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INTRODUCTION 

In Technical Bulletins 482 and 530 (5, 6)2 have been summarized 
the results of the selenium studies carried out in the Soil Chemistry 
and Physics Research Division up to and including the calendar yeur 
1935. The present report presents the results obtained in 1936. 
Included in these reports as a primn,ry object is the result of the survey 
of areas the soils of which are affected by selenium to snch an extent 
as to produce v'3getation toxic to animals. In addition to the survey 
data such iI;formation is included as was gained upon collateral 
subjects. In the present report are presented additional data upon 
selenium in water, sources of selenium in soil parent materials, rela
tions between soil content of selenium and vegetation content, origin 
of selenium concentrations, irrigation in selenium a.rells, furms of 
selenium in the soil, cbanges in survey methods, and miscell:meous 
datt>. Since a fairly complete review of the literature i:; inducled in 
the prb~rious bulletins, only such additional references u,re included in 
this report fiS bear directly upon the data as presented. 

I Received for publication May 29. 1937. 

I Italic numbers in parentheses refer to Lltenlture Cited, p. 72. 
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During the period reported upon, M. A. McCall, of the Bureau of 
Plant Industry, called attention to a reference in The Travels of 
Marco Polo which is of exceptional interest. The following is the 
passage as taken from the translation of Konu'off (23, ch. 43, p. 8). 

It is a fact that when they take that road they cannot yenture among the moun
tains with any beast of burden excepting those accustomed to the country on 
account of a poisonous plr~lt growing there, which if eaten by them has the 
effect of causing the hoofs of the animals to drop off. Those of the country, 
however, being aware of its dangerous quality, take care to avoid it. 

This quotation taken together ,,-ith various references to similar 
occurrences by Stein (30, v. 1, pp. 220, 260; v. 2, pp. 803, 306) leave 
but little doubt of the e::-.:istence of a seleniferous area in th:} valleys 
of the Kunlun 110untains in western China and eastern Turkestan. 
One of these references is as follows: 

I was just gleeft;lly reflecting how our ponies would revel in their alpine pasture 
when Sahid Bai ... carT}" up with alarmed mien to report that five of the 
animals were standing about benumbed and refusing to touch grass or fodder. 
I at onC0 suspected that they had eaten of the poisonous grass which infests 
certain parts of the N::m Shan and about which old Marco has much to tell in 
his chapter on Sukchur, or Su-Chou. The Venetian's account had proved quite 
true; for while my own ponies showed all the effects of this inebriating plant, 
the local animals had evidently been wary of it.... 

The avoidance of t'eleniferous vegetation by animals observed by 
Franke and Potter (12) in South Dakota in 1931 was observed in 
Turkestan at least as early as 1275 A. D. 

Also, it may perhapf'l be worthy of note that Sprengel (29) as early 
as 1839 lists lead, arsenic, copper, selenil':ll, und bromine as injurious 
to plant growth. No data as eYiden('~ ilre furnished. 

METHODS OF EJiAMINATION 

No new Jll('tho<18 of examination ha \-n been used, but it seems desir
able to restate the procedures empll')Ted in examining the various 
kinds of materials. 'With normal welI-decomposed soil n. snmple of 
50 g is ground to a fineness of 2 nUll an(l plneed in an all-glass distilling 
appamtus (fig. 1) 11l1d trell ted with 100 cc of hydrobrulllic acid (sp. 
gr. l.50) which eontnins 2 cc of bromine. If the soil is highly organic, 
additional bromine is addpd until, after reflux-ing for a few minutes 
and wa,rming, a few droplets of bromine condense in the receiving flask: 
The distillation is continued until about 50 to 60 cc of distillate is 
obtained. The distillate must be bright red from bromine. The 
determit"'lation of the selenium is carried out as described below. 
When only traces of E'elenium are present in the soil, and it is desired 
to determine qUllntities as small as 1 part per 100,000,000, the oper
ation is repeated with fresh soil samples until from 1 to 2 kg of soil 
have been treated. In this case the distillate is added to each succes
sive sample, and only the quuntity of hydrobromic acid needed to 
bring up the totul to 100 cc is added. If the soil is rich in clay or 
carbonates, sulphuric acid (sp. gr. 1.84) mu:;;t be added in quantity 
sufficient to produce a <listillate of specific gravity at least as high 
as 1.4. 

In case F'hales , l'UW soils, or pyrites (35) are to be examined, the 
samp1ds of .material, ground to pass a 100-mesh sieve J are treated with 
concentrated nitric acid in excess (sp. gr, 1.42) and 50 cc of sulphuric 
acid, and then warmed until evolution of nitric oxide ceases. The 
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treated samples are then digested with hydrobromic acid and bromine 
as before. If nitric acid has not been completely expelled, the dis
tillate will be black instead of red and will not be readily reduced. 

In the examination of vegetation the air-dry sample is ground to 
pass a 2-mm sieve, and a 10-g sample is slowly added to a mixture of 
50 cc of sulphUlic acid (sp. gr. 1.84) and 100 cc of nitlic acid (sp. 
gr. 1.42) contained in a 600-cc beaker. The mixture is digested 
slowly at a. temperature not exceeding 1200 O. until a brov,-uish
yellow liquid is obtained and brmv-u fumes of oxides of nitrogen cease 
to evolve. The cooled residue is transferred to a distilling flask, 
and the beaker rinsed with not to exceed 30 cc of water and also with 

J.

500-ML FLASK 

j : 

-LI 

I 
FlOmu; I. -ApPlirntu.; rlllp!oyetl in the dislilllltion procedurl'. 

100 cc of hydrobromic acid containing 1 cc of bromine, and the dis
tiIlation carried out as with soil. Here again for estimation of minute 
amounts the integmtion procedure may be lL'3ed. 

vVith w"ater the t "0cedure followed is to eyaporate the sample (2 to 
4 liters), after rendering it alkaline with sodium peroxide, to com
plete dryness on the water bath and subjecting the residue to distil
lation with hydrobromic lliCid and bromine as \vith other materials. 
In the case of sea water, 'because of the large quantity of chlorides, 
it is preferable to treat the st];nple with 10 g of ferric chlOlide and 
precipitate with an excess of ammonium hydro:\,ide (21). The 
ferric hydroxide precipitate contains all the selenium present in the 
selenite form. The filtered precipitnte is treated with hydrobromic 
acid and bromine and distilled. In case selenium is present in forms 
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other than selenite (38) the salt water is evaporated, after additions 
of sodium hydroxide, to incipient crystalliza.tion and treated with 
an excess of nitric acid. The subsequent treatment is the same as 
that used with shales. 

Where free sulphur or material suspected of containing it is to be 
examine-d, it has been foune! convenient to digest the material in con
centrated sulphuric acid in an all-glass distilling apparatus (fig. 1) 
and pass all evolved gases through a bromine-hydrobromic acid 
liquid layer in the receiver. vVhen all evolution of gases, other than 
sulphur trioxide, has ceased the flask is cooled. To it are added 20 
percent of its volume of water, the collected distillate, and 100 cc of 
the hydrobromic acid solution. The selenium is collected by distil
lation as before. 

In all cases the distillate of bromine and hydrobromic acid is treated 
with 20 cc of water, and sulphur dioxide is passed into it in the cold 
until essentially s<l,turated; 0.25 of a gram of hydro)..-ylamille hydro
chloride is added, and the precipitated selenitml is allowed to collect in 
the bottom of the flask. The flocculation of the precipitate may be 
hastened, without injury, by warming for 15 minutes on the water 
bath. In routine practice it is found desirable to allow the flask to 
stand 2 to 3 days to insure complete coagulation. The precipitate is 
collected on an asbestos Gooch filter. The filtrate is available for 
quantitative determination of arsenic if desired. The precipitated 
material is washed with alcohol, if necessary, to remove waxy material, 
and redissolved in a smnll quantity of bromine-hydrobromic acid 
(1 to 100). According to the quantity present it is reprecipitllted, 
refiltered, and weighed on a tared filter, or it is precipitated in a 25-co 
flnsk. after addition of a few cubic centinwters of wilter, und made up 
to volume. The colorimetrir.: '.lrbidimetric estimation is mnde in tllly 
convenient colorimeter by comparison with stnndards similarly 
prepared. 

RECONNAISSANCE 

In the early part of the summer of 1936 :Miller and Byers made an 
inspection of several a.reas with the obj(,(·t of asc~:""taining which of 
these required detailed examination. The sel('ction of nrens wns 
basecll1pon the geologie map of the United States 3 and ynrious other 
sources of informntion. The pinn was to visit the nrens 1IlId('r suspi
cion and collect 11 bufTkicnt number of samples of shnl('s.. . ;ls, and 
vegetation to gain, through their examinfition, 11. g(,lIer!ll',j of the 
intensitv of intoxication and, through ohsenrfitioll of the. :-;11'; ')pog
raphy ttncl texture find of the probnble pan·nt materinl hI .!I'> .•;t1, to 
gain an nppro:-.-111lnie idea of the extent of the al'en fili"d.·:. The 
major reslllts of the observations mnclc are giv(,11 bclow. 

KANSAS 

In Hamilton ('ounty, Kans., the gcologic mnp 3 shows fl. smull out
crop of Colomdo shale which mny or may not be sel('lliferotls. The 
samples from this county already reported (5) showed no high toxicity. 
The Sta,te geologic mnp,4 however, shows a few outcrops of.Niobram 
shale north of the Arkansas River and nCftr the Colorado hne. One 
of the spots, located in see. 3, T. 22 S., R. 43 W., WitS visited, I1nd 10 

3 UNITED t;TATES GEOLOGIC SURVEY. GEOI.ome MAP OF TilE l'SITED STATES. 1032. Prepnred by O. "". 
Stose nnd O. A. Ljungstedt. III:!:!• 

• KANSAS OEOI.omcAL SUllVEY. GEOLOGIC ~rAP OF KASSAS. Prepared by R. C. Moore und K. K. 
Landes. JlJ36. 
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samples were collected. The Smoky Hill section of the exposed 
Niobrara was found to contain considerable selenium, 6 to 14 parts 
per million, and the Fort Hays chalk (lower Niobrara) contained 
very much less, 0.2 and 1.5 parts per million. One sample of Astra
galus racem08US growing on soil which at the surface contained 1.5 
p. p. m. was found to contain 1,220 and one of A. mollissimus 
but 3 p. p. m. These results are quite in harmony with those obtained 
in the similar areas along the Smoky Hill River in Wallace, Logan, 
Gove, and Trego Counties, Kans. The other small outcrops were 
not visited. It is apparent that a small area of seleniferous soils 
exists in Hamilton County, but no fmther examination ,,,,ill be made 
until opportunity offers. 

rg,6.LLUVIUM 

~OGALLALA 

~PIERRE 

IIl!1 NIOBRARA 

_BENTON 

~MORRISON 

~OAKOTA 


SACA 

!""""'''"----_.---_._..-'-_.__._.. _._.-_._. -.-.' 
FIGURE 2.-Sketeh !Dap showing locution oC !II'rns oC geologic milt erial ill enstern Colorudo. 

J.:ASTEUN COLOUADO 

A very different picture was afforded by the eXlunination of the 
area of soils developed upon Niobrara and Pierre shales in the eastern 
portion of Colorado along the Arkansas River and rUlllling in irregular 
fashion north to the South Platte River. A sketch map of this area 
is given in figure 2. It must be kept in mind that, even when the 
geologic maps are accurate with respect to exposme of formations, it 
by no means follows that the soils of the sume arcus are derived from 
the underlying strata. Also, the surface may be covered, over wide 
areas, by materials suoh as water-borne gravels, wind-blown loess, 
and residual material from overlying strata. It does not ('ven follow 
that all soils developed from the Pierre shales are toxic, since the upper 
part of the Pierre is relatively low in selenium (5). The lower portion 
of the Niobrara, corresponding to the Fort Hays limestone, is ill 
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general not capable of producing toxic soils. Table 1 contains the 
results obtained from a series of selected samples. By no means are 
all the samples examined included. The purpose 0:: the selection is 
to show the general situation which exists. 

TABLE 1.-Selenium contenl of soils and vegetation from easlern Colorado 

I Selenium in1_____
Labora· Field no. Location l\Illterinltory no. Soil or IVegeta.

shale tion 

----1----1·-----------1------------,\ 
I
_______ 
'P.p.m.P.p.m.

BI8127.__•. L....... Prowers County on Granadn Clay over Greenhorn I lime· O. a 
Creek. stone.

BI8128.._.. Ix_.._....._..do.....__ .._____________...._ Greenhorn I limestone......... .4 
BI8lO4..... L ....... KiowaCounty,4J.2mileswestof Niobrara I ~ilt loam, 0-8 inches. .4 

Sheridnn Lake. 
BI8105..... In.._____ ...._do_....___..__ .. ____..__.._.. AstraualllS raeemO.m$......_... ____..._ 90 
BI8lO8..... 4________ Kiowa County, 1 mile west of Pierre clay alluvium_______ .__ 1. 5 ______ ._ 

Chivington.
BI8110.... _ 4a.....__ ...._do....____________....__...__ A. raeemosu.' __ . _________ ._... ________ 750 
BI8112._... 0.._..... Kiown County. 6 miles south of Niobrara I clay..______________ .5 

juncture of State Roads 96 and 
59. 

BI8113...._ r.u..._......._do....__........ __....___..__ Nanowleaf milkvetch ____..___ •__ •. ___ 1.120 
BI8123..... 9_..____ • Kiown County, ~2 mile south of Niobrara I shale.______________ 54.0 __ • ____ • 

lIuswell. 
B 18134...._ 11 ____.._ Kiowa County. 2 miles west of Goldenweed____...___ .._____________ .. .,so 

lIaswell. 
BI8139...._ L ___ .... Dent County, 1)4 miles north of Carlile I clay, Q-6 inches.. ___ __ 

Fort Lyon.
BI8HO.... 101_ ...........do. _______..___ . ______ ••_.... Alfalfa.._____________....._... __ .. _.__ 2 
BI8143..___ 3_ .. ___.. Bent County, J.2 mile east of Wind·blown sllnd, 0-6 inch,'s 10 

Adobe Lnke. (about an A.,tmga/1l8 plant).
lllqI44.... _ 3 __ ._ .. ___ ....do.._______..____...._____.._ Clayloam.12-16inches--_---- ~.5 __ •• ___•1118145... __ 3"________..__do_....____.....___..______.. Narrowlcafmilkvetch. __ . _____ .• ____ ._ 1.410 
BI8140_.... L_ Otero County. 2.7 miles east of Alluvial clay, 18-24 inches.._.. .3 

Rocky Ford. 
BI&1fl...... 23. ____ .. Otero County, 47 miles north· Clay loum, Q-6 inches... ______ .7 .....___ 

enst of Walsenburg. 
BI.36il_ •.• _ ?Oa ___ ..__ ..._do __..___....__ .. ___.._____.. Silky sophora __ ...._______ • __ . 
BI8341.... _ 3. _______ Pueblo County, 1 mile west of Yellow concretions (in Pierre). 18 

Pueblo. on United States 
Route 50.B18342.._.. 4________ .._..do.._______________________ __ UPIler Niobrara I shale______ .. 3.5 

BI8344_.... 0________ Pueblo County, 3 miles west of Yellow·brown shale (Niobrara) 150 
Pueblo, on United States 
Route 50. 

:E18370_____ L_..____ Crowley County, 2 miles north Pierre clay loam, 0-6 inches ... 
of Ordway, ou State Road 71. 

BI837L_.._ In....... ____.do...._...___ . ___ ...... ____ ._ 
 Drummond milkvetch. ___ .... __•• _... 3 
BI8372... __ 2._ •.• _._ Crowley County. 6 miles north Pierre clayioam,18-24 inches__ 1. 5 __•____ . 

of Ordway. ou State Rond 71.
BI8373.... 2&___ ... _ ... __ do.._______ .._____..... __ .. __ A. rOee71l081L.' ___ .. _......______ ______ .. ISO 
BI8374 ____ • 3. _______ Lincoln County, 39 miles north Pierre clay, O-(j inches __ ~ _____ ~ . 7 ~ ______ _ 

of Ordway, on iltato Road 71.BI8375 .. __ 3n_. __.... ____do__.._____________________.. Astragulus sp_____________________ ..._.. _ 15 
BI837i..... 5________ Lincoln County, 8 miles north· Alluvial cillY, 0-0 inches __..... . n ________ 

west oflIugo, on United States 
Route 40.BI8378..... lill .. _________ .do____ •____________________ __ Two-groo,'c poi~llnvetch __ • __ • ____.. __ 30 

BI8379..._. 5h....___ lOG feet from 5a..______.._. _____ _ Narrowlcaf milkvetch _____ ....._.___ __ 480 
BI8382.._.. 7. __. ____ Washington County. 27 miles Pierre clay 108m, o-n inches... .7 _....... 

north of Limon, on State Road 
71.BI8383..... 7a. _____ • _____do_.._________•• ___________ __ Two·groove poisonvetch ..... _.._______ 130 

DI838G..... 0______ ._ Morgan County, 67 miles nortb Pierre clay, 0-6 inches ......__ . 3 
of Limon, on State Road 71.DI8as7. __ .. Oa____________do....._____••______________.. T··iVo·groove poisom·etch ...... ____ •__ • 1,380

DI83S.';" '" OIL. __ •__ 3 feet from On__________________ __ A'ralfa...........__ ...____ .. a 

B18337•• _. 1•.• _____ ElPn~oCounty,2l)milessouth Alluvial cluy, Q-6 inches..___ . _ a.5 .... __ ._ 

of Colorado Springs. on United 
States Houte 85.BI8338..... 18 .._________ .do______• _______• __ .... ____ __ SIlky sophora. ---...___....... ,' ______ ..1 20 


BI8.130_.... 2________ EI PIISO Count.y, 24 mil,'s sout.h (,lay IOIlIll, (Hllnclll's. __ .... , 0 1.... __ __ 
ofColorncio Springs, on United 
Stlltes Houte 85.BI8.140_____ 26.._____ . __ ..do____________.... _. __••___ __ rrwo·groovo poisonvfltch ~ .... ~ .. :J,7aO 

I Geologic formation. 
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TABLE I.-Selenium. content of soils and vegetation from ea.~tern Colorado--Colltd. 

