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INTRODUCTION 

Sllmmtu-ies of the results of the selenium studies cltlTied out in the 
Division of Soil Chemistry and Research up to and including the 
calendar year 1936 have been presented in previous bulletins (3, 4, 
6).2 In this series of bulletins the gren.l,er portion of the work re­
ported was de\'oted to the Slll'vey of arcus in which the soils are 
affeC'ted by selenium to slich an extent ns to produC'l' vegetation toxic 
to animals. The pres_ent. report presents results of studies subse­
quent to 1936, including the results of n. survey made in ~lol1tana. 
In addition to the regular survey data, inlormation is given on the 
use of indicator phLnts in survey work and a comparison is made of 
the ability of two of them to absorb selenium. An account of a 
reconnaissance survey made in ~lexico, -with special emphnsis on the 
area in which "soliman" disease occurs, is given. Datn on "non­
toxic" seleniferous soil, improyed methods of analysis, a brief review 
of curr&nt literature, and miscellaneous dn,ta are nlso included. 

, Suhmitted (or publicutioll March 2, 1939. 

'Itulic numbers in parentheses reCer to Literature Cited, p. ';6. 
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REVIEW OF RECENT LITERATURE 

The muny ['lUltifications of the selenium problem luwe attracted 
the attention of workers in diil't'rollt bl'lLllehes of s!\iellce. In tIw 
three pre\Tious reports (3, 4, 6) the progress on this problem hilS been 
reported by including references to the CUlTCllt litrrll.&ltre. Such 
references, when pertinent to the topic under discussion, have lWl'lI 

given in this bulletin. However, in order to keep the report of 
progress OIl tilt' problt'lll up to date, this brief review is ulso illcludt·d. 
The recent literl1.tme is striking evidence of the wide nttention that 
hus been ttttrncted to the vlUious economic and health n"pcets of the 
selernmll problem. The divergence of efl'ort in '"Itrious lidds soh,os 
ml1.ny phases of the problem nnd at the same time oprns nUlIlY more 
phuses of it for considerntiol1. 

Knight ILnd Beath (23) found that "itllmli disrnse" ill the early 
stlLges, usually recognized by hoof deformities Itnd loss of hu.ir, ClLn be 
C'u!'ccl by Itdministcriug daily drenching!:; of cll,lci um lll.l'tnte l1.nd placing 
the animal on n, selenium-fret' diet. About one-third of :tIl ounC'e of 
calcimn laetnte in a qllltrt of water is u. dose for a 600- to SOO-pound 
l1.nlmal. In 11.11 nttnck of. "blind stllggers" 01' !lcute seleniulll poisoning, 
the animal normnlly does not show any partiC'ulllr H.bnorlllulity 
previous to the t;'meit brenks down. TIll' acute !lttm·1\- is usuully 
clULl'Itcterized by u. partial or eomplete collapse llcC'ompllllied h~­
d['iveling, impaired ,-ision, and loss of u.ppetite, Beilth [ound that 
temporary relief llUty be ohtniued in tile less se,-ere CIISPS by drellC'hing 
with copious qUlLntities of wlI.rm WitteI' nnd injecting SJllll.U qUll.utiti('s 
of stryclmil1e hypodermically. One-tenth to olle-fifh'enth of It grllin 
of strychnine is about the right dose [01' II.n ILUimlll weighing 600 to SOO 
pounds, aud should be IIdlllinistered two 01' tlll'l'e times at intpl'\"nls 
of from 2 to 3 hours. AJtet· II tiny or t'.~ro, uddHionlll help CIlU b(' 
giyen by drenching with It toniC' contll;.ning \l'On Ilnd quinine sulfllt.e 
or nux vomicu. At 110 tillle during tLt(· initial iUnpss i:; it ilc!\"isllble 
to administer luxl1.tin's. 

Hlml-Kltrrer (21) rep()I'ted thu t wilip dit\,pren('('s in the IlbSOI'ption of 
selenium from sodium selenlltp by 17) ditl'l'l'ent nop plants grown in 
Keyport clll~· 10aIll , untreated witb t"espect to sulfur, were din'cdy 
corn'lnted with eorresponding difl'erc<1C'l's in their sulfur-ubsorbing 
cnpllC'ities. She C'oneludes thut the plll'lIlll'lism suggests thut the 
sulfur requirelllellt of the plu n t determirw!:; its tl'ndenC'y to absorb 
selenium. 

In another set of eXlwrimen ts (20) H urd-E'.nrrer found till! t the 
compnmtin' toxieity of selenn.tes tLnd selcnites depends on tI\(' COIl­

cen trn tion of n.Yllilable sulfn te. Her expet'imen ts showed thnt toxi('i ty 
of the selenates dccrensed progressi,"cly with iucrellsiug" sulfnte sulfui', 
while that of the sell'nites wns grellJer with high coneen tru tions of 
sulfate than ut intermediate ones, with the result that nt sulfur i.'on­
centrations below IIbout ~O p. p. Ill., selenate selellium wns more toxiC' 
than iielenite, while n.t tile high sulfur cOIlC'entratiolls the selenite 
selenium WtlS the more toxic. 

With 3 p. p. m, of selenium in the cllitun' solution, the snow-white 
scknium chlorosis occurred at nIl sulfur leyels up to ahout :16 p. p. Ill. 

in the cnse of selellll te selenium, but 6 p. p. Ill. of sulfu!' eompletely 
inhibited it in I,he cnse of iielenites. 



3 SELENIU~I OOG(TJtRI~SGE IN C1mTAIN SOILS 

A series of pot expmimellts reported by Gile, Lakin, and B~~ers (16) 
brings out se\'eral interesting (aets cOllcerning the effect of sodium 
selenate on the growth of nrillE't (Setaria italica) in sund and soil. It 
wns found that the applicIl.tion of 4.4 mg. of selenium in fl. pot con­
tnining 5 kg. of quartz saud (0.88 p .. p. m.) under fllyorlLble conditions 
of fertilizntioll reduced the growth of millet by oHe-half. Under 
comparable couditions 01' fertilizu tion and moisture most soils req uire 
one and one-hnlf times the amount of selenium to reduce the growth 
of millet one-half. This value would be roughly 1% p. p. m. Varia­
tions in phosphate fl.bo\~e that necesstu·y for normnl growth had no 
eft·ect on s('lenium inju~-. Increase in suli'ILte application decrensed 
the efrect of the selenium. This confirms the work of Hmd-Knrrer 
(18). From the similu,rity of the. results obtnilled on 13 soils, in which 
thE' silica-sesquioxide ratios ranged from 1.07 to 3.41 in the colloid, 
it wus concluded thn,t soil colloids hn'\"e YClT little effect on the ILVail­
nbility of sodium seleml.te. Quite different'results m·e being obtnined 
with sodium seiE'uite. It is belieyed that selenites are more abtmdnnt 
in soil than selenates (46). 

Franke nnd Painter (11) luwe demonstrated by It series of field 
e::qwriments that the addition of sulfur or· gypsmn to n naturally 
seleniferous soil did not inhibit the absorption of selellilUll by 'wheat 
and eorn. They gi\-e eyidence to show that plants absorb less sel­
enium when grown dl't·ing extremely dry senSOllS than when grown 
during sensons of normal minfn11, SulflU' absorption is not reduced 
dUl'ing dry senson;;, so they concluded thn,t there is little r'elntion be­
tWN'll the nbsorptioll of selenium nnd sulfm by plauts. They were 
ullable to ell'ctroclinlyze n detectable Hmount of se\E'llium from a 
sample of Pier!"!;' soLl: 'Yhen sodium selenite WllS added to the soil 
not all of it eould be r·emoyec! by plectrodialysis. ,nlen the e)..-peri­
ment wni' repeated using sodium selenate much more of it could be 
elec trodin lyzpcL 

The data from foUl' summers of field obsen-ations together with the 
analyses of thousands of slLmples of Yegetn.tioll led ~lillel' and Byers 
(29) to coneiude that certain phmts call use huge amounts of selenium 
\\'ltitout injury. Further, it seemed probable that selenium WllS of 
some importance in .:heir physiological processes. Recentl~' Trelense 
and TrE'lease (3m reported experiments on the growth of .Astragalus 
racemosus, an iuclientor plant, in artificial medill. One set of plants 
was supplied witb the usual mineml nutrienh; and the other sets tla,d 
in Ilcldition Yltrious ('oncentmtions of sodium selenite. Though re­
ceiying a consider'able quantity of selenium from tlH' seed, the plnnts 
that were giY(,1l uo additiollal selenium l!lade slow growth in comparison 
with those which obtained sl'lenium from the culture solution. 
~'In,rked stunting of the pliLllts depr·i\-ecl of sell'niull1 bec/l.lUe e\~ident 
within It few weeks after their tmnsference to the minernl soh/tion. 

Byers, 3'1i11er, "~il1iams, and Ln,kin (6) reported larn1.e in the roots 
of ail.il8tragal1ls racemOS'llS plnnt contaiuing 190 p. p. nl. The larvae 
contl1.ined 7.fi ". p. m. .Anoth,,:, sample of the same laryne lw,d fi 

selenium co .Lent 01' 10 p. p, m., and the roots they were infesting 
contained 420 p. p. 1ll. Flies (possibly though not certninly Pse'lldo­
lephritis) li\~ing on .i18tragal1l8 pectinat1l8 tha.t contained 1,800 p. ~. m. 
of selenium werE' (,:lnght and found to cOlltnm 10 p. p. nl. of seleruum. 
Tl'elense and Trelease (,:0) report sinlilnl' results 011 bruchid lfiITne. 

http:seleml.te
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These larvae contained 36 p. p. m., while infested seeds contained 
1,360 p. p. m. 

In Hoskins' preliminary report (17) on the absorption of selenium 
by grn.pes and by citrus fruits, with special reference t,o orchn,rds and 
vineyards sprayed with Selocide (30-percent solution of a material 
with the empilicul IOi'lllUln «(KNH4S)sSe), the following conclusions 
are given: The ayerage selenium content of the Ulltren,ted soils ex­
amined was 0.25 p. p. m. The highest selenimn content found in the 
sprayed soils was 0.91 p. p. m. The fwerage selenilIDl content of 
eitrus fruits from sprayed orch!lJ:ds wns 0.2] p. p. m. in the skin and 
0.06 p. p. m. in the. pulp. In the unsprayed orchard t.he avemee 
selenimll content of t.he skin WtlS 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. in the 
sprayed yineyards and one sample from an lUlsprayed vineyard con­
tained 0.11 p. p. m. 

Elementary selenium is readily made available for Astragalus, as 
show'Ll by the work of Ben.th, Eppson, and Gilbert (1). A nOllselenif­
erous soil was nll..'>:ed w.ith 25 p. p. m. of elementary selenium and 
sown with seeds of A. bisulcatu.s n.nd A. pectinatus. In 3 months the 
seedling:s were selenirerous. A. comp?site san,lple gave 1,150 p. p. m. 
of selenmm. In another set of ('xperllllents, It was found that sulfur 
n.nd soluhlP sulfat.e do not inhibit tlt(' n.bsorption of orgn.nic selenium, 
deriyed from nn.tiye range pln.nls, by type cerenis and otber farm 
crops. They also report thn.t lUI tiyl' rnngl' plmIts do not show chlorosis 
even when till' selenium content ren.ches 15,000 p. p. m. Experiments 
show a considern.ble loss of selenium when certain plants are nil' dried, 
running as high ns 66 percent. 

Ben,th, Gilhert, 11nd Eppson (2) report further studies on the 
selenium content of the Permian and Tl'inssic formations and soils 
derived from them. Soils formed fI'om some members of these 
formn.tions produce seleniferous vegetntion of high toxicity. 

Poley and :Moxon (33) report. tha.t the hatchnbilitv of fertile eggs 
was not appreciably reduced by a. ltlying ration contailling 2.5 p. p. m. 
of sell'nium, was slightly redueed by 5 p. p. m., and was decreased to 
zero by 10 p. p. m. The selenium cOllteilt of the diet was varipd by 
incorporating vRriolis amounts of toxic gruins. 

:Moxon and Poley (32) i'epOI't t.hat if chiekens n.re ou rations contain­
ing 2.ii p. p. m. of sl:'leniunl or' kss. thl:' eggs and ment will eontnin less 
than 4 p. p. m. With n leyel of lOp. p. 111. of splenium in the ration 
the seleniuIll content of edible meu.t and eggs from most fowls is well 
ah(we 4 p. p. m. 

Fl"UTlke nnd Painter (12) fo'Und n. pronounced restriction of food 
consumption by n1bi110 rats in every diet containing more than 10 
p. p. m. of c;elenium us it occurs in cereals. In various seleniferous 
diets the gain per grnm of diet consumed wus less than for control 
diets. Concentmtions of less than 5 p. p. 1l1. of selenium in diets 
prevented nO!'l11n.1 growth. All but one of 35 diets containing more 
than 9 p. p. m. of selenium caused den.th in young animals. It is 
probable that ouly na.tumlly occurring selenium "ill regularly cause 
deaths at this leveL They concluded tha.t if the results obtamed by 
feeding rats can be applied to larger animals, it is evident that farmers 
haTe suffered great losses by feeding seleniferolls feeds with surpris­
ingly low selenium contents. these losses not being due alone to death 
but to decreased rute and extent of growth. 



5 SELENIlT:i\[ OCCUlUU~NCE IN mmTAIN ~O[LS 

Albino mts were fed salts of arsenic, molybdenum, tellurium, 
vanndilUn, Il,ud selenium nt leyt'ls of 25 and 50 p. p. m. of tIl(' elements 
in theil' diet. Toxicity of the elements was determined by their effect 
upon the growth, food consumption, mortality, and hematopoietic 
system of the nnimnls by Jj"'rnnke and Moxon (to). The order of 
increasing toxicity was as follows: Arsenic (Na2HAsOa), molybdenum 
«NH4)6M07024), tellurium (Na2Teo.l and Nn2TeOa), vanadium (Na 
VOa), and selenium (Na2Se03 and Nn2Se04)' At the 50-p. p. Ill. level, 
arsenic and molybd(:'num were slightly to:\.-1.C, tellurium and vanadium 
were moderately toxic, and selenium was very toxic. Of these ele­
ments only selenium caused a distinct disturbance of the hematopoietic 
system. The ra ts reeeiying tellmium in their diet exhibited loss of 
hair. 

It is of interest t.o note that selenium is far more to:\.-ic than arsenic 
and other elements tha,t are commonly considered the most deadly of . . ­
pOIsons. 

From e:\.--perimcnts onl'l1ts, rabbits, ancl cats, SmitJl, Stohhnan, and 
Lillie (34) llU.ve inferred thnt the symptomatology of milder forms of 
chronic selenium poisoning is most m\:ely to point to gastric or hepatic 
dysfunction and possibly to disturbances of tbe hematopoietic organs. 

From another set of c:\.--periments Smith, 'iVestfall, n.nel Stohlman (36) 
found in the case of cnts tha.t from 50 to 80 percent of the totnl intnke 
of selenium ns sodium selenite is usually excre.ted in the mint, nnd from 
t.mces to 18 percent is excreted in tlte feces. The bulk of the stored 
selenium in chronic poisoning witJl smnH doses of inorganic selenium 
is elimina,ted within 2 weeks after its administ;l'l1tion is discontinued. 

A field study was made by Smith and Westfun (35), September 
1936, on n selected group comprising 50 Turnl families in a, highly 
seleniferous area in fom counties of South Dukota and Ncbrnskn. 
Their analyses of urine showed, as a rule, little vnriation in the· 
urllla.ry concentrntion of selenium for the seyernl members of the snme 
family or for the same indiyidunl a.t different times, thus indicnting­
tlmt the excretion leyel of selenium in man is n fnirlv reliable index of 
the availability of selenium n.nd of the hazard to wliich he is exposed. 
They conclude thnt outside of 11 hig-h incidence of symptoms pointing 
to g-nstric or intestinal dysfunction, nncl a few instllnces of appal'ent 
hepa.tic dysfunction, both prohllbly the result of continual selenium 
ingestion, no other evidence of ill health was noted that could be 
ascribccl to selenium with any degree of c(,l'tninty. When locally 
produced, meat, eggs, milk, a.nd \"egetable,,; constitute t·he most impor­
tllllt sources of selenium to whicli man is exposed in the selt>nium­
endemic region studied. 

Dudley and :Miller (8) found tha.t the patJlOlogicnl changes resulting­
fTom the exposure of guinen pigs to small concentrntiol1s of hydrogen 
selenide were, primarily, nn enrly fntty metanlOrphosis of the liver nnd 
a hypertrophy of the spleen which developed later. All ammals 
e:\.--posed to 0.02 mg. pel' liter of hydrogen selenide for 60 minutes died 
within 25 dnys. 

Experiments nre reported by Ellis, Motley, Ellis, and ,Tones (9) to 
show the effect of selenium on fish. About it week after injections of 
sodium selenite the eyes beglln to protrude and the nbdomen became 
more 01' less pendulous. Autopsies showed the body cavities t(1 be 
more or less distended with ascites and the perioculnr spnces to be 
filled with edematous tissue. The eyes had been extended by pres­

http:urllla.ry


6 ~~ECl-IXlCAL BULLETIN 70~, U. S. mU'T. 011 AGRICULTUm, 

sure from behind. At water temperat1ll'es of 10° to 13° 0., daily 
injections of 0.002 mg. per 50-gm. fish produced the popeye condition 
after 5 days. 

In the cliscussion of the elements that oecur in small quantities 
in sen wnter, Wattenberg (41) gives the concentration of seleniulll us 
4 gamma per liter. This value is evidently tllken from the work of 
Strock (37). The present investigators were unable to confirm this 
value, IIlthough sampleslrom the Atlantic OcellIl, the Pacific Oeean, 
and the North Sen, were analyzed (6), the North Sea being the source 
of Strock's samples. 

Nloxon (31) hils prepared a review of the work on the selenium 
problem and especiallytlle work of the South Dakota Agricultural 
Experiment Station. 

A. short re\'iew of the work on selenium and its relation to soil, 
pln,nts, lI.nd animllls has been prepu.red by Willillms (44,), 

METHODS OF EXAMINATION 

No changes ha.ve been made in the methods of eXilJninlltion pre­
viously clescribedfor soil (43) l"1nd vegetation (4?,). 

The nitric-sulfuriC' acid method used for vegetation was iJlYestil?uted 
by 11l1thews, Curl, ~nd Osborn (26)1 who substituted complete cliges­
tion of the sllmple, 1n a system ha,Ylng a condenser and trap, for the 
ineomplet.e digestion at a regulated t.empern ture in an open beaker. 
With the present methods of estimation no superiority of the dosed 
system couM be demonstrated . 
. The nitrie-sulphuric acid mL-..:ture used in the preparation of vegeta­

tion for distilllltion ,vas not considered adequate fOT coal, hence experi­
ments were made using 94-percent nitric acid and coal that had been 
ground to pass a 100-mesh sieve. When the acid was added to the 
~oal the mixture ignited and bmned with n smoky flame. When coal 
was dusted into the acid at room temperature the o:.-..-idation went 
smoothl, until the mL-..:tul'e was heated to finish the renctioll. On 
heating; the mL-..:ture frothed and could not be cOlmned to a beaker of 
reasonable size. When coal vms dusted into boiliJlg acid, portions of 
the coal ignited and burned before it could be stirred beneath the 
surface of~the acid. It was found that the reaction could be carried 
out successfully if certain conditions were maintaiJled. Two grams 
of the coal were dusted slowly with stirring into 60 ml. of 94-percent. 
fieid nt 60° C. in a 600-ml. Pyrex benker, and after the reaction had 
quieted the mi..-..:tme was h3nted to boiling on n hot plate for 5 minutes. 
The mixture was then removed from the hot plnte llnd the 94-percent 
a.cid added to bring the volume to 60 mI., the temperat.ure was adjusted 
to 60°, and 2 gm. more added as before. This procedure was repeated 
until 10 gm. had been ndded to the acid. The beaker was then 
covered and heated on the hot plate for 2 hours. The mL-..:ture was 
then cooled, 50 ml. of sulfmic acid added, and the nitric acid removed 
by henting to a tempel'f1ture not hi~her than 120°. The last traces 
of nitric acid were removed by ndding 50 ml. of distilled water and 
again evaporn.ting below 120°. 

The cooled resic1ue was transferred to a distilling flask, the benker 
was rinsed with 100 ml. of hydrobromic acid eontaining 1 ml. of 
bromine and then ,,,-;'th 30 ml of "\VII tel', and the distillation find estiJna­
tion were carried out as with soil. 
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During the past year coopemtioll with the Bureau of Animul 
Industry has made necessary tho analysis of a few hundred samples 
of animalmattel'. That investigation hns not been completed. In 
the anu1ysis of animal matter for selenium, the hych'ogen peroxide 
method of md.dation (7) requires nearly 2 days. It is subject to 
frothing that is difficult to control; and further, when the mL-xture 
"is evaporated to essentially complet.e dryness on the steam bath or 
hot plate" there is very likely to be a loss of selenium from the "bluck 
paste" of sulfuric ucid and undecomposed or~lUlic material. Under 
simillU' conditions selenium was lost from SUlfuric ncid and vegetal 
material (47). 

The nitric-sulfuric acid methorl was slightly modified for use on 
animal matter. In order for the acid mi.xture to mnintain its strong 
o~-i(lizing power the amo1mt of sulfuric acid was increased. This 
addition was necessary because of the large amoullt of water in the 
animal matter. The procedure is as follows: Flesh samples are cut 
into small pieces and 50 gm. ndded to a mL'ttme of 100 ml. of nitric 
acid (sp. gr. 1.42) and 100 ml. of sulfuric acid (sp. gr. 1.84) cOlltnined 
in a 1-liter PJ'Tex beaker. The mixture is digested slowly at a tem­
perature not exceeding 1200 C. 1mtil a brownish-yellow liquid is 
obtuined and brown fumes of oxides of nitrogen cense to evolve. 
The cooled residue is transferred to tln ull-glass distilling flask (6,43), 
and the beaker is rinsed ,\--ith 100 mI. of hydrobromic acid containi.ng 
1 ml. of bromine and then with 30 ml. of wnter. The still is connected 
so that the adapter is below the surface of 5 m1. of bromine water in 
the rAceh-ing flask. A distillate of 50 ml. is collected, chilled, nnd 
the wax is removed by filtering through an asbestos pad in a. Gooch 
crucible. The solution, having a volume of 85 mI., is redueed, and 
the selenium is estimated us described for soils (43). 

The selenium content of 50 gm. of feces was determined ill the same 
manner. 

The selenium content of 50 ml. of urine was cletermined in the sume 
manner except that when nearly all of the nitric acid hnd been driven 
off 50 m1. of water was added and the eVfl,poratioIl repeated to e.fl'eet 
the eomplete removal of the nitric acid. 

The selemlffil content of 100 m1. of blond was determined in n like 
manner except that the vohlme of both uib'ie and sulfuri(' acid was 
increased to 125 mi. 

SELENIUM SURVEY IN MONTANA 

GENERAL FEATURES 

Stilllpies of soil and vegetation were colleeted d tiring the summer of 
1934 along a transect in Carter County by T. D. Rice. The exami­
nation of the samples revealed the presence of seleniferous soils and 
toxic vegetation in the area. The selenium content of five samples 
of Astragal1ls bi,nilcat1l8, a selenium absorber 01' iudicntor plant (6,29), 
ranged from 157 to 590 p. p. m. The following summer John T. 
~'lilleT made a reeonnaissance survey in Yalley, Phillips. and Toole 
Counties, collecting shale, soil, and vegeta.tion samples. Seleniferous 
soils and toxic vegetation were found. The selenium content of sam­
ples of A. bis1dcatus ranged from 7 to 1.530 p. p. m. 

These Sl.ll'veys were nlade in areHS where the geological maps show 
outcropping formations of Cl'etaeeous age (30). Formations of cor­

http:containi.ng
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responding age (fig. 1) are known to produce seleniferous s011 and 
tmd.c yegetation in South Dakota, N ebruska, 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 Montllllla by 
the freque;nt occurrence of a mantle of debris from the KeewfLtin ice 
sheet, Roch.-y Mountain glaciers, and outwash from the mountains. 
The soil may be formed from the underlying fOrllll1tions, the mantle 
of debris, or from a mL"\.-ture of the two. 

The data from Rice and :Miller's reconllais~;anee surveys I.tnd the 
rather extensive distribution of the Cretuceous sediments made a 

. --YELLOWSTONE NEBRASKA EASTERN COLORADO 

AGE EASTERN WYOWING


BEARPAW MOUNTAIN BIG HORN NORTHEA'S,T£AN 
MONTANA CARBON COUNTIES NEW U(XleDKANSAS 

MONTANA 
SOUTH DAKOTA 

TERTIARY 

-TERTIARY? LANCE ·:tHlTE RIVER OGALLALA 

LENNEP 
BEARPo1.W FOX HILLS ABSENT ABSENT 

BEARPAW .. 
:> BEEC:HER ISLAND VERIrIIEJD SANDSTONE 

JUDITH RIVER JUDITH RIVER AND SHALE~ UNDIFFERENTIATED rrm"IQAO SANDSTONE 
4 

SALT GRASS ~ CLAGGETT CLAGGETT PIERRE SHALES ! 
z LAKE CREEK 
2 PIERRe SHALES 

EAGLE WESKAN 
~ EAGLE 

TELEGRAPH CREEIC SHARON SPRINGS 

0 

f 

f 

-r-- SMOKY HILL APISHAPA 

CR[TAC[OUS ,NIOBRARA INIOBRARA 


FORT HAYES nMPAS 


.. BLUE HilL 
:> CARLI~_E C!).RLILE CARLILE 

~ FAIRPORT 
COLORADO 

PFEIFERg 
J '''0 EGREENHORN GREENHOR.. 

FRONTIER ~ HARTLAND 
t..INC \..N I3 !8 

GRANEROS GRANEROS GRANEROS 
[MOWRY 

I ABSENT I DAKOTA, D~KOTAICLOV~RLY i~USON IOAKOTA 
KOOTENAI LAKOTA 

PURGATOAI[ 

CRETACEOUS? ? "'ORRlSON MORRISON MORRISON 

FlGt'RE 1.- -Geueralizl·d gl'o\ogic relations for the areas that han: been c.xumined 
for l'e\pniulll. 

wider survev desirable. Therefore tllCfield work during the SUlll­

mer of 1937~was devoted to making a closer, but by no means R de­
tailed, t-'{amination of portions of the areas underlain by these sedi­
ments. 

As in previous surveys, geological maps and fiortl were used ns 
guides to seleniferous soils. In generul, a sample representRtive of 
the 8-inch surface IUTer of soil was collected along with a sample of 
vegetation growing ill the soil. Other samples were collected to bring 
out special points. 

The veget.ation collected was largely Astragalus pectinatus and A. 
bisuicatus, both lmown to be good absorbers of selenium und, thure­
fore, indicator plants. In acldition to these, Miller and Byers (29) list 
A. carolinia.mlS, A. racemosus, Stanleyapinnata, S. bipinnata., Aplo­
pappus jremonti, and Xylorhiza parrlJi as indicator plants. Samples 
of other native plants and cultivated crops wert; also collected. Sam­



_______ _ 

SELENIUM OOCURRENOE IN CERTAIN SOILS 9 

piing points were ~elected at intervals of 3 to 6 miles, although thls 
was ,;yaried to meet any unusual situfl,tions. 

DATA BY 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 tIle soils collected in Teton and Pondem Counties were 
taken from reconnaissance soil survey maps (15) fumished by the Soil 
Survey Division of the Bureau of Ohemistry and Soils. 

'l'ABI.E 1.-- 81,ll'ni'Wm COil tent oJ soils, shales, anti vl'gP.i.aNon /ro'm JIron/ana I 

11111 HORN (10UN'1'Y 
--- ---.-----~- - --

Selenium In-
Lllhorntorrl .'ield Locution MnterinlNo. f Xo. 

Soli or 'I' Vege­
shale taUon 

--------I~---I------------------------I------------------------I------,-----
P. p. m.;P. p. m. 

B2133,L____ L_____ 12.7 miles ,north of Hardin on Dark-gray cla~', 0-8 inches•••_._ 1. 5 :.______• 
road down east side of Big 
Horn River.B213.15..___ la..___ ..___do__.._______________________ Astrag.lm bisulcalus____________ ________20 

B213.16__.._ 2______ 4.5 miles north ofHardin on road Yellowish·brown clay loam .3 ________ 
t~. east side of Big Horn mixed with shale, O-S inches. 

B2133i_____ 26_____ ..___ do_______________________ . __ Sianieva pinnala .._____.________ ________ 2 
B213:lIL___ :L..... 4 miles cast ofHardin on rond 10 Yellowish·brown clay, 0-8 inches_ 1. 5 __•_____ 

Sarpy.
B213:l9____ • 3a___ •• _____do.._______ •__ .. _____ •_____ ._ Sianieva pinnala_ •• ___ .._...- ___ _______• 2 
1121:140___.. 4 ______ 2 miles southeast of Bardin on YellOWIsh-brown clay IOIlllI 4.0 __• _____ 

dirt road running south bl'­ mixed with shiue, 0-8 inches. 
twet'n U. S. Route 8i and Big 
Horn River.B2134L____ 411.____ ____ .do.___________ •______________ Sianieva pi-II'T/ala___________ •_____ ________ 

.H2134!L___ 5______ 16.5 miies northwest of Hnrdin Dnrk·gray clay mixed with rot- LO 
on Whitman Coulee rond. ten gray shale, 0-8 Inches. .5 ..______B2J343__•__ 0.____ 9.1111iles south of Hardin on U. Yellowish-brown clay loam, 0-8 
S. Route 87 and 0.3 mile west inches. 

of highway at foot of breaks of 

the Little Big Eorn River.
B21344_____ 66 __________ do____________________..... Young Russlnn-thistle growing 1 

in and adjacent to soil. 
B21345_____ 7______ l.SmilessnuthenstofCrow Agen- Dark-gray clay, O-Sinches.______ .5 ______ _ 

cy on new road to Busby.ia__________do________•• ________________B21346_____ Young wheat growing in Illld ad- _____ __ 1 

jacent to soil. 


B21157...._ RI5.__ ~!! mile south of monument on Yellowish-brown clay loam, 0-10 2 

Custer's battleficld, 15 miles inches. 


B2U58 •• _._1 Rl5a. ___ .~~d~~_~.~~~~:.____________. Aatragalua sp.__________________ ________ ,I 
B2J34i.____ 8______ 4.3 miles southeast of Crow Gray clay, barren, 0-3 inehes____ .5 1_______ 

Agency on new road to Busby. ________ jB2134S_____ ,Sa _________ do__________________________ 1
S~ebrush growing 25 Ieet from 

No. S. 
Yellowjsh·gray powdery materi·B21349.___ 9 ___________ do________________________ • 5 _.______ 

al, 3-6 inches.B213S0_____ 10 __________ do______________________ __ Bentonitic material ml'(oo with .2 
gm~- shale, 6-18 inches.B21351. .... 11._________ do_________________________ ._ Dark-gray shale, 18-30 inches.__ _ .2

Gmy clny, O-S inehes____________B21:IS2..... 12..___ 11.2 miles south""st of Crow .5 

_"geney on nr\\" road to Bnshy.


B213.'l:I.__._ 126.._____ ••do •• ___ ....... ,-_. ___ •__ ..... Gumwood growing in and ad- ________ 1 

jacent to soil. 
 .8 ________Dark·gray !!lilY, 0-8,inches______B21:1M_____ ,i 13_.... 5.6 mill'S south of Crow Agencr 

B213f15____ 136_____._~~d~~~·.~~~~:'.~:: ________.... Alfalfa growing in soil, not irri· 
gated. 


B213,iti ____ 114_____ 5.1 miles south of Hardin on t:. G!"'y clay, not jrrigat.ed, O-S 

Inches. 

B2135L.__ 141\_.__ !_..~:J~~~~~_S:~__•_____..______ __ Astragalus bill1t/catru, not irri· ;. _______ , 2tiO 

B213.'i8___114b___I_____ dO__________• ______________ __ Young Russian·thistle growing \'________ 3
gated. I I' 

adJal"('nt to soil, not irrigated. 

I The selenium content. is bllsed on th~ air-dry weight of the samples. 

http:jrrigat.ed
http:Astrag.lm
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TABLE l.-·Selewiu·m con/.ent of soils, shales, and vege/.al'ion Iro'lllllIontana-Con. 

BIG nORN (,OUN'l'Y-('ol1tinued 

Selenium in­
Laho,ratoryj Field 


No. No. l'.futeriul
Location 
Soil or Ve~c­

,shllle tnt.i on .- ._-_._.__._----- '-.--------..+.-~--­
rP.p.III.,l'.p.", ..821359___ 1~. 50 yards w~st of No. 14 . __ ...... qray clt,y, irrigatl'd .. o-S i,!clll's.. I ••__ 

B213110____ lOll • .dll ..._... ...... ......... • loung wheat growmg IIrl)llt,'n! ..... I 
to soil, irrigntl'd. I 

B2136L..__ 15h.._.....do.......................... IYoung Hussian·thlstl(', irriglltNI. ..I 1 

B21362..___ 16.___ .1 ·Ui mil,'s sout.heast of Garryowl'n Y"l1owlsh·hrowncla~·.O-Rinchl's.' .7 

B21363...._ llilLJ..~~~I~I.(~.~~~~. ~~.B~~hy: Young Russian.thistl!' within 1.1 1 ......1 

I fc,'t of soil. I 


.821364.._._ 17_._.. : 10 milcs southw('st lIf Lody,' Dark·gray clay. U-S inches '''-'''1 .Ii L .... __
Gruss on road up Lodge Gruss 

t Creck. 

~m:;g===== i~~== ==: 'iil~i';~'iil's-soutti;-':est oriiidgl' I6~~?gc~;C~~~tii;;'i ;:;;11(1\,'; ~s'j .... ~.j '1.1 , i Gruss on road up Lodge Grass i, inches. 1 

. Creek. . :I
B2J36L'-- 18n._____ ...do··_.. ·_·_·_....•___ ·_ .... _· i As/mua/us bisu/e,,/us ... ... __ ._ .. : ....... 1 280 
B213!l8___._ 19..... , 11 miles south of St. Xavir. on Yellowlsh·brown clay.O'S inch· : .8 :.. __ 

road to Soap Creck oil tleld. ; es. gravelly. : 

.82t3li9.____ 1911•.. ,.....do· ...._.._·_ ............. ".. 1 A .•lraqal". sp............ _..... I ..... . 

B21370_____r 19x._ •. ,___ ._c!0... ------ _____ ..... ____ .... ! Straw·yellow h('niOllitie mai('ri· i'- . t , 


"1. 3~!i-l f(·et. J.82137L ____ I 20.. 2li};!milessoutheast ofSt.Xa"ier Grny clay, o-S inches . .•

i on road to Lodge Grass. I 


B21372_____ ' 2Oa.. do _.. . .. ASlraoalus hi.a/ealus _ 

B2J373____ . j 21._. 28 miles southeast of ill. Xavier Orny clny, ()...8 inches. I 


• or road to Lodgc Grass. ,

B2137~_.... i 21a. I.... do ....... -........... 

/ 
t Aa/ruvalussp . ... 


B21375..__ .:. 22, I 34 miles southeast of St. XII"i,'r i Ught·hrowu day, o-S incl",s 

011 road np Good Luck ('r!'!'k. I 

~~m¥:=~:i~a '6::i ~fIes wfst oTLodg(' Grass lJIi I ~~~~.~lcl~~; loam, Q:-s inch,;'; .7 , road up Goat! Luck Cret'k. J IB2137S___.. 1 2:Ju .. do . OUlIlweed growillg III ant! 1I(tj"'1
" c('nt to soil.B21379_____ ; 24 

l11 Iulles wpst oC Lod~(' Gruss on Y {'llowlsh·brown clay, 0-8 IIlI'h('s 
road up Gond Luck Crt,'k.

R21380___ ._i 2'111. . do ._ '.. . lledlNWrrl'lll ("/nerU&Ce1l.11. . ~ B21:JS1 __.. 1 2.; 17 miles northwest of Lodg(' t nl'S\.y gray clay, 0-8 inchl1s, Grnss on road up Good Luck 
1 ('rcl'k. 


B213S2.._·__ I25a. i. do ......... _... ". Oumweed .......... _.
B21383__ .... 26 1 23.8 miles northwest of Lodge Grny clay, o-S luches 
, Gmss on road up Good Luck 

('reek, -I ruiles south of St. 

. Xavier. 
 I

B213&L. . I 26a 

B2138.; .. '121. \'4.6 :1~les 'south ,,{ Lodge Grass : g~~";,~~~: '~:i "inches; . . 


{ on L. S. Route 87. , clay, 2-8 inches. brown I 
B21:JS6... 2ia ..!.. ~. do. • ..... -............ Young Russhm·thlstl(, !<Towing I 

in and adjacent to soil. B21387.. •. 128 i 1.~:~I~~sX~i~~~I~~n~~I~Yyola on Dark-gray clny, o-s incbl's _ 

B21388. l28a. <... do -- - ~-- ~. I Gumweed _.. _~_~._. __ ~1 
B213S9 '. 29 . , 6.7 miles southwest Of Wyola on . Mottled yellowlsh·brown CIIlY, ! 

