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INTRODUCTION

Summaries of the results of the selenium stucdies carried out in the
Division of Seil Chemistry and Research up to and including the
calendar year 1936 have been presented in previous bulletins (3. 4

6).° In this series of bulleting the greater portion of the worlk re-
ported was devoted to the surver of aress in which the soils are
affected by selenium to such an extent as to produce vegetation toxic
to animals. The present report presents results of studies subse-
quent to 1936, including the results of & survey made in Montana.
In addition to the regular survey data, information is given on the
use of indicator plunts in survey work and a comparison is made of
the ability of two of them to absorb seleninm. An account of a
Teconnaissance survey made in Mexico, with special entphasis on the
aren In which “soliman’ disease occurs, is given. Data on “non-
toxic’’ seleniferous soil, improved methods of fmalyms, a brief review
of current literature, and miseellaneous date are also included.

t Suhmitted for publicntion Mareh 2, 1930,
1 Italic aumbers in parentheses refer to Literswure Cited, p. 26,

161453%40——1
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REVIEW OF RECENT LITERATURE

The many ramifications of the selenium problemn have attracted
the attention of workers in dilfferent branches of seience. In the
three previous reports (3, 4, 6) the progress on this problom has been
reported by ineluding references to the current literacure. Such
references, when pertinent to the topic under discussion, have been
given in this bulletin. Fowever, in order to keep thic report of
progress on the problem up to date, this brief review is also included.
The recent literaure is striking evidence of the wide attention that
has been attracted to the vartous economic and health aspects of the
selenium problem. The divergence of effort in various fields solves
many phases of the problem and at the same time opens many more
phases of it for consideration.

Knight and Beath (23) found that “alkali disease” in the early
stages, usually recognized by hoof deformities and Joss of hair, cun be
cured by administering daily drenchings of ealcium laetate and placing
the animal on a selonium-free diet. About one-third of an ounce of
caleium lactate in a quart of water is a dose for o 600- to 800-pound
animal.  In an attack of “blind staggers” or ncute selenium poisoning,
the animal normally :loes not show any particular abnormality
previous to the tume it breaks down. The acute attuck is usually
characterized by a partial or complete collapse accompunied by
driveling, impatred vision, and loss of appetite. Beath found that
temuporary relief may be obtained in the less severe enses by drenching
with coplous quantities of warm water and injecting small quantities
of strychnine hypodermically. One-tenth to one-fifteenth of a grain
of stryehnine is about the right dose for an animal weighing 600 to 500
pounds, and should be administered two or three times at intervals
of from 2 to 3 hours. After a day or two, additional help can be
given by drenching with a tonic conteining tren aud quinine sulfate
or nux vemica, At no time during che initial illness {s it advisable
to administer loxatives.

Hurd-Karrer (21) veported that wile differences in the absorption of
selenium from sodium selenate by 13 different crop plants grown in
Keyport clay loam. untreated with vespect to sulfur, were directly
correlated with corresponding differcnces in their sulfur-absorbing
capacities. She concludes that the parullelism sugzests that the
sulfur requirement of the plant determines its tendeucy to absorb
selenium.

In another set of experiments (20) liurd-Karrer found that the
comparative toxicity of selenates and selenites depends on the con-
centration of available sulfate. FHler experiments showed that toxicity
of the selenates deecreased progressively with increastny sulfate sulfur,
while that of the selenites was greater with hizh concentrations uf
sulinte than ut intermediate ones, with the result that at sulfur con-
cenfrations below about 20 p. p. m., selenate selenium was more toxie
than selenite, while at the Ligh sulfur concentrations the selenite
selendum was the more toxie,

With 3 p. p. m. of selenium in the culture solution, the snow-white
scioniutn chlorosis oceurred at all sulfur levels up to about 36 p. p. .
in the case of selenate selenium, but 6 p. p. w. of sulfur completely
inhibited it in the case of sclenites.
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A series of pot experiments reported by Gile, Lakin, and Byers (16)
brings out several interesting fucts concerning the efiect of sodium
selenate on the growth of millet (Setariv italica) in sand and soil. It
was found that the application of 4.4 mg. of selenium in a pot con-
taining 5 kg. of quartz sand (0.88 p_ p. m.) under favorable conditions
of fertilization reduced the growth of millet by one-half. Under
comparable conditions of lertilization and moisture most soils require
oue and onc-half times the amount of selenium to reduce the growth
of millet one-half. This value would be roughly 1% p. p. .  Varia-
tions in phosphate above that necessary for normal growtlh had no
effect on selenium injury. Increase in sulfate application decreased
the effect of the selenium. This confirms the work of Hurd-Karrer
(18). From the similarity of the results obtained on 13 soils, in which
the silica-sesquioxide ratios ranged from 1.07 to 3.41 in the colloid,
it was concluded that soil colloids have very little effect on the avail-
ability of socdium selenate. Quite different results are being obtained
with sodiumn selenite. It is believed that selenites are more sbundant
in soil than selenates (46).

Franke and Painter (/1) have demonstrated by u series of field
experiments that the addition of sulfur or gypsum to a naturally
seleniferous soil did not inhibit the absorption of selenium by wheat
and corn, They give evidence to show that plants absorb Tess sel-
enium when grown dvving extremely div seasons than when grown
during seasons of normal rainfall.  Sulfur absorption is not reduced
during dry seasons, so they concluded that there is little relation be-
tween the absorption of selenium and sulfur by plants. They were
unable to electrodialyze a detectable amount of selenium from &
sample of Pierre soil.  When sodium selenite was added to the soil
not all of it could be removed by electrodialysis.  When the experi-
ment was repeated using sodium selenate much more of it could bhe
electrodiaivzed.

The data from four suwmers of field observations together with the
anatyses of thousands of sumnples of vegetation led Miller and Byers
2N to conclude that certain plants can use large amounts of selenium
without injury. Further, it seemed probable that selenium: was of
some importance in cheir physiological processes. Recently Trelease
and Trelease (39) reported expertmeuts on the growth of Astragalus
racemosys, an indicator plant, in artifictal media.  One set of plants
was supplied with the usual mineral nutrients and the other sets nad
in addition various concentrations of sodium selenite. Though re-
ceiving a considerable quantity of selenium {rom the seed, the plants
that were given no additional selenium made slow growthin comparison
with those which obtained selenium from the culture solution.
Marked stunting of the plants deprived of selenium became evident
within a few weels after their transference to the mineral solution.

Byers, Miller, Williams, aud Lakin (6} reported larvae in the roots
of an Astragalus racemosus plant containing 190 p. p. m. The larvae
contained 7.5 ». p. m. Anothsr sample of the same larvae had a
selenium co .ent of 10 p. p. m., and the roots they were infesting
contained 420 p. p. m. Flies {possibly though not certainly Pseudo-
tepheitis) living on Astragalus pectinatus that contained 1,800 p. p. m.
of seleninm were caught and found to contain 10 p. p. m. of selenium.
Trelease and Trelease (‘@) report similar results on bruechid larvae.



http:seleml.te

4 TECHNICAL BULLELIX 702, U. 5 DEPML. OF AGRICULTURE

These larvae contained 36 p. p. m., while infested seeds contained
1,360 p. p. m.

In Hoskins’ preliminury veporl (7} oun thie absorption of selenium
by grapes and by citrus {ruits, with special reference to orchards and
vineyards sprayed with Selocide (30-percent solution of a material
with the empirical formula {(KNH,S};Se), the following conclusionz
are given: The average selenium content of the untreated soils ex-
amined was 0.253 p. p. m. The highest selenium content found in the
sprayed soils was 0.91 p. p. m. The average selenium coutent of
citrus fruits from sprayed ovchards was 0.21 p. p. m. In the skin and
0.06 p. p. m. in the pulp. In the unsprayed orchard the averape
selenium content of the skin was 0.10 p. p. m. and of the pulp was
0.05 p. p. m. The grapes ranged from 0.14 to 0.64 p. p. m. 1n the
sprayed vineyards and one sample from an unsprayed vineyard con-
tained 0.11 p. p. m.

Elementars selenium is readily made available for Astragalus, as
shown by the work of Beath, Eppson, and Gilbert (). A nonselenif-
erous soil was mixed with 25 p. p. m. of elemeniary selentum and
sown with seeds of A. bisuleatus and A. pectinatus. In 3 months the
seedlings were seleniferous. A composite sample gave 1,150 p. p. m,
of solemium. In another set ol experiments, it was found that sulfur
and soluble sulfate do not inhibit the absorption of organic selenium,
derived from native range plants, by tvpe cercals and otler farm
crops.  They also report thal native range plants do not show chlorosis
even when the selenium content reaches 15,000 p. p. m. Experiments
show o considerable loss of selenium when certain plants are air dried,
running as high as 66 percent.

Beath, Gilbert, and Eppson (2) report further studies on the
selenium content of the Permian and Trisssic formations and soils
derived from them. Solls formed from some members of these
formations produce seleniferous vegetation of high toxeity.

Poley and Moxon (33) report that the hatchability of fertile eggs
was not appreciably reduced by a laying ration containing 2.5 p. p. m.
of selenium, was slightly reduced by 3 p. p. m., and was decreased to
zero by 10 p. p. m.  The seleninm content, of the diet was varied by
incorporating various amounts of toxic grains.

Moxon and Poley (82) veport that if chickens are on rations contain-
ing 2.5 p. p. m. of selentum ar less, the eges and meat will contain less
than 4 p. p. m.  With a level of 10 p. p. m. of selenium in the ration
the selenium content of edible meat. and eges from most fowls is well
ahove 4 p. p. m.

Tranke and Painter (12) found a pronounced restriction of food
consumption by albino rats in every diet containing more than 10
p. p. m. of selenitm as it occurs in cereals. In various seleniferous
diets the gain per gram of diet consumed was less than for control
diets. Concentrations of less than 5 p. p. m. of selenium in diets
prevented normal growth. All but one of 35 diets containing more
than 9 p. p. m. of seleniuin caused denth in young apimals. It is
probable that only naturally occurring selenium will regularly cause
deaths at this level. They concluded that if the results obtained by
feeding rats can be applied to larger animals, it is evident that farmers
have suffered great losses by feeding =eleniferous feeds with surpris-
ingly low selentum contents, these losses not being due alone to death
but to decreased rate and extent of growth.
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Albino rats were fed salts of arsenic, molybdenum, telluriun,
vanadium, and selenium at levels of 25 and 50 p. p. m. of the elements
in their diet. Toxicity of the elements was determined by their effect
upon the growth, food consumption, mortality, and Liernatopoietic
system of the animals by Franke and Moxon (16). The order of
increasing toxicity was as follows: Arsenic (Na,HAsQ,), molybdenum
((NH,):M0;0.), tellurium (Na,TeO, and Nu,TeQy), vanadium (Na
VO,), and selenium {(Nna,5e0; and Nu.Se(,). At the 50-p. p. m. level,
arsenic and molybdenum were slightly toxe, tellurium and vanadium
were moderately toxic, and selenium was very toxic. Of these ele-
ments only selenium eaused o distinet disturbance of the hematopoietic
]sys_tem. The rats receiving tellurium in their diet exhibited loss of
1air.

It 1s of interest to note that selenium is far more toxic than arsenic
and other elements that are commoniy considered the most deadly of
poisons.

Froin experiments on rats, rabbits, and cats, Smith, Stohlman, and
Lillie (84) have inferred that the symptomatology of milder forms of
clironie selenitin poisoning is most likely to point to gastric or hepatic
dysfunetion and possibly to disturbances of the hematopoietic organs.

From another set of experiments Smith, Westfull, and Stohlman (36)
found in the case of cats that from 50 to 80 percent of the total intake
of selenium as sodium selenite is usually exereted in the urine and from
traces to 18 percent is exereted in the feces.  The bulk of the stored
zelenium in chronic poisoning with small doses of inorganic selenium
is eliminated within 2 weeks after its administration is discontinued.

A field study was made by Smith and Westfall (35), September
1936, on a selected group comprising 50 rural families in a highly
selemferous area in four counties of South Dakota and Nebraska.
Their analyses of urine showed, as a rule, little variation in the
urinary concentration of selenjum for the several members of the same
family or for the same individual at different times, thus indicating
that the excretion level of selenium in man is o fairly reliable index of
the availability of selenium and of the hazard to which he is exposed.
They conclude that outside of a high incidence of symptoms pointing
fo gastric or intestinal dysfunction, and a few instances of apparent
hepatic dysfunction, both prebably the result of continual selenium
ingestion, no other evidence of ill health was noted that could be
aseribed to selenium with any degree of cortainty. When locally
produced, meat, eggs, milk, and vegetables constitute the most impor-
tant sources of selenium to which man is exposed in the selenium-
endemic region studied,

Dudley and Miller (8) found that the pathological changes resulting
from the exposure of guinea pigs to small concentrations of hydrogen
selenide were, primarily, an early {atty metamorphosis of the liver and
a hypertrophy of the spleen which developed later. All animals
exposed to 0.02 mg. per liter of bydrogen selenide for 80 minutes died
within 25 days.

Experiments are reported by Ellis, Motley, Ellis, and Jones (9) to
show the effect of selenium on fish. About a week after injections of
sodium selenite the eyes began to protrude and the abdomen became
more or less pendulous. Autopsies showed the body cavities to be
more or less distended with nscites and the periocular spaces to be
filled with edematous tissue. The eyes had been extended by pres-
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sure from behind. At water temperatures of 10° to 13° C., daily
injections of 0.002 mg. per 50-gin. fish produced the popeye condition
after 5 days.

In the discussion of the elements that occur in small quantities
in sea water, Wattenbere (41) gives the concentration of seleninm as
4 gnmma per liter. This value is evidently taken from the work of
Strock (37). The present investigators were unable to confirm this
value, although snmples from the Atlantic Ocean, the Pucific Ocean,
and the North Sen were analyzed (6), the North Sea being the source
of Strock’s samples.

Moxon (81} has prepared a review of the work on the selenium
problem and especially the work of the South Dakota Agricuitural
Experiment Station.

A short review of the work on selenium and its relation to soil,
plants, and animals hds been prepared by Willlams (44).

METHODS OF EXAMINATION

No changes have been made in the methods of examination pre-
viously described for soil (43) and vegetation (47).

The nitric-sulfuric acid method used for vegetation was investigated
by Mathews, Curl, and Osborn {26}, who substituted complete diges-
tion of the sample, in & system having a condenser and trap, for the
incomplete digestion at 2 regulated temperature in an open beaker.
With the present methods of estimation no superiority of the closed
gystem could be demonstrated,

The nitric-sulphuric acid mixture used in the preparation of vegeta-
tion for distillation was not constdered adequate for coal, hence experi-
ments were made using 94-percent nitric acid and coal that had been
groutul to pass a 100-mesh sieve. When the acid was added to the
coal the mixture ignited and burned with a smoky flame. When coal
was dusted into the acid at room tempersture the oxidation went
smoothly until the mixture was heated to finish the reaction. On
heating, the mixture frothed and could not be confined to a beaker of
reasonable size. When coal was dusted into boiling acid, portions of
the conl ignited and burned before it could be stirred bencath the
surface of the acid. It was found that the reaction could be carried
out successfully if certain conditions were maintained. Two grams
of the conl were dusted slowly with stirring into 60 ml of 94-percent
acid at 680° C. in & 600-ml. Pyrex beaker, and after the reaction had
guieted the mixture was heated to boiling on & hot plate for 5 minutes.
The mixture was then removed from the hot plate and the 84-percent
acid added to bring the volume to 60 ml.,, the temperature was adjusted
to 80°, and 2 gm. more added as before. This procedure was repeated
until 1¢ gm. had been added to the acid. The beaker was then
covered and heated on the hot plate for 2 hours. The mixture was
then cooled, 50 ml. of sulfwric acid added, and the aitric acid removed
b¥ heating to & temperature not higher than 120°, The last traces
of nitric acid were removed by adding 50 ml. of distilled water and
again evaporating below 120°.

The cooled residue was transferred to a distilling flask, the besker
was rinsed with 100 ml. of hydrobromie acid containing 1 ml. of
hromine and then with 30 ml. of water, and the distillation and estima-
tion were carried out as with seil.
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During the past year cooperation with the Bureau of Animal
Industry hus made necessary tho analysis of & few hundred samples
of amimal metter. That investigation has not been completed. In
the analysis of animal matter for selenium, the hydrogen peroxide
method of oxidation (7) requires nearly 2 days. It is subject to
frothing that is difficult to control; and further, when the mixture
“is evaporated to essentially complete dryness on the steam bath or
hot plate’” there is very likely to be = loss of selenium from the “black
paste’” of sulfuric aeid and undecomposed organic material. TUnder
similar conditions selenium was lost from sulfuric acid and vegetal
material (47).

The nitric-sulfuric acid method was slightly modified for use on
animal matter. In order for the acid mixture to maintain its strong
oxidizing power the amount of sulfuric acid was increased. This
addition was necessary because of the large amount of water in the
animal matter. The procedure is as follows: Flesh samples are cut
into small pieces and 50 gm. added to a mixture of 100 ml. of nitrie
acid (sp. gr. 1.42) and 100 ml. of sulfurie acid (sp. gr. 1.84) contained
in a 1-liter Pyrex beaker. The mixture is digested slowly at a tem-
perature not exceeding 120° C. until a brownish-yellow liquid is
obtained and brown fumes of oxides of nitrogen cease to evolve.
The cooled residue is transferred to an all-glass c'[ist-ﬂ]'mg flask (6, 43),
and the beaker is rinsed with 100 ml. of hydrobromic acid contalning
1 ml. of bromine and then with 30 ml. of water. The still is connected
so that the adapter is below the surface of 3 ml. of bromine water in
the receiving flask, A distillate of 50 ml. is collected, chilled, and
the wax is removed by filtering through an asbestos pad in a Gooch
erucible. The solution, having a volume of 85 ml, is reduced, and
the selenium is estimated as described for soils (43).

The selenium content of 50 gm. of feces was determined in the same
manmner.

The selenium content of 50 ml. of urine was determined in the same
manner excent that when nearly all of the nitrie seid had been driven
off 50 ml. of water was added and the evaporation repeated to effect
the complete removal of the nitric acid.

The selenium content of 100 ml. of blond was determined in a like
manner except that the volume of both nitric and sulfuric acid was
incressed to 125 mi,

SELENIUM SURYEY IN MONTANA

GENERAL FEATTURES

Samples of soil and vegetation were collected during the summer of
1934 along a transect in Carter County by T. D. Rice. The exami-
pation of the samples revealed the presence of seleniferous soils and
toxic vegetation in the area. The selenium content of five samples
of Astragalus bisulcaius, a selenium absorber or indieator plant (6. 25),
ranged from 157 to 590 p. p. . The following summer John T.
Miller made a reconnaissance survey in Valley, Phillips. and Toole
Counties, collecting shale, soil, and vegetation samples. Seleniferous
soils and toxic vegetation were found. The selenium content of sam-
ples of A. bisuleatus ranged from 7 to 1.530 p. p. m.

These surveys were made in areas where the geological maps show
outcropping formations of Cretaceous age (30). Formations of cor-
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responding age (fig. 1) are known to produce seleniferous sail and
toxic vegetation in Scuth Dakota, Nebraska, Wyoming, Kansas, Colo-
rado, and New Mexico. Although all of these formations contain
selenium, the amount differs greatly through their depth and from
one location to another. This is further complicated in Montana by
the frequent occurrence of a mantle of debris from the Keewatin ice
sheet, Rocky Mountain glaciers, and outwash from the mountains.
The soil may be formed from the underlying formations, the mantle
of debris, or from & mixture of the two.

The data from Riee and Miller's reconnaissance surveys and the
rather extensive distribution of the Cretaceous sediments made &

M YELLOWSTORE
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Fravre 1. -Geueralized geclogic relativns fur the areas that bave been examined
for seleuiani.

wider survey desirable, Therefore the ficld work during the sum-
mer of 1937 was devoted to making a closer, but by no means a de-
tailed, examination of portions of the areas underlain by these sedi-
ments.

As in previous surveys, geological maps and flora were used as
guides to seleniferous soils. In gemeral, a sample representative of
the 8-inch surface layer of soil was collected along with a sample of
vegetation growing in the soil. Qther samples were collected to bring
out special polnts.

The vegetation collected was largely .Astragalus pectinatus anc A.
bisuleatus, both kmown to be good absorbers of selenium and, there-
fore, indicator plants. In addition to these, Miller and Byers (29) List
A. ecarolinignus, A. racemosus, Stanleye pinnata, S. bipinnata, Aplo-
pappus fremonti, and Xylorhiza parryi as indicator plants. Samples
of other native plants and cultivated crops were also collected. Sam-
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pling points were selected at intervals of 3 to 6 miles, although this
was varied to meet any unusual situations.

DATA BEY COUNTIES

The location of the samples and their selenium content are given

in-table 1, the data being arranged by counties.

The soil-type names

assigned to the soils collected 1n Teton and Pondera Counties were
tuken from reconnaissance soil sur vey maps (15) furnished by the Soil
Survey Division of the Bureau of Chenustry and Soils.

Tantt V.- Selenium contend of soils, shales, amd vegetation from Montenal
W HORN COUNTY

Selenivm ln—

Lubgrutory, Fleld Loestian Materinl T
oo T A Soil or | Vege-
! shala i tation
P.op.om P.op.m.
B2ag. | t_.___. 12.7 miles north of Hardin on | Darkgray clay, 0-8 inches_ _____ LS e n
rosd down east sida of Big |
Hurn River.
B2LF5. | E. PR A gtragatus bisaleatns_ . 0
B2, . _ )4 am:]es north of Herdln on road | Yellowish-brown  cay | loam B I
(1!‘1‘,(1“ east side of Big Homn mized with shale, -8 [nehes.
\er
BM3ar . WO PR Stanicye pinnala_ . I T 2
BRI .. . F3 mlles past of Hardin 68 rand 10 ) vllowish-browa olay, -8 inches_ [T N
Ly -ll'D}'
BRI | 8] Stenfeya pinngfe. __ .. ... [ _______ 2
b2 LIRET IR O SN mller. sotthenst of Bardin on | Yellowish-brown clay loam L 3 L S
dirt rpad running seuth he- mixed with shale, (-8 inches,
tween U. 8. Route B7 and Big
Horn River.

Baad_____ R SAUUPUEY [ J U, Stanlepa pinnata 50
BA4E A___._ | 1845 nules narthwesl of Hardin | Dark-gray cloay mixed with rof- LO [aeaaa
on Whitman Coule: rond. ten gray shale, (-8 inehes.

Ba4d | e 9.1 miles sputh of Hardig oo T, | Yellowish-brown clay leam, 0-8 3 [
&. Houte £7 and 0.3 mile wes( inches.
of highway at foot of breuks of
the Little Big Horn River.
R2I4___._ Gl O Young Russian-thistle li‘n-mvr(ng ........ 1
in and edjacent to soil.
B34S o] Tomees L.8milessoutheast of Crow Apen- | Dark-gray clay, 0-8 inches ______ [ I
er on new road to Busby. .
BAMG_..._ [ R Y. . S Young wheat growing in and ad- 1
jmcent to soll,
B21157__...| Ri15__.| 44 nile sonth of monument on | Yellpwish-brown clay loam, 0-10 2 .. -
Custer’s battlefield, 15 miles inehes.
sonth of Herdin.
BasE. o2 F U DR 1 BT 7 SRR . o1
BaMY.... B 4.3 miles somtheast of Crow | Gray c]as'. berren, -3 inches_.._ - I TR,
Agency on new tond ta Bushy.
B2LMB. ... Ba — Sa{:‘ebmsh growing 25 feet from |.._. ... 1
B [ do. -_.| Yellowish-gmy powdety materi- [ R
al, 3-6 inches.
B3R [+ S T do Tientonitic materisl mived with [ I
gray shale, 6-18 inches.
b 5:J: 7 SN s WO R, T Dark-proy shal_f:. 18-30 Inehes .2
B2I3A2 . .. 2. 1.2 rmlu.s southeast of Crow | Gray clay, 0-8inches ... ____. - I P
H Agency on new road to Bushy,
Basd L 12l LT Gumweed growing in ond 6d- ...l 1
. Jacent to soil,
BRI .. L P 5.6 miles south of Crow Ageney | Dark-gray clay, 0-8 inches______ J% 15 I
| on . 5. Route 87,
B2IBA5. . 13 LN AlTa]Eadgm“ ing in soil, not ori- | ____.__ 1
i Rule
B o | Mo 5.1 miles south of Hardin pp U7, | Oray oay, oot irmigaied, 0-8 1 s
8. Route 87, inches.
B2I357F e MRy & 1 S —————— flsrrnyglua bianleatus, not imvi- ..} 260
: wated. ’
B3R 14D o A0 e e e e e Young Russtun-thistle growing jo.......] 3
H adjacent to soil, oot irrigsted. |

' 'Phe selepium content. IR bused on the Alr-dry weight of ihe samples.

1614540 10

—
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TABLE 1.—-Selenium conlent of soils, shales, and wegetation from Montana—Con,
BIG HBORYN COUNTY—Coutinuad

Selenium n—

Lahomtory. Field !

No. o, Loestion

Muteriul b
Soilor; Vepp-
toshmle | tation
- |

Bowse |
BRA3B0. |

B2izsl
B21362

B2l383

BX3ug_ ____
B0}

B2157L.