Selenium in-
Labora· Field no. Locat.ion :Materialtory no. Soil or Vegeta·

shllie tion 

P.p.m.P.p.m.
Bl8354.__.• 11_______ Fremont CounLY, 20 miles west Shr.ly loam, 0-6 inches....__ .. l 

of PII(:hlo, on United Stlltes 
RouLe 50.

Bl8.%5••_._ 1111_.__ ._ ••___00•••___• ____________________ A. raCC11I08118. __.._________ .... ......._ 1,220 

Bl8357.•••_ 13___ ._.• Fremont County, 7 miles eBst of Shaly clay loam, 0-1l ineill's.... 3 

Florence, on United SLates 
Route 50.B 18358.••__ i3!!._____ •• ___do_.•. _______________________ Two-groove jloisonvetch ....... __.•. __ 410 


BI8360.•__• 1411.___ ._ 10 feet from 13a. __________• __.• _. Stanley/'-_........ _.......... _ ........ 630 

Bl8301••••_ 15._____. lIuerfllno County. 38milessouth Pierre shalo._................. .8 ........ 


of J'uahlo, on United Stlltes 
Rome 85. 

Bl8365..... ISII._.___ lIuerfano County, 10 miles cast 410A. TaCr111D.'m,~. _________ ..- _____ ._ 

of \Valsenburg, on State ROlld 
10. 

Bl83lifi..... IIO. ______ lItll'rfllno County, 15 miles ellst CIIIY loam, IHI inches........ . 

of Wllisenburg, on State ROlld 

I 10. 
Bl8367"_-- IOIL ••• __ ..._.dn.••••_. ___ ....._.._....... . Nurrowl"ufmilk\'e!ch......... ........ 1.fi20

1 

From the data presented in table 1 it is apparent that selenium 
exists in the soils lllld vegetation over a wide area in eastern Colorado. 
It is evident that its distribution is by no means uniform. It seems, 
also, with respeet to a eonsiderable portion of the area involved that 
the toxieity is seriously modified not only by reason of the portions 
of the shales whieh are parent materials of the soils but by :residual 
material from overlying strutlt, by outwltsh from the mountltins, by 
loessial mixing, and by methods of soil utilization, particularly irriga
tion, Therefore it was planned to make it closer examination of the 
area., the report of whieh appears OIl page 11. No examination was 
Dlade of the shale c:\:posures in northeastern Colomdo along the 
South Pln,tte HiveI'. 

NEW MEXICO 

The reeonnn.issance was eontinued by inspection of eertuin ltreas 
in New Mexieo. The United States Geologie,ul Survey map of the 
United States 5 shows the existence of numerous areas of outcropping 
cretaceous shales without differentiating them into the subgronps. 
Among these areas there are three which for varions reasons are of 
partieuhLl' interest. The largest lies in the northeastern portion of 
the State and for the most part is in Colfax ltnd San :Miguel Counties 
between Raton ILnd Ln,s Vegas. Another is to the north of Santa Fe 
in the virinity of Tierra Amltrilllt. This outcrop extends into south
ern ColoriLdo ltnd is connected through a narrow band with a, wider 
area in northwestern New :Mexico and southwestern Colorado be
tween Cortez, Colo., and Shiprock, N. Mex. These areas were 
scouted. A number of smaller indicated areas exist but have not 
been visited. The data obtained through examination of the samples 
collected are given in pnrt in table 2. A considerable number of 
samples were ohtained in southwestern Colorado which are considered 
elsewhere (p. 65). 

6 UNITED STATES GEOLOGIC SUHYE\,. See footllote 3. 
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TABLE 2.-Seleni1t1n content 0/ soil.s and vegetation/rom New ]l.fexico 

Selenium in-
Labora
tory no. Field no. Location 1>faterial 

Soil or 
shale 

VegetB
tion 

BI8150__ 	 on L'llited StalesJ L------I ,\t Raton,
Houte 85. 

BI815!.. __ . 2.L ___ "1' __ .do..... -- .•-.--. ---.-- .. ---
BI8153. ___ . 4 •. _.... Ij miles south oC Hatoll________... 

~i~l~L:: ~o: ::: ::: I:::::~l~::::::::::::.:::::::::::::: 
BI81.'i6...._ " ... ____ • 7 lIIiles south oC Ha~.oll_. __.... __ _ 
BI8IoD____ • Q.. ______ 9l11iles soutl! oC Hat~ll..__... ___ . 

P.p.7n. P.p. m.
Pierre shale___________________ 0.8 ________ 

Hed e10\'cr. .. ______________________ .__ 7 
Pierre clay loam, 0-6 inches_ _ _ 2.5 _______ _ 
J>l~rre clay loam, 18-2t inches. 1..5 ________ 
A8tmga/Il,HacemGS1(s ..... _. ___ _....... 903 
Sh,'.Ie concretions, 4 Ceet......_ 1-1 ________ 
Pi/me shale in concretionary 2.5 _______ _ 

zoo('.
EI8160___ 7 _______ 14 miles sunth oC HatmL ______ __ Nioh"un' claylonm,O-l inches 12 
BI816l.... (11 ___ * _ _ w._ .do____________ ~ __ 4 ~ __ 'l'wo-groo\'e poisonvetch __.. __ ________ 2,580 
BI8162..... S....... _ 4:llIIilessouth oC Hate'II_________ _ Niohrara 'limestone___ .. ______ I 
BI8I6:!"___ o ... ____ 56 milessout.h aCHaten __ ...____ _ Greenhorn' Iimestone_________ 1 
B18lfiL__ 	 1'ierreshalo....___ ........ ____ 1 

BI8I6L.. ~? :::::: I-Ii ·,;JS~~iiciitlJenst-oiLi;s-'rc~,is~:: Pierre clay loam, 0-6 inches___ 1
BISI66____ A.'trngalu., sp______ ._ ...... _________.. _ 1,110 
BI8239_____ lt~::::::I·l.i-JWiis-~·orth-oi-S,;;li;._Y..;;-OJi- Clay loam, 0-6 inches__________ ." ________ 

United States ROll/,e 28.5.
RlS240. __ . la...... _, .....uo___ .... ____ .. _. ___ .. ______ _ A.,trayalus 5P_________________ ________ 100 
RI1l241 . __ 2 .• __ ... 1 I5milessouthoCTierrnAmllrilin. (,lay loam, (J-G inches_________ 1 
Blfl242___ .. 2n ............. c1o____ .... ____.. _____.... .. A"'raY~llIs sp..________________ ._______ 40 

BI824L_ .. , ,1. .._ '_1 Ne.nrCOloradO-NOW]l.feXiCOlinc, Clay loam, O-G inches_________ 1 
northwest oC Chama. 

BI8247_... 4b_ .. _........do.. __ .......... ____________ . Larkspur_________ ....... ______ ________ 3 

n tRI7Q.... _i ........ 2h miles west oC Waterflow . __ __ Sanely loam, 0-6 inches_______ . .2 ________


Alfalfn________________________ ..______ 1 
~m~L:: I3:.::__: . 7-nJ?I~;;-iiorttj-of-siJiiiroCk,--on- Cln~' 10nm,!Hl iuches_________ 1.5 __ ..____ 

BISI/C ___ I~II.... _ .. _:3~t~~_~:~J~::_~~/:~t~.~6._ ... _ Stllnley3 _ 150 
Bl~!97_ .. _.. 17....___ 3 miles south oC Colorado-New Desert silt loam, 0-6 inches.. __ 1 

StanleYII_____________________________ _ 
B18199_____ ' IS......_ ·1 	 miles south oC Colorado-New' Desert silt loam, 0-6 incbes____ 2 

200 

Mexico border on Uuited 

Bl8I9S _"_ 17a... ______~!(i~~:~_~~~~~~·________________ 

BI8200. ___ j ISn..... _ ...~t~~~~~_~~~~~G~____ •• _...... __ Stunleyn_________________ .. ___________ 830
BI8201_____ IIU.. _____ 14 miles northwest oC Shiprock___ Silty clay loam, 0-6 inches 10 

(with snIt Incrustation).
R 18204.... , 21. ____ : 6 miles south oC Shiprock.... __ __ Desert clay loam, 0-0 inches___ 1
Bl8205___ .. i 2hl ""_.. ;....do._ .._______________ ..______ StanleYII ____ ----. __ --- -- .•. __ -1------- 430 

1 Oeologic formation .. 

Considernti(JIl of the geologic lllap 6 in the light of the information 
outlined ill table 2 leads to the following inferences: There is a very 
large area in northeastern New Mexico lying on the relatively smooth 
plain between Las Vegas and Raton which is seleniferous. This 
area is not continuous. It is broken by exposures of formations not 
belonging to the Cretaceous period which have not been shown to 
be markedly seleniferous and also by exposures of cretaceous shales 
which are noli sufficiently seleniferous to produce soils of toxic char
acter. It is dear) however) that much of the area may produce 
vegetation of toxic t:n)e and that a closer investigation is needed in 
order to determine how extensive this arel\, is and to what degree bhe 
known existence of poisonous range plants is to be ascribed to the 
prpsence of selenium (p. 45). The area north of Santa Fe is very 
rough) amI the narrow valleys are fairly well wooded. The rainfall 
appears to be sufficient to keep the selenium content of plants at a 
low leveL These facts and tbe relatively small economic importance 
of the possibly afl'ected area would seem to wn,rrnnt postponement of 
further study until a more convenient period. The sallle conclusion 
was reached with respect to the study of the area lying to the north 

• UNITED STATES GEOLOGIC SURVEY. See Cootnote3, 
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and south of Shiprock. This area is large. It has at present a very 
sparse population both of men and animals, except along the San 
Juan RiYer where irrigation is possible. ] t has already been shown, 
and further confirmation is found hl this bulletin, that iniga.tion 
reduces selenium injury to probably neglig-ibl 'ilmollnts. No further 
study of this area (fig. 3)is contemplated ill the 1Ieal" futul"o. 

FWTHJo: a.~~-a, 1\1 CSIl verde format ion; b. 11 nu(~OS formation. rl'he laller produces n more seienifcrous soil. 

ARIZONA AN» UTAH 

The recollnaissance was continued through a Inrge area of Opp('r 
Cretaceous outcrop llorth of Holbrook in Arimnn. and one in soutlH'1"Il 
Utn.h. The geologie mn.p does not show !tny ciifl"erentiat.ion of this 
area,. There is also a very In.rge area of exposure of Colomdo shales 
extending in a generillly westerly dil"('ction from the sirnilnr arenin 
westcl'll Colorado already reported upon (6'). 'l'h('se IlI"('HS were 
traNersed, nnd suffieicnt samples were collected to sel've I1s a genernl 

17823"-38-2 
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index of the character and extent of the influence of the selenium 
present. A selection of the data s.o obtained is presented in table 3. 

TABLE 3.-Selenimlt content of soils and vegetation from Arizona and Utah 

Selenium in-
Labora :I<'ieldno. I.ocntion Mat.erialtory no. Soil or Vegeta

shale tion 

----------I------------------I-----------------~----
Ip . p . m • P.p.Tn.

BI823L____ 2________ 30 nliles north o(JIolbrook, Ariz_ Sandy loam, 0-4 inches (o\'er 'l'mce _______ _ 
luva).

BI823L__ _ 20______ ..___do__________________________ . A"tragatus sp________________ . ________ 2 
BI8ZJL___ 4______ .. ), t brid~e at Polacca, Ariz_______ Salt incrustation, 0-0 inches___ 1 ________ 
Bl8235,.___ 5 __ .... __ H milo west oC Pinon____________ Alkali soil, 8-10 inches_________ .3 ________ 
BI8237___ __ 7________ 25 miles west oC Pinon___________ ned sandylonm, 8-12 inches__ . I ________ 
DI8238..___ 7a ____________do____ .. ______ •__ .. __________ A. mOCIT!08US _______________ .. ________ 300 
Bl8219___ __ 2 .. ____ .. 2 miles south oC Tropic, Utah____ ____.• _________________ .__ .3Shal~ 

Bl8220___ __ 3 _.• _____ 3 miles south oC Tropic_________ . Carbonn<-""olls shale__ _________ 12 
B1822L___ 4. _____ .. 3 miles north oC'1'ro[lic..________ Clay lo,~m, 0-6 iot'hes_________ .5 ________ 
Bl8222____ • 5_______ 1 mile north oC Tropic_______ .... Salty cby, 0-6 inches__________ 1 
B18223_____ 
DI822L__ _ gii~:::::: _~.~'ic\~~~~,~_~~~~~~~~~~:_~t~~:. ~~n~!~i~~~i.;:~~~~~~~':_-_~-_~:::: _____~~_ -------5 
Dl8226..___ 8.. ____ .. 5 miles we,t oC Escalante_______ . Gray shale______________ . ____ • 1 
Dl822L__ II. .______ 14 miles west of Escalante __ ..________do____ .____________________ 1 
Bl827L___ 11______ _ 2 miles sOllth of Price, Utnh __ • Shaly clay_ ___________________ 1 
B18272___ __ lla_____ ......do_____ .... _... ___ __ ____ .. A. drummondii. __ • ____________ ________ 60 
Dl827L___ 16_____ .. 2 miles east of Stute Road 10 (on Clay, 0-6 inches_______________ .8 ________ 

rand to Cleveland).
B 18280____ 10a_____ __ ___do_______________ . ______.. __ _ Prairie daisy________________ ._ .. ______ 25 
B 18289____ 23_______ 2miles northwest of Wellington, Sandy loam, ()-6 inches________ .3 ______ __ 

Utah.BI82!lO_____ 23n ___________do________________________ _ AIfalfn________________________ ,. _______ 100 
BI830L___ 29"______ 1[, miles east oCWellingtoD ____ __ A. rueemosus__________________ I- 520_______ . 

BI8.103_____ 31.______ 2.1 miles east oC Wcllington. ____ . Clnyloam, {)-O inches ______ . __ 2 ______ __
Bl830-L____ 3Ia___________ do_________________________ __ Astr?yallL.~ Sl'--_, __ ·_ -. ----- ___ 1________ 270 
B18.106_____ 32_______ 42 miles enst of Wellington _____ _ Cia,. 0-0 II1ches _______ ,_______ 1 . _______ 
BI8309_____ 34"'- _____ 5 miles east of Green River ____ __ Shale_______________ .. ______ .__ 8 _______ _ 

The data of table 3, togethel' with 1Ullcported data, indicate a 
selenife1'ous area in northeastern Arizona. The very cursory investi
gation does not give any definite information as to its extent and 
intensity. Closer investigation does not seem warranted at present 
because of more pressing work elsewhere. Eventually this area 
may be very useful in tracing the primary sources of selenium. The 
same statement in general applies to the areas about Tropic and 
Escalante, Utah. Both these areas are of extremely rough topog
raphy, and the extent of actually to:x-i.c soil is probably very small. 

The situation to the southwest and east of Price, Utah, is quite 
different as respects extent of area. A broad band of soil derived 
wholly or in pn.rt from the Mancos formation covers an irregular 
strip of territory probably aggregating 1,000 square miles and extends 
ettstward to the Colorado line and continues over the area in western 
ColoJ'n.do already reported upon (6). There are several reasons for 
deferring a closer investigation of this area to a more convenient 
season. Among these are the deaJ'th of vegetn.tion, !l.t least in the 
early summer of 1936, over the greater portion and the relatively low 
concentration of selenium found L.'l the samples examined. It is 
extremely likely that a study of the selenium content of this area 
may be useful in differentiating the subdivisions of the Mancos shales 
and in relating these to the corresponding shales in the Great Plains 
areas. Their detailed study will a.lso contribute to a knowledge of 
the sources and means of distribution of selenium. It is the writers' 

http:ColoJ'n.do
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opinion that while local spots may exist in which actively toxic 
vegetation grows or may grow, yet over the area in general such 
forage crops as are grown do not constitute a serious nmge problem. 
In those portions of the area which are irrigated no evidence is at 
hand to indicate probable serious injury from selenium. Closer 
study of the area might, however, materially alter these opinions. 