I road to Antler ranch. o-S inches. ,
B21390 2911. l .. ~_~_do .. __ ~_._ JltdV1mru..m cinera3Ct7M . . <

B21391 29b 
I,.....do.._ -....... l\fixed grasses growing within 

.IJ.-!! feet of No. 29. 
, 11 miles southwest of 1\'yola, 1 Dark-gray clay, 0-8 Inch.~s 
: mil!' north of Antler ranch. 

B2139L... 3On. : .... _, do~_ _ _. _.. ~ ..... Gumweed_ .._..... .. ,B2139L_•. 31. __ . . 6.6 miles northwest of Antl"r _I
Brown clp:;, o-S inches. some l' .1ranch on road o,'er dh'ide 'b,,­ graVfl! on surface.

tw('\'n Little Big Horn River 

and Lodge Grnss ('ret'k. 


B21395.._. 31a . do _..._.. • .. Ir I 
Oumwccd .•-. ..... 3B21396 32 14 miles southw('s! of Lod~e Gray clay, o-S Inches 1.5 .•.

Grass, tben 4 miles enst on 
road ov(>r dividr hN,wl.~l'n 
Lodge Grass C'reclr and .UIi. 

gutor ('reek.


B21397 .__ 328. __ .do. ".___..___...__.._. __ .. Gumweed ..•.•____ •___• _________ L______1 
20 

http:nerU&Ce1l.11


11 SELENIUl\{ OCCURRENCE IN CERTAIN SOILS 


TABLE I.-Selenium content of soils, shales, and vegetation .from .Montana-Con. 


BIG HORN COUN~'Y-ContllJued 

I SelenlulIl in­

}'ield; ,ahoratoryl L""..tion l\{aterhll
No. No. Soil or IVege­

sllllie I tatioll 
--:------· _\ -"-r--­i i1 P,p. rn.lP.p. IJI. 

B2139&.. ____ 33 I oM miles south of Wyola 011 t .. !D,\rk-gf1lY clay, 0-8 ioches _ i.--..1 
S. Routc 87, then 4M miles 

wcst up PIlSS Creek romi. 


B21399___ . 33a______ . __ do.. _._. __________ ... GUlllwccd,.~~_.__ ~~ ~ 40 
B21400..... 34.... 17 miles south of nardin on road y,>llowislt-brown --clay; . -tH; .4 

south up west side of Big Horn inches. 
River••

D2140L ___ _ 3411_. __ ._...do .. _________ .. ___ .. ,,_ Whe'lt, grain in milk..... , _ '" 
B21402.. ___ 35. _ ___ 44 ruiles south of Hardin on road Dllrk reddish·hrown clay 108111, 

south up west side of Big Horn (HI inches, developed on Koot­
RiYer. enai (1).

B21403__•__ 35a..... __ .. do .... _... _______ ......... ,. TIedvsurulII clneT.scens ..______ •• ._.,., <1 
B21404___ ._ 36. ____ 12.6 miles south 01 Hardin on Dark-gray clay, 0--8 inches, not 3,5 1," _____ ' 

r<ll1d to St. Xavi,'r. irrigall,d...do, ___ .. __ .. _____________..B21405_. __ 368__ __ A8fTUgulus bimlcaln3, not irri- . -1 880 
~ated.

:821406.____ 36b,._. .__ .do ..... ______________•____ " Alfalfa growing 5 feet frum No. .. ..J 
36. not irrigated. \ 

B21407_____ 37.. ___ .50 feet west oDio. 36____________ Dark-gray clay, 0--8 inches, irri- .5 !. ______ _ 
gated. ! 

B21408_ ..• 37a __ .. do ___ ' .... __________________ Young wheat, irrigated____ •. ____!... "._ <1 
B21409_____ 37b___ ... do_.. , __ -., __ ..,,------- Alfalfa growing 3 feet [rom No. "---"1 <1 

37. irri~ated. 
B21UO .. ' 38 '" 19.2 miles south of Hardin on Dark-gTayclay,o--Sinches,some I .3 --'--"­

road to St, Xnyier nnd I mile .::ravel present. i 

~ast of road. : 
B21411.. ___ 381\•. , do. --, .' .. 'I Young Russilln-thistlc_ •• , •. --' . ! <1 
B21412 .. ,_ 39 I.S mill's west of St. Xllvier in Dark,grav c1av mixed with I . Ii 

brenks of the Big Horn Riwr. I rotten shale, 6-8 inches. I 
1321413 3%____ __ do -. -.. -,. "Gumweed... - -- ... . . - I 
B21414_ 40 _____ 15.2milesnortheasto[l'lt. Xuvier 1 Dark-gray clay, o--S inches - ...- , 

on ~Id road to ('row Ag~ncy. !
4011____ ._ do ___ -- ' .... ____ ... I Guul\\'l'ed ______________ •__ ·1ll21415. 


B21416 41.__ 20.6 miles northenst of St. Xuvi,'r :_. Dark-grny clay. 0--8 inches_. --- '.1 .5 

on old road to Crow Agency. ; 

B21417__ .. 41a _____ , rlo______ .___ "" ____ . : lOUUg wheat in milk__ ... ____ _ 
B21159_. __ R16 6 mil<!S west o[ Crow Agency on : Dark-gray clay, 0--10 inches. .4 

new road to St. Xa,-icr_ '. 
1121160. ___ RI6a do .. _ .... --...... _IS/unleva'pillna/a __ • __ .. ___ t 70 
B21418 42 6l'2 miles west of ('row Agency , YeIlQ'" cla}' loam, ml,cd with i .8 

on nc\\ road to St. X8yi,'r. • rotten shale. 0--8 inches . 
B2141~ __ __ 428. . do ___ .. , __ , __ . .' _ . _. [ lIedgsarrt111 dneraocens __ ... 

B21420. ___ 43, 15.9 miles southwest of Hardin ' Y~nowish - brown clay, 0-8 .5 


on road up Two Leggin Crc<!k. inches.

do ___________ "'" ___ _ Gumwe<'d........ __ ... __ .
B21421 . 4311 • 

B21422 .. __ 44 ... J9H miles southwest of Hardin Dark-gray clay. underlain b}' J..=i i 
on road up Two Leggin Creek. gray shale. o--Slnchcs. 


B2142iL... HIL.. do . . ." __ __ . Greasewood .. _... --.. .. <I 

B2142L.__ 45. 20.3 miles southw~st o[ Bardin Yellowish-btown clay. 0--8 in· j .5 


on road upT,,·o Leggin Creek., chI'S. I 
1321425. ___ 45a __ .do __ _._ ..______ i S/alllr.yu'pinllala_ .. "".. .. - 140 
B21426 ____ 46_" 24.3 miles southw"s! -of Burdin ' Y"lIowish - brown clay. 0-8, 


on road up Two LegJ!in Creek I inches. 

to Fly ('reek. i 


B21427 __ __ 46a •• _ __ .do __ __. _.. ____ ..... __ • •'t.tTagaI1L3 /,i3/Llcat,,. 
I 

90 
B21428. ___ 47_____ 33M miles southwest· of Rardin' y,,]Jowish - brown CI8)-:o--S'! ,5 


on road up Two Leggin Creek t inches. 

to head of Fly Creek.. : 


B2142!L. __ . 47a.... __ • _do. _____ ..... ______ . ____ ', Gumweed .. __ . --- .. -. 

B21l64. _ .• i Rli. __ 2 roiJes wcst of Hardin on U. S. Light-gray silt loam. Q-{l inches .8 


, Route S7.

B21165... __ , Rlia.. _____ do___ ..... ____ _____ _ __ YouDt:wheaL --. -- , .. 

B21l00 ____ RlS ___ 4 miles WI' ,t of Hardin on r. s. Ligbt:J;ray clBY, 12-18 inches 


Route 87.

B21167_____ RlSa" _____ do __ ._ ... ____ •___ •________ .. Weste~ wheat grass adjal-ent to 


soil. 

B21168 __ .. RI9... 5.8rniles west of Hardin on 'C. S. Yellowish - brown clay. Q-{l 


inches . 
B21169.. .. \ RI9a_____~d~~e_~~~_________.. _ .){achaeranthera puIremlenta ad­ 2 

jacent to soil. 
B21170 .. __ : RI9b __ I-· __ .do.._•• _________ . "" YOUD!! Russian-thistle _, 3 
B21171. ___ R20 ... ' 7.9 miJes west o[Rardin on r. s. Yellowish - gray cis}" 108m. Q-{l 1.5 

I Route 87. inches.
B21172 • __ , R20a _____do_ •. ______________ •_______ OX)/ITopis albilloTlIS _ 1 
B211i6 ____ . R21x Q miles west of Bardin on U. S. Oray rotlcn shale (rom ro~d cut, 1.5 r-------

Ronte 87. 10 feet below top of cut. 
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TARLE I.-Selenium content of soils, shaleR, and vegetation from .Montana-Con. 

BIG HORN COUNTY-Continued 

Laboflltoryl ~~~d. II Ultlatioll Material SOIeU1UI1lI lu-


Na. Soil or Voge.
! I shule 	 tutioll
---1-------------------1----­

j • 
i jP.P.1II.IP.1J.11I.

D211i4 __ •• R22._. 10mileswI'stolHardh, 011 U.S. 'I Lj~ht·~rIlY, mot.tled with wbite, 0.8! 
Rout.e 87. r~ny 108m, (}-6 iIJ!'hes. I 

1321175. __• R22a_•••••_do......... - ..... - .1 Aslruga/usbis/llc.tu. '''''-''- -l flO 
R21176 ___ • R23,.. lljI~~~~~7~t'st 01 Hardill 011 U. S. i Yi'~lgl-:,~~h. gray clay loam, (}-6 2 - •••..•:t~:) 
11211i7___• H!!3a......_do._ ......................1f:.~allley"pin"atll. __ ............. .,.
B21178. ___ R23b••••.••do._.___ •. __ •• _............. AslraualUll Iii.,u/callt", about 100 • 5UO 

leet Irom soil No. !!3. I I 
H2Jl79____ RZle._ ..... do......... __ .. - .......... - 1'ragoI'OfIolldubillS.............. , 5
I 
B2J180__ ._ H24 __ • 12.9 miles ~'l'st olDnrdill on U. S. I Gray clay loam, O-li illclles ...... i I 

Route S.. iI 

~m~~== == ~~~~==.i5:6~ics"~'i-st'~iHnrdii,'oii'ir: ·S. <Y:~~~.~~~/~~~l:~t~iei,ih'oi 5r~';'t'\"'" i:5'1' 

Haute 87. I in cut besidll road. 
B2U83__.• R26... 16.3mil~swestoID8nIiJloJlU.S., nark·gray clay loam with grp'l 2.5 J 

Route 87. I sum crystals bedded in it, 0·6 \ I 

B21184 •• R.."6a"I" ..do ........................... I.,9t~':,)~~!·pilllla/a.- •• ........•. (........ , 15 

B21185•••• R26b••. _.• do............ "--"""' __ 1 TurpcntmuwcednearSianitlla '. ••.• 4 
B21l86•••• H2ix... 18.2 miles westolDardinon U. S. Hard dark·gray shale. 10 I(Iet I 5 .... 

Routt) 87. j helow junction with yellow l 
I i shale. : i 

B2Il87._ .• li2iV•• j ••••. do ....···········--····-·--1 Fissile graysbale, 12 I~et· below j'• . jUllction with yellow shale. I" 

B2I1SS._.. R27Z.•I.....dO •.•••••_••.••••.••_.• __ •.• Ycllo".· shain streaked gray about 
. 	 5 (('tit ahov(' No. 2iy. t 

B2IlR9__ •. R2Sx__ .....do..... -- •••• · ......... · ... 1Yt'llow shalt· about 5 let'!. above! 
, YCllowish·/trllY shllle. ,

B21100 _.• R29••• 29.!! miles west or Hhrdinon U.S. \ l)r.rk·):ray slit loam, (}-U indl('s '. .5 
Route 87. I 

112Il!1L __ . RaO. __ 2'2 milt's west 01 Hardin 011 U.~. Yt'JJ()W silt loam. O-ti in<:ll\·s. 
RouteS7. , 

1121192•• __ RSO" •• i _..do...............__. I Astra'mllt., bislI/mll/$ • I. ISO
B211!l3•••••1H3L__1 23.9 ,;nilc~ west oC Rardin on U. ' Mottled I!;ray silt 10sIII wit,h 

liS. Rout" 87. I ciirrYeS(lCllCe, (}-a inchllS. 
Il2U9-I.____ t RSI8•• '... __ do .......... __ ••..•••. " ,,) A.travulllssp. growing nt'orhy 
B21195...._1 R32x._' 24.2 miles west or H.u-din all U. , Limoniti(' layer ill yelltHv shal~. .7i 	 I s. Route 87. I~Icet. belO\vtop 01 cut ill rondo 

1: 	 t i slde~ 
B21196 •• _ ••1R33._.i 26.3 lIIiles west or Hardin 011 15. I Gray.iIt loam, (}-6inchcs•..•_

iS. Route 87. ! 
B2119i. •••• R3-L.. t 28.3 miles west of Dardin on U. I Yellowish clay loalll, tHI inche.~. .J t ••• _ •••l I S. Route 87. I 
1321108____ • R35._., 29.? miles we,;;t 01 Hardin on U. I Y~1I0"'ish·!(r9Y clay 1011111. {HO 2I , is. Houte 8,. : mcbes. 
B21100••••. ' R35n.• i_ .• __ do ............ __ • __ "_ ....... , Legume, 1011;: flower spike . 1 
B21~30.....' 48..... 1 l~~ miles northwest 01 'I'oluen 1 Ycl\owi~h·brown c1ay_. __ 3. 5 .•••_••• 

: . 'roUOIl all old road to Billings. ! 

YELLOWSTONE COUNTY 

I 	 I 
B21431;••••• ' I...... , 31.6 miles w~.st of Hardin 011 l:. f Yellowish·browlI clo,," mixeo 0.7 

R. Route Si; then 13.3 miles i with rotten Shall', 0-8 inches. 
south 011 road to Beauvais I 
Creek. 

B21437__...1In..... !.... dn........... __ ............. 1 
f 

Gulllwecd ......... "............. 1... --., ()
R21438. __ .r 2••..•• i 3U\ miles west 01 Hnrdin on 11. : Yel1owish·brown clay. (}-s inche<;. I 1. 5 f-"~-"-I 	 ,R. Route 87; thell 9.2 'IIiles 

i south on road to Beam'uls I 

: Creek. 	 ;
B21439.••.. ; 2a•••.•L .• __ do....... __ . __ ....... __• __ ••• Stallltva p/1I1wta.... • .. .... __ •. ' 
1121200_._•• : R3G.••132 miles west of Hardin on U. Dark·grav silt loam, 1}-6 inches.' 1 

: i S. Route 87. 
B21201.••.. r Ra7 .•.1 33.8 miles wes~ 01 Hardin on U. __ ...do•• __ .......... __ 3 

, S. Houte 87. . 
B21202.•••• ' R37a..i ..... do........ . •. __ ......__ ••• : Stanle~a 1);n1la/lI .. .............. ,__ ...... 550 
B21203_•._i R38.•. , 35.5 miles west 01 Hardin on U. I Dark·~ray clay loam, (H1 illche.'i.r .7 '...... .. 

S. 	Route 8i. 
Crested wheatgrass...... ... . • ,".'~~!~~===~; ~~g~::i'31:9~i1es '~estor Rardinii;; '0: Ferruginous shale at bu."" 01 pale· ' . ~ '-...... . 

I 	 I s. Houte 87. ycllow sandst'lne. I 

http:Aslruga/usbis/llc.tu


13 SELENIUM OCCUURENCE IN CERTAIN SOILS 


TABLE I.-Seleni.um content of soils, shaleil, and vegetation from ]llontana-Con. 


YELI,OWSTONE COUNTY-C,'ntinuet! 

Sol~nlum In-

Laboratory Field ------Location Material 
No. No. Soli or I Vege­

shale Itation 
----1---;-·_----------·1---------

B21206..... 

B2120i..__• 
B21208..... 
B21209__ ... 

B21440._ ••. 

D21441...__
B21442..... 

D21443•••• 

B21444..__. 
B21445.__ __ 

B2144fl•• __• 

B21t\L.__ 

P.11. 711. P, -po III. 
IHO... ,I 39.7 miles w~t of Hardin on u.l Gray·hrown sandy lonm, 0-0 0.5 ........ 

S. Route St. , inch\)!;. 
R4tJa.-I-., .. do -.- '.--- .... -. "'1' OrutroJli.ulbijlortls.•.. _ ·,· .. -1 >1 
R40b I .... do., .. __ ._.............. Is/raga/u.sp --.... , . _~ , >1 
lUI. I 41.7 miles west of Hardin on U. , Ydlowish·brown s"nd~' loalll, I .2 I 

I S. Rout" 87. U·6 inches. 
_3...... NE U!I<E U sec. 9, '1'.2 N., n. ' I!i11ill~s clay, o-Sinchcs, nnt irri· 

:IS E., on Huntley Experlmt'nt gated. 
SI.t,Uon farm. 

3n.••.. ,do.. .. ....... ----- ... --- Alfalfa,I1otirriglltcd...
3h... __ . d(l, ,_ .... ____ .......... Gumwced gro"in!' ndjac'Cnt t<J 

SOli, 1I0t irrigatcd. 
4..... _ 100 fcet, south of No. 3 .......... Billings cia~', II-S inches, irri· 

~ated. 
4n. do .. ' ..... . ............ ...
+...'__ __ __ __ .-\Holfn. irrignled.... _ -- ..... ·l· I 

:~~~]·~:~~~~·~~~·~;~;~;;:·~~·~~~:·I ~!IT!~:!~~:::::~:~:St~::li~s.\. 
o 

.4 
Ruute 10. 

Sa____ .•__ ••do............. 


B2144lL•.• 6••_... 7.4 miles C1l5toC Worden on U. S. 
Route 10. 

B21449.... 611. __... , do" ................. "'" 
B21-1liO .... i .--..16.~0~AI~~r_~~~~.Ballentinc on 

B21451 __ ia __ .J.... ,do., .:.... ...... .I 
D21452 . __ S .--.-'14 miles southwest of Huntley (Ill

L'ounty rond Crom Huntley to 
I Billings. 

~~l!~::::: ~:::::17.3 ~i1cs' souUi'o(iaurel'on 
jgg~l!)C~~. up wes~ side of 

~~m~~:::: iO~ ::::\'i:9 ~J~fles souihenst''(i[''brf(ii!;;' 
across Yellowstone Rb'er at. 
Duck Crp.~k. 

~~lm::::: 1~::::1" i:9 ':::iies iio;theasCoY'brldgr, 
across Yellowstone Rh'cr at 
Duck Creek. 

D21459..... 11a....1 ....do .. , .. __ ........ ' .... .. 
B21460..... 12____ .1 14.2 miles southeast oC hridge

I I across Yellowstone River at 
Duck Creek. 

~~11~L::1Il~':::! H;!~ics'Doriiioii';icrseciio'n 0'[ 
I 1:. S. Route Si and t;'. S. 

. 1 : Routc 10 at Dillings.
D21323____ .j R11L.i J.!jmilenorthoCjunctionofl'.S.

Route S7 with 1:. S. Route 10,I I 6 miles north oC Dillings. 
D2132L__ .1 RIlla..... do ..... , .. ' .... ' ..... , 
B2J463 __.•114 .-' IH miles south of Shepherd on 

; I county road to Huntley.
B2I4M.... .1 14a.... \ .. do " .", .. ........ 
B21465"'__ 115. '''.1 2.4 miles north of Shepherd on 

B2H66.... lSa •J :od~ty:oad. • . .. ..._.. . 
B21.l67____•.16 ..... j 4 miles west ot Shepherd on 

I county road to Acton. 
D21468..... 1611 .... !, _.. ,do •• " '" , .. ' _ 
B21322__.__ RllOs.', 40(:",. iS~e.sRsoOuUttchs~(.f Roundup on 

B21469____ . 17 ....I i.7 miles west of Shepherd on 
. countv road to Acton. 

~~~m:::::1 ~~a::::1 i.1:3 ~iies'~est O'f' S-hepberd 'on 
; COUtl ty road to Acton. 

Young Russlan·thistlc ~rowing Q 
In and !ldjucent to soil. I 

Gray clay, 0-8 inches.......... .. .3 


Gllmwecd .. _...... , ..... ,.'.' .• _ o 
.Dark·way clay, O-S inchc.., de­

,'eloped on Bp,Rrpaw formation. 
Gumw~NL .... __ ..... • .. 
YellowL,h·hrown clay loam, (I-S 

inchc~. 

Oulllwc'Cd,...... . . 
Gray clny. strcaked with tuknli 

Gutllweed.. ., _. • 
Yellowish· brown c1ny ioom lIlX' 

l'd with rotten shale. o-S 
incbt's. 

Alfalfa._ •. -- .•.. ' 

\ 
.2 

U 
__ .. .. 1 

~ .4 

I"" 
t 

.2 

I' 
.5 

! 
\......,. 

.:\ 

I 
Yellowish·brown clay. o-Sinches , 


! 

Wheat in milk........ ' ..... '\ 

Y~llowish·brown clay loam. 0-8 


mehes. I 


Wheat In milk.. .. .. ..l 
Gypsiferous shaly sandstone.! .3\,
30-30Y.! feet !wlo\\' to]J of ESltic 


sandstone bluff. 

Dark·gray ~Iay containinl,t gn>­ .i) , 

sum, !Hi Inches. 

Astraga/u" ad."rge-n •. .••.. 
(} ray clay, 0-8 inches .... 

Gumw~cd .. ",,, .... c .. , 

Hes"y gra~' clay, O-S Inches. .3 


a~!~~;Just. on S~~f8ce. 

Gray.clay mottled with alkali. .4 


0-8 Inches. 

1Young Russian·thistle ' .. ­

20.'fachaeranthera pulrtrulenia on
BeaqJB\\' formation. 


aray clay mixed with rotten .3 

shale, 0-8 inches. 
 o

g~~Jcl~;!1 ~~~~f:d~-~ljo~'; ~8' i .3 
inches. I 15

~~mL::llr::::h ru?i~s nortli;':es(oiict,;,,'';n' ~~~l~~:l;h·.t~~~·~~~y'ionm,crs \ 

D21474,.... II9a....; . ~o~~.t~.('~~man~.e. __ • ___ .,. A~fr~~~~~.bislLlcatu•. .••••••.. \....._ 3 

~~m~:=:l ~::::L~.~~id~~~.~:~~~~:~f.~.~~~~~~~ ri,?.:;aJl~y: .~:~~~.~.::::::::::: ..__ .::.'----.. i 

.2 

http:Is/raga/u.sp
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14 TECHNICAL BULI..ETIN 702, U. S. DEPT. OF AGlUCULTURE 

T.\BLE I.-Selenium content of soils, shales, and vegetl!tion from iVon/ana,-Con. 

Y};LLOWSTONE COUN'l'Y-Contillued 

SeleniuJU in-
Laboflltoryl Field I Location MaterialNo. I No. Soli or Vege­

shale tlltion 

p·p·m. P.p.,",."um__ .1 ,......1\3.8 miles w~st of Comancho__ •__ ILight-hrown. clay. 0-8 inches.... 0.2 
Aslrayalu8 blSlllcallls... 140.. .•. ·1........
~~~~~t::= ~~:=== ',o:iC:::iles'soutliivcstofCoiliii;I:- Yellowish-brown cla~·loam. 0-8 . i 

che on county road running inches. I 
f~~~h 1 mile cast of coullty 


22a" _. , ....do.... , ____ •____________ . _... 

Astrauaill' bisulcalu.,., ••.•.... f·1···..

23.... , 15.1 miles southwest of Coman· Y~llowish·brl·,,,.l <!iv,y loam. 0-8 ! ,2
che on road south to Cnnyon mchos. 
Creek.

R21482.. __ _ 23n.........do... , ........... _...._. _____ ASlraualus adsurYIl1l3_ •• _........ ........ . 1
B21483. ___ _ 124. ____ 21.1; miles west of Billings on Yellowish-brown sllndy loam, II .21 .... _... 
Canyon Creek road. 0-8 inches, on shaly 3aIllls!Qne I 

at rim of canyon.
B2H84... __ 24a......... do ............ ____...._.... Hedysartt7l1cinerasce7l.___ . __ .•.. '.... 0 
B21485.. __ . 25__ • __ 19.8 miles east of Billings on Yellowish-brown clay loam.: 1.5 

r. S. Route Si. in cut east of 0-12 inches. typical exposurc " ,
Pryor ('reek ncar former site of Telcgrnph Crcek fommtion. 

! 
of Mifflin station. I 

B2H86_____ 25x.... ..do................--------__ Yellowish-brown rotteD shale I 
inst above laminated sand­
stone layer. 4-5 feet. I' 

B2148i ____ 
II25y ____ !.....do ---------------------.---- Yellowish·brown gypsiferous

sandy shal~, 14-15 fcet. ,
B214SS ---- 200 ____ .....do .. __ -- ____________________ Slanlega pinnala growing in I 190 

r No. 25. 
B21489· ____ I' 25b.... I··· do ...._____________________ .1 Sllmlega pinnala growing 40 i 

, 'I fllet west of No. 25 in sume i
i shal~ as No. 25x. iI

B21490...-_ 26__ . __ : 100 yards north lIf soutll\ws!. Hillings clay. 0-8 inches, not .61 
j corn~r Sl't', 17, rl'. 1s.. n. 26 H. irril!atcd. 

B21491 ____ I' 268 ____do.. .................; AI~alfa !(r<lwing in soil. not ir' o 
, rl!(ated. I 

B21492.. ___127 ____ : 20 fect cast of No. 26.· ..________ .1 Billings clay, 0-8 inches, irri- .8,1
i I ) gated. . . '" i

B2149.1' ___ j 2ia.. __ : .... do .................... __ .... 1 Alfalfll growing In soIl. Irrl- ... __ '''1, 2 . , i );ated.
B2149L ___ \ 28 ____ i 50 feet south ofnorth~~estcorner I BI,lli!,gs clay. o-s inches. nol .31.------­

, 'sec. 30, T.l S., n. _0 E. 1 IrrIgated. t 
B21495 ___, 28a __ .1 .. do .. " __ . ______ •__________ )' Gumweed growing in and with- ..1 2 

q I' _q .in,10fceto[soil. nqtirrigat~d.. q IB_1496 ____ 29____ .1 20 feet east of No. 28_____________ BIllings clay. o-s IDches. Irrl- • _ ! ___ 

B2149i .•--1 298.. __ ,_____do .... ____________________..1 w'I~:~rin milk. irrigated....... ------..1 
 o 
B21498 --I 2gb ·--i---- do . . ...-- ....... '" Gu,!m·.ec~ growing 1Y.i fectfrom i .... o 

SOli. IrrIgated. IB2122i ____ I, R52 _: 0.1 milt' cast of northwest corner Billings clay. 0-10 inches . ____ .. .5 __ __ 
I sec. 23. T. 1 S., R. 25 E. ! 
I 

ROSEBUD COUNTY 

B2121L___1R43 ___ '16 milcs south of Ingomar on ! Dark·gray clay. 0-6 inches......I 0.2 :______ __ 

! 
State Road 39. , 

B21213..___ R44 ___ 2 miles east ofIngomar____ •_____ Dark-gray clay flecked with, 1.5 i-------­
gypsum. 1}-6 inches.

B21214_____ R44a_______do___________________________ :J,Jachaeranthera pulverulenta I ____ • __ 1 3 
growing in soil.

B21215_____ R45___ 22 miles east of Ingomar_________ Dark·gray clay flecked with .3 :________ 
_ ! ! .gypsnm. 0-6 incbes. . ' 

1 
B21216_____ R40a_____..do.___________ •_____________ "estern whcatgrass adjacent to j..... >1 

soil. ,
B2121i..___ R46___ 18 miles Dorth of turn east of Dark·gray clay 1Iecked with 1 .4 

DnvideU. (Turn 24 miles east I gypsum. 1}-6 incbes. 
of Ingomar.) 

B2121B..___1R47x__ 15 miles north of turn east of Dark·gray sbale with red sur- .5 
DavidelL i faces, about 10 feet below top 

, of 2I}-foot exposure along creek. 
B2121L___ 1R48___ 100 yards south of No. R4iX_____i Dark-~ray clay witb gypsnm. .4 !_______ _ 

j developed on No. R47x. 1}-6 , 
incbes. 1

B21220_____ R49 ___ 9 mile.s nortb of turn east of , Dark·gray ~ln~' containing gyp_ .4 ,________ 
. Davldell. j sum. 0-6 mches. !132122L___ 
I 
I R49a__ II _______ •• ________________ 

I 
• :\ri.~ed vegetation (8 di1Ierent 1 __ I_____dO•• _____ 

I , kmds). 

http:Gu,!m�.ec


15 SBLENIUl\I OCCURRImCE IN CERTAIN SOILS 


TABLE 1.-··Belenin1ll conte'nt, of soUs, s/wles, and lIegetaUoli from l\[olltalla-Con. 


ROSEBUD COUNTY-Continued 
---.....--.-----.-------.--------~-.----.-----

Selenium In-
Lahorntory Field Location MalerialNo. No. 

Soil or I Ve<:6­
shale tlltlon 

-......-----1\----------.1----------- -P-'P-'"-:·Ii-p.-p-.m-. 

B21222 ROO •. 4 miles north of turn ellst of Oraycluy, spotted with redelish· 0.4 I....... . 


!
Da,·idell. yellow material. 0-6 incht's. 

11212'23 R51... 3 miles south o{ junction of Dark'~'TIIY cillY containing gyp' 
north·soulh road enst of sum, o-n inches. i .5 '\' ----..­

, Da\'i<lell. 
B2122L R51a.•L ....<Io .........._._......._._._. S/fl1lleVII pi"'lUll1 growing in soil. ;~~---..-- :}to

! 

TETON COUNTY 

I I .
B21257.____: R75X..'!APpro:<ImatelY Sy,( l'Orner sec. Rotten shale above secpa~e~~_~ __ ~ 0.2 

: 9, T.24 X., R. 5 W. 


B2125.~_... i R76. __ ' 50 yards below No. R7Sx........ Dark·gray clay, no shnle ex. i .2 

posed. 0-6 inches. ' 


Astraga/"s pectinatlM . .......... : .. 120 

Western whcatgrnss I!rowing in ' 1 


No. Ri6a. : 

B2126L._.!' R7i._.\APpro:dmnteIY 0.2 mile north Choutenuloam, IHl inches. __ " .. 1 