1
Bo3vR. . i
BT .

B2ISM
B21375..

B3 ..
BNam._ .

BNITE. ..
B30

BoAG. L
Baas .

Baigga._ ..
Bnasa_. .

B21381 ..
BN/ 1

B2I386 ... |
Bassy . |

B2ags
BI3Es

B213wn ..
Bxam .

B2i3gd ..

i
i
I
i
i
1
b

B21395___.
B2iang

I 3a .

LT
e

i5h.o._-
1 R

& yurds wost of No. 14
T

P T U
L5 miles southienst of Garryowen
ott ald road to Busby.
08t
.00 ndles seuthwest of Lodge
Girass on road up Lodge Grass
. Creck.
| T < S
- 167 miles seuthwest of Lodpe
Grass on rond up Lodge Grass .
t Creek.
18a. . el
11 miles south of St, Xavics on
rend to Soup Croevk of] fleld, |
do... - |F

P20, ___ o6bd milessoutbeast of St. Xnvier

on road ta Lodge Grass,
W .oode. . H
2. - 28 miles sputhenst of 5t. Xavier
© oY rowd to Lodge Grass,
iI 34 miles southeast of St Xavier |
on rond up Good Luek Creek, |
-e.. dao i icemae .
8.2 miles west of Lodye Cirass on
* road up Good Luack Crevk.
¢ oo do em—e
N o 1 miles west of Ladge Crass on
¢ rond up Gand Luek Creck.
2. . oda .
25 L 17 mailes porthwest of Lodge
v Grass on road up Good Luck
i Creck.
R - B
238 miles porthwest of Ladpe ©
Grass ob road up Good Luek
Creck, 4 miles sonth of St. .
Xavier.
| do ... ... .
744 miles south of Lodpe Gross
v on T. 5. Route &7,
Shoooode L

=T T
2% .|
i
:
I

i 1.8 miles soathwist of Wyols on
rogd to Antler raneh.
.. . do I .
' 6.7 miles southwost of Wyol on -
;  road {o Antler ranrch.
LT | e L
Veedoo o L
11 meides sputhwest of Wyola, 1
{ mile north of Antler ranch.
300 H
oy
| fonch on rend over divide be-
twoen Littie Big Horn River
and Lodpe Grass Creck.
s | de . L .
32 1 14 1piles  soothwest of Lodge
© Crass, ihen § miles enst on
rondd  over divide herween
Ladge Grass Creck apd All-
ﬂu(tfnr Creck.
__.do.

" Young whueat .

Astrayalus biswlentuy . . -
. Yellowish-brown clay. 8 8 ineh.

1
) ot ] i Popom.
Gray cluy, irclpated, -8 {nches i
Yuung wheat growing sdjncent
ta soll, frripared,
Youny Russtan-thistle, frripited, .
Yellowlsh-hrawn clay, 0-R inehes. .7

.
[
t
.

|

I el
Gray elay wmottled vellow, 08 i A
inchos. | :

¥oune Ruossinn-thistle within 15
feet of soil,
Dark-pray cloy, 8.8 fnehes ..,

LB

o5, praoveiiy.
clafragalus spo_. o LLL0
Straw-yeliow hentonitic insieri-
A, ILe-4 feel, |
Gray day, -8 inchey.. . __

Astragatus blsufeatus. .
my elay, (-8 inches _ ..

» cAatrugatus sp

Tight-brown clﬁ_\'.'ﬂ—s'i'nuhvs .

- Guinwaed .
! Rrown olay lonm, -8 incheg

; Gumweed growing g amd mdja-

cent to soll.
Yellowish-brown clay, S nehes

o Hledysirnnt cineruscens |
Huavy gray ciey, 8-8 inches

CGumweed L

Gray ¢loy, 0-8 fnches | ..

CQumweed. | | L

{iony clay, -2 fﬁéiws; brown
clny, 3-8 inches, ]

" Youbg Russinn-thistie growing |

in nnd adlacent to soil.
Durk-gray clay, -8 inches

. Gomweeg

Matiled yollowish-brown clay, +
B inches. i

P Hrdyzarum cinergrcens ’ .
. Mixed prasses growing within . .

13z feet of MNo. 29,

: Dark-geay clny, 05 lnches |
| Gumweed. ..

Arown cley, 0-8 inches, some |
gravre! on surface,

- Quinweed. .,

Gray clay, (-8 Inches ...

Gumweed
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TasLE 1.—Selentum contenl of soils, shales, and vegelation from Menlana—Con.
RIG HOKN COUNTY—Contlnued

'
G4 miley sunth of Wyols on UL | Iisrfegray eluy, -8 inches

" Dark-grty clay, 5-8 inches.

" Young wheat immilk_ ... ...
: Dark-groy cley, 0-10 inches.

Muterin!

Soilor l
shale i tation

Selenfism fo—

Vepra-

( et .
Yolowish-Lrown
inches,

\Wheat, greain ip tailk .

Durk reddish-brown c}ay loam,
6-8 inches, developed on Koot-
enai (7).

Tdlay, 08

{ledyparan clneraseend. .. _.__ ..

Dark-pray clsy, -8 inches, not
trrigated.

cAsfrappius bisulcatus, pot ezl
eated.

AHeMs srowing 5 fect from No.
36, not irrigated.

Dnrh-grav clay, -8 loches, frri-

'.\gun,g wheat, irtigated. ...

Alfala growing 2 feet from No.
37, irrieated.

Trark-gray clay, 08 inches, some
gravel present.

Youny Russing-thisthe .
Dark-gray  ciay
rotten shule, 8- inches,
Gumeweed ..o .. L
Dark-geay elny, (-8 inches .

Gamweed

Stenleye plonale oo .. H

Yeliow clay loamt, telmed with :
roticn shate, 6-8 inches.

Fredysarion ciaerafeens . ‘o8 {

Yellpwish - brows colsy,
inehes,
Gumwesd. .
Drark-prav clny " gnderiain b}
wray shale, 0-8 inches.
i Greasewood ool K
! Yellawish-brown olay, 0-8 in-
ches.
Stenleyu pinnala .. . L
Yrollowish - brown c!s), g !
inghes. ,
htrugutlas igulealns .. -
“ellowish - brown clay, 06
inches. .
.. Gumwoeed .

Lisht-gray stit loam, 06 inches |

. Youne whest.

‘“b{]\fgmw !:.\i::}l.d : Louition
1
Hefaos L[ 32 ...
&, Routc 8V, then 4% miles
wst uf Pags Crenk rond.
Boagy, o 8L )L do
B2t400.._. | 38 ..} 17" mitos south of Hardin on roud
south ip west side of Big Horn
Rtter. -
i3S 1 U— . T Y TSR
BAG2. .- 35, ... £ mzlcs south of Hurdin an rond
sopth up west side of Big Horn
River
B2403. .- b S . [
T TN B | . 16 mi)es south of Heordin on
rond to 3t Xoevier.
DaMs... 1 8B ...} . .d0 e ol e
B0, [ 3Bb.LL) oldo Ll
BI2MRT_ j r S 58 feet west of No. 26..- .
Dridos,. ) 3Fs . L Lde Ll
BIGE . . 37 cede o ool Ll -
Bot41o ...0 38 . | 182 miles seuth of Bardin on
road to 3t. Xavier nnd 1 mile
(‘ust uf road.
gl | B8a.,
paste L lee T s mihs west of St. Navier in’
breaks of the Big Aorp River,
B4 a. . do .
BEl414. 10 __ 152 miles nortbesst of
on nld ropd to Crow .
Bels . ddem, L] 0 de L. - i
matdls | 43-_.. | 20.61niles northeast of 5t
on ol road to Crow
b2 11T Y i N I ) Y (R ;L O [
B2sg. ..} Ris f miles wogt of Crow Apency on
new rosd to 5t Xavier.
B0, ...] Rlb6a o .
B8 Tt 42 . | gbg mifes west of Crow Aguncy :
on nu\ road to 5z, Xavier.
B2i419, | [ 43 . 4
T T L R T3 milcs southwest of Hardin
on road #p Twa Logein Crevk,
B21421 ... | 480 i
B21422 4 1. 1953 Toiles sauthwest of Hardin
on road up Two Leggin Creek, |
B4 L) 48 do
B4R L | 45.. %013 miles southwest of Hardin
on road up Two Leggin Creek
B4 | 458 i
B21226 .1 46, .| 24.3 milcs southwest of Hard
on rosd up Two Legein Creek
to Fiy Creek,
B4y ) 465, .do
nongz L) a0 s miles sonthwest of Bardin
ont road up Two Legpin Creck
te head of Fiy Creek.
b33 E 1N U 72 U DU« |
BG4, _ 0 BI7_. .| & miles west of Hardin on ¥, 8.
: Rnum B7. :
BXI63 .. . Ritef... .
BAGE., .. Ri8. |4 mi!cs w1 .4 of Hardin on U &.
Rogute BT,
BoGy...| Rifa. J-. ... [ 2 P
B21168. | Bi¢._.| 5.8 miles west of Hurdinon U, 3,
Route 87.
Baueg, .| Riga__j___.. L« TP,
Boufo. . f RGO .
B21171.... RN, 8 miles west of Hardinon T 8.
Route 57,
B .. Ra . __.dde
Bonws. .. R2ix 9 mmiles west of Hardin « on U, §.

Routa 87,

Light-rray cla}' 1218 inches .

Westerps whest grass adiscent to
s0id, -

Yellowishk - browa clay, &6
inches.

Afachaeranthera pulreruienie pd-
jagent o soil.

Young Russfan-thisthe .

Yeilowish - eray clay loam, 0-5
inches,

Oryiropis albifforus . .

Gray totien shale {rom rowd oot
10 feat below top of ¢at. 1

. pI. m.i Fop. a

mized  with | 7

i <1
- R
% <1
. <t
i
' .
B 70
.8 .
. <l
.8 :
Lol
LE DL
Y
- S
116
1 .
50
I S
<1
-
. i
. 1
B
2
3
: IR
i
L3 e,
i
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Tanue 1—Selenium condent of soils, shales, and vegelation from AMontana—Con.
B1G EORN COUNTY—Contigued -

i l Belenium in--
' 1
Lab&rgtor.\ F\I%M i Lovatlon Malorisl
* Suil er | Vepe-
: i shafe | tntion
! ' . -
) o pom Fopom,
Tt L) B2 ihomileswestof Bardlo on 1,8, ) Lighl-geay, mottied with white, L+ 2
Haonte 87, i elay lowm, O-6 inches.
Rim._|... .[ AAsfragaius boywlvalyy ) o0
Re3_._ st of Bardinon U. S, Yellowish - -pray clay lonm, 05 ] I
b ioehes,
Ri¥a b Stawleya pramate ... kIS
R&gb.. -t latragalis hiw!wtus. uimut “itn o T
feet from soil Mo, t
B, EXe.. e Tragopogon dubins. .. ... 0 . | 5
Bas6, i o:c SN lﬂﬁ::i:gess\\l'stufﬂnr{.lumn .8, i Gray clay Josm, 06 mehos. .0 H H -
oute ,
Bansl Rida_ .. cees - | Senecio inbeperrinmy . . . e !
BOISe. Ro6x_ . on I, 8. | Oray clay shaleat df.]}lh of & fect ! L3 ———
Route 87 - inent brstde rord. s
B .| R3%._.| 16.3milcs '-\ wstof Hardinen U. 8. ° Dark-gray clay loam with pyp-1 25} _____|
Route 87, suni erystals hedded in it, 0-6 1
i imches,
B2tis4 L oLodoe o . Sanlepa pinnala_ ... n 15
B21i85. .. d *! Purpenting woed near Stailepa 1. 0 5
Boigs. . . I Hard dark-groy shale, 10 feet ! 5 e ..
i hﬁlq“ junetfon with yeHaw
BINBY. . Fissile gray shale, 12 fept bidpw {5 .l
. juortion with 3(_1!0“ shrle.
B2I8S.___ Yeliow shabn streaked gray shont [
I 5 fret above No. 27y,
BRESAL ) Bk o dol .o Yeliow shale pbout 5 feet sbove § o3 .
. vellpwish-pray shale. H i
Toplog | e | "ﬂ}:m;!usmmtmﬂhmm en .8, | Dark-eray sl lonnr, 06 inches 5 .
oute 57 :
Beiwr_ ) REp. | 23 miles west of Hurdinon T 8 I Yellow sii degr, 0-6 invhes. [ .
b Route &, H
FERTEL ‘ﬁ&m.-, . .do b Alafragadfis Diswdentus | 1, 180
B3 ... RiL__.I B iles west of Hardin on U, - Motthed grey silt lommt with ' 3 _
h 5. Reoute 87, I efervescence, 0-3 inches,
B2 Ritu__r. . do . emeocoomeaoo. o chatragudis Sp. Erowing aearby 1
D29, ... R3%x_.' 24.2 miles tof Bardio on U, . Limonitic Jayer in yollaw shale, H R
j 5. Rontke §7. I'nfcut Isclow torrof cut in rond-
B2l ..} RE._. %53 gﬂe? v:si,st of Hardizon U. | {_‘Imv it dow, -6 toches. . . AT eveniaan
' . Route 57, i
B21197. .’ RM. 2853 zﬂ:ies: “St?bt of Hordin on L. ' Yellowish tlay loam, 06 inches. [ TR
' ottte 87, ;
Beis._. .| Rs.__ 236 miles west of Hurdin om U. : Yellowish-gray ¢ viloage 0-10 - 2 ___
i © 5 Route 87, + _ joches. ’ :
BE190, .do aeiiam.mmsa . ...... Lepume, lonz flower spike . 1
B0, 134 mites northwest of Toluea | Yellpwib-brown clay.... . ... &5 _.._....
. stution on old roed to Billiugs.
I 1
YELLOWRTONE COUNTY
- I ; i - -
DL___ . . ‘.31.6 miles west of Bardin on U ¢ Vellowish-irown  oay  infyed L0 2 R
: Route §7; then 13.3 milvs |  with rotien shale, 0~E inches, -
' qouth un rosd lo Bosuvais | [
. Creck. ; '
B2437____ Ia dn. L humweed. oL [ ' [
BU438. _ L 2.l 3l {imtles wost of Hardin on U * Yellowish- hrown clay, O-Smchn.s - [
: © B, Route 54 then 9.2 miles :
I sopiti oo road to Beauvpis .
. Creek. ¥
B2439_ . 24, do ccee Nondftye pinnata.... . s 0
Bho, RS(‘_-,I 32 m}%es wegss “of Hatdia on . Darkgray silt Ioam, -6 tnchas . I
3. Ryuie 87.
321201..-_. Rai. __I 33.8 mmiles west of Hardin on O, - ..... [ 1 P .
' ' E. Roote 87. i
: ; d ________ . Sapleya pinnate. . ... ... .- 550
: R38___! 35.5 miles west of Hardin on 07, Dark -pray clny loum, -6 foches. ¥
. ¢+ B Route 7.
B2i%d .. Rafa ... .do Crested wheatprass. . I
B2aes. . R30x i 37.9 miles west of Hardio on 4. ¢ Ferraminpus shiple nthase of pale- R
i &, Routr 37, . }c!iow sandstane. ' N
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TasLe 1.—Selenium contend of soils, shales, and vegclation from Mentana—Con,

YELLOWSTONE COQ

DNTY—Contloued

Salenjum In—
Lubg[rg‘ton F&%lfi Lyealion Muterial ]
Boil gr | Vege-
shale | tation
. ; . Popom | -p. I
T, | M40, { 30,7 miles west of Hordin on U, | Gray-brown sandy  loam, U6 X 1 I
i 5. Reule 57, inches.
B2, ... mm--;. -.do ereeneiwen ame Dzytropis albiflorns..o o L s =1
BH2E. . | R i o, | Asfrapaier sp ..o L -2
Borage. | war. e miles wost of Hardin on T, , Yellowish-brown snndy lomn, e
i B Route §T. {6 inches,
B2iddu.....| 8......t NE I NE If see. 8.1 2N, R. | Billings clay, 0-8 inches, not ieri- ol oL
S E., on I-lllm.!c\ Fx[k,rim{-nt gated.
- Station farm.
D244 T FRO SR | |+ S Alralfa, not irrlgnded ..o U
Bz .. .| db.....}. Ldo s weee| Gutnweed growing adimuent o {0 1
soll, pot Irrgatad.
Belsd. .. {4 ... 100 feek south of No. 3. .. Bﬂliu;[:ia clay, (~B inehes, irri- - LT
featen
BLEIET N B oo e QO ecvimeccacanaa | Al Derfpated ..o E 1
B21445 .. 4bo___. s |+ T I!nrlc\' ;L:é'g\.\ ing ndincent to soll, Ceee . 0
Blddh. .. _ B.SR mil& e{lbst of Worden on WJ, 5. ] YelInwish-brown cls 7, 0-8 inches.] A o
vizbe 10, g
BhT... B ool e aiiis caaienm. wme .t Young Russlo-thistic growingy » s}
in and adjacent to soil,
BA48. B . ?.Emilcs(lmwf Wordenon 7. 8. | Gray elay, (-8 Tnches. ... ... - 1 P
nute 10.
By, L . do . .| Gunweed. . .. 0
H24RD .. 5.4 miles south of Balieniine on | Park-fray clay, -8 Inchigs, te A U
road to Fly Inn. veloped on Berrpaw larmation.
BA46 . L Ta oLl do, . | Glumweel. ..o o 1
B21452 .. A miles sonthiwest of ﬂuutlc} on | Yellowish-brown l..h\’ lonm, 08 N
i uvounty rond from Huntley to inches.
Billings.
B4sS. (1 Ba._...i . do ... _ieio oo oo Qumweed . .. 1
noesd... 1o, .| 7.3 miles south of Laurel on | Gray clay, strenkpd with alkalf .3 .
county road up wess side of
Doriz Creck,
BA4G5____. R o0 e e Clumwredl O 1
B4z ] 10007115 miles southeast of bridee § Yellowish- Brown cla) jenm - .
seross Yellowstone River at cd with rotten shale, 0-B
Duck Cresk. inches,
BEM5T oo Wy - 0, e oo | Alfalln b 1
BIldsE._ .. m...__ 7.0 miles noriheast of bridge | Yellowish-brownelay. 0-8inches | -
across Yellowstpne River at i
Tiaek Creek. :
B2u39. ... ita... _do 4 Wheat lo milk__ E <1
B214&0...... ) 112 miles southeost of br!dge Yeligwish-brown clav loam, 0-§ N .
across Yellowstone River at inches.
Duck Creek. :
B2I46] _...| 12a.... Wheut in milk. . . i . <1
B462. .- 1B 1ke mﬂes ‘ot of inlerseetion of | Gypsiferous shaly ~ sandstone, [ .34
| . 8 Route § and T, 5. 30-30% Moot Below lopal F.a;Jo.
: Route 10 at Billings. sandstone biufl. '
Bi3%5. . RliI__| Vi milp porth of junction of U. 8. | Dark-gmy clay containing gyp- | -
i | Route 87 with U. 5. Route 10, sum, 06 inches.
6 miles north of Billings. 5
B3 ctdea e clstragaius adsurgens ... i 2
B2463 .. i 133 miles south of Shepherd on |G ray elay, 0-B inchus ... : -4
i ; county road to Huntley. i
B2l ita ! 0 . L e e o e Guamweed. .. e . E]
2 . 4 miles north of Shepherd on | Heavy gray clay, 0-8 inches, .2
¢ county road. ntkali crust on surface. .
{... do Gumwsed. . <1
i miles west ol Shephcrd on | Gray clay mettled witk slkali, 4 R
; cotlut) road to Actan. 058 Tnches.
ot voung Kussian-thistle L e 1
RE! 0 :n{ies sonth of Roun(iup on | Machaeranthera pulrerulenta on . o
+ L' B, Route 37, Bearpaw formation, :
B21468. .. 17 .1 7.7 miles west of Shepherd on | Gray clay mixed with rotien | N -]
I eounly road to Acton. shale, &-8 Inehes.
B2470_ ... 17a_. DR Fledysarum cinerpscens .. . . 5 ... - a
B4 18 .. 14,3 miles west of Shepherd on | Groy elsy mottled yellow, 0-8 ! .3 .
! L.ﬂul‘lt\ rond to Acton. inches. 1
BALTE L 1Ba ... | Astragainr bisufeatus . 15
B2I4TI_ ... 1.3 n.u!cs northwest of Aeton on | Yellowish-brown clay igam, 0-5 1 R
! road to Comsanche. | inches.
B21474 Wa_ .y _ ..o, 3 Adragalux bisifeatus. o el ]l s &
B24Y5. ..o ' 1 nrile sonthwest of Comanuhie _ ¢ Gy cay, 0-B inches
Bal4mg | 208, e 00 e Gituweed.
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TuBLE 1—S8elentum conlent of soils, shales, and vegelation from Afontana —Con,
YRLLOWSTONE COUNTY-—Continued

Laboratory,
No.

Laeation

Material

Belenium in—

Sall or
shale

Veue-
tation

BT
R24TE.
B2 ...

B2i4ED ..
Ba481. .. _

BI482, ..
BI4S3.

BZ480, ..

By e

B2ugz
B2

BIL5.

a.. .

Bh4%6. __..!

B214u7 .
R2i404 |

B2

3.8 mils west of Comancho

P T L
10.1 miles southwest af Coman-

che on ecouitty romtl runaing
south 1 mile cast of county
line.

do
“15.1 muiles southwest of Coman-
che on Toad sputh to Canyon
Oreek.
do..
214 mmiles west of Blllinga o
Canyon Creck romnd.

do
193 miles vagt or Blllings ont
8. Route 57, inn ent east of
Fryor {rerk near former site
of Mifflin station.

Light-brown clay, -5 inches. .

Aetrayatug bisnleatus. .

Yellowish-brown clay loam, 0-8
inehes.

Axtrogatus bistideatusy
Yollowish-beee o eing loamn, (-5
fnches.

slrtragnius adxurgens. ..

Vellowish-brown sandy loam,
08 inches, on shaly zandstone
at rimy of canyon.

Hedyaarion cinerasceny,

Yelfowish-brown _elay lopmm, |
0-12 inches, typieal exposure
of Telegraph Creak femation.

Yellawish-hrown

stone layer, $-5 (oel.
Yellowish-brown  gypsiferous

S0 yards porth of southwest

. 20 feet cast of No. 3. camrenees..} Blllings elny, 08
i i

50 feet south of northwest corner | \ Bfimgs cloy, (-8 inches, not

eorner see. 17, 1. 1 8.

eatln

JROIGE.

e

see. 30, T 18, K. 25 E.
L

P20 fect east of No. 38

' Sanfeyr pinnata

+ Alfalty mrowing in

sandy shale, 14-15 feet.
7 Stanfeyn pmnam growing in
No, 25.
growing 40
feet west of No. 25 in same
shale as No, 251,
Billings clay, 0-F lonches, oot
irrigated.
soil, not ir-
rigated.
inches, irel-
. gnted. X
i Alralin in suil,

growing irri-

irrigntued,
| Gumweed growing in snd with-
i in 10 fet of sofl, not irrigated.
Billlngs cloy, -5 inches, irri-

Wheat in milk, irrlgatel
Gumwecd growing 1% feat from
snil, irrigated.

! 0.1 mile east of nortbwest cornor ‘ !'hlllngs elay, 0-10inches
E.

see. 23, T.1 5., R. 25

ratten shalc '
just sbove lnminsted sand- :

P.op.w.
0.2

.7

T

F

B op o,

ROSEBUD COUNTY

B23
B2y
B212i5
Ba216. .
B2l ..

Bh2ig

B2 .

B2,
Bz

Ri3__.
Réd_ __
Rido..
B45.._
Risg..
R46...

Ri7x__

| Re3...
i

r RiS__.:

I R-iQa__I_--

;

§ miles south of Ingomar on
State Rond 39.
2 nriles cast of Tngomar.. .. . __

18_miles north of turn esst of
Davidell.
of Ingamnr.}

i Dark-gray

Dark-pray ciay, 06 inches. __ ._.

psum, 06 inches,

uc.‘memntﬁcrn puirerulenin |

growing in soil,

Dark-gray clay éiecked with

gypsnm, 0-0 inches.

Western wheatgrass adjacent to |

soil.

g¥psnm, 04 [nches

15 m1les north of turn east of | Derk-pray shale with red sur-

Danvidell.

100 yurds south of No. R4vx

8 miles north of turn east of
Davidell.
dg

faces, about 10 feet below tap
of 20-foot axpasure slong creek.

, Dark-gray clay with pypsum,
develaped on No. H4?x, 0-6
inches,

i Dark-gray clay containing gyp- :

s, 0-0 inches.
\Il\ed vegotation (8 differeat !
kinds}.

clay  Aeeked wilh_

} Dark-gray clay ﬂecked witty
{Turn 24 miles cast |
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Tanve 1.--Selenium content of soils, shales, and vegelation frem Mentans—Con.
ROSEBUD COUNTY—Continued

th{miow Locution

Selenfnm in—

Buteriat - ’
Hnilor| Vese-
shale | intlon

RE) __
R&i___{ 3

4 miles north of turn enst of
Tinvidell,
miles south of junction of
uworthi-soarth  read  cast  of
v Baviden.

i rad

BIEM_ . __

Gray cisy, spoticd witli reddish-
yvellow materisl. 8-0 inches.
Dark-gray eluy containime gyp-

s, f-0 inches,

i Roln. .1;..-. Ao

Stant I

growing insoil.