Further data connected with the reconnaissance survey in Colorado 
is presented in another portion of this bulletin (p. 64.) 

SURVEY IN EASTERN COLORADO 

It having been determined, through reconnaissance, that an 
extensive aren. of seleniferous soils exists in eastern Colorado, a more 
detailed study was undertaken. The area being so very large it was 
at once apparent that a close examination, such as that carried out in 
Lyman and Gregory Counties in South Dnkota (5), was impracticable 
and even the less intensive examination, such a.s wns followed in west
ern Kansas (6), could not be followed if the whole area were to be 
examined in a single season. Only the nreas indicated in figure 2 
were examined. Samples were taken at intervals of approximately 
3 miles, exeept where 10cnl conditions indicated that closer examina
tion \Vas desirable for particular purposes. In general a sample 
representative of the surface 8 inches of soil was collected along with 
a sample of vegetation'growing in the soil. In nddition to these a 
considerable nwnber, one or more per county, of profile samples 
extending to or into the parent shales was taken. Occasionally all 
the types of vegetation found growing in the immediate vicinity of a 
soil sample were collected. 

A consideration of the details of the area presented in figure 2 will 
show that almost the entire area from Fremont County on the west 
to the Kansas border is crossed by an irrigated belt along the Arkansas 
River. A considerable number of samples was taken in this area, 
in many cases in snch locations as to permit comparison with similar 
samples adjacent to but not on the irrigated land. Also examination 
of figure 2 reveals the fact that in the area represented the out
cropping geological formations range from those underlying the 
cretaceous format.ions up to and including formations overlying the 
youngest of the Cretaceous period. 

In figure 4 is given a generalized section of these formations, in their 
sequence, and their correlation with formations elsewhere in areas 
kno\\''TI to be seleniferous. In general figure 2 shows that the outcrops 
are of increasing age from northwest to southeast but that a rather 
confusing irregularity of outcrops occurs in places due to various 
causes, among which are intrusion of igneous material and capping 
with outwash and loessial materials. In sampling the area the effort 
was made to cross section the area in such a manner that samples 
were secureu outside the area of expected selenium occurrence on each 
side of the belts of outcropping of Pierre and Niobrara formations. 
In generul the selected samples showed the results anticipated, 
but the unexpected occurrence of toxic areas the soils of which are 
derived from other formations somewhat distorted the orderly 
occurrence of successive belts of poisonous vegetation shown else
where, particularly in Kansr.s, and in the areas about the Black Hills 
(6). Intensive examinations are 110 longer essential, except for local 
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CONVENTIONAL NORTHEASTERN WESTERN COLORAOO 
SECTIONS NEW MEXICOAGE WESTERN KANSAS EAGTERN COLORADO NORTHWESTERN 

NEW MEXICO 

QUATERNARY LOESS LOESS 

TERnARY OGALLALA OGALLALA 

FOX HILLS ABSENT ABSENT ABSENT ABSENT 
0. 
:> VERMEJO SANDSTotE TRINIDA9ABSENT 

SANDSTONE0 TRW.~.l'.~'l;~'N7,..TI'l'"'" MESAVERDE GROUP 

'" PIERRE 
'" 

SANDSTONE AND 

~ SHALES PIERRE PIERRE PIERRE 
::1 

SHALES 

SHALES SHALES SHA1.ES.,'"=> 
0 
uJ 

'"' 
I-CRETACEOUS uJ '" HII.L APISHAPA 

'"' 
SMOKY APISHAPA 


CHALKY SHALE CHALKY SHALE 
 CHALKY SHALE'" 0. NIOBRARA 
"'=>
uJo TIMPAS LIMESTONE0.", FORT HAYS TIMPAS 

LIMESTONE LIMESTONE AND SHALE MANCOS SHALEg;", 
0 
0 

'" CARLILE SHALE CARLILE SHALE CARLILE SHALE 

'" g BENTON 
GREENHORN GREENHORN GREENHORN0 GROUP LIMESTONE LIMESTONE LIMESTONE'"' 
GRANEROS SHALE GRANEROS SHALE GRANEROS SHALE 

DAKOTA DAKOTA DAKOTA DAKOTA~~~ SANDSTONE SANDSTONE SANDSTONE SANDSTONE 
~uJo 
0"''''oJ,",'"' PURGATOIRE PURGATOIRE P~RGATOIRE PURGATOIRE 

CRETACEOUS? MORRISON MORRISON MORRISON MORRISON 

UPPER JURASSIC NAVAJO LYKINS 

JfWURE 4.-GclIl'ralized geologic relatiolls for the arcus eXllmined. 

FIGCIIE 5.-An abandoned farmhouse with SIan/cga ill the foreground. s~ corner sec. 2'2, '1'. 23 S., R. 64 W., 

Pueblo County, Colo. 
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reasons, because the general relations have become sufficiently well 
recognized to warrant general conclusions from less detailed data. 
It became evident rather em'li ill the course of the work that in 

southeastern Colorado, at least in the 1936 gruwing season, cultivated 
crops outside the irrigated area could not be secmed which would 
offer a fair representation of the variations within the area. The 
native grasses are in general so low in seleruum content that varia
tions shown by them would also fail to present the situation in proper. 
perspective. In general then the plants collected were those already 
kno'",-u or found to be particularly prone to selenium absorption when 
it is available. In the Colorado area those most frequently found are 
Astragalus racemosus, A. bisulcatus, A. pectinatus, Stnnleya pinnata 
(fig. 5), and Aplopappus fremontii. Numerous other plants, however, 
were examined, and in the ta bles of data the names of these plants 
employed are the common llames where available, and to facilitate 
comparison and identification, by the reader, with like dfLta from 
other publications, tbe botanicn.l terms and common llames are 
brought together in the following tabulation. 

Bolanicalnamc. 
Agropyron pseu.dorepens _____________________ _
A. smithii ________ _________________________ _ 
Agro;tis hiemulis ___________________________ _ 
Allium CC1Ja __ _______________________ _ 

A-muranthus blitoideL _ _ _ __ _ _ __ _ _ _ __ _ _ _ _ _ ____ _ 
Ambrosia elatior (A. artemisiaeJol-ia) __________ _ 
.llnthemis cotulu ______________________ _ 

Aplopappus jremont'i'i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 

,,1. spinulo.nls _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ 

Aristida longiseta_____________________. . ______ 

A]·temisia jrigida_ _ _ _ _ _ _ _ _ _ _ _ _ 

Asclepius galioides _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ 

A. speciosa________ ___________________________ 
Asparagus o.Jficinalis _________________________ 
Asler ericoides (A. ?nlllt·ijloru.s) _________________
A. jendleri. _______ __________________________ 
A. Parryi____________ ________________________ 
Aotragallls bisulcatus __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
A. carolinianus________ ____________________ _ 
A. Dru-mmondii _____________________________ _ 

~::~~f~t~~s~~===========~==-========:===~:==
A. -missourien.~i.L __ _ _ _ _ _ _ _ _ _ ______________ _ 
A. mollissimu.s____________ _________________ _ 
A. peclinatus_______ . ___________ . ____ ~ _______ _ 
A. racemosus_ _ _ _ _ _ _ __ _ " _ _ ___ ______ __ 
Beta vulgaris ____________ " _ _ ______ .____ . __ 
Bidene bipinnata ________ - ____ ___ ,, ________ _ 
Bouleloua curtipenriu/a __ .- _ _ _ _ __ _ _ __ _ _ _. ____ _ 
B. gracilis ____ • ___________ .. _ _ ________ _ 
Brassica sp __________________ . _ _ _ _________ _ 
Cannabi.s sativa _____________________________ _ 
ChenoPlJdium sp _________ • __________________ _ 
Chrysopsis villosa _________ . _____________ .. ___ _ 
Delphinium sp ________ . ___ .. _______________ _ 
Distichlis stricla ______ . _____________________ _ 
Dyssodia papposa ____ ______ .. ___ . _ __ ________ _ 
Elymus sp _________________________________ _ 

Common name 
Seepgrass. 

-Western wheatgrass. 

Tickle grass. 

Onion. 

Prostrate pigweed. 

Common ragweed . 

DogfeJlnel. 

Goldenweed. 


Red three-awn. 

Sagebrush. 

Poison milkweed. 

Milkweed. 

Asparagus. 

Wreath aster.

Aster. 

Woody aster. 

Two-groove poison vetch. 


Drummond milkyetch. 


Woolly loco. 

Narrowleaf milkvetch. 


Sugar beet. 

Spanish-needles. 

Side-oats grama. 

Blue grama. 

Wild mustard. 

Wild hemp. 

Lambsquarters. 

Golden-aster. 

Larkspur. 

Desert salto:rass. 

Sti nkweed. ~ 
Wild-rye. 
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Botanical name Common name 
Erigel'on sp ________ .. _______________ . _______ _ 
E-:}'phTobia sp_____ .:: _________________________ _ 
Glycyrrhiza lelJidflta ___ ________________ ~ _____ _ 
Grindelia l!quarTosa ____ ______________________ _ 
G'Iltierrezia saTothrae ______ ___________________ . 
Hedeoma sp _______________________________ _ 
Holianthtu; annu1£s ________ _________________ _ 
I'UlaTia james'ii ______________________ .' ______ . 
Hordeum vulgare _______ _______ .. ______________ _ 
It'a a:t,illari.~________ ___ .__________________ . __ _ 
Lepidi'um sp _______________________________ _ 
Lupinu.s a'fgenleus ____ .______________________ _ 
L. pu.~-ill1/.s 
LlIf/odesmia juncea_ _________________________ _ 

illalva sp __________________ . ___ , _ _ _ _. ___ .. _.. 

Alalvastrum COCCi1W'1I.'IIL _________ . _ _ _ __ .. _____ _ 


]Ifedicago his1Jida _ __ .... _____ .. ________________ _ 

AI. sativa ________________ __ .. _ ... ___ _____ _ 

ll!elilotu.s alba ________ .. ________ .... ___ ..... ____ _ 

Afenlzclia decapetala _____________ .. _.. ' ______ ... 

llIwuoa .squarTosa____ _ ,_ ____ .. 

OreocaJ'ya sp _________ . . . _ ...... _.. _ _ ___ _.. _ .. _ 

Paroseia ja.me8ii.. ___ .. _ .. __ . _.... .. 

Pentstemon sp ____________ _ 

Phascolus vulgaris_____ __ _ _ _ ' .. '" .. _ 

Physalis la.nccolata ________ . _ , _.. _ _ _ _.... 

Psora lea tcn·nifloJ'(l. ___ .. _ _ _ _ _.. _ .. _.. __ , _ .. _.. 

Salsola pestiJeJ' ______ .... __ _ _ __ _ _ .. __ .. _.. ___ __ 

Senecio riddellii. ____ _______ .. 

Senecio sp ___________ .. _ ... _ .. .. . . ' ___ .... ' __ ... 

Setaria italica _________ .... ___ . ____ ., ...... ____ .. 

Sophora sericea ___________ .... _.... _ ., _____ .. __ 

Sorf/hlw/, vlllg(lI'e cailrorlw/, ____ .. , .. _ ...... ______ .. _ 

S. vlllg(l1'e s~dane'llse __ ________ .. __________ .. ___ _ 
Stanle!la pinnata and S. b·ilJinnata _____________ _ 
Slipa robll.~ta_____ .. _______ __________________ _ 
Tetradymia glabrata. _________________ .. _______ _ 
Townsendia grandijloTa ______________________ _ 
TriJolittm pratense __________________________ _ 
Tritic'um aestivum _____ ______________________ _ 
Xanthium sp_____________________________ , __ 

Fleabane. 
Spurge. 
Wild licorice. 
Gumweed. 
Turpentineweed. 
Pennyroyal. 
Sunflower. 
Galleta grass. 
Barley. 
Povertyweed. 
Peppergrass. 
Lupine. 

Do. 
Skeletonweed. 
Mallow. 
Scarlet mallow. 
Burr clover. 
Alfalfa. 
Sweetclover. 
Stickleaf. 
Fa.lse buffalo grass. 

PentstemOll. 

Garden bean. 

Groundcherrv. 

Scurf-pea.. .. 

Russian-thistle. 

Groundsel. 


Foxtail millet. 

Silky sophora. 

Kafir. 

Sudan grass. 

Stanleya. 

Sleepy grass. 

Coal-oil brush. 


Red clover. 

Wheat. 

Cocklebur. 


All the plants named have been collected and analyzed, but in 
some cases the data obtained do not appear in the tables because no 
significant amounts of selenium were found. In the Colorado area 
approximately 900 samples of soils and shales and 800 samples of 
vegetation were examined. In view of the fact that data have been 
given in full (6) for all soils, shales, and plants examined and that 
exactly the same variations are observed in Colorado, the attempt is 
made here to present an adequate picture of the situation by means of 
selected data, the total number of samples reported being about 400. 
For convenience of examination and for ready reference the data 
reported in table 4 are presented by counties, and the discussion of 
general relations is followed by discussion of certain special items and 
data referring to them in particular. Table 4 includes only samples 
not from irrigated areas. Samples from irrigated areas are reported 
separately (table 5). 
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TABLE 4.-Seleniu.m content of Mils, shales, and vegetation from southeastern 
Colorado 

PROWERS COUNTY 

Selenium in-
Laboratory Field Location "Materinlno. DO. Soil or Vegeta

shale tion 

P.p.m. P.p.71I.BIS400 ___ _ 1. _______ SEfi sec. 17, T. 23 S., R. 41 W__ _ Niobrnra 1clnyloam, 0-5 inches. 1 
BIStOL __ _ Astragalus TUcemmms ~ ____ w 210In. _________ ._do_____________________ .•.•. 
BlSt13 ___ _ B. ____.•. 200 feet north of EJ4 c-orner sec. Niobrara 1 cloy lonm,O-Slnches_ 5 

IO,T.21S.,R41 W.
1HSt14 ___ _ Sa._.._•• __ ._.do____ ._. __ ....._.•••__ ..••• Nnrrowlenf rnilkvctch ...••••.•..____ .• 2. lIOBlSt32___ _ 18_._.___ 150 feet south of EJ4 L"Orner sec. Niobrara 1 silt lonrn, O-S inches. 2 

14, T. 21 S./ R 43 W.
B lSt33. ___ _ IRn•.•______••do.._.•••_.• _._._•...••_._ .. Narrowle,,! Hlilkvetch._ .•___.• __._._._ 400 
BlSt38 ___ 21..__._. Eust side sec. 13, 'r. 24 S., H. H Silt loam, 0-8 inches •• _________ .8 •__•___ _ _ 

W.
BICA39____ _ 2Ia.•_________do. _. ____._. ___._.____ •____ • Narrowlcaf milk\'etch. _______________ _ 90
Bl!H42 ____ 23x..•_•. BO rods cast of ccnter ~ec. 13, '1'. 1'impus 1liml·stone._._.._.•_._ .2 

23 S., R 44 W. 
24•..__ .. 80 rods sOllth o! center sec. I, Alluvial silt loam, 0-8 inches __ Bl!H44. ___ .8 •__ . __._ 

'r.:!.'l S., R. 44 W.
BI8445 ___ _ 24n.•._••.••••do ••• _•._._._._•..•__••.••._ "'rcat h llSter ._ ...••__.•.._._•• _._.••._ 18
Bl8400 ___ _ 31._._.._ N\V corner sec. 10, '1'. 23 S., Silt loam, o-S inches.__._._•._ 1 

n.HW. 
Bl846L.~_ 31a.••__••_._.do._._ .• __ ._...__._. __ •. ...• Nnrrowleaf milb·etch ...._.__. _____•__ 2,OiO
Bl846i. __ _ 3-1.. __ •.• 300 feeG north of EH corner sec. Silt lonm, 0-8 inches•••._.___ .• 3 

25, '1'. 21 S., R. 45 W. 
lH84f.~. "_ ~-\q • " __ _••• _<In. _.. _•._.•.•• _•. _._._ ••._. Narrowl~nf milkvctch .•_••______._.••_ OlD 
BI8544 ___ _ 43._._._. 80rodsw~storSE corners"c.i, ('lay lo!lm,O-S inchcs_ ••• ____. 1.5 •.•••• __ 

T.22S., R.46W. 
43n . ___ ••• _. _.1\<)••••• _•••••••_•••••• _•••• _ A. r"Ce1ll081<.1 __ ••• _. __•• _._.__• _••__ ••• laO 
4:lh •. , .•...do••• _. __ .•__ .. _._.__••••. _. Wrrathastrr (2f~('t(romsoil) ___._... _1 0 
4:1(',.._..••...do•.. - ••••__ •..•••••• __ . __ .• Scarlet mallow .••••• - .....•-.~t=~____4 

KIOWA COUNTY 

D 1s{,Q() • . . • I.•. _' _.. 20u f('('~ north of SE corner s(·c. sm )oalll, u-s iIlChl.S~~_~=._.I! .6 
32, T. 20 S., It. 42 W. 