of SEy,( corner sec. 19, '1'. 24 X., 


~~~~~~-=::! ~~:lbJ::::~~:::::::::::::::: ::::: :::::: 
I ,R. 4 W. 

B21261A...1 Ri7a •• I.....<Io ........................ .. Wild iris........__...._................. 

B21513.. ...1 1..____1 XEy,(SEy,( sec. 19, T. 24 N .• R. Burton clay loam, deep phase. 2. 5 


i I 4W. 0-8 inches. 

B21514.... ' Ia......... <10 ...... ,.............. . Astragalu., /lisulcalu •. ..... , __ .. 80 

B21515.....l 2..... XWy,(XWy,( sec. 8, '1'.24 N., R. Ashuelot I!ravclly loam, o-s .2 


4W. inches. 

B2151tL. ... , 211..........do .. __ ." ............... , 

1l21.'i17..••. , 3....__ NWU corner sec. 29, T. 2fi N .. ~~h':t~·lo;;t~~V.;IIYi~am:;wan,i;): I,' .3 


4\\'. phase, o-s inches, no af8vel. 

1121518 ..... 38......... <10 .... .......... .. Oumweed ........._. ." ••. 

B:!1519 ..__ ' 4 ...... NWJ4'sec.29,'1'.26N.,R.4W... Cut Dank sllty clay loam, o-s .7 


inches. 
As/ruyal". pec/inatll":

B21526...... 4a..........<10..._•• ________• ______..... . Imnl.ntur~ seeds . .. ~~_ ~ .... ~ ~ ~ ._~ 190 

B2152L .•. 4b..........do..... __ •__________...... .. Lt!aflets ................ .. 70 

B2152'2. ••_.' 4c..... ...do .............. __...... . Stcms_ 90 

B21523...._ 4d.........<10 ........................ Roots. •...• ..... . 35 

B21524..... 5....__ SEU sec. 6, T. 26 N., R. 4 W. Morton !(raveUy loam, roui!h 1.5 


phll$l'f (}-S inches. 
1l:!Ui25.~.__ ; 08._" ... \ ...<10 ................... .. Astragal'M pectinal'....... 120
I 

B:!1526..... , ~ ..... NWU sec. 29, T. 27 N., R. 4 W. Fairfield loam, o-s inches .2 

B21526A.__ 6- __•. ...<10 .................... . 'l'ypical !(rave1.. ... __ .... "" .1 

B21527 ~.... f)a~ * ~_ . ...do.................... . Oumwee<l .............. .. 

821528 . ___ 1 7'~~RW. SEU sec. 22, T. 27 N., R. 4 W . Bainville loam, o-s inches 

B21529 ....i ia .... . .. <10................. .. A.tragalm bisulca/"8 . • ' . ~21 10 

B21530 .... ' 8 ..... . XWUsec. 2. '1'. 26N., R.4 W. Chouteau 108m, o-s inches .S. 

B2153L... ' Sa... .. . do ..................... .. Astragal1t8 peclinatu •• ..... 360 

B21532 .... 9· ....1 Southwest corner sec. 14, T. 26, Cut Bank silty clny 108m, o-s 


X .. R. 4 \\-. inchl's. with alkali crust. 

B21533 . 9 I .. do .................... . A,lragalll' pectinal II•• 110 

B2153-1 .. Ig: ::::1 NWU sec. 30. T. 26 N .. R. 3 W St"beylo8m,O-Sinches, boulders . .. 5 \ 


an<l gravel. 

B21535.... IOn ......... do ..... . __ ..... ..... A8/raglllli. 'Ptetinatu8 • 930 

B215.16.. 11..... SWy,( sec. 6, 'r. 25 X., R. 3 'V.. Burton clay lonm, deep phase,


o-s inches. 

B21537..... , 11n.........do ..... ............. A.fraY"/II., bi••lllcaI1l8 ...... .. 110 

B215.'18"".,i 12.. __• NEy,( sec. 25, T. 25 N., R. 3 W. Burton clay lonm, deep phllSl', ' 


0-8 inches. hOllhlersan<l!(r8vel. • 

B21539..... ' 1211..... do ....... .. __ ." ...... ,blraga/IIB bi811lcalli' ..... 7 

B21iHO. __ . 13..... NEy,( sec. 10, T. 24 N., R. 4 W . Burton cia)' 1011111, deep phase. : .5 ! 


0-8 inches. :' 
70
N~m~ '-', an:::: Nor~~\\:~si' cll':n~;:~;;: 22;"i;:i5'\ (!~~~~~~:: bl:::uso::g--itich;'s:' !I' .....: 2'1. 

N., R. 4 W. grawlly hutno boulders. , ' 

B215-l:l Un.. , . <10 ........................, A.lragalll•• bi.u.lcaIU8.......... ; ...... 1 20 

B21iH4 15 ..... NW1isec.27,T.25N.,R.3W ., BulI!110 lonm, O-R inehes, in \ 3 I 


brenks of Tet."" Rivcr. j 1 

B2U>l5.. 15a I do 1 A.tragalu. peclmal:t8..___....... j , 

B21,;46 1166n''.':.'.: '.5.·.,V.y,(d'oseC:.3.;·.'I.·'.:.2.5N.·'.".' R.·.. 3.'V._.· •.. Seohcyloam, 0-8 inches, gravelly. , .2

B21iH7.. _. .. . A.lragalu.peclinalll••• __ • __ .... :. 

B215.J8.. __ . 17..... Northwest corner sec. 7, T. 25 , JOfiP!iln<l.IOlllII,o-Sinches. infnllo\\' . 2 i 


N.,R.2W. ,

B21549___ -I 17a..__ '.....do ........... __ .•________.... A8tray,,111•• pectilwtru••• _________ ,__.....1 52 


http:V.y,(d'oseC:.3.;�.'I.�'.:.2.5N
http:NW1isec.27,T.25N.,R.3W
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TABLE l.--8elenium content of soils, sltl!les, and ('egetaUon from ."I01ltmla-Con. 

Tl<JTON OOUNTY-Oontlnued 

ISelenium ill-
1.uhonltorYI Field Locution MnterimNo. No. 

soil or 1 Veg.·I________.ll._____I________________________ •________________________ I.shale b\tlon 

I
11215.'iO ..••. IS 

B21ML._ 119. 
B21552••... 11!lll ..._ 
B21553.... 12O__._ 

B215s.L_ 2On. 

B21555. __ . 2Oh_._ 
B21556 ..•. 2L .•. _ 

:B2155i.. _ _ 2hl 
B21558. . .. 22 

B21M9. _.. 22n. 

B21262 ... RiS 


B212f,3 __ •• _ Ri8:! 
B2126-L RiSb 

B21560 
B2156L I ~In 
B212H.=i i 1179 

B2126G IR80 
B212ti7 I UBI 

B21268. ! RS:! 

B21269 I!S211 

B21562. 

B21563 24a 
B2156-l 2.; _. 

B2156.'; 

B212iO 


B212i1 

.13~12i2 ..•• UB4n 
B21273. H8.,. 

B2l2i4. _. R85a.. 

B2156tL .. 26 
B2156i._._ 26n 

B21568.... 'n. 


• B215fiO~. 276,x;B215iO. 1 
B215iL 2Sn 
B212i5. nSf>. 

B212i6 ... HS6.'\ 
B212i7 .. HS6h 

:B2157!!. 1\), .~~_ 

B2157:\. ~)!11I 
B21574. _,30 
B215i5 . i 3011 --
B21576..... r 31 _... 

I 

SWJ.:(ser. :10, 'r.!!Ii N., R.2 W•• 

NW.'1see.3O,'1'.:!I1N.,R.2W_ .. 

....do... _............ _••••• 
Southeast corner !'eC. 21, T. 26 

N.,R.:!W• 
•... do._ ....• _•• _ ............. 


do_ ......................... 
S,,·~Is.·c.5,'1'. 26 N., R.3 W. _•• 

. _.do .•. __ .................... . 

Northwest corner sec. 2.,;, T. 24 

N .. .R.4 W. 
___ ..do .............. _.•• _.. __ ... 

Approximately N\\'. corner sec. 

a(), '1'.24 N., n. 3 W . 
. _do .• _....... _........ . 

__ ._do . 

S\\"7.[sec. 21, 'l'. 24 N., R. 3 W. 
. _do _ .... _ _,,_ .. 
Approxirnntcly \V!.{ corner sec. 

15. T. 24 N., R.:l W. 
do .. _.............__ .... _ 

_.do..____________. ___• ____... . 

••do.....__• ________________ •• 

..<10..............__••___...... 


Northl'sst corner sec. 9, T. 21N., 
R.3W. 

do. __ .. .. ........ .. 
Southwe$t t"orner seC'. 6, tr. 24 N_ r 

R.2W. 
do ............. ___ ._ 

Approximately SY; corm'r S(.C. 8, 
'1'.24 X .. R. 2 W. 

ApproxiDlately SX corner sec. 
IO,T.24)'i .. R.2W. 

...do._...................__.. .. 
0.1 mil~ east o! RS-I in rolld cut.. 

• ...do .......................... 


SWJ,.. s,'c. 3. T. 24 N., R. 2 W .. 
._.do............. _........... 
SEl{ sec.. 21, 'r.::!..i ~., R. 2 'V~. 

.....do ............ _._ ••__ ..... .. 
SE"'; sec, 24. '1'.25 N., R. 2 W __ 

do.... __ .... __ .......... .. 
Appro:dm!ltely S\\'. corner sec. 

36,1.\ 25 N., R. 2 \V. 
do ......................... . 

do_ .......... _............. . 


Southwestcomersec.G, 1.'.24 N., 
H.IW. 

do ... Oo_' ._ •••• _._. 

Centers.'C.24,T.24l".. R.2\\" _ 
do .... -..... _ _ 

Southeast corner sec. 21, T. 24 
N .. R.2W. 

'p·p·m. 'P.P.11I.p'cUow·brown clny, 50 fl'Ci I",· Ii O. 5 

)g~~:~~r:~l~~~:=::=.:=:~:.: .! >: ~ 
Joplin silt lonm, 0-8 inellrs, nt .4 


top of brenks of Muddy Creck. 

A.lragal... p<c!illa/us..... .............. 
 690
Scoheylollm, 0--8 inches......... .5 


Ao/ragal", pec/inal"o in wheat ...._. 1,fl6O
field. 

Wheat partly headed _.. ••••• • ______ _ 
Morton loam, gravelly Jlh~, ,./,

0-8 inches. 
A./raga/us ptctinatu~............ __• __ .. 6 
Bcohcy silty clay loum. (). ~ inch· .41....--.. 

es. 

A./ragaluo pectinal""........__.. ____.... 

Seoheyclayloam, 0-6 inches..... 

A./ragalus pectina/us .. ..• _... __ 
ThtTT1IDp.i. u7I7IuloearJa h't'owing 

ill Ao/ragal" .. 'Peetina/uo. 
"eohey silty clay 108m 0--8 inches 
.·hlragaln._ hi8ulea/rut. _ . . _.•. ' 
Scobe~' silt lonm. tHl inches .•••. 

Grayish·hrown cln~' Ir16l1J, 6-18 
inches. 

Yellowish·brown clny loam, 
18-30 inches. 

Ye!lowish·brO\nl clay IOlllll, 
30-42 inchl's~ 

A,'tT(lgalll~ pectinal '''' growing in 
this profile. 

Scobeysiltyclay lonm, 0-8 incbes. 

A.lragalusp<ctinalrut... __ . __ .. 

.4 '. 

.8 

----':4 
.5 

.5 

.3 

.5 

....... 
Scobey silt lonm, o-S inches, .3 

houlders on surfacc. 
Whentin milk....... __ ................. 
Scohey silt 108m, 0-10 inches..... .5 

Scobey silt loam, (Hi inches...__ .5 

A./ra9ulu. biwleatu8. _........ ____•__... 
RlIw clay 20 feet helo\\' surfacc, .8 

yellowish·hrown mottled clay. 
•4./ragalu•• peetinatll.! ~rowing in ........ 


bank. 
Scobe~·loBm. O;-S inches......... .7 
A./raga/fl.. ptclmalu...... ..... _ ....... 
Scobey silt lonm, rough pbs..... 1•. 5 

0-8 inches, breaks of Teton 
Rivcr• 

AlJlragalu. pte/inalu .........____ ...... . 
Scobey silt loa'!'. 0--8 inches..... 3.5 
~\.t/ragalu. pee/maluo •.. ................ , 
Scobey silt loam, (Hi inches... __ .5 

Young whent on adjacent soil........... 
...18lraqr!lU-! pectina/uo:!.;fecLlrom ..._.... 

No. RSti. 
Scohey silt. loam, 0--8 inches....... 1 

Wheatinmilk__• __..................... 
Bu!Ialoloam,o-·8inches__ ... _... 1 
Anral/a/us pectinal"... • , ........... o, 

Buffalo stony loam, 0-8 inches... 1.5 

30 
___.... 

400 

30 

700 

2 

70 
........ 

520 

_ .... 
530 

{OO 

700 
...__ ... 

i 
5.170 

....... 


3 

c 

D2157i..._ c 31a.... l .. _ .... do._ _..............__...... i AI/raga/HI ptctinatU-! ............ __•__• __; 
 00 
B215i8.._' 32__ ... ' Bouthenst corner sec. 24. T. 24 , Buffalo stony loam, 0--8 inches... 1.5 , 

N.,R.3,,". c 

D21579..._ 32"._. _ __ do . __ . _.... _ A...·raga/U-! pectinal,.............. ........ 250 
1321580.__ 33..... NEh sec. 12, ~r. !!.'iN., R. 2 W. Joplin silt loam. 0--8 inches, top f .7 :•.••. _. 

of breaks of Teton .River. i 
B21OSl._ 33a••... __...do........__........._.__..__ ~ A.tragal,.. bi.oulcai", .........__ ••1...___... 310 


http:NW.'1see.3O,'1'.:!I1N.,R.2W


17 SELENIUM OCCURRENCE IN CERTAIN SOILS 

TABLE I.-Selen.ium content of soils, shales, and vegetaUoll fr01n ll'/o1ltana-Con. 

TE'l'ON COGNTY-Continued 

Selenium In­
1 

l,ahorutory~ ~'ield MaterialLocation
No. I No. Soil or IVe!!1l­

l 
shale lation 

1 _____'___ t. 
i P.P.71I.!p.p.m. 

B21582.••• ,.. 3-1•••.. Northeast corner sec. 9. T. 2.'i; JoplIn 10am,lH!lnches. gravelly O. i ...••-.-
N .. R.2\\". \'

B215S:L ••. : 3-Ia .• _-' . __ •.do............ _.............. Wheat In mLIk._................ ........ 6 
B2158.L.••' 35... , •• NH corner sec. 2i. T. 26 N .• R. Joplin loam. ,}-8lnches••••••••__ 1.5 

. 2W. .tutragalus pectinalu8 _____ ••_••.• __•.•_.•B21585.....i 358._••••.•do•...••.•.••.••••.••. --- •••-
B21586 .••• _! 36._.•• ~"E~~ set>. 2.'i. T. 26N•• R. 2 W._ Joplin loam. O-S inches. some 1 

boulders.
A.tragalu. putinal".___.......__ _______ _ 60
B2158i""-1 368.. __ .. : .•do......................... . 

B21588 .... \. 3i..... Northeast corner 5('('. 26, T. 26 JO~~ld~':.n. 0-8 inches. some .5 
N .• R. I W. Wheat in milk.•___...._________ .._____ . 1B21589 .••• _, 3ia_.•_ ..... do .................... --
 Joplin loam. gravelly______• __.__ . i B:!15!l1L. 38.•.•. E~l corner sec. 2.'i. '1'. 26 N .• It. 

IW. 


B21591. ••• 38a.......do...... -- ..........- ... . 
 Russian·thistle......................... 6 
B21592 .--.l 31l ..... Northwest corner sec. 2i, T. 26 Joplin loam. O-S inches. boul· .5 

, N .. R.I·E. ders and gravel. 

B21593.... ;:l1Ia ._.. do ...... . ..... . 
 Wheat In milk........ ... .. ... 

B2159.L ... J -40. __ ~. Northwest t'onlcr st!c. 30, 1'. 26 Joplin silt loam. IH! inches. 


N .. R.2K 
 some boulders and IU'llwl. 

B21595.... .' ·IOIl. . •• . . . do .. .. .. .... .. 
 Whent in milk .• " . .. . .. 4 
B21596.•. H ... __ N'E~.scc.28.'1'.:!I;N.,R.2E. Marias clay loam. ()-S inches. .5 

no boulders. 

B2159i ......II'L..... do. . •. . ......... .. 
A.lragalus pectinalru.. . ....• 

B21598 .... 1 42..... NEH sec. 25. T. 26 N., n. 2 E.. 
 l\[arins clay lomIl, o-s inche.."i t .i 

!(I'8velly with boulders. 
B21599 .. _tlo... .... .. Young wheat..... .. . .. 10 

B21600 SEh !'Cc. I. '1" 2.'iN .• U.2 E .. Laurel loanl. O-S inch(·s. !mW' 
elly, somo boulders. 


D21601. 4:1n.... . do ..... .' 
A.trayal... bi811Icalru.. • .•.. ' 1,6:lO 

B21602 44 .~_. t'\\.. !-:1~,.!c.t),T.2;j~.,n.'2E Cheycnne gravelly loam, IH! 
inches. 

. do . ......... .. ,18lragalu.. pecti1latl.... 1.530 

~~~L:.J fs" ... E~i corner sec. U. '1'. 2.'i N .• R. JOlllin silt loam, O-S. i~lciles': ""':.i' 


I B. gravelly, boulders. 

D21605 ... 458 .•• 
 ..do .................... . Wheat in milk.......... • 


~WH sec. i. T. 25 N .• R. IE. Joplin silt 108111. IH! inches. I. fiB21606..... 46 ... gnwclly. lew boulders." 
B2160i._ .•• 461l.........do ........................ . A.tragairupectinatru ....... .... \ __ .•.• 380 
B2160S..... 4i..... NW~.sec.l0.T.2.'iN•• R.1E. Joplin silt loam. ()-S inches, .5 

B21609..... 47a........do ..................... .. G~~~~t.................... --.". 7 

Buffalo stony loam. o-s inches, .8 

gnwelly. 
_.clo ................. . A.'ragalu. ptctillalus . ... 140 

B21610.•••• 48 ..... SE" sec. 21. T. UN•• U. I W •• _ 

B21611 48" 
B21612. 49 X orthcllst carner sec. 9, T. 24 Scobor silt 108111, dark pha..~, .5 

N'.• H.I W. 0-8 mches. grave\1y. 

B:!1613..... 411a 
 . . <10 ." .. A.'ragal". bi.ulcatl". . . 

B21614 .... 50 X orthwcst ("orner ~C. 24, T .. 24 Scober silt loalll. d8rk ph;L~. .f) 


N'.• n.1 W. i)-8mches. 

dn _ > •• -~ " ~." A.•/ragal .... bi.• ,,/cat...,. . . illB21615..... 508 

N'W~.I ,;cc. 21. T. 24 N .• R. 1 E Scoh<IY silt 10all1. dark ph",,,,,. .5B21616..... 51. 1)-8 Inches. !m\\'c\1y. I1lk,\l1 
tTl.L't, 

B21tl17 ' flln . .. ••do... . ... , •.... . A.'ragal"" bi.../cal".. . . 

D21618 52 Si'.}, ,;cc. 14. '1'. 24 N., R. IE. Scobe~' silt 10all1. dark phase.


o-S mches, gravc\1y.\ ,,18lTagalru ptdinalru .... ........... __ .
5:!u . .. • do ..... -........ ,. ..
B21619 
Approximately SB comer sec. 7. Scobey slit 10all1. o-s inches. .4B212i8. UBi 
T.24N.,R.~B. 

B212i9... RBia.. .. ..do. ... ............. Young wheat on edjucent soil. . 
 . I 7.6 .... _. 
o-s inches. slightly !(I'8ve\1y. 

D21621 .' 53a ... J .... do................... ·•• .. •.. A.lragalusptctinatu • ... 
B2l6:!!l • .1 M ... ' S~;h St.'C. 13. T. 2,1 N .. R. 2 E ... Scobey loam, 0-8 inches. .... .8·1I 
B21623 .\ Ma .. '11 do .• . . ~htragalru pectinal ..... '! -«10 

B21620 53... ISWh sec. 16. T. 24 N .• R. 2 E". Scobey silt loam. dark phase, 

B216iL __ 55 _.. Northeast eorner sec. 28, T. 25 Scobey silty clay loam, dark .5 ,"" 
N .• R. I W. phase. o-S Inches, gNvel and . 

boulders. 
3B216i2..... 55n :.•• ,10 .. . • Wheat in milk..... -...... '3 

D216i3.....i 56 ..... J Southeast corner sec. 19, T. 2.'i 1 Scobey silty clay loall1, dark
i "N•• R. I E. j pha..<e. 0-8 inches, linle en· . . I crustation on gravel. i 

.568. . .. tlo....__.......... _.__._•••_. Auragalu. :/Jectinalu.... ......... :•••••••• 630

B216i4 

161453° . 40--3 

http:N'E~.scc.28.'1'.:!I;N.,R.2E
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TABLE I.-Selenium rontent of soils, shales, and vegetation frolll .Jlfolltallu-COIl. 

'1'ETON aOUN'.rY-Continued 

" Selenium in-
Lahomtoryl ~ield Locntloll Mllterllli I 

No. II No. 	 I Soil or Vl'ge' 
i shale tnt/on

--I--------:--------!~.--'--l

B216i5..... 5i •••• 


B216itL.••. 5ia •••.
 
B216ii__.__ 58. __ .. 


B216i8. ___• 588.. __ 

B216ilL... 59.._.. 


B21682••••. 
B21683..... 
B21684____ . 
E21685.. ... 

B21681L ... 
B2168i.__ 

B21688__ . 
B21689. 
B21690 .. 
B2169L. .. . 
B21692... _ 

B21693____ . 

B216W__ . __
B21695_. ___ 

B21696. ____ 
B2169L 

n216~. __ .. 
:tJ21690. ___ 

B21iOO..... 
B21701. .•. 

I 

600.. __ 
61. __ . 
6111 
62__ . 

6!!n.__ 
63. __ •. 

6311.__ 
M. __ . . 
Mu... 
6.1. __ .
6.'ia __ . 

flO. __ •. 

668____ 
67. ____ 

68.. __ • 

f& 
69. 

fiIJa. 
iO .. __ 

B2liO!!..... 1 ilia ••. 
B2Ii03 .. _.! il. 

B21iOL.__ , I ila.. 
B21705..... : i!!____ . 
B2Ii06. ..j i!!n.. __ 
B2liOi. .... ia .. __ 

B2IiOS_. ___ j'iall
B2liOll •• ___ , i4. .... 

B217IO ....Ii4a. --
B2IiIL.__ /75 -- •. 

B21712...._ 758 .. __ 
B2Ii13.... i i6 

,
B2Iil4____.i i68. __ • 

~imL==! ~b~~: 

. do . --
NEr.& sec. 3U. 'I'. 25 N., R. 2 E 

. tlo .• . __ __ ... 
Southeast ('Orner sec~ an, '1'. 25 

N .. R.1W. 
do .. __ • ______ .... 
do ................____ ..__ . 

. .. do•..• __ . __ • __ .___ •________ • 
XEU sec. Ii, T.!!3 N.,.R. 4 W..do ______________ .. __ 

NWU sec. 10. T. 23 N.,.n. 4 W 

do -- ... --.---. --.----- ­

6ill __ •.. clo. .. . __ ... ________ ... 

KEUsec.12,T.23N.,n.4"-•..Morton loam, f\.-8 inches, no 
gnlVel. I 

lp.p.11l.tp.p..m. 

gmvel. 

~~}m===:: ~:~::.Ek.~;:rier 'sec: iii;"T:'25 N'.;R~' -St~~b.i';I~fl~~c~I~~ul~;lnl~· rough' I' --'ii-" 

SWU sec. 34, T. 2.1 N., n. I E ••. Scobey silt loam. dllrk phllse, O. i 
(}-8 inches, Iime-encnlsted 
gmvel. 

.. __ .do ................. __ ....... A.,lragulu'ptctinalus .. ". ',.,,,·U corner sec. 19, T. 25 N •• n. I"owr~- loum, (}-8 inches, lime. 
!! E. encrusted grllvel. 

.• do.......................... "l3Iragalu., bi.ll/calus ................. __ 
NEU sec. 6. T. 24 N., n. 2 E •..! Scobey silt JOUlll, durk phllse, .5 

(}-8 inches,lime-encnlsted I 
2 E. 	 phase, ()-S inches, Iirne-en. 


crusted gnlVel. I 

... do .. __ .......... ____ ..... A.lragaluspeclinalu.____ . . __ ..... 
NU comer sec. 3, '1'. 24 N., n. Scobey silty clay loam, rough; .8 

2 E. 1 phase. O·S inches. no gnwel. 

NEUsec.9.T.:?'JN.. R.2W__ 

tlo. . 
~EUsec.l,T.!!3N.. n.2W 

.do_.. __ . . 
N~;Usec.fl,T.23N.,R.I W 

do . .... 
SWU sec. 22, T.!!3 N .• R. 1 W. 

.- do .. - .----. - . 
NEU sec. !!Ii, T. !!3 N .• R. 2 W. 

.do .• - -----.-- ....... 
SWUse<'.22,T.!!3N.,.n.2'''.. 

....do. .--.-- .. - --..... 
:1I,-WU sec. 30, T. !!3 N., R. 2 "'. 

Aslraga/U"pectinalu.,.... '.--.3•.• '.1.
Scobe~' silt loum, dark phuse. j 

(}-8 inches, Iime-encrusted 
gravel.

A.ITrlgalus pectinalu ..... 
Scohe~' silt lonrn, (}-8 inches. 

very little J!mvel. 
Whent in milk ..... ____ .. ,. 
nentonitic seam in shale .•. 
A.lraga/u. pedinalli., in shllie 
Baim'iIIe loam, ()-S inches ... 
A.,lragalli., bi~ulcuill'. A. pec- i 

lillalu•• also plentiful. 'I 
Laurel clay loam. ()-S inches. I 

lime strooks, no !tnlvel. 
.A.lragaill. bi.lI/callls -- -- .. I 
A .•lragaill. peetillalll~ ;

SWU sec. 3, T _!!3 N., R. 3 W Fairfield gmvelly lonm, ()-S i 

inches, lime-ent'rusted gnn·eI. ! 


do. '. -- . A.lragaill. pec/inatll.,. . .' 

KEU sec, 12. T. !!3 N., R. 3 W.. Morton loam, (}-8 inches, Iime- : 

encnlsted gmvel. : 
.. do .. . -- . ·--'1 As/ragalll.'pectinalll'.... . 

Morton loam, (}-8 inches, no 
!tm\·cl. 

A,lragqlll~perti7lUtll~ I 
.Morl.Onlollm.()-ginches,gm\-el: 

on surface. . t 

" 

" 
! 

1 

..(- ­

I,2!!O 

150 
..__.... 

ISO 

240 
.•• __ . 

5:10 

1,:110 

520 

380 

390 

Asiragaill. peelmalu" .. __ .. I ' ___.'' ­ :1-10Morton lomll,(}-8inciles .. _. i , 

Aslragalu. biollicalus.... .i 2:10Laurel IOllm, alkali phase, (}-8 I 2 I 

A:7r~~::'1iI3peclinal.u,. i ! 
Laurel loam. alkali phnse, o-s .. 6. I' 

inches, no gmvel. 
A.lragalu.pectinalu...... __ . . I 130
Yollo\\·ish·brown . clny, ()-Sj' .4 J 

incites, no I'm \'.1. 
A'tragalu.bi.tulcalu..... --. I ......t 70 
Fairfield grovelly loam, (}-8 .4 •____ • __ 

,'~' 150I 

J 170
1._.. 

(i 
- I 


inches, Iirne-encnlsted grovel. 
__ .do ......... _______• ______ ., A.lragalu~pectinalu.__.... . 1-10 

12s,,;}}°Sec:'2i:T:ZlN.~'iC3 ,,;~:jl ~,~~ft~ldh~\;eliy·io;iiil~·0_8· ----i·--

I 
 inches, Iime-encrusted groyel. 

B21717__._ iia .• _• ..... do ... ____ •. ".' ...... , A8Iragalu.pedina/u._.... . 
B21718 ____ is.•• __ NEU sec. 25. T. !!3 N., .R. 4 w.1 Morton sundy loam, (}-8 inches 
B2IilO.____ . iBn .... ... do. __ ... __ . ... .... ' A.lraga/u.peclinalm. ____ . .. . 
B21i20_____ 1 i9 . __ • Northeast corner sec. 2. T. !!3!I Morton l!rovell,' silt loam, 0-8 

N .. R. 1 W. incites, Iime-encrusted gru\'el. 
B21i21.·___ i i9u .. __ • . __ .do............. __ • __...____ •. , Aslraga//L,'bi.ulcalu..... . __ .. 


1.5B2Ii!!2____.: SO. ____ Northwe't comer sec. 24, T. !!3 ! Joplin loam, (}-8 inches. alkali 15 

N .. R. 1 W. streaked. 
B21i!!3. ____ . SOn .. _. __ .do....... . .... __ .• ' ______• A.tragalu. bi.ulcalu.... "" 
 60B2Ii24.. ___ · S1. __ •• : NEUsec.I, T. 22N., n.1 W ___• Pierre clay loam, (}-8 inches, 

. some shale, top of hluff. !---.--.­

700 
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TABLE 1.- ·S('/elli1l./Il content oj soils, shalt'S, and vegetation from 1110ntana-Con. 

TETON C'OrN~'Y·-('ontinued 

I ISsleniulll in­

LUh.orlltorYI Field Location Mllt.rilll 
No. No. Soil or \'e~t'-

..._____ .. ~ ..----~. __j...:'~I~_~I~~ 
i ip..p. 111. P. p. '111. 

1121725.•.••• · Sill .• __ : NE~. St!C. 1, T. 2'2N., R.l W ..• ' As/rayalll.putina/u..... "." ',' . .•. 1,160
B21i26.•__.: 82 .. do. ..' ...." .'. Weuthered gnly "hille, 5-5% 5 , .I fcct, 5 feet helo\\' No. HI. 
1121727__•__ s:.~1 I do, ........... __ .......... As/ragaillspectinatlls ..... . '... 1.130 
B2li2S..... :. sax...+__..do. __..._______________• _____ Bentonitic clay, s-s~ fel't, YdlOWI 3 1..______ 

I strt'akctl.. 
B21721l... __ Slx __'I ____ .do... ·-----------------·----1 (I~;;tli~~;~t;~~~~~ Il','t,gYPsUIIl I•.' 

B21i:l0 .... i 85__.... SEl{ sec. 33, 'r. 23 N., R. I E ...!:Mortou grnvelly silt 101llll, n-sl 2..'\ 
inches, Inllo\\: I1l,ld. : 

n*LZ~.;_~- .. ·; ~u M_. -~--;(~) - ~:--_r~-;;:--;-----;;--;---: As(rayrzl1l8 Pf'Cilllfli1l8 ~ _____ • ____ ' _______ . ~.020 
B.I.3........%.__ •.• ,,),.. scc. "I, 1...1 N., R .• }" Marills eln~'lonl11, O-S inches. .. .5 
B21733..... 8flll.. __ -- __ 'Iu ......_•• _..__..__.. ____ • As/ruyaills lIi.m!ral"s ...._____1..__ . __ . 
B~l!~l~- "-- .. i SZ-- -", 8 Ek( s~c. aa, 1'. 2:.-1 No, R. 2 E ~ _.' ?rll/r~· clay, (~8 lIlch(ls . ."-~-""----i ..1 
B_1 I. ,) ._~_! S,U.. __ ,--~_ do.. . ....... _... ,,_ . _________ . ____ 1 .ls ugll/u3 lusulen/wL .. ~--------r-------- ·!(iO 

n:m:16 "'11 88 ...._, f'ol~tl\f'ns~) ~rner sec. :16, 'I'. 23 lOrman cillY lomn. ()-8 inches ... ; .:1 

: ); .. R .• E. : 
ll21737 •••• 88a.... I.. _.uo. . _ .._______..______..!HIl.sllln·thistlc ...________. __.... ,.. __ • __ • 
B2Iia8 ..... R9.. • cl Sf.~~ Sl'C. H. 'J.'. ~I N .. R. 2 E. Bainville loam, 0-8 inches. ___-' .5 _.. ___ __ 
B2173U...._189a .. !'.... ·IO ............ c __ __ As/raguills bi.uleuills . ....... __ •. ______ .. 15•••• .... 

B2Ii~O.... : 90 __" NWl{ sec. :W, '1'. 2~ N .. R. 2 E.I Scobey loalll, 0-8 inches ... __ .... ' ••j ""__" 
.D21i41 .. _~~ ...1 nOa .. __ !__ _ ~ _d,,~. - ...... ___ ... ________________ (-;'Utll\\'cc(L _ ~ _________ • _______ ... __ :_____ ~_ w 5 
B217~2 .•• ' 91. .._.1 X\\'I,'~~c.9,'1'.2:lN .• R.ZE .. J B'lim'iIIe silty clay IO!lm, 0-8 i .5._.. __ •c 

' I i inches, some gruv(lL i 
B2IH:l Olu. __.!... <10 • __ ..._____ ...__•____ • __ (' d.,trayulIlS /Ii.IlI'·IIIIl., . .. __ ...... _... .... SOc 

1l2174-1 "~_ 92 ____ ! :;\\'1..i Slle. :U, '1\ 2-1 N .. n. 2 E _ Scoht~y loam, 0-8 iuchl's, littlll ! ~ .. '.~. ____ _ 
: I ?TRvel. ,

.B2t745._ 92a .--~---~ tIn ... _____________________ 1 Aslraf)ulWt bi&IlIL'utrM. ~_. ______ ,_____ .. ~~, tOO 
13217·10. 'O:!,.__ .! Southwest corner sec. 3:1, T. 2~ Laurel lonnl, ulknli phas~, 0-8 : .:1 ._______ 

1 i X .• H. I E. I . inclws. : 
B2LHi. : 9:lll'--I"-- do. ..---------..----...--1 (fUlIIWl..,'! -----..----..____ .... __ ...... .j
B2li-lS : 94.----1 SU rOrtll'r '''"~:l.~. 16, 'r. 2a N·" n. Bniu\'illl' loam, 18-2ti inchl\$, '. 1.51 __ .. _____ 

I E. lIIottl('d yellow. frolll 'lit~h. 
D21i49 __ lHll.. __ ;. __ .. t1o. .._......___...._...__ 1 .·lslmYllllls Msuiealll..... ______ !___• __ __ 10 
B~1750 95 .•__ .' SEl--j sl'e. 13,1'.2:1 N., R.I E_ ; (lrllY rottl'll sllllio. {)-S inChes ___ I 1.5 
B2t7S1 . 95u "_)~ __ . do .. ____ ~ _____ .. _... ~~ .. ___ ~~ Astragalus M&lllcatwL __ .. ~ ______ f_ ... __ ~ 

B217.i2. 96 . __ .: SEh' sec. 13, 'I'. 2'2 N .. R. 1 \\" . ~Iortoll gravelly silt IOlllll, 0-8 i I
I : inches, wheut !lcld. i 

1l 2 175:1. 9uu __..,,.., _"'T_' do .. _. ____________________ .... As(rtlyalu.f/ pt CtillcztU.T ... ___ ~ ____ .. ,___ ~ ~_ 860
.D21i54 96h . _ 1~~ ~- .do_ - _______________________ Young whC!1t ___ .. ~ ... _____ ... _, _____ ~ ___ ~ __ 5 
.ll2.1755 97 -- .... t ~"·7.:isec.4,'l'.22N.,R.l \V".__ Piern·clnyluRttI,roughphnse.(}-X: .oj 

. ~ inches, linH"--l'ncrustl~I gI'tWl'l. ' 
B2175U-. ...I 97u .'_\." __ tlo ..__ ..________ ..________ AslmUIl/I" -peclilllllu., .... _. __ ... ,__ .. __ •• Utl 
B2t7i'i7... __ , 9S ____ ':;ollthenst('ornf.'rsec. 2,'1'. 22N., Fairfield grnq'lly loam. o-S .2: 

R. 2 "'" . inches, not irrig:tltc'ti. linll'-· 
I encrusted gTl\\·cl. 

Tl2Ii58•..__ 9Sn ...... d.l . __ ..........___. __ .... As/ragll/us IJisul .."tlls ....... .... ' .. 
B21759. 19Sh .. __ .dn ..........__ . __ ........ GUlllwceo .................. . 
13217110. 99 .... "'.JTt.h•.u;;t COrn~rs~c. I. 'I'. 2'2N.. FI!irUeld ;:rnv~lIy lomn, (}os 

R.!! W. mehe., 50 f"pt {rom Xo. iJS. 

I 
irriJ.!fltl'd . 

B217fil ... 1 DOu ..... - do ....._________ • ____ ••. Alflllfll ..______......___ 
B21762 I nUh "~~.do _... __ .. ____ ... ______ ... ~ ~~ _.' UUIIl\\'lltld "..... ___ ... ____ "' ... ,,_ 

B217fia j IOtL_ :\,\""1,... Sill'. 9 '1"'. 22 N .. R.:! ,,- I Fnirfi(~ld grnv~llIy lonm. ,... ,t 

illrhes. 
11217tH _.'ll00n.~_ .- ... (iI) . __ ... ___ ~ __ ... __ ....... _ ... _____ , .t~trflu91wr'Pertill(lt'UL . .__ .. ____ _ 10 

BZI7U5.••__ 1lI1. ... "I" corn·'r sec. 9. 'r. 22 N .. .R. nrown clay loam. 0·8 inclll",

I :1 W. O\"'r shallow ~lInostone. 
n~l7Ii6•. __ .1 10111 '. -- do ..____ ••.____• ______.. _·Islruguill,' -pu{lTIatIlS_ ... ___ .. __ ., . .')Itl 

B~l-I'- 11O~ I'r" tl {~ tOl {SundslOnl,,()-12inCh~s ...•... : .2 
. - ')( - -~-~- n ('(I" nor 10 .·0. -------- ... - 80ft Yl'llow shnlc, 12-24 inclws. .. _t 

13!!17(18. I 10211 __ ....00. __ ........__ .......... -lslTllgalus pel'tillat/l,' _••. I'" '., ·----50,c __ 

B2l760 I 103~*~_ S\\"7.(Sl'C. 13, 'r.2'2~., R. 3 ,,- I Fairtlcld grnvclly loam. O-S .2 
I f inches, not irrignt'!ti. I 

B217iO_____ t lO:ia~_~ ~ ___ .do. -.---------------------.-1 Astragfllu.! Msulcnlu'!t nut irri-.:. ~. ~~_." _ I i .sated. . . ,. .B2l. tl__.__ 103b... ____ .do, ...___________________ .] ), 0.ung RlIssllln·t!lIstle, no. Irn· 
I glltet!.

132Ii7!L__.! 10·'- __ . to feet cast of No. 103 l Fairfi"hl gnl\'clly loam, lhq.. _________c 

i , inches, irri~'\I.('(L 
B21773.•, .. 1000a.__ I____ .oo __. __________________.. Whent ill milk, irrigat,'d .. __ ._ 5 
B21ii4. IO-Ib ... i___ .. do ____ • __....___________ Young R~·3shl!l·thisl.l~, irrieutI'd 3 
B21775 105____ ! NWl{ see. 26, T. 22 N., R. 1 W Fairfield gT\lvclly 10al11. ()-~ .5 _______ _ 

. inclws. 
1321776 ..__ 105n... ;____ . do .••---------------------i Aslrtl911111. peelinlllll~ .. __________ ----.--.i 110 



__ 

20 TECHNICAL BULLETIN 702, U. S. DEPT. Ol!' AGRIUULTURE 

TABLE l.-Selenhull content of soils, shales, and vegdut·£on fro'ln .Montana-Con, 

'1'ETO.N COU.N'l'Y-Contimltld 

,, 
LU!JorlltorYI! j.'ield Locution ~rllt.crilll.No. Ko. Soil or j' Vel'e' 

shille tlltioll!
----i.---, -'~t·- '­

• i \P.p,nl,!p'l'.lII.
B2177L.. i lIWl..••;NWUsec.2Il.'1'.2'2N.. R.IW.. b'll:~~~;~I, gru\'clly IUllIn, 1)...8 0.5 ....... 