TETON COUNTY

naest ‘ R?é'f__ .v\.i:rpn‘.w:_;mmehl'g 83 ¢ormer sec.

CHNLR.BW,
1521258._.-_1 s -.l a{)vards balow No. RTSXo o

i R‘n’?._.‘ Approxmmte%) 0.2 mile north
: of BEY corner see. 19, T 24 W,
| R4 W,
BIeBLA 1
Bhad .o

BRIsE_ I
H21515, LM N, R,
B2151t..

TE W % corner sce. 9, "B, 26 N,
Y

B21AIE .. .
Bowsie L R 5(4 see. 29, TN, RIAW. L

BIa20. ...
B3
R .
B2IEE.
221524
i FLs T
. \'\\?’sec "9 L N.,R AW
Lodo oL e

Mo,
bE% s,

BT ENIRAW J
;\‘\\‘% see. 7. T. % N
Coodel. Lo i
Sonthwest coroer sec. M, T, 24,
N, R4 W,

do .o aeaaa s .
NWise. 0. T. 26N, R.3W.
B35, .

B2U&ST L

T i 1 T .
bt . NEiseo. 25 T 25N, RAW

D - PN
3401 . Nibksee 0, TN, R AW _

BMHI ...
R2i542

J A
.f Worthwest corper ses. 223, T, 25
N, R.4W,

B215138 Coodal Ll L

R34 NWI{see, 270, TN, RIW
B .
B21SG .t
BaMT. ..
BRHE __.

S“’}/ﬂec 3,T. 25 N,

R.3W- '.

1. .. \eorthuest co:ncr sec. I T. 25

N,

SR Lo RIS ¥ T+ | N

i Chouteny ioam, 0-8 inches.

Rotten shate sbove secpagc_,___,:'

Dark-gray oiay, no shale cx-
posed. 0-6 inches,

Aatrageing pectinatus. R

Western whontgrass gmwing_ in -
No, R78a. .

Cheutean loam, -6 inches. ... -,

Wilddris_____.____. .
Burten cley loam, deep phase,’
0-8 inches.
clatragelny biaalcalus
Ashuelot  gravelly
inches.
Gumwsed ... _._
Aahmiotgmwilyloam J“amp)'
phase, -8 inches, Bo eravel.
Gamweed | .
Cnt Bank silty clay loam, (-8
inches,
sxtrageius pecttualns:
Immmiune seeds,
Leattels. . ...
SLL‘H}.S .
Roo
\Iorton gruteliy lonm, mm.h
phuse, 3-8 inches.
Astrayeing pectinains I
;g:rﬂel;j !m‘mll 0-8 inches .
Typien ve .
Gumuuﬁlm e
Baloville lonm, 0-8 inches ..
sisfragaius bisulcatus ... -

lonm., 061

Astragalus pectinatua. .
Cut Bank silty clay leam, 0-8

inelies, with alkali erust. .
Asfragalins pectinains.
Srobey lgan, B-8inehes, boaklers

and gravel. :
ctalrogitins pectinaing . :

Burton clgy loam, decy ;}hn:,u, :

08 inghes.

Aatragafus bisufeatns .
Boran clay loom, dich phn_w\

D-8inches, bouhdersard gravel,
Aatragalne bendeatnsg
Burton clay Ioany deep phase,

-8 inches, :
satragedus biswleabud. ool :
Choutenn  loam, 0-8  inches, !

gravell» bt no boulders.
Astvagalus hisulcatuy. .. ... -
Buflsto losm, &-8 inches,

breaks of Teton Hiver,

t AAalragnina pectivatus

Seoboy loam, 0-5 inches,
Astragalus p:ctinuma.._._._ P
Jordin lgam, -8 Inches, in fallow

cld. .
salrayafua peelinglux
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TaBLs 1 Selendum content of soils, shales, and vegelation from Montana—Con.
TETON CGOUNTY—Continued

Labomtery: led

Selenium in—

o Lacstion Muterial
No. ~ Na. Soll or | Vege-
i i 1 shals | tation
J F.om. {5, p. .
qi,lkmt'nbro:m clay, 50 foot be- ;G5
. r e s T 3 trw top of cut. :
G . F 18 SW i see, 80, T, 2 N, Ro2W_, Gypsain e T
Iron eonetetion._. _. .
Pssi... P10 L D NWisee. 30, T N, RLEW L Joplin silt loam, 08 im.‘hv.a, ut .
H top of breaks of Muddy Crenk.
B2Iss2_ o i R Axtragalus peetinatus. ... L. ..
BIISS3. . .. | 20.___ So%thmbt f‘omer sac. 21, .25 | Scohay lowm, (-8 inches . . S
iw. -
B2is5H .. 20, - TR —i.grizgmlm Peclinatus in wheat | ______ 1, M0
B21555_. 0o [ T, --| Wheat partly beaded _.. . __ .. |..____ ]
BMSSG . .. [ 21, | 3Whisee 5,1 -.| Morton icam. gravelly phuse, % IR
-8 inches.
B3I557 ., 1 PO <1 T cameemeena -] cliiragalus peclinatus . .. m—n ]
Bnsl. .. = L \urth\\ uSL eorner see. 25, P2 Feoboy slity elay lonm, O Rinch | & fooeo o .
N. R, e5.
B2IESS. . [ X - - A Astregalus pectinatus. . .|, 30
H2E? || BRYR Appromx;aﬂ.l} R\‘\\’“mrner sag. Seobey olay loam, O-Binches_ ___ . I SR
Bomdaz .| Riss o ce e cmewooa | sistragalus pectingfus_ ... ... 400
B2rwd,. . | RiSh B 7 Thermopsis gunwlecerfo prowiog 4
in Astragaiiia pectivatus.
B ] SWig sec. 26, T 24 NL R.3W. | Scobey sty clay lonm 0-8 mches B .-
RII5GE. 2in .do Asfragolns bizuleafus. . . _f___._. 30
B2oss D] Approximately W3 eurner see. Scobey silt loam, 0-6 inches .. .4 ..
15, T. 5 \., R, & W,
Baoeg .| RS0 o s eeeeec e mmmes | Genyisi-brown oiny loam, 6-18 L3 I
inches,
B21967 1] L., Yullowish-brown clay  loam, 3 I
! 1830 inehes.
Baiogs b He? ..o Yellowish-brown  oluy  loon, .3 .
: ST inches.
B2i% P OHSM el n ] Astragade pectinatus prowingin b L. i
i this profiie.
B2asG2 ] Nt}{tl&e{s‘s} eorner 5o, 9, T. 3 M., | Beabey silty clay loam, 08 ineles_ .
B2 Ma do . llatrugufua peclinatus, . ——— =0
D2i564 a5 Southwest corner sec. 5 .oy NA. Beobey silt lomm, G-8 mci:es, ——
R.2wW. boulders an surface.
Br1sss 254 do Whentmefle .. . . ..l 2
BH21THY R& Appr&ﬁ{nntely S‘k cotror ste. 8, Scohey silt losm, 0-10 inghes_ . PE- 1N S
iy e Bo 2
piyiticl 1% -\ppr%\:ma‘t\olyRS% corner see. | Seobey silt loam, 06 inches ... .B
LWL R2IW,
B2 .| B8 .elo Astragaius bisulcalus. [ Fits
B22wm, | R8a. . | 0.1 il cast of RE1 in Tond cut. Raw clay 20 feel below firce, B[
velowish-brown mottied ciay.
Boops.. . | R8Ba. .| ... do._ .v!.;:rayul‘us pectinalus prowinzin | ___.__. 520
ank.
BSG.... | 2% - ] BWiisee 3, T. 24 N, R.2 W__| Scobey ionm. G-8 inches__ ... A .
BAMT.. 26g LLtOl Ll L L ssfrapalus peclingtea. . ... s 530
B2 .. .| 27, .| BEMsec 2, T. 25 N, R.2W_. | Scobey slit ioam, rough has-r, .3 J.,
-8 ‘inches, breaks of Telon
Rncr
pilak b7 TR PR Ll finatus, o ooooooo. [P, 490
DEv). Eal bE‘a '%ec. a3 T es N RIE WL, Scobev silt Toam, 0-8 inches.. 3.5 | ccer.
BYNATL, b O L JAMregaius pectinatus, . . it s
B212375 HEG. Appmnm:t!el\ SW. corner see. Seabey silt loam, 06 inches_____ B3 O
3, T 23N, RL2W,
B2, . 1 HSGa o e wmae Young wheat oty adjaceni solt._ | _____. T
B2INT. Hish B0 e meema——— 'is\trag-itfm pectinatus 23 feot from 517u
o. RRG
Bai5:2 i I Suutlu\;ii'gﬂ corpersec. 6, T. M N, | Seobey silt losm, 48 inches . ) N [
BMI5TE. . Mk e ceme o Whest in milk_ . . 3
Bxsy. . L 30 Centersee, 23, T. 24 N.. R.2W | | Duifaio joan:, (-8 inches. | I S,
B2A75 . s L do. Astragalus ptctma!ua._ e immrmae————— 320
B2576....f 31 .. qa{_:i:%nst cx\)rner see. 21, T. 24 | Buffalo stany toam, 0-8 Tnches . L3 eeeen
i . R.2
: L1 TR ! Asiragelur pectinatus o0
BQI.—‘:‘;‘S a2 .. ‘:o{theias; corger wec. 2, T, 24 ! Buffale stony loam, (-8 lnches .. Y
v H.3WL
L2519, ... 3% .. . e L - sAxragelus pecivatur, o, .. .oolia .. 250
BNSBO___ 33.._.. NEW sec. 12, T, 25N, R. 2 W.  Jophn siit ‘oam, 6-8 inches, ;op I RO
© " of hreaks of Teton River. ;
B2ISI.. ¥a .. do___.. e r—— - ——n e mam U Astragaluy disuleatia ... ... [I—— 1 310
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TabsLe 1 —Selenium conlent of soils, shales, and vegetalion from Mountana—Con,

TETON COLUNTY—Continved

I
Lu'mrutury
No

Fiald
No.

Taxmtion

Mulerinl

Belenium in—

8ail or

Ve
shisle

Lation

BRISEY ...

DI156E.
B21584. ..

BIESL.
BIL58G..
BR58E .

BA8E .
Bl

BHE0L. ...
Bafsey 1

B2508_ .. A
BaisH L

Ba1swh. ...
B21506. .
B0 |

B2
B21&0

BRI, .
2602 r

B2IRE. . .
BUG0S
Bmeni. ...

BR&Ng ...

B21600.
B21610 .

Bl
B21612.

BUIBIS. .
Baswd ..

Bsis.
B2IG6

BELHLT
B2BIE. .

pizalinli]
BoTie .

BT,
B2lG2N.

B2iea . ..
BIIGX.
BHOZS
B21671

BA6T2.....

R21i4

161453

. du_.....

7| ¥ortheast cormer soc, 25, T. 26

. .do
Northw LSI}L‘OI’I’ILI’ see, 30, T, 26

. do .. ..
S NEL; sec. 25, TN,

R < .
NiWiisec, 16, T. 25N, R. L E.

- LAl e varamee—eaom
.| Worthenst teroer sec. 9, T. 24

-.‘\E[I:rmunnmls ‘S rorner see. N

Northeast ‘:.‘omer see. 0, T. 25 .

\'h comersec "7 T, 26\., R,

Na,u sm.l 55 T. 26N, R.2 W._
Y 1 D e
R, 1 W,

‘}:‘i; mme@i‘s&-’.' 25, T. %6 X, K.

hur‘ltitl:“-éstgomer sec. ..;, T, o8

'\". R.2

NE 54 Dser. 28T 25 N R2 R,
R.2E.
R { | -
el mee [, TN, R.2E.. .
L . . ..
Wi oo, TVAIN, HOZE

do .
Eii corner ser. b, ’1‘ 25 N‘, 1.

. du e ma e
NWhiseer, T.5N, R L E.

B T T s
SHEiysee. M, T.MN, R. I W

N., I

e L
Northwest eomoer see. M, T, 24
v W,

o C e e -
WWhosee 2, T.UN,R.LE

Lo e e
Sl mee 14, T, M N, RLE.
ilo
S\\'}q sce. 16, TN H.2E
Hwec TN, ROIE] ]
do .

Northeast corner Sec. .'.B T, 25
N,R.OIW,

T, 25

_do |
. Southesst corner sec. 19
N, R.1E.

B mmmmm e amaa= i Asiragalus pectinatuy ..

40—3

P
Joplin loarm, 3-8 inches, gravelly

Wheat in milk
Joplin lpam, 0-8 inch

Astragalus pect

fus

_..P‘p m.

Joplin loam, (-8 inches, some
boulders.
Aahagulua pectinetuz

Jo

i !!l'S
Whent in milk. _........
Juptin loam, gravelly__

Russian-thistle. . .. ...

Ioplin loam, (-8 inehes, boul-|"

ders and gravel.

Wheat in milk._.__.

Joplin  slit  lowm,
=otne boultdlers and aravel.

Wheat in miik.....

Mnrias clay loam, 8 muhus.
no boulders,

Astragalus peciivaiur _

Murias claey loam, 0B Il'lt'llt..‘i.
gravelly with hatilders

Younyg wheat. ... ..

Laurel leam, -8 inches, pruv-
olly, sonn boulders.

shytrogoefuy hizndcaius

Cheyenne gravelly
inghes.

Astragalns peclinafuy.. |

Joplin  ailt  loam, 3 II'ILlI(‘S.
mavelly, boulders.

Wheat mmilk ... .- .

Inaﬁl, -8

| Joplin  silt loam, -8 lru:hes,

gravelly, fow houlders.

Aatragelus peciinatus .

Joplin  silt lomn, (-8 inches,
gravelly.

Guinwied,

Buffalo stony loam,
gmvelly.

Asiragnias peclingfuy. . |

Secobay silt loam, dark phnse,
¢-f mches, gravelly,
Asirogalus bisiticatis_

Scobcy stit loam, durk phusc
o8 mehes,

Asiragring bivafcales .

Beaboy silt lowmn, durk phoss,
-5 inches, goovelly, alkali
eTist.

Astragalua biaadeatis .

Seobey silt loam, durk 1thase,
(-8 Inches, grovelly.

Astrogalus pcmmr:u.u

Seobey siit loam, 06 inches.

Young wheat on adjucent sofl.
Scobey ailt loam, dark nhase.
0% inches, slightly gravelly.
Astrapalus pectingtus ... .

Eeobey loam, 0-8 inches. .,

Axtragales peetmu.rm

Seobey sty clay loam, dark
phasc, 0-8
honlders.

| Wheat inmitk_.._..

Beobey silty einy loam, durk ©
phase, {~8 inches, lime en-
crustation an pravel

ln luarn, 0-8 Inches, same |

-8 inches,

inches, gavel and -
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TaBLE 1.—Selenium ronfent of soils, shales, and vegelation from Mentona—Con.
PTETON COUNTY—2antinued

Labomtur&
No

Lacatian

i Selenium in-—

Malerinl
i

|
Sait or

YVige-

shale | ation

BH675
B2V
BT
B26TB..__.
BT

B21680... ...

BMaEZ.._.
DH6R3.....

Bouesr..

BlIBES. |
B2168p.
BNGM .
Bxga1
Barege.....

BI6S3. ..

BAGM... ..
B26e5

Baess. . ..
BGYT... .

HAER ..
D216, ..

B21700.. .
BT _ .

'N},Asec.s TN, R.9E

B2
Bmag

B2LIM
BMI0G ..
BILT06 ..

B217G7. L

B8, .
BN, . __

BAUTIO ...
Bavi ...

Baya L
B21713..

BaITI4.
21718,
B21716.

SWigsee. H, T.25N., R IE__.

ado oL
“'54 voraer see. 19, T. 235N, R,

do
I\meersec R TR X o

NE}:’ e, a, TN,

tlo .
Serthenst wmer see. #i, T. 25
3 1

NWisee. 10, T, 295 N, RL4 W

5
NE¥ see. 12, T 23N, R. 4 W .
. do el e .
SWi{sec. 3, T2 NLR. 2 W |
da.

NEM see. {5 T. BN, R.3W.

o [,
NEM=zec. h, T. 5 N_ R.2W_.

thn . ..
FEisec. ], T. 2N, R. 2W |

to_ . . . ..
Nbiylfsec. 0, T.JBN,R W

fn .
BWi{sec.22 T. 23N, R. L W.

do . . L .
NEM see. 25, T. TN, R. 2 W,

Codo L
SW see. 20, T, 3 N, |

.do.
SWI{ spe. 22,

R2E L]

\'E%m.zs T. .53\'..}1 §W_

Nurlllemt finruer ‘see. 2, T o1
sodo ]

\‘nrthwe«:t corner sec,
h“ AW

4, T2}

. Pierre clay leam,

Seobey silt loam, turk phase,
0-8 inches, lime-encrustedt
gravel,

Astragalus pectinatis . .

Lowry loam, 0-8 inches, linte-
envrusted ::mvcl
clalregnlus disfealss .
Scobey silt loatu, dark phase,

inches, litnp-encrusted
gravel.

Astrogalios peetingtuy, .. .
Segoboy sty eloy loam, rough
phase, 0-8 inches, lime-en-
crusted gravel.

Asiragaias peefinatus_ .. .
Senboy silty clay loam, rough |
phasy, (- inches, no pruvel.

slriragatus peclinatus

Senbey silt loam, clark phosa,
-5 inches, lime-encrissted
gravel, ;

slatrnpaing pectinalus. H

Benhey silL lonm, 08 jnches,
very little pravel,

Wheat in milk_. .
Hentanilic seam in shuIe -
Asragnius pectinning in shaje
Bainville lsm, 0-5 inches

Aatragaius .‘n.mrcﬂma. A i
tinaluy nlso plentiful, i
Lawrel clay leam, 0-5 inches,
lime strenks, no gravel, J

clstragaing biawicntuy i

1

pec- |

AMorton loam, ®8 ineles, no
pFravel.

AMragalus pectinales .

Fairfleld gravelly loam, 08 i
inehes, lime-enerusied yruvel, |

Astragaties peetinntus .

Morton loam, -5 inehes, !nne-
encrusted gravel.

Asfragaluy pectinatus, . :

Maorton leamt, (-6 uu:h(..‘ﬂ. no !
gravel. :

Arlragalis pecfinatus .

AYorton loam, D-% inches, pravel
on surfer,

Astragalus peclinatus. | .

Aoarton loam, 0-8 inches

clxtragalur bisplcaley L

Leurrel loom, slkali phase, 154
inches.

Astrogulies pectinatus

Laurel loam, aikali phnse, 08
inches, no gravel,

clatrogalus pectinatus_ . ., R

Yollowish-brown  clay,
inches, no Fravel,

slxtragalus hisuleqtus .

Fuirfleld grovelly ioam, 0-8
inches, lime-cncrusted graval,

Astrogaluy pectinatus. . .

Young whent .

-3

Fairfleld gravelly loam, 0-8 1

inghes, lime-encrusted gravel,
.-1arm;m.*ua Pectinnfuy_

Marton sondy lonm, 08 inches |
+ slsirngalus pem‘ma:m_u_ .

Marton gruvelly silt lonm, -8
Inches, lime-encrusted oravel.

Astragatux hisulcatus .

Joplin loam, 0-8 inches, alkall
streakesl.

Astragaiua bisitleains |

some shale, top of bluil,

08 inches, 2
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SOLLS

TaBLE 1.—-Selenium content of soils, shales, and vegetation from Monlana—~Con.,
TETON COUNTY- {aptinued

Luharatoery,

e,

BT

BT

BTN

BAOTw L

BT

B37as
BAgas

L2 Iy v

B2IvEs _
B2y
B2i740
DNy
BT

B2iT4d
Jiarrts

B2745

! 8slanivin n—
F\i-“[:d | Location Materlul
oo, Boil or § Vage
! shaie | tation
: IP B LR P
SI:L_._- NEM see 1,7, 22 ;\., R.1W. atragulus pectinates. . . 1, M
e oode 0 © Weathergd goy e, 5-—5,4 5
. fect, 5 feot Delow No. BI.
P do L Asfmgu:‘usznc.‘.mu!m I 1, 130
[ do toniticvlay, S8 feol, yellow] 8 i __
stn‘nkcd
i iray shale, 151538 foot, ;.,y;:sum LA I
ant! itmestone.
! Morton grnvelly st loun, $-8 A
ineftes, fellow fold.
- R | '} ' 'ls!myru'u.s predivafuy ______ . 4. 020
i '~\\‘¥4 e, Marins ¢lay logm, 8-R inclios. aiua
R 'Y ls:‘mf.mfmirmn'mz‘us _____ 180
SEy see. CGroy clay, =8 inehes oo ' .5 . ___
~de oL Astrageaiis bivelogtus REEH
u:hnasg corber see. 36, 1 Grmian elny loan, -8 inches R
Hussinn-thistle. ... ____ . __.___.. i

Barme.

BATT
Bot48

FLMA TR

B0 .

BNUTS
BMTaR.

T21yas,
B21TH
BAUTES

BN7TER..

B21750.
Bawan.

PITHI
HEITH2
BT
B2TH .
BANFES
PRTHG.
R2ITRY
BHTES
B}

B‘.!I 7.
B21TTS

BT ... 1058

¢

_ clatragniugs hisulendnx .
_} Scobey lanm, -8 inches.

Gumrwead . oL __
¢ Bainvilie silty eloy luam,
inches, some gravel.

1 p— tli Nmyzr!us divuleatud. . Lo L. .
2 __-_I W gep. ! bmlm\-llmmn, 035 lnches, fitthe P
| rrave :
[ S 1) v statrugadug Wandeutny . g
Lavre! lonm:, nibkali plmse, B4 E S
N, i:. i E, o Anehws. ;
. du ______________________ Chnweed oo .. +
, RUp Badoville doam, 1520 ineiws, [ T
wmotiled yeliow, from diteh.
Bin.. ..‘.... ciatragaling biyelootur_ _ - bi:]
IR !.r‘ \s e, 13, (:rm.' rotten stnle, 0-8 inehes pan
[l N . cletfapaius bnu.‘meu.r R I 7
D SEY see. 15, - Morton gravelly silt lonm, 08 | [
inches, wheast ek, P
; 1Iarm.::m‘|¢s Piotinedus L. _ .. 860
i R Youwe wheat. ... .__ El
VET L BW }4 see. 3, Pivrre vlny loam, muumhme = L I
: . inches, lime-encrusted gravel,
‘ GTa datragadis pectinatos . .o o.. 123t
Fairfleld  gravelly losmi, (-3 R S
{ foelies, el frripated, Dime
d enerusted eravel,
fos S R K - __| <latrugrivy Shenteatus . oL . . ]
ash Al el T1 Gtunweed . e 2
s R ortligst 6 nersec, i, Fadrtiohi *m\lltv Ionm N W wen
o2y, inches, 3 (eol from No. pis,
irrignted
M .. . do Adfedfs . ... 5
R PO A R Ctinmwend Lo c———— . . 2
MR, NW see 0 LN L2 W Faicftekl i,ruwliy Tloam, ik [
e,
R 1 e mmmam A afrugates pectiviatus_ 1]
\'4 COTHAT SeE. o, T, Hrowy oley lowin, 0-5 fnohos, R
T, over shallow suadstone.
W [oeee 0 e _mni:gnfuv p)e_cli'l’:;uh;: mmmeceeeey e s Al
" Sandstone, ¢ nehes, 2L ..
AN R m‘i‘ morth of No. .. {“ol‘t yollow shile, 12-21 juehos '
[ L N 4 O Axtrigeluy poctioudas L. ... . ..
[ L - ‘-'\\Vsue BT 22N, R, 3W ¢ Fairlleld  gravelly loam, -8 : 2 -
| i inches, oot irrigatud,
oMM e Ll cstragulus Bseiooras, ool [ PP 2
aiil.
; 11T N L . S i YcungiRussnm.uustlf, not irgi- .. 4
H v mnbee f
T MM 10 feel east of No. M8, _._____.| Fairfteldl  gravelly lowm, -8 Vs
: inches, irtignted,
- Whent in mmilk, irrigated e ieas &
Young Ress ssint- thisthe, frriented 3
Fairliekl pravelly im\m [ I S,
1 inches. ’ .
_________ [ N F 1 7 11 1 F BTty 4 0111 3T 10
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TETON COUNT

Y—Contiaued

Fleld

Luh:)\zr‘l;'lor)‘ . Lucutinn

R2ITY. ... mn___,. NWI see. 36, 7. N, RIW..
BYNTIS.. . Wb, _i_____tit.... __.

Raiz0 | L} WLl SWIE see. 36, T 22N R2W
B27E) . lﬂ?u H0....

B2ATEL

HMTEG ...
15}

naes
B27ED. .
B |
B2l -
BIITW
B2aing

B2z |

B27us.
BHTUE L.
B21sk

B
Tndss, L.
R2IM6. ...
BT

Bhwos
B2709. .

BN800.....
B8N
BLRAE LA
BRSNS ...

BB,
Basoa

Bhbos L
Hasar ..
B0 L
BN

Bswo_ .
BARH.____
Baig2 __
RZIBI3.....