BIB50L ••• Ill.•••••••• _.do•••.. __•___ •.•_.••. ____ .• NllrrowleJlC lIIilkv~tch .._._._._ ._ ••. _.. 300 
BIS5!2 ___ • i .•••.._. SOroussoutho[ NW cOrllersec. Silt 10alll, O-S illcl\('s•...__ •• _.• l 1 ____ ••.• 

2H, rr. 20 S., n. 45 ,Yo 
BI8513._ •• 7a .•_••.• __ .. _do•.. _. _•..••••• _•. __ ...._•. Narrowll'af lIIi1k~.Ptch--.--.- .• I.--.----1 970BI85IB ___ _ 10.•••••. ('l'nt,'rsce. 3, 'r.IIlS., R. 45 W... SIIII<ly lonm, U-S melt!"________ a r'--'---
BI8510 ___ _ lOll.•••.. __ ..•do.•.••.___ •.• _..•__ .. _'_." NnrrowlellC milk\"('leh ._•• _.._ , .._. ___.j 2.670 
B18595. __ _ 15_ .•__ ._ .500 feet south or center sec. 30, Silt loam, 0-8 inches ..•••.___ ._,' 1.5,___._..• 

T. 20S., R.47 W. 
1H8596.••• 1511 • ____ •• _••do ••••.•••___ .... ____ •.•• ___ _ J:':"rrowll'af lIli.1kV('trh.. _._ •. _•• __ .;._•.\ 1,100 
BI8605. __ • 21. •••••• 70 rods north or SW cornrr 51'C. 81IlI01lIll,0-81I1chCS···_·····__ ., ,...._... 

18, 'I'. 20 S., 11. 46 W. 1B18006 .. _. 21<1 ____ • _ ._ •••do __ . __ ••___ ..___ .•••• _.• __ Narrowlcnf lIIilkvl'tch.___ .•__ , _ •.•.•_. 210 
DIS70S •.•_ 25._•.• _. 150f!'ctnonh of SW corm·rsec. Clay loalll, 0-8 inches•• _...... .7 

(I, 'I'. 20 S., R. 48 W. 
B IB700 .. _. 2511 •••••• ~.'_ .do_ ••..•.•.•____••.__ ••.•••• NllrrowlellC milk",'i eh•••..•••___.••••_ 100 
1318710 •.. _ 2(1......._ 80 rods south of center sec. 28, rIllY loam, 0-8 inches._ ..• __ .• .7 ._._ ••._ 

'I'. HI S., 1L 48 W. 
BIB71L_ .• 21\a ..... _.•.do ••••.•_•• _ ...••• _...... __ . Woolly loco •.••________ •••. -. -1..--.--. I 
B18720. __ • 32____ . __ 5(10 C\'~t lIorth of J<;H corner Sl·e. O~alll\hll CIII,. lo"m, 0-8 illch,·s. .5 "--,-,,

15, T. 11 S., H.40 W. 
DI8727•. __ 320 _.... _.••• Ilo..• "._••'.' ........_•• _.. Woolly loco._ ••_._ .••__._•••___••,.__ • 2 
BIB770 __ ._ :15_.__ •• _ r>OOf~etsouthorNWcorncrfcc. Niohrnra 1 silt lmun, o-~ inches_ 2.5 ••_._._. 

7, 'r. J9 S., n. 51 W. 1 
BI8777__ ._ 3011 _.. _•• _. __do••. ~.__ ••_•. _.• _••• __• __ •. 6tallll'yll..__ ._._.••_•••__._._.•__•.. __ 140 
BH1785..• _ ·10•.•_._. 100 feet Cllst of NIV corner sec. ('IllY 10llrn, o-S illche.~. ___ ..••• 10 

20, T.lIlS., R. 52 ....V. 
BIB7S0. '" -1011. ____• ___ .•do .•••.._._•.. ___ •••• _._.._. Nllrrowlenf milkvetch..__ . ____ ••.•.•.• 2,680 
BlB787. _._ 41__.••_. 8') rods south of NE corner sec. Niobrarll 1 clay 10aDl, o-B inches 3 

3, T. 19 S., R. 52 W. 
DI87SS__ ._ 4Iu_____ • 80 rods south of NE corner sec. Stanleyu.•._•••_.____..••••__ .•--_._._ 140 

3, T.19S., R. 52W.
DIS780._.. 41b..•••• _._._do ___ •.••.• ____ •__ •• _. ____ .• Ooldenweed_ •••_. __••_._._.._ •.• __... 420 
BlSS07_ •.• 50_ .• __ • BO rods north ofS'V corner sec. NIobrara 1silt loam, o-Sinchcs_ 2.5 ••••__ •• 

21, T.IO S., R. 53 W.
B!SS08__ ._ 5Ou..__ •• _.,_ .do••.•.•_. __ ••••__ ._...•_... Stunleyn_ ••• _____•• _. _____._.• ,_., .-_. 180 
BI9520___ _ 63__•._._'f lNiObrara l clay \oam,0-6 inches. 2
BI953L __ _ 2~~U·-·---IBorOdssouthOfNw corner ,ec. BlII~grama--••• -.--.... "'" .... -••BI9532_. _ (,lb...... 6, 'r. 19 S., R. 51 W. Russian·thistle••• _..._•••••.••• --•.. 5 
BJ05.16 ___ _ 63L •• ___ Corn._._•• _•••__ •••_•• ___ •. _ • ---.--.- to 
BI9537___ _ 63g_•. '" Stunleyu____••••• _". _.......". 3:10 

l GeologiC [ormaUon. 
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TABLE 4.-Seleniu1I! content of soils, shales, and vegetation from southeastern 
Colorado-Continued 

ClIEYENNE COUNTY 

Selenium in

Lab~~~tory Field no. Location l\[ateriul 
Soil or Yegels· 
shale tion 

-~~. ---1·---------1---------1·-----
P. p.m. P. p. 111. 

R 18490•••• ..... E U corner sec. 22, T. 16 S., R. Ogallululcltl~'loum,o-S inches. 0.5 , .. __... 
45W. 

nl8401. ... In............do. _____................ __ •• Itussian·thigtle....... __ .. .,... . ....... 2 
1318408_. __ :I........ NW corner sec. 4, T. 14 S., H. Loessinl silt loam, 0-8 inches__• .4 ........ 

45W. 
H 181U9.... 3n•. ~... . .. do.• ____ •___... __ ._.. ___ .. __ Russian·thistle.... __ ........_.....__.. 3 

1318616.... !j........ ~12Ur()(l~south of NW cornerscc. Pierre ('lay' loam, 0-8 inche.L_.. .5 _______ _ 


9, '1'. 15 S., It. 48 W. 
H18617 __ • 5n.... ~ ....do .. ~~ " __ .' .... _..__ ..... Nqrrowlenfmilk\·o\(·h~.~ .. ~. ........ 220 
13 18620... 7 ~ 20 rods south of N E corner sec. Pierre and O~llilula Sandy I. 5 ....__ •• 

R, 'I'. 14 S., R. 48 W. loam, O-S inches. 
HI8621. •• _' 7'L.~ ... ~do ......... _.............. _. Narrowlcafmilk\'etch " __ "~ 540 
1l18022•••_[S ~ ... .. 1,000 feet north of El1 corner sec. Pierre clay loam, o-S inches.... . i ..__ . __ . 

20, '1'. 13 S., R. 4S W. 
BIS623_ •.. S!l ..... _~ . __ . do ...... __ • __ .•.• '_ ....... __ __ Alfalfa....__.... __ . ______ ..... ____. __ . 5 
13 IS6:II..... 14 .... __ _ 200 feet soutb of NW corner sec. Silt lonm, O-S inches••. __.'__. 2 ..__.... 

8, 'r. 15 fl., R. 46 W 
B18632"'~1 J.tn.~ .... _....do •....••.•••• -- .......... -- Narrowlenf milk"etch. __ ._.......____. 790 

BI8633.... 15....... 80 rods 80utb of NW corner sec. C'lay loum, o-S incbes .... ____ 1.5 ........ 


29,T.].\S.,R.4fl\\'. 
R18fh14~ _.~ 15a•. ~ __ .~t _...do ........__ ............. __ XnrrowleM milk\'etch.~ '''' __ ' ......__ 3,SOO 
B186-17"·~12L .... _I' NW corner SOC. 22, '1'. 15 S., H. Silt loam, 0-8 inches.__ ........ \· 1 

47W. 
BISf>48 ... ! 2Ia~. i~.-~~do•• ___ • ________....._...__ • 	 NarrowleaC milk"ctch ~ " __ ."_, _______. 1,150 

Alfalfa ...--............ • ... __ 1__. __._. im~~~==:.! ~il'-.~: :\~ 200'~!~t soi,tii(;f·NE·c~·rn.;r·sec.· 	 Clay loum, o-S Inches __ ..... __ 5 
: 7. '1'.13 S., It. 47 W. 

BI'1055••. ~ 2411 ••.. ! .•do............. __......... . ... l.rarClIlOs-u:f. _____ "' . __ , '_ .... ___ .... 690 
1319233••. '). 27"'''''1 N E corner sec. 29, 'I'. 1:1 S., R. Pierre cluy loam, 0-8 iIlChes' __ 3'j

47\\'. 
Ooldenweed.... __ ... __ •. __ • ___ ~ __ .____ 70m~~J~=:: ,: ~b~:: I8or~~rs~oj.iiion;E co~;;;;r·_;.c:· Pierre clay, o-S inches ________ '1 .5 ...__...

I 33, T,13S.• H.WW. 
BI0240.. _ j :JOa. ,.....do......__ ... __....... __ •. ~ ~ 


Dlti2·1l. __ ' 31 _ ISE .comer sec. 33, T.12S., H. 50 ~ie~~ecl~s:81;);lli,--o.i 'il;~h~s t"'--:7' .i 

\Y. 

HIO~I2 ... :lln.~~,_ :~ .•do....... __....____........_ A. ract:!111iHIll.& ________ -.,,~._~ f _____ ... 160 
BHl251_ 31l_ ~"'l' 500 feet north of Sg corner sec. S~ndY ~oam, ~8.i:lC~CS __ ------1 .3\ .....__8, 'I'. 14 S., H. 49 W. 

Nnrro" leaf nlll.k\etch ... __ .... \'. __ ..... 1,3OO}:t~~t·: ~~u. ::: f se/~~~;I;:i4's:;:ri:'4u"'::::' 	 ('lay loam, O-S IUches...____ ~. .4 __...... 
...;~L+ ~ __ ~ 

BI9255 •• 'a7h. t 8e('. 3:1, 'I'. 1-18., R.49\\'.(4Ceet Nurrowleaf milk"etch........1........ iSO 
111925,1 .. ;171l~ .~;~~ ~do .. ~ .. ~. __ ... __ ... ~~ 	 \\"estern wheatgrn.. ___ __ ._______ 1 

I (rom no. a7). 

l3F.x'r COl'X'I')' 

'B18!i60. ~ ~lj aoo feet goulh (If N~'; corner ~e('. i Loamy sand, (). S inches ••.•••• 0.3 __...... 
1,'I'.238.,H.48W. ' 

H1SG6L ... , In : ~ ~ ..do .... ~ ...... ... ..... "1 NUITowlenf milk\'etch....... .. 330 
Dl8073... IT. 	 ~I 200 feet north of El1 corncr sec. C'IIlY IOIlIU. 0-8 inches ......... 2! 35, 'r. 218., H.48 W. 
13180i4 •• ~ '7/L ~" __ do __ _ ~~ ~ ~~ ___ ~ ~~ ~" .•. ~,_.. NnrrowlenC milk\yetch ... __ ... *,,_ 12,'; 
BI8075 .... i 7h 100 

'1' 50 r(~~~~' Ro,iiil or" th~ '0'0;,1"[ se(~' };;,~qCllll:II~:,~~'-;'i;,y'io,ii,i~'(}:8' ........
11181;80....19 
10, 'I'. 23 S., H. 411 W. inrlll's . 

H18f.8l. •. \hl . ~.do...................... ~ .. ~ A. tIlctmo.'"& .......... -e. . ........ 120 
BI81i8g'''~113~ 'j' 811 corner sec. 10, T. 21 S., H.·19 Niobrara 1 c1a~' nllU\'ium, 0-8 J. 5 ........ 

I \\'. iIll'hes. 
1lISOI)(l . 1:ln do........................ A. racemo.u&.... .............. •. ...... friO 
131809a ~ .. 15. I N~~/ornersec. 25, '1'. 21 S., H. r.o ('IllY IOllm, o-Sluchcs......... .7 ........ 

DI86!J.1 .... loa . do...................... Narrowlellf milkvetch .•. ~..... 400 
U180WJ .. ,.._ l7 I,(XIO feetsoutb of N~g cornersc('. Niobrnrtl lclay 10lllll,o-S Incbes. 

2fJ, rr. 22 S., H.. rtO \V. 
UI8iOO... _, do ...... ,.. .... ~_ ~ __ u... 'VreathH.ster_ ... _~_~ .. ~ _______ * iO 
IlIS7:lS .. :100 f;~et south of N\V '('unlcr sec. Oglllh,ln 1 silt, 100Hn, o--S Inches... .7 "'''''' 

21, '1'.21. S., U. 51. 'V. 
2:11L do .... ~ ... ~~ •. NllrrowicuC milkvelch ... __ .. __ ........ 35 
2:10 .... dQ. __ •• " ......... . W()oll~·I()co..........._. __ .• ____...... 4 


I (leologlc formutioll. 
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TABJ,E 4.-Selenium content of .~oils, shales, and vegetation from soutileastern 
Colorado--Continued 

BENT ('Ot;NTY-('ontinucd 

SeleniuJIl in-

Location MllterlalLal~~tor~.1 Field no. 
Soil or II Vegeta·
shnlc tion 

------11-----------------1----

BI8742._ •• ~-I.._ •••• NW cornersec.I,T 24S.,'R.52
W. 

B 18743. _. 2,ln_. __ •••....do_. ___ •___••••••••_•••••••. 
BISi50__ •. 28•••••__ 1,000 feet south o{ NW corner 

sec. 10, T. 24 S., R. r.2 W. 
BIS75!... 28a...........do._ ..•..••.•.•• __ .•_.••••_. 
1318754- ___ 30.__ •___ 1,000 fect south of NW corner 

sec. 2, T. 21 S., R. 52 W. 
B1875D_ ••. , 3On••••_.._•.do.••.•.•_••••••••••_•.••..••. 

:~::~~j ::;,~~~~~~ .~~r;:~:~~:~~:~.~:.:~~~.:·.:~.
B18762.... 34. ...... W';'; corner sec. 6, T. 24 S., R. 53 

W. 
BI87r,1.... 34a._.......__ do•••••••••••_..••.•.•...__.. 
B1876L_ .. 34b••..•_ W!4 comer sec. 6, T. 24 S., R. 

fi3 'V. (50 feet from 110. 34).
Bl8813.. __ 40._. __ •. SWU corner sec. 20, T. 21 S., R. 

53 W. 
Bl8814 __ .• 4On.••.• , ....do••..•._.................. ·· 
BI88I5..••• 40b" __ "1 S\Y~~ corner sec. 20, T. 21 S., n. 

.0;.1 W. (110 feet from no. 34) . 

P.1l.1I1. P.p. m. 
Sandy lonm, 0-8 inches........ • i .•••••.• 

Narrowleaf milk\"etch•••.•••_•• _•._•• , 700 
Silt loam, 0-8 inohes_. _______• .7 •••• 

"·ool1yloco............. ,•.•.•__ • ..1 2 
Niobrara I silt loum, 0-8 inches. 3.5 .,.___ •. 

Nllrrowlcaf lIIilk\·etch,........ ........ 1. 390 
Gray clay loam, 0-8 i nehes, .•, •.•.__.. -..--.--

A. raCe11lQsll.' •••• __ ............ ........ 1,630 
Niobrara I clay loam,0-8 inches. 2 

Stnnley"•._.._••.____ •__ •__ •••.. _____. 
Goldenweed•• ___________......__ .. _. 

90 
40 

2.5 _. __ ..•_ 

Goldenwood.•.._...................... \ 

Niobrara I clny loam,o-S i nehcs. 

240 
720Narrowlea{ milk...etch................ . 


.~----------------~--------------~--~---
OTERO COUNTY 

B 18951. ••.t ; ' ....-.f SW corner sec. l~, 'I'. 20 S., n. M 
I W. 

~i~g~:::: t::::::. j'300'r!~t:e;-.st'~i-N\\'- e'(;'r-[i';rgee~-
, 14, '1'. 2.1 S., R. 54 W. 