1321778. ___ .i 1068... i.....<1o.......................... ..Astrugalus perfil/alltd. ........ ........ 130 
B21771l._ ",. 107.... SWM scc..:l9, T. 22 N .• R. 2 W Fairfield gmv,'lly loum, 0·8, .5 

inches. I 
B21780..... 107u........do........................... tblravulus pee/llIa/II....._ ...... ...._ •• 
.B21781 ..... 108.... SEM sec. 1. T. 22 .N., lL 4 W _ .. Luurel clay loum, (}-8 inches, I .3 

gypsum crystills in suil. 
1121782..... IOSa.•.••.•. do................ "" Greusewood............. __ .. ' . 
B21783..... 109.... SEM sec. 24, 'I'. 22 .N., R. 4,\'. Laurel clay loam, 1)...8 inches .• _ .6 
ll2178L••• lOIla....... do .... ____ ............... . .;l3tTagalu3putinalttS......... .•. 70 
B21785..... 110 .•. E)1 corner sec. 12, T. 21 N., R. Morton loam, rou~h phase, IHl .7 

3W. inches. 
Jl21781L.••• 11Oa.... do....................... .. Astragalu. ptclinatus............ ........ 
1121787..... ilL ... E}" Loomer sec. 25, T. 21.N .. R. Blli[\\'ille 101lm, IHl inches....... .5 

3W. 
B21788..... lila... __ do....................... . A.ITaualus ptctiT.atu., ••. ................. I~j(l 

0-B21789..... 112 SEM sec. 28, 'I'. 21 .N., R. 3 W. Bllill\'ilIe IOIlDl, (}-S inches....... .4 
1121790 ..•• 11211 .. ...do....... •.. ' .. AslTagallls pecthlalu. • ......... . 1110 
1121791.. ... 11a. SE)1sec. 25, 'I'. 21.N., R. 4 W Ullinl"ille loam, (}-S inches..... .. 
[J21792 ltan . . do.. . ... __ A.tTagalu,'"p......... ... . . :l"':21 
13217!l3 IlL ... NEUsec. Hi, T. 21 'N., R. a"~ ~lorton I(ro\'elly 100llll, shllllow 1.5 

phose, (}-S inches. 
B217\l-1 11411. llo .. ____ .. A.lragaills '/lectillatu. . 
11217U5.... 115 NRY..' sec~ 3:1. T. 22 N., R. a \\' Ponderll snndy IOIlUl, (1-8 inches. 
TI2L7Utt • __ lliill __ do... __ __ . ..... Astraga'us pec:lillatrur_ + + __ " _~_. 
B212[lt1 __ ~. !tn. WU COrner sec. 33, '1'. 22.N., n. Bai[\\'ilIe IOBUl, n-r. inchtlS..... __ ',5 

3\\'. 
B21254..... R7311 ___ •• do ........................ . A.<lTaga/ll., peetinaluB . .. .... . ...... ..I 
R2125ii __ .. Hnb .....do................... __ .. . Young .I13ITagalu., sp., ~owinl( .! 

udjBcent to No. R73. 
1321256..... 1>741\.. Approximately EY.( corner sec. Aslragalus bisulcatus......_..... .1 8110 

17, T. 22 N.J R. 3 '\,', 
B21797..... 116. NWM sec. 34, T. 22 .N., R. 4 W Bai[\\'ilIe sandy 10oUl, (}-S ~ t 

inches. 
B217!l8..... lHi.I... __ • __ do...... __ .............. ____ . A.dTagalu. pectin at us .... __ .... 1110 
B21799._. 117.... .NWMsec.15, T. 22.N., R. 4. W. Baim'ille loam, ~velly phase, ..·:~·l 

(}-S inches. 
B2ISOO..... 117s...... __ do.... __ ................ __ A.ITagalus pte/iT.atus .. __ ........ 14(1 
B2IS0L.... liS. .NWM sec. 31, T. 22 .N., R. 4 W BBiIn'illo lanDi, IHllnchc.~ •• ____ •
D21802____ _ llSn ... do............. __ .. Russiall·thl,Ue ...... .... 
BZISOL... 119. .NWMsec. 34, T. 221\1., R. liW Fairfield I(rll\'elly loaDl, (1-8 .2 

inches . 
B:!I804. .... 11911 ... do •.... ' ... A.dragulu., 5p......... . 
112180r. __•. 120 .NEM sec. 31i. 'I'. 22 N., H. nw. Lilurel 10aIII, IHl inches, Ilhun· , .2 

dont lime-ellcrusted "rn\·~l. I 
1l~1806..... j 12011. __ do. . ........... . Gumweed.............. .. 1. 3 
B21807 ..... 121. . .Northwest corner sec. :11i. T. 24 Bni[\\'ille IOBIll, IHl inches, no I' ,4 

N. t n. 5 \V', I(rII\'cI. 
1l:!18OS.... 12111. ____ .do_.. '. ___ . . Asiraglllus 1l<cliTlail~, .. •.1 8 
821809 ..... 122... .NWk& sec, 5, T. 2.1 N., R. ,i W. i\<fortoll silt 101l1ll, 0-8 itH'hes, i .4 

lim~nl"rusted l!r'uvel. 
1121510...__ As/rllgallt" pectinalus . 4111 
1l21811 .... . C'houtellu loam, (}-S inches ..•. .61
821812..... A.lra~a/ll' pt'di1lalltS.. . s.,1121813..... l~eddish·hrown sandr IOBIIl. (}-S 

inches, prohnblr derived from 
Kootenni fornllltion, 

B21816..... 1241l........do........................ .. .tbtTagalu8 pecli1lat"8 .. , .• . 100 
B21815..... 125.........do........__............... __ Greenl,h'grar clll~', 12-24 inches. .2 
B21815e... 125x....... do.......................... . Red sandstone, 30 inches. .1 
1321817..... 126.. SM corner sec. 33. 'l'. 24 .N., R. 7 ('houteau loam, (}-8 inches.... ,. .4 

W. 
B21818..... 12611... __ do. __ ..... __ . . . __ . __ . Gumweed..........................____ • 5 

B21819..... 127..~ SY.(Loornersec.18, T. 23.N., R. Lnurelloam,lHlinches.......... .2" .••••.. 


7W. 
B21820__ .. __ 127n do __ ~_,_ .. _._" _. _. ~btTa9alu35P- ........ _._-~- .... - .. - .. - "A" ,.,.1 0 
B2i821..... 128. SWM sec. 29. T. TJ N., R. 6 "" Bain"llIe loam, IHllnches........ .5 ' 
B21822..... 128n do .. .. A.ITugulll.! pectinalus ... ______ .. ' .. 110 
B21824.... 1~~Jn.. .do.. .... ....do...... . . __ .... j ...... 430 
B2182L ..•. 130 SEy'(sec.16,T.26N.,R.5W .. Laurelloum,Q-!linches........ ; .5: .. 
B21826..... 130.. ..do.... •..........____...... AstragalUS peelmalus .......____••........' 50 

http:SEy'(sec.16,T.26N.,R.5W
http:SY.(Loornersec.18


21 SELENIUM OCCURRENCE IN CEUTAIN SOILS 

TABLE I.-Selenium content of soils, shales, and vegetation from }.;fontana-Con. 

TE'rON OOUNTY-Continued 

Selenium in-
Laboratory Field Location MaterialNo. No. Soil or Vege­

shale lation 

P.p.m. P.p.m.
B2IS2i____ 131. ___ Northeast corner sec. 3, T. 26 Morton Imlm, gravelly, rough I 

N .. R. 5 W. phase. o-S incbes.
B21828____ _ 13Ia •• ____ ._do ..•_____ •___ •. _•____ ._.____ Astragalus peeliTlalus_____ ._ •__ ._ 140 
B21829_____ 132a__ . SEU sec. 2i, T. 23 N .• R. 5 W _" GnlY sandy shale. 24-30 Inches_. .,2
B21830_____ 132n. ____ ... do___________ ._. ___ . _.. ____ • _ Astragalus peeli1latus In shnle.. _. 15
B2183L___ 133 .... SWU sec. 11,1'.23 N., R. 5 W_' I,aurelloam, o-S inches ________ .. 
B21832__. 1338_.. _____do. ______ ..__________ .... __ '_ A.lragal"s pecli1latus ______ .___ •. 150----~~-II 


PuNDER.<\. COUNTY 

B21840.... j L _____ SoutheMt corner sec. 14, 1'.28 Scohey silty clay 10llm, 0-8 incbes_ 0_4 
N .. R.3 W. 

B2184L .... 1a_____ .. do_ .... __ ................ .. ..-latragalus bi.ulcatu...... _____ _• \lO 
B21842, ~~~_ !L. ____ NEU sec. 20, ~\. 28 N., R. 2 ,y ~ Orman clay loam, o-s inchl'S_ . _ .4 
B218-l:!..... 28.______ . do .......... __ •.. __ ........ .. .tIslraga/us bisuleatu.._. ________ __ :\,i 
B218H..... 3...... S"-Usec.13,T.28N.,R.2W. Joplin loam, o-s inches _______ ._ 
B21845..... 3a......... do.............. "'" . Astragalus peeIi11aIu8_______ . __ __ .5 .---300 
B2IS46. ___ . 4...... SEUsec.17,T.28N•• R.)W Juplin lourn, o-S inches_____ ..... .5 
B2184i___.. 4a••. _. .. .do... __ ... __ . .. Aslragalus bia"lealu. ______ • ____ _ 4fiO 
B2IS48___• 5. __ __ SEU sec. 14, ~l'. 28 N., R. I W Joplin sundy loam, 0-8 inche., .5 

no gravel. 
B21849_____ 5u.,, __ do ........... __ ... . .tIslr"galus bisulealu8 ________ ..__ 110
.5 .•____ _ B21850. __•. 6.. .. _. N\\,,l4 sec. 21, T. 28N., n.l :E .. Burton ciny loam. o-S inches__ __ 

1l218.'H .. __ . __._... 80
6a ____ . .. do ....... ____... _____...... _ Gumweed_... _____ .. ______ ... __ 
B21852. __ __ tlU corner sec. 18, T. 28 N., R. Ommn clay loam, dark phllse,7 _.. _~ __ .4 _____._ 

ZE. 0-8 inches. 
ia_____ ... _. do __ ._...________ .. _.....___ . Aalragalus bi81lIealus__•_________ _B2IS5:!..... ~80 

B2IS54...._ 8.• ____ SW-U sec. 14,1'. 2S N., R. 2 E __ . Orman clay loam, o-SlncLe5 ____
Sa _________ do____ . ____ ... ___ ...... __ .... Astragalus peeli1lalus __ ._. ______ _B21855_.._. l,a70

B21856 •• ___ 9.. ___ • SEU sec. 36, T. 28 N., R. 2 Eo__. Joplin loam, 0-8 inches_. ________ -::i' 
B2185L... 1:240911 __ ._.... do._..... ____ .. __ .... _____ __ .tlslragalu8 pecti7lat1l8.". __ .. __ __ 
B2185L__ _ 10... __ SWUsec. 34, T. 28 N., R. 2 E. Joplin loam, o-S inches_._._. ___ . .5 
B21&i9.._.. IOn... __ .do ._ .. _____ ... __ ... _ ..... A8tragalus peeti1latu•• .. ______ • '500 
B21860..... 11 _____ SWU sec. 31, T. 28N., R. 2E •• Joplin sandy loam, o-S inches .•• 
B2IS61..___ lIa ___.....do ... _.. _. _____ . ______ .. ____ . .tI8lragalu. peeli1lalu.. _•. ___ . __ __ 1:420 
B21S62____ 12•.. _. SWUsec.34,T.2SN_,R.1,E_. Joplin loam. O-S inches_. ______ _ 1 
D2IS63 ___ _ 12a.__•. __ do..........____ . ___ ...... .. Aslraga/us peeli1lat.... •___ •_____ _ 000 
ll21864 ___ . 13. ____ SEU sec. 30, T. 28 N., R. I W. Laurel loam, o-s incbes________.. 1 
B21865.. ... l:!n_...... do......... __ ...... __ A..lraga/u8 peetiTlUlu._ ....______ _ -----24ii 
ll21Sli6 .•• 14 ____ . NEU sec. 5. 1'. 2i N .• R. I W Scobey loam, 0-8 inches ________ _ 1 
B21867...__ l4a.... do . .. .. __ Astragalus bisC1llealu8 .. ____ . ___ . .-----f.tl 
B21868 ____ . 15 __ . SWUsec.~ft,T.2RN •• R.2W­ Scobey loam, 0-8 inches____ •___ . 1.5 
B21809.. __ . lila. . do. . ..... ...." Aslragalus peeIi1la/,,,, ._ .... _____ . li50 
R21870.• __ 16 .. SWU~ec.33.T.28N.. R.2W Scohey loam, o-s inches._._._._. .5 ------20

If........do. ____ .. _.. . __ ...... .._ A8tragalus biro/eatu,.. _._ .• __ .• 
B21872 •.• , Ii Southwest corner sec .. 36, 'J'. 28 Joplin loam, 0-8 inches. slightly .7 

N .• n.3W. ~ravelly. 
B2IS73. Aslragalu. biro/ealu•. . _ . •. . ..•• 25 

B21871 ..... 

lin. __ _ do __ • ___ ._ .• ___•___ 
B21874 Oray mottl~d clay, 24-30 inches. .518 .. _ do .. .. .___ " __ ... _...__ 
B21875 19 .• NEUsec. 4, T. 2flN.. R.2W_. __ '-alier silty clay loam, dark .7 

ptu1.~e. o-s inches . 
ll21876 1911 ••. . do ........ ___ . ____ . __ ..hlraga/us biro/ealus . ... __ .. __ .•..•_ 21iO.4 ________20 . ___ _ 

IW. 
B2IS78..... 208•. . do ...__ ._..... .. .... . __ _ A.lrag~lus bi .. uleatu._ ...... ._. __ 6 
B218i9 ____ 21. .. NW){ sec. 1, T. 26N., n.1 W .. Orman clay loam, o-s inches, .5 

grayel ou surface. 

.H21S77 ,,·U corner sec. 6, T. 26 N., R. Rurton cinl-loam, o-s inches._._ 

B2IS80 ____ 218____ do ... _ .............. _____ •__ _·hlragalu. biouleatu .. • _.. _______ 110 
B2188L____ 22. ____ JI;-WU sec. 11, T. 26 N .• R. 2 E_. Joplin slit loam, O-S inches, 8 .5 

little gravel on surface.
B2IS82_____ 22n____ . ___ .do........ .• ____________ •__ Aatraga/u. biro/catu._ • . ________ 
 630 
B2IS83. ___ 23_____ Southeast corner sec. la, T. 2i Joplin loam, o-S inches _.______ 

N., R.2E. 
B2IS8L___ 802:!n____ .. do ___ .. ____________________• A.lragaluo peeli1latus ... _.. ______ • __ __ 

B2IS85. ____ 24_____ ... _.do.______________•__________! Mottled gray clay, 30-36 inches __ \ .5 

R2IS8o. ____ 25_____ Northwest corner sec. 22, T. 2i 1 Joplin silty clay loam. o-S inches_ .7 


N .. R_2E. 


~~:~~~~~= ~~~=:= 'S;;~~~';risi co~~~'sec: -.i:i; 'T~-Z;-. ~~~li:~lit;.~~~~J~~~; iHiiinciie;! .--:ii- 230 

N.,. R. 1E., ,I 
I 

1121889. ____ 26n____ 1 ___ .do______________ •_____ ._ .. ___ A.tragalusbi81llcalus .. -- •• ____ •.. -.-- 230 

:::::=~~~ :~~~~~~I_~~~:_~:~_~~~'_~:~=~~':':_:~~_: :::~~:~::;::~:::~~~-~~::::~t..---~- 5 

http:S"-Usec.13,T.28N.,R.2W
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22 TECHNICAL DULLEl'J,N 70!:!, IT. Fi. DBPT. 0].' AGl!ICULTURE 

TABLE I.-Selenium content of so£/s, shalcs,and vegetation from MOlltana-Con. 

PONDERA COl'N'1'Y-Oontiuued 
---,-------------;---------.---:---~~.-

I_~e~e.ul~n~Laboratory, Field 
No. No. Location !vIllterlal 

I Soil or I' Yego·
,shale tation 

1-1-------------I--------------!;.~:,::_;~.-P-.-llI-. 
B21892..••. 28.... SE).{ sec. 13, T.:!'i N.,:n. 2 W. .Burton clay 10aDl, {).·8Inches__ 0.5 ' 

B21893.... 28a __ .. ' .do...... .... ..•....... .thlragaI1l8bi8!llcalu...... .. 
 151)
B2181l-l.... :?II~.. S~~.rnersec.15, T.:!'i N.,:n. 2 Burton clay loam, 0-8 iuches . 

B21895.. __ . 2<Jll... ... do..... _.. __ • ___ ... __ ..... Aslragalus bi8Ulcatu • .....~. . 1.580.B21896. __ . 30.• ___ N'Y).{sec.6,T.26N.,R.2W Joplin loam, 0-8 Inches, \'err 
J!rnvclly.

B21ii9i ..... 3011. do ....... _................ . A.lragalttS1ltcli1lalt'8 .• ~ ..•.•.• _. 1.3.;0
'B21898. 31. .. _. NWh'sec.19, 'r. :!'iN., R. 2W_ Joplin lonnl, 0-8 inches. •...... .5
B218!l9 31a. do. . __ . .. 
 A.lrayaill. bil11llc"llls .• ...., ... HillB21000 32 . + Southwest corner SOC. 36, '1'. ~S Laurel loam. 0-8 inrhes~......... 


I 
N .. R.5W. 


B21oo1 32n do __ . ~ _ _. .AttrugaltM bisllicutu., _.. ~ ~ _~. _ 
 10B2loo2 . 33' ! """ corner seC. 4, T. :!'i N., R. Sco~y 10aDl, 0-8 inches ...... _ 

B21903. ~ __
B21004 :14 S~~ corU('r sec. 36, '1'.28 N., Il. Scobl'Y silt loam. 1)..8 inches, no ! 

1110 

. . 4W.
j 33n. ,••4~~~ ...... . A.-.lragalus 1,ertinnf,Uf. __ ~~ ~ __ 

~ra\'el. I 

B219U5 '~-l 348 "\' dn.. As/rallaiwI M.~fLlcClflt•• ~ I
T" 	 _ 380
.B2190(} .. f a5 .~." !\x:~.. sec. 5, T. Z; N ,U.:~ ,,". Sco~y silt loam. 0-8 inches, no 


gran-I. : 

B~_21!~~~ I' 3511 .. ··1 .do. . .... GutUwt't.'d. __ .'. __ . i
D ...vq ,36 "~~_I Northwest (.'Orncr sec. 15, '1'.. 27 Scobp~· lOflIn, 0-12 incht\s, J!l"RV- ! 

: N .• R.3W. I'lly. 	 t.B21909 ;1611. . do .. __ Russhlll·thistl.. . . ....
B21910 . I :lI S\\,'. St'C. 10, 'I'. 2i N., H. a W. Rcohl~,·lonm, 0-12 inch(,!L ~ ___I
B2191!. \~/1l, __ , ,do _. ~ . ib/ruga/tM 1Jecli1lalwf ,__
B21U12 ~ 38.. "~Il\;'EI., St'C. 2, T. 2S N •• n. 3 W. Pon(lt~rn loam, O-S inches t 

390 

B21913 ;18a . r .do . . . , As/ragaill' -pulinaill., ... i
B21914 . ;19 .~. NEI., sec. 24, '1'. 211 N .. R. 3 W. . Scab,'y silty clay IOllm, ()..Rinches.

B21915 a!ln.__ .~' ••. do . Aslrllgal"., hi./tlcalll. •• • I uo
B21916 ~ 40 1 N ortlwll.';:t corner see. 2. 'P. 29 N' t Scob,,), 1011111. 0-8 inches, abun.! .5 


: n.3W. dnnt ~rn\'P1.

B2191i : -to".. L .. do . Aslragfllw~ bi3UlctJlu&

D2191S 41.... 'NEh' St'C. 23, '\·•.M N., H. 3 W. ! Joplin loam. 0-8 inchl's .7D2HI19 41u. :. ... do .. ~. A.,lmgalll,' bi.'It/CIIII'" I 300D219'20 42 *_. 	 ~ N~' corner sec. 6, 'r~ 30 N., R. Joplin sand~' 100111. 0-8 Inches. 2 

f 2 'Yo 
B219'21 _ 428 .. I.· do . ' A,lraOlllflS pwil/atlt' . _~ . 1. iOOD21954 43 __ .. WI." corner S1'C. 28, T. 28 N .• R. : Morton loalll. snIt em'rusted" 

, f' 5 W, ~rnYl'lly phasl' O-~ in~hes, ! .4 

B21955.. 4311..... do. '''' .. ~. A,'ragal"'1leclillalll8 .. 40B2195ti 44 .. : NWY. st,e. 24. '1'. 28 N., n. 4 W. Bain\'ill\' 1011111. 0-8 inch~s
B219,)i 
B21058 ". ·1~~ ..:1.::.~~':.:~:.::: . . li;~~~~~~:,~g:Cli1latll .• . :: 

B2l!J59. 45 I NE'..j sec. 2<). 'i'. 28 N., R. 3 \Y. Willi"llIs 1011111,0-8 inches. 

D21!ltlO 4511 '. do .... . . . Asiragelll,' pecfirInIIt.'! . 270
B219t1l 4ti ! NWI" st.'c. 4, '1'. 28 N., R. 3 W_ J,nurt'lloall1, o-S inches .4
B21962 46n :.....do.... ..... . A.,'ragaltt., pectinalfl," 100
Jl21!l63 47 I N,YI4 S()c. 21, rl'.:?O N .. It- 3 ,,~~ , Rroh{'y loum, o-s inches .:1D21964 j 47s do 	 . Itstra{1flllM I,islliraiwr •. ~ ~ ~, .. "., uioB219ti5 I 48 SW',. ""c. I. T.:?II N .. n.:! W. Ii'eolw~'silty clllY Imun.n..8Inehes
B21966 • 48a do 	 A."raualll,' M.wlrallM _ .
B2:007 '49 I Southwest cornl'r SI'('. 3:1, 1'. :10 I Yalil" silty cillY loalll. 0-8 inches I 

I X .. n.:! W. I 
B21008~. 4911 do !I A.lragaill., biN"leal".. I 2.'iB21969 49b do. Rlm'joint I'rtL<S __ •• ' 2ID219iO. 50 NE~"'sl'e.20, 'I'. :lON., H. 3 W Joplin lonm, 0-8 inclll's ........... 

D219il. 5Oa.... . do~ 	 I A.lragal". hi,wlraill' .............. .: 7:1 iO
IB219i2 51. " __ I N~:( corner sec. 5, 'I'. 30 N., n. r Joplin 10alll,lHl inch'·s........._ 


I 
3W. 

B219i3 510..... _. .do. ". -- .. ... --i .'l8IT11unl,l.1I!i,,,,lcaI1l3. .. 30D21974 52 ..... NW).{ sec. 13, T. 30 N., R. 4 W.. l Pondera fine sandy lonm, O..S : 
, inches. . 

B21975 " 528 .... , .. do ...... __ ....... ,.___ ~ ... ! It..lragalll.bi.'''lcatu., ......_••• ~ .. __ ...... 2.'iO 
B211l76 .. 5:1 . ~.~ NW.'.:! :l<'C. 9, '1'.30 N .. n. 4 'Y. l' Joplin loam, ()-s inches. ___ ...._.' 1. 5 >... ~ __ • 
B219ii .•,. 530 ......... do ....... _.. ~ ____ A.lrapalll.t.i8ulcatu... ____ ......' ........' 00 
B2IYi3.. 54 .... _ NWJ;.i sec. 12, T. 30N., R. 5 W. Yolier silty clay 108m, 0-8 inches, I .2 ,......... 

not Irrigated. .. 

I 

B219i9 540........ do .... _...................... Alflllfa, not irri!(oted __ ....... ~ .. '.......... 1 
B21980.... 54b.........do............................ .;18lragalt.. bi8Illcat" .. , 25 rectrrolll ........ 140 

No. 54a, not irrigated.
B21<J81 ... 55 .. 25fectl'llsto[No.54 ........... Yaliers!lty clay 108m, 0-8 Inches, .2 ;........ .. 

irrigllted. I 
D21<J82 ... 558.... .. do.~ .. ~ .. __.....__..... Alfalfll, irrigated ..................._....... .. 
B21<J83.._. 56 ..... NWU sec. 25, T. 31 N., n. 5 W .. Valier clay loam, 0-8 inches .....1 .5 
B21984..... 5611...... do ._...._..................... .t18lragaltJ." ptctinut!l8 .............. ........ 5.'.,0 

http:25fectl'llsto[No.54
http:NE~"'sl'e.20
http:NWh'sec.19
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23 SELENIUl\I OCCUHRENCE IN CEUTAIN SOILS 

TABLE l.-Sel~niu:m content of soils, shales, and vegdatio71 fr01ll Montana-CoIl. 

PONDERA C'Ol"N'l'Y-Continncd 

Laboratory! Field MllterilllL_OCU_~tlO_C_____! \.sel~l~i~.m~l=-
N0'1,' No, Soil or • Ye~e-

! shllie : tlltiOIl

---_!-._-•._-- -------_._-_.' ._.__:_­, 
P.P.1JI'jP'P.,",. 

Sco~y loam, o-R Ind\cs •• __••• _. 0.2 _______ _B21!IIlIL... 57 S}t~'Orncr sec. 2, 'I'. 31 N., H. 5 

:B2198li 578 ....... do ..••. ,. . ..... }lstraoal"., peelirJUI"............ . 
1 

160 
B21987 58 .. Northwest t'OrIler sec. 9, 'I'. 30 Ynlier silty clay loam. o-S inch,'s .41 

N .. .R. 5 W. 
B21O~S ... 58a... .. ...do . ..,.... Gumwl~d..... .. ..__ 3 
B219119, ... 59..... SW!>-i SI'C. I, '1'. 211 N., R. 5 W. "alier silty clay loam. ().8 inches 
B21900.... 598.........do. ........... .. . Aotraualus lIi.ltleal"s. ....... "I .1·_1 40 
B2199L ___ tiO.•_., NW!..i sec. Hi. '1'. 2IlN., H. 4 "'. St'Obc), silty clay loam, 0-8 inches, .,

A"trauu/us bisu/caiu8 .. _.. ____ j I- ·'soB21992 __ • liOn ... ' ... do. ............ .. 

B21993.____ 61 .•• __ ~·W~sec.2S.'1'.30N .• R.4W. Scobey silty rial' loam. 0-8 inchesi .5 f 

B21994..... 61a....... do. ... .. ... .... ... . 
 A8tragaiu& bilfulcatu,,~ ......... _.. _f • 200 
B2191l5..... 112..... ~,.WHsec.25.T.30N•• H.5·W. Valier silty cIay loam, 0-: inches. i .3'j 
B21996..__• 6211. .. ...do .................. . Aolragalu. lIi.uleatu.......... ' , 660 
B2191li.. ... 63.. NEHsec.6.T.2IlN.,R.5W... Yalier silty ciay 101UIl. O·Slncbes I .5 1 .. 

B21998.... . 113... .. ... do •.. . A,lragalu. bi.ulcatuo '.,. ' 200 
:ll21999.... . 64. Southwest corner sec. 2. T. 2Il N .• Ashuelot ~II\'el1y loam. 0-8 .2 ; 

R.6"·. inches. 
:az...ooo..... 64a .••.. do ..... .... . A.tragalus peelillatu ..... "'j" 100 
B2200L .... 65 m"~sec. 4, T. 2S N .• R. 2"\\, l'onu<'nI fine sandy 101\1n. 0-8 

inches. 

13:!:"~lO2 _ . . 
 A.tragalu., peeliuatu. 2SO 
1122003..• fIlL._. NE~sec.2.T.28N.• R.2W Joplin sandy l{l~Ull. 0-8 iuehes .5 
R2:..~)04.. ... r.,11.... . do .. .A• .,tragalwf 1Jeci.matu& 

6.'11.........do . 

f,() 

B22005..... 67... __ ".~ corner sec. 24. T. 2Il N .• It. Joplin sIIndy Im\1ll. o-Slllches. 1.5 
2\\'. 

B2:..»(){)ti_ 07a.".", do ... ~70...J&trauallt.'f 'pcc/illattl.1J_ 
N"'~ sec. 22. T. 2Il N .• R. I \\' Joplin 101\111.0-8 inches ,8

n~~'I~:'~' ....do .. Astrugal"" ]ltetillatu. 150 
1322009 .. ! 69..... ~WJ1 sec. 3. T. 2S N .• R. 1 W .. Pierre clay 1011111. 0-8 inches 2 

. .. do .. .. ' '. Aslragal"s bi,wlcalu. . . . , 2.'iO 
1122010 .. '\' 698 ... _ NWH sec. 22, T. 29 N., R.l E Jo{J!in totUIl, 0-8 inches, nlku.li .5
n~IL. .. 70. 

SpoL. 

1I:!:..'ll12..... 7011 .. do .. ... ....... 
 .·hlragailla pecti1latll ••. 2Il 
112:..'013 ....171. ...• NW~ sec. 1, T. 2S N., R.l E 1Iurton clay 100\1n. o-s Inches ... .. --'--'35 
B22IJl4 ... 1 71n. ..' do ' .... ... .. -,htragalllN bi.,.,lcatu., . 
B22015 ... ,72 .... Northeast corner see. 5. T.2SN'•• J oplill 100\1n. 0- II inches .7 

R.2E. 

B220l0 .... i2n........ do....... " ... ....... Gulllwced..... . 

B22017.... 73.•. __ NEJ.~ sec. 2, T. 2S N .• R. 2 E Joplinlonm, o-s incbes 

·B:!:..'ll18..... 73a..... do Russilln·thistle .. 
 4 
B2:.'Il19..... 74..... NE\, sec. 2. T. 2SN•• R. 2 E .• 15 :'>lottled ItI"IlY cby. 00-70 illches 

feet Cllst of 73. I :.'IiQ 

75 ~. f;E~ sec. 13, T. 2Il ~.• R.l 'W Joplin 1011ln. o-s illches 
iSu. 

74a. do ,.Is/ragal'" b;"lIlcalll. 

do .Islragalu. bislllcaius 730 
.2NEJ.-.. sec. 1. T. 29 K.• R. 1 ,,- 'Joplin loam. o-s inches76 ... 

,do .. . l Astrugal"., peetillal,," IlO 
7i .•• _ NEU sec. 24, T. 3() N .• R. I W I ~[ottl"d ~ay clay. o-s indIes, in .8 

I badlands, 
B2:.'II:!tL ...17711 .....do.. .. .. __ , A.,lragalu. peetillatu.. . .• 411 

BZw>02i , 78.. S"'~ sec. 34. T. 30N•• R. 1W·. Joplin sandy IOlUn. ().8 inches ...' .R 
B2202S 

i6a 

i 78n. .. .. do. . ..., Aslraga/.M I>tetinulu •. 2SO 
.5I 79 ,. KE~ sec. a6, T. 30 N .. R. 2 W i Joplin sandy loam, o-s inches1122029.. 880 

I i9u. ______ do ._. "~ ._. _. . : AstraguluJf-pectinatu&1I220:lO .2!80. .... E~ corner sec. 20, T, 31) K .. R. ( Joplinlllllm, o-s inchesB22031 . 
• 2"', ) Oumwccd __ ~ + 5112'2032 : !iOn ....do... ..... ... . 


n22033 : 81. SEJ.-4 sec. 32, T. 30 N .• H. 2 \\' 
 , Joplin sundy loam. o-s inl'lles .5 


112:..'034..•.. 81n.. .......do ...... ' . 
 ..-I.,lragalus bisulcatll' i~ 
11220:15. : 82..... SE~ sec. 17, T. 2Il K., R. 2 W . POIlllern IOllm. ().8 inches. not ,7 


irrigllted. 

B22036 82n.........do.............. ·... .. . 
 : "\ Hlllfa. not irrigated. . .. 4 

1 Astragaills bi.lllealll.,. not irrigllt· 180
B22\l37... 82b.... \____ .dO................... , .. 


cd. 

1122038.. ... 83••._. SEh se(·.li. T. 2Il K .• H. 2 W. 
 Pondera loam, o-s inches. lrri· .2 


60 fee~ north of :\"0. 82. gated. 

B22039... . 83a.... __... do . ..... .. ' 
 Alflllfll. Irrigllted....... ... • 

.B2'2040... .. 84__• __ 1Center sec. 1. T.2SN•• H. 6 \\' -;\\orton IOllm. grll\'elly pbase •. .2 


0-:<> inches. 
B:!:.!().Il. 8411.. ..1.....do ...... , :1.lragalu., pteti/latu& 230 

B:!:.!().I2.. .. 85..... ' S\\'~ see, 10. T. 2S ~•• R. 6 \\" :'>[erton 100l/n. ().8 inch~ .2 --20.1straqalus peetillatll., B22\l43 .... 85a ... do. 
.----..---.- .. ----'-- ­

http:B:!:.!().I2
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24 TECHNICAL nULLETIN 702, U. S. DEPT. Q}' AGlUCULTURE 

TABLE L-Sclen1'um content of sails, ,~hales, and vI.'getation from lIfonlalla-Coll. 

C'110U'1'EAU COUN'J'Y 

Solwhull Iu-

Mllterilll -;;;;1 Veg: 
.hnle I tution-----.----_·_------1 .---------:-..... -·1--··· 

IP. p. 11I./P.1" 1/1.B22!).!L •.. L ... _ SE!1 sec. 6, T. 2ti N .. R 3 E .... Yellow·brown cloy, O"S iucht'S •• ' 0.6 I
B22!).!5 Is ...... _do.. _. ______ ....••..•. A .Irag.lu.. p,elinalu, ..• " . . . .. i 220 
R22!).!6.... 2..... _ S!1 rorntll' sec. 22, '1'.24 N., It. Y"Uowish·brown clay loam, ()...g i '.5 1

SE. Inches. 
B22!).!7.... _ 28__ •• _ ._ .. _do_ ....... __ .............. 
 A8Iragalu" putinatu..._ •••••• _" _ 4306B22048..... 3...._. N~ ,'Orner sec. 30, T. 24 N., R. Yellow sand3'loam, <H! incbes • .7SE. 
B22049._ ... 38.. __ ... _do. ... ___.....___ ....... . 
 Asiraga/ll. peeth'alus... ... __ . . ROOB22tJ50.••__ 4_____ N~ COrner ser.. 27, '1'. 24 N., R. Yollowish·brown \,exy fine sandy .7
SE. .loam, o-S Inches. 

B22051 _.• _ 4a.._.. do ...... ____ .... __ ...... A,traga/ll' p'dinalu........_.... 470B22052 .. 0.. ___ . Wl'- corn~r sec. 30, 'I'. 24 N., R. Y cllowish·gray slit loam, (}-8 . ~S 

7.E. inches. 
B22053._ 58...._ .do _._ _._ •• ___ . A .Iragalua p'cthlOlll'
B22I)5-L. B. ___ • _ South',""st corner sec. 37, '1'. 24 Yellowish·brown clay loam, .HI .5 

:120 

N.,R.6E. inches. 
B2'21J55 ~a ... do ." .. ' A.lragal'.... bisulcaltts __ _ 100:822056 I .. SE'." Sec. 36, T. 24 N., R. 5 .E Y(,lIowlsh·brown da)', O-~ fne/u's .8do _ __ __ __ _B2205i . ia.~ ~ ,-hlragalfl,' putinalus. _• __ .... .. 

R2205S S ... SH corner see. 2Il, T. 24 N., R. Gray clay, <H! inches ........... _ .S' 

11\ 

5 E. 


R:!!'~).'\9 do . __ __ _ .... "1,'lraual"~ p"elhlOl"._ 
 :1111R22tJflO N~.r ">rner sec. 35, '1'. 24 N., n. Brown clllY IOllm. Il-S Inchl'S .54K 
\In do 1l1ll'Sinn.lhistie 
10 NW!:f SeC. 3.1, '1'. 24 N., Jt. -I:g llKrl:'P'I1IY cluy, {HI inches .2 

IlOa do . .. OUDlwel'd . - •. 
11. N~:fr~'rIler sec. 3.'i, '1'. 24 N .. R llrown cluy, O-~ inclws ., .6 

'I tin do .. ..--.-.-. A.,lragal". p'cli,ratl,"_ .......
,q N.E!.i sec: 21. 'I'. ~4 N., It.:1 g ... _j l\1"t.tIed l!ruy clay, {)"8 inches. __ .4
12n do . Astragalus prcih/UI/ls. _ 

\ .1:1 . NWL' s~c. If>, 1'. 2:1 N., R. 6 E I Lip;bt ycllllwish-brown rillY, .'-8, , tnchl's. I 

1l~':!OI19 laa •. ____ do _ _. Aotrauu/u. p'clill.tuo. , .IR22070 14 . NE~~' sec. 13, '1'. 23 N., R. 5 E Yl'lIowlsh·hrown c1sy 1011111, o-s 
inciws. 

1I:!!.'07l 114a _ _. do ... ' ... ___ . . __ Astragalus p'dh,otu.. ._ 151122072 15_;. __ NW).isec.aS,T.23N.,R.5E.. Lieht·brown clay IOllm, <H! 
inchcs~ 

B:!!.'073 . 15a .... do. .... ......... .. .. .... A.iragaill. 1"!ctinalllo
\ 140B220R 16 "" NW).i ~ec. 32, 'I'. 23 N., R. 5 E _ Dllrk lITay,.h·brown 'clay, 0-8 .3 
Inchl'S. 

B22tJ75 11flR . do _ . . ...... ___ . 'Wheut illlllilk. _ 
B22076 :1 ga '. NE.~~sec. 16. T. 23 N., R:5 E ~~~~i~~:~,~is~i~ clay, <H! inches1l220TT 

B22tJ7S - I~ SW!" '<'e. 7, 'r. 23 N., R. 5 E Yellowlsh·brown c1I1Y,CHI inchl'$ . i 

2 


B220i9 j IRa do A.,lragal"., l'telinatu., :1:.'1)
B22080 -. 19 :;.rE':; SI~C. 34, '1'_ 2:1 N .• R 4 E .Dark·gray l'lay, {)..S inch,'S .4
B22081 ( 19a do .1.lragalus ]ltctiTIOlu.

n!!:!082 2ll:t 2Ille"t uho",' No. 19 . . _ Durk·~rny shnle r .7
11~'20S:1 21 btl fl'd north uml 50 feet al'O\'e Gray·brown clay, <H! b,ebes 1.5

No. 19. 
132'2084 j 22 do Yrllllw day, HH4 inl'l"~
B22085 . Zl do. .. . _ T.ight'~'Tay c1uy, .14-24 inchl'S 

1 
I..,

B:!!.'ll86 2,,\ N:E~:i st"c. If,, 'l'~ 2:J N., R. -1 E _ Drown Cl!13t. l)-8 Inches __ .4B2'208i 21B _ do _ _.. . . . _ Aslragalu., 'P"elinalu. . ..... 
B22088 2!i N\\' corner sec. IS, 'I'. 23 N., R. Graylsh·brown clay, <H! Inch,'s .3 

.190 

" E.B:!!.>089 _ do. _ ',"c'''c • '.'_'" Alfalfa ......_.... . __ 

n~'l()9() S.E~ sec. 2.'>, T. 23 N., R. 3 E .. _ Dark graylsh·brown clay, o-S 

2 

.Ii 

inches. 
1122091 . ~>(la ... do.. ' ........ __ .•____ 
Aslragal"o birnieallU. " . _ 2()
B21280 .... RSS "\""ro~imateJy N!i corner sec. Yellowish·brown clay, .':16 .5

14, T. 23 N., R 3 E. inch,.".
B21281 R8Sn._ _ do __ . .... _ -' __ ...... Alflragalu. 'P"dinatu$. _. _ . . • 
B:!!.'Il92. Z;. •_. S!1 rorner sec. 10, T. !!3 N., R Yellowlsb·hrown clay, 0-8 inches .3 ' 

3E. lZia_. __ -_ do... ,... _.. _....... __ ..•._ RiJ'C wheat hcads_ ........... . 
2lL... SW~' sec. 3, T. 24 N .. R 3 E .•, Ligbt ~'Tay·brown clay, <H! .3 

inches_ I 
B22Il95. 28u _ do _. __ .•.. _____ .... Alflragalu&ptctinalu6_co. .. ISO 
B22096 .... 2Il_ •. _. SW!.;s'·c.7,T.24N.• R4E .... Yrllowlsh.brownclnY,<H!inches _4
B22097 ____ I ~'9a -.- . do_ _ . .. . ...... It A8IragallUp,dinalu& . . _ 430
B22098 '130 .' NE'1sec.15,T.24N.. R.4E.._. Gray clay, streak"d with yellow, .5 

. (}-8 Inches. 
B:!!.~I98A ___ · 30a.___ · do __ ..._____._........_ .......... __ ' .·hlragallU'P'dinalU&............ • __ 1(1) 

http:NW).isec.aS,T.23N.,R.5E


25 SELBNIUlII OCCUURl~NCE I!IT CERTAIN SOILS 


TABLE I.-Selenium ~ontent of soils, shales, and vegetation from Montana-Coli. 