BYI81A .
Daigis____.
B218iba._ ..
R28i7_.._.

BIISIB. ...
B28iG. ...

B2I820__._.
BRHEN._..
B8IR___ .
BIEM. ...

B .
B21836_....

Materind

Selenium fn—

Soil or |

Vopa-
shule

tntion

Fairtiekd
trichos,
_.Attragoins pectiunuine .

grovelly  lonm, 8-8

P.op i
5

[ o .

130

Fairficld  gravelly o, 0-&

inghas,

R73n
RTib

Ridn .
116 ..

Tifin. .

nrn.|

1. |-
ng, .
{ 180

1

1
14

e,
120 .

124n_.

'wa see, 5, T. 23N,

SEl{gee. 1, T 2N, R AW, |

SB}{ sec. M, T
do..
E}’ mrner sec. 12, P

E}; r.-orner sec. 95, T,
3W,

TBRNL,RAW
NN, K.

2L N, R,

coden e e
SE% sac. 25, T. I N, R.4W

%%:ec' 5T AN, R4 W
\’F.’/ <et. ib. "I‘. 2 \‘

do .,
NEL spe. 38, T 22N, H.OW

.
w ’/ e:omer seg. '13 L DR N‘, .

._-._de_ e m—————. =

RS L J U

&ppr{%ﬁlmately F}/ enrner Kee,
17
R.iW

1S \\"y sec. 34, T s 1\

‘{“'quc 0T NLRGW
N’\\’% sup. 34, T2 N R W

|

NEX see. 36, V22N, H.6W.

..ode

Northwust eorner sce. U5, T. 2
?\., R,&aW.

R.5W.

S D ¢ T .
NEY see. 2, MAN., R.8W
1 0.

51 mr-né_r sec. 18, 7. 28 N., R
“

S\\Vaee %, T, W N, R W
. (0

cii-.}/'deec 15, T "6\}'.,R 3W .
PRI |2 PR

Roaw

do .
S% corner sec. 43, T 24 WOUH T

Astrogulug peeliialys. o __
Lourel cluy loami, G- inches,
sypsum erysialy in sofl.

Lnurel slay loam, 0-8 inches

slytrogaiys pectinalus.._ ..

Morton losm, rough phase, g
inches.

latragalis pectinglus .

Buinville loum, (-8 incles_______

catroyalus pectinotuy . oo
Bainville loam, -8 inches
sAstragains pectinaluy
Bainvitle logmn, 0-8 inches
Aatragaiuy sp .
Morton gravally lnam. stutdlow
plinse, G-8 inches,
sdxtrogatua prefinalys |
Fondern sandy inaimn, -9 inches .
Jlstraga'us peclinalue . __
Hainville lonm, (-6 ineles. ..

AAstragatus peclinatua, (.. . .
Yaoung Asfragalus sp., growing
wijneent to No. Ri2.
Asfrogalus bisuleatus. ... —
Bemnville sandy losm, -8
inches.
Aalragalus pectinatuy. . .
Bainvitle ioam, pravelly phnse,
-8 inches.
sletragaius pectinatus. | .
Rainvitle oz, 0-8 inches. .. ...
Russian-th L\rle I
Fairileld  gravelly’ -4
inches.
Astrageita s .

lonts,

donl finte-anerustad gravel.
Cuemweetd ... .

pravel,
Axtragreius peclinaing . |
Worton sHE Lo, $-8 lm‘lnes.
lme-enerusted eravel,
Astragains peetingtus . S
Choutenn loani, 8- inches
satragaiuy -pfctinnfrw
Teddish-brown sandy ', o8
inches, probabiy derived from
Kootensi fornation.
intragafux pectingfus
Greendsh4roy elay, 1 12-24 inches.
Red sandstone, 30 inches. .
Choutenu loam, 0-8 inches_ _...

Gumweed ...
Laurel loam, 8-8 inches . ______.

~istragalusrsp. ...,
Bainvlie Inam, 0-8 inc
Astragrlus pectinatus |

O
Laurei loam, 0-8 inches.

Asiragaiur peclingius_ . ____

Gressawood.....

Lauref leam, -8 im.heq, ahun- -

Balpviile Iamn_, 08 Inches, no |
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TaBLE 1.—Selenium conteni of seils, shales, and vegetation from BMontana—Con.
TETON JOUNTY—Continoed

Lahoratory
N,

Lecation

Materisl

Selenium In—

Buil ar
shile

Ve
tutinn

Bmexr___.| i

B"’IS.S__ .

B

Northeast corper sec. 3, T.
R. AW

SEB‘{lsec Z,T.BN,.R.6W.._
S“"iéfsuc‘ W BN, R 5w T

Morten lowm, graveliy, rough
phiasa, 0-8 inches,
Asfragnius peclinatus_____ ...

Jstragalus peclinatuy in shule .
Tanrel ioam, 0-8 incles
sistrogoius peclinotuy _

Oy sandy shole, 24-30 \mchies..|

PONDERA COUNTY

BIig40. ...

LEjis 1 R,
B2I842 ..

B"'IB;_
B21673.
R2I87
BRISTS
21876,
HMET7. ..
B2IRTY .
B21880..,

BRIses. .
H2BRE.
R2REH, .

L2888 ...

Br1989.
BRRMO_..

BRIBOL___..i

-Southeast coTner sec.
R.1E.

Seuthenst corner see. 14, T. 28
v w.

NEX see. 50, T 38 N., E. 2 W..

P ¢ U PRSI

SWiisee 13, T.28N,R.2W,
!

R Y
SE}% sec 17, T.S N R.IW.

Cde L .
SE}sec, 14, .28 N R.IW

S“éd{sec. M, T.28N.,R.2E._.

'Si%i see. 36, T 85 N, K2R L
0
W

see 34, T
W dysec. 31, T.
sw;, see. 34, T. BN, R 1E..
SL%sec 35, T2 N, B 1 W,
\hyqec ST ENLCRAW
qu see. 46, T. AN, R.2W _

.o R
SWif see 33, P NLR.2W .
da ... ...

-Smnizwest cornier sec. .!ﬂ, T e
AW,

da L e e

< T,
!\E,;sec.4,’1‘.2i!N..R.2\\'.,_.

o, R
w %corner sec. 8, T, 28 W, R
x\\'y;'séé. TN, R WL
N\\%'mc LTV RAEL
do.. .. R

Seohey siity eluy looin, -8 inches_

slxtragaltix bisulemiva . _.
Oripan cfay loom, 08 inclies. .
Asirgpatus Bistiicatus. ..
Joplkin loam, 0-8 inches_
Autragalus peefinnfus. .
Joplin loum, -8 inches.
Astrogaius Bisrcdeatn. oo
anhn sandy loaun, 08 inches,
no gravel.
Aatragatus bsulealus. oo ___
Durwon cloy leam, 6-8 inches. .
Cumweed...._
Orminn clay loam, dark phase,
0¥ inches,
_Agtragatua bisulcatus
Orman cloy lonm, -8 incles
siafragaius p:crmams
Inplin lonm, 0-8 inches
clatragoing mcmiu!'ua .
Joplio loam, 6-5 inches_.
strapatus pcctmnlu.n
Joplin saody loam, G-8 inches .
Artragaius *pechnrrms e
Joplin Ioam, (-8 inches,
Alatragaius 'ped:ﬂafrxs P
Laurel loarm, 0-5 inches .
Astragaius pectinatus
Seohey losut, 88 inches
sstrapalus biscuivatuy .
Bcobey loam, (-8 inches
Astragalus peclinniux, | .
Seobey loani, 0-8 inches.
Astragrius birufeatus. .
Joplin loam, 0-8 mches.qi:ghtlv
Fravelly.
latrapaius bisulcaluy .
Groy motthed olay, 2450 tnches.
Vailer siity elay fonm, dark
prhnse, 0-8 inches.
stxtragatus binuicalus e
Rurten clay loarn, 6-8 inches ...

Jntrasoius bisulcatuy_ .

Ormman clay lonam, -8 mcl.es.
gravel oz surface.

Asztregalus bisuleatus .. _____

Inpiin sift lonm, -8 inches, &
jittle praval an surfuce.

Astrapaius bisulcatus..,

Joplin fourn, -8 inches

Southenst corner see. 13, T
7 E.

1 slatregafua peciinalus

- i Mottled proy clay, 20-36 inches. .

L 32, T2

L

; SVcornersec.ls T E:F)f.,R,i

! Joplinsilty clay jonm. 0-8 inches.

_1 Aixiragalus pectinatus. . __,_.__
18, T, 27 | Joplin silty cluy loamt, B-12 mchesl

istragelux bisulcotus
Japimsllty clay inam, 6-8 in
' Russian-thistio
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PONDERA COUNTY—Contingod

. ]
: ¢ Selenticn lu—

tha.rator.\'

NG

Lieation

Muterlul v

1 8nfl or | Vope-

t shale

BIge2, ...
BMaes. ...

RIS .

BoaEns.
BIBMG.. ..

D2H0E
B2uge
Bhont. |
B .

BNWS . Ha.

BN .

BNy
B2isos

BMoGo
B2oin |
Bi=a LI EN

REpHe

Brg

BaGHy
B2is . asa

Bhwia

DGy
B2iB18
Briny
Bgag

B

B2iom

N2, L -

B21956 ..

B"!QT"’

B1OTY
BT
B2I975 .
B2AWE

D267y ..
B,

B29TG ..
BIIOSH _ .

B2I188L ...

d5

k]
i

: .{r

35&\____"5
!

N TR R, .
. \\'_T\;,“gnmer seo. 38, T, 28 W,

SF}’suc 1, T N.,R 2.
S}"’mrﬁur su0. 15 ™ N‘.'R. 2

1\‘"\\'% see. 6, FL AN R2W

[ [
NW ‘4 ste, 10,7, 97 N., R 2w,

i South\u,at corner see. 3, T, 2%
NLR.AW,
o
\V corner see. 4, T, 97 ¥, R
4 \\

.. o
SL; curn(-r see. a6, T, 28 N R.

: r.i

gl .

1 NEYsee 5, T. 2T NLR. 3 W

.t b

hﬂrth“ oL COTnEr SO0, 15, 1, o7 !
N, H. 3w,

.. i .. i Russinn-thistie
S“"‘ s, Il]. T2 N, H. AW R

Lo .

| NELy see. 2T 2R N RLE WL

. a

. ! NEY see. 26, T, 20 N RO WL
oo de

Nortl;;u{tgt cornier see, 2, TN

Lo do .
VEL moe, ST AN, L 8WL
. il

Y4 corter see, 6, . 30 N, R.
A,

R

i Bainville lonm, 0-8 inches
" Barley hends

\\‘;s:‘cx?l TPLINL LW,

. o .
! SW"-{; soe LT HNL R.IW,

. o
! Bouthwuest \c\urnvr see, 83, T, A0 t
)
(in
f

\%ﬁcorner see. 5, T 30 N, R, I
i ‘

--r

,\'\\z.;m 1, T.30N., B.4 ¥

—._..do. e iniiae. ..
NWiisee. 12, T.30N., B, 5 W-
o del

[ [ T .

© clsfrageluy peclinatux

© Aatrngatis bisuicntus

1 Toplin lonm, 0-8 inches

- Asfragalfux peceinotis

© slstregafnx isuiontus

. Artragniunx bivdeatus
. Jopln loam, 0% inches.

Burten clay loum, -8 inehas, _
Aafrapalus disnuicatuy
Rurton ciay losn, -8 inches .

Jlatragolus bisgleatuy . .
Jopln lenm, 08 Inches, \ors'
rravelly,

sAstragaluy pectinetus

Joplin lonm, -8 inches. |
atragafus bisuteatus . .
Lazrel innm, (-8 inches . ... ..

Astragatuz bawloatns

Seabey loam, -8 inches. ...

sAutragalus peclinafus . . R
Seobry silt loatn, -8 inches, no !
praved. |
Asragalux Bixeleofus A
Svohey sit lostn, 48 inches. no I
gravel.
Gumwyed. .
‘-‘.mﬁn\\' lostm, 0-12 inches, goav- ;
v !

|
cotwy Ioatn, 0-12 fnches |
Astrigulus peclinatua . '
Ponchern tnsin, -8 inches ‘

Srotiey silty clay loam, -4 inchus.

Scobey Inmm, P-B inches, shun-
dunt gravel.
Astragalns blawlentus

Axtragalus bivuicatis .
Joplin sandy ioam., 0-8 inches.

Marton lonm, Sull ererusted, .
erovelly phase 5-F inches.
Aatragafus peclinatus

SAefragnlns pecltinatus

- Williams lown. 6-8 inches.
sAatrogedus peclinatia .o
Laurel lonm, -8 Inches . _
AAatragalus peclinaius,

Scobey fonm, 0-8 inches .

Rephey silty vlny Towm, 0-8 inches’
Astragains hixnieatus ;
Valier sty clay foan, #-8 inches ;

cAatragaliea bineleotus
Blul‘jmm ETRRS
Joplin lonm, 0-8 inches
AAxtragains bisulcatus .
Joplin loam, 08 inches. . ________

.-isrmgnhm Bisuleatus
i Ponders fine sandy loam, 0-8
inchos,

Asiragaiux fisuicatus
Yaller silty elay loam, -8 :nchﬁ.
fiot frrigated. ’
Alfnlis, nut irtieated., ... -
-la.!m;ral'm Bisulcatns, 35 foel frnm
No. g, not irrigated.
Valier sflty efay leam, -8 inches,
irripated.
Aifnlin, irrigated . __. .. ...,
Valioy cia}' lonm, 0-8 inches_____| -]
Aa!‘m;m!u.! pectinatus ... I

P

tatinn

P, |P pom
. 4.5

150

i, 580
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TapLE 1.—Selenium confent of soils, shales, and vegriation from Montana—Con,

PONDERA COUNTY

“—Contlnued

Lahurator _\
No.

Locution

Belonium in--

Matorind T
Boil oy :
i shale

Vepe-
| talfon

B21085 ..

DL
B216g7

BhOSE

BR2108L ...
B219W0,_
B"IQGL-.-

L bl
BOIARK. .
BXOH,
B0,

B4
R220i5

X0 ..
b plets
BENS L L.

ame

Baagls | .
Bt
piyavin
BENXY

Hoveg

R
B3

Buavag, L
BYIMO...._

Bdl.

BIxM2 .
BXHH3 .. .

S}f‘_mmer see. 2, V3N, RS
L.do oL
Northwest corner see.

N, R

8, T,
LT N, HOEWL

_..do
S“'!-?' E
R4 '\\'

R s 10

I\"\\'d 14 soe. 58, T30 XL, R W,

N\\ uc J25, TN R.5W.
Ed fee. 6, T2 N, R W

~o§th“ est corner sov. 2, T, 29 N,
‘i;r'wz sec 4, T AN, R2 W’

] . .
NEKsee. 2, TVAN, R.2W

. e o
\\‘%‘{_;nrner see. 24, TV N, R

d
Wi ,‘ we 2 TN, RO W

NWsee. 22, T.HWN,R.1E

I\\\%/«ec.i TN, RIE
(L1100
- ‘\%{theml.corncrse:..ﬁ T8N,

;\"'1-:%: see. T P RN, R2E

I D -
NEwsee.?, T. K, R.ZE.E
foet cust of 3.

Looda .

BEY spe. 13, T BN, R W
do . ..
WEMNsee. |, T.2%2 N, R.1W

o .
NEY seo. M, T.30N., R.1W

N‘r’.‘}éscc. 3, T 30N, R.2wW
E}{ vorner sec. 20, 'B. 30 N, K¢
28,

bE}zscc. 32, T.301? '..R TW

SE}s ser. 17, T. W N,
&0 fegs north of No. B
fla....fo_ e
Lk Center ser, 1, T B N K. W

P e . L
FWE ser. 10, T 28 N, R, 8 W

N\\'H see. 3, TUBSN, RO WL

R.2 W,

Seobey loam, 0-8 inehes. oo

Aatragalua peetinafie. oo ... .
Valer sIty elay loam, §-8 inches

Gumweed.
Valfer shity eluy lcmm, 08 inches
stragulus eulcatus .
w:t;hL} silty elay lonm, =3 1nchos
Aatrayulus blsuleaties, _
Seobey siity clay Tonm, 0-8 mchasl
latragelus birulcatns. :
Valior sty cluy lowm, §-E im:ha;
stafragafuea hivwdeadua_ .. .
Vaulicr silty chny low, 0- ) inches '
clatragalux bistleatus ...
Ashuglot  pmuvelly loam, o8
incies.
sstragaltus pectinatus,
Ponders fine sindy losn, 0—8
inches.
LAxtregaliun profineiua
Jopliv sundy loam, 0-8 inches
iatragains peclinatua
Jotdin sumdy donm, -8 tachies.

Llatragalus pecfingiug.

Jupiin lowmn, -8 inches
statragains ;Jcc!umhrs .
Tierre cluy tonut, 0-5 inchey .

catragedis bisuicafus .

Juplin louw, 4-8 imh;s, lkuli

spat.

Axtragaius peclinatua.

Burton Llu?} lonm, 08 inLhes

sdstregalus hisnlcatns

Joplin losm, O-8 inches

Gumweed |

Joplin Toam, 08 inches

Russinn-thistle .
Aostled gray elay, $0-70 inches

L Latregatuz bizuleolns

Joplin lonm, 08 inehos
slstregaluy Biundeatus.,

joplm tongu, -8 inches

CAgtrugeles pectinalus -
b Alottied gray clay, 08 invhes, in

badiands.

_.1 olatragafua pectinatus.

Jophn sandy lonm, 08 inciies. .-

L datrugalas pectinatug.
: Japlin sawdy lonmu 08 inches
 Alatragadns pemua(m

P Joplin fowm, 08 Inches

JEGuniweed H
- Joplio sandy lonm, 0-8 inches .

latragalux b:mkatua

" Pondern ioumn, O-§ inches, unt :

wrigated.

_ Alfala, not ircigated. :
: -istmgaiua iripuledtus, poL irTigats |

Pomlem joom, 08 invhes, i -’
gated. \

Alfulfs, irrigated .. .. .

Morton lommn, gm\oil} “phase,
-8 fnches,

Axtragalus pectinatus i

Merten lonmn, B8 inchay U

Llstragalus pectinatuy -
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Tapre 1.—Selenium content of snils, shales, and vrgetation from Mentane—Con,

CHOUTEAU

COUNTY

Laberatory,
No.

i
Field 1
No.

Lawenlion

Muaterjul

Selenium fu—

Soilar | Vuege-
¢ shiale | tatlon

ENs
B220%0

1321
RIa2
T30
BRUH

b L]

s
BroRs
BINEG
BrnsT
B220%8

B2xR0
NI

nmat
BR2s0 ...

B2
pibid.pite]

Buamg

___. dn . . .
NELYsee 13, T. 23N, R.5E

. do . ..
KWiisee 35, T. 23N, R.5E_.

1 Anprodimately N corncr';cc‘.
I N

SE’vfsec.ﬂ T.WN,RIE
S% mmur see. 22, T, pTy ‘\I.. R

N%"cnmur:»cc 30, 77UN

"

d -
"N corner son, 27 ALOETE
B E

do .. L.
W_E{Emmrr see 30, T 24 N, R
LI ="

ode o0
Solt\tvthwcsc corner see. 37, T. 210

4.
do .. . .
SEVWsee 36, T. 4N, R.5E
dn . S R
8% vormer see. 29, T, 24 N, R,
 do L
N corner sec. 35, T. 24 N, R,
4K
dn
N\\'_;{ soe. W T.HMNLRAE
dn .
N;f}g:rncr ses 35, T, 24 N, R,

da e imea aa
NE!see. 2t, T.24 N, R. 2B

do ..
NWiigee 16, T. N, RLGE

da
NWIg see. 32, T8N, RIFE

N.E,’d{nsuc. BT RN, RSE
SWL Se, TT.BN,RSE
‘N'Edinsl-('. HT.HMN, R4E
"Ui(‘ttj't above No. 10 )

60 feet north and 50 feel alove
No. 19,

do . T
N'E_‘i{ seg, W T WN,R.18

. da e
NW corner se¢. 15, T. % NL, R.

do .
SEI{ see, 25, T. 23 M. R.aE...
do _

Si{ mrner sec. w, 7. N., R

.

ode L
EWiisee. 3, T. M N, H.IE

do .
SWH see. 7, TN, RAE

| NEif See. 15 T. 24N, R.4E

Yellow-bruws cuy, 0-8 inehes _, -

Aatragalur pectingius

Yellovish-hrown clay Toam, 0-8
inches.

“Aatragalus pectinatus,

Yellow sandy lonm, 0-8 inches

Astrogains gmtmurua_ .
Yrllowish

loam, 08 Inches,
AAstrogatus pectinaiva

Yellowish-gray s Toam, 08 | 7 |

inches.
Slatrapatus Thedua
Yellowish-brown clay loam, 0-8
inches.
lairagaiux bivsdentnn,
Yellewksh-brown clay, -8 inchus
Slafregafux pectinafus .
Geay clay, {8 inches

Axfrogalis pectinnins.
Brown clay loam, (8 inches |

Ruxsinn-thistic

Durlz-pray clay, 0-8 inches
Gumweed

Birown elay, §-R inclies

<Letrngntun pectinafus. |

Mottled sy clay, 08 inches .

Aalrapgatur pectinaine

Light yellowish-brown vlay, -8
inetws,

sAsfragnlus pectinatys.

Yellowish-brown clay lowm, -8
inches,

Asirapalur pectinofua.

Light-brown  elay  lonm,
inehes.

AAsiragaius peclinotua

Dark prayish-brown clay, (-8
Inches.

Wheat in milk.

GOrayish-brown elay, (-6 Inclos

Russian-thistle |

Yellowish-brown elay, 0-8 inches

latropaius preclinntys

Tark-pray clay, -8 inelcs

. lstragaius prefinmtus

Dark-pray shale

Gray-brown vlay, 048 inches

-8

Yellw clay, W= invhes
Light-rray cloy, 1421 inches
Brow1 elay, 1H8 inches
Astragalys peclinatus
Grayish-brown elay, 08 lnches

Alfula .. _
Dnrk prevish-boown ctay, D3
inches,

o Antrogniue bisuleatus .

Yellowish-browe ey, 0-16
inchrs,
Axraogaius pectinafus. .

Yellowlsh-brown clay, 0-8 inches

Ripe wheat bends. ...

Light gray-brown cisy,
aches.

lstrapalus pectinatus. |

' Yellowish-brown cig s, 0-8 inches

b datragatus pectinalus

Gray elay, streaked with yellow,
-8 inches.

" Astragaius pectinatus. ...

rown very fne sandy |

. PR N
Popom [P,
LA .

]

A

o
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TarLe I—Selenium conieni of seils, sholes, and vegelation from Montana—Con.
CHOUTEAY COUNTY-—Continued

Labomtory| Field
X, No.
3 1.1 SR ! 3
B2210) .| 3In
NER-111 3
B dn
Ra2ing W
Ba

Brgs
BN . ...

BINNG ...
RENQS. .
13 a0y, <R
Br.....
e,
B .| 3
BXg . | 88 .
Bezip_ .| 382 .
Bxals. | an
BRG] #60n
Baair, L0
By L Al .
Ba2pig o 41 L
Bz 11a
namAn. 42
Huanoa a0 .
B2aim (43
BZUAM .. | 40
Ba21s. . o
BR2G .. | Ha
Bundy )46
B22E . . | 4
B22e . 1 15b
B2 . LU
Baaan_ ) 4fa.
iv...
E T
16 ..
BEMds. . 1Ba._.
Bomae. | 45,
BT b
Brnas. .| W
BInis .| 8a
B0 L1 @
B4l L &la. .
Bz | 82
Br4 .. ] 340
Baridd 8 L.
BXM5s ) 5
Bz | H.
D227 .| M.
naziie Aid
B2y .| 850 .
Ba2na) L |3

B22153.. ..

BaMaG. _

BXNa7..

B3R 60 ..
Brse. [LL: .