~l~;:;;~:::: t::::::,I'i:ooll~eei·soulti-oi·N'\.-·~or~er· 
, sec. :13, T. 22 S., n. 54 W. 

B 189f>8._ •• 9n.._.. , ..... tlo ........._ --••• - •••. __ ..... 
B18975__... _ I!!_~_A~_'" Eli corner sec. 32, '1'. 21 S., IC54 

W. 
B 18976__ •• 1211. ••• _. • do_......._•.••••.._._..... ·• 
BI8983_.__• 10_. ___• __ 80 rods l10rth of SW corner sec. 

l4, '1'. 25 S., H. 56 W. 

~ :~~~====: ~1~==:::: \.N\\!I~;)rner'sec: i2;;j,~zis·.; 'H~' 
~:=::::= ~~~:::~:: ·8ii~;~~·-n;,i_tiioTHf;··co,r';~r·se·c·:

21, 'f. 211 S., H. r.o W. 
BI9005 __ •.•• ZHn...... . ..do _ .. _............... , .. .. 
BI9010.__.• W._ .... WY!corncrscc.2,'l'.2.5t'.,H.56 

W. 
BI90II. .••• ~~ln __ .. __ do............_·_ .. ·_····· 
B19043_____ -IO__ ,~~~ N!-!lorncrscr.3.J,'I\25'o.,H.57

W. 
mg<{~L:: ~~t'~::: __ 12{~);~~i"SI;;'iii;)i·N~;e;'i-;;~rscc.

I 27, 'J'. 2.5 S., H. 58 W. 
BUJl08 .••• h:le ........ '10 .......... -- ........---
B lllll:!..... 56 ..••• , [,OOO feet south of E!:i corner Set'. 

2.5, 'I" 26 S., ll. 1;8 W. 
Bl!1I1.L .... ' !if)Il.... , ... do., ......... ,,, ...... ·_ .. · .. .. 
BI9I~~L... 61....... ilWli sec. 23, '1'. 27 <:i., H.59 W. 


mmL::/ ~:~:::: .j' ~:i)1~~r;iers.ic:36;1'~2ils::ii·59' 
w. 

U19139, ••_ r>l:\ --. I' .__ do...._•• _••••••..•.••_,·_ .. • 
1319152..... 71 "._.\ g\\r~ornerseC.24,'1'.2:IS .. n.5U 

~:~i~h::~: f/i'::::: ·('cll~~r S('c:ti: 'I': 2/j·ii;n:-ri.,\\;:= 
B19199B.,,! 7911..... t ....<lo ........ . 


, Geologic formation. 

1j823·-3S-:~ 


('IllY 10>.lDl alluviuDI, o-S 2 
inches. 

Poison milkweed.._..•••__ ._._ .._..... 4 
(,Iar loam, 0-8 inches ___.•.•._ I. 5 •••••--. 

Slanleya•••••••_.•••••_.••.•._ ••••__ .• 80 
Otero sandy 10aDl, 0-8 inches._ 5 

Knrrowlcaf milkyetch._ ••••••__ .•_._.. I, 9~O 
('IllY lualll, 0-8 inches •• ___..__ 5 

Knrrowle»! milkyetch••..••_._ ••••._.. I, MO 
Silt lomn, 0·8 inches (lower .5 ...... .. 

Timpns' limestone).
"Pllrpenlinewee<L .. "_~M" __ M___ " --------
Niobrara' silt loam•.••__ •• _ ..• , 2.5 

Nnrrtlwlenf milkyetch .... _•• __ •__••••• 2,270 
Benton I clay loam, 0-8 inches. ,8 

Gol<lcnwccd......_............ ••....•. 280 
Benton' silt lonlll, 0-8 inches.. . fi ••••-. 

Goldenweed .....__ ...........__••••_.. 18 

('IllY IOlllll, 0·8 inches._....... 1 


OoJdcnwceti. _.__ . _~_ .. '" "., ____ ...... ____.... 35 
Silt loalll, (J·fI inche:;......____• ,{ -•••.•. -

Stnnleya ........_.__ •• __ ., •••___.•_... 180 
Bellton I c1ny 10alll, 0-8 inches'j .3 

Russinu.thistle._•._. __ ...._, _. ....... 1 
Greenhorn' silt 101llll, 0-8 1.5 ..-.-•.• 

inches. \
Stnnic\'r.. ..... ~ .. _____ .. _.. ~ ,~ ... _, _. _ 2.;0 
'l'im(llis I clny 10llm, 0-8 inChes,! .8 ••--.... 

Golllenwee'L•••._....._..... _i,.__ ••• 10 
('lur lonn), 0.8IUCbes_ ••_..._.\ :I 

Stnnleyn._. __ ..... _____ ,." ... ,.... 1,280 
Greenhorn' silt 1011111. • - •• - .Ii I··· .. •.. 
Goldenwecd ....__ •. '" 40 

I 

http:N!-!lorncrscr.3.J,'I\25'o.,H.57
http:WY!corncrscc.2,'l'.2.5t'.,H.56
http:24S.,'R.52
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TABLE 4.-Selenium content of soils, shales, and vegetation from southeastern 
Colorado--Continued 

CROWLEY COUNTY 

Selenium in
Lab~~~tory Field no. J..Iocation Mnterial 

Soil or V~getll-
shale lion 

P.p.m. P.p.m.1319256.____ 1...____ SO rods north of SW corner sec, CIII~' loam, 0--8 inches_________ 2. fi _______ _ 
22, 'r. 21 S., R 55 W.

BI9257..__ . IR ____________ do _____ .. _...... ___ .._______ _ Narrowlenf milkvetrh_________ ________ ,i70
13 192f'O.._.. 3________ 500 feet north o( SW corner sec. Clay loam, O--S inches_ _ _______ 3.5 _______ _ 

16, T. 20S., R 5.i W.
1319261.____ 3".._._____ ...do_......._..______________ •. 
Ooldenwoed.__________________ ________ 7f,o
BI9273__._. 9______.. NW corner se0. 34, T. 21 S., R Niobram ' clay loam_______ ~___ 1.5 ________ 

56W,
BI9274._ __ On ___ •_______ .do__ ..____ . _________ .......__ 
 A. racemolltts__________________ ________ 40 
BI928L.... 12.....__ NE corner sec. 20, T. 20S., R. 56 Pierre clay______________ ._.___ 12 

W.
B192S2___.. 12a._.... __ ...do __ ......___ .. __ .. __ ._.._.._ Ooldenweed. __ ._ .. __ ••. _ . ____ ._.____ • ISO 
BI929!.____ 17...._.. SO rods north o( SE corner sec. Clay loam, O--S inches (terrace 2 

26, T. 21 S., R. 57 'V. phase).B 19292__.._ 178___________ do..________________.._______ Poison milkw~e(L ___ .________ ________ 7 
BI9299___.. 20_____.. SW corner sec. 16, T. 20 S., R Clay loam, 0--8 inches__ .______ 2.5 ______ __ 

57W.B 19300_.... 20a____.... __ .do..___ .._________.._______ __ Silky sophora_ ... ____ . ________. __ ._.___ 1 
BW303____ • 22...._.. SE corner sec. 7, T. 19 S., R 57 PlCrre clay loam, O--S inches._. .7 ______ __

W.BI9304.._.. 22a___________ do______ •____ . _________ ..___ . .tl. TacemO~lfu ..,.. ~ __ ~ ____ .. ________ ________ 280 
B 1!I305.._.. 23. __ .. __ 1,000 (eet west of NE corner sec. Pierre clay loam, O--S inches._. 2 

30, T. IS S., R. 57 W.
BI9306_____ 233 __ .... _____ do..__ .._______ ..........___ . A. racemoaus __________________ _____ .__ 230 
BI9309...._ 25......_ 500 fec't south o( E~ corner sec. Clay loam, 0--8 inches._.______ 1.5 ____ • __ _ 

14, T. 21 S., R 58 W.
BI931O___ .. 25a_..... _____ do.... ____...._.....__._.. __ _ Ooldenwee'!.. _____ •••• ________ ..______ 35 
RW31 L .... 26....... Center S('e. 4, T. 20 S., R. 58 W. Clay shllle, o-S inches_________ 11319312____. 263....___..__ do... __ ... __ .... _____ ..... __ . A. mama.u.'__________________ ________ 140 
B 19313..___ 27______ . 1,000 (eet north o( SW corner frc. Clay loam, (Hi inches.________ .4 

9, T. IS S., R. 58 W.13 19314_____ 27____________do..__________..__ .._______ __ 
Shaly clllY lonm, 6-12 inches___ .6 _. ______1319315___ .. 27....__ • _..._do_______.._______.._.....__ _ Blnck shale__ •• _. _____ .________ .4 ______ __

B 19316_____ 2711 .._________do....______________________ _ A. mcemo.u.'..__.. __ .._.._.... ________ 80BI9317..... 27h...._______do..... _________________ . ____ Hussian-thistlc__________ ..___ ..______ 0 

LINCOLN COUN'ry 

1319319 ... _ 1. _______ 80 rods nnrlh of SE corner sec. Pierro c1I1Y loam, o-S inches___ 0.4 _______ _ 
211, 'I'. 17 S., H. 5.i W. 

B 19320..... 111 .._____ ... __ do.... _______ ....____________ Cocklebur.._....____________________ .. 1 
13 19327..... 5____..__ .iOO (ct·t somh o( N\\' corner sec. Picrre clllY loam, o-S inches___ 3.0 _______ • 

20, T. 16 S., R. 56 "'.
B1932S .... _ 5a_______ .. ___ do ...._____________________ .. A. racerna.ma__________________ ________ 40 
1319331..... 7._______ NU t'OrI1cr Sec. 19, T. 15 S., n. SlIndy loam, 0-8 inches________ 10 

56 \V. 
1319332..___ 711 ..__________ do ________________ •__________ Nllrrowleo( milkvctch .. _______ ________ 1,340 
1319335..___ 9________ [il)() (c'('t south o( N~; corner sec. Ogallala I Slllldy loam, I)-Sinchcs .5 ______ __ 

31, '1'.14 S., R. 511 "'.
131P33fL_._ 911. _________ ..do...... ____ .... _____ •_______ nmsion-thistlc.._____..____ .._ ________ 0 
1319341.____ 12_______ 80 rods north of S\\' corner sec. Oglllllllo' sandy loam, o-S inches .3 _______ _ 

18, '1'. 17 S., n. M '\V.BIP342_____ 12a_________ ..do ... ________________________ Woolly 10"" ___ •______________ • _______ _ 
DI9345_____ 14_______ IiOO fCt't north o( W~ corner sec. Pierre cloy 103m, o-S inches___ 1 

:11, 'I'. 15 S., R. 54.
H19346_____ 14a___________ do.____ ..____________________ A. racemo3u...________________• ________ 30 
BJ9352..___ 17_______ W~ l'Orner sec. 31, T. 10 S., R. Pierre cillY loam, 0-8 inches___ 1 

54W. 
13 W3li3_____ 1711. ____ •... _.(10.._________________________ Two·groove poi~onvetch_______ ________ 45 
DI93M..... IS_______ NW corner sce. 21, T. 10 S., H. Plcrro clay 101lm, o-S inches___ 10 

54 W. 
B 1935.5...__ IBn.._______ ..do ...._••____________________ NarrowlCII( mllkvetch.________ ________ 820 
BI9360..___ 21.______ SW cornor sec. 14, 'I'. 10 S., H. Oglllllllll' clay loam, 0-8 Inches .7 _______ • 

53W. 
B 19361. -.-- 2111 ___________do.._________________________ Two-groove polsonvetch______ ________ 10 
DUl3tl9_____ 23 _____._ 500 (Ct't north o( EU corner sec. Pierre eillY 10111", o-S inches___ 2 

24, 'I', 11 S., It. .i3 W.
1319370..__• 230 ___________ do__ •__________..____________ Two-groove polsonvetch.. ____ ________ 45 
DI9379_____ 28_______ 80 rods ellst o( SW corner SeC. Pierro cillY 108111, o-S inches___ .7 _______ _ 

24, T. 13 S., n. 53 W.1319380_____ 2Ba_________••do___._______________________ GoldenwC<Jd __ .. ___________________.___ 200 

I Geologic formation. 

http:racerna.ma
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TAl.!LE 4.-Selenium content of soils, shales, and vegetation from southeastern 
Colorado--Continued 

LINCOLN COUNTY-Continued 

Selenium in

Lab~~~tory Field no. Location 1.fnterinl 
Soil or IVegeta
shale tion 

P.p.m. P.p. m.B19385____ _ 31____ •__ 500 leet east 01 N'V comer sec. Pierre cla~' IOllm, (}-8 inches_ __ .4 _______ _ 
34, T.12 S., R. 52 W. 

BI938fl.__ ._ 3111 ___________do.._. _____________ •___ .._. 0- NllrrowlenC milkvetch _______ •_______ ._ 1,380 
BI9412_.___ 34_______ NE corner SI'C. 32, T. Ii S., R. Ogallala I clay loam, (}-8 inches .4 _______ _ 

52W.34n. __________do • ____ •______•_____________ _ Oulllweed••___________________ ________ 10 
B 19414.____ 34b_________ ._do___________ •_______ •______ _ Turpentineweed_ _____________ ________ 2 
B 19413. __._ 

LAS AN1MAS COUNTY 

Bl9420_____ 3_____ •__ NE corner sec. 2, T. 29 S., H. Benton I clay loam, (}-8 incl",s. i 
6OW. '--------

IH9421..___ 31l_•• __ •• _. ___ do___ • ___________ . ___ ._._. _._ Ooldenwl'etl...._. _____ . ___ •__• __ ._.___ 6 
BI9424•••.• 5________ KW corner SliC. 36, T. 29 S., R. TilllPI1S I 101111l, (}-S Inches_•..__ .4 __ • ____ _ 

61W.
B 19425____ _ M ____._. •__ • _do_ .. _______________________ _ Hussian·thistIe. ________ .••_. __ ._______ 1 
BI943L___ 11 ________ S\\'~ sec. 12, '1'. 30 S., R. 62 W __ Silt IOIlIll, o-s inches._._. __ .•._ 1. 5 ._. ____ • 
BI9433.__ •• 9a __ • ____ ._ .• _do....••_••••••• __ ••._••_•••• Narrowlellf milkyetch •• _•• __ •• _._••__ • 280 
BI9446._•• _ 13•••••__ SW~ SI'C. 31, '1'. 33 S., ll. 61 W._ Benton I 100un. 0-8 inchmL____ 0 
BI944L_._ 1311. _______ . _.do ...•_. _______._ • ___ •• _____ _ A. racem08U&__________________ ________ 50 
B 19448. ___ _ Stanleya______________ ._______ •___._._ 4;013b•••_._ SW~ sec. 31, '1'. 33 S., H. 61 W. 


(15 leet Irolllllo. 13). 
 .5 __ • ____ _ 
. Ol\\'. 

Bl945i_.__ l7_______ N\V t'Orncr sec. 24,'1'. 31 S., R. Niobrnn,l silt loalll, (}-S inches_ 

B 19458____ _ 1in.___._ ._•••do ._ .. _•••• _•••_. ________ •••• tlumweed...._____...__ .. ___ .. ________ 12 
BI9805•• __ _ 21.______ 80 rods soulh oC NW t'Orner S('l'. Greenhorn I clllY IOllm, O-S .4 _._. ____ 

15, '1'. 2; S., n. H3 \\r. inches.
111<)806•.___ 211l______ •• ___ do_•. _____ • ______• ______•• _•• Swnleyll._ ...._...___...__________ ._.. 180 
1120016.__ _ 31. ____._ ('enter soc. 12, '1'. 32 S., H. &I W_ Pi!'rre gmvclly clllY loalll, (}-S 3.5 " __ ' __ _ 

inches.
B2OOI7.____ 3111. _. _____ • __ do_.___ •_________________ ._. Ooldcnwel'.d•••._______ ....____ ________ 130 
B2!)(][>!____ • 311.._____ W~ corner sec. 16, T. 32 S., H. Pii~~~e:.tIllIY clny loalll, O-S 1.5 j.._____ _ 

63 W.
112()(]55.___ _ 3IJI1_______.. __do.... ___ •_________________ ._ Two-groove poisonvetch ... _____ ________ 25 
B2()(]58.___ . 38____ .__ SW corner sec. 4, '1'. 31 S., H. Pierre elny, 0-8 inchcs_________ 2.5 _. _____ _ 

03W.
132()(]59. ___ _ 3&'-.____ ••• _.do..... __ •________ ..________ . Two·groove poisonvoteh_ ..._____ .._.. _ 8 
B2!)(]fJL... 43.._____ SW corner ncc. 18, '1'. 30 S., H. Pierre clay IO:lIIl, 0-8 inches_ ___ 1 

fl3W. 
B 2O()(ill.. .• _ 4al1._._____ ...do ... ___ ._.._______•______•• Stllnleyn........____ ....__ •_________.. 300 
B2!1083 __ __ 50..___._ SW corner sec. 10, '1'. 28 S., R. Oreenhorn I cillY loum, (}-S .8 .. ___... 

