilleja integra_ ... ____________.___ 492, 493
Colorado four-o’clock. .. __________________ 506, 507
Cottonthorn horsebrush___.________________ 484, 485
Cowania stansburiana.._.___________________ 486, 487
Cryptanth
Cryptanthe flava.___________________________ 448, 449
Curlycupgumweed . __.___.________________ 474,475
Cushion eriogonum.._______________________ 458, 459
D
Desert blazingstar__________________________ 480, 481
princesplume.___.___.__________________ 440, 441
Deserttrumpet. .-

eriogonum._.._

F
Fendler euphorbia.. ... 478, 479
Fineleaf hymenopappus- -« coococoeoee oo 510, 511
Four-o’clock, Colorado..___._______.__.____. 507
Fourwingsaltbush_____.______.____________ 498, 499

Fraazinus anomala__..

Goldenweed - - oL ________
Grassy deathcamas.
Greasewood

Grindelig SQUATTOSA eame - e 474, 475
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Hairy-pod pepperweed. ... ___._____._.._____ 444, 445
Hedysarum boreale .. ooooeenn 490, 491
Hoary townsendia. . - .- 470,471

Hymenopappus filifolius..__________ ---- B10,511
I

Indian paintbrush... ... ... 492, 493

Indian ricegrass- -« oo oo .. 466, 467
¥

Jointfir 502, 503
L

Lepidium lasiocarpum_. _____________.._..._

montanum.__________

Long-seeded milkvetch__

Looseflower milkvetch._....________._______
M

MaripoSa . - oo 436, 437

Mentzelia multifiora. -
Mirabilis multifiora. -
Missouri milkvetch..

Mormon te8 oo ool 502, 503
Mountain pepperweed - - ... ____._-___ 442, 443
N
Needleandthread. . _____________________ 464, 465
Northern sweetvetch. ... .. _.._.__.____ 490, 491
o]

Oenothera atbicaulis 452, 453

caespitosa_ .. 450, 451
Opuntia engelmanni 504, 505
Oryzopsis hymenoides . ... ___ . ___________ 466, 467

P
PaintedCup oo 492, 493
Patterson poisonvetch-__ o--- 414,415
Plantagopurshi_____________________________ 494,495
Preuss poisonvetch.._________________._____ 416,417
Purshia tridentat@ ... . _______________ 488, 489
R
Rock goldenrod - .. _________________._____ 482,483
S

Sandmat_ ... 478,479
Salina wildrye..._.._._._ -. 462,463
Sarcobatus ver latus. - -~ 500, 501
Segolily. . __________ 436, 437
Senecio longilobus. . _.__.______________ 476,477
Shadscale saltbush_____.______.__________._ 496, 497
Silverplant_________._._____ 458,459
Singleleaf ash__ 508, 509
Sisymbrium altissimum. ... oo 446,447
Solidago petradorie.._.__ .. __ .. ... 482,483
Spring milkveteh_ . ___________________._ 432, 433
Stanleya pinnata_._________ -. 440,41
Stansbury cliffrose. . ......_. ---- 486.487
Stemless actinea. ... oo oo 512, 513
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Stipa comata_.-_____ 464,465 | Tumblemustard ... ______ __._______._ 446, 447
Sulfur eriogonum 460, 461 | Two-grooved poisonveteh._ ... ___._________ 422,423
T w
Whitestemmed evening-primrose__.________ 452, 453
Tapertiponion_ ... 434,435 | Wild onion, tapertip- - oo . 434,435
Tetradymia spinosa. 484,485 | Woody aster- oo oo 468, 469
Threadleaf groundsel . ___.____.__________ 476,477 | Woolly indianwheat ... ......._....._.. 494,495
Thompson loco. oo . __________ 418,419
Townsendia incana. .- 470, 471 zZ
Tufted evening-primrose_ . ..._.____._..___. 450,451 | Zigadenus gramineus. .___._______________._ 438, 439
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