Belpnituy in—

16145387 —0—4

Ltwention Muterlal
Soll or | Vepe-
shule | tation
. ] Pop o 1P opom.
NWiisee 7,1 2 N, R, 8 E __j Graylzbh-brown clay, 0-8 inches 0.4 et
R R . ~—f Ctiemwwe - 4
BWifsee. 10, T 24 N, R, 5 E || Gruyish- brown c]ay 0-8 inches. ] .
Y [ P cAstrogolea pectinatus. . . - 1,1
SWlse T, T. 4N, R.0E \'t_\.llnl\:'i:alphmwu elay Toam, U-§ R B
itches.
NIE) - .| Antrogeivy pectingtus. .. _ . . 140
NWL, seer 15, FHNLUR O, | Mottled gray clay, -8 inches. . I B
Astragalus poctinales . R a0
VTN, R.7TE.. | Light yellowish-brown vlay, 08" I
inches.
do Aatragalus pectinates ... .. PO 7
‘REX sec. 31, T. 5 N., R.§ (rayish-brown sitt loam, -8 2 .
inches.
de e e | Astregalus pectinalur. L. ] L v}
Elses. 17, T.25 N, R.7E . | Light yellowish-brown Llﬂ\’ 1
loam, 0-8 Inches,
v ameena} Aatragolus pectinatux_. . . - 30
SEV see, 12, T £ N, R.5B. . ‘.1? Dt\z‘uh -brown clay loam, -F | U I SO,
nehes,
o R .. stragalia pectinatus . .. PO 4
\7 COTMer 580, 0 \? R.GE Light grayish-browao clay, -8 - T
inehes,
Code e e e slatrogaluny pectinafur. . . 3 . .. 1,020
BWA see, 14, T 25 N, R4 E | Yellow elay, 0-8 inches -3 T,
. do L L | chntragatue bisnlcatus . e . 20
SWig see, 13, T 20 N, R, 3 E | Urayish-brown clay, 0-8 inches ] .
do o Artragaing bisulcatis . .. . . 150
SR sec. 7, T. ¥ N, R.AE Crayish-brown clay, -8 [nohes. ] L.
Qe . L. ‘l.m'ugm'ux ,nerrmazus .. L
NE l; se, 0, T. 2% NLRAE <irayist-brown elay, -8 ingties. 1 ..
Asiragalur pecrirxatu.s . . . 150
Eh‘ cnrnu.rsre.-i. TN, RAR Gray clay, 0-8 inches | P
. do . e o Jni'rugn!ua pectingtus . . i
S\V}-j seC, 3. T, 27 1\"‘. R.AE ] Yellowish-brown clay, 0-dinclies N .
- .| Astropstue pectinatex .. . 30
do Blue grams grass 2
\“nrthv?;st COTTIT See. 8 T8 "\T‘, Giravish-hrown clny 0-8 inches AE L
do. s . Hussinp-rhistle.. .. . - u
W ser. 3. T8N, R4 E Grayish-brown clay, 0-8 inches 1 o
do oL clatrepalus bisnteatus . I 410
'SEl see. 19, T. 2B N, R, T E. Li‘ghti_lst'llow sendy loam, 0°R -3 .
inehos.
coadoe coieien oo oo | latragalur peetinales L. R an
EX}{ corner see. 28, T, 26 N, R. | Grayish-brown clay leam, (-8 1.3 .
BE. . Inphaes.
cl Astragalur pectinalya. . | 3a
BWi see. 6, T 2N, ROBE. | Mpitled gray clay, 0-8 inches 25 ..
d Anrtragalus pectinatus, . .5 20M0
NEL sre. 3, T. 27 N, R.GE | Drown clay foam, 0-8 jnches | b,
o, . o . .| Aatragalus pectinatus_ o 35
S}g’ Et;crm-.r set. 10, T, 97 N., R, | Yellow elny loam, 0-8 inches... oA ——
. da e iae s o -ma| Slalragniue pecfinetua. . R11]
SEY sec 83, T. 2T N, R, 7 E ..} Yellowish-brownclay, -8inches L T AP
de . ., . . .| Astragelus pectinatur. | ... 190
BWhise. M, T, N, R.YE | Y P“Dt‘: ish-brown clay loam, 0-8 A .
inches.
cooode o0 o ool | Astrapolua pectinatus |, .. 25
NEY see, 28, TSN, R. T B CGrayish-brown ciay, -8 inches’ 4 .o
oode o - .| Astragakur pectinatuna .., . <]
NWUY see, 25, T, 26 N, K. 7T E | Yollow clay loam, 0-% inches .5
_ A!!fnpniuaprmunfu: IR S _ 10
NI4 rorner see. 11, T. 23 N.. R | Yellowish-brown clay loam, (-8 [ T
5 E. Inches,
dgo . e e Astragoiva peclinafur. .. . 4T
"8EY sec. 7 NUROSET| Geayish-Brown eiay loam, 0-8 | 1
inches.
cnnC L L L Astrepalus peclinalys. L L L 150
NWlisee 33, T. 4N, R.YE  Yellowish-brownclay. (~Binches.’ 1 -
L . 1 Astragalus _::cctmn.'ua [P .. 10
X1 corner see. §, T. 23 N, B 10 - Brown clay loam, 08 inches . - -
__do e Aatrogalus bienlealoa, o o .. x



http:RE!-!sec.31,T.25N.,R.8E

26 TEOHNICAL BULLETIN 702, U, 8. DEPYT, OF AGRICULITURE

TABLE 1.—Selenium content of soils, shales, and vegelation from Meontana—Con.
CHOUTEAT COUNTY—Continted

Beleninm in—
Laboratoryi Field
/ - Location Matarial
Ne. No. Sollor | Vere-
shiale | tation
.‘-P.-p. mPopom,
BOMGD. . BE. .. NEMsee I, T. 23N, H. WE.. G;nglllsh-browu clay loam, (-8 [ DN
inches,
BBl __{dGla..l| ..dooo oo L Lo ) Astrogaius pectinatue, ... ). .. O
B2, .| 62, SEX sce. 25, T. 28 N., R. 10F.. G{a}'}zsh-bruwn clay leam, 0-8[ 3 ¢ _.___ ..
nches.
Bxa63___.| b2 _.f__.. . Asirapaiua pectinatea, . . . { . . 330
BB .. 63, I\E}{sec LA 2N, H.NE.. h.'llf]\]\'lsh -brown clay loam -8 | S S
inches
BXu6s.._ .l (3a.___|, Astragains pectinatus _.._
gﬂll‘ﬁ_“. Bi.... S“"ysec B, BN, RE | Brown Fln} 1!;:11‘:1,{0—81:1(.]1(,5
287, .y Ha L] L. Astragaius pectinofus. ..
DB2Gs __ t B5..... F?f corner see. 1, T 21 '\ 1L, § Yellowish-brown cluy‘O-Sinchea.
Bio.._j63a... | . do.._... ... ... .. . ... i Astragalus pectingfus ..o ..
B0, _f GG \!4 corner ‘see. 3%, T 21 N R, ! Gray cluy, 0-8 inches .
B25L.__ .| B6a... 1 Astragalus peclivetis . ... __.. R %
B2 .. [ 6T ... SE}{ sec. 29, T. 21 MR TSE D:ilr!.hgrnyish~hrown loam, 0-8 I PO,
nrhes,
Bongs 6. . doo. o oo iececo..j Ripw wheatheads ... L
Bena.__ | 6ib . Llldo. Tl LI IIIITTTTTT !Asfrugn:_iu lpccrmum«, 10 Teot
. east of xoi
113;22172..-. ggu S\\'_‘.(-?' see. 0, T 21N, R.I4E Iiufrl\ hgown c%nydll—a Inohes., .
.t ] PR PR i ¢ IR .. R Slatragafus pectinalug . . .
gnﬁ;..._ G I NWH e | TS N RIBE G Graylsh-browp olay, &4 faches.
2B (e . . do._ ... R L AMragniug pectinaties . ..
‘ggliﬁ.._. WL S\Ybi see, 3L, TV N R AR 1%rownfia\' Ig‘nm 08 inches .
oL31- | IR T | -ioedxfrageine pecdinatus . -
P28l {71 NWL quc 6 T. Q:!N R.IZR.. \‘lilnﬁv{sh -brown clay loam, 08
i irches,
nonez. | Ta ... Axtragalus bimdeatus_ . | . 130
Bz _fye. S“Vsec.23 T 93N, R.13E. !‘.nnlluw:sh -hrown sandy loam, N
-8 inches.
B221si._ .. 2., .. seeeis oo e s L) AMTepale pectivedus. o L] L. 191
J132‘218:;.... . _\’Eﬁfsoc. 1, T. 238N, H.12E | Brown glav loam, 0-8 inches . . __ .7 -
2AR6_ . ..y Ta.L doo ool L] Ardra uuspcctma.rua .. O IR £
Bﬂls?_,._iﬂ.._. L?Rrullvsnorth of Telon on Btate Gruyg-‘.hq{lt loam:, 0-5 inches. . | S
oad 29, 1
B2R8. .| Ta.. .. do. | Astragalus bisuleotus . . ... . 25
B22189, ("7 73 [ From 4 elevators in Rig Bandy . Composite of wheat Inarca ____| <.5
BIuo. . s __. meSrk-\alorsmForthtnn] Ao 1
): 2.3 1) DR ﬂ.-gtmtllenossdt of Blp Sandy on | Brown elay loam, (-8 inches. __. -
afe Rogd 27, !
it N T do. = .U Anfragatue pectinates, . .. ___ FUT L]
Brnoa. ___F78..0 01t :mées <ouRtheec.l\:st uI‘B1g Sand 4‘1:\110!\:.\ fine sandy loam, 0-8 1 m———
] on State Road 27, «  inches.
BrlM.___ | T8a.__.|.. . do .o Astragalua peetingfes PUN H
BIMgs. L T 16 Qnéih‘s woRur.hﬁasr nfBag Snndy Brown clay loam, 0-8 inches. . . IS 3 DA
' no State Hoa '
BX196____: Tha.__. Ay -do . Aatragalus peclinaiuve_ _ . B 20
Bingy. . =. 80..... 1nr1%:tlmsoﬁnh5m~w{ Big: Sand}' Brown clay loam, 0-8 inches . b S P
on State Hoad 27,
B2N9s. .. _; S0 .. : Astrugolus pectinafus_ . ..., ——— T
Broe_ __ 81 Fag.1 mgllt"i soﬁlthéust of Big Sand} Brown elay loam, 0-8 inehes___ | 5 {.___ ...
; on Slate Road 7.
Bmun_-_., Bla__.i.....do.. ____.__. I isrra;ru.’uapmmama ............ aaan 120
Bazooy ... 82 i BLQmSllisaouthgastorBigSandy ' Grn\;.sh -brown =ilt loam, -8 s
i on State Ros inehes.
B2 | 8., . do.... sAsragalus pectinatus . __ | ... 130
B3, . B3.... 3., 5r|%|h~<<(ﬁlth§astnI'B1gSnndy Grayish-brown silt losm, (=¥ RN PO
. on State Road 27, . inghes
Bmm.___: Bla.. 0 . .4.|fraguhu pectinatur oo |eao ] 30
FERCUS COUNTY
BAMH. .| Riba _'Zismih-s 1{:::-r(rjh of Lewistawn an | Astrapaluy Hualoafer. . PR . 130
taie Hond 10,
B21295. .. Rﬁ}'...! 11 mlllos nortl{l ‘({I' If?;-“équn 4 Dgrk‘g]ray \‘:l:ay,*lIa 18- 13():11&3 0.4 |oooe...
miles east of Winlfred, eveloped on Besrpaw
R . o Astragatys bisufeatus. ... | L 2
' 40 miles north of La\rls:town ‘3 Limonitle gray  ghale, 18- P I S
miles east of Winifred. ;  inches, 1
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TasLe 1—Selenium confent of seils, shales, and vegetalion from Montena—Con.

FERGUS COUNTY—Continued
Selenivm in—
thg(l}ltory Fhi:gid Location Materiul
N . Boller | Vepge
shale | tation
i . P.oon. (P.opm,
Boaps ____ Rog._.| 37 miles north of Lewistown, in | Llght-brewn  clay  loam, 0-6 LI T .
Vinifrnd inghes.
BRING . _. Ryva. | ___ - Axfragafus peclinglur. ... 210
B21300_. .| Rioo..) 25 m:]cs norill of La Dark-gray clay, developed on 2| _.___.
Stata Road 19, Judith River (2}, 0-6 inchcs
R0 | R100a_ |.o..doo. oo vereoo. . Cyntoglossum officinale. .
BNz R10. .| 22 miles north of Lewistown on | Dark-gray clay, (-8 fnches |
Staw Road 1%,
B2ia03_____ Ride. | ____ Austragalus sp. -
BAMK. ... Rit2a.| 20 mlles north of Lewist Astragaiuy bisulealis, ool
Stute Road 19,
BAMS..... R1ozh | .. L P .‘l‘irlruna!us sp., 2 fegt from No. |,
B21306. ... R102e. .o L T R Aafragalus pec!mntm 10 feet
. from No, R102h
B21307 ... .. R103..} 7 mfles north of Luwistown on | Gray clny de\'elop(_d on Clappett 1
State Road 19. (2), 0-6 inches,
B3R, Rivda.|.-—- do. Safrapalue bisuleofus t
B2130k_ _.__ R1H | 5 miles east pf Lewistown on | Reddish-brown clay, de !
T. S Route 87, on Kootenaf (1), -6 Jnches,
Baro...... B2 S T(L [ . S, Astragalussp.. . 1
B3 R105a.j 3B mllos southeast of Lewistown | . ___do.__._ - 1™
on L &. Roule B7.
Bz ___{ R05b.{ ... Hed':,rmrum cinerascens - il
BI1313__... 106, | 31 mlies southens: of Liewlsiown | Gray clay loam, 6-8 inch I ) S
on T. 5. Route 87,
BIA . Asirepaius bisulealus, . .ocoeian .. 0
BRis ... Qray elay lonm, 0-6 inches_ JE—
Bid6. ... SAsfragelus biruleatus_ .
BA317_____ Tall woolly Astragaius, roots in- | ... _. H]
tertwined with No. R107a.
BEE05.. ... Yellowish-brown clay luam, (-8 1 4 .
inehes. ! i
BIX6_____ ~Adfragaius pectinafus. . . ... oot 260
BT Yellowish-hrown clay loam, 0—3 L5 s
State Road 27, inches, ;
Asfrogolus DectinGtus_ . _ooooooili aianoe 470
Gray vlay, 0-8 jnches.  __.._._, P
_lsrrufm'ua bixulcates . ... [R— 4
Afottled rayeldy . ceeemeaee P I
| Astrogafus bizvleatua. oo R 1
43, Grayish-brown clay ipam. -5 1 O
Stlte Road 27, inches.
Brans. P« [ S cAstrogatus pecliagtus . 10
BI2215, 2.0 miles west of Winifred on’ Gra)'lsh-brovtn sangdy 1ua1:u Ny 1 -
road to Bear Sprmg inehes.
_o.do .. Astrogofus pecfipafug. .. o L] —eian uin
7 miles west of Grayish-brown sandy loam, 0-8 2%
to Bear Spring. inches., H 1
.. .| Astregatus bisuleatus . o]l ]
Vrllowish-brown clay Inam, 0-8
inches.

BIG. __..
BRI .
B2XIR_

t of Winifred
on rond to Denton.

R . [ TN

31.1 miles southwest of Wini-
Ired oo road to Denton.

R+

36 miles southwest of Winired
ondrond to Denton.

U |/ TP

3 miles northeast of Denton o

mad to Winifred.

_.do.

and Banoer Hotel.

.do.
3.5 miles liast of Denton on road
3
utheast of Denton on *

road to Brooks.
do

In Dedton, between Ed's Garage
b

: Astfregaius bisuleatus .

Astragafus peetinaive. . ..o... Ceees
Gray clay, -8 inches. oo s ]

; Astragalus pectinotus.
Crayizgh-brown sandy Toam, 0-5 ©

inches.
Astrapalus peclinglus.

Grayish-brown sandy !oa:'n,' 8!

inches,
Astragafus peclinofuy. . . .
Yellowish-brown clay loam, 0-8
inches.

Astragelfns pec!matu.s. JRR—

Gray clay, -8 inches,

Astragalus bisiticatus |
Dack-gray clay, -8 inches .

* Dark-gray clay, & inches_

..,' Asragaius pectinghtid. . enuoanns
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TaBLE 1.—8elenium conlent of soils, shales, and vegetation from Montana—Con.
FERGUS COUNTY—Contlnued

Meturiul

Selonlam n-—

Eollor
shale

Vepe-
tation

Bl

B0, ..

BERL L.

BIoese

Baden

BiId__ .

Brz2as___ | 2
Brongs. .| 22

Baxy

Baxe, o

BIRZ}. ..

BHAIB. ..

B2L41G, .

B2IX_ ..

2n._ ..
Rios..

198
Riegh

LI mles southenst of Dranton on
road to Braoks

2.5 mﬂe:. southeast of Dentos on
rond to Brovks

R [

202 mrifes southeast of Denton
on roud to Brooks.

il L

in Brooks

7.6 mmliss northenst of Hilger on
rond to Roy,
W mliw Dorthenst of Hliger on
mnd toc Boy.
Y mile.s enws of Roy on rond t5
Vatantme
1.7 miles north of Qrasstange
on road to Roy.

L L

s mi!eas sotith of Grssrageon
.. Route 87,

R

Yellowish-brow: cluy losm, 0-8
inches.

Asdregntus pectinatus. . ___._|.

Dark-brown elny, 5-8 juches

ssfragaluy Mavlcadus ..
Gy gypsiferans shule, 15-i6
feet, congrotions in shale,
Astrﬂgﬂ!m bisuleakus_ ..
Yellow cluy, (-8 inches, | A
betragnlus Gisuleatvs. .
Whent from Mentans Elgvator
Co., vontaining whent (rom 3
furms In Brooks nrea,
Grayish-brown elny, (-8 incles |

Astragalys biswleatus ... .. __

Durk grayish-brown aluy, -8
inches,

lutragulas bisuleatus . . ., ...

Dark-gmay clny, 20-39 inches .

Durk sruyish-brown clay, 0-8
inches.

Astragatus bizulcatea .

Dark-gray shaly elay, 44 inches.

eAntrapalis biznlentus . . ...
Gumweed sdjneont to No. 10108

oo
!

P opom,

LEWIS AND CLARK COUNTY

BRzsg, .

B2z, __,
Beisil._ ..
B2isi2. ...

-| 8 miles north of Halennon U. S

Routem,z miles east of Wolf | i

15 miles north of Helenn enlJ. 8 !

Rou .
Sﬁsié\‘l‘?)i see. Hl, T, 1§ N. ,|

[ Aatragaluy bisuleaius

Aatragaius peetinatus

Dark-gray granulsr cliy, 0-8
inches

As:mgrxtm pectingiur

CASCADE COUNTY

21240,

BRI L

B3,

B2E5 ..
Boizdo__..

Bi2A7__, .
BHME_
B9 .
B:zs0. .

B"l"5!__--

Baigs_

B2 ...

£

10 miles west of (reat Falls on
U. 5. Routes 31 and £8,

e otla
18 miles wesk of Qrest “"Falis on”
. SA Renie 89,

2.7 n‘ m:!es wést of Great Folis on
U, 8. Ronte 89 at Junetion with
Stata Road 20,

ERIEL L BT

o

a5 :mla west of {iteat Falls op
U. 8. Route 9.

O

3 miles west of Great Falls on
. 5. Route 8.

On edge of Great Fails, north of
tiver ot junetion with State
Rood 29,

oo

Motted dark-yray oy con-
taining gwpsum, grvelly on
surface.

sintragaluy bisulvatus. .. |

Dark -gray cluy, alkoli crast in

ecpage, H-17 inches,

Alfulra atedge ofseepage ditch

Dark-gray clay, §-6 inches, soil
threwn out of irrigation diteh.

Axtragalus bisuicatus, ___ _

sAxlragalus sp. £7) s:mwmg “be
sicte No, Robu.,

Gumweed from adjneent {Int

Dark-groy clny, 0-G inches.

slatragatus pectingius_

Gy gravelly ciay loam, oA

inches.

_| Astragalus pectinntua

Ariragaius sp

Decompo.ed gray shate, 4 feet
balow topof bank,

latragalus pectivelis growing on
top of bank, 25 (et from No,
Rapx.
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TaBLE 1.~—Selenfum conient of soils, shales, and vegetaiion frem Montana—Con.
CASCADE COUNTY —Continued

[
Selonium in—
Laboratory| Field Lacation Material | ]
No. * Ne. Sollor | Vege-
. shale | tation
F.pwm 1P pom
M2E - Rt ¢ B miles southeast of Great Fulls § Astregalus peelinetts, o oooooon]aeaen - 4}
on U, 8, Route 89,
Beiosgs_ | Ret . 15 miles suithenst of Great Falls | Groy clay, 0-8inehes, .. 25 |aaaes
on U, §, Routs 88,
Baywss. oy Rn | ___do_ . ...o.....| Astragaius bisuleatus_ | . 1, 830
B2i257_.. | Ro%s._| 21 miles sonthenst of Grent Fulls | __.. [ L 3
on U. 8, Route 83,
B2iess. . RE3x..{ 23 miles southesst of Grest Fuils | Yellow efMoresvenve uil buse of PR [
t on T3, 5. Route 89, waste dump nt Belt.
RB2imsy oy Koo oL do oL BHuminguzconal at baseof Koo-
' tenai () cliff,
Baieay - Ridh do e Bluck wastelndump . . . |eeomcefemmme
B2I9) . ___; Reix._! 25 miles southenst of Great Falls | Yeliow shale, spatted with ROy, FS A
; nn U, S, Route &84, i1 cat 73 feet below Lop of clil.

HILL COUNTY

i !
i s} SR __.___| 27 miles portheast of Big Sundy : Yellow-brown sandy lonm, -8 1 N
on State Road 249, inches. :

Buerzs2 o0 ..., ! do. .| wistragalus peclinaotus. . 1._....._ 550

Bee2sd_ . .[ %a ____5 Incmmeie\ntorsnt Havre. . _{ Wheat conipasite fromt 3 ele- ........ : ]
vibors. :

Boend 3. Sec.}T, TN, REE__________ Gmayish-brown ¢y lonm, 6-8 | S T,
inches. .

Boasss || 3. ) oo o il Slatraguius pectinatas . |........; 0

___ !

JUDITI BASIN COUNTY

Bepevz. __ ] Res. | 65 mbles soulheast of Great Pulls | Durk-brown elvy, 0-Winches_. ., LB oo,
on U &, Route 50, }
B‘.!I:Mi_.._! Rosa 1.0 do. oo e lmtrapafus bizadentur oLl o L. 110

DISCUSSION

In Big Horn, Yellowstone, and Carbon Counties, the section under-
lain by Cretaceous sediments (30} was examined for seleniferous solls
and toxic vegetation. A large portion of the Colorado formation is
covered with & mantle of gravel. The region in general does not
produce seriously toxic vegetation; however, there are portions of it
where dangerous vegetation grows.

The bresks on the east side of Big Horn River in the vicity of
Hardin are cut in shale, and the gravel cover comes up to the river on
the west side. Indicator plants were found on the east side of the
river from 9 miles north to 11 miles south of Hardin. Two samples of
Astragalus bisuleatus, B21357 and B21405, contained respectively
260 and 880 p. p. m. of selenium.

The occurrence of indicator plants in the vicinity of Rotten Grass
and Lodge Grass Creeks is indicative of toxic vegetation. A sample
of Astragalus bisulcatus, B21367, contained 280 p. p. m. of selenium.
A rancher in this locality identified this type of vetch as a poison-
ous plant on his ranch,

In Townships 1 and 2 N, Ranges 29, 30, 31, and the western half of
Range 32 E., indicator plants were found to be plentiful. Samples
B21177, B21178, B21184, B21192, B21202, B21425, B21427, B21439,
B21488, and B21489 are from this area and range from 15 to 1,180
p. p. m. in selenium content.
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Two samples of Astragalus bisulcatus, B21478 and B21480, con-
taining respectively 140 and 330 p. p. m., were found west of Acton
where the Judith River formation outerops. A steer observed in
this area showed the symptoms of seleniwun poisoning (I8).

In addition to these areas producing toxic vegetution, there are
undoubtedly others, much smaller, scattered through this section
underlnin by Cretaceous shales. It is believed unlikely, however,
from field observations, soil and plant anulyses, and geological duta,
that other toxic areas of any considerable size exist in this section.

1t is of terest to note that the toxic areas described are shown by
a geological survey (88} to ovcur on Telegraph Creek and upper Nio-
brara formations. These formations correspond tn age to the lower
Pierre and upper Niobrara formations in South Dakota (fig. 1) which
are highlyv seleniferous (3).

A reconnaissance survey was made in an area, underlain by Cre-
taceous sediments, in central Rosebud County and northeastern
Treasure County. The vegetation was very spurse und in general
relatively free of selenium. Only one indicator plant was observed,
Stanleya pinnate {B21224), which contained 240 p. p. m. of selenium.

The greater portion of Teton County covers n transitional ares
between the Great Plains to the east and the Lewis Range of the
Rocky Mountains to the west. The mountains rise abruptly and are
without a distinet foothill section. This trausitional ares is under-
fain by the Colorade and Montann formations. These formations in
many places are covered with a muantle of glacial debris made up of
granitic rock and frngments of shale and sandstone of local origin.

A large portion of the eastern hall of the county is tillable and in-
chides some of the most tmportant drv and irrizated lands in the
Stute. Thousands of acres are devoted to dry-land farming of wheat,
the principal crop.  The grazing land is principally west of the wheat-
land and extends to the mountains.