63 W. inches.
E2()(]!H ___ • 5011_______ ••_. do.._••• _______ •____________ _ Ooldenwood..._..________ ..______.... _ 60 
B20000_____ 53.______ SO rods south 01 N~ corner sec. Oreenhorn 1 cillY 10lllll, (}-S 3 

34, 't'.:lI S., n. 59 W. inches.B2OO\JI ____ . 5an..____ ••••.do..... ___ •• _•• __ •__ ._.__ •• __ Two'b'l'oove poisonvetch..__......__ .. JiO 
B2!)2"12••_._ 55.._.... SW corner sec. ~'(I, '1'. 33 S., R. l'ierre clay, O--S inches.... _..__ .5 ....._._ 

62\\'. 
B202"..3. ___ . 5511••• ________do...... _____• ____________ . __ 

JlUERFANO COUN'1'Y 

BIOSI5_... 1.___ ••_. SW~ sec. 1:1, T, 25 S., n. 67. W_ Silt 10llm, O-S inches_.._..__ .__ 0.5 ___ .. __ _ 
BlU816..__ 111._..____ ._..do..... _. __ .. _..__ ..... _...._ OumwootL...._. ___ ...._________...___ 6 
Bl08IL.. 2..... _.. E~ corner sec. 7, '1'. 26 S., H. Niohmm 1 clay loum (A pis· I 

66 W. hllpll).
2n..._... _....do..........._____ ..________•
Bl9SIS_... Ooldenweed._....._......_..........__ 70 

lH9819____ . 3..__.. __ N E corner sec. 4, T. 26 S.._. ___ Silt loam, O-S inches..______ ... .5 __ ... __ • 
Bl9820..._. 311............do....._..... ___ ..__________ • ('om (enrs)................_..____.._.. 4 
BI9821._••. 3b._____ ...__ .do........__...__.... __ ...... Oumweed......._..__ .. ___ ._..._._.... 2 
BI9S26.... 6......__ NE~ sec. 35, T. 26 S., H. 65 W •• Greenhorn I sllt loam, 0-8 .6 

inches. 
BI9827.. .. 611............ do..._••• _......._.... _.... .. Ooldenweed.... ........... . 50 

BlU8:12.... 9...___ •• SW~ 01 NWM sec. 27, 'I'. 25 S., Niolirnrn 1 silt 101lfl1, 0·8 incite,,; 3 

R.OOW. (A pishnllll). 
BlO83.L_ 911........ __ •• do ....................___ ••. '''DOIly n~ter"_._" ____ ~."_~""_"f 1,;50
B198:I4.__ • 9b__..... • .._do.......................... .. Lnmhsquurters ......_......... i S90 

I Gc'Ologle IlIrm~tlol1. 
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TABLE 4.-Selenimn content of .snils, shales, and vegetation from .southeastern 
Colorado--Continllcd 

HUERFANO COUN'I'Y-('ontinued 

Seleniu11l in

Lab~~~tory Field no. Location 
Soil or IVegelu·
shale lion 

...~I 
P.p.·III. P.1l.111. 

B1983!L____ 10 _______ S\\'%" or N\V]-:( sec. 27, 'r. 25 S., Niobrara I silt IOllIIl, 0-8 inches 5 
U. 69 W. (40 rods north 01 (Apishapnj. 
no. 9).

DI9836..... 10n__ • ___ . __ .do.___________________ .•____ • A. Tllcem01uuL •••••_______ ••___ ____ .___ 680 
BlU837____ • ll. ______ Sy, corner sec. :14, 'l'. 20 S., It. Niobrara' clay loa11l, 0--8 inches 10 

6SW.lIn.. ____ . ____ do_________________________ __B19838___ __ Goldenwccd ..... _.. ___________ ....____ 240 
BI9839.. ... Russian·thistle........ ________ • ____ • 211 b__________ .do________________ .••____ .... 
BI984o...__ 12 ____ ._ SEM sec. 40, 'r. 26 S., R. 67 Yo' .• Pierro shllly clay, 0-8 inches.. .7 ______.. 
Bl9841._. __ 1211.. ___ • __...do.......____ ............. . Goldcnweetl TM"_" __ ~_ ~_______ 3 
BI9S45... 14 ______ NEJ:( sec. 20, '1\ 20 S., H. 66. W_ Pierre ciIlY. 0-8 inches .7 .. ____ __ 
B1984tL .. 14n.. ______ ... do....... __ • __ ............ . Ooldenweed. .. ..... __ ..... __..__ .. 20 
B1985(L.... 16. ______ XM corner sec. 10, 'r. ~'9 S., R. Alluvial clay 101lm, 0-8 irwhes. 2 

6.'; \\'.
B19SSI..... 1011 ______ '''' do ____________________ . ____ .. OoldenwemL ... ________ .. ____ _____ ___ 10 
BJ98fi4._~~. J8 ___ ~___ NEJ:i sec. 32 ,rr. 28 S., JL 65 \V Mesaverde sandy loum, 0-8 .8 ______.. 

inche~. 
B198S5.. IBn. __ .... ,. do......________________.. __ • A~ mcemnsu.'- .... _______________ ________ 35 

____,.-__-:-I_____·_...:I'_I:.!.'_B_I_A_)_('()...:I:.·~...:·..:'r..;\~·________~-----

BI9S71..... '-. ___... 80 rods cast 01 N'V corner sec. l'ierre stony CIIlY, 0-8 inches__ 
5, 'I'. 22 S., It. flO W.

DI95i2.• __ . 1n____ ... _____do .•___ . ___ •• __________ . __ .. Russian·thistle. ____ ... ____ . __________ 
BI!l578..__ . 4...___ .. SW Climer sec. 29, 'r. 2:1 fl., H. Very flne :-iundy 10[1111, 0-8 .5 _______ _ 

flOW. inches.
B19579.... 4a... ______ ... do..... _____________ ._..__ . __ Goldenwced • __ ..... _______..._______ 1:30 
B1958i____ . 8____.... NW corner see. :Ja, "'. 25 S., H. Benton' clay loam, fl-S inches .3 ________

60 W ..... __ ..______ •__ ....... . 

nI9r,s.~..... 81\_______ ... do ......__________ ........ ,. 
 Sunflower (henrls) ......... I 
BlO.195~.~_. 12____ .. __ NE corner sec. 18, 'I'. 22 S., H. Xiohrnrn' cillY IOIHII, O-S inches .5 ______ __ 

61 W. 
BI9.'9fJ.... 12a.. ____ ..... do ..... ____ • __ ....____ ....... Hussiun·thistle ....____ .. __ .. ________ 35 
13lOfiO:i._ .. _ 16. ______ NE corner sec. 20, fr. 24 S., R. NiolJrnrll' claylollm, 0-8 inches .5 ______ __ j 

OIW. 
B W604.... Ifta...........do... ____..__ .. _______ • ___ .._ Ooldenweerl . ______________ ....__.. 10 
BI9609_.... 1\1.. ..___ S~] corner sec. 10, 'r. 24 S., H. Niohrara' silt loum, O-S inches .4 ______ __ 

02W.
B 19010 ..... 19a••• __..... do.... ___..___ ....... ____ . __ _ Ooldenweed_ •.. _________.. __ • ________ 10 
BI9014..... 21.. _____ 1,000 leet southwest 01 NE Niobrnrn "IllY 100Hn...... __ .._ .8 -------

corner sec. 22, 'r. 2:1 S., H. 62 1W. 
BI9615_.... 2111._____ ..... do.......... _______ ... ____ __ Stanleyn _________ .. __ .._..____ ________ 180 
1119625..... 2:L___ '_1 a.6 miles west of l'l1iteti St1\tes Grnvelly clay loam, 0-8 inChes., G 

UOllte 85, on United States 
Route flO. 

BI9{126.... 2:1n ____ •. I ... _. do ......... __ ..•.• __ .... __ . Sl.anley"....... _..____ •. __ .... ________ ,510 

1310027••.•. 2:1b.... 3.1l miles west of Fuited Slates Ooldenweed ... ___ .. __ .. ____________ • ·1,320 

Route 85, on (Jnited Stlltes 
Houle flO (25 feut Irom no. 2:l1. 

DI9628__ ... 2:10..____ • __ .do...... __ ............ __ • __ Side-oat.s gramll ............___ ......__ 10 

D19629.... Zlti.____ ..... tio .. __ ........ __ .......... . ./llue gramll ____ ... __ ......_... ________ 4 

1119t;:I0••.• 2.1e __.._••___ do .... __ ....... __ ..... ____ •• Oalleta J!rass __ .. _...... __ ..... ________ 12 
BI9736..... 26_______ 500 feet west 01 E!., corner set. T'ierre cillY loam, {)-8 Inches._. 1 

7, T. 22 S., H. 62 W. 
B19i37..... 2011.. __....... cIo..............._..___.... . Goldenwee'I ....... ___ .... ___ .. _____... 20 
Dl9i42..... 29...____ g){ corner sec. 17, '1'.22 S., H. Xiobraru I clll)' 10l1m, 0-8 inches .5 .._____ _ 

HaW. 
B19743 ____. 29n.. ____ .....do .... __ .......__..__....... . Oumweed ........ ___ .. __ ...... ________ 420 
B19744..... 29b...... EM corner sec. Ii, '1'. 22 S., H. {'orn (curs) (irrigllted) ___________ .. ____ 2 

63 W. (20leetfrom no, 29). 
DI9747_..__ 31.__ .. __ flOO feet south of NM corner ~'1lc. Greenhorn I silt 1011m, 0-8 

16, '1'. ZI S., H. 63 W. inches.
B19748_____ 3Ia..____ ... __ do........... ___________ ... __ StllnleY1l..._____..... ______... ________ 1,020 
D19753_____ 34-_____• 500 feet southeast 01 center sec. Niobrara I silt loum, 0-8 Inches .4 _____... 

2, '1'. 23 S., R 64 W.
BI97M___.. 34n______ ..___do____............___....... . Sunflower___ ..... ___....___ ..___._.... 2 
B19766__.._ 39_______ SW curner sec. 29, T. 21 S., n. Nlobrnrn l nllu\'lal silt lount, 10 

64 W. 0-8 inches. 
B19767..... :l9u.._._______do........ _......._____ ..... Slnnleyu.._______ ....___•____________ . 1,090 
B1977L__ .. 41 ______ • 80rodswestoIS~;cornersoc.~'II, (,lny 10UID, 1[..23 Inciws. ______ .2 ....... , 

'1'.2'2 S., n. 65 W. 
DI97i2__... 41n______ .....do...... ___ .... __" ... __ • __ __ Ap/OllaPllus spinu/o.",. ..__ ..__ ________ 10 

1 Geologic formation. 
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Colorado-Conti nlied 

PUEBLO ('OUNTY-('onLinurd 

Selenium in

Lab~':.tory Field no. Location Material 
Soil or Vegeta·
shale tion 

P.ll. m.I1'. p. 7/1.
BI9ns____ • 	 44...____ NEJ:i' sec. 26, '1'. 2,1 S., R 06 'L_ Greenhorn I cluy loam, 0-8 .4 __• ____• 

44n________. __do__________________________ _ inches.Stanlcys _____•____ •__________ • ________ 190 
B 19785. __ __ 47_______ Center sec. 27, 'I'. 24 S., H. 67 W_ Niobrara I slmlo, 0-8 inches__ __ 3.5 ______ __ 
BI97i9..__• 

B 19786_____ 47a __________ .do_. __ •________ •____________ Stanleya _____•______ .... _____________• 1,390 
BI9i93. ___ 52_______ SEJ4 sec. 30, '1'. 21 S., It. GO W._ Greenhornlsil(loarn,O-Sinches 4 ______ __ 
BI9794_____ 523••• _. _____ • do•._•.•.•••.._.._•••.. _. _. __ Stnnleya. ______..._________... ________ 1,250 
BI9796__•__ 54_ ••.... NE)4sec. 5, '1'. 23 S.,R 67 W._ 
m970L__• ~t~~re;:{~ ~~~.~~.':.~!~.~~~~..-.~=I____.~~. 2 
BI086L__. ~~~~=~==~I·ili;r~8s·e;igt·oTNi~·coj.;ii;rse-c~- Greenhorn I clllY loam, 0-8 .0 ______ __ 

28, '1'. 21 S., R 67 W. Inches. 
B198M_.... 59l1_••• _••__ ••do.••••• _•••• __•••• ____. __ •__ Stanleyfi _____ •__ .• __ • ___________.•____ 400 
B 10873..... 03.••_.__ S)1 corner sec. 34, 'P. 20 S., R. 07 Greenhorn I stony 10UIII, 0-8 2 

W. 	 inches.
Bl98H_____ 63n__••. _ • '" .do•••••..•••..___. __.••• __ ••. Stnnleyu ________•________________.____ 300 
BI9875...__ 63b __._.•._•• .do..__._._..._____ .•. __ .•.. ,. S,weetclover___________ ~ .. ___ .. __ ___ .. ___ ... 3 
Bl9882•••.• 67 ____ ._. NW corner sec. 22, 'I'. 21 S., H. Pierre clay, 0-8 inches_____ .... 2.5 .. ____ __ 

6J.',>\,. 
Bl9884 •• __ . 	 67a._.•.•.__ ••do....__ . ___ .._...•••••___ •.• Russian·thistle __ ............ __ • ______ • 

Bl989!.._.. 7L __ •.__ SE~(, ser'. 24, '1'. 19 S., H. (;4 \\'. Pierre colluvium, 0-8 inchcs___ 2.5 _______ _ 
BI9892...__ 7I1L ••• __ •...•do __•• ---________. ___ . __ ..... A. raccmosu•• ___ .... __ ~.. .. ... __.... __ 60 
B 19SIXl..... 74...____ 500 feet nortb of center sec. 12, Niobrara \ silt loam, O'M inches 2.5 __• ____• 

'1'.208., R 	 65 W.
BIOS97...__ 74n ________ ...do..____.. __________ •__ ... _. Goluenweed.. ______ .. __ •______ .._.____ 100 
B 19899__.__ 76._.____ 80 rods north of cenler sec. 25, 'I'. Pierre shaly loam, 0-8 inches__ 4 

lOS., R 65 W. 
BI9900__• __ 7611___________do. __ .•••• _____ ._. __ •__. ___ __ A. Tacem081~'. __ ... __ .•.______ • _______. 4iO 
h 19909____ • 81. ______ Cenler sec. :l1, '1'.10 S., n. 03 W_ Pierre clay, O·S in(·hcs.________ 2.5 ______ __

Slll. _______ •. _<10 _______ • ___________• ____ •• _1l19910••••• 	 A, racemo."'.'........ __ .... __ .. ____... _ 660 

BI9916__•__ 84_______ EU corner see. 12, T. 20 S., J(. Niobrara I shale____ •__ ... __.__ 2.5 ______ __ 

07\\".
Bl09li____. 	 84 ____•••• ____dO...______ •______•________ •• Limonite concretion _____ .. ____ .. 54 
B 19918____• 843••• __ • i__ ... rlo. ____ . ______ •__ ...... ____ .. A.,traguiu., (leaves) .... ______ .. !.____.__ 100 
B 19928 ___ __ 89. __ ... __ .. 500 feet east of center sec. lU, 'I'. (lreellhorn I silt 1011111, 0-8 inches 1. 5 .. ___• __ 

18 S., n. 61l W.
BI9929.__ •• 	 80u__________.do... __ ..... ____ •__ ...__ ..... Slunleyn _____________ •__ •_______ ._____ 550 
B19935..... 	92•••• __• BE corner sec. 7, T. IS S., R. 67 Morrison eillY 1 ollUl,()-8 inche~ .7 ______.. 

'\V-. ' 
D 19936..... 02a__.._ __ __ .do...._. ____ . ______. __. ___ ... A. racemo,w,'__ ______________________ __ , 

EL PASO COllN'1'Y 

DI99.>5____• 	 1.______ . 500 feeL south of N).:; corner sec. ('roenhorn I silt. lonUl, 0-8 inches 2 
31, '1'. 17 S., R. 06 W. 

BIOOM__.__ In_____ .......<io.... -- ____... _........... __ Stnnleyn..__ ............__ .... _....... 280 
Dl9USi_____ 2-. _______ \Vy'( coruer soc. 20, ~r. 17 S., H. Pierro lind Oga11nln I cillY, o-s I 

O"W. inches.
DI9958..___ 211____ .•• __ .. rio........ ____________....... Asler__.. ______...__• ____ •••••. 

DI09,,9____• a ... __ . __ SEl{ser. 9, '1'.17 S.,lt. 05 W.. . Pierro clay loam, 0-8 inches..... 3. 5 _.. __ '"' .. ~. 