CHOUTEAU COUN'1'Y-Contlnued 

SeleniUlIl in­
LaboratoQ.1 Field I Locut\on MaterialXo. 

Soli or Ve~e­N°'1 shale tation

---1:--------------------"1----------------------1-----­
P.p.1n. j;l.p.m.

ll!!:'>()<JI) •. 31. ••. N\Y~~ sec. it '1'. 2-1 N., R. 5 E __ GrayLqh-brown clay, O-S inch"'... 0.4 
!l22100 3la ... do ........ . Gumweed... _.. " ....... " .. ,_,,, 4 
1l~'210! 32 s\\r~,! snc. 10, '[\ 24 NtH. 5 (0; _ Grayish-brown clay, 0-8 inchl'~. 
1?22102 32a .... do .. .. .. . Astragal ... , pectinat ..... .•.. _..... I, :110
1122iO:l :~l S\V~~ SHe. i, '1'.24 Not It. Ii jI: Ydiowish·hrowlI clay loalll, 0-8 .i 

331\ ___ _ inches. 
B2210L••• .. ..d' ...... _. __ .. , ......... . A./ra~al"a pee/hlat"s .. ___ ".••. 140 
B22lOL 34..... NW}. sec. 15, '1'. 24 N., R. r. E. Mottled gray clay, 0-8 incbes .... .7

348_•. _B22lOlL ... ....do_ ................. .. ."hlr.galua P'lctinat "••••........• 690 
B22Ul7 35..... SE)-'; sec. 7, '1'. 24 N., R. 7 EO' Light Yl'llowish·brown clay. 0-8 

inches. 
U22lOS ...•. 351L ••.. «.do...........................-. .• A.lragaln. pectinatl," .... , .••.... 
B22lOL... 36... .•. RE!-!sec.31,T.25N.,R.8E Grayish-brown silt loam, (J-S .i 

incbes. 
B22110...... 368......... do ............................ . A.lragalus ptctinalu•• _._ ..... " •. 10 
B2211L • .- 37...•. NEH'sec. 17, T. 25 N., R. 7 E J.ight yellowish·brown clay

loam, (}-S inches. 
B22112,_~ .... 37a ' .. .. .. do .....• , ............. __•__ A.lragal"s pectina/,,"_" , •... , .. , . 30 
B2'2U3 •. as ... SEM sec. 12, '1'. 25 N., R. 5 E_ Yellowish-brown clay losTn, O-R 1.5 

inch,'s. 
B2'21l4. •.• asa. · ..do ....................... . Aslragalus ptctina/I," . ........ . 
B22!15 39. N~~ corner sec. 6, '1'. 25 N •• R. :; E !.i.ght jIT8yish-brown cIa)', 0-8 .5 

Inches . 
UZ211u. ... :1911 ....do ... ............ . .-l'lragal"slJtc/i1la/Il'. -.••• __ ••. ' 1.020 
U221l7. 40 SW}:!' sec, 1·\, 'I'. 25 N., n. 3 E Ydiow clay, o-Sincbcs ....... .5 ......30
B22l1S 401\ . · do .... ..... ' .-lalragal"s bi ...lca/,,". '. . _... .. 
1122119 ... 41 '" S\\'<~ sec. 14, '1'. 26 N .. R. 3 E GraYish-brown clay, o-S incht'S .5 
B2'2120 41a do . . ............. . Alt/rayal". bi,,,lcat,,.. . . . ..•• ... 150 
B2212L 42 SE~:i' sec. ZiJ 'r. 27 N., R. 3 E Grayi~h·hrown clay, 0-8 inch~s. .3 
H2212'2, !.2a do. .. ....... Aatragalus pectillat,,".,, .. ..... .. l:lO 
BZ2123 43 ... NE~" "''C. 10, T. 27 N .. R. 3 E 11rnyish-brown ("Jay, ()-'8jncht~s. 
B22l2L 4:la ... do. . ......... .. chlr.galu. peclillal!U _... _•..... ISo 
D22125. _. 4L E!-~ corner St~c. 4. '1'• '27 No, R.·1 Ii: Gray clay. o-S inches ._ ..__ ... ,I 

B22J26 ... 44a. . . do ... ... . ..... .-llt/ragalu. pectina/I,"." ....• _. _. r.o 
B!!:HZi 45..... SWy'; 5<'C. 3. 'I'. 27 No, R. 5 E Ydlowisb-brown clay, (}-Sinch,'s .3 
B22128 4511 .. do .............. _.••_... .. 404.',trCl.!{!!X;U8 ,pectinatu&~ ~ ~ ~ ~ .. __ + _. roo 
B2'2129... 45b .. ...... do...................... . Blue grama jITsss.......... . 2 
B22I:10. 46. NorthNlSt conter ~wc. 8, T. 26N., Grayish-brown clay, (}-S inclws .4 

R.SE. 
B2213L ... 4fia. · do. . .......... . Russinn·thistlc .... _......... . 
B2213L... 4iT~ SW!~ !'eC. 3, T. 26 N., R. 4 E Grayish-brown clay, (}-S inches 
B22l33 ...... -lin 

•• _ 

....do.................. _ .. "hlragal", bisulca/I," . ... .. ' .. 
B22134 .-.- 4S.. ::: SE~' !'eC, J9, T. 26 N., R. 7 E. I,jght-yellow sandy loam, 0-8 .5 

inch,'s • 
B22135.. ... 488_••. · . do....................... . ..blragal", peetina/us ..••.••.... 310 
B22136 49.... EJ.. com~r sec. 29, T. 26 N., R. Grayish-brown clay loam, 0-8 

BE. inches. 
B22137 -t9a ... do ..._..•.. , ............ _._ .. A.tragal". pectinat,," •• ......•.. 330 
B2'2138. 50. .. SWJ. .. sec. 6, T. 26 N., R. 6 E .. Mottled gray clay, 0-8 inches 2.•'i i 
B22l39 50n do ............ .. AlIIragalu8 ptctina/u.. .. . .. . 
B2'2140 .. 51 NE!,~ S~C. ~i4! T. 2i N., R. 6 E Brown ria)" loam, (}-S inches .. . .4 j 2,M 
B22141 ..... 5la . .. · do. .. .......... .. ..blragal". pectinatu•..... ___.. 
B2'.!H!! _~~_ 52__ ~ Sy" rorn(~r St.~c. 10, T. 27 N., R. Yellow clay loam, o-s incbes... .41·~~:_~~ 

6 E. 
B22J4L_,. 523_ . do ..... ............_ A,tragal". ptclilla/"•.. _ 
B2~l44 -- .. - 53 ... SE~·~ sec. 33, T. 2i N., H. 7 E. __ Yellowish-browne!aY.o-Sinches 
B22145 ... 5:la · do....... '. A.,/ragalru p'ctillal".... ... .. 

B2'2I4G 54. SWI-.. st'c. 34, T. 28 N .. R. 7 E YellowL'<h-hrown clay loam, (}-S .4 


inches, 
B22147 _.. 54a .. do .............. , .... .. A.lragal,.. pectinatr,. .•. ' ..... 2.'; 
B22148 .•.• Nr~.14 sec. Zi, "P. 28 N., R. 7 ,E .. Gra)ish·brown clsy, 0-8 inchc$ 
B22l49.... .. do ...... .... . .... . ...hlragal". peeti'lalu •. _. .. . •. 
B22J50_.. . NW!{ s"c. 25. 'r. 26 N., R. 7 E. Yellow cla\' 108m, 0-8 inch.,,;.. 
B2215J ... _ .. do..... " .............. . A.lragalus pectinal"•. .......... 
B2215!L'M'" 57..... N~ comer sec. 11, T. 2.'i N., R. Yellowish·brown clay loam, o-S 

8E. inches. 
B22153.____ ~Ia____ ." do ......................... . A.tragalu. peetillalu•. .. _........1 
B22154...._ 58... __ SEl1 sec. 7, T. 25 N., R. 8 E ..•. G~~e~:brown clay loam, 0-8 I 
B2'l155.. ...II' 5811..._ •.••.do. ................. _. __ • 
B22I.'i6.____ 59.. __ ._ NW.l1 sec. 3.1, 'I'. 24 N., R. 9 E. 
B2215L ...1 5911••• _ ...do... .. ... . .. 
B22158..... : 60. N~" comer sec. 6, T.z'l N., R,10

E. 

A.lragall", pectinalu •. ___________ : 
y ~llowish-brown clay. o-s inches. r 
.·t,lragalu. ptctinalll •. _.. ___ ..... ; 
Brown clay ioam. 0-8 incbes..... ! .7 

B2'2159..... foO!l.... .. __do_.________________________ , A'tragalru bisulcatru.. . ________________ . 

180 

2.'iO 

!IO 
IG14530-II}---4 
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TABLE I.-Selenium content (If soils, shales, and vegetation from llIontalla-Con. 

CHOUTEAU COUNTY-Continued 

Selenium In-
Laboratory FieJd Location MIlL>rialNo. No. Soil or V6!l1l­

shale tatton 

------------1----------------------1---------------------·1----­
jP.P.11I. P.p.1T1. 

B!!2160.... 61..... NE)i SHe. I, 'r. 23 N., R. 10 E __ j GrnyL,h·brown clay loam, (}oS I •••••••• 
inches. ! 

B22161. __ • 6Ia._.. .. .•do .. "" ., ....... .,. A.trapah.," peclinatlL8 •..........,.... .... 340 
B22162.. _. 62._••. SEX!'Cc.25,'l'.23N.,R.IOE •. Gr~~~~:brown clay loam, (}oS 3 ••..•• _ 

B22153___ • 62a.... ___.. do ..... __ ........... A.tragalll.pectillatlL8.... .... ...... 330 
B22I&1.... 53 ..... NEJ1 sec. 1, 'I'. 23 N., R. 11 E •• Yellowlsh·brown clay loam, (}oS! 1 

inches. 
B22165.._. 63a ...... do ... , ........... A.tragalt.. peclillOtlts........... 130 
B2216U___ .j&l..... SWX sec. 31, 'f. 23N., R. 12E . Brown cIa), loa~, (}OS inchcs .. '. 1 
B22167. _.. &la ....... do.... .' .,. • A.tragalu. pectrnalu•.•. . " ........ . ,,50 
B22168..•• 65.•••• E~:l corner sec. 1. 'I'. 21 N., It. I YeJlowlsh·brownclaY,(}oSlnches. 1 

11 E. \ 
B2'~169•• __ 6511 ..•••.. dO .......................... , A.tragalu.ptctillatu........._... ........ 15 
B2'!l70 .•.• 66..... NU corner sec. 34, '1'. 21 N., R, Gray clay, 0-8 inches.. ___..__._. 3 

12 E. I
B2217L ___ 66a........do ......................... A.lragalltspeclinatlL8 ............ 90 
B22172. __ . 67.._.. SEX sec. 29. '1'. 21 N., R. 13 Eo. Dark grayish·brown loam, (}O8 .i ______~~ 

1 Im·hes. 
B22173 ___ • 67a.........do ..........__........._... ) Ril'(' wheat heads............... ........ 1 
B22174 ____ 6ib......... do.......................... A.lragallts peeti1lalu., 10 feet .......J I, [>60 

. east of soli. 'IB22175__ __ r,g SWJ..sec. 2O,'J'. 21 N.,R. 14E .. 1Dark·hrown clay, (}-81nches,,,, 1.5,.".... 
B22176 __ __ 68n.," ..... do. " .' ........ "--1 .·t.tra9aluB1JectinallL8 ....... , ".' ....... "po
B22177.... ~9 N\Y7~ sec. I, T. 21 N .. R.13 E '1 C'rrayish.brown.clay,(}o8inchcs.. .7 ......;.
B22178, __ • ·filla", .. __ . do............... '''j ..1.lrngnlu8peclrnatus... , ........ ....,... 30 
B22179.. .. 70..... SWj{ sec. 3t, 'J'. 22N., R. 13 E. Brown clay loam. 0-8 incbes.__ 1.5 ...... .. 
B221SO.. .. 70a", .... do.......... , __ ... , A.,lragalll.peel;'latus.. .. ,,, ...... , r~)()
B2218L. __ 71..... NWl-. Sec. 6, '1'. 2'2 N .• R. 13 E .. ; Y,·lIowish·brown clay loam. (}oS .7 

1 inches. 
B22182.... 718..., ....do ....... __ .• ... .. . A.lrapa[u.bi.ulcalu., ........... 130 
B22183 .. __ 72..... SWXsec.23,T.23N.,R.13E .. Y.llowish·hrown sandy loam, --.7 

(}OS inches. 
Aslrayahl> pectinalu... .. ' '''' __ 100~~i~:=::i ga:::. s,'itls.;c:·i:i;T:iiN:.: R:iilC Brmnl clay loam, (}O8 inches 

B22186.... 173a... . .. do .... , .................... , Aslragallt. pectinatu.. . . . ••. 30 
B2218i.... j i4, •.•. 1.7 miles north of Teton on Stqte Grayish silt loam, (}.8 lnch''S•• 

Road 29. 
B22188. __ • 7411... , .. , do .... __ .... ..... .".. .... AstragallL' bi.ulcatU8 .. , 25 
B22189.... 758.... From 4 elevators In Bi~ Sandy .. ! Composite of wheat in arell ... " <.5 
B22190· •••1iOn __ • From3plevatorsinFortB.ntonl .... do ........... __ ....... ........ .. 1 
B2219L ... ! 77..... 0.7 mile .ast of Big Sandy on . Bro",'n clay loam, (}oS inches.... 1,5

I State Road 27. I 

B~'2!92"--1' 77a......... do......................... .1 .18tragal1L8 peclillal!t8 __ .......... 

B22l93.... 78..... II miles southeast of Big Sandy I Y"lIow fine sandy loam, (}OS


I on State Road 27. : inches. 
B22194.... , 7Sa.... __ .. do ........ __ ... ____ .... ; Asfragalu.1>ectinalu............ ....... 

B22195.... 'I 79___.. 16.9 miles southeast, of Big Sandy Brown clay loam, (}.8 inches.. .. .6 


. on State Road 27. : . 
B22196. ___ I· 711a..__ ....do ._ ..... __ ............ "htragalu-6 peell1lal!t8 .......... __ " ....... 210 
B22191. __ .\ SO..... 2Ll milessoutheast oC Big Sandy i Brown clay loam. (}OS inches .• , :! 

: on State Road 27. • 
B22198.. __ i BOa____ ..... do ....................... : A.tragalu8pedinallL8............ ....... 720 
B22199.... r SL ____ · 26.1 mil~s southeast ofBig Sandy: Bro"n ~Jny loam, (}O8 inches_... .5 ........ 

i on State Road 27. :
B22200 ____i 81a____1.....do .. _........ __ . .. ..... 1 A.tragalltspectinatu...._____.. __ 120 
B22201. __ .' 82_____ ; 31.2 miles southeast ofBigSandy , Grayish·brown silt loam. (}O8 2 

, : on State Road 27. inches. 
B22202.... 82a.. __ ..... do ....... _____ ........... A.lragalu.ptelillalu............. ...__..' 130 
B22203.... : 83...._ 36.5 mill's southeast of Big Sandy Grayish·brown silt Joam, (}O8 .5 ____.... 

on State Road 27. inches. 
B22204. ___ · S3a___:.... do. .. ..............._.___ A8IragallL8 peelinal,... ________.. . 30 


FERGUS COUNTY 

B21294.... R96ai23 miles north of Lewistown o~-I' AatragalU8 bJmicatlU ..", ____ __ 130 
State Road 19. 

B21295. __• R97.. 41 miles north of Lewistown, 4 Dark'!rray clay. 18-24 inches, 0.4 
? _ ' miles east of Winifred. I developed.on Bearpaw (1). 

B.I296.. "__ R9,a .. 1 ....do. . .......... A.traga/u.b..ulratu...... ....._ ..__.... 20 
B2129i...... R98.~.. ' 40 miles north of Lewistown, 3 ! Limonitic gray shale, 18-24 .7

I I miles east of Winifred. inches. 

http:developed.on


27 SELE:to."'1UM OCCURRENCE IN CI<JRTAIN SOILS 

T.\BLE l.-Seleniwm content of soils, shales, and vegetation from .Montana-Con. 

FERGUS COUN'l'Y-Continued 

Selenium In-
Laboratory\ Field I Location MaterialNo. No. Soli or Vege­

shale tation 

P.p.lII. P.p.1II.
B2I298_____ R99 ___ 37 miles north of Lewistown, in Li~ht-brown clay loam, {}-O O.S 

Winifred. inches.
B21299_.__ . R99a __ ._._.do.,.. __________ •.•..•_•• __ . A81raga lu. fNctinalus ___________ _ 210
B21300 .•.__ R100.. 25 miles north of Lewistown on Dark-gray clay, developed on .2 

State Road 19. Judith River (1), {}-6 inches.R2130L ___ Rl00a.. ____ do__________________ .•. ____ .. CVllogl088U1I1 officinal,. _._. _____ _ 2
B::!1302___ .. RI0L_ 21 miles north of Lewistown on Dark-gray clay, 0-6 inches. ____ _ .4 

State Road 19.B21303. ___ . RlOla.. ____ do____•__________ •__ ._. ___ •__ 2A.lraqalu8 birolcalus __________________A3lragalu. sp "------------------1..------_B21304___ ._ RI02a. 20 miles north of Lewistown on 30 
State Road 19. ___ ______________________ .... 


RI02a. 

B21305.____ RI02b. ._do. A8lraualu. sp., 2 feet from No. ________ 

B21306_____ RI02c ••____ do .. __ •_____________________ • Aslragalu8 pectinal.ts, 10 feet I ·------1 110 
from No. RI02h. 

B21307. __ ._ RI03__ 7 miles north of Lewistown on Gray clay developed on Claggett I !.5 t--------
State Road ]9. (?), {}-6 inches. ,

B21308..__ _ 
B21309... __ ii~g::a: -5-m~~s-e8Si-of i:e,,:!Stown--on' 1{~~df:~~~r~~~c3::; devi:ioiiiict-\ -. -:2-L.___~~ 

u. S. Route 87. on Koot.enai (1), {}-6 inches. I 
B21310____ . RI04a_ . ____ do_. ________________ •_______ . A.'lraualuasp _____________________ ,__ • •___ _ 

1B2131L__ _ RI05a. 23 miles southeast of Lrwl'itown ..•.. do ..._•• __ •• __ .. ___ ._0<._._. _________ _ 120 
on U. S. Route 87.

B21312___ _ RI05b.. __ •. do .... ____ ••..•.. ___________ HedU3aru11I cineraaceno___________ _______ _ 50
B21313.___ . RI06_. 31 mUes southell!.";. of J,ewistown Gray clay loam, {}-6 Inches_ _____ .5 

on D. S. Route 87.R106a. . __ •.d"__________ . _______________ _B213H__•__ RJ07_______do_. _________________________ Aalragal.ts bi8ulcalus. - - ••. ------ .. -. --:-1 r>oB21315. ___ _ Gray clay loam, {}-6 inches_ ----- .0 r
B21316___ _ R107a_ . ___ .do_. ____ • _. ____ ._. __________ _ Aslragalusbiaulcaluo" .....__ .. __ '--"'--1 '---2iiO 
B21317____ . RlOib. ._. _. do ....._. ___ .. ___ . ________ •__ 

'1'~~r~~~f~~~"~'~~h~~'R7o;;~ in- .-.----j 
B22!.'05_____ 1______ 60.7 miles north of Lewistown on Yellowish-brown clay loam, {}-S I 

State Road 27. inches. ,t~ B2'22Oti..___ 1a_____ . _._.do_. __ ... _. ______ . _____ . _... Aslragalus peclillalus_. - ._. ______ ; 
B22207_____ 2______ 57.1 miles north of Lewistown on Yellowish-hrown clay loam, {}-S . 

State Road 27. inches. 1B22208_____ 2a_____ . __ •• do._. ____ ._._ .. _________ ..•.. A.lragalusllecli!'atu8_ •. _--------I! 470 
B22299_____ 3______ 53.5 miles north of Lewistown on Gray clay, {}-8mches ... _______ . .5 

State Road 27.B222lO___._ 3a_____ . __ .. do .•_. ________ •. _. _________ •. _Istragal". bi8Ulcatus. ___________ : 
B2221L___ 4__ • __ • 49.9 miles north of Lewistown on !.loWed gray clay. _______ . ______ 

State Road 27~B22'212_____ 4a_____ . ____ do.________ . __ •______ •___ •. _. A.trapalus bi'ulcalu .. __ • _________ 

B2.."213_____ 5______ 45.1 miles north of Lewistown on GraYISh-brown clay loam, {}-6 


State Road 27. inches.
B22214_____ 511 _____ .• __ do____ . ___ •••••• __ .. ___ .. _. _·18Irapalu. pectinal us •- - -- .. -- • -1----: 40 
B22215_____ 6______ 2.9 miles west of Winifred on GraYISh-hrown sandy loam, {}-8

road to Bear Spring. inches. IB22216___ • 611 _____ •• ___ do •. __ ...... _. ___ ._ •.•....... A.lrapalu8 peclinalu•. .. _. . _. __ . ______ 910 
B22217__ ... 7_____ . 7 miles west of Winifred on road GraYlsh·brown sandy loam, {}-8 ,2 .. _. ___ _ 

to Bear Spring. inches.B2221S____ • 7a_____ •.. _.do. ___ . ___ ••. ____ ..• _••.. ___ _ A3Iragalu. bi8ulcalU8_ •. __ .• _..• -1 .... ____: 4 
B22219.___ . 8______ 20.2 miles southwest of Winifred Yellowish-brown clay loam, {}-S .5,. ______ _ 

on road to Denton. inches. IB22220.____ 8a_.__ .... __ do_._.____ •__ . _______ . __ .. _. Aslragalus pecUnalus ___ ._.______ .• _.._ 6 
B2222L____ 9___ .. __ 25 miles southwest of Winifred Gray clay, {}-S inches .• __________ 1.5 :__ •____ _ 

on road to Denton.
B22222_____ 9a.____ .. ___ do .•• ___ . ____ .... __ •.•. . A.lragalus peclinatua. _.... _•• __ 250 
B22223____ . 10_____ 31.1 mil"" southwest of Wini- Grayish-brown sandy loam, {}-S " .8 :. 

fred on road to Denton. inches. j
B2"..224_____ 10a_. __ • ____ do •• __ ._.. __ ... __ ._. _. ___ . __ Aslrapalu& peelinatu •.... -. - •• ---i 31JO 
B22225.___ . 11_____ 36 miles southwest of Winifred GraYISh-brown sandy loam, 0-8 \ 

on road to Denton. inches. 
30~=t::: g~:::: -3-mS~S-northeast-orDeiito;;o;- ~!\lg~~'h~&;~~~a~r:yioam:H­

road to Winifred. inches. IB22228.___ . 12a._. _____ .do_.____ ......... _... ........ A,lragalus pee/illalua_. _._.______ 
 '''';_1 350B22229__ .• _ 13_____ In Denton, between Ed's Garage I Gray clay, {}-8 inche,.._.•. ______ • I ......__._ 