Altogether about 300 samples of shale, soil. and vegetation from
this county were examined for selenium (table 1), Seventy percent
of the soil samples contained less than 1 p. p. m., whicl: is low when
compared with other seleniferous aresas (3. 4, 8). The selenium con-
tent of the indicator plants is comparable with that of those from the
other areas. Sixty percent of the vegetation containing over 50
p. b. m. of selenium grew on soil containing less than 1 p. p. m.  _dstrag-
alus pectinatus and A. bisuleatus samples were collected over the
eastern portion of the county and, in general, they coutained envugh
selenium to bhe readily toxic. The highest selenium content of any
plant collected in the county was 5,170 p. p. m. in a sample of 4.
pectinatus, B21277, growing in a soil containing but 0.5 p. p. m. The
selenium content of a sample of 4. peciinatus. B21731, growing in a
fallow fleld, to be planted to wheat, was 4,020 p. p. m. and that of
the soil on which it grew 2.5 p. p. m. Another sample of 4. pecti-
natus, B21554, contained 1,560 p. p. m., although wheat heads grow-
ing nearby contained only 4 p. p. m., the soil, B21553, in which they
grew containing 0.5 p. p. m.  The wheat in the area was not completely
matured at the time the survey was made, but samples of wheat
heads were collected while the wheat was in the milk stage. The
selenium content of these samples ranged from 1 to 7 p. p. m. with
un average of slightly less than 4 p. p. m. Undoubtedly some toxic
wheat is produced in Teton County; but it probably gets mived with
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enough nentoxie wheat in the loeal elevators 1o bring the selentum
content below the minvuwim wxie concenteration, since sueh waus the
eaze in accomparable avea i Chouteau County,  (See samples B221s9
and 1322100 in table 1.0

A profile, samples B21266 1o B21208, was seleeted as representative
of the farm land between Dutton and Chofeau, where the soil is
Scobey stlt loam (731, In this area strogelis biswleatus and L1,
peetipntus were abundant. A sample ol the latter, growing in the
suil, wus taken Tor analysis and found to evntain 700 p. pome The
seleninm content ol the =oil from 0 to 6§ inclies was 0.4 p.op o, from
6 10 30 mebe< 005 popom, amd fronn 30 10 42 iehies 623 oo,

ol X

b BLGET o e vl wiiell Jareagalas prefonalas slewn in B3 grow s
I, Bowts of L ettt JB2I727) in shale.

The =elenium content of an Usbrtgadus pecicpnins plang, B21725,
crowing vt top ol the blafl sbown i feure 20 2L was 1180 poop.omg,
and that of the bomatere soil, B217240 i which it grow, 2 p.opoom.
Five feet below tiw top of this blufi an st peetinatus plant, B21727,
wita Tound growine in =lehtly weathiored shale. The shale was re-
moved from the root sy<tem (o a deptl of 24 inches Ui, 20 £y, The
dinmeter of the taproot sngeest: that it peneteates the shale o a
considerable depil. Fine ervstals of gvpaum were found in the
cracks in the shale. The plant eoutained 1,130 p, poome and ihe
ati 11{‘ i p. p, nof <elenium.

SAlkalt disease,” or ebironie seleninm poisentinge, < nat known to he
prevalent In Teton County. Phosphate defivieney occurs in this
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county, and cattle show the need of plosphate by chewing bones,
sticks, stones, old leather, and similar objects. Animals in advanced
stages of this disorder are lame, stiff, apparently footsore, and have n
poor general appearance, including n bad coat, and some animals die.
This disorder 1s prevented and relieved by feeding bonemeal and sult
i a 50-50 mixture (42). Some of the phosphate deficiency symptoms
are very sumilar to those of chronic selenium poisoning.

In horses and cattle chronie selenium poisoning manifests itsell
clinieally by an alteration in the growth of the hoofs and the lnss of
hair.,  There are various graduations in these conditions, but in severe
cases the coat is bad, the tail is nude and often sore at the tip, and the
hoofs nre malformed, a condition followed eventually by u sloughing
off of the old hoofs. Frequent reports of frozen feet and tail were
encountered in the county. Also, two stockmen reported symptotns
of chronic selenium poisoning including malformed hoofs in their
herds. They did not believe the Loof defurmities were due to [reezing.
Mueny such cases in other seleniferous areas were not the result of
freezmg but of chronic selenium poisoning. The authors believe
chronie selenium poisoning of animals in Teton County is more com-
mon than is as vet reeognized, because the symptoms are confused
with those of other disorders. It is not believed, however, that
animal losses in this section are extensive.

The greater portion of Pondera County is also in the transttional
nren between the Great Plains to the east and the mountains to the
west,  The mountains rise abruptly without distinet foothills n the
western portion of the county. the north-central portion is un undu-
lating glacial lnke basin, while in general the rest of the county is
rodling drift-covered plam,

About 175 samples of soll and vegetation were examined for selen-
ium. More than 70 percent of the soil samples contained loss than 1
p. p. . dstragalus bisulcatus and A. pectinatus were collected from
the eastern county line to 6 miles west of Valiecr. In the castern por-
tion f the county these plants were plentiful, but from Valier west
they were searce.

In general, the samples of Astragelus were found to contain toxic
quantities of selenium. The highest selenium content of any plant
collected in the county was 1.700 p. p. m. in a sample of A. pectinatus,
B21921. A sample of gumweed. B21851, was found to contain 80
p. p. m.. which is a high concentration for this plant.

Althongh toxic seleniferous plants of Astragalus were found to be
plentiful over the eastern half of the county, no known cases of sele-
nium poisoning were encountered. The discussion of chronie sele-
nium peisoning, phosphate deficiency, and frozen feet and tails of
animals. given above, is applicable to Pondera County also.

The data on samples from Teton and Pondera Counties in table t
show that selentum is not confined to any one soil series.  In fact,
no series of soils can be pointed out as particulariy toxic or as par-
ticularly nontexic.

The greater portion of Chouteau County lies in the glaciated area
of the Great Plains. The drift-covered plains have broad roiling
reliel broken in places by rough divides. and slope gently in the direc-
tion of the Missouri River. The Teton, Marias, and Missouri Rivers
are deeply entrenched and bordered by rugged breaks which in many
places are eroded into badlands. The Highwood Mountains rise in



http:Animn.Is

SELENIUM OCCULRENGCE IN CERTAIN SOILS 33

the south-central portion and the Bearpaw Mountains rise in the
northeastern corner of the county., The Coloradoe formation underlies
n large portion of the county. The land is devoted prunarily to
grazing.  Astragalus bisculeatus and 4. pectinatus were collected over
a grent portion of the county and, in general, they contain sufficient
selenium to be readily toxic. The highest selenium content found
wus 2,000 p. p. m. in & sample of A. pectinatus, B22139.

Samples B22189 and B22190 are of special interest. The former is
a sample of wheat from four elevators in Big Sandy and is a composite
of the wheat in the district. It contained less than 0.5 p. p. m. The
[atter is # snanple ot wheat from three elevators in Fort Benton and is
a composite of the wheat in the district. Lt contained 1 p. p. .
Although toxiec wheat may be grown in the county it seems certain
that it is mixed with sufficient nontoxic wheat in local elevators to
bring the selenium content below the minimum toxic concentration.
The soil samples are comparable to those of Teton and Pondera
Counties. More than 70 percent of the samples contained less than
1 p. p. m.

In Fergus County the survey was of a reconnnissance nature.
Several transects underlain by various Cretaceous formations were
made. Samples were collected from Judith southeast to Winifred,
then southwest to Denton, then southeast to Brooks, then northeast
through Fergvs to Roy, then southeast to Grassrange. Samples
were also collected from Winifred south to Lewistown, then easi to
Grassrange, and then southeast to the county line.

The Judith River formution outerops from Judith to Winifred.
Fron: Winifred to Denton the Judith River, Claggett, Eagle, and
Colorndo formations outerop. The latter continues on to Brooks.
From Brooks to Roy the sequence is reversed. From Royv to Grass-
range the Judith River and Colorado formations predominate, and
the same is true from Winifred to Lewistown. From: Lewistown
through Grassrange fo the county line the Kootenai and Colorado
formatiens outerop.  Two samples collected east of Winifred, B21295
and B21296, and one east of Rov, B22248, were collected on the
Bearpaw formation.

In all about 70 sarnples of shales, soil, and vegetation were examined
for selenium. Sixty percent of the soil samples contained less than 1
p. p. m.  Astragelus pectinatug and A, bisuleafus were not abundant
and their selenium content was found to be lower than in Teton,
Pondera, and Chouteau Counties. The higlest selenium content of
any plant collected in the county was 1,070 p. p. m. in a sample of
AL bisuleatus, B22240. A sample of wheat, B22243, from an elevator
in Brooks, representing 30 farms in the Brooks district, contained 0.3
p.p. m. of selenium.  The authors do not consider the county to have
2 selentum problem, However, there may be small areas that are
reaudily toxie,

In Lewis and Clark County a sample of Astragalus pectinatus was
collected and found to contain 370 p. p. m. of selenium. A report of
the symptems of selenium poisoning was received in thiz district.
The arer producing toxic vegetation is helieved to be small from
field observations of flora and geology.

In Cascade County a transect was made on the Colorado formation
from Great Falls west to the county line on the north side of Sun River.
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The samples of Astragalus pectinatus and A. bisuleatus collected were
found to contain toxic quantities of selenium. Another Lransect was
made on the Kootenai formation {fig. 1} [rom Great Falls southeast
to the county line. Samples of Astragelus were found to contain
toxic quantities of selenium. 'This is the first report of seleniferous
vegetation on this formation. Time did not permit an adequate
survey of this county.

A great portion of Hill County is underlain by the Judith River
formation. Two samples of Astragelus pectinetus, B22252 amd
B22255, were collected In the county. The former contained 550
p. p. m, and the latter 280 p. p. n. of selenium. A composite sample of
whent from three elevators in Havre contatned 0.5 p. p. m. of selenium.

Tn Judith Basin County a sample of Astragelus bisuleatus was col-
lected and found to contaln 110 p. p. m. of seleniuni.  Time did not
permit a survev of the county.

USE OF INDICATOR PLANTS [N SURVEY WORK

It has been found that certain portions of the Crelaceous sediments
are seleniferous and give rise to seleniferous soils (3, 4, §). Therefore,
in previous survevs, soil parent material Lias been the principal guide
to seleniferous soill. This guide was lessened in value in the present
survey because of the heterogeneous glacial und other debris deposited
over the greater portion of the aren examined.

Previous survevs led to the conclusion that certain plants are
present on seleniferous soils and are wholly absent or very rare on
adjncent nonseleniferous soils {29). Astragalus pectinatus and 4.
bisulcatus belong to this group of so-called indicator plants and were
used as the prineipal guide in the Montana survey.  This method led
to the collection of samples where other factors did not point to selenii-
erous soils.  Every soil and Astragalus plant so collected contained
gelenium. Thiz lends considerable support to the observations of
Miller and Byers {22). Three hundred samples of these plants were
collected in Montana.

From the analyses of more than 1,000 samples of rstragalus in this
laboratory it appeared that A, pectinutus was a better absorber of
selenium than A, disuleatus. The large number of these plants col-
lected in the Montann area effered s good opportunity to compare
them under similar field conditions. From the dala in {able 2 4 &
readily seen that A. pectingtus is a better absorber of selentum than
A bisuleatus. These data are taken from table 1, where this relation
can he seen in a qualitative way. The average selenium content of
the 18G 4. pectinafus samples 1s 460 p. p. m. and the average of the
111 A. bisulcatus samples 1s 210 p. p. m,

TaBLE 2.- -cverage, lowest, and highest seleafum content of Vslragulus peetinatus
and . bisulcatus growing on seils containing different amounts of selenjum

_Axtrugaine pectinnlus Avirngalies ianicdax
Selotthumn content Selendirnin content

b oBaw- T T fame

Coples Aver- ples Aver-

npe e

¥
felenium eontent of surfnee soil, ]{
-8 inches (p. p, M i

Berwesi o Lighest CLeweet Highest

- ) . -
MNumber' Pop.m. P p. m.!!’. oo, Nuwiber Pop o B o Bopoae
P i) i b, 170 I THI = [14]
i s 3 taw 3
R 470 $1 L7 i, iy
e 3° 1,500 L IR 4 1 [: 3 BTE F‘_‘_ kal

t Pha selettiu content is Laspd on the air<dry wewhit of thie samples.
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The data in table 2 showing lowest and highest selenium content
give emphasis to the lack of a constant relation between the quantity
of selenium found in a given plant species und that in the surface soil
(G, 44). A number of factors are thought to contribute to this lack
of eonstaney. The most effective cause of variation in the selenfum
content of the plants is probably to be found in the differences i the
forms of selemium present in the soil (46). Variations mayv be due in
some instances to the differences of the sulfur-selenium ratio (78).
The change in the selentum content of the soil with depth is often
marked aund is without any definile regularity, but the selenium content
of a plant changes with the degree of maturity (). Combinations
of these factors are most likely to be in operation.

SELENIUM PROBLEM IN MEXICO

In 1934 José Figueroa, chief of the Instituto Biotechnico of the
Department of Agriculture of Mexico. related to the late A, B. Claw-
son, of the Bureau of Animal Industry, United States Department of
Agriculture, the results of the investigation by Juan Roca of a type
of disense that had afflicted animals and people in the valley of the
Guanajuato River, in the uneighborhood of Irapuato, for upward of
200 years. Indeed. the disease was, by tradition, supposed to have
appeared coincident with the metallurgical trentment, by the patio
procvess. of ores from the mines in and about the eity of Guanajuato.
The disease was supposed to be due to mereurial poisoning and hence
was called soliman disease, from the Spanish name of corrosive sub-
limate. According to Roca's unpublished report, the disease re-
sulted from the conzumption of vegetation grown on the flood plain
of the viver. This plain waasubject to inundation at periodic intervals
by water carrving large quantities of silt derived from the slimes of
the worked ores. These slimes were deposited in vast piles in the
narrow gorge of the river. In addition to the floods, material from
the river was added to the soil on several large ranches through irri-
gation. The srmptoms of the disease, as related by Dr. Figueroa,
were identical with those of the “alkali disease” of the northern Great
Plains, and thiz information, communicated to Thomas D. Riee, of
the Soil Survey Idvision, was relayed to one of the writers. Dr.
Figueroa kindly furnished the writers with a copy of the unpublished
veport of Juan Raea, which was written in 1931 and which contains a
number of items of sufficient interest to merit record.

In addition to the long-time existence of the disease and ifs apparent
relation to the operation of the mines and the deposition of silt. Roen
reports many instances of severe fosses of animals, including “several
hundred horses.” at the time when Irapuato was held by Porfirio
Diaz, presumably in 1877, He also reports the loss of hair and teeth
and a form of paralysis as symptoms of the disease nmong the people.
The greater severity of the disease upon newcomers. both human and
animal, was noted as well as the general inmunity of mules. The
greater injury caused by alfalfa was noted, as well as very definite
correlation of the disease with vegetntion. {(One of the present
writers can add the personal ohservation of cases of severe poisoning
with the charcteristic selenium symptoms: and the story of a cattle
drover whoe last an entire herd of 126 cuttle which were bedded down
in an alfulfe feld for a single night.)
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In 1935 A. Tellez-Giron, of the Instituto Biotechnico, visited the
Soil Chemistry and Physics Resenrch Division in Washington and
related the extensive losses of cattle that oceur in the State of Chi-
huahua. Mexico, when prstured near the Mexican Ceniral Railway,
particularly in the distriet between 40 and 100 km. north of the city
of Chiliuahua. These losses wete attributed by lim to certain specics
of Astragalus growing there. He reported also the production of
toxic svinptoms in and the death of guinea pigs and other experimental
animals by feeding the animals extracts from these Astragalus plants,
The animal symptoms both in the field and in the laboratory were not
those of chronic selenium poisoning.

The geology of Mexico is not very definitely correlated with corre-
sponding formations in the United States, but the work of Kellum
and his associates in the State of Conhuila hns demonstrated the exist-
ence it that arca of shales and limestones of the Cretaccous period
(22).. One of these formations (Indidura, table 4) is considered by
him to compare in & general way with the Eagleford of Texas (table 9)
and the Niobrara (3} of the Great Plains, The Niobrara formation
and those formations nbove and below it in geological sequence have
heen found to be the most important sources of seleniferous soils in
the United States.

RECONNAISSANCE IN MEXICO

In the light of the above-mentioned facts, therefore, it seemed very
mucli worth while to investigate these areas in Mexico, particulurly
since toxic seleniferous soil arens have been found developed upon
Cretaceous shules in the Great Pliins from Saskatchewsn, Cuanada,
to New Mexico. This investigntion was begun in February and
March 1937 through a reconnaissance examination of the areas by
H. G. Byers and J. T. Miller (the latter of the Soil Survey Division).
The results are detalled in table 3 and in succceding pages.

I'ABLE 3.~ Sefenium conlent of soily, shales, and vegetation from Mecico !

Selaninm in—

L,
Lal::{_r:tnr) }\k‘,}d : Loration Materia
-t - Sollor Vepr
saale  talkon
_ Popam. Popam.
BATIA 1 - A mlies south of Juarez an bich-  (fyisb-brown clay kg =8 {4 .
WY, inches.
H2T n tn LLatrageaties spn 17 (o0 o) 1.4
i TR I P2 mites souih of Juarez Gravish-brow n ey elay lowo, 7
: 04 inches,
[EE 10 T S S n e o . ... ... Uirayish-browno hepvy clay loum, T
t ~12 inehes.
[2Rairel] L2 i iy e e maeia e © Gravish-brown beas e elay fonm, ¥
| 12-27 inches.
Hinra 2 t L . Creayish-hrow o henvy ey loum, .5
I 2738 inches.
i TR 2 H din o CGravish-Brown heavy ¢lay loatn, &
: 3B inches.
1ymyr: $ 1 mriles snuth of Junnez Henvy  (redd eloy lonm, e W30
Inches.
L5 Lrpent dn L in Antrageina 5078
: Rools i
Leaves . ) i
J35% T | . A15 miles north of Chilwebna,  Heavy siit lonm L a7 -
wlknl far. ! B
bt L a a6 miles nort!y of Chibunhua Red pravelly sundy loam, 05 . I .
inclvs, : i
AT LN fith B . Orpfropin tmaebertbi 21030 L LF Lo 1

e selenivta vanten i Igesed oo Che pirsley vetehi af (he sniples,
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T aBLE J.—S8elenium content of soiln, shales, and vegetation from Mexico—Contd.
JUAREZ AND QCHIBEUAEUA AREA—Continucd

Belenium jn—
Laborstory{ Field ! :
No. Na. Lovation Muterlal | Softor | Vege
i : ! shaie 'b\titm
i Rp ﬂL |P p. .
BFa 3. 2 miles west of highway, 56 miles | Hed pruvelly sandy losm, .. n2
nor'h of Chthunbun, b .
B2 . |3, . de ..., Orptropis lambertii (.. .. ,. P ]
FH a7y DR I S [nr'lln 56 miles porth of Chi- Runchn del Doctor, vnst of rut- .1
' huuhir. pad. :
BdG0 . (48 .} do .la!rugru!ua s (M) - o 1
B207al. .| 5 .. | Casmato Cioco 45 Rauch (Cen- Gray silt loans, 0-6 inches .. ... 2.
vl Gueeredy), i
B . N L clatrugalis sp, (7). [ 1
BXEad - cde | Ltghw,mvsﬂthmm | 0-4 fnches Ao,
Bwons s .. L do o Light-proy siil lount, 4-10 inches, L3
BXGAS .. |5 do ngilt-grn}'shtlnnm, M3-1B inches. Lo
BXR36 .. 15 .ode Light-pray silt loan, 18- inches, La
BXNITIT 5 do Light-gray silt loant, 3042 inohes. .4 .
BXYE .5 do Light-pray st Ioum 424 inches Wi .
BaGES .. In .. o Da:k-grarsiltlt:am,li—ﬂinches .. .3
BXMH0 | t6a _da Aatragains sp, (D
Roots. . o aiin aeamieaafaoa. a
; o - S o 1
Lenves . ... - i
2110 < RS P ]
4l L mile west of Gallego,. .o oon . Hed sundy loam, 06 inches .. . .
BMTLY. . . Astragatussp. (1) . . 2
B3 . 344 willes woest of (Giallago. Hed sandy loum, -8 inches. . ... Nt .
BXOTSE. .. : Astragaiuy sp. (") R 1
B3 % miles west of Goallego__ . weion” Red heavy sat:d}' Toam, 0—5 P .2
i inches,
BmEes de . L i Orytropis lambertii . 1
BXTST 71 miles noreh of Chibuahus f Reddish- bmunsnnd\' lunm EE it ..
«  inches.
BMTE e ¢+ cisfrugalus sp. () .3
FLELErk 1 @ miles porth of Chihusbun, | Brown clay lopny, -Sinches . .2 .
alkali fnt in Lngunu Basin.
BHER0 .. o e - . Browe cluy Toaty, 18-29 inehes .32
BAaESsL . Ha | do Aatragalus sp, (N . . ]
Bikiis2 67 miles north of Chihuatms Grayish-brown sit losm, 05 .1 .
o inches, :
BIMTAY L oo oL 0 L Astrogalus mollissimus . . . K
BXNVH .. 56 miles north of Chibusbma, | . : Reddish-brown silt loams, 58 A
: fnches
Bawss - ma.. .. d0. . .5.ia!‘racafmrﬂﬂ!hu:rnua....,...-. .. a2
DXTS6__ .. 4., Rio Tiate mine, 235 milez north ' Culefte o .ooioiimivvcemumuas (0 I
H of Chihuahos, Pyrite. . e e s 8D e
CCaleopyrite. L
fAzulite. L. aceaaeeen 3R L
- . ' Maochalite. ... .
BMTET (... 1 mile west of Rio Tinto nine, . . Red gritty (.isy Ioam %8 inches W4 .
- ge L L L e -ixfragalus motlissimug .. ... R 1
35 miles north of Chihuahuoa, .. ¢ Astragalus mellissimun, Qoropia || -
o famibertii
31 miles porth of Chibushua . . ..., Bedeclay loam, 3 inches, . .4 .
_...do e e b clstragalua wmoltissimue . L L i
37 eiles north of Chihushua . . 5 Dark-gray siltloam, 0-8icches. | 1 -
Lo du . L .} Astrogalus mollissimes . . i
Ssuz.. ... . oo Gy silt losm, -8 Inches . .1 .
. code. L L. L. cidtrogalud inotizsimive . i
.1 24 miles porth of Chihualis on ~ Red gravelly sill losm, -8 .3 R
¢ highway. inches.
Boavar AUs . do . .- ¢ sddrogolue sp. {1, tops | . t
BMGGE. ... 21b oodo oo .. catragaius sp. (1), roots = 2
B . 3 5 .miitt;s north of Chihuahia ot Dark-gray silt lonn, 08 inghes . .2 ..
highway. ’
Basao . .. 23 ... do . . ... R Hed oxide at 3 feet 1 -
Bagtl .2 1. do .. Caleite at 4 fect . . N L as
B2 Re . .. do . - Jstragainy wollixalmus, . b
B3 24 ... At Bosgue Alduips, 15 miles  Brown gravelly silt loam. 08 .3 -
! northeast of Chibualiza. inches, .
R, s i do . Asfragalis sp. (3 !
BXGTA 25 | Near Hormigas, nortbeast of Grayish-brown silt lesin, 8 .3 .
b Chihuahna, loches.
i do ... .. Geasewoud | . i
| 25 mites sonth of Chihushus HBrown clay luam '0-8 Invhes .3 L n
1 do clsfranatux sp. 2
. 25 miles south of Las Delecias | Dark-groy clay luam -5 inches .2 .
Joaode L . . »iar!rugnluabram‘mma(? . 2
28 miles south of Jiminez Henvy alluvial clay, (-8 tnches .3 U
do Astragalur sp. (9 i

* Neputive tesl.
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TaBLE 3.—S8cleninum content of soils, sheles, and vegetation from Merico—Coutd.
TORREON AREA

F
| Solenium in-
Mb&'g‘"”’ ¥ u.;’!d 1 Lawation Material soil o
- " ot | Voge-
: ] shale | intion
: i P o.M, VP 1a,
1 ., Duiside gales of Lyuemita . Red oxide of iron._______ o2, ..
im .. do A vellow composite mallo [N [ 2
e . { At i namitn Hematito from mine mouth. P NN DU
BAGE6 . f 3 1 mife perth of Dynamita, at | Qritty silt loams, 8-12 inches. ... P 2 [,
v mouth of canyon,
Bo078S. [ 3 miles east of Dynumita .. Gray silt losin, 58 Inches_ ... P 3 .
RATEY ma o el A Wild pepper_ . ___ 1
RMOTEG_ . . “ellow sunflower, Do vines..... 1
BW0L .. . ... Wb Terba hedonie. oo e 2
B2 & ufles oorth of Dyormita. . . Clay loam, efforescent salts:
f-Binches . ...
chm eme me e emmm—ae 18-4 inches.
) Salt bush. oo .oooos —
B20TH5 .. i"94 ypiles noreh “of Forreon S Clay loam:, cfficrescant saltss
. [ 7o L5 |aeameaas
BATGE. |08 de 0B inches, .. - 2 ... .
do . ... . L. oem - Mulleinitke plant T PR .5
do : Unidentified plant . oo |eeme e 1
' 40 miles north of Tofreon on  SHE loumy:
-F Tnmgom Road. : G=10gtnches. ... -3 D
........ do : 112 fuches a————— 2L
. 13- inehes o eaeeo .2 -
20-32 inches A I
42-6 inches. .. iR IR
. Seattered Afripler.. [ 2
- Reeweed {8 . . . 4
© RSO o emeeeoooae S N
H 1
v Gy silt Josan, 00 inches oo S
. do o« ! Gressewood (hlack) ____ .. .. 4
. l [+ mrleq north of San Pedra . ! Black eloy, 0-8 inches, irri:att.d .2 T,
:B"Uﬁln R . Young \\.hcm G iarhes high R 4
i 0. ' 7 nnlu*: northeast of Sen Pedro | Dark-gray cla}' -6 inches, net v———
o drrinated.
de . Ll Yellpw pettle ool [ 2
9 nnh"- north of San Fedro . " Dlhavk clay tonm, 0-8 inches, .. P I S
1 . Loinbrquarters Sp. (93 ool aens. 1
B20315.....- 12 3 milos north of San Pedro, 2 Dtk -gray Indidur shale. . ... L I PO
' mtiles north of Tarrque Row, !
BA8IG..onn AlZ . L b0 ieeesieeeceeee e o] Q¥psuim, Jimestone, nod shale 206 fumemns
: . {from Indidura.
BaX®iT..... L2 1B0fertlramy 12 e | Bed calefte or pypsum from red - 3 SO
t laver in Indidum N
BN F -« Reg : highly metamerphesed | ; - T
s4gi, ' .
do . L . ‘3 rns:uis and piece of limestone __; IS R
"Ou top of small hiit . Reg il t soii. O—t inches . i
: ' U S Latee Hmestone conervtions . .1
Bu0s2d, - 1% ,,_:__._ do J— .e. .. ! Gressewood buds growhng o’ . 2
. + Indidorn callovium,
B208%3 ... 13 .. 30 miles north of Sue Pedroe. .. Liphi-gray sit loam. 8-12 inches - N
e B0 i o Gregsewond . L Llb
if miles north of San Peden. L[ Tlark-eroy clav loam . I 3 U
do L. .. “'I'rnmpillo" freod for go:sts}_ — 3
Bz s J DT Teindelio {3 el 8
BXNEOE ., 15..... 115 miles east of San Pedre on ' G- incho__
road to Porras in Lapguns
Maryan.
Baare_ 15.. §-20 inches ... ...
B T C Grensewood . L aeanas -
B'>os:s1-_,.-| oy -1 Soil pmons fimestone:
Refl.. .. . v oin es
Chunk of limestone .. ..