DWOnO__... 3n....... __ ...do.............__ ...__ ..... .. 'rwo~grQ(wo poisot\vulch ___ .. ______ .. ___ MJO 

HI996!..... 3hoo.......... d()••. _....... ~~ ........... . BIue gnlllm .....__ ........ '.... __ •• __" 2 

DI9964. __•• 5.....__• ('cnler seC. I", 'I'. 15 S., It. 65 \\'. l:'icrre clay Jonrn, 0-8 ir}('hes.... ~ [)

DW9{j5.__.. 5a............ rlo ~ ........... ________... .. 'Pwo·grorl\'c poisotl\'etch. ____ • ____ • __ • 1,140 

HWOnO..... 5b. ____.......rlo............ ~." .... ' .... . 
 S\\·ect('I()\·er___ ~ .. _____ .. __ .. -___ .. _... __ ........ 2 
B190G7 _.,.._. 5c__ ... __ ~_ Ccuter Sc.c~ lu,'e. is &.) R. tiS \V. $udnn grass... ____________ .. ______ ........ _. '2 

(HlO feet from no. 5.)
BIOU70____• 	 7________ S~(, corner sec. ai, '1'. 14 S., H. on Pierre clay, 0-8 inchc.'i .. ___ .......... 


W. 
BIU97!..... 7n____ • __ ••• __ do..... _____ • ____ ._......... . (lulll"'eer.!. .................... ,,__ .,,- 60 
BI9972. __ .. 8. __ • ____ SW corner sec. 17,'l'. 1.1 S., It.liIlW. Pierre clay. 0-8 incltes~~~_~ __ .... 1.5 _____ ..._ 
DI9973..... 8n•• _____ ... __ <Io.. ~ ...................... . Aster__ .."__ .. ~ ....... __ ..... ____..__ tI 
BI9976..... 10_______ S,l{ comer sec. 14, '1'. 16 S., R. 00 l'ierra hllu"ial cluy loam, 0-8 ~ 

W. 	 inches. 
BI997i..... 1011.__ ... __ • __ uo..... __•__ ......____....... Two·groove polsolll'etch...... ........ 150 
BI998!..... 12______ • NI{ Corner sec. 34, '1'. 17 S., H- Nlohrllm I silt 1011111, O·S inchos 8 

60W.
B19982..__ • 12__ .. __ ......do....___________ ...__ ... __ ' filmIc rrolll outcrop ...________• 8 ------~O' 
BI99S:L.__ 12n__ .....____ do .... __ ....... OoldcnweecL .. _........... _.......................... ~ .. ~~ ., 
BI99~4 ..... 12b...........do ....__ (JIIlletfl grn~s .... __ .................. 

I Geologic (ormution. 
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TABLE 4.-Selenium content of soils, shales, and vegetation from southeastern 
Colorado--Continucd 

FREMONT COUNTY 

Selenium in

Lab~~~tory Field DO. Location Material 
Soil or Vegeta·
shale tion 

P.p.m. P.P. m. 
BI9634 •• _ •• 2••._.... 1 milo north of United States l'ierre shale.•...._._.__•••••_. 2 __._•.•_ 

Route 50, on GutIey Road. 
BI96.%___•• 3 •••••.•... __do ...... ___..••._••••••.••••. Bentonite in shale•••••._...... 3 _. __,._. 
BlO637.•..• 5.••••.•• 80 rods north of United States Gravelly clay loam, 0.8 inches. 2. 5 •_____•. 

Rou to 50, on GutIey Road. 
B 19638..... 511....... _. _•• do •..••••••••.••••••••.••••.• Two-groove potsonvetch_.____ ________ 340 

Stanleya ___________ ._.________ ________ 200BI9639•..•• 5b•••.•.• 80 rods north of United States 
Route 50, on Guffey Road. 
(6 feet from no. 5). 

BI966G.••.• 10.•.•... 300 feet east of center sec. 21, 'I'. Pierre clay, 8-16 inches........ S 
ISS., R. 70 W. 

BI91i67..... 1011._•••••••••do••••.•••••_••__._ ._._._ •••• Goldenweed........__. ___.••••••_.___• 270 
BI9668. 10h. _•••••••._do•••._•••.•__ •••_••______ ••• Corn (ears) ......__ .•...._••••.•._..... 2 
B19941-. _ 15 .••••. SWUsec.22,T.ISS.,R.65W•• Bentonitic shale............... 1.5 •..•••__ 

m9948 ..... . 15a...•• _ .. _..do ••. _... _ ...........___ .. .. Stanley.L........... __ ••.•••••.••••___ 5 

BI9954 ••• __ IS ....... 80 rods south of EU corner sec. 4, Niobrara 1 shaly silt! oum, o-S 3.5 _••__._. 


'1'.19 S., n. 6S W. inches. 
BI99S4u •• _ 18a._ ... _ .. __ do ___ .•.. _._ •.•••._••••••..•• Stanloya.................._•..•.••••__ 360 
B198O\L. 20•.. ____ NW corner sec. 15, T. 20 S., R. Pierre day loum, o-S inches. ••. .4 ._...___ 

OSW. 
BI081O_ .. _ 20:1...... ___ ..tlo......._..________.....••.. Turpentineweed........._•...••____._ 12 
BI0811 ___ . 21. .• __ .. NWUcornersec.22,'l'.20S.,H. Silt loam, 0-8 inches.._........ 2 

fiSW. 
Ill9SIL .. 2Ia .•..• ____ .do. ___ •.. __ .... __ •••••. __ • ___. StanleYIl.......... __ ...............__• 600 
BI0980. ____ 2·1. ••••• NU corner sec. 4, 'r. 19 S., R. Pierre silt 100,m, 0·8 Inches. •••• .5 •....._. 

1i9W. 
BI09<JO.•• 2'11"""1 . __ .do •.. GoldenwL>etl...••••..••.• , "'" ........ 15 

I (ieologic (ormation. 

Data obtained in this survey show thnt occurrence of vegetation 
containing toxic quantities of selenium exists oyer II very wide area 
extending from township 8 south on the north to 34 south and from 
range 41 west on the east to range 69 west. By no means is it to be 
understood thnt the whole area is injuriously affected or that the 
portions adversely afl:ected nre equally so. It is estimated by John 
T. :Miller, as a result of field examination, that approximately 1,100 
square miles of soils are developed, wholely or in large part, from Pierre 
shules and Il.bout 2,000 square miles from the Niobrara formation and 
300 square nmes from the GreenhOl'u formntion. No accurate deter
minu tion of the area is possible because of the shifting materials from 
und to arens of soil derived chiefly from loessial, Ognllala rubble areas, 
and from subdivisions of the Benton formation, other than Greenhorn, 
which are normnlly low in selenium content. The condition is made 
more complieated by local accumulations of selenium in excess of 
normal, whieh possibl.· are the result of leaching from one area and 
retention in another. In table 4 the nnme assigned to soil samples is 
that of the geologic formation presumed to be the parent material of 
the soil, and where no such name is prefixed to the class term the 
source of the soil is either obscure or was not noted. In connection 
with the l'ela,tion between table 4 and figure 3, it is to be noted that 
the term Niobrara in table 4 includes both Apishapa and Tim:pas 
formations llIlless otherwise indicated. In Kansas the lower portIOn 
of the Niobrara formation, the Fort Hays, was found to be relatively 
low in selenium, as were o.lso the soils derived from it (6). The sume 
appears to be true for the massive portions of the Timpas limestone. 
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VARIATIONS IN SELENIUM CONTENT OF PLANTS 

A detailed study of the data of table 4 confirms and emphasizes 
certain observutions previously reported (6). There is a wide varia·· 
tion between the quantities of selenium absorbed by different plants, 
and even for 11 given species there is no constant relation between the 
qua.ntity found in the plant as compared with that in the surface soil. 
Only one or two illustrations from many in the table need be cited. 
The sample of narrowleaf milkvetch B18461 (p. 15) contains 2,070 
p. p. m. when growing in a soil containing but 1 p. p. m., while BlS401 
(p. 15) contains but 210 p. p. m. when growing m a soil contvjning 
1 p. p. m., and B19355 (p. 18) has but 820 p. p. m. to 10 p. p. m. in the 
soil. Again, B19960 (p. 21), a snmple of two-groove poisonvetch, 
contains 590 p. p. m. of selenium when a sample of blue grl'ma grass 
growing in the same soil hn,s but 2 p. p. m. Still again, B19254 
(p. 16), a sample {)f western wheatgrass, contains but 1 p. p. m. of 
selenium, while a sample of narrowleaf milkvetch 4 feet distant hfts 
780 p. p. m. Such variations are usual. 

The variation between species of plants is definite and very wide, 
even within genera. This is perhaps not surprising even though 
unex-plained. For the variations within a given species in different 
soils a number of explanations are at han~L, all of which appear to 
have application in specific instances. AnlODg these are the variations 
due to differences in the sulphur-selenium ratio (15) and differences 
due to variation in the root systems of the plants and to the variations 
in the selenium concentration of the soil solution derive(l from different 
soil levels. This last variation is very marked and is without any 
definite regularity as is shown by the variations 'within profIles illus
trated by table 8. The most effective cause of variation in plant 
content is probably to be found in differences in the forms of selenium 
present in the soil. Attention has been called (6) to the influence 
of rainfall upon the selenium content of given plant species but withou t 
any definite conclusion being reached. This cause of variation is 
particularly intriguing because of the very marked decrease of 
selenium in plants when grown in humid soils or under irrigation. 
It was noted that in Kansas the selenium content of given plant species 
was less in the more easterly portions of the seleniferous area find 
became negligible as one reached areas of higher rainfall. It was 
not possible, however, to ascribe these variu,tions to rainfall alone 
because not only did soils and parent materials alter but there w('re 
also differences in plant content of selenium dependent on the season 
when the plant samples were taken. 

It seemed possible that light might he thrown upon these relations 
by the investigations in eastern Colorado, where conditions were 
similar to those in Kansas. In Prowers County, where samples were 
collected in June, the ratio of selenium in the surface soil to the mean 
content of 10 samples of narrowleaf milkvetch is as 1:549, \' ..hile a 
similar ratio for 10 samples of the same plant species collected. ill 
Crowley and Lincoln Counties in August and September is 1:317. 
The mean annual rainfall at Holly in Prowers County is given by the 
United States Weather Bureau as 15.04 inches and at Puehlo as 
11.66 inches. It would seem, therefore, improbable that such differ
ences as shown by this relation could be due to rainfall, since this 
relation is reversed in Kansas. Too much stress is not be be placed 
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upon the mtios themselves, since the variations within each group 
are wider than between the groups of plants. 

A more specifie illustration is furnished by a series of samples of 
a single clump of Ast1"(I,gal1ls J"{[cemosus at 150 feet north of the SX 
corner sec. 24, T. 21 S., R. 44 ,Yo 'rhe plant was carefully sampled, 
only one-half of it being taken on June 4 and the remainder left to 
mature. It was again sampled on October 26. Unfortunately, at 
the latter date no seeds were available. The results obtained from 
the examination of the samples were as follows, in parts per million: 
June 4, young seeds, 90; flowers, 90; leaflets, 60; and stems, 15; October 
26; leaflets, 3; stems, 3; roots, 2. It is clear from such and similar 
data that there is wide variation in plant content !md that results 
obt!tined at one stnge of growth of a plant are not direetly compnrable 

Fwultl-: 6. --A.'1trnUfllll.'l pcclill(lillS gro\\·inf;!: on sclenifl'fOtlS soli. 

with those obtained at other periods. This mny be due to the usual 
deprensed relative nsh content ehanwteristie of plants with increase 
in totu'! dry mn.tter toward maturity. This may also explain the 
fact thnt lItte-senson materiuJ is less toxic hecause it is composed of 
older plants. 

Varin,tion in the selenium content of difl'erent pltrts of the plant 
has already been noted (6). This becomes of interest in connection 
with the seasonal variation above noted and because of the recent 
publication of VH,l·il1tioll of lead nnd ursenic in different portions of 
plants hy Vltndccaveye and coworkers (8-4). SufTi.eient dntn nre not 
at haud to wnrmnt !tny definite ('onelusions. The following nuty be 
tnkeu ns representntive of the relations for two species of Astl'(I,galus 
which have been exnmined, results being given ns parts per million. 
In n sltmple of nn.rrowlcnf milkvrtch (fig. 6) from Prowers Oounty 
the seeds nnd pods hnd 1,630; flowers, 1,450; lenflets, 810 j stems, 670; 
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and roots, 210. In a sample of A. racem08US the relations were: Seeds 
and pods, 310; flowers, 530; leaflets, 120; stems, 20, and roots, 25. 
A similar relation is shown by a sl1mple of Stnnleya phmata which 
had in the seeds and flowers 340; in the ieaflets, 120;:in the stems, 10; 
and in the roots only 5 p. p. m. Another plant of the sl1me sppcies 
from Fremont County had 2,850 in the tops and 1,390 p. p. m. in 
the roots. On the other hand, a sample of goldellweed from Bent 
County showed the l'eyersed relntion of but 260 in the tops and 1,070 
p. p. m. in the roots. It I1ppenrs sl1fe to state that in general selenium 

FIGUIIE 7.- Smoky Hill shnlo (srlcnilerolls) o"rrlnin lW Qunh'rnllry grn"rls (nonsrh'niferolls). 

is likely to be concentrated in the flowers find seeds of these plants 
and is less abundant in the stems and roots. It also appenrs that 
this mny not he true of nIl plnnts 01' nt nIl seasons. \York of Hurd
Karrer on certnill plants shows that selenium may be higher in 
leaves than in seed (16, 17). The genern.l ohsernLtion thlLt pllLnts 
contain less selenium in the llLte summer lLnd full is not in hnl'mony 
with Beath's ObSe1Tu,tion (4') that rn.nge poisoning is mOJ'e severe in the 
Inte sununel'. Both observations may he uccUI'ate, 11ow(',,,o1', if, due 
to chlLnge in chnract('l' of forl1ge gJ'Hsses in th(' summer, or to limited 
forage, poisonotls pllLnts become less ofl'elJsive to stock. 

1 i82:(0--1I8- --.t 
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IRRIGATED SOILS 

A very large number of analyses of samples from eu~tern.Oclorado 
are omitted from table 4 which have to do with the irrigat,ed area 
indicated in figure 2, This is a very extensive 8,rea and offers an 
extremely good opportunity to detennine if the previous obser\Tll tions 
(5, 6) with respect to seleniferous irrigation areas are of g,:meral 
validity. 

A soil survey of this area was published in 1926 (32). In this 
survey various soil series were identified and named. In the course 
of the present examination John T. Miller examined these various 
series with reference to their parent material, and the resulting com
parison of series with parent material is given in the following 
tabulation.: 

Series Parent material .•Prowers_ __ ____ _ _ _ _ __ ____ _ ________ _ Loess.Fort Lyon_________________________ _ Iteworked Niobrara and loess.Otero _____________________________ _ 
Pleistocene deposits and loess.ItockyFord ________________________ _ Old alluvium (largely Pleistocene).

Millnequa and Ordway clay __________ _ Sandy shales (Niobrara).Penrose ___________________________ _ 
Shaly limestone (Niobrara).

Ordway clay loam __________________ _ Pierre shale.Billings____________________________ _ Iteworked Pierre shales.ManveL ____ ._____________________ _ Itecent alluvium from loess. 
Las Animas and LaureL ______ . ______ _ Gravel and sands (recent).
Apishapa__________________________ _ Niobrara limestone and shale (Apishapa 

and Timpas). 

Many samples were secured from the different soil series and, where 
possible, both normal irrigated crop samples and nonirrigated native 
vegetation were secured. The comparison is not so satisfactory as 
could be wished because usually the forms of vegetation particularly 
prone to take up selenium were not obtainable on the irrigated areas. 
Seldom was it possible to secure the same vegetative types on both 
irrigated and nonir.rigated soil. In table 5 is given a portion of the 
results obtained in Prowers, Bent, and Otero Oounties. They are 
representative of the results secured elsewhere as well. One of the 
causes of the variation jn the selenium content of the soil is illustrated 
by figure 7. 

T AnT,B 5.-Selenium content of soils and vegetation from irrigated area.~ in Colorado 

PROWERS OOUNTY 

Selenium In

Lnb~~~tory Field no. Location Materinl 
Soil or Vegeta
shale tion 

P.1J.1fI. P.p.11I. 
DlS419____ _ 11.._____ W)4' corner sec. 33, T. 22 S., R. Prowers clay, (}-S inches_______ 1 

42W.Dl8420____ _ lln___________do__________________________ _ Voung wheat ________________________ _ 
Bl8424___ __ 14_______ SW corner sec. 12, '1'. 23 S., R. Las Animas allm'ial clay, (}-S 1 

43W. inches.l4a___________do____ . ______________________ 
BlS448..__ _ 20_______ 00 rods north of S)4' corner sec. I,as Animas clay, (}-S inches 1. 5 _______ _ 

25, T. 22 S., R. 44 W. (irrigated by ditch tailing). 