and Banner Hotel. 1 

~~~:::=: l~~==== -3~5 n'!~le;ieastoi nerlto-Ii -on-rOBei" 11,~;k~::;:; g{~~~C(;!:t1ncties':: :::= 
to Brooks. :

B22232____ 14a____ ..... do_____ ..... _........ _ •.!8lraga:u.bi.ulcalu8 .•...•._._. __ 
B22233.___ • 15. ____ 7.9 miles southeast of Denton on Dark-gray clay, {}-S inches_ . __ ._ 

road to Brooks. tB22234..._. 15a.... _____ do_•• -_______ • _______ ••_____.' Astragalus pectinattu. ___________ -------- 520 

.5 

http:Aalragal.ts
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TABLE 	I.-Selenium content of soils, shales, and vegetaI1·cn. from .i\1011Iana-Con. 

FERGUS COUNTY-Continued 

Selcnlwll 111-

LaboratoryI Jo'leld Location 	 MatuclulNo. 	 No. 

I 	
Soli or IVege· 

D22235•••. 

B~'22'J6•.•• 
B22237••••• 

B2"2'.!"J8.... 
B22239.. .. 

B22240.... 

1I22241 •••• 


B22242._._ . 

B22243 •••• 


B2224L... 


B22245•.•• 

B22246•••• 


D222H. .•• 

B22248•.••• 


B22249•••• 


B222oo •••. 


B213IS•••. 


B21:!19.••. 

B2132O"'­

B21:1:18 .,.. 


1321239._ .• 

1321511.•.. 

1321512 ..._ 

B21240._••. 

1321241.••.• 
1321242.... 

1321243 __ •• 
B21244..... 

1321245..••• 
B21246._ .• 

1321247.••• 
D21248.••. 
1321249.••• 
1321200•••• 

B2125L••• 
'821252••_. 

1321282.... 

shale 

---·-------·---------1.---------------------1----­
16..... 11.1 miles southeustof Delltoll 011 

rona to Brooks. . 
168•••_ ..•••do.......................... 
17..... 16.9 miles southeast of Denton 

011 rond to Brooks. 
17n•• _ •••••.do._........................ 
18..... 22.5 mlles southeast of Dellton on 

. road to Brooks. 
188•••••••.•do .•••..••.••.•_.••••••••.•• 
19..... 29.2 miles southeast of Denton 

on road to Brooks. 
HilL•••••.••do........__ ••••• _.•.••_••.• 
'.!On••.• In Brooks.•.••__...••••.•••_•.•• 

2L.... 7.6 mHes northellst of Hilger on 
road to Roy. 

2111.........do......................... . 
22••••_ 13 miles northeast of Hilger on 

rond to Roy. 
228••••••••.do••••••••••••.••.•••••••.•• 
23...•••• 7.5 miles eru;t oC Roy on road to 

Valentine. 
24 .•••• 1.7 miles north of Orussnmge 

on rond to Roy. 
24........... (10 ........................ .. 

RIOS •• 22 mlles south of Orussrnngeon 
U. S. Route 87. 

RIOS" •.•••do •••••••.•••••.•••.•••• __ .. 
RIOSh .....do••.•.•. _._............. .. 

1 

P. p. nI. 
Yellowlsh·brown clay loam, ()-S I 

inches. 
A.trau~lu. peclinatu.s............ ........ 
Dark·browlI cluy, ()..8 inche.'..... I 

.rhlragalu.s bi.ulcatw ........_••• [....... . 

Oruy gypslCerou~ shnle, .l5-1f> 2.5 

feet, t"Oncretions in shale. , 
Aolragatu.• bi.ulclIllI•.. •••••••••• 
Yellow clay, l\-ll inches•.••• ,. _. .5 

At/ragalus bilfulcatlU... _.. ~_ .. ~_~_ •• ~_".. 
Whent froIII Montana Elevator . fi 

Co., t"Ontaining whellt froUl:1O 
farllls In Brooks IIrell. 

On,yish·brown elllY, 0-8 inches .. 

A.tragalu. bisulcaltt3_.... _•. ..... ""'_. 
Dark grayish·brown clllY, ()..8 3 

inches. 
Aotragalu., bi.ulcattu. _. _••.• _•.••, •. ,.. 

tuUon 

P. p. "". 

180 

15 

1,0;0 

as 

15 

110 
Dark·gray clay, 2()-30 inches..... .7 t.•.....-
Dark grayish·brown clay, ()..8 .7 ,•••••••• 

illches. J 

....I&tragalm bisulcaltt3. "'" •••••. __•••.., 6 

Dark·/,'I'8Y shaly cla~', 0-6 inQhes. • f> I.....,.. 
...bl",galt~' bi.lllcat".. ••• _.... - " •__•.••. j 60 
Omnwecd IIdjllOOllt to No.lUOS •• ••••.•• , 2

1 

J,EWIS AND CLAnK COUN'!'Y 

I 
llll..'ill __ 39 Uliles north ofUelenll 011 U. S. I Astragalu. bi.llicatw •.••••__..._ •••••••• 2 

Route91,2 miles east of Wolf t 
Creek. , 

R66a .• 45R~~~~~~thomelenaoll U.S. \ Aotragal,,,. prciinalw •• __ •• _..... ........1 37Q 

L •.•.. SEHNE~~ sec. 10, T. 18 N., Dark·gmy grannlar clay, ()..8 o.a ' ...•... 
R.5 W. I inches. 

la•••.•••...do.............._.......__ •• AotragatlU pecUllalw •• __••••.•.• •••.•••• 12 


CASCADE COUN'l'Y 

n07••• 10 miles west or Orelt Falls on 
U.S. Routes 91 an<189. 

R67a•..••••do.......................... . 
Hr>8... 18 IlIl1es west or Orent ~·n.1ls on 

U. S. Route 89. 
ROSa••••••.do ..... _••. __ ..••••••.•••.••. 
ROO... 20.7 Uliles west of Grent FaJls on 

• U. fl. Rout~89atjunction with 
State Road 20. 

UllOa•.....do............ __.•••••••••••. 
R69h..••..do ..•••.••••••••_............ 

R6De. . ..•do.•••_•••••••••. _•••...•••.• 
RiO_.. Across rand froUl Rr.O•••••••••.• 
R70a ..•••••do ......................__• 
R7L.. 25 miles west of Grent F81l~ on 

U. S. Route 89. 
U71a•.•.••do........................... 
R72n •• 3.1 Uliles west of Great Fnils on 

U. S. Route 89. 
R89:c.. 	 On edge of Great Falls, north or 

r\,'er at junction with State 
Road 29 • 

.• _.do........__••_•••••••_.••._. 


Mottled dllrk'h'l'8Y clay con· 0.6 
taining gypsum, gnlvelly on 
surface. 

A.lragaluobioulcalw_ ............ ......,. 240 
Dark·gray clay, alkali crust in .5 

seepll~e, 6-12 illches. 
Alfalfa atedgeofseepageditch... 
Dark·gray clay, 0·6 inches, soil 1 

thrown out of irrigation ditch. 

..-t./ragalu.s bi.llicalw ....._...... • .•••.• 
Aotragalu. sp. (?) growing be· •••••• ,.

side No. Rtiga. . 
OUUlweed froUladjat'el\t lint.... , "."." 
Dark·gray clay, ()-6 inches. ...... 1. 5 
Aotragalus pecti1lalu ............. __ .... _ 
Oray grsveJly clay loam, ()..I\ 2.5 

inch~.s. 
A3Irtigalu3 pectinaltu .•.•__ ..... , ....... . 460 

Aotragalm sp..........................,. 2 


Decompooed gray shale, 4 reet .5 
below top of bank. 

...h/ragalm1Jecti1lat"3 growing on . f 
W~: bank, 25 feet from No. I 
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TABLE l.-Selenium C011teni of soils, shales, and vegetat1'on from l1Jontana-Con. 

CASCADE COUN'I'¥-Continuc<l

' ~~~I \ ---I--Lab·~ro.tOry, ~~~~ ,Location Material 
, Soil or Vege­

____:_________._____________~____ shalc ,tation 

p. p••n.lp. p. 111. 
UOOa. _ 1:1 miles southeast oC Orent }'III1s A,tragal"3 p<ctinatu&_••• •_____________ ._ 4tiO 

on U. S. Routc89. 
UU1._. 15 miles southrustoCOrent ~'alls Oruycluy.lHilnches.___________ 2.5 ________ 

on U. S. RouwS9.
B2128tL __ _ HUla._ .. __ .do....... __ .._....___ ........ A3tral/fl/ll•• bi&Ulcalll.____________ ________ 1,650 

B212Si. __ _ R9'.!a._ 21 miles southeast oC Orellt FlIlls .. ___do______ •______ .. ___ .._______ ________ 3 

on U. S. Route 89. .4 ____ .___B:!128S__ .. R93x._ :!3 miles southenst oC Orent ."-alls Yellow etllorest'ClIl'C lit base of, on U. S. Route 89. waste dllmp lit Belt. 
B2128!l - •. 1H\l:lll .. Bituminouscoulat boiSe"C Koo­___ .do ..... _..._.... _.._. __.._.. 
, tenni (?) cliff. 

B21200 'H93IL., .do .. ,_ ... _..... __ ... ___ __ HllIck waste in <lump _ . _. __ ·---3--- ------­
B2t2<J1 -"1 R9-Ix__ 25 miles l'Outhes.<t 01 Oralt }o'ull~ Yello,,- shale, spotted with gray,! all t". S. Route SIl. in cnt i5 feet helOl'- top 01 clifT. 

HILL COI:N'l'¥ 

B222"I. ___ 1..--.-12i miles northeast 01 Big Sandy! Yellow-brown S11l1lly 10llm, ()-sl t I 
on Sture Rood :lU. • inches. !. 

B22252____ In""_1 .... <10 .•• __ ....-- .. ---- .......... ...1$lragal", pectinal"...... •.•• ·.·1........, S50 

B2225.1 ___ •. :!s _____ Ingrninelcm!orsatHnvre __..... '\?'~otrs:omposi!e Crom a cle- ,. ____ •__ ' .5 

B222;..t ____!a....·-'1 Sec.17,T.29N.,R.SE __________ G!'ayish·brown clay IOOIll, o-s I 1 I 
mches. ,

B22255 ____ 31\, • ____ ....do •____ •______ . __________ , _ A,tragal", p<cti1laIUlf ____ • ___________ ..._..~ 

JUDITll BASIN C:Ot:N~I'Y 

B2I!!!1'2 __ ·1 R95...!66mno:ssotlth...llsLoCOre:lt ~'lIl1s Dark.browllchly.o-lOillches"··1 1.., 1----·---
I on ('. R. Ratite 89. 

'1' 

B21!!93 __ •. t R9.'iu __ ' .. _ .tIo..___ . _____ ... ____ •___ .... , .-hlragalUif bi.ulcalUlf ______ _____ .. ___ • __ .. 110 
j I i 

DISCUSSION 

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

The breaks on the east side of Big Hom River in the vicinity of 
Hardin are cut in shale, and the gravel cover comes up to the river on 
the west side. Indicator plant.s were found on tbe east side 1)f the 
river from 9 miles north to 11 miles south of Hardin. Two samples of 
.Astragalu~ bisulcatus, 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 bisulcatu..~, 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 mnch. 

In Townships 1 and 2 N., Ranges 29,30,31, and the westem half of 
Range 32 E.,indicator plant.s 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. 111. in selelliuIlicolltellt. 
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Two samples of Astragalus bisllicatus, B21478 and B21480, con­
taiuing respectively 140 and 530 p. p. m., were foulld west of Adon 
where the Judith River fOl"Umtion outcrops. A steel" obsel'wd in 
this aren. showed thf' symptoms of selenium poisoning (13). 

In addition to these arens prod ueing toxil' vegetntioll. thorp m'p 
uudoubtedly others, much smnlier. scattemd titl"Ough this seetioll 
underlnin by Cretnccous shales. It is beliP\'cd unlikely. howen"" 
from field observations, soil illld plant Itllttlyses, nnd geologielll dnti!, 
tlll1t other toxic Ilrens of allY eonsidemblc size exist ill this sectioll. 

It is of interest to note timt the toxil' ILI'ens descl-ihed ll.I"e showll In' 
n. geological survey (38) to o('('ur on Telegmph ('l'celi: ilnd UpPt'l' Ki(;­
bmrn formu.tions. Tbest' formll.tiollS correspond ill nge to the lower 
Pierrt' and upper Niobral'lI formations in South DlLkotn (fig. J) which 
are hig-hly seleniferous (3). 

A .r(WOllllaissllnce SllITev wn::: made in an m·en. underillin by ('rc­
tnceOHS sediments, in ce~ntml Rosebud ('ounty I1lld nOl'thenstern 
Trensure COLmty. The n~getlLtiou wns \'ery splLl'se ILnd in general 
reln.tiyely free of selenium. Only one indi('n,tor plallt \VIIS obsen'ed. 
Sta7lleya. piflnata (B21224), whil'h contnined 240 p. p. m. of selenium. 

The gren.ter portion of Teton ('0un ty ('O\'ers it tl'llnsitiollnl IU·Nt. 
between the Oren.t PIILins to the enst Itnd t1.H' Lewis RUllgf' of tll(, 
Rocky ~10uIltn.ins to the west. The. moun tllins rise Ilbruptl~" Ilnd nre 
without n. distinct foothill seetion. This tl'!lnsitionn.l n,l'en is under­
lain by the Colorado nnd :Montanu formntions. These fonnt1.tioIH; ill 
mnn~"-pll1ce.s nre co,'ered with It mllntle of gilleini debris ml1(le up of 
gl"lln~tie rock anc! fmgments of shale and snndst.one of 10('111 origin. 

A lll.rgf' portion of the e.nste.rn hnlf of the county is tilla.ble ILnd in­
eludes SOllle of the most important dry itnd irrign,ted IUJlds ill till' 
SULte. Thousands of llel'es are de,'oted to dl'~'-lnl1d fanning of whellt, 
the principnl crop. Tltt' gmzing hUld is principally weM of thl' when.t­
hmd Ilud extends to the U1ountn.ins . 

.Altogether about 300 salllpies of slude, soil. nnd yegt'tll tion from 
this county were eXIUluoed for l-ll'lpniulll (tll.ble 1). Sen'llt~' pereent 
of the soil snmples contained less than 1 p. p. m., which is low when 
eompn.red with other seleniferous IwellS (3. -~, 6). The selenium (,Oll­
tent of the indicntor plants is cOIl1pnl"llble with t.hn.t of thos{' from the 
other arens. Sixty percent of the \·eg('tu.tion ('ontninillg on'I' 50 
p. p. m. ofselelliuIl1 grew on soil {'olltaining less thun 1 p. p. Ill. ..."istrag­
alu8 lJectinat·us nnd A. bisllicatus samples were eoUeeted on'r til(' 
enstern portion of the county n.nd, in genem!, they cOlltnin{'d ellOu~dl 
selenium to be I'endily toxic:. The highest selenlulU ('on tent of nll.\' 
plant collected in the county WI18 5,170 p. p. m. in it sample of A. 
pecti7latus, B21277, growing in a soil ('ontaining but 0.5 p. p. m. The 
selenium content of 11 sample of A. pectinatus. B21731. growing in !l 

fallow field, to be planted to whent, wns 4,020 p. p. m. Ilnd that of 
the soil on which it grew 2.5 p. p. m. Another sllmple of A. }Jl'cti­
'flatus, B21554, contnined 1,560 p. p. Ill., ill though whent heads grow­
ing neerby contained only 4 p. p. m., the soil, B21553. in which they 
grew containing 0.5 p. p. m. The wh(,fLt in titt' ILn'u \\'ltS not ('omplet.ely 
matured at the time til{' sun'ey WIlS lllade, but Silmples of wheat 
hends were collected while the whent wn8 in the milk stnge. The 
selenium content of tll{'se samples I"Itllged [!"Om 1 to 7 p. p. m. with 
ILIl Ilyernge of slightly less thall 4 p. p. nl. rndoubtedly SOUle toxi(' 
wheat is produced in Teton County; but it probnbly gets mixed with 
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:n 
l'IlPU!!i1 llOlltllXic wl\l':\ t ill tltt' locul l'11'\,:tt()I'~ 10 hl'im~ tlH' :,p[('niulll 
t'ollt(~nt Iwtow till' minimulll toxic COlll'P'l!I'atioll. sill(,(' ~uch \\'IIS til(' 
(':lSl' ill :t, CPll~P:lI':I bll' u J'l':l in ('holl !l'n 1I ( 'tHIII t~\·, l~('l\ sHmpll's B~~ II'\H 
:lnd B~:.!Hl(llll t:lhlt' I.) 

"\ pl'ofitl'. :':\ mpll's B:.! I:.!(ili to B~ 1:.!li'-', WIl~ ~plt'l'lt'd :lB l'Ppl'l'spn ttl ti \'P 

or tht' r:ll'll1 !:tlld lH'tWPl'll Dutton :Ind ('IIO!l':IU, whl'l'L' till' ~oil is 
~('()bp,\' silt lO:lm (i.il, In thi...; :1I'P:1 _-l.~tl'(/!I(//Il~ bislllc'all/,~ :lilt! ~1. 
Pi ct i 111/111,,< Wl'I'l' :J1l11lltlUllt. A S:I m pit' of till' In t tl'l', ~I'O\\'in~ ill I Ill' 
"oil. \IUS takl'n ful' :1Jl:dysis :Itld [uund to rOlltnill iOO p, p, Ill. Till' 
,.,plPllilllll ('Ollll'llt of till' spil fJ'(llll 0 to () in('lH's WIIS (),.~ p, pm" ft'lllll 
fi to :W im,lt"" n,;, p, p, Ill., :lJ\d fJ'l)lIl ;W to .!~ illclll's o,:{ p, p, 111. 

l'I·,t"lU:: q .\, Bl:ltl' tlf (,o;.lPP HII ur.il'lt ... lsf·ll!lfll1t •.:; p~C/;/jtlti(.~ :;lifl,YH in 13 .grln\~; 
n. nIH,1-; of .1.]lIrl"H,hs tll:?I,:?,) ill ",Lull'. 

Till' "l'Il'lliulll COIIIl'llt ot' an • t,llfl[/(1/IlS jlu't;'/lI!,(S pi:UIt, B:.! Ii:.!;>, 
~ru\\'in~ llli tnp of tltt' hllll!' ,,111>\111 ill li~tJl'l' :2, .1. wU" I, I (i() p. p. 111., 

alld tltat of till' illllll:ltlU'P "(lit. B:.!l'.:.!·t, ill whi(,1! it ~I'l'\\-, ~ p. p. Ill. 
Fi\'p fl,(,t I}('I(I\\" tltt' top of thi" blll!r 1111 ..:1. /11 ('1;/1111118 pl:lIlt, B~ li:.!i, 
\\:lS found ~ro\\'ill!!; ill slil!ltth' \\('utlil'l'l,d shalt'. TIlt' ~ltall' W:1S I'l'­

lllu\'l'll fl'lIni till' I'oot ",Y":it'lll to n d!'ptlt of ~·t inclll'S ((i~. ~,iJ'I. Till' 
~li:llllPt!'I' (If tll<' tapI'oot ";Ul!g'p,;lS tlttlt it P('Ill'tl't1tP:' the shah' to H 
('ulI"idl'I'U bit' d('pt h. Fill!' ('I',\,,.;t:lI,, of ~,\'pS\lIll \\'('1'(, found in t 1)(' 
('I':I('ks in til(' shalt', Tit!' pl:tnt cllllttlin!'d 1.1:W p, p. Ill. and til(' 
:,ltal{' ;i p, p. Ill. uf "pll'lliultl, 

"~\.Ik:tli di,,{':bP," ()J' ('ltrolli(' S('ll'lliutll POiS{)l1illl!, i" Hut kll()\\'ll to 1)(' 
pl'!'ntl!'lIt ill Tl'tolt ('(llllllY. Phll~plHlt(' dl'(ici!'tH'Y (){'('UI''': in thi:; 
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couuty, and cattle show the need of phosphate by chewing bones, 
sticks, stones, old Ienther, n.11d similn.r objects. Animn.Is ill IldnUlced 
stages of tlus disorder lU'C lame, stiff, 11pparently footsore, n,ud hlln' a 
poor generill n,ppeiU'l1nCC, including a bad coat, and some tmimals die. 
Tlus disorder is prevented and relieved by feeding boncme!11 and salt 
in II 50-50 mi.·dlll'e (42), Some of the phosphate deficiency symptoU\s 
are very similar to tllOse of chrOluc selenium poisoning, 

In horses and cnttle chronic selenium poisoning manifest.s itsl'if 
cliniclLllv bv nn I1Jterntion in the growth of tlle hoofs 11n(\ tilt' Insi; of 
hnir. 'i'heJ:e !\,l'e VltI'ious gmdull,tions in thest' conditions, but in seven' 
(,l1ses the COlLt is bnd, the tlLil is IIude and often sore n.t the t.ip, !1ml the 
hoofs Itre mulformed, 11 condition followed c\'t'ntulLlly by n sloughing 
on' of the old boofs. ~Frequellt reports of frozen feet IUld tllil wCI'e 
encountered in the county. A.lso, two stoekmen reported symptoms 
Df chronic seleIlium poisoning including 111I1lformed hoofs in their 
h~ll'(ls. Thev did not believe the hoof deformities were due t.o freezing. 
:MllDV such 'cnses in other seleniferous ttrens were not the result of 
freeZIng but of chronic selenium poisoning, The authors believt' 
chronic selenium poisoning of alumals in Teton County is more com­
mOll than is I1S yet recognized, because the symptoms are confused 
with those of other disorders. It is not believed, howeyer, that 
nllimnl losses in this section 11re extensive. 

The g-renter portion of Pond ern County is also in the tmnsitionltl 
Itrea betwecn the Gl'eat Plains to the enst und the mountains to tltl' 
west. The mOlmtnins rise abruptly without distinct foothills in tIl!' 
westem portion of the county. the north-centrnJ portion is 1111 undu­
lating- g-lacil11 IRke basin, wlUle in gelleml the rest of the county .is lL 

rolling- drift-coyered plRin. 
About 175 snl1lples of soil and yegetation were exnmilled for s('I(,I1­

ium. 1Jore than 70 pE'rcel1t of the soil samples eontnined Il'ss than 1 
p. p. m. Astragalus bisulcatus and A, 1)t,ctinatu,~ Wel'l' coLleetpd from 
til(' enstem county lille to 6 miles west of \Talil'r. In tIlt' cnstern por­
tion d the county tIlese pltlUts were plentiful, but from Valier Wl'st 
they were senrce. 

In gem'rlll, the samples of Astragalus were found to contain toxic 
quantities of selenium. The Iughest selenium content of any pInnt 
collected in the county wns 1.700 p. p. m, in a sample of A. pe('til!llhl,~, 
B21921. A sample of gum weed , B21851, wns found to contnin 80 
p. p. m .. which is n high coneentration for tlus plant. 

.Although toxic seleIlifel'olls pll1nts of Astra[Jal/l.~ wexe found to be 
plentiful m"er the ensterll half of the COUll ty, no known cnses of ~wle­
Ilium poisoning were encountered. The discussion of chl'lmi(' sele­
nium poisoning, phosphate deficiency. and frozen feet and tnils of 
nnimnls, giYt'll l1.bove. is applicable to Pondera ('Ollllty nJso. 

The dntll Oil sam pies from Teton and Pondel'll ('ounties in tIl bl(, I 
sho\'- thllt seleniulll is not confined to allY olle soil sl'I'ies. In fnet, 
110 series of soils can be poin ted out us particlilurly toxic or I1S pn.r­
ticlIJnrly nontoxic. 

The ~renteT portion of Chouteau County lies in the glncinted nrell 
of the Gren.t Pinins. The drift-co,'ered plains hnn' brond rollil1~ 
relief bl'Oken in places by rough cliyides, and slope gently ill the direc­
tion of the Missouri River. The Teton. Marins, nlld MisSOUl'i RivNS 
are deeply entrenched nnd bordered by rugged bn'llks which ill many 
plnces are eroded into bndlnnds. The Highwood ~lountnil1s rise in 
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the south-central portion and the Bearpnw ~1oulltnins rise in the 
northeastern corner of the county. The Colol'ndo forultLtioll uudel'lies 
a Im'ge portion of the cotmty. The land is devoted primnrily to 
grnzing. Astragalus bisculcat·us and A. pect'i:nat~lS wel'e collected over 
a grell,t portion of the county aud, in geueml, they contain sufficient 
selenium to be readily toxic. The highest seicnlmn content found 
\ViiS 2,090 p. p. ill. in a sanlple of A. l)l~ctinat'us, B22139. 

Sumples B22189 ILnd B22190 are of speeinl intmest. '1'11e former is 
II slLmple of wheat from four elenltors in Big Sn.lldy and is a composite 
of the wheat in the district. It contnined less thnn 0.5 p. p. m. The 
lattel' is n sample of when.t from tiu'ee elevators in Fort Benton lind is 
II composite of the wheM in till' district. It contained 1 p. p. m. 
Although to).-ic whent mny be growll in the county it seems eertain 
thn.t it is mi.xed \\-ith sufficient nontoxic wheu,t in local elenl:tol'g to 
bring the selenium content below the minimum toxic concentration. 
The soil samples are compamble to those of '1'eton and Pondern 
Counties. }I/lore than 70 percent of the samples contained less than 
1 p. p. m. 

In Fel'gus County the survey was of a recollnaissance nature. 
Sevend transects underlain by vil.riollS Oretaceous fOl'lnntions were 
mllde. Samples were collected from Judith southenst to Winifl'ed, 
then southwest to Denton, then southeast to Brooks, then northeast 
through Fer'gus to Roy, then southeast to Grllssl'llnge. SI1U1plet' 
WNe nlso ('olleded (rom Winifred south to Lewistown, then east to 
GrllsSrll.nge, ilnd then southellst to the county line. 

Tlw .Jl1dith Rh"er formntioll out('rops from Judith to Winifred. 
11'rom 'Winifred to Denton the ,Judith Rh"er, Clnggett, Engle, and 
Oolorudo forlllntions outcrop. The latter continues on to Bl'Ooks. 
From Brooks to Roy the sequence is reversed. From Roy to Grnss­
range the Judith River and Colorudo formntiolls pl·edominn.te, nud 
the saUle is true from Winifred to Lewistown. From Lewistown 
through GrllssTange to the county line the Kootenai lind ColOl'udo 
formntions outcrop. Two sllmples collected eust of Winifred, B21295 
llnd B21296, and olle east of RoY, B22248, were collected on the 
Benrpuw formation. . 

In llll about 70 sllmples of shllles, soil, nnd vegetation were exnmined 
for selenium. Sixty per('ent of the soil sumpIes contnl.lled less thlln 1 
p. p. m. Astragal~ts pectinatus lind A. bis1Licatus were not n.bundiLnt 
and their selenium content wns found to be lower tllan in Teton, 
POllderll, anet Choutenu Counties. The highest selenium content of 
any plnnt collected in the county WilS 1,070 p. p. m. in il sample of 
.It bislllcatu8, B22240. A sllmple of wheat, B22243, from nn eleyatol' 
in Brooks, "epresenting 30 (unus in the Brooks district, ('ontained 0.5 
p. p. Ill. of selenium. The authors do not consider the ('oullty to hnve 
n spit'llium pl'Oblem. However, there muy be sUlllll arens thnt un' 
I'elld ily toxic. 

In Lewis and Clurk Coullty n sn,mple of Astragalus pectinatlls wns 
collected nnd found to contllin 370 p. p. m. of selenium. ~i report of 
the symptoms of selenium poisoning was rc('ch-ed in this district. 
The· iU'en producing to;.,.;c yegetation is believed to be sll1allfrnm 
field observntions of flora und geology. 

In Onscllcle COllnty a trnnsect wns mude on the Colorndo formntion 
from Great Fnlls west to the ('.Ollllty line on the north side of SUll Ri,"er. 

http:pl�edominn.te
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The samples of Astragalus pect'inabls flnd A. biS1llcahls collected wen' 
found to contain toxic qunntities of selenium. Another irallsed was 
made ou the Kootenni formation (fig. 1) [l'om Great Falls sOlltheflst 
to the cOlmty line. Samples of Astra.g(Ll1lS wen' found to contnin 
toxic quantities of selenium. This is the first report of selenifel"Ous 
vegetation on this formn.tioll. Time did not permit tUl acieqllnte 
survey of this county. 

A gren.t portion of Hill COlmty is underlain by the ,Judith River 
formation. Two samples of Astrayalus pectinat,u.s, B22252 und 
B22255, were collected iu the county. The fOl"llwr ('ontnined 5ii() 
p. p. m. tUld the Intter 280 p. p. Lll. of selenium. A composite snmple of 
wheat from three elevntors in Hnvre ('ontnined 0.5 p. p. Ill. of selenium. 

In Judith Bnl"ill COUIlty iI snmple of J-lstmgaZ,IlN bis1llmiu.'i WHS ('01­

lected and fOUlldto contllin 110 p. p. IJI. of RPleuillll1. TinH' did not 
permit a, survey of tlH~ county. 

USE OF INDICATOR PLANTS IN SURVEY WORK 

It has been found that certain portions of the Cretn,('eous sediments 
aTe seleniferous and give I·ise to seleniferous soils (3. 4, (J). Thel·efon'. 
in pre\Tious slUTeys, soil paJ'ent mnterinl hus b('('n Ule principtl1 (rllide 
to seleuiferous soil. This guide wns lessened in ,-nlll£' in the pJ;sen t 
sun~ey becnuse of the heterogeneous ~dHcinl and other drbris deposited 
over the grenter portion oJ the aren examined. 

Prev10us surveys led to the conelusion thill ("('("tnin plants ilre 
present on seleniferous soils lind are wholly n bs('n t OJ" '-(,I~' rO re on 
adjacent llongelenifNous soilg (29). .A.<;trayall/s pectill([hl.~ nnd .fl. 
bisu/cai1ls belong to this group of so-culled indiciltor- plunts nad w('r(' 
used ilS the priueipnl guide in the ~fonttlJHl !iHIITey. This lIll'thod led 
to the collection of samples wher(' oth(,I' fadors did not point to spl('nif­
erouS soik E"(,I~T soil aud Astragalus pin n t so coll('cted ron tHilwd 
selenium. This lends considern bi(' SUppOIt to t h(' obsPI"'O tions of 
'Miller Itnd Byers (:2.9). Three hundred snmpl('t; of these plnnts w('("(' 

colleeted in ?\fon tnnn. 
From the IUlitlyses of more than 1,000 snmp\('s of Astra[jahlil in this 

laboratory it appelued thnt A. pectinaills W!lS n b('tt('l" nbsorher of 
selenium than A. bi.<l'lllcatus. The lnrge nUll1b('l" of tllps(' plnnts col­
lected in the -:\Jontnnn nrefl ot}"Ned n good opporlunity to ('ompnre 
them under similar field ('onciitions. From th(' dutl! in tnhle 2 it i,., 
rendily seen thn t A. peetina,ills is n better n bsorber of selenill.m t hun 
A. bi'~'/llcat1ls. These dntit nre tnken from tnhl(' 1, wh('l"(' this relntion 
cnn he seen in a qualitntiYe wny. The aY('I"ng(' sel('JliuUl content of 
the 189 A. pectinahl8 snmples is 460 p. p. Ill. flnd till' Hvernge of th(' 
111 A. bis'lllcablS samples is 210 p. p. tn. 

TABLE 2.~Avl'rage. lowest, and highest seil'niullI ronte'llt 0/ .\'~Irallalll.s pcclilWtll.~ 
and A. bislllcatllS growing on .~oils containing cliff"rent ellllmlllis (~i .~clenill/l1 I 

.'l,wtnJ!I(lIIl.~ "i.~ufrtltlt.'f 
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The dll til in titble 2 showing lowest nnd highest selenium content 
gin' emphnsis to the luck of n constant l'elntion between the quantity 
of selenium found in u given phmt species und thu.t in the surface soil 
(a, #). A munber of factors Ill'e UlOught to contribute to this luck 
of constancy. The most effeetive cuuse of variation in the selenium 
content of the plnnts is probubly to be found in the differences in the 
forms of selenium presen t iu the soil (4B). VariutiollS mlty be, due in 
some instances to the differences of the sulfur-selenium rntio (18). 
The change in the selmlium content of the soil with depth is often 
mnl'ked Ilnd is without any definite regulnrity, but the selenium content 
of n plnllt chun~es with the degree of Illllturity (6). Combinutious 
of these fnctors nre most likely to be in opel'ntion. 

SELENIUM ,PROBLEM IN MEXICO 

In 1934 .lose Figut'l"on, chief of the Instituto Biotechnico of the 
Dt'partment of AgricllItu!'e of Me).:ico, reluted to the late A. B.Olaw­
son, of the Bureuu of Amlllul Industry, 'C"nitcd Stutes Department of 
Agriculture. the I'esults of the investigntiol1 by Juan Rocu of a type 
of diseuse thltt had nHlirted unimuls und people in the valley of the 
GlIannjuuto Rin'r, in the neighborhood of It-apuato, for upwurd of 
200 ~~eiu·s. Indeed, the disease wus. by t.radition, supposed to hnve 
Ilppellred coincident with the metnllur~icul trentment, by the putio 
process, of ores from the mines in nnd about the city of GlUUlnjuato. 
The diseuse wus supposed to be due to mercurial poisoning and henee 
WIIS ciilled solimnn diseuse, frol11 the Spunish ntlme of corrosive :mb· 
limnte. Aceorciing" to Rocn's ullPublished report, the disease re­
-"'lilted from the consumption of yegctn tion grown on the flood plain 
of thf' river. This pll1in wns subject to inundntioll nt periodic interntis 
by wnter rnn'ying- ltll'go qUfllltitie:;; of silt del"ived ftoill the slime;; of 
the wOl"ked OI"CS. These slime;.; were deposit,ed in vnst piles in the 
narrow gorge of the Tivel'. In ndditioll to the floods, mnteriul from 
the 1"i,-ol' \\"~lS :HIded to the soil on seyernl lnl'ge rnnches through 11"1"1­

gn.tion. The symptoms of the diseuse. ns reluted by Dr. Figueroa. 
,vere idel1 tienl '~'ith those of the "nlkilli diseuse" of the northern Great 
Plnins. uncI this informntiol1, cOlluuuuicuted to Thomns D. Ric(', of 
the ~oil SUITe\' Di\'ision, wus rehlyed to one of the writers. Dr. 
Figueroll kin(ll~- furnished the writers with n copy of the lUlpublished 
rel)Ort of .TWUl ROCI1. which wns written in 1931 lind wmch contuins It 
numher of items of fiuffieient interest to merit record. 

In addition to thp lOllf!-time existence of the diseuse und its nppnrel1t 
relution to the operu tion of the mines Ulle! the deposition of silt. Roen 
repOl·ts muny instatlres of --e\-ere los;;es of auimals, including "severn 1 
hundred horses," II t the time when Irapuato wus held by Porfirio 
Diuz. pre:::lIIllnbL~- ill IS77. He nlso reports the loss of hnir uml teeth 
Ilnd a form of pnrnl~-;;is as s:nnptoms of the diseas!' tlmong the people. 
The greater se"!'I'it~- of the ciist'ose upon newcomers. both human und 
animul. wus noted U5 well U5 the gpnerul immunity of mules. The 
greater injury ellUsed by alfalfa wlls noted. IlS weit as very definite 
('ol"relntion of the disease with vegetation. (One of the present 
writel'::; ran udd the per'lonn.1 ohsen-ntion of cases of severe poisoning 
with tht' ehn l"Ileteristic selenium S~TIllptoms: und the stor~c of u (,11 ttle 
d l"m-er who lost nil en tire herd of 126 en ttle ,,{hich were bedued down 
in all nlfnlfu field for n single night.) 
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In 1935 A. Tellez-Giron, of the Institut.o Biot,eelll1ieo, visited tJle 
Soil Chemistry ancl Phvsics Research Dh'isioLl ill Washing-ton tmel 
relnted the ex'tcnsive losses of cattle thnt occur in the State of Chi­
huahtHL. 1tfexieo, when pnsturecl Heur the MexicUJl Central RuilwllY, 
ptutielllarly iu the district. between 40 Itlld 100 km. north of the eity 
of Chihlluhun. These losses were nttributed b~r bim to certnin specil.'s 
of Astragal~l.s growing there. He reported !lIso the produetioll of 
toxic symptoms iu nnd the deatJl of guinen pigs n.nd other expel'imen t,nJ 
unimn.ls by feeding the imimnls extracts from these ASira.gai1ls pllllltS. 
The animal symptoms both in tJlC fidd lind in the Iu.bomt,ory were not 
those of chronic selenium poisoning. 

The geology of ~lexico is not very definjtpI~r l'OITl'lllted with ('01"1'1.'­

sponding fornmtiolls in the United Stll.tt'S, but the wOI·k of Kellulll 
und his Ill'isoeiates in the Stllte of Conhlliln hilS demonstrnted the exist­
ence in t,hat arcn of shales iUH( limcst,ones of the C'retneeous period 
(22) .. One of these formntious (Indicium, tnble 4) is eonsidered by 
him to l'ompure in it genel'lll way with Uw EngIeford of Texils (titble 9) 
nnd the Niobn1rn (3) of the Or'ent Plnins. The Niobl"llTIl formation 
lind those formutions nbove Ilnd helow it in geolog-ieal sequeuce have 
bet'II found to be the most important sources of seleniferolls soils ill 
the rnited Stutes. 

RECONNAISSANCE IN MEXICO 

In the lig-ht of the above-lllentioned fnets, therefor'e, it seemed yery 
llIu('h worth whilt' t.o inyestigllte t,hese areas in ~1exi('o, pnrtieulmI}' 
since toxic selenift'rous soil ill'eas Juwe been found de\'eloped upon 
Creflleeous sbllies in the (trent Plnins fro111 SnskntcheWIIIl, Cunudn, 
t.o Xew Mexieo. This inW'stiglltion wns begun ill Fe.bnUlr~· lU)d 

~rll reb ] 937 thr'ollgh a reconnnissUlH"e exnmirlll tion of the nreus hy 
H. O. Byers and J. T. ~liller (the Iotter of the Roil SUI"W'Y Dh·ision). 
The results nre detnilNI in tahle 3 nncl in slleceeding pnges. 

TARLE 3.- SeleniulII content of soils. 8hale.~, and l'egetalion/ro/ll ,\lexica I 

JL\REZ AXD C'IllULUH'A AREA 

~elenillm In-
LahoraLOry 

Xo. 
Field 
:\0. L(}{'lltion ..\lnteriul 

;;011 or \'c~r 
s.1ule tntif)n 

.~-..- ~~.~--

B~~1715. 

H~~J711i 
B2\lili 

Jl~~)'18 

In 
2 

,i(} lItile-; south o( Juan'7. tlfl hi!.!h­
wuy. 

flo 
fi2 1Ili1~.s ~outh or J unrcz 

do 

('tn\yitih-l1rowD d.n,.­ iUIlI1l, H-I< 
inclws. 

~'l"ftrfl!lfllfl.~SJl. ('!~ (uljodor) 
Oruyish*hrow.n hravy elu.y lOHm, 

!l-fi inchl'$. 
Oruyish-hrown hea\-y clay lflllll', 

/-',I'.m. 
(I 4 

.( 

.. 

P.p.ut. 

1.11 

B~~J719 :2 ,10 . ­ ~.~~.~ .. -~-.-- . 
&-12 jnt!hcs. 

Orayish·hrown h"""y e1t1y 100un, 
12-27 inehes. 

. il 

1\2\1.20 

U~'lJ72l 

B~l'i:?2 

:2 

:2 

:I 

do 

dn 

101 nlill'$ ::O:Huth or JUlln'z 

Onlyish-browu h~n\·y l~ln.y toarn. 
on-36 iDehes, 

i Ornyish-broWIl hNl\")" ('iny 101\111. 
31;-J8 ineiws. 

fh'!I '·y (rl'd I <"IllY 101101. !l-~ 
inehes. 

.5 

~ 

.3 

B!..>U723 :I!I rio ~htrug"llI~ sp. I?l: 
Hoots .;) i 

B~>(1,24 51.5 Illill'~ north lIC rhihuahurl. 
!llktlli tint. 

l,{.'ll\"CS 
H('u\""y silt 10tuu :~ ! 

B2\)i:2fi 

lI~W~~l !!..:\ 

51i rni1~·.s north nr C'hlhunhun 

rill 

H('d j!r8,·"lly " .. ndy loam, 
inclw~. 

Or/lirOfli, I"mll~rlii (?I. 

!l-l\ • 1 ~ 

.....1 
: 1'1'1U' ~;ll'lIil!Ul t'Ollltlllt, j ..... l!ti~·d till tht' tllr-dry \~ t'i~hl fie till' .:oUlllpll1:;. 
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TABLE 3.-Selenhtlll canient of Boils, shales, and vegetatiolLfromllfexico-Contd. 

n;AREZ .~"D CHIHUAHU"\ AREA-Continued 

LaboratorYI.'~eld Location 	 MIltl!1'ialNo. I No. 
I------1----,-------------------: 
I I 	 ~~a~~& 

D~'Il7".!i ••• a,., ! 2,IIl,ileSwestofhighWnY,,56Il1i1eS R.d~ravellysllndyloalll., ..... ,! 0.2, "." 
north of Chihuahun. 

H~'Ili2§ •••Ian. ! do '--" ". . .. O.rvtn.pi.lal1l/>crtii(?) .• , -"" '1'1
n207:!9~ .",4 , 1'nr",(n,51; miles north 'of Chi· Rancho dol Doctor, cnst of rail· .1., 

H2Oi30, .. 4u ! ~':i'ohu~.. .., ,',' ,. . A!r::'~~/u.sP. (1J. ' ... __ ' 
B2073L 5 I Cuunmto Cinco 45 Runch (Gen· Ornyslltloam,G-6inchos........ .2 1 

,<,. I cnd,loGnerr.cdo.)•.. '.......... 	 i
B2Oi32 "" , -- -- . --. A.truualtl. sr.. (1) • ' __ '. ..... .,
B20733 5 .. do "" .................. __ Light·grnys.ltloum,()-linchcs • ·--.i ': 

B20734 5 do , ..... ' ••••. '....... Light.graysiltloum,4-10inches. .2 

B20735 5 do .................... ,. Light-grnysilt l()am,I()-18inchc~. 
 ., 
B~'Ili36 5 do '" ....."." ......... Light-grnysilllonm,lB-30 inchc~. .2 

.B2073i. .4 
B207:18 ~) ,dddo~ '::~:::::::'.':.'.':'.'.::••:::.:':.' tl~~i~~~\\n':;~~~,~~~i::~~~~' .2 
B20739 	 l " '_ ", J)nrk·~raysUtl()am,()-Sinchcs .3 
B20740 	 Itis • do . ....................... ;hlraga/ll'sp. (1)


I Roots." ... ,., •.• " ............. . 

I St..'ds,. , ..................... ' .. ' 


I §fe~s:::::::::::::::::::::::: ..... .. 

i3~'Ili41. .. i ...... !-iimU.wcstofOnllcgo...........1 ned s"ndy lonm. G-6 inches.... .1 

B:!'.l742 .... ia, •••.. , do ' , , ............1 A.tragalussp. (1). ..... ' .. .. 

B20743 '. 8 ..... 3HmIleswestolGnllcgo........ J Red sandy loam, ()-Slnches. .... ..1 

B20744· ... I'88 .... <0 do ...... ____ ............. 1 A&tragalu~sp. (?),. -- .........i 

B20745,. 9 .• , .•. 6milcswestofOnllego.......... 1 R~d bea,'Y sandy loam, ()-S I .2 


Inches. 	 ;I 
• 

B2Oi46 ' •• Ila ... , do.,... ........ , Oxt/lr<>pi.lal1lbtrtiL., ........ __ __ 
B~'1)Ni .. I 10. i.l miles north of Chlhunhuu R.ddish·brown sandy lou1l1, tH, , .1 

inches. 
Jl~')7-18 ... i IOu.... do • . . A.!rugalu. sp. (?) ., • , __ ' .5 
1I~'11740 l\9 m.iles north t'f Chihullhuu, 'Drown clay loa11l, o·~ Incht's• III 

alkali lInt In Lugunlll1asin. 
132tli50 . 11 . .. do ' Brown ell1)' IUlllll,lB-24inchcs 

.5~~~~~. 	 ig".: . ·ii7·ri.~~northof('hihlllihua 'J:~~fs~~:r~~:P)sllt ionm,'tH;. .1 
, ioch...' 

1321.1753 .• ,1128...... ,do .•• ,. .'......... i ..htragalu. lIIolli..illlU&, ......... , 
1320i54 "'113..... 56mil.snorthofChihuabull..... l R~ddish·hrown silt .loam, ()-8 , • .1 t 

, 	 ; inches. .. 
B20755, •• ,[ Ian ........ do.... --, ............... , i A.lragal... moll...I11........... __ , 

B20756 .•.• , 14... Rio Tinto min., 25 milp~ north. Clllcite ... -..................... (" 
' of Chihuahua. ]'yrite•. ,--..................... 61.1
l I Caltopynte.................... ;}


i Azulitc................... , .... : 30 

I 1 Mochnlitc, ............. _•.. __ __ 


B2Oili7 ... j 15..... 1mile west of .Rio Tinto mine.. ,! Red gritty clay loam, ()-8 inches .4 

B20758 15a"" __ . do __ __ __ , ..", A.flOgalu. lIIolli••iIllU. " .. __ ': ' 

B20759 168.. , 2fimiles north of Chihuahna.••. , .·1&tragalUJ!1nolli••il1lu" Ozl/lrol,i.; .5 


lalllbtrtii. 

'D~'Il760 Ii..... 3lmilcsnorthofChihuuhua. Red cla ,'.luam, ()-S inches,

B2071,I, lin __ .. __ do ,", .. ' __ ",•.. A&tragaill,1Rolli..illlu. , .• 

B20iti2. 18, .... 37 mil.s north of Chihullhua ., Dnrk·gray silt loam, ()-S inches,. ' , .1 

B2Oi(i3 188 .. , • __ do ... .ri8tragaiu.! 'lnoU;3&imUI ". 

B20i&1 ~'Il__ I Sauz.• __ , ___ ... , __ .... Gray silt loam, ()-S inche.. .1 

B2076.; .·l&tragalu. lnolli••i1llu., 

D~~1760 ~, : I· 24·n~iles north' of·Chihual.ua on Red gra vclly silt loam. I,H; .3 


, highway. inebes. 

B~'Il767. . 21a t do A&lragal... sp. (1), tops , 


A.lragalu. sp. (1), roots " 
~~~~.. ~b ..Iimfl~s n~rth of ~hj:u';huaori Dark·gray sIlt loam, 0-8 incbl'S 
 .2 
highwny.

B2tmo ... 23.. .. ,1 do Red oxide at 3 feel, . .1 
B20771._ . 23.... do ("aleite at 4 ft'{lt " .05 
B2tlii2 .. , 23n. __ I -- do ., . A,lragalu& molli..imu~ ••• " 
B2(li73, 24 . __ , .U BOS(IUl' Aldama, 15 milt'S Brown gra"elly silt 108111. 0-8 .a 

! northea..t of Chihuahua. inooes. 
B2OiiC. 24a, ..I " ,do A&lragal....' sp. (1)
B207i5 25.. ~ "I Ncar Ilormil!os. north~ast· or t Grayish·brown silt loam, lJ-R .3 

Chihuahua. inches. 
B20iifi, ... 258 "1 .. do,. __ ", ... Greasewood ___ .~. ~~ __ .. 
B20m_~,,_. I" ".j 25 mil~s south of C.hih.unhun Brown clay loa11l, ()-S inebes .3 t· 

B20iiS la.....I· ,do 	 .'''tragalu& 5\1. (1) .. . 2 
B20iiO 2 .. __ .. , 25 miles south of ,Las D(,\~cias J)ark'!mly c ay .loam, ()-S inches .2 .. 
B20iSO 28 ' ... ,do. , ~btragalU& bislIlcal ... (1) , ... , 2 
B207S1 , 3 ,! !!8 mil.s south of Jiminez. Heavy allnviai clay. 0-8 inches .3 
B20782 ;1" do A,"rogaill.' sp. ('1) I 

! Ncguti\'~ test. 

http:Chihual.ua
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T.O\BLE 3.-Sclen'i1l1T/. content of soils, shales, and L'e.getationfr011l lIfexico--Contd. 

'l'ORREON .-I.RE.'\. 

Selenium in-

Laboratory:. ."i~ld I Location MaterialNo. ,No.

i Soil or Vega·
sbale tilt ion I----_·_--_·_------1--------_·_------­

1 P.p.l1l. P.p.fn. 
B~'0783..... 1 Outside gates of DYllllmito U..d oxide of iron ....._•._.._.... 0.2 •.•••__ 
B:!0784 .._. III . do. . __ ................._. A yellow composite mallow• __ ., _____ ••. 2 
B20i85..... 2.. _,H Dynamitll..... , .......... llematitefromminemouth.... .1 """ __ 
B2Ili86 •• __ 3 . .• 1 mil,' 1I0rtb of DYll!lmit!l, at Gritty silt loam, B-12 inchcs._.__ .2 •.• __••_ 

'I mouth of canyoll. 
B20788.•••• Gray silt loam, 0-8 1oches •• __._ .3 _____.•• 
B20789 ••••. ~1l::::= .~.m~,; e~t O~.D.YIIII~I~~U. .. "'Ud pepper••••• ___ .•.•__ .•_. __ ••__••__ 1 
B:!0700••.•. 4b... _ • do.... •.. . ........ . Yt'1low sunflower, pea vines •• __• ________ 1 
B:!Oi9L. 40 ••• .1 .. do ......... _.......... . TerlJu hod/min." ......... _••••• __ ____ ._.. ,2 
B20if12 5...... ', S mill'S north of Dyllnmila ..... . (,lay loam, e.ftlorcscent salts: 

0-8 inches .••__•• __._._.__••• .2 _____• __ 
B207!l3.._. 5••••••••••do................. _•••••_. 18·24 inches •.•••_•..••_._... .4 _•••___• 
B:!0794 ••.• 511 ... ' ...do ...... . ......._. S"lt hush•••_. __ . _____.......... ____ •. __ 3 

B20795 ••• _ 6 .. : 24 miles north of Torreon'. (,hl~'108m, cffiorescent salts: 

B207f16. •• 68•••..'... do ........... __ ...-._.-.1 tk~~~~s~=============::=== ~. 5 .--•••-. 