BXE3E. .._.l .

,.A.A..A,du Camemem-

S
DB ! ...

..... [

1
i
i do
|
i

318 dead horses.

¢ Parras shale with

EXTSut
. Dar_k-xms'

Pepperiike plant (lepidum). .
Stanieya sp. (20 .
Parras shale {7} .

EY¥PSUm cTystain )
Light medimmn-gray shrle, with
ZYpELD
Fight madm.m -gray shaly,
shale interbedded

with £ 1o &inch gypsum
iRyers. '

no
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TABLE 3.—Selentum conlent of soils, shales, and vegelation from Mezico—Contd.

TORREON AREA—Continued

i. Splentom in—

Muaterial

Soiter
. shale

Vege-
tation

1
" 5 mbles eust of Parrus. ... .

R 1

do.
Vest ond of Poeras
fdn

E Red

| Yrllowlsh-gray clny shale, defi-

crmmrremmmencmemaat 00 ¥RPRds south of 30, Indidurs

¥
; Dark gy shale
with ppsunt in the seanes

nite formmation.
Craylish-blaek shole. .
Yellow limestone Indidum.
[ Yellow shale in Indidurs. .
Indidurn shala. ...

shaie.

P
interbedded -

silt ipam, 8§12 imches;
celiche betow 12 inches.
Greasawood . .......

L PR
2 .

IRAPUATO AREA

BI8#6.__..
BB _...

B20901.....] ;
20903, |

Sirena mine, above Ot

Siime heaps
o

(‘uanmusto River, 9.25 mile
low.
do. . ... el
Morfii (ebandoned tewn} ___ ...
Sonsjn ranch:
4 miles south of Irapuato. ... .
80 rods south of Neo. 2. ...
1.5 miles southeast of ranch
house.
2 miles southeast of ranch

oS,
0.25 mile northwest of ranch
bouse.
1 mile south of Irapusto, sew-
age dispsal o excavalion.
o.... e r—me -
oodel L L
do. ..
Gurnda ranch:
1 mifles north of Irapuato. .
AN yards parth of ranch house

N
250 yards north of runch house '

7 fect .

.l)vprﬁssion near I7

’Lrnndas reneh:
2 miles porth of Irajuate
t mile northeast of ranch house
0.5 mile enst of ranch house  _,
Between ratirond and river.

cooBoa e
{ mile north of lrapiisto near

roadside, i
Jesus Velnsqusz ranch, 1 mile
northenst of Irapuate

Woist silty slime ot hase of duap

dump.
SHiy stime § feet fromn holiom
Lainated scole ot lop of dump
Fresh slitues ot top of dump
Fresh seale on stream bank
! Waier from stream  (soluble
. Eeleniumi).
it setiled fromy water. . ...
Adobo wallof town . aeeeaen -

Blai.é. clay, 0-Binches. .._.. .
Darl\-i:m}' da}' Tomm, -8 inches’
Recunt river deposit, 08 inches.
Dark-gray clay lonm, -8 invhes
Bilack cisy, 0~10 luches ..

Grayish-brown ouy, #0-25
inches. i

Bluck ~{ay, 5547 inches. . .

Dark-red elay, 144-216 inches. ..

Zoil and menure in corral
Fine gandy Joam, §-8 inches
Fine aently lnam £-12 inches,
Faody loain, B-§ inches,

¢ Black ciay, -8 inches.

Old scobe wall., .. ...

Moist olayoy sliine at foot ali

Dark ooy toam, 08 inches ..

I
| Dark-proy eloy Wnam, 08 inches
Il Black elsy, 0-8 inches

Gray cisy Imm - inches |

Alock clay loam, 0-8 inches

1

i

S i

. Gray olay loam, 612 ipches .
i

l

i

Dark-gray elay loam, (-3 inches |

fm

._,
i
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TaABLE 3.—S8elenium content of soils, shales, and regetation from Mezico—Contd.
IRAPUATO AREA Continued

Beleniom in—
Laburatory| Fleld i
No. No. Location Material .
Sailor | Vege-
shale | tntlom
P.p.rn. P p ",
B0M5. .- 41 .. u.:;lmge aaa-i:.lnl' franuato, shove | Black eluy, 08 Inches. ... ... . [V N
06 .
B2aoss0._ .| 1......] 17 miles west of Queretarn. __.._| Black clay, 412 inches____. ... P I
B2FH6 .. .| 42 _._{ 1 mOe east of Salamanca. __ Black siit 1oam 0-8 loches_ .. IR I D
BXME._ | 43 _ ] 12 miles east of Queretaro. .. ., .| Heavy blogk c]a)' 0-8 inches_. 4
BX®a2.._.. T4 Common mustard ... _. R I 1
BXgA3... | 2B... Cocklebur. ... ______. I ]
BxaM. ... | 2C..- Immuature wheat heads  and 1
leaves.
B80S .._.| 2D ._. Chi ]
867 .. 3A L. iSonaMoTaneR e ccmenae . Adlallu. ... 3
BIGROO_ ... L E W Groundeherry [
BAS7) .| 6A_ ., do. a5
BARTR. ____| TA___. Lambsqunrters 4
B8 ____ 7B ... Irr]lmal:ure wheat heads and 10
eaves,
BX&YS_..._ 8A... | On bank of irripation diteh._._. Milkweed ..o ilaos U, b 1]
Baonc Sweetclover.... 1%
B ?Dmnian muhstnrt}] i e i
20015 ____ 284 f mmature wheat heads PR 8
B2912 .| ™B. .. Garrida fanch....oooooeenane o Lambsquartert. ... . 5
Chickpea.... 7
Milkkweed ... .- 15
Ynidentifed legume . PO 15
Johnson prasy. ... . R 12
Milkweed.... - 3
Wildlettuee______ . ____|..... 4
Johnsun prass. ... RV L3
Cotemoon mustard. . 120
Alfalfa_ ... i man—— 30
Lumbsquarters. .. .. m———— 15
Alfalla {from manger) ... . [ 18
Milk from eow eating No. 3840|2270 ai
QreenDeas. ... oioiaiel foaeia.. a
Radishtopa_...._._____._.....| ... 30
Radish reots. e 15
. Sploach. ... U T
BA94D.___. $0E | Hrapusto market . _....... ————— Beans..__ UV I 2
BSd1__ . ANF. Cabbage. . oL T
B2M2_____ G .. Parsley__ 5
BNG43. . A0H. .. Fopenrn ]
BAOGA, . 401. .. Unlidentified (anerllla)_._. —- 2
SALTILLO AREA
BmESD .. 25 miles west of Baltille..........| RHed shale, Morrison (8 .___..._. 10 1 I -
Bas51. .. RN s I+ VN Creeping pigweed (M. __...._ | ... 3
Bxase 12,5 miles west of Ealtillo. Redstale, . ..., ...
BX8R53 ___ 17 mills west of Seltillo. Qreen shale, . |
BX&E, | el Tted shale. ...
BA0R35. ___ 15 mi]es west of Saltillo. doo_ ...
BABSE. .| R | .. L1 Q;een qhal‘l}z
- Mestyuite heans, .-
B2ossT___ : ittt [Mesqujr.cﬂcwrm ——
BAG5R, . 9. _..__| 3.7 miles west of Baltillo ... .. Dark-gray slenln-ry shale_. P I [
B20REI_.___; 10a.___| 22 miles west of Saltllle, . ... | Mogoey plunt, onred sofl .. L. | ..., 1
1
MEXICO CITY AND ENVIRONS
Bioast___ | 1...._.| 13.5 miles south of ‘T'v:coco_____. Dark-gray 8ilt loam, 08 inches. . LAY 1) PR
H20%52 ____ J R A, do. | AAstrepaine eartedi (Creene)____ | ... .. . 0.5
B20953.0 2.0 T R miles south of Texeoeo.. .. "'t:)llcanlc ash, shout 3 to 5 feet P N [
1]
BaOs. .| 3. ... }. mile cast of Los Reyes,. .....] Silt loam, 0-¢ inches. ._.....__ P I T
do . Az*mgu-‘ua earfei (Greene). ... | -cooaon 1
...... R 1
Dar‘.;-gmy silt lonm [y ‘nches, I N S
eflorescent sults,
ight-gray  silt  loam  with o2 |emnas
y . efflorescent salts,
B209ss____| 7. -} { Pale-yellow silt loam, 3040 IS I A -
i ineches, :
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TasLE 3.—SBelenium conlent of soils, shales, and vegetation from Mezico—Contd.
MEXICO CITY AND ENVIRONS—Continued '

Solenium in—

Boitor | Vere-
shale

Mauterial

1 mile west of Los Reyes Astragatus ecriei {Greeno)
3 miles west of Los Reyes Muyditto-gray clay, 0-6 inches_
-] 3 milezs wesé of Loz Reyes, ¥ | Alkal prast
mile north of Roog.
6 uriles southeast of Los Reyes .| Dark grayish-brovm cluy loam,
30-36 Inches.
Mustardliko plant_ ... ...
Fine sandy lonm, 05, .
I < | T, Astragaiussp, (Do ol el ccae o eas
B20066__._ 5 miles west of Los Reyes....... Clla_\'hfrom cld ke basin, 04
inches.
BIBOT.. __ Above snow line, Tolues Voleanic agh
Dracompnsed voleanicash_ .
BESE. ... On Nevidn Toluea, nenr upper | Black sofl from voleanic ash_ ...
cdge of timber 1ine.
B20B60. - do Lupinity mexicanus
HeoovG. . On Neveda Tolues nonr lower | Black decomposed voleanie ash.
edge of timbor line.
BawgTy . _ | n 18 miles sputheast of Tolues on | Dark-gray silt loan, -8 inghes .
rend to hesivriodes Leones.
B0l oo Unidontified planto ... .. |.... .
1R miles from Mexieo City Dgi!ph reddlsh-brown elny, 43
inches,
R 1 T . -} Red hesvy eloy, 520 inches
-1 Red heuvy olry, 20-48 inches
Red heavy elay, 484 inches, .
.t Plossorns aud logves of 4 tocust- |, .
ke bush.
BHTE L - | 35 miles west of Tamuzunchule. | Biack elay sronp red clay svils,
=12 Inches.
il sl . v eeeo| Poporatenetl, oo the border of | Sulfur. .
the State of Mexico ang
Puacbla.
BI0gseX. Poporatepwtl  ITndusteind Ma-
seum, Medico Clty,
B0 .| 9. Citlnliepetl, State of Puebin_._
B21o0L. . _. E! Chichosu, Stute of Chinmas...

CHIHUAHUA AREA

In the Chihuabua area the results obtained were by no means those
expected, but they have & very important bearing upon the generzal
distribution of selentum and its absorption by plants. The procedure
was as follows: Samples of soll and of vegetation were taken at
intervals along the Lighway from El Paso, Tex., to Chihualus,
Mexico, a distance of 300 miles. In those portious of this area where
the incidence of cattle polsoning was reported as most marked, series
of samples were taken that were presumably representative of the
area lying between the mountain chains bounding the valleylike
plateau on the east and west. Altogether, about 40 samples of soil
were collected and 30 samples of vegetation. In addition, a few
samples were collected south and southeast of Chihuahua.

The soiis of the entire area are derived from mountain rubble or
from wind-blown material. In certain portions of the area are enor-
mous sand dunes totally devoid of any general vegetative cover, and
some relatively small areas may be considered as alluvial soils. There
are also a number of extinct or temporary lake-bottom aress. The
soils in general are brown or gray desert types. A description of these
and other Mexican soils is given by Miller and Brown (28). The
mesan rainfall is low, probably about 8 inches, and is doubtless naot
uniform over this great ares. As a consequence, vegetation is of
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the semidesert typs {fig. 8) and is exceedingly scanty except where
irrigation is carried on. Over the whole ares various species of
Asiragalus are found. Specinl attention was given them because they
were very similar in type to selenium-loving species in the United
States and were identified by Dr. Giron as the plants shown by his
experiments to be toxic. They were identified by Lver Tidestrom
as Astragalus pervelutinus (Rydberg), A. wootoni (Sheldon), and A.
carlei (Greene). The work of Mathews and Schmidt (25) shows A.

Ficure 8.—Desert vegetation in Mexico.

earlei to be toxie in Texas, and Fraps and Carlyle (14) have stated it
to be toxic and free of selenium.

The general result of the examination of the 70 samples showed 2
maximum of 0.7 p. p. m. of selenium in the soils with quantities rang-
ing downwars to 0.1 p. p. m. In vegetation the maximum quantity
found was 2 p. p. m. In view of these facts it seems improbable that
any selenium poisoning ean occur in this aren. This conclusion is
supported by the fact that Dr. Giron was unable to learn of any
chronic cattle disease in the ares that was characterized by loss of
hoofs and hair or by any of the symptoms of mild selenium poisoning,
and by the further fact that duplicate samples of those secured by the
writers and found to contain very little selenium were capable of
causing acute poisoning of laboratory test animals.

TORREON AREA

The great flat plains lying between Chihuahug and Torreon were not
examined in detail, since no reports of disease of the *“alkali disease”
type were brought to the ntiention of the investigators. A few
samples of both soil and Astragaius were collected, but in no case was
selemium found in soils or plants in quantities fo warrant special
attention.
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In the district about Torreon, however, not only are Cretaceous
shales and limestones contributors to the soils of the great level plains
areas, as has been mentioned, but these soils, like those north and south
of Chihuahua, are semidesert in type. The effort was made, therefors,
not only to sample the soils and the scanty vegetation but also the
shales studied by Xellum and his associates (22).

Altogether 65 samples were collected and their selenium content was
determined (table 3). In the soils in general the selenium content is
low. Indeed, nosoil was found to containin excess of 0.5 p. p. nv., except
that in o shallow swale 24 miles north of Torreon a sample of heavily
salt-encrusted soil, B207906, contained 2.0 p. p. m. and the effiorescent
salts, B20795, on the soil, 1.5 p. p. m. The shale samples were also
very low in selenium. One sample of Indidura shale near Tanque
Rota and about 30 miles north of San Pedro contained 2.5 p. p. m.
One samnple of Parras shale 5 miles east of Parras and one of Indidura
shale west end of Parras each showed a content of 1 p. p. m.

Since the selenium content of the above-mentioned samples was
unexpectedly low. Dr. Kellum was asked to furnish the writers with
a few identified reck samples from this area. One of these, a sample of
Indidura limestone from 1 mile seuth of Parras, had a selenium con-
tent of 2.5 p. p. m. No other of the 12 samples exeeeded 0.7 p. p. m.
and 7 of them ran 0.1 p. p. m. or less (table 4).

TabLE 4.—Selenivm conteni of geologicel samples fram Mexico

) l | Selenium
Lnb{}";ltur} i Lotition Material in soil or

: : H.op.om
... 30 feot above buse of Aurors limestone, « Aurora lhestone .. L. ... P 0.1
vast side of Puvrto Astefieros, nocth of |

«  Sierma e 'Plshowiiio ap sonth end of .
Sierra del Rey, Coohuila, '
BAGEE ... . 060 feet below top of Augora ligestone, e .
Fivrrn de Tiahunlile, Durango, Mexics, 4
porthenst of Zarogoss, just cast of b
south end of Ashhillo near Ojo de Agua. |
On west bank of Arrova Carecol, st | Novaculite feam Caraceol formmtion
east vod of Casson Mesguive, Sieera i
de Parras, Coahulla. i
B21030 __. ' In west bank of Arreve Camngol, Sicrra o [ndidura limestone from unit 4 of
de Porras, section,
BAGHL ... ¢ Hill just southeast of mouth of Indidura  Truelilira formatinn
Canvon, Ziern de Banta Ana, Cri-
huila,
B2igde .. Casson Carseol, Sicera dle Parras - - Cuestaodel Cora Leesione
RAMR . . InCasson de la Casits, Sierm de Parras, 1T from tog of Cararnl furmation
Cgahnila. :
I EVATVN R Ojo de Apun, west side of Sierm Tlahua- ¢ Pertiary volvanic 0l amd breeein
lily, Durango. .
RS Cerro Aniza, about 1 mile south af Par- | [ndidum Umestane, mettber 3.
ras, Coahuila.
V206 North of Lo Marita, Dursnge... .. voleanic hrevvia N
R2GT_. ..., On west bank of Aroyo Caragel at east  [ndidurd limestone from unit 2 of
1 end of Casson Mesquiie, Sierra de - secrion.
! Pnrras. )
B03s ) Frlum Ceres Aniza, about 1 mile sonth of Indidurs Hmestone, section 3
AITHS. :

BX020.___

i
|
-

1 Samples hirnished by Lewis B. Kellum, University af Michigan,

Nevertheless, although none of the types of vegetation found be-
longed to groups notably prone to selenlum absorption (table 3}, &
sample of Grindelia, B20827, 16 miles north of San Pedro, had 8
p. p. m.; of Lepidum, B20832, 15 miles east of San Pedro, had 7 p. p. m.;
a sample of young whent, B20810, 6 miles north of San Pedro, contained
4p. p.m. The general conclusion, from observation and the analytieal
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dats, is that in this section no selenium problom of moment exists,
although mildly toxic samples of vegetation were found. If, however,
highly absorpfive tvpes of vegotation exist, or were to be ntroduced,

they would be likely to be toxic,
IRAPUATO AREA

In the distriet around Irapuato a very different situation obtains
{8). As previously indicated, opportunity was sought to examine this
aren because the animal symptoms described by Roca correspond so
closely with those described by Franke, Rice, Johnson, and Schoening
(13).

In making the field examination, nttention was directed specifically
to determining (1) whether the cause of the disease of both men and
animals could be definitely assigned to selenium, (2) whether the area
affected is Lhimited to the flood plain, and (3) whether the source of
the selemium is the mines or is inherent in the sot} itself. No attempt
was made to determine the extent of the area affected or the extent
of the injuries to either men or animals. These and related questions
seem to be the problem of the loeal authorities.

Samples were secured from the [ollowing sources: Ores presumahbly
representative of the area, slimes from the waste dumps, water from the
river below the slime heaps, soil subject to silt depuosit from the river
at flood levels, similar soils not subject to everflow, plants of similar
types ou both soil arens, feed of animals affected by the disease, and
feod materinls consumed by the people of the area, A sample of
mitk was also secured from a cow that was charactecistically diseased.

Tabile 3 gives the results of the examination of ore samples ubtained
from the Sirena mine and the waste dump of the mine. All of them:
were uncrushed rock. No attempt was made to identify the minerals
represented. According to severzl independent sources of informa-
tion, these ores are representative of the entire area in question.

The data show that the seven assorted samples of ore had a mean
selenium content of 16 p. p. m. This is the type of materinl whicl,
when erushed and the siiver extracted (formerly by the patio provess),
constitutes the slimes washed into the pits near the mouth of the
canyon. These enormous dumps are the real source of the stream.
The unmilled mine waste is rejected material low in silver: it was
examined beeause it is high in marcasite and other sulfides and was
expected to be high in selenium. The mean content of the siumples
was only 7 p. p. m. The slime dumps are fed many thousand tons
of fresh material daily and represent the aceumulation of Many vears;
at trregular intervals they are tremendously eroded by floods, the
material carried downstream, and distributed over the flood plain of
the Guanajuato both above and helow the town of Irapuato. The
mean selenium content of this material, as shown by the six samples,
was 4.6 p. p. m.

The stream flows rapidly from the base of the dumps for some
distance below the town and carries so much suspended material that
the water has o milky appearance. The water is used to a considerable
extent for irrigation. The analysis shows that it definitely contained
selenium and that its deposited silt was markedly seleniferous. The
most remarkable sample was that taken from the wall of an abandoned
town about 3 miles below the slime dumps. The wall and houses were
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suid to have been buillt of adobe bricks made {rom the slime and
organic material, probably manure. The wall is very old, and its high
seleniwm content bears out the tradition that the %olmmn disense in
the valley below has existed ever since these mines began to be
worked, probably more than 200 years.

Table 3 gives also the results of the examination of soil samples
collected m the valley. Included are soils frow the flood plain of
the stremmn that ave subject to deposttion of silt from the mines, and
a number of samples from places that are vot flooded.  Inecluded alse
ate certain samples of seils of the sane character from other areas
not adjacent te Irapuate but derived from similar parent material,
except alluvial deposits.

The data given m table 3 must be considered in the light of the follow-
ing facts: Samples B20861 and B2086S are from an area flooded from
the river only infrequentiy and rrigated with water from & deep well
presumably not seleniferous. Snmples B20868 and B20872 are from
land (looded whenever the river overflows its normal banks. Both
samples are more silty than B20861 and B20866. Sample B20877
was tnken on a small hill presumably never flooded. [t contains the
normal guantity of selentum for soils npt toxie and corresponds to
sumples B208G0, B20045, B20046, and B20%48. Sample B20896 is
part of a profile taken {rom the banks of an excavation lor a sewage
disposal plant that is being erected.  The aren 18 subject to floodimg
approximastely three times in 10 vears, and the soll s probubly an
alluvial deposit.  Oniy the recent surface contains selentim in excess
of the normal traces found generally in soils.

All the samples taken on the Garride raneh contain abnormual
quantities of selenium and all are from the river flood plain. Two of
them are of special interest; Sample B20904 from the corral indicates
that the manure used for fertilizer is excepiionally rieh in selenium,
and sample B20916 from the adobe wall shows that the seleniferous
condlition of the raneh is of long standing. Samples B20920 and
B20929 are from fields on the Arandas ranch that are infrequently
flooded and not irvigated. Sample B20926 is from a field pointed
ot by an Indian as the spot where corn grew -that was responsible
for his own case of “alkali’” disease. Sample B20931 is from a field
on the Jesus Velasquez ranch. .-\lfnlfn grown there was reported as
the cause of the loss of 120 cattle in a night’s feeding,

Obviously the source of serious quintifies of selentmn in the soils
sbout Trapuate is the stity material washed down from the mines
about Guanajuato.

Table % gives also the results of the examination of swmmples’ of
vegetation collected in the district about Irapuato. Results obtained
from the saniples collected oun nenseleniferous spots are omitted. as
they were essentially free from selenium. Included are nine samples
of vegetables bought at random in the Irapuato public market.

All the vegetation grown on soil known to be seleniferous contained
selenium.  That grown onl the Sonaja ranch was definitely ower than
that on the other spots examined, probably because some of the irriga-
tion water came from z deep well presumably free from selenium.  In
the other samples, irrigation water enme {rom the river, which con-
fains dissolved selentum {table 3, sample B20886). In several aveas
in the Tnited States it has been shown that irrigation tends to
diminish the eofleets of selentum on plants {3), but not where the
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irrigation water contains selenium. Sample B20928 is from the spot
represented by soil B20926 of table 3 and was the only vegetation
growing there when the examination was made. Sample B20034 is

BT TR L - .
5 A WA

FicvuE 4.—A4, Selinized cow; B, hind hoofs of selenized cow shown in .

alfulfa that was being eaten by a cow deflinitely suffering from se-
lenium poisoning {figz. 4). The milk from this cow contnined 0.6
p. p. m. of selenium, which is equivalent to about § p. p. m. of the
milk solids. Incidentally, this cow, as well as two bulls also suffer-
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ing from the sume trouble, wae a newcomer into the valley. Some of
the members of the herd of about 50 cattle showed evidence of the
disease to n much smaller extent.

The samples of vegetables sold in the eity market are significant. Of
the nine samples analyzed, all but two are definitely seleniferous,
and these may not have been grown in the valley.