B20797.._._ fm "" do . IMulleinlike plant .•..•._____•••__.•.•••. -···..~5 
B20798..••• tlh .. · do . rnid.'ntifled plant. __ ._._.__._•••.__•••• 1 
B207f1f1 "_' i. "1 40 mil,'s north of Torreon on Silt lonm: 

I
Tnrngoso Rond. ()-1J.f inchcs•.- ..---.----.... .2

ii=::j f:.:::: ::. ~~. ::.::~~=~~~~~~~~~~~~~~} ~2!~~~~~~~~~~~~~~~~~~~~~~ ~f 
B20804 ....I ia .. - do ..........._........... ..1. Sl'ntt"red A/riP/ex••_____•• ___._.\._•••• __ ....-2.. 
B20S05 "17h.. . do .. •••__ ••• .' Ragweed (1) •••••••••__• __••____ . __ •••• 
B2080U ... ' S... North,'nst of 'J'lnhunlilo at hase ' .Limestone...................... .1 

I of elift. I I
B20807 •• ·_.IS__._._ . do .. · ..•.. • •• · ..--···..-·.·1 Gray silt 10,"."' o-tl illcbcs....._. 

I 
.4 t .....j •• 

B20S0B... ~ .?o. 1 is p ,i .... i DGrcn:;t'\I{)Od0-8tbl~ck~ ···i··'····d·· .". iB20809 "! ..... ! ti nt. "5 110rt 1 0 nn e ro... . • IIC • cay, l!1C es, r;rlgnte 
B208l0 . '" \IlL.. 1 do .., ." oung whelll, 6 \Debes blgb . .•••••• 4 
B20811 .•..110.... i ntile$ northcnst of San Pedro ! Dark·groy cla~', (Hj i11cbes, not r :2 .....! irrignted.
B20S12 ___ .!10U..•. , ....do . . Yellow nettle ..__.••••••••..••••• __••••• 2 
B2081L._., 11 .•• ' 9 null'S north of San Pedro . .- Black clay loam, 0-8 incbes".... .1 
D20S14...._ lIa... ,.. do......................... Lambsqllarterssp. (1)........... .•.... 1 
1l20815 ••••• i 12 31 miles north of SnD Pedro, 2 , Dnrk·groy Indidurashnle.. ..•. .4 ..... .. 

. miles nortb of Tarrqlle nota. ; 
B20816_.__ , AI2 ,.... do ........................... , Gypsum, limestolle, and sbale . 2.51-..-... . 

t from lndidum. 
B20SIi._ •• -' 1112 150 ftoctfromI2._ •• _._._________1 Red calcite or gypsum from red .3 •••••••• 

I. layer in Indidllro. ! 
B20SI8 ••• __ ('12.... _•••.do ..•••••••_•.•_._•••••• 1 R~d blgbly metamorphosed .2 !._••.•. 

, shah,. " 
B~'0819•••-.1 D12. .. do... . ...•••__._•••_.' 3 fossils and piece of limestone ..: 1.11,-.'.'.'••"." 
B208.."(L••• , E12. Ou top of sma1\ bill .......__ .••• ! Red limestone soil. (}--I incbes : 

B20S21 .... t FI2 ... '••... do ...................... ! .Large limestone concretiolls t .1 I.....;;

B20822 •••• .' J2a ... l ..... do .•••• .. .•. .. Grensewood buds growing in . • 

i Indidura co1\uviunt. • 
B20823 •••• 13 ..•• : 30 milcsnortb of Sail P,'dro... I Light·gray silt.loam. B-12 inches! .2 .... 

~=:~-:: n.a·::I·iiiin~~;;iiortli"iirsiiiipedro "::1 g~~';.~~iayioiim:·~~:::=:=::I·-···:i" .... 2 
B20826._... 14I1...... do "'" .................. "Trompillo.. ((~dfOrgOllts) •••.I·...... 3 

B20827_ •• .' 14b•.•. : ... do ......................... ! Grindelia (?}. __ ••••___.......... ••••••• 8 

B20828..... 15..... 1 15 miles enst of Snn Pedro on : I}-% illcb___ ••••__._._..__••___ •• .2 


road to Parras in Lnf!U!l1I 

~f8ryan. 

B208.."9•• _.' 15.. ,.....do •....• __ •. ...... .. B-20 Innbes ...........____....... .1 ._...._. 
B20830 j' 1511 . :.. do...... ... ........ GreaSt'wood ...... __ ••_._. ____•••.••••••• 
B20831:::= 16.~:.: i 15'miles enst of San Pedro.... __ ., Soilllmollg limestone; : . ~oil.... . ....... ......... .3


I ; ('bun!<oflimestone."'''''''''j .2 ........ 


~==:=:l ~~·t:~J~:::::.:::::::::::=::::::. i ~.r.!i::~~~~.pi~~:.~~:~~.~~:::::r . t ~ 
B20834..._i Ii ..... 8 miles north ofParnlS......... I Parrasshnle ('I) ............. ! .2 

.B20835 ___ ~12L_~ .. 5,mil(!5eastofPnrras_~_ .... ~ .. _~_ ~ Parms shalt.' wit.t linlOnito llnd ~ 1 


I l gypsum crys~l~1' ' 

B208.16..... ~'2 .... ;.....do .................. __ Light medium·gray shole, witlt . .5
! gypsumI 

B20837••.•_: 23.•_._ I ___..do ........__........ Light medium·gray sbol", no .5 t


I I gypswn.

B20840. __ .! 24 .••••I____ .do ....._.____••••_._....... Dark·gray shale interbedded .4 


r I ! with 4- tQ 6-lg~1j gypsum
I I IRY~rs. 

116 dead borses. 
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T."-BLE 3.-Seleni1l'1I! content of soils, shales, a1!d vegetation from J'IIIXico-Contd. 

'l'ORREON AREA-Continued 

Selenium in-
Labopiwry: Field Location 	 MaterialNo. No. Soil or "ege­

shale tation 
-----l---;--------------:--------------~----. 
 , 

: 	 :P.p.m. P.p.m.
B2084I. ___ .!S_____ : 5 mile~ east of l'arrns__________ . 	I Dark·gnlY shale inlerhPtldt1d' 0.2 , with gypsum in th~ scams. ' 
B20842 ___ • 26__ •.. !. __ .do. _____________________ •. Y~Jlowlsh·gray clay shale. dell· .4I

< nite formation. 
B2O&I3____ Zi. __ -l .....do .• -.-------------------- .. Grnylsh·lI1ackshulc••..•. ,..__ _ .1 

< 	 •B:!0844 ___ • 28... In l'arms. ____• ________•••_••_.. Yellow limestone Indidurn_____ _ .1
B20845____ 2IL ..... __ do ___ ...._.• ____• ___ •_____ •• Yellowshnlt1\nlndldura .. __ ..•• _2
B20846..... 30___ .. ' Wes(t1ndofPnmlS _____ •_____ ._ Indidurnshalo. ___ ••. _ •. __ _ 
B20847,._'_13I .... ;....do. __ .___ '_" __ '_'_' __ "_ 100 yards south of 30. Indidum 

i shale. I
B2084S_____ 32 .. ____ , 20 miles northeast of Parms.. _..• Red silt loam, &-12 inches; 

• 1 	 calicbe helow 12 inclms.B2O&I9_ ___ 328. _•• :____ .do __________. _______•__ • ____ ' (In!nslIwood •• __ •___ . _..... 

IRAPL-I.TO AREA 

35.0 
2.0B20S7S ____ , 11(' _. I Sirena mine. aboro GunnaJuato _, Ore_ __________________________ ., 2.5IjH~::ll' I 	 '.j 
4.0 

liD.. flS.O 
IIE_ 2.5 
llF... 2.5 
12 .. _ 2.0 
12.-\.. 2.0
12(' _ 2.0 
12D 2.0do __ .______________________ _________________________•____ •. 

B208i9 	 I,I2E.. 1.0 
12F I 30.0 
12G 13.0; 
12H 	 2.0 

B:!08S0. • _ 13 Slime hoops__••_____________• __ 'Moist silty slime at bnse ofdmup 4.0 
B20SSI... 14 do • __ ••_•• ______________ ;:'foist clayey slime &t foot of ' 5.0 

f ,dum!?_ I
1	 5.0.do..do. -·-_·,·-·------------·--1____• _•• Sl1t~· sluue SJect from. bottom I___ •• __••••• ___ .. ,Laminated scale at top of dump 0.0B20SS4~==:: Il~.Ii __ do •. _____ ....._......_... Fresh ;;limes attop of dump _ 3.5__ . . 

B20SS5._ r 18 __ .do . ____ ._ ...... __ ...._. Fresh scale on stream bank . 4.0B20SS6 ____ 19 ___ . Guannjuato River. 0.25 mile ,\\-arer from stream (soluble' .2 
helo\\". i selenimn).

B20S86A___ 19.. .do_. __ ..... __ ............. ' Silt,;ettlcd (rom \\"Ilt~r __ •...•.. 8.0
B20SS7.____ 20____ _ MartH (abandoned tt.wn) ___• __ . Adobl1 wnll of to"'n, ... ___ ._.... 64.0 
Sonaja ranch:

B2086L___ 2... __ • 4 miles soutb of lrapuato .•. Black clay. ()-S .incbes_ 1.0 
80 rods south of Xo_ 2..... __ .8B20S61i.._.. 3____ __ 	 • __._do____________._,... . .. 

B2086S...._ 4.... _. 1.5 miles southeast of rsnch Dark-gray clay IOllm. (}-8 inches 4.0 
house.B20872_____ 2 miles southeast of ranch R('ccntri\'cr d('posit, f}-S incbes_ 3.5 
house.

B20S77.____ 10. ___ • 0.25 	mile northwest of .rancb Dark·gray clayloam, ()-S inches _3 
house_ 

B20S00____ 	 39 ..••. 1 mile soutb of IrapuatO. sew- Black clay, ()-10 illCbcs 1.5 
age disposal in exca,·ation.

B20S9i____ 39----' do. .. ...... __ .. G rayisb-brown clay. 1f}-25 .3 ,i incbes. 
B2090L__ 39 ____ I do ... . .Black play. 55--97 inebE>:? ' . . .21B20903_____ 39_. ___ __ do... ___ .. ____ •____._._ Dark-red clay. 144-216Incl1es. __ .11Garrida rancb: 
B20904_____ 26. -·-1 4lniles nortb of lrapuato Soil and lllanurc in corral 
B20905___ ._ Zi ·.1 200 Yllrds north of ranch .bouse Fine sand,· loam. 0-8 inchl'S 20.04.0 !' 

Fin~ sand)' loam. &-12 Incbes.~~L:: i::: 250}::ds-ri;'rtb'OfrunChiiouse Randy ,loam, ~ inches.­ 1:& 1f 

B209IL____ 29 ___ .1 Depression, ncar Zi feet • Rlack cln)', (}-8 mches_ 4. 0 l~'
B20916____ 31. __ ..1 . do_______ ........ _ . 
 Old "dohe wall. ••• _. 4.0 f

I Arllndas ranch: 
B20917••_••!32.....1 2 miles north ofIrapuato Dark'l!TayC:ay loam. ()-S inches .to; 
B2092O••__ . 33 . _.\ 1mil~northeastofranch house ])ark clay loam, 0·8 inches 1. 5 ~ 
B20923••__ I 3-!----. 0.5 unle ~8S~ofraneb ho';1SC.. Black clay. (}-8 mcbl:S 4.0 t 

B20926•••-- ' 3.'> ..• _.! Between rBllroad and rl\'er. ,Gray clay loam. ()-6lncbes,. 6.0 
B20927••••• 35. _'_1 . '. do............ ___ .... ! Gmy cla~'loam, 6-12.inch,'s 6.0 , 
B20929__•__136...._, 1 mile north of Irapuato near Rinck clay loam, (}-8 m('b<'S ., 1.0 , 

I 'roadside. j 1 
B20931___.l 37 ..__ ' Jesus \','lasqucz ranch, 1 mile 1Dark·gray clay loam, ()-S inches .j 6.0 

, northeast of Irapuato • • 

2 

http:IRAPL-I.TO
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TABLE 3.-Selenium content 0/ soils, shales, and vegetation/rom .Mexico--Contd. 

IRAPUATO AREA-Oontinued 

SelenIum in-
Laboratory Field Location 	 MaterJaJNo. No. 

Soil or VeRe­
shale tation 

P.p. m. P.p. TIl.
B20945 .••• _ 41 •••• 0.5 mUe east or Ira:-.uaw. IIhot'e Blackclay,o-Slnches, ___ ,,_... 0.4 .. , .• __ , 

f10cd plain.
BaJ86IL._. ' 	 L._ ... 17 mUes west of Queretaro. ___ ,_ Black c1a~.. 4-12inches_. ___ . __ "' .3
B20946 •• _. 	 42,. ... 1 mile east or Salamanca ______ '. Black sUt loam, o-s inches•• ___ . .4
B2094S..... 	~13 ••• 12 miles ea..t or Q.ueretaro, • _._, • Heavy bbUlk clay, o-s inches_. _ .4
B20862,._ •• 	 2..1.. __ Common mustard____ •_______ . __ 
B2Il863 ____ _ 	 Cocklebur. ____ .___ .• ____________ .2B ••• 21320864,.__• 2C.•• 	 Immature wheat heads and 

lea\·es.
B20865 _... 2D .•• Ohickpea_______...".... .... • ..._.'" 4B20867___ •• 	 3.4. ... Sonaj8 ranch. _..___________ •__ •• Alralfa ____ ... __ •• ____ •• _.•••_. ____ • __ •. _. 

3
B20869.. ••• 	 4.4. •••. Groundcherry_._._ •• ___ •• __ . ___ ........ 
 SB208iL.. __ 	 _____do___•__ •________________... '_'",'_'6A... .
B20873..__• i ....... . Larubsquarters_.________ ._._.--..._..... as 
B2087L... 7B._._ Immsture wheat heads. and 10 

2 

leaves.
B208i5_•.__ 	 SA... On bank of irrigstion ditch.____ MilkweOO______ ._. ___ •__._. ___._ .•• ____ • 20
B2000L ••. 	 27A.. ) jSWeetclover___•______________•__ ..•• __ .• 15
B2090L .•• 	 27B__ Common mustard.__•••__ •_____.... _.... 5
B20911..... 	:!8.·L. Garridn ranch ..... ______________ Immsture wheat heads ......._•• _____ __ 
 S
B20912 .•.• 
B20913_~ ••• 7
B20915.,... 	~~::: tiJffits~e:~:::::::::~:::::::: :.::: --. 6 

]5B20918__. __ 32A •. ) 	 jUnldentilled legume ....__ .... IS
B209J9..... 	32B .. Johnson grass... ._ •• __• __ 12B20921••. _ 3.1..\... ,\ andas ranch Milkwet'd - •••. -- ------.. --______ . 3
B20924._ .. 	:14A.••. r .---------.... -.- Wild lettuce ______ •___________ ••••• ..
B20921i..... 	34B_ • Johnson !(I'IIS:!. ___ ..._. ______ • ___ "_' • 6B20928.. __ 35A... Commonmustard. ___ • __ ._•• _ ..... . 
B20932_ .._. 37..L._ } {Alfalfa.____ .....____• ___._.__ ...._..... . 

120 
30

1320933_.... 3iR_ '1 J<",us Velasquez ranch Lsmbsqusrters .........-....- .. , ... -- 15
1320934. __ 38A.. . --------.-- Alfslra (from msngerL. '''''' ..._... . 18B2093H .. . 38B.. Milk from cow entin!(No. 38A... ____ .... .6 
B20935~ ... . -40..1.._.1 Gret'll peBS........... _....... . oB2093tL .._ 40B___ 1 Radish tops ••••_._._ .••_•• __ ••• 30 
B20938... .. 	4OC ___ 1 Radish roots .•. ~---",,___ , .• _., .••••••• 15
B20939...._ 	 4OD.__ Spinach__ .•___ • ____. ___••••••. ___...... i1320940.___ _ 	 40E •• _ Ir"punto marke!.. ______________ Beans.____.......______..... _....____ ._ 
 2B2094L___ 
B20942.____ 
B20943_____ :::b~ ~ =1 	 ~~::===========:::===::=:::: =::===:: 70 

5
40H. "1 	 Popcorn. ___ ••• _____________ ---. ------- oB20944_.___ 401.. __ , 	 Unidentified (RomerilJo) ..__ • _____ • _____ 2 

SALTILLO AREA 

B20850 .... 	L .._•. 25 miles west of Saltillo.......... Red shale, :Morrison (1) ......... 0.1 

B20851.. •• _ Is. __......do..............___•••••• __ •• Creeping pigweed (1) ___ ......._ • ____•. 3 

B20852~ .•._ 2....._ 12.5 miles west of Saltillo_....... Red shale .............,._.__ •••• . J 

B20S.'i3••__. 3__•• __ Ii miles west of Saltillo.......... Green shale ........__• ______..• • J 

B20854...__ 4._......... do................._._ ..... __ Red shale.........____••__••__ •. • J 

B2OS5L••_ 5 •• ___• 15 miles west of Saltillo •• __ ••_.-. • •. do ••.• _......_••_______. ____ . . I 

B20S.'i6.•__ 	 6...........do...........____ •• _••_..____ Green shale ___._ ••___•_____••••• .2 

- {MeSqUite beans._ ••.•••• ______...... __ ... 1B2085­
••-.-- .a__•••.••••• -.- ....--••. --- •.•-----••-- :!\{esqnltellowers 2 

B2085L___ L ..__ 3.7 miles west or Saltillo .. ____ .. Dark.gray splinte';:'sh:iie::::::: --'--.-ii· _. ____ __ 
B20859_____ IOs.___ 22 miles west or Ssltillo ....... _. Mn!(Uey plnnt, on red soil ..••••••••_.. 1 

MEXICO CITY AND ENVIRONS 

.-- -_._._---
B20951. -.. 	 L ..... 13.5 miles south of TeXCOCO""_'1 nark-grilY silt loam, o-s inches.. O. J • __.....B20952..___ la•. ___ ••••.do........... . __ . __ •• _ AstralliJim earle; (Gret'ne)...... 0.5
B2095.1 ___ _ 2•••• __ 14 mile.< south of T"xcoco ...... __ Volcanic nsh, about 3 to 5 Jeet .1 

deep.B20954. __ • 3...._ }' mile. cast of Los Reyes •.••• __ Silt. loam, 0-6 inches. .......... .1 ••••.• __

B20955___• 38••___ .....do ......................__•. Aotrallalru earlei (Greene)....... ........ I

1320956__ •• 	4a__.__ 300 feet west of No. 3~ •..• _...____ .•••do.. __....... ____ • __ .... ____ • __ .._ •• 1

B20957__ __ 5....__ ~. mil.~ west or Los Reyes ... _... Dark-gray silt loam, 0-6 inches, .1 

efDorescent !'SIts. B20958 ___ _ 6.____. 1 milu west of Los Re~·es________ Light-gray silt loam with .21 efflorescent SAlts.1320959____ 	 7__•___ .....do________________________•__. Pale-yellow silt loam, 30-40 .1
I inches. 
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TABLE 3.-Selmium content of soils, shales, and veg~tationfTom Mexico--Co~td: 


MEXICO CITY AND ENVIRONS-Continued 


Selenium In-
Laboratory Field Location MaterialNo. No. 

Soli or IVe~e·
shale tation 

I------------------I-p-.. p-,-m-.[p.p,;: 
B20960..._ 711..... 1 mile west of Los Reyes •••••••• A3/ragaitl3 earlei (Grcene) ... ,... ........ 1 
B20961.... 8...... 3 miles west of Los Reyes. ____.. l\fedilllli·gray clay, !Hllnches... 0.1 ., .• _.• 
B2006IA... 8x..._ 3 miles west of Los Reyes, ~ Alkali eru.t...__ .............. __ .2 

mile north of Rood. 
1l20962.... 13..... o miles southeast of Los Reyes.._ Dark grayish·brown clay loam, .1 

3(!-36 incht,s. 
1l20963.... 138.... . ...do.......................... Mustardlike plant..____ ....... , 
B209&l••__ 14..... 3 miles west of Los Reyes ....... Fine sandy loam, Q-8lnches..... .1 ........ 
B20965.... 14A........do............ __ ............. A3tragaitLB sp. (1) .. __ .......... "'''''' .5 
B20966.... 15..... 5 miles west of Los Reyes ....... Clay from old lake basin, (H • 1 

inchl's. 
B20967.... 9. "'__ Above snow line, Toluca .....__ • {Volcanic ash ..__....__ .......... .1 

Decomposed volcanic ash .... __ . .1 
B20908. __ • 10__ ... On Ne\'nda Toluca, nellr upper Black soil from volcanic ash ... .. .2 

edge of timber line. 
B20\J69•. __ lOn~. __ .....do.......................... Lupio"3111exicaou3.............. __...... .6 
Jl20970..... 11..... On Nevada Toluca nOllr lower Rlack decomposed volcanic ash. .1 

edge of timber line, 
R201l71 •.• ' 12. __•• 18 miles southeast of Toluca on Dark·gray silt loam, 0-8lnches .. .1 

road to Desiertodcs Leones. 
R209n.... 1211 ........ do......................... Unidentified planL........... . 5 
B2()97:l .... 1 .. liS miles from Mexico City..... Deep reddish·brown clllY, ()-3 .5 

inches. 
B20974, ... L .........do ........................ .. Hed heavy clny, 3-20 inches .5 

B20975.... L ..........do ......................... Red heavy clny, 20-48 incht·s .3 

1l20970.... L ......... do. •................... . Red h~'nvy clny, 48+ inches... o 

B20!17l.... In ......... do.. ... .. ............ .. Blossoms and leaves of a locust- .• 


Ilke bush. 

B20978 ... 35 miles wcst,or.rramnzUJlChalc .. 1llack clay among red cluy soils, 1.5 


0-12 Inches. 

1320\199.... I ..... Popocatcpetl, on the border of Sulfur....................... . .(1 

thll State of :Mexil'o and 
Puebla. 

x~ ... ~__ _B20999X.. POJlocatepetl Industrial Mu· .....do..............._........ . .6 

scum, lIIoxit'o City. 

1321000.... 2...... Citlnltepetl, State of Pueblu..........do......................... .. 111 
B2100L .... 3...... El Chichos .. , Stull' of Chiapas........do......................... . o 

CHIHUAHUA AREA 

In the Chihuahua area the results obtained were bv no means those 
expected, but they have a very important bearing upon the general 
distribution of selenium flJld its absorption by plants. The procooure 
was as follows: Samples of soil and of vegetation were taken at 
intervals along the highway from El Paso, Tex., to Chihuahua, 
Mexico, a dista,nce of 300 miles. In those portions of this area where 
the incidence of cattle poisoning was reported as most marked, series 
of samples were taken that were presumably representative of t.he 
area lying between the mountain chains bounding the valleylike 
p1ateau 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 Roils 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 geneml vegetative cover, and 
some relatively small area~ may be considered as alluvial soils. There 
are also a number of extlllct or temporary lake-bottom areas. The 
soils in general are brown or gray desert typeR. A description of these 
and other Mexican soils is given by Miller and Brown (28). The 
mean minfoll is low, probably about 8 inches, und is doubtless not 
uniform over this great area. As a consequence, vegetation is of 
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the semidesert type (fig. 3) and is exceedingly scanty except where 
irrigation is carried on. Over the whole area varlOUS species of 
Astragalus fire found. Special attention was given them because they 
were very similar in type to selenium-Ioying species in the United 
States and were identified by Dr. Giron fiS the plants shown by his 
experiments to be toxic. They were identified by Ivar Tidestrom 
as Astragalus pel'vel'utinus (Rydberg), A. wootoni (Sheldon), and A. 
eal'lei (Greene). The work of JV[athews and Schmidt (25) shows A. 

:FlGURE a.-Desert vegetution ill Mexico. 

ea/·lei to be to::-..-ic in Texas, und Frnps and Carlyle (14) ha.ve stated it 
to be to::-..-ic find free of selenium. 

The general result of the examination of the 70 smnples showed fl, 

maximum of 0.7 p. p. m. of selenium in the soils with quantities rang­
ing downwar ,':' to 0.1 p. p. m. In vegetation the ma."llllUm quantity 
fmmd was 2 p. p. m. In view of these facts it seems improbable that 
nny selenium poisoning can occur in this area. This conclusion is 
supported by the fact that Dr. Giron was llllable to learn of any 
chronic cattle disease in the area 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 Chihuahua and Torreon were not 
examined in detail, since no reports of disease of the "alknli disease" 
type were brought to the attention of the investigntors. .A. few 
samples of both soil and Asiragalu8 were collected, but in no case WfiS 
selenium found in soils or plants in qunntities to wnrrant specinl 
attention. 
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In the district about Torreon, however, not only are Oretaceous 
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 Ohihuahua, are semidesert in type. The effort wns mitde, therefore, 
not only to sample the soils and the scanty vegetation but also the 
shales studied by Kellum and his associates (22). 

Altogether 65 samples were collected and their selenium content wus 
determined (table 3). In the soils in geneml the selenium content is 
low. Indeed, 110 soil wus found to contain in excess of 0.5 p. p.m., except 
that in a shallow swale 24 miles Ilorth of Torreon a sample of heavily 
salt-encrusted soil, B20796, contained 2.0 p. p. m. and the efHorescen't 
salts, B20795, on the soil, 1.5 p. p. m. The shale samples were also 
very low in selenium. One sample of Indidum shale near Tanque 
Rota and about 30 miles north of Snn Pedro contnined 2.5 p. p. m. 
One snmple of Pnrms shnle 5 miles enst of Parras and oue of Indidum 
shale west end of Parrns each showed a content of 1 p. p. m. 

Since the selenium content of the nbo\'e-mentioned samples was 
unexpectedly low. Dr. Kellum was asked to furnish the writers with 
a few identified rock samples from this aren. One of these, n sample of 
Indidum limestone from 1 mile south of Pnrrns, had a selenium con­
tent of 2.5 p. p. lll. Ko other of the" 12 snmples exceeded 0.7 p. p. m. 
nnd 7 of them rnn 0.1 p. p. m. or less (tnble 4). 

TABLE 4.-8elenilun content of geological sllmples from J/e-.xico I 

Selenium 
in soil orLab!?J~.tory ______ on______I_~______~I:tl'rialL_O_C"_ti__ shale 

P_p_ m. 
Jl21027 _. __ .! 30 feet above base of Aurora limestone, i A llr()rn limcstOIltL . _..._ . _ ~. 0_1 

east side of Puerto Astelleros. north of i 
Sierra de 'l'lahualilo at south end of I 

Sierra del Rey, Coahuila. i 
B2102S. _. '3G-60 feet belo,,' top of Aurora limestone, "do. _________ . _______ . ________ _ .1 

I Sierra de 'l'lahualilo, Durango, "Mexico. 
northeast of Zarogosa, just east of 

, south ent! of Ashhillo near Ojo lie "\gull. 

I 
B21029_____ .1 On west bank of Arroyo Cararol, at Xomculite from Caraeol formlltion .1 

ee.st cnd of Casson :-'[l'SQuite, Sierra 
de Parras, Coahuila_ 

B21030 ____ , In west hank of Arroyo Cameol, Sierra Indillurn Iimt'Stonl' from nnit 4 of .5 
I d~ Parras. sertioll. 

B2\o:l! . , __ i Hill JUSt southeast of mouth of lnllillura ' Indiclnnl formation. _ .1 
Canyon, Sierra de Santa Ann, Con- , 
huila_ 

B21002 ___ . Casson Curat.'Oi Sierra de Parras. _ _ CUl'sta lil'i ('urn lillll'!itOllt.' _ .1t 

B211l.'l:! . " In Casson de In Casita. Sierra de Pnrras, ,'I'ntf from LOp of ('"r.\('ol formation .1 
Conhuila_ , 

B210!14 ' Ojo de Agua, west side of Sierra 'I'lahua- i Tt'rtillry y()IClUlil' IllIf nnt! bn'ccin .1 
liIo, Durango. ' 

B2Ht!5 Cl'rro Aniza, sbout 1 mile south of Par- i lntlitlunl IilllestOltt', IIIl'l1Ib,'r 3 .4 
ras, Coahuila. 

U21036 ___ ._ North of La "Maritn, Durango,_ __ ,Volenniclm'ccill _ .,2 
B2103/.. ____ ·on. Wl'St bank of Arroyo Caracol at east Indidurtl Iiml'8tmll' from unit 2 of .7 

end of Casson Mesquit,', Sierra de scction_I. Parras. 
B2IO:!8 _____ ' From Cerro Anim, about I mill' south of ' lmlidnnl Iil1ll'StlllW, Sl'Ction 3 2.5 

r Parras.------'-- .--~---,- _.. _.-
I Samples furnished by Lewis 13. Kellum, unkersity of :-.[ichi~an_ 

Nevertheless, although none of the types of vegetation found be­
longed to groups notably prone to seleniulll absorption (table 3), a 
sample of Grindelia, B20827, 16 miles north of San Pedro, had 8 
p. p. m.; of Lepidum, B20832, 15 mii('s east of San Pedro, had 7 p. p. m.; 
a sample of young wheat, B2081O, 6 miles north of San Pedro, contained 
4 p. p. m. The general conclusion, from observation nnd the analytical 
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data, is that in this section no selenium problem of moment exists, 
although mildly toxic samples of vegetation were fouud. If. however, 
highly absorptnre types of vegetation exist, or were to be intl"Oduced, 
they would be likely to be toxic. 

IRAPUAl'O AREA 

In the district around Irapuato 11 very dill'ol'ent situation obtains 
(5). As preyiously indicated, opportunity was sought to examine this 
area because the animal symptoms described by Rocll correspond so 
closely with those described by Fmnke, Rice, Johnson, Ilnd Schoening 
(13). 

In making the field examinittioll, n ttcntion wns directed specificallY 
to determining (1) whethel' the cause of the disense of both men nud 
n.nimnls could be definitely Ilssigned to selenium, (2) whether the Ill'ea 
affected is limited to the flood plnin, and (3) whether the sOlll"ce of 
the selenium is the mines or is inherent in the soil itself. No nttell1pt 
wns made to determine the extent of the nrel1 nffeded or the ('xtent 
of the inj uries to either Ulen or Ilnin1l1Js. TIl('s(' nnd rell1,ted questions 
seem to be the problem of the loci11 n.uthOl·ities. 

St1rnples were secured (rom till' following soure('s: Ol'es presumnbly 
repr('sentatITe of the 111'('it, slimes from th(' WIlSt(' d limps, witter from tilt' 
ri"('r bt'low till' slimp heaps, soil subjeet to silt deposit from the I'in'r 
n.t flood le,'els, simihu' Hoils not subject to on~dlow, plallts of simi!:l!" 
types on both soil nreas, feed of ttnimaI" it,fTeeted by the disense, Imd 
food mater'ials consllmed by the people of the itren. A. sl1.mple of 
milk Wil.S nlso secured from a cow that WitS chal"llctecisticl1Uv diseilsed. 

Titble 3 gi,~es the result~, of th(' exallliIlI1,tion of ore samples obtained 
from the Sirena mine tmel the wnste dump of the mine. All of them 
were ullcrushed rock. No attempt was made to identify the minerals 
represented. According to seyernl independent sources of infornul­
tion, these ores are representative of the entire Il.rea in question. 

The data show that the SEwell assorted samples of ore had n llWilll 

selenium content of 16 p. p. m. This is the type of nlfl.teril11 whieh, 
when crushed and the silyer extl"netNI (formCl'ly by thp ptttio proeess), 
eonstit.utes the slim('s washed into the pits IH'IU' the mouth of the 
canyon. These enormous dumps are the I·en'! source of the stl·enm. 
The unmilled mine wnste is rejected mil,tel'inl low in sil n~I'; it \\'I1S' 

exttmined because it is high in mnl"cnsite n,nd other sulfides and wns 
e)..-pected to be high in selenium. The menn content of the snmpl('s 
was onl~' 7 p. p. m. The slime dumps fl.1·(,· fed mnny thousand tons 
of fresh mnterial dnily and represent the accumllintion of many years; 
at irregulnr intervals they are tremendously erodNI by floods, the 
material carried downstrel1m, nnd distributed over the flood plain of 
the Guanajunto both nbove and below the town of lrapuato. The 
menn selenium content of this mnteriul, as shown by the six snmples, 
wns 4.6 p. p. m. 

The strenm flows rapidly from the base of the dumps for some 
distttuce below the town ilnd cilrries so much suspended ffiilterial thn.t 
the water hns 11 milh."y ilppenrilnce. The wu,tm' is used to 11 considerable 
extent for irrigntion. The nnnlvsis shows that it definitelY contnined 
selenium nnd that its deposited silt wns Olarkedly seleniferous. The 
most remilrkable snmple was that taken from the Willi of un abandoned 
town n,bout 3 miles below the slime dumps. The wnllnnd houses were 
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said to hUH' been built of adobe bricks mnde [rom the slime i1ml 
orglUlie material, probably IIlILllure. The wI1ll is yt'l.y old, ulld its high 
selenium eontent bell,rs out the tmdition thnt the solimall diseuse in 
the \-alley below hns existed eyer since these mines beglln to be 
worked, problLbly more tilnu 200 years. 

'l'ILble 3 gins also the results of the examiun.tion of soil slUllples 
collected in the \'illley. Included ILre soils from the f\ol)d pInin of 
the strenm that lue subject to deposition of silt from the mines, and 
n llliluber of slUuples from pInel'S tlliLt arl' not flooded. Induded ILlso 
nre eNtain stUnples of soils of the saml' eharneter from other Ilrens 
not Ildjneent to Impuato but derin~d from simil:Lr parent mn.terin.l, 
l'xeept Illlll\'ial deposits. 

The dntn gin'll in tnNe 3 lUUst be (,Ollsidl'red in the light of tilt' follow­
ing fIlets: Siunpll's B2086 I IL1ld B20866 are [rom :m nrea flooded from 
the riYer onl~' infreq uently I11lCl irrigated with wilter from n deep well 
prpS1Ullll.bl~· not splenifprous. SUJUples B2086S and B20S72 are from 
lund floodpd whl'IIP,-er thp rinr o\'er£1ows its normal bn.nks. Both 
siLlllples are marp silt~, than B20861 and B20S66. Sn.lllple B20877 
W:lS tuken on a smnJI hill presulllably 11('Y(,1' flooded. It contuins the 
l10nnn I q wm tit~, of seil'ni UIll for soils not toxic nnd corresponds to 
sllmplps B20R60. B2004:). B20\.)46, unci B20948. Snmplp B2089(j is 
part of n. profi[p tnkpn frolll the bl111ks of lUI l'x('llvn.tion for 11. Sl'Wjl~P 
disposnl plnnt thn,t is being- PIN'tN!. Tlw IUl'l1 is SUbjl'ct to flooding­
approximat<'ly tlm'<' timl's iu 10 YPIl.rS, :1.lId thp soil is probnbly il.l1 

:lllll\-inl deposit. Only thp recent surface coutai1ls selplliulU in excpss 
of tlll' normal tn1('PS found gpnprnlly in soils. 

All the snmplps taken on the Garrido. mnch contaiu abnormnl 
q ullntities of splpuiuD1 nnd alln.re from the river flood plnin. Two of 
them arp of specill.l interest: Sample B20904 from the corml indicates 
that till' nllmure USN! for fertilizer is exceptionally rich in sell'niuD1, 
Imd sample B2091 (j from the ndobe wall shows that the seleniferotls 
condition of the much is of long sill,nding. Samples B20920 and 
B20929 are from fields on thp Arnndns rn.nch thll.t n.rp iufrequently 
flooded and not irrigH,tNl. Sample B2092() is from n fil'ld pointed 
out by n.11 Indinn us tl1(' spot whel'e eom grpw th:1.t wns rpspollsiblf' 
for his own cnse of "nlknli" dispnsl'. S:unpll' n209~ I is frol1l II lipId 
011 the ,Jesus Yl'lllSqUPZ nwch. Alfnlfn gt'OW11 t.hprf' wns rpportl'd ns 
the CHUSl' of the loss of 12(j enttlp in a night's feeding. 