In the area of seleniferous soils about lrapuato the toxic agent is
evidently deposited in the soils from the waste product of the mines
about Guanajuato. No similar situation exists, so far as is known,
in the United States.

The condition in Irapuato seems less serious than it would be if
selenium-loving plants, capable of enriching the soil with availuble
selenium, were present. In this area irrigation as practiced is not &
remedial measure (8), partly because the section is semihumid and
therefore does not require continvous irrigation, and partly because
of the presence of selenium in the water. This point may be tm-
portant in connection with the use of drainage waters from selenif-
erous areas for rigation in other places.

When it is considered that more than 4 p. p. w. of selenium in
dry diet are definitely injurious (4) and that the people of Irapuato
live lurgely on their local produce, it is clear that this location is an
excellent one in which to study the effect of selenium mn foods upon
people. Since selenium may be present in all the vegetables, nulk,
and meat consumed {4), the citizen of Irapuato is likely to be affected
by selenium {rom even his prenatal days. To what extent the evi-
dent il health of the inhabitants is due to selenium in their food is
problematical but is worthy of study?®

SALTILLO AREA

1n addition to the exmmination of the districts about Chihuahua,
Torreon. and irapuato, a number of samples were collected west of
Saltillo from shales of, apparently, the Cretaceous period. No shale
samples were found with a seleniwm content of more than 0.3 p. p. o
and no samples of vegetation with a selenium content of more than
3 p. p. m.  Also, since the valley of Mexico is surrounded with vol-
canic peaks. it was considered worth while to collect a series of sam-
ples of soils, vegetation, amd sulfur in order to determine whether
I materials or w the seils derived from them any marked accumu-
lation of selenium could be found. Four sulfur samples were obtained
from the Geological Museum through the aid of Dr. Figueroa. Of
these, two from the crater of Popocatepett had 0.5 and 0.6 p. p. m. of
sclenium, and one from Citaltapetl 10 p, p. m., whereas one from El
Chichosa gave no evidence of selenium n a 3-gm. sample. Also, two
samples of voleanic ash contained only 0.1 p. p. m. of selentum. It
is, therefore. to be expected that soils derived from materials of sueh
voleanie sources wotld be of low seleniuin content. Thirteen assorted
samples of soils reverled & maximum selenium content of 0.2 p. p. m.
and this in ounly one sample. Also, no sample of vegetation was
obtained (of eight examined) that had more than barely detectable
traces of selenium. Even the highly ferruginous profile sample col-
lected 178 miles north of Mexico City on the Mexico City-Laredo

1in meking the fieltl exominition here reported the Mezican Covernmem was represented by Jost

Fieueras. Witheut hiz luea) knowledge and enerpetie misistance the oollection of materials would hnve
been nimost inpossible.
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Highway contained only 0.5 p. p. m. of selenium in the most selenifer-
ous portion of the profile. These results are also included in table 3.

“NONTOXIC’' SELENIFEROUS SQILS OF HAWAIT AND PUERTO RICO

A lack of quantitative correlation between the selenium content of
the soil and the vegetution hus been evident throughout the entire
investigation of seleniferous areas (3, 4, 6), and during the course of
the investigntions many factors influencing this correlation have been
discovered. These factors may be divided roughly into the plant
influences and the soil influences. This lnck of correlation is certainly
due in part to the variation in the forms of selenium in the soil (4¢)
and to the distribution of the selenium throughout the soil profile,
as well as to the charancter of the seoil (). Coueurrent with these
soil factors are plant factors, such as the selective absorption of
selenium by some plants, its moderate nbsorption by others. and the
very limited tolerance of selenium by a third group (29). The depth
at which & plant feeds and the distribution of its root system are aiso
iterus to consider as affecting the resultant sbsorption.

Nevertheless, when highly selentferous soils were found in Hawail
{#), it was confidently expected that toxic vegetation would be found
growing on them in spite of the apparent absence of known selenium-
loving plants. However, with 16 vegetation semples that were
securcd, the selenium content ranged from noue to 1 maximunm of
3 p. p. m. in the air-dry wright of the tops. Ten of these plants
were unidentified. The other 6 belonged to 4 different genera,
including Conpositae and legumes, which are frequently seleniferous
when grown on selenium-bearing soils (19). These consistentiv low
selenium values in plants from selentlerous Hawaiian soils led to o
pet test in which millet, a moderate sclenium absorber, was grown on
n soll from the Wahiawa Erosion Experiment Station, istand of Qshu,
T.H. Although the soil contained 12 p. p. m. of selenium, no selenium
was found in the millet. At the same time, millet grown on u mixture
of quartz sand and Wabash silt loam to which had been adde:l onlv
2 p. p, m. of selenium as sodium selenate, contained 1,300 p. p. .
Hawaii was the first area where the vegetation examined from highly
seleniferous soils was consistently low in selenium content.  An
apportunity to study the vegetation of Hawsill in detail was not
offermd, so that the existence of a large arer of “nontosie” seleniferous
soils i Hawaii is not adequately proved,

A condition similar to thai m Hawali was fouud in Puerte Rico
when a series of soils derived from Cretaceous shales and » number of
samples of vegetation growing on them were examined (24). Kor-
tunately, an opportunity to study every kind of plant growing vn a
"nontoxic’” seleniferous soil in Puerte Rico was made available
through the aild and advice of Ray (. Roberts, of the Division of
Soil Survey of this Bureau, At his suggestion, J. A. Bonnet, of the
Agricultural Experiment Station of the University of Puerto Rico,
collected samples of a soil protile on each slope of & small hill 1 mile
north of Fajardo, and at the same time J. 1. Otero, of the University
of Puerto Rico, collected and clussified every tvpe of vegetution
growing on the hill, An aerial photograph tfig. 51 shows the hill on
which these samples were collected. The aren examined covers
about 40 acres. The soil is a typical Yunes silt loant and was known
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to be seleniferous. The results of the examination of these samples
ure given in tables 5 and 6.

The Yunes silt loam resembles the Gray-Brown Podzolic soils.
The surface soil is a dark-gray silt loam with a high percentage of
sharp angular shale fragments. The lower horizon is a yellow heavy
silt loam. In this layer iron accumulates, resulting in ap iron-
cemented hardpan. The soil is developed from the Fajardo shale.
This gray fine-textured shale is formed from stratified volcanie ash

_a

/_- e w oW e ..

Froure 5.—The area enclosed by the broken line is the hili porth of Fajardo,
P. R., oo which the soils and vegetation given in tables 5 and 6 were collected.
(Vertical aerial photograph taken by the U. 8. Navy.)

{27). The soil samples contain from 2 to 10 p. p. m. of selenium in
the surface borizon and 3 to 12 p. p. m. at a depth of 12 to 24 inches.
The underlying Fajardo shale ranges in selenlum content from 2.5
to 8 p. p. m. The volcanic origin of this seleniferous shale is another
example of observations previously made (6).

TaBLE 5.~—Selenivm content of samples of 4 soid profiles from o small hill 1 mile
north of Fajarde, P. R,

Sauple No Location Material Zelenium

o
®
]

B 1S PE P0G 1 e p i

| West stope.oaaeeocc ..., | Yunessilt loam, 0-12 ipehes
d . .| Yunes silt lnam, 12-24 inches__.
Bhale . . ... ... ...
. | Yunes silt loam, 0-12 inches, . __
.| Yunes gilt loam, 1224 inches .

1 U

.1 Yunes silt loam, 0-12 inches
Yuines silt loam, 12-24 inchy
A8bale... ... ... ..

.| ¥Yuopes silt loam, 0-12 inghes. ...
Yunes silt loam, 12-24 inches

L,

e

CoCoOoorocDan’
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TanLe G.-- Seleniwm conlenl of vegelation grown on o kill { wile north of Fajerdo,
P R

th&r:tnr} : Eﬁ-‘ﬂfl Deseription . Seleniwim
LR TR

B2, 1 . Catherenthia rosens (L) Don. .. ... .. I . <14
H2M0 _ v Dolichadus reticudatia (8w, Millsp. - . . . . o
BG4 .3 . i Viplerianoides junpricense (L) Konlze . 0 0 0 . L L i <A
Hojne 4  sldipera stahiii { Ut} Britton snd Hose <1
AWML, & i oslbrpd abrus (L) WO F. Wight . . - ; <L
B4 6 . Unclasifiel . e e . . ! <L
21045 . .7 | clnacardinm occidentele Lo .. . . . ! < 1.0
BaMG . (B . Ifymewaen eourberdd Lo oL PN
B2y .. Yo ] Borrerin perfizitivtu (L) Mover . A o <14
Gds .. W 3 Nedtnmaz jadiflors {ow.) Bal . o .. 1 <L N0
B2 1 Adenorsginm gossypifelinm (L3 Pahl L < 1.0
RN050.. 12 Serjenia polyphytia (LY Rudlk . <10
B2L05L, 3 Cnelassified . <1.0
Baosl |13 | Hippoeniten ootbilie L o | <
BA08%. . ... 15 Pictethv nculenta {Wahl) Urhan . ... . o .3 <10
L S [ Stenolaphriem secindotun (Wall) Kunbre ' <0
BANGS .. I ' Shfa acumipata Lo . 0 . 0 1 1.0
D2105,. . 18 " Sido wrens L. L. L i < 1.4
B205T.. 19. . o Peidiemgenjara Lo .. 0 L < L4
Booss_. . w0, ! Weddiz eafyeine L. C. Hich <1
B2ps0 | 2. 1 Randin mitia L. . . . .1
B210G0 F { Chaetochioa genivitdote (Lun) Millsp, snd Chose. . . . <h0
Balh) Syntheriamn srpguinalis (L) Duloe | . P <10
B2§2. Pupicum moazimiem Joeyg. . . e e s H <10
B2l Citharexytum fruclicosen: L F b <10
h1 3T ot Chamaeayee hypericitolia (1.) Millsp ! <10

In this area the quantity of selenium absorbed by plants appears to
depend upon the character of the soil and the form of the selenium
present. Selenium may be present in the soil in three forms whicl:
become available to piants only by slow processes of hydrolytic
action (6). These are as free selenium, as pyritic selenium, and as
basic ferric selenite. Free selenium might well be expected in the
soil where commercial selenium sprays (Selocide) are used, but there
is no evidence that it is present naturally in theseil.  Pyritie selenivm
is certainly present in lmmature soils formed from parent material
containing pyrites. The most likely form of essentially insoluble
selenium 1n mature soils is basic ferric selenite. It has been demon-
stroted that when solutions of sodium selenite are shaken with Jnghly
ferruginous soils, the selenium is rendered essentially insoluble {(46).
It should be noted here that the seleniferous Hawaiian soils which
did not produce toxic vegetation were highly ferruginous. In the
profile of the Yunes silt fonm taken on the east slope of the hiil, the
selenium content at a depth of 12 to 24 inches was more than twice
that of the surface soil. In this lower horizon of the Yunes silt loum
jron oxide accumulates to form a hardpan. The higher selenium
content of this ferruginous laver suggests the association of selenium
with the iron oxide. Although in the three other profiles examined
the selenium content of the lower layer is higher in all of them than
that of the surface soil, the difference is not sufficiently great to be
significant.

These results in Puerto Rico and Hawali serve to emphasize the
previously known fact that no guantitative relationship exists between
the selenlum in the plant and that present in the soil. It 1s shown
that arens exist where highly seleniferous soils do not produee toxic
vegetation.
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In the 26 different plants exainined, sepieaentmw avery tvpe of
vegetation on the hill, the selenium content in every case was less than
1 p. p.m. The Yunes silt loamn, then, is truly a nontoxic seleniferous
soil. This lack of availubility of selentum to plants in the Yunes siit
fonm is in strong contrast with the fnct that in certain sections of the
western plaing of the U nited States and Canada toxie seleniferous vege-
tation hag been found growing on soils containing in the 8-inch surface
layer as little as 0.2 p. p. m. of selenium. On "this soil, for example,
in Teton County, Mont., a snmple of Astragalus peclinatus contained
160 p. p. m. of selenium. Noue of the plunts which are known to be
high absorbers of selenium were found on the Yunes siit lonm. The
low selenium content of all the plants indigenous to the area would
indicate that the enrichment of the surface soil with water-soluble
organic selenium does not oveur. Neither does the depth of the root
svst.em of individual plants enter as n factor in absorption in this area.

MISCELLANEQUS DATA

Many samples on collatersl aspects of the selenium problem have
been furnished us by interested workers either at the request of the
writers or on their own initintive. Some of the date so obtained are
presented.

Portions of & well core from the Smoky Hill inember of the Niobrara
formation at Eads, Colo.. were furnished by C. TI. Dane. of the
United States Geological Survey. Samples. beginning at a depth of
44 feet, then taken at intervals of 10 feet down to 114 feet, were
examined for selentum and found to mage from § to 16 p. p.m. This
is the most uniform set of cousecutive sumples that the writers have
sncountered. The detailed vesults are given in table 7.

This profile of sections of the \mbun.: is of especial value, since it is
the only shale profile so far examined in which there 1s no influence to
be ascribed either to leaching or to weathering.

The Pierre formatiou in Youth Duakota has been subdivided into
five membelx by Searight* of the University of South Dukota, acting
for the State Goolomcai Survey. From the top down, the members
are Elk Butte, Mobridge, Virgin Creek, Sully, and Gregory. Samples
representative of seven outc‘ropi\ of the Mobr idge were furnished by
Searight. The results are given in table 8. A change of selenium
content with geographical Tocation is shown, e&uccmil\' by sample
B22584. In this area the soils ure particularly toxic (31,

TABLE T. - Seleninwm conlent of samples from a well drilled in the Nmoky Hill mewnber
of the Niobrara formaiion al Eads, Colo.

[Lomation: See. 25, T. 17 5. R. 47 W

. I ’
Sampple Mo, Depth Selenin Sample No.  Depth Seleninm  Sample No.  Bepth - Selemuin

Feet Popom. Fert Pop.om. Feel 2, p.om.

P2 . 44 4 B2NS e i B21A HE ] 10

B3 53 1r RIS . . b G B:ng 134 * b
BT & 1 BSIHIT 3 te 1

VSEARIGHT, W, V. LITHOLOGIC STRATIGRAPUY OF THE FIERKE FORMATION OF THE MISSGUR! VALLEY L¥

SUUTH DARCGTA. 5. Dak. Sate Geod, Survey Mepl. lavese 57, 1837
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TabLe 8.—S8elenium conlent of samples of the Mobridge member of the Pierre forma-
tion in South Dakota

Lnb!l.)\'t‘;l.lllr}‘ Field No. Loention Belenfurn
i Fopowm.
B22s7E Ll Blg Badlands, 5. Iak., at Dillon Puss_ . 1

"| 14 toiles sputh of Marntarth, N. Dek., on Highua) DI
Harging County, S. Dak . L e .

-} 6.5 miles east of Cottonwood, §. Dak . ...

7.1 miles west. of Kadokn, B, Dak . L.l

. . &3 miles west of Wall, §, Dak — - R

e TSN, IR TRar T W [rcsebﬂement]!rojem} ra v mmmen s

AT

1

Samples from the Engle Ford formation in Texas were furnished by
L. W Stephenson, of the United States Geological Survey. The data
are given In table 9. These samples contained mgmﬁcaut. ‘quantities of
selenium. The gquantities are, however, much lower than those found
in the Niobrara shales that occur in Nebraska, South Dakota, and
Wyoming. The point of interest is that a more or less close geological
correlation exists between the Eagle Ford formation in Texas, the
Indidura of Mexico (table 4}, and the Niobrara.

TanLe 8. - Selenium content of samples from the Eagle Ford formation in Texas

Valley, Hill County.

.8
Genluuml - Selenigm
l.uhgr:;mn Survey Lgentinon . insoll
i Cullmtmn } or shale
Fopom,
BAL2s 1616 . dba miles west of Dallos, st s beiekyard .. . 0 . Q.5
B CThIA ... ¢ 1% miles west of the publie square an coad londing west (rom Sher- 4
wan, Graysen County.
B2 T ., Waco-Chinn Spring road, st the crossing of Bosque River, Mclen- LB
. nan Conaty,
naieR _omgs . Sowells Blul‘l‘ Red Riv or, 14 miles north of Begham, Fungin County.; .2
g B b Jwhie. L Peoria road, 0.8 mile west of courthouse at Hillshoro, Hill Coumy B
B21130 . i 13825 At hase of bluff, Mill Creek, at crossing of Shanron rond, LE miles 23
- wist uf Bells, Gra} 5011 C‘nunts
Bz o lESR L. | Probably less than 100 feet shove bace of Eagle Ford olay, Martin's W
Spring Braneh, 3.3 miles west of South _'Pm.l'.sbam. C‘rnysnn 1
; ounty.
Belwse L MW L. Blufl on West Fork Trinity River, 1.2 miles nartheast of Grand ] 3.5
Frairie, Dallns County. !
Booad ... 14342 ____: Blufl on hrapeh Y& mile nerta of kighway, 124 miles north of Files | ¥
}
1

Nine samples from Cretaceous formations in: northern Alaska were
furnished by 1. B. \Iertie, Jr. One sample contained 3 p. p. m. and
the others contained 0.5 p. p. m., or less, of selenium. These samples
are not to be considered a cross section of Alaskan shales but are
of interest in comparison with shales found elsewhere.

The investigations of C. 8. Piggot, of the Geophysical Laboratory
of the (‘ﬂrneme Institution of Y%aslnntrton, of the sea-bottom cores
have a ﬂ'eneml scientific interest. A series of sections of these cores
were furmsher:l the writers for examination. Their selenium content
is given in tuble 10. They represent a series of cores taken at depths
ranging from 4,200 to 15,618 feet between Halifax, Nova Scotia,
end Fulmouth England (fig. 6}, together with one core taken off the
coast of \Inrvland
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The selenium content of these cores is of the same order of magni-
tude as the sea-bottom samples previously reported from the Bering
Sea (46). To table 10 are gppended two additional samples from the
Bering Sea that were furnished by L. C. Covell, of the United States
Coast Guard.

The investigation of sea-bottom samples has & special importance
in view of the presence of selenium in certain river waters and its
absence irom sea water (6), and because of the bearing it may have
upon the sources of selenium in the more highly seleniferous shales.
It is to be noted that the quantity of selenium so far found in recent

GACENLAND
IGELAND
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‘MG
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Fisure .- Diagram of sea flour showing location of sampies examined by C. 8.
Piggot.

sediments is not greatly different from that of older sedimeniary for-
mations now constituting soil parent material..

Two sets of samples of soil and parent material from New Zealand
were furnished by L. A. Grange, director of scientific and industrial
research, Wellington, New Zealand. In one set the soil contained 0.6
p. p. m. and the Cretaceous parent material 0.6 p. p. m. of selenium.
In the other set, from Portland Road, one-half mile east of Purvera
Stream, North Auckland, the soil contained 1.0 p. p. m. and the
Onerahi claystone parent material 2.5 p. p. m. of selenium. Further
investigation of soil, shale, and yegetation from this ares would be of
interest.
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Tapre 10.—Selenivm conleni of sea-floor samples from the North Atlantic Ocean
and Bering Sea?

Lowmtion E
Laberatory o i Drepth or} D
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! First 23 suinples furnished by C. §. Piggot, Geophystes! Laboratory of the Carnegie Institution of Wash.
ingion; fast 2 samples furndshed by L. ©. Covell, of the U, 8. Coast Ciuard.
# 55 miles southeast of Geean City, Md.

A set of samples from Sevier County, Utah, were furnished by
H. W. Schoening, of the Bureau of Animal Industry. Stanleya pinnata
and Astragalus praelongus were examined and found to contsin 170
and 110 p. p. m,, respectively. The Mesaverde and Mancos shales,
Cretaceous sediments, outcrop in the county. The leg bone and hoof
of a sick deer that had been klled were examined and found to contain
selenium, ulthough less than 0.5 p. p. m. The hoof was deformed.
It is not known that selenium was responsible for the disorder of the
deer. .

The profiles of two soils from Kevapaha County, Nebr., were
examined for selenium at the request of F. O. Youngs, of the Division
of Soil Survey. A profile of Boyd clay loam contained 1.5 p. p. m. to
& depth of 50 inches, except the 2- to 8-inch portion, which contained
1p.p.m. Inaprofile of Boyd fine sandy loam the selenium inereased
from 0.2 p. p. m. in the 0- to 4-inch portion to 1 p. p. m. in the 38- to
52-inch portion. The selenium content of these soils is in agreement
with data previously published (8, 4) regarding other nearby counties
in Nebraska. No other samples from this county have been examined.

Samples were furnished from a garden irrigated by well water
(fig. 7) by Leonard Noble, Resettlement Administration, Brookings,
S.%)ak. The results are given in table 11. The soil is highly selenif-
erous. None of the vegetables need be considered toxic. This
quantity of selenium in similar soils of the section produeces readily
toxic vegetation (3). These plants are not good absorbers of selenium,
but their very low selenium content is due in part to irrigation (3),
which was carried on by use of deep well water.
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i e Tk
R. 78 W., Lyman County, S.

Figureg 7.—Irrigated garden in seec. 3b'1‘. WT N,
ak.

TABLE }1.—Selenium conlenl of vegetables from an trrigaled gardent on the Reed
farm, sec. 3, T. 107 N., B. 78 W._, Lyman Couniy, 8. Dak.

; Selenium in sample Selenium in sample
i
Tabo Analyzed '} L aberat Analyzed
abore- a5 re- t ratory . BS re- :
tory No. Rlaterial ceived Dried No. Material ceived D&'md
but eal- | andan- | bt cal- ':H ﬁ
wilated nlyzed culated ¥
on.dry & an dry
Lasis i basis
Pop.m. i Popowm i L .
BatM2 ___ .| Garden soil: | 5 1.0
04 inehes 4.0l 2.9
BIERST. ... G-18inches___.1 .. ..... 4.0 ! 1.0
B2432.____| White rudlshes _ 3 20 L9
B2143d ... White redish 2 2.0
topa = .2
BMN434___:_| Red radishes ... 1 1.0 .2
B21435. ... gcd radish tops. i L0 i
CRE L. .o oeem 2 10§
B2158. . Npea PO __ 1 L0 %

Shortleaf pine trees were injected with various quantities of sodium
selenate in an effort to find a dose that would be fatal to insects but
not injurious to the tree. F. C. Craighead, of the Bureau of Ento-
mology and Plant Quarantine, submitted samples from one tree
that died. The core at 20 feet contained 3 p. p. m., twigs 70 p. p. m.,
and the leaves 240 p. p. m. of selenium. Similarly, in normal growth,
indicator piants concentrate selenium in the leaves (6, 43).

A set of samples from Me¢Kinley County, N. Mex., were furnished
by A. T. Strahorn, of the Soil Conservation Service. Foursandstone
samples from a pass 10 miles northeast of Thoreau contained 0.2, 2,
12, and 46 p. p. m. The last two values are the highest yet reported
for a true sandstone. It is not known whether this is a local condi-
tion or a truly seleniferous sandstone formation. Two samples of
Mancos shale were found to contain 0.3 and 0.7 p. p. m. of selenium.
A soil developed on Mancos shale was found to eontain 0.5 p. p. m.
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in the 12-inch surface layer and 1 p. p. m. in the next lower 12-inch
layer. A sample of dstragalus sp. collected 15 miles north of Gallup,
near Mexican Springs, contained 130 p. p. m. of selenium. The
plant was growing on soil developed from the Mesaverde formation.
This formation outerops over a large aren in MeKimnley and Sen Jusn
Counties.

SUMMARY

Methods for the determination of selenium in coal and m animal
matter are given. Coal is treated with 94-percent nitrie aeid, and
animal matter is treated with a mixture of equal volumes of con-
centrated nitric and sulfuric acids.

The results of a survey of part of Montana are reported, which
establish toxic areas in Big Horn, Yellowstone, Teton, Pondera,
Choutesu, Fergus, Lewis and Clark, Cssende, Hill, and Judith Basin
Counties.

Indicator plants were used as guides in the survey work. Astragaius
pectinatus was found to be & better absorber of selenium than A.
bisuleatus.

Selentum has been established as the cause of a 200-year-old disease
which occeurs near Irapuato, Mexico. In addition to the examina-
tion of soils and vegetation collected over the aren, vegetables from
the public market were examined and found to contain from 0 to 70
p. p. m. of selenium.

Dasta on seleniferous soils of Hawaii end Puerto Rico that do not
produce toxic vegetation are given. Soil and vegetation samples
collected near Fajardo, P. R., are given as o special example.

A wide variation in the selenium content with geographical loca-
tion was found in the Mobridee member of the Plerre shale.

Certain portions of the Eagle Ford formation in Texas were found
to contain significant quantities o. selenium.

An extension of the examination of the selenium content of sea-
floor samples is reported and it is shown that the floor of the Atlantic
Ocean contains selenium from Halifax, Nove Scotia, te Falmouth,
England.

An area In Utah was found to produce vegetation of sufficient
selenium content to be toxe.

Radishes, peas, lettuce, spinach, beets, and squash raised in an
rrigated garden on highly seleniferous soil in Lyman County, S. Dak.,
had selenium contents below the limits normally considered toxic
for rats.

A review of recent literature on topics related to the selenium prob-
lem is given.
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