Ob\·iotlsl~· the SOUITe of spriotls quitlititics of splelliulll ill thl' sl)ils 
Hbollt Trapllnto is the silty mnterinl wnshcd down from tll(' milH's 
ubout GU:1llftjun.to. 

Table ~ gives nlso thl' rpslllts of tlIP examination of sltmples' of 
wgptation coIleet('(1 in tIl(' district ILbout IraplllLto. Results obtlLinpd 
from tllP flnmplps ('ollpcted OU nonselpnifeIolls spots nrl' omitted. ns 
tht>" W('rP esspntiHlly free from sl'leniuIlI. I1Icluded itrl' nine samples 
of ,~egpt:lblps bouglit ilt nmdom in the Impunto public mlu·ket. 

AII'thl' vegetation grown on soil known to be selpuiferous eontained 
splenium. That ~rown 011 the S011lLjit 1"I111eh wilS defillitel~· lower thltH 
tllM 011 the other spob; exnminl'd. probnbl~r bl'cause SOml' of thp irrign­
ti01l watN' ('nnw from n deep well prl'slllnably frN' from splenium. In 
tbp othl'l" samples, irrigiltion water cnme from the ri\'er, whieh eon­
tning clissolyed splenium (table 3, sample B20886). Tn seypral urens 
in tIlE' l'llitl'd Stn,tes it ill1>\ bf'en shown thilt irrigntion tends to 
diminish thp efrect,; of selenium on plants (3), but not where thl' 

http:GU:1llftjun.to
http:prpS1Ullll.bl
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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 illade. Sample B20934 is 

;~~1 

\.. 'f 
, (~,\', .', 

'\I ...~ifi' . 
FIGURE 4.-.11, Selinized COW; B, hind hoofs of seleJlizeci cow shown in A. 

alftLlfn. that was being eaten by a cow definitely sufl'erillg from se­
lenillll poisoning (fig. 4). The milk from tllls cow contained 0.6 
p. p. m. of selenhun, which is equinuent to nbout 6 p. p. m. of the 
milk solids. Incidentally, tIlls cow, as well as two bulls also sufl'er­
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ing from the snJ.lH.' trouble, WilE fl, newcomer into the vnlley. Some of 
the members of the herd of about 50 cattle showed e,-idence of the 
disense to n much smnlier extent. 

The siLmples of Yegetables sold in the city market nre significant. Of 
the nine slllllples l1muyzed, nil but two are defiuitely seleuiferous, 
und these lUiLy not 1m\"e been grown in the vnUey. 

In the tU'en of seleniferous soils about Irnpunto the toxic flgent is 
eyicl('n tly deposited in the soils from the waste product of the mines 
nbout GutLnnjunto. No sllnihtr situntiou exists, so far as is h.-nown, 
in the United States. 

The conclition III Irapunto seems less serious thlUl it would be if 
selenium-IoYlllg phLlltS, capnble of enriching the soil with nyuilable 
selenium. were present. In this nren irrign.tion us prncticed is not n 
remedilLl mellsure (3), plLrtly becn.use the section is semihumid Inld 
therefore does not requll'e continuous irrign.tion, nnd plLrtly becnuse 
of the presence of selenillll in the water. This point mny be im­
portant III connection with the use of chnllUtge waters from selenif­
erous luens for irrigzttion in other plnces. 

When it is considered thllt more thau 4 p. p. m. of seleniulll in 
dry diet 11.1'e definitely iujurious (4) aud that the people of ImpulLto 
li\:e lnrgely 011 their loelll produce, it is clear tlutt this locntioIl is nn 
('xeeileut one in which to study the eif('ct of selenium iu foods upon 
people. Since sel('nium mlly be present in nll the vegetables, milk, 
t1.1ld Ulen.t eonslllllNI c.n. the citizen of Impunto is likely to be affected 
by sel(,lliulll from ('yen his pr(,ll11tni dnys. To wlmt extent the eyi­
dent ill henlth of the inhnbitnnts is due to seleuium in their food is 
pl'Oblemutical but is worthy of study.3 

SALTILLO AREA 

III ncldition to the eXilmllliltion of the districts about Ohihuahua, 
Torreon. nnd lrnpunto, it llumber of samples were collected west of 
Saltillo from sbitles of. apparently, the Cretaceous period. No shale 
samples were found with n seleniulll content of more than 0.3 p. p. m. 
and no samples of ,-egetntion with it selenium coutent of more tlHLu 
3 p. p. m. Also, since the Y!lUey of )lexico is surrounded with vol­
cnnic peaks, it WitS cOllsidered worth while to collect n. series of SlllU­
pIes of soils, vegetation, and sulfur III order to determine whether 
III nUl.teriills or in the soils derived from them auy marked Ilccumu­
lll.tion of selenium could be found. Four sulfur sllmples were obtallled 
from the Geologicnl l\luseum through the Ilid of Dr. Figueroa. Of 
these, two from the emter of Popocntepetl hlld 0.5 nnd 0.6 p. p. m. of 
splenium, fmel oue from CitilJtapetl 10 p. p. m., whereus Ol1e from El 
C'hiehosn gun no eddenc(' of seleniulll ill a. 3-gm. sllmple. Also, two 
snmples of yoieanic ush contllined only 0.1 p. p. m. of selenillll. It 
is. therefore, to be expected that soils derived from materials of such 
yoieilllie sources would be of low selenium COil tent. Thirteen assorted 
sllUlples of soils revealed a maxiruum selenium content of 0.2 p. p. m. 
n.ne! this in only one sllmple. Also, no sample of vegetll tion was 
obtilined (of eight eXllmined) that hlld more than bllrely detectable 
tl'lLees of st'ieniulU. EYl'n the highly ferruginous profile sample col­
lected 178 miles north of ~kdco City 011 th(' l\lexico City-Lnredo 

3 In Il\nkitu! the fiell! eX8minlition here ,,'ported the ~[e~imn Oo\'ermnell! WBS repre~""ted by Jos~ 
Fi~ller(l'1. Withom his loml knowlNloe nnd energetic' IIssistance the collection of materials "'ould hnv~ 
been almost impossible. . 
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Highwn,y contained only 0.5 p. p. 111. of selenium ill t.he most selenifer­
ous portion of the profile. These results are !llso illcluded ill table 3. 

"NONTOXIC" SELENIFEROUS SOILS OF HAWAII AND PUERTO RICO 

A lack of quautitntive COlTelUtiOll betweell the selenium eOlltellt of 
the soil nnd the vegetation hilS been evideut throughout the eutil'c 
investigation of seleniferous Inens (3, 4, 6), and duriug the eourse of 
tbe ilwestigatiolls many factors influencing this eorr{'lntion hnvc beell 
discovered. Thes,' ftlCtOrs mlly be divided roughly ill to the phUl t 
influences and the soil influences. This luck of correlation is certninly 
due in part to the vn,ri!ltion ill the forms of selenium ill the soil (41]) 
and to the distribution of the selenium throughout the soil profile. 
m; well as to the charncter of the soil (6), COllcurrent with these 
soil factors !lTe plant factors, such ns the selectiye nbsorptioll of 
selenium by SOllle plants, its modernte IlbsOI'ptiOIl by otlu'rs. !lnd tilt' 
very limited tolemnce of selenium by n. third group (29). The depth 
lit which n. plant feeds n,ud the distribution of its root system nre Idso 
it.ems to consider ns nffectillg the resultlUlt nbsorption. 

Nevertheless, when highly seleniferous soils werl' found in Hawn.ii 
(6'), it wus eonfid~Dtly expeeted that toxic n'getll,tioll would be foulld 
growing 011 them ill lspite of the uppnrt'ut absence of known seienilUll­
loyill~ plnn ts. Ho\\-eyer, with 16 vegetation sn mples thn t w('n' 
secured, tIl(' seleniulll content I'augcd from nOlle to a maximullI of 
a p. p. Ill. in the air-dry ,p'ight of the tops. Tell of these plants 
\\"PI'e unidentified. The other 6 beloll~cd to 4 diffen'ut gellPrn, 
ineludin~ C'ompositite and legumes, which n,re frequently selelliferous 
wlll'n grown on selenium-bcarin~ soils (19). Thes(' consistently low 
s('l('nium y/tlues in pln,nts from selcniferous Hawn,iin.n soils lpd to iI 

pot test in which millet, n moderate selenium ubsorbcr, Wu.s grown 011 

n soil from the Wuhim\"ll Erosion .Experiment Stlltion, isllllld of Ouhu, 
'1'. H. .Although the soil contninecl12 p. p. Ill. of seleniulII, no sPit'lIiUlIl 
was found in the millet. A t the snme time, millet gl'Own Oll 11 rnL-..;:ture 
of qtmrtz sllnd and 'Ytl,bnsh silt lonm to which had been addNl only 
:2 p. p. m. of selenium as .sodium selenn,te, contn.ined 1,300 p. p, Ill, 
Hnwnii wns the first ar('a whpn' thp yegetation exnmined from hi~hh' 
se]enifel'Ous soils was consisten tlr low in selenium (,Oil t.pn t. ' Ail 
()pportul\it~· to study thl' ngptntiou of Hllwnii in dptnil WIIS lIot 
otf('rp<1. -;0 that t.he l'xistenc(' of n lnl'gt' un'lL of "Ilontoxie" sl'll'nifl'l'OlIS 
soils ill Hnwaii is not adequu,t(,ly pron-d. 

A ('oJl(!itioll similllr to that ill Huwuii wus fouud in PUN·to Hi('o 
when n, serips of soils derin~d from C'1'l'tu('('ous shull'S Ilud it Ilumber of 
SHillpips of ,-egetation growing 011 tht'Ill wcre I.'xillllined (24). ,11'01'­

tUlmtply, n.n opportunity to Stud~T every kiud of plant growing 011 u. 
"nOli toxic" seleniferous soil in Puprto Rico was madp UYluln.blc 
through the aid n.lld advice of Rn.y C. Roberts, of the DiYision of 
Roil Rurwy of this Buren.u. At \Jjs suggestioll, .J. A. BOlUwt, of t11l' 
Agricultural Experiment Stntion of the Fuiversity of PlH'rto Rieo, 
eollectpd samples of a soil protile on en.ch slope of n sIllulI hill 1 milt' 
north of Fajal'do, n.nd at the same till1(' ,r. 1. Otpro, of the Clli'-I.'rsity 
of Puerto Rieo, coUeeted lWei c1us8ified evpry type of YI.'g-E'tu tio;\ 
g-rowing on the hill. An nerial photograpb (Iig-. ij I shows the bill on 
whieb t.hesp snmples \\-erl.' coUeeted. 'rhe i1l'eu (>xlllllined ('0\'('1'8 
Ilbout 40 acres. The soil is a typical Y uues sil t loam RlId \\'ns known 
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to be seleniferous. The results of the examination of these samples 
are given in tables 5 and 6. 

The Yunes silt loam resembles the Gray-Bl"own Podzolic soils. 
The surface soil is a dark-gray silt loam wi"th a high pel"Celltage of 
sharp angular shale fmgments. The lower hOl"izoll is a yellow heavy 
sil.t loam. In this layer iron accumulates, resulting in an irOIl­
cemented hardpan. The soil is developed from the Faja,rdo shale. 
This ~ray fine-textured shnle is formed from stratified volcanic ash 

FIGURE 5.-The area enclosed by the broken line is the hill north of Fajardo, 
P. R., on which the soils and vegetation given in tables 5 and 6 were collected. 
(Vertical aerial photograph taken by the 1..". S. Navy.) 

(27). The soil samples contnin from 2 to 10 p. p. m. of selenium in 
the surface horizoIl and 3 to 12 p. p. ill. at a depth of 12 to 24 inches. 
The undel"lying Fajnrdo shale mnges in selenIUm 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.-Selenium content of samples of 4 soil profiles from a small hill 1 mile 
north of Fajardo, P. R. 

Sample No. j Location l\[atcrial Selenium 
----~~~~~-----,-----------~~-----------

P.p.'m. 

B21l02.__ ... ! ..... do.................._...... ; Shale ...................__ 


B2109L..... West slope .•••_•••.•.•__ ..... 
B21092. __ •...••••do.. .................... 
B21093 ........... do ........__ ..•••.••••... ' 

Yunes silt loam, 0-12 inches........ ....... . 
Yunes silt loam, 12-24 inches ................... , 
Shale........................................ . 

4.0 
5.0 
4.0 

B21094...... East slope................. ' 
B21095...........do......................... 
B2109tL••__......do......................... 

Yunes silt loam, 0-12 inches .................... . 
Yunes siltloBm, 12-24 inches ................... . 
Shale.......................................... . 

5.0 
12.0 
2.5 

B2109i...... 
B21098...... 

North slope................... 
....do....................... 

Yunes silt loam. 0-12 inches ................... . 
Yunes silt loam. 12-24 inches .................. . 

2.0 
3.0 

D21099...... ,.....do.................__ ..... 
.B2JlOO...... Southslope........... _.......

fB21lOt...........do......................... 

Shale... • ................ _........__ ........... 
Yunessiitloam.0-12inchcs......._........... 
Yunes silt loam, 12-24 inches 

8.0 
10.0 
12. 0 

.. .. 4.0 
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TABLE B., Selenium contt'llt of v/~gctat:ion grOW/i on a hill .t mill' north of Fajardo, 
P.R. 

------- ·----1-·--
Lnhorntory' .Field Sl'ielliuIllNo. ; No~ 

t I). p. 1". 
U21();jU.. I i Cutharalllh,~, ro,..II. (L.) 0011••• 
U21040.•.. , 2 .: Dolicholll., reliculatll,' (S\\"') .MiIIsll.·· i ':!: ~ 
U21041 ... , 3 ! Va/erialloid••, illlllllirellS< (L.J KUlltze . <1.0 
B21042 , 4 .' ~lIlipera .I"hlii (UrbulI) Britton nnd Hose <.1 
B2104:i... . 5 .i flbru. IIbr"s (L.l W. F. Wi~ht . <1.0 
U21044.. 6 '1 Unclassifil'(l .. .... .... -­ <1.0 
H21045.. ; . Atlacardi"'11 oeeidel/lll/e L ..... . <I.U 
132H»li .. 8 lIVlllall"a cOllrbaril.L . •. ___-,. , <1.11 
B2104; .. 9 . . Borrerill verticil/ala (L.) Meyer .. 

)1 <1.0B211)l8.. 10. . N<ltulllnjulij/om (S\\'.) Rnr <1.0 
U2104!l.. 11. AdelloropiulII "ossUpi/oliulII (I,.) I'uhl <1.0 
.B21050.. 12 &riullia lJolyphyliu (L.l Rndlk <1.0 
B21051.. 1:1 Unclassified. ... .. ... <1.0 
U2Io.,2.__ 14 HipPOC1UI.II colubili., L .... <.1 
U2105.1.. 15 PicWill aCIII.llla (VnhL) l'rhan. . . . <1.0 
B2\o.14.... 16 , SI.llulaphrtLlII sec,,"dutUIII (Wlllt.) Kunt1" .. <1.0lU21055.. Ii 1 Sida aC"'IIIinula L ... <..1.0 
B2Io.i{i.. 18 : Si!l.ape".L: __ -- .•. -. <1.0 
B2105i.. 19..' Ps,dIlLlIIuuII;ar:aL ____ '" • <LO 
U21058._ 20.. ! Wedtlia calyeilla L. ('. Rich.. . <.1 
B2\059.. i 21. .1 Ralldia lIIili. L. .. ... . ... <.1 
B21000 . : ;;:2. .\ Chaetoe~loo ge'.'iCUI~IU {Lnm.) l\[iIIsp. lind (,h'ISI'. • . <1.U 
B21061 , •. 1..... SUlllhe"mw su"g","al.. (L.J Dulnc .. . -- ... <1.0 
D21Otj2.. 124~ .. ~ .. PanicltnJ lIHl.rimu.mJacq.. ~.--~--- .. <1.0 
.B2H~i3._ 25... Cilhare.rylu/II JTllr1icOlt1l1ll L. ... ... -. <1.ll 
B211~;'L . 26... -' ('homuesyre hV1Jericilol;(I (L.) ~!illsll ... • .. <1.0 

In this aTen the qunntity of seleniulll absorbed by plants appears to 
depend upon the chnracter of the soil und Ule form of the selenium 
present. Selenium mny be present in thl' soil in UUN> forms whiel! 
become available to pluntR only by slow p-roeesses of hycirolytie 
aetion (6). These nre ns free selenium, as pyritic selenium, nnd as 
basic ferlic selenite. Free seleniulll might well be expeeted in the 
soil where cOllunel·eiill selenium sprnys (Selocide) are used, but ther(l 
is no eyidence that it is present nnturnlly in the soil. Pyritic seJenillm 
is certainly present in immature soils formed from pnrent mllh~rinl 
eontainin~ pyrites. The most likely form of essen tinIly insoluble 
selenium 1Il mature soils is bnsic ferric selenite. It has been demon­
strated that when solutions of sodium selenite are shnken with highly 
ferruginous soils, the selenium is rendered essentinlly insoluble (46). 
It should be noted here thn t the seleniferous lInWl1iillll soils which 
did not produce toxic yegetution were highly ferruginous. In the 
profile of the Yunes silt loom tak('ll on the eust slope of the hill, the 
selenium content at u depth of 12 to 24 inches wns mort' thun twice 
that of the surface soil. In this lower horizon of the YUJlt's silt lonm 
iron oA-ide accumulates to fOl"ln n, lutrdpnn. The high~r selenimu 
content of this ferruginolls layer suggests the nssociation of selenium 
with the iron oxide. Although in the three other profiles t'xamined 
the selenium content of the lower layer is higher in all of thE'lll thun 
that of the stu·face. soil, the diff~I'ence is not sufficiently grE'at to h~ 
significant.

These results in PUE'rto Rieo Itn<1 Huwaii sern to emphnsizE' thE' 
preyiollsly known fact that no quantita;tiye l'~lntionship exists between 
the selenium in tht' plnnt nnd that presen t in t.he soil. It is shown 
that areas exist where highly selenifel'ous soils do not produce toxic 
vegetation. 

http:HipPOC1UI.II
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In the 26 different plunts exuminecl. representing every type of 
vegetntion 011 the hill, the selenium eOlltt'nt in e,'ery cuse WIlS less thnn 
1 p. p. lll. The YUlIes silt lOillll. then. is truly 11 nontoxic !-1eleniferous 
soil. Tlus lilek of u vuiln billty of selenium to plnnts in the Y unes silt 
loum is in strong cOlltmst with the fnet that ill certain sections of the 
western pluills of the Fnited Stutes und C'anudu toxic. seleuiferous vt'gc­
tution hus bcell found growing on soils eontnining in the 8-i1lch surface 
luyer ns little ilS 0.2. p. p. lll. of selelliuUl. On this soil. for exulUple, 
in Teton County. M(I11t.. H sumple of Astra.gahl8 jlfctinatull contuined 
190 p. p. Ill. of selenium. None of the plunts wiLieh lire kllmn1 to be 
high II bsorbers of selenium were found ou the Y unes silt lonm. The 
Lo"· selenium eOlltellt of ull the phlllts i1ldigt'uous to the urea would 
illdieilt.e tlIut the enrichment of the surfuee soil with water-soluble 
orgtUlie selenium does lIOt o('.eur. N either does the depth of the root 
system of iudi"icluul plUll ts enter llS u fuetor ill absorption in this ureu. 

MISCELLANEOUS DATA 

:\'luny silmples 011 eollnterul uspeets of the selenium problem have 
been fumished us by intNested workers either at the reCj uest of the 
writers or on their own initiu tiw. Some of the ciu tn so obtnined are 
presented.

Portions of i1 well eore from the Smoky Hill member of the Niobrara 
fOnl1iltjoll ut Encls. Colo .. were furnished by C. H. Dune. of the 
rnitl'd Stutes Geologiclll Suney. Sum pIes. beginning ut u depth of 
44 feet. then tllken nt illterYllls of 10 feet down to 114 feet, were 
"xHmined for selellium nnd found to rnl1ge from 8 to ] 6 p. p. lll. This 
is thp most uniforIu set tyf eonseeutin' sumples tlInt the writers IU1\'e 
eneount{~red. The detuiled results 11l"e giw'll in tnblp 7. 

This profile oJ sedions of the Niobrnru is of espeeinl n1lue. sinee it is 
the onJ~' shule profile so fnr exnmilled in whieh tllere is 110 ill(\ueuee to 
be 11seribed either to leaching or to weathering. 

The Pierre formatioll in South Dakotn has bet'll subdh-idcd into 
fiye members by Senright.4 of the l'lliYersity of South Dnkotn, uding 
for the St,n te Geologienl SUl"\'ey. From the top dowll. the members 
u,·e Elk Butte. ~lobridge. nrgin Creek. Sully, and GregOJ")'. Snmples 
,·epresentatiw of seyen outcrops of the~10bridge wen' fumished by 
Selll"ight. The results ure giyen in tn ble 8. A chunge of ::;elellium 
('ontent with geogrnphieul 10el1 tion is showlI. espeeiully by sample 
B225R4. In this t1ren the soils tire purti('ulnrly toxi<- (8). 

TABLE 7.-- Selenium wlth'nt of samplcsfrom a 'Iedl drilled £n the Smoky lIillmcmber 
of Ihe Xiobrara jormatioll at Ead.~. Colo. 

[LOCtltion: Sec. 25, T. 17 S•• lL 47 "'.J 

I 

SUIDple :\0. Depth SeleniulIl Sample :\0. Depth l'elenium Sample :\0. DepLh· Selemum 

Fel!t P.p.m. Fut P.p.m. Fut . P. p. m. 
D~ll1:L ·14 14 B21115 ,4 16: 112111;' 1041 10 
821113 53 12 B21116_ ~4 10 B2111f1 113-1I4 8 
82111·1 frl 14 B21117 !~lh 12 1 

• SEAIUGIIT. W. V. L1TIIOLOGIC STiUTIGR.\PII\· 01· 'rll£ PIERRE l'OIUIATlOS OF TliE 1l1S:;01:Rl VAL1.El' LlI 
sunil D.\K01.\, S. Dnk. $tutc Oeol. Sun-er l~ept. 1m·es(.::'. 1937. 
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T.-\BLE S.-Selenium content oj samples oj the lIfobridge member oj the Pierre Jorma­
/'ion 'in South Dakota 

Laboratory i 
~'ield No. Locution ISelenlwnNo. 

----~--, P.p.lII.
B22578 _••. 1 L_•.. ~ ••_. Big Badlands, S. Dak., at Dillon Pass_ ... ~ .,....... _••• _._.... . 1.5

B!!"...'i79.._••. 2~ ...____ .. 14 miles south 01 MarUlarth, N. Dak., on Highway 12 ........... . .2 

B2258<L. .. ~ 3 _.... . Barding ('ounty. S. Dak. •• .. . ......._... ~ .. _...._•••••.• .2 

B225Sl..~. 4 ........ . 6.5.miles east 01 ('ottonwood. S. Dak . ~ ... _ ....... _......... _... . .8 

B22.582_~,"._" 5 ._ .._... ~4~~ 7.1 miles west 01 Kadoka, S. Dnk '" ..... ~ .. ~ ..................... . .4 

B22583.. __ •. 6 ....... . 6.:1 miles west of Wall. S.Dak. .• __ ~ ....................... .4 

B225S4...... 7~ ••• _._ ••. 'r. lOS N .. l~. 78 or 711 W. (resettl!,ment project) .................... .12.0 


Sumples from the Eagle :Ford formutioll in Texas were furnished by 
L. ,Yo Stephenson, of the rnited Stutes Geologieul Smyey. The dutn 
ure giyen in tuble 9. These sumples contained significant quuntities of 
selenium. The quuntities ilre, howeyer, much lower than those found 
in the Niobrnrn shules thut occur in Nebraska, South Dakotu, und 
Wyoming. The point of interest is that u more or less close geological 
correlation exists between the Eagle Ford formution in Texus, the 
Indidura of ~1exico (table 4), and the Niobrara. 

T.-\BLE 9.---Selenililfl content of sa-n~ples from the Eagle Ford formai£on ·ill Texas 

, S~lt~niUIll 
Location , in soil 

or shale 

P.p.lII.
B2112.'i 1518 _. :I~ miles west 01 Dullas, at a hrickyard _. ~, ., ~ .. __ _. __ ' O.S 
B21126 , 7515 ... " ! 1'/< miles w{"t 01 th~ IlUbUe sqnare on road leading west lrom Sher· .2 

man, Grayson ('ounty. ' 
112112i 75tlti Waco-(,hinn Spring road, at tb~> crossing: 01 Bosque Rh·er. 1\lcLen· .S 

, nan ('ounty• 
1121128 • : 9695 • ~.. ,Sowclls Bluff. Rrd River, 14 mll,'S north of Bonham. Fannin ('ounty, I 
B21121l .1 13574•.... ' I'l'oria road, 0.8 mill' west 01 courthouse at llillsboro, Hill Count,· .8 
B211:10 .. i l:JS27.. . . t At hase 01 bluff, 1\[iIl Creek, at crossing 01 Shannon road, 1.8 miles 2.5 

! J west 01 Bells, Grayson ('ounty. 
B2U31 _ 1;18:l8.... __ \· Probably less than 100 feet above b8£c 01 Eagle .Ford clay, Martin', .1 

Spring Branch, 3.3 miles west 01 South Pottsboro, Grayson 
: ('ounty. 

B21132 , 14109 ..... BlutT On West Fork Trinity RivCf, l.2 miles northeast of Grand 3.5 
Prairie, Dallas County. 

1121133 14142•• __ .• i BlutT on branch H mile nortj 01 highway, 1~ miles north 01 .Fill'S ! . i 
'·alley. Bill County. 1___ 

~ille samples from Cretaceous formations in northern Alasku were 
furnished bY 1. B. ~lertie, Jr. VIle sample contuined 3 p. p. m. and 
the others c'ontained 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 intel'est in comparison with shales found elsewhere. 

The illyestigutions of C. S. Piggot, of the Geophysical Laborntory 
of the Carnegie Institu tion of Washingtoll, of the sen-bottom cores 
haye a genel'ul scientific interest. A series of sections of these cores 
were furnished the writers for exnmination. Their selenium content 
is giyen in tuble 10. They represent u series of cores taken at depths 
ranging from 4,200 to 15.618 feet between Hnlifux, l\o,a Scotia, 
und Fnlmouth, Englund (fig. 6), together with one core taken oif the 
coast of !<.1arylulld. 
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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 (45). To table 10 are appended 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 a special importance 
in view of the presence of selenium in certain river waters and its 
absence from sea water (6), and because of the bearitl~ it mav have 
upon the sources of selenium in the more highly selemferous ~shales. 
It is to be noted that the quantity of selenium so far found in recent 

{SfNO'if 
~~ro-,,~';!'~______---~---------------------- ~ 

___.0- FALtI,OUT7 
HALIFAX 

FLGUHE 6.-Diagram of sea .floor showing location of samples examined by C. S. 
Piggot. 

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

Two sets of samples of soil and parent material from N e\\' Zealand 
were furnished by L. A. Grange, director of scientific t1I1d 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-hnH mile east of Purvera 
Stream, North Auckland, the soil contained 1.0 p. p. m. and the 
Onernl>j claystone parent material 2.5 p. p. m. of selenium. Further 
investigation of soil, shale, and vegeta.tion from this area would be of 
interest. 



54 TECHNICAL BULLETIN 702, U. S. DEPT. O:F AGRICULTURE 

TABLE 10.-Sele1~illm content of sea-floor samples from the North Atlantic Ocean 
alld Bering Sea 1 

Location I 
Laboratory Field __.___________1. Depth ofIDepth in SeleniuDI 

No. No. I water ('Ore 
___________~titude I:o~~~~.__J . __ 

Fut em. P. 1'. 111. 
B20631l••.••. :lA7... /' 46°3'00" N ...... .. 43°23'00" "r .__ .. ~. 


B2O&IO••_.. 3..1.8''' __ 1 46°3'00" N ........... . 43023'00" "'......... .. ig::~: Toyoo: O:~5 


B2064L. 3A9.. . 46°3'00" N .......... . 43°23'00" W.. . • . .• 15.450 : 200 i •6 

B22598..... 4A20 ..1 48°29'00" N ............ . 35°54'30" W .......... . 12. 690, '1'CJJ.I I .1 

B22.'i9i•• e. IM.m.. 1 48°38'00" N ...... .. 36°01'00" 'L....... .. 15.618: •• do.....! .1 

B22.'iOO••••• f 5AI2•.. I 4S038'OO" N ••.... -••••. 36°01'00" \" ........1 15,618 II 155 • 1
0 36°01'00" W ..... .. 
B22.'iOO •• _.. 6A1S. 49°03'30" N ......... . 
B:!2589...... 5AlI .. '14S 38'OO" ="'.'''' ...... . 15,618 110 I .1 

32"44'00" W ..........1

Jl22595 _•••• 7,\1i. 49°32'00" N ......_•...•. 29°31'00" W ......... . 19; ~ I...~g:.... ......:~. 

B:!2588____•• i ..1.10.... 49°32'W' N. ......... . 29°31'00" W ........ . 10,680 260 ; ! 
B:!2594•••••_1 8..1.16.. .19°36'00" N .• _.... .. 28°54'00" W. '''_' __ ' 4,200 I TOIl' • 1 
B22593.. - .. '1' 9..1.15. . i 49°40'00" N. .. ...... .. . 28°29'00' W.......... .. 12, 300 ••. do.....: .2 

. .. '0' iB22.'i91. •.... 9A13. ,49°40,00"N........._.. 28°29'00" W.. 12, 300 135 .8 

B20636••_.__ 10A4.. ,I 49°45'00" N............. 23°30'00" W ......... .. 13, TIO 'l'op, .8 

B:!063i...... i IOA5.. 49°45'00" N ............ . 23°30'00" W.. . ...... . 13, TIO 100 • Oti 

B20038....1 IOA6•.. ' 49°45'00" N ............ . 23°30'00' W .......... . 13, i70 200 . • 06 

B22592•••••.1 12A14.. 49°37'00" N ........ c., 13°34/00" ,,'........ . 10. 620 Top i • 1 

B20633...... 13..1.1.. 49°38'00" N ......._.. . 13°28'00" W ...... .. 6.420 13 1 

B20634... 13A2.... 49°38'00" X 13°28'00" W. .. ... . 6.4~ 100 I ... 
B20635.... 13A3.. 49°38'00" N .......... .. 13°28'0" W ........ .. 6,420 200: ':15 
B206\O..... 1 3i°:!6'?" X' ...... . 74°28'1" \V '.~ .. ~_ ... . 1,110 Top i .6 
B20611..... 2 37"26'?" X ' ......... 74°28'1" ,y 1~~~ _~~~ 1,110 100 ! 1
B20612 __ '3. __ ~ _ 37°26'1" Xi.. _~.~ ___ ~. 74°28'1""~ 2 _"_.~~ .... ~ 1,100 200 2 
B20267~. _~ L .... _~. 5;049':''' X ~_. ____.~~~ .. ~~_ IM038'?" ,,~.~ .... ~~- 768 Top I .6 
B20268 .. ~_~. ,2~ .•___ ... ~ 5S05i'?" N_~ __ .. _~_ ... ~~ •• lSZ05O'?" "T~~~ ......_~~_. 540 ••• do ••••• f .5 

1 Fir:;t 23 samples furnished by ('. S. J'igl(ot. Geophysical I.ahoratory of the Carnegie IlIStitution of Wash· 
inl(ton; last!! saDlples furnl,hed hy L. C. Co.-ell, of the L. S. Coast Guard. 

'55 Dliles southeast of Ocean City, Md. 

A set of sflmples from Sevier County, lTtah, were furnished by 
H. ·W. Schoening, of the Bureau of Animal Industry. Sta71leya pinnata. 
and Astragalus praelongus were examined and found to contain 170 
and 110 p. p. Ill., respectively. The ~Mesayerde and Mancos shales, 
Cretaceous sediments, outcrop in the county. The leg bone and hoof 
of a sick deer that had been killed were examined and found to contain 
selenium, although less than 0.5 p. p. m. The hoof was deformed. 
It is not known tha t sel'3nium was responsible for the disorder of the 
deer. 

The profiles of two soils from Keyapaha County, Nebr., were 
examined for selenium at the request of F. 0 . Youngs, of the Diyision 
of Soil Survey. A profile of Boyd clay loam contained 1.5 p. p. m. to 
a depth of 50 inches, except the 2- to 8-inch portion, which contained 
1 p. p. m. In a profile of Boyd fine sandy loam the selenium increased 
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 (3, 4) re~al·ding 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, ResettlementAdministration, Brookings, 
S. Dak. The results are giyen 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 produces readily 
toxic ve~etation (3). T~ese plants ar~ not go?d absorbe~ C?f se~enimn, 
but therr very low selemum content IS due 1U part to IrrIgatIOn (3), 
which was carried on by use of deep well water. 
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FIGURE 7.-Irrigated garden in sec. 3, T. 107 N., R. 78 W., Lyman County, S. 
Dak. 

TABLE l1.-Selenium content of vegetables from an irrigated garden on the Reed 
farm, sec. S, T. 107 N., R. 78 W., Lyman County, S. Dak. 

: S I" 1 I; e enlUm 1D samp e ; Selenium in sample 

I!Analyzedl I Analyzed 
Lnbora· as re- ' ! Laboratory asre- DriedMaterial Materialtory No. ceivcd 

but cal· u~di~~. I No. b~t\;;a. and an· 
culated alyzed j eulated alyted 
on dry lIn dry 
bASis basisII 

'--1--;1---11------ ­
. P.p.11I. P.P.11I.!! P.p.11I. P. p. 111. 

B21942.•... Gar~~nsOlI: 'II' D21509", .. Lc~tuce......... 1 1.0 

(Hll,:!ehes..... •••••.••••1 4.0 B21510..... Spmach......... 1 2.0 


B2225;..... (l-,18mches.... •.••••.••• 4.0 II B21940..•.. Beettops........ 1 1.0 

B21432..... White radishes. 3 2.0 B2194L. ... Beets ....______ 1 1.0 
B21433... __ White radish 2 2.0 B22422..... Squash:

tops. . Flesh ...... ____ •____...__ .2 
B21434...:. Rcd radishes.... 1 1. 0 'I Seeds......__.....__.... .2 
B21435..... Red radish tops. 1 1. 0 II, 
B~l508 {peas .......... -- 2 1.0 , 


- ..... Pea pods....____ 1 1.0 i 

I! 


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. O. 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 (If;ienium. Similarly, in normal growth, 
indicator plants concentrate selenium in the leaves (6, 43). 

A set of samples from McKinley Oounty, N. Mex., were furnished 
by A. T. StrahoIn, of the Soil Oonservation Service. Four sandstone 
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 
1-fancos shale were found to contain 0.3 and 0.7 p. p. m. of selenium. 
A soil developed on 1vIancos shale was found to cOntain 0.5 p. p. m. 
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in the 12-inch smiace layer and 1 p. p. m. in the next lower 12-inch 
layer. A sample of Astragal'us 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 outcrops over a large area in McKinley and San Juan 
Counties. 

SUMMARY 

Methods for the determination of selenium in coal and in nnimni 
matter are given. ConI is treated with 94-percent nitric acid, Itnd 
l111imnl matter is trented with n mixture of equltl volumes of con­
centrated nitric and sulfmic ncids. 

The results of 11 SUl'vey of Plut of Montl1nl1 are reported, wllich 
establish toxic arelts in Big Horn, Yellowstone, Teton, Ponderlt, 
Ohouteltu, Fergus, Lewis Itnd Olltrk, Oascltde, Hill, Itnd Judith Bltsin 
Counties. 

Indicat-or plants were used as guides in the survey work. Astragallls 
pect'inatus was found to be It better absorber of selenium than A. 
bisulcatus. 

Selenium has been established as the cause of a 200-yeltr-old disease 
which occurs neltr lrapultto, Mexico. In addition to the examinl1­
tion of soils I1nd vegetl1tion collected over the I1rel1, vegetables from 
the public ml1rket were eXl1mined I1nd found to contl1in from 0 to 70 
p. p. m. of selenium. 

Data. on seleniferous soils of Ha.wall nnd Puerto Rico thl1t do not 
produce to:\.;c vegetntion are given. Soil I1nd vegetl1tion sl1mples 
collected near Fnjardo, P. R., are given I1S n specil11 example. 

A wide varintion in the selenium content with geographical loca­
tion was found in the Mobridge member of the Pierre shale. 

Oertnin portions of the Eagle Ford formation in Texas were found 
to contain significant quant.ities 0; selenium. 

An extension of the exnmination of the selenium content of sea­
floor samples is reported and it is shown that the floor of the Atlnntic 
Ocean contains selenium from Halifltx, Nova, Scotia, to Fnlmouth, 
England. 

An area in Utah was found to produce vegetation of sufficient 
selenium content to be toxic. 

Radishes, peas, lettuce, spinach, beets, and squash raised in an 
irrigated garden on highly seleniferous soil in Lyman Oounty, 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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