BlS125..__ _ Alfalfa___________________________ ._ .. _ 4 

20a__ __ __ _ __ ..do________________________ •__Dl8449..__ _ Narrowleaf milkvetch _________ ._______ 1,2?0
DlS450____ _ 27_______ NX corner sec. 13, '1'. 22 S., n. Prowers sandy loam, U-S 1 

HW. Inches.27a_________..do__...___________ . __________ Alfalfa_______ •______________ ..________ _BI84.1L__ •• 
BI8462.__ __ 32______ • aoo reet south or N'V corner sec. Las Animas cillY loam, O-S I 

:11. T. 22 S .. H. 44 W. inches
BI840L___ 32u____ •. ____ do...... __ • ______ • _________ _ Alfalfa________________________ ________ 3 
B18464..... 32b._.... _____ do.... _._ ...._________• _____ _ Wreath aster_. ______________ ._ • ______ • 2 
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TABLE 5.-Selenium content of soils and vegetation from irrigated areas in Colorado-
Continued 


l'ROWERS COUNTY-Continued 


Seleninm in

Lab~~tury Field no. Location Material 
Soil or Vegeta·
shlile tion 

P. p.m. P .. p. '''.
Bl847L... Fort Lyon silt 101lm, tHl inches .7 

(not irrigated).
BlS472.....j Fort I,yon silt loam, 6-12 .8 

iuche.~ Cnot irrigated). 
BI84i3..···i Fort Lyon silt loam, 12-24 .8 

inches (not irrigated).50 feet ellst of N>{ corner sec. 30,B1847L·.. 1 30....... Fort Lyon si!t loam, 24-30 .8
T.22S.,R.43W. inches (not irrigated).
BlS47L... i Fort J,yon silt loam, 36-48 

inches (not irrigated).
BIS476..... Fort Lyon silt loam, 48-60 1 ........ 

inches (not irrigated). I
B1847i•••.. 3tilL. .........do.......................... . A.,lraQalus racemasu...........,........ HiO 
BI8478.... . Fort Lyon silt loam, (}..O inches. I. 5 ........ 
BIS479..... Fort Lyon silt loam, 6-12 1 ........ 

inches. I
BI8480.... : Fort Lyon silt loam, 12-24 

inches. 
BI848L... \ 37....... 50 feel. ellst of SU corner sec. 1\), Fort I,yon silt loam, 24-36 

T. 22 S., R. 43 W. (i5 fect inches. 
north of no. 36). 

BlS482.... Fort Lyon silt loam, 3f>-48 2. flj! 

inches. 
DIS48.L... I'ort I_yon silt loam, 48-60 2.5 

inches. 
BIS4S4.... :l7n..... __...do............................ A. TIlremosu.'.................. ........ 110 

BI8548.... oil ....... SE corner sec. 3.), T. 21 S., R. J'rowers clny lonm, 0-8 inches 
 . S I........


4flW. (irri~ated, poorly drained).
BI8549.. ... 44a...........do........................... Yonng whenL................ ........ 3 
BI8589..... sa....... 300 feet north of W~! corner sec. J,BS Animas clay 10llm, 0·8 I..S ........ 

36, T.22 S., R. 46 W. inches. 
BI85!lO.... . 53a ...........do........................... seepwced ..............__..... ,........ I 5 
B1859L ... 53h...........do...............__.......... Yonng oats____................ ....... 3 

DENT COUNTY 

Bl8662...__ 2........ ~~ mile north of Prowers, sec. 34, I_as Animas silt allnvinm, (}"S I /........ 


B18OC,L... 2a...__.....~d~~:~~::~.:::............. Alf~Y~e:':...................... ........ 0 

B18667..___ L ..._... I,OOOfectnorthofSEcornersec. J'rowers silt loam, (}"8 inches_. 1 I".'"'' 

10, T. 22 S., R. 48 W. 
BI8668._ .._ 48....._......do........_... __ ............. Alfalfa...............____ ._... ........ I 
BI8060...._ 4b............do.......... ____ .......... __ • "'reath aster.................. ........ 12 
BI8671. ____ 6........ 200 feet north of E!4 corner sec. Prowers clay loum, 0-8 inches. .7 ;.._..... 

35, 'r. 21 S., R. 48 W. 
Bl8672"••• 6a............do.__...................._... Alfalfa. __ ......................__ •• __ 2 
BI8670.__•• 8........ } {prowers clay IOBm, (}..8 Inches. .7 ........
B18676.. __ . Sa....... NW corner sec. 13, T.21 S., R. Young wheat __ ........ __ ..... _... 1 

BI867i..... 8h....... 48 W. Alfalfa ........................ __ •__ ... 2 

B18670.... . 8c....... Wreath aster......... __ .... •• ........ 2

B18732____ • 21....... 150 feot sout·h of NE corner sec. 1'0rtLyon silt loam, 0·8 inr!ws 1 ! •• __ 


20, 'r. 22 S., R. Ii! W. , 

~:~~~L:' ~:.~==:::: ·s}:/~;ii~r·sec~3?Ci;:2:is::·R:· ~~~~eal~~t:~·cliiy..io.;m; 0:8'1' "'j' '. . __ ~~ 
53 W. inches. I 

BI8768..... 3611 __ •.•.••. .do.......................... Alfalfn..................... . . I 0 
Bl8822.... Minnequa clllY loam, 0·6 I 

Inches. 
BI882.L... i Minnequa clay loam, 6-1~ 

inches. 
BI8824..... ·13....... NE corner sec. 21, 'r. 22 S., R. Minneqna clay loam, 12-20 

48W. inches. 
Bl882.L... Minneqna clay loam, 2(}"30 

inches. 
BI882G..... I Mlnnequa clay 10Brn, 36-48 I 

inches. 

~l:~L.:: :~L..::I·N~~~IlOf;i~~:~iirt~·~~~si~f· ~~gLc.o.r~~~:==:=:::=:=:::=== =:::::=: oI 
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TABLE 5.-Selenium content of soils and vegetation from irrigated areas in Colorado
Continued 

BEN'1' COUNTY-Continued 

Selenium in

Lab~~~tory Field no. Location l\-[aterial 
Soil or Vegeta
shale tion 

P.p.m. P.p.m.
B 18829_____ 43c_____ _ NE corner sec. 21, T_ 22 S., R_ Radish (Jeu'·esl.-______________ i__ .-____ 1 

48 W. (20 feet from no. 43.)
Bl8830_____ 43d_____ _ Young peas _________________________ _NE corner SeC_ 21, T. 22 S., R. 


48 W. (50 feet from no. 43.)

BI883L___ 4ac____ ._ Lettuce______________________________ _NE corner sec. 21, rr. 22 S., R. 

48 W. (30 feet from no. 43.) 

OTERO COUXTY 

BI80iO__ 10_______ 1 1,000 feet south of N\\' corner Otero sandy loam, 0-8 inches..! 
sec. 33, T. 22 S., H. 54 W.

B 1897L___ lOa___________do_________________________ _ Young wheat (heads) ________________ _ 
BI89i3_____ 11. ______ 500 feet north of SW corner sec. Minnequa clay loam, (}-S I 

0, 'I'. 22 S., R. 54 "'. inches.BI89i4 _____ J In..________ .do _________________________ _ Alfalfa________________________________ _ 
BIS9S0_____ 19_______ 80 rods east of W~~ corner sec. GraveJly silt loam_____________ 1 

23, 'r. 24 S., R. 5.5 W.
BI8000____ _ 10n ___________ do_________________________ _ Gumweed____________________________ _ 
B 18001. •__ _ IOIL_________do _________________________ _ Alfalfu______________________________ .__ I 
Bl8000____ _ 22~.~ .. ~~ .. s"r corner sec. 24, '1', 22 S., R. Otero clay loam, (}-8 inches___ . .8 _______ _ 

55W. 
B1800- ·)0., ' 10 {Young beels (tops) ____________ I_______ _ 

BlOOl;:-] ;~~ :::-::' -;~~~ f;et-~~~;l~~-~~-~~\~-~~;~~;- ~~~::~r~:~~LS J[,~7ts1;)uljl~--ii:s ---2---
BlOOI3 ___ I:JOn __ se~iol~I::~~_2~_~.:_:~._~~_~~:_____ Y~,;~hge~i)rn---------------------_---
BIUOJ·L. __ I :Wh_____ 1,000 fect souLh of NW corner Young beans__________________________ 1 

' Sec. 14, 'r. ~l S., R. 56 W. (20
I fccl from no. 30.) 

BIU015_____ ' 30e______ I,OOU feet south of NW corner Wheat (heads) _______________________ _ 
, sec. 14, 'r. 24 S., R. 56 W. (20 

feei from IlO. 30.) I 
BJ90l0_____ I, :10<1 ______ 1,000 feet south of NW corner Wreath aster__________________ --------i 

I sec. 14, '1'. 21 S., R. 56 W. (15 I 
feet from no. 30.) Bloon_____ 1 :J0e_____ _ 1,000 feet south of NW corner Turkey pea ___________________________ 1 
sec. 14, T. 24 S., H. 56 W. (25
feet from no. 30.) 

BlOOI8_____ 30L_____ _ I,OOU feet south of N\V corner Poison milkweed ______________ ,________ 3 
sec. 14, T. 24 S., H. 56 W. 

BIG019_____ 31. ______ 500 feet north of SW corner sec. Mlnnequa clay loam, (}-S 2 1____ .. __ 
3n, 'r. 23 S_, R. 56 W_ inches. 

~ :~g~~::::: ~i~::::::I·\\;}:l~orne;sec:-ii:ii,:23-S~;-:R~- ~~~~~-F(ii-(i-s-Rl~ii~;i(iiiiii;-O:8-1· -. -i.-.5 - _. _____ ~ 
5~ W. inches. 

BI"022 '10'1 do {sugar beets (tops) _____________ I____ ·_._ I 

B1~24~'__~~ ~;_~~~~_~ ·~o;; ~eet-s-;~tb~~~~-~;-N~-~~;~~~- ~~~~~ ~:~~V[g~~~O.-i;fllches::'I-----:.5-1 .• _____~ 
Bl0025____ 33n _________~~~·o~~_=~_~~~·:_~:_~~_~~~ __ •__ Young eorn._. ______ •• _____ •__ .______ 2 
Bl0026_. __ 34 ______ • 500feetsouthof'Y~4cornersec. Las Animns clay loam, 0-8 l..'i ____ • __ _ 

36, T. 22 S., R. 57 W. inches.Bl9027. ___ 3411 __ •________ do _________ . ____________ ._._ Sugar beets (tops) _______________ •••__ • 3 

Bl002S_._. 341> ••••. 500feetsouthofW>4eornersee. ~O· ~ )
36, T. 22 S., R. 57 W. (10 feet mOils tops -------.------ •• - ---'---. 2
from no. 34). Onions roots) ________________ -------. 2 

BI9029__ ._ 340.____ • 500 feet south ofW>4 corner sec. Yonngbeans________ •••______________ 1 2 
36, T. 22 S., H. 57 W. (250 feet I 
from no. 34). 

Bl9030._ __ 35_______ 500 feet south ofNW. corner sec. Rocky Ford loam, O-S inches •• .5 •• _____ _ 
35, T. 23 S., R. 57 W.Bl003L ___ 35a... ________ do ___ •••_. ___________ • ______ Young corn __________••______ • _.._.___ 1 

BI9032 ____ 36. ___ •• _ NE corner sec. 35, T. 23 S., R. Otero silt loam _____________ ••_ .3 ___ • ___ _ 
57W.BI9033 __ ._ 3611 _______ •___ do _______ •_________________ _ Young Russilln-lhisLle. _____ . ________ _ 

Bl903L __ • 37._. ____ 80 rods south of NE corner sec. :Minnequu ClllY loam, o-s in- 1 
14, T 24 S., R. 57 W. ches.BI9035____ 3ia_____ • _____ do ____ •• __ • __________ •• __ __ Barley (hends) ___________ • ______• ____ _ I

Bl0036 ____ 37b _____ 80 ro<1s south of NE corner sec. Poison milkweed ____.•____ •• ________ ._ 3 
14, T. 24 S., R. 57 W. (25 feet 

from no. 37). 




SELENIUl\{ OCCURRENCE IN SOILS IN UNITED STATES 29 

TABLE 5.-Selenium content 0/ soils and vegetation/rom irrigated areas in Colorado
Continued 

OTERO COUNTY-Continued 

Selenium.in-
LaboratorJ Fielcl no 

no. . Location Material 
Soil or 
shale 

Vegetu
tion 

P.p.11I. P.p.11I.
BI9037 ____ 37c______ SO rods south of NE corner sec. Sugar beet (tops) _. ___________ ________ 0 

14, T. 24 fl., R. 57 W.
BI9038 ____ 37d______ SO rods south of N.E corner sec. Cane____________________________ •____ _ o 

14, T. 24 S., R. 57 W. (25 feet 
from no. 37).

BI9039 ____ 38.._____ S~;.'TCOrnersec. 20, T. 24 S., R. 57 Minnequu clay 10UIIl, 0-8 2.5 ______.. __IBl9040____ 38a___________ , do __________________________ inches. ________ 2Whent (heads)________________ 
Bl9055____ 46_______ NWW corner sec. 20, T. 23 S., Rocky Ford clay loam. __ .___ L ,________ 

R.56W.BIW56____ 46a___________ do __________________________ Wild hemp_____________ -----I ._____ 0I 

Bl9057. ___ ·!fib .. ___ NWJ4 corner sec. 20, T. 23 S., Oat (h~ads)---------.-- ____ ,___ ____ 2 
R. 56 W. (20 feet from no. 46). I 

BI9163---- 'f IAPiShupn clay, 0-12 inches____ I. 5 _______ _ 
BI916L___ __ {SOO feet west of NE corner sec. Ap!shapn cln~,12-24 !nches. -- 1.. ------
BI9165____ m.______ 35, T. 23 S., R. 56 W. Ap!shapu cIa" 24-36!nches... '- -------
B191~ ____ I1 Ap!shnpa clay, 36-48!nchc.,.__ 1 _ i--------
BI916, ____ , __ AP.lsh!lPu.clny,48-60lUches __ • .' 1________ 
BI9168.. --I'oa------ .-___ do ________ ._________________ POlson IIlllkweed ______________ ...... __ , I 
B19169 ____ 75h _____ SOO feet west of NE corner sec. Silky sophoru _________________________ I 1 

1 :l5,'r. 23S., R. 56 W (4feetfrom ' 
_ i __ I .no.7,i) T 

BI9L,0.. __ , loe ______ 1soo feet west of N E corner sec. Alfalfa________________________ ________ 1 
I 35,T.23S.R.56W. I' 

BI9Ht. .. ' 7or] . ____ SOO feet west of KE corner sec. }
I 35 '1' "'j S R 56 '" (6 fe t Onions (tops) ... ______________ -------- 1 . • , .•. ., .• ) . ) e 0 - (b II ) I 0 

I 
from no. 75). mons 11)5 ... ---.--------- --------

B19172___ , 75e___... _ f!OO fcet west of NE corner sec. Young hurley (heads) _________________ I' 
35, 'I'. 23 S., R. 50 W. (50 feet 
from no. i5). I

BIDI73____ 75f. _____ SOO feet west of NF. corner sec. Wild-rye__________________ ._ -I: ______ __ 
35, T. 23 S., R. 50 W. (75 feet 
from no. 75). I :B19174, ___ i.5!(______ _____ do __________________________ "'e,~lern whenlgrass________ .'. __ 

BI9175.. __ 75h _____ IiOO feet west of NE corner see. Young bellll'__________ .. _____1_ -_ ..-' 
35, T. 23 S'I R. 50 W. (l50 fcet I )

j frolll no. i5). .' I 
B19175 ____ , i5i _. ____ l _____do. _________________________1{SsUugga8 rr lb,eeeettSs (rtoooPtSs1)-- ----- .. -- - - .. -- -. o 

! I ) - ..------T- ..-·, o 

Examination of table 5 brings out the fact that in only two cases is 
notably toxic vegetation produced on irrigated soil. One of these is 
26a in Prowers Oounty, and here the soil is irrigated by water which 
has already leached soil which is seleniferous, and the selenium prob
ably is derived from the water rather than from the soil. The other 
number, 37a, also in Prowers Oounty, is a sample of .Astragalus mce
mosus growing in soil inadequately irrigated and rather high in 
selenium. Even so, it contains less than a corresponding sample 75 
feet away which is growing in an unirrigated soil the profile of which 
contains much less selenium. Two samples of wreath aster, nos. 4b 
and 21a in Bent Oounty, contain 12 and 10 p. p. m., respectively, 
but these quantities are low for this plant when growing in seleniferous 
soil. None of the other samples of vegetation in the irrigated areas 
contain more than 5 p. p. m., and in many cases the quantity found 
closely approaches 7.ero. In all cases the soil contains quantities of 
selenium which in observed cases in nonirrigated areas have produced 
toxic vegetation in abundance. In view of these results and those 
previously published (5, 6) the writers feel warranted in suggesting 
that irrigatIOn provides a remedy for seleniferous soils wherever it can 
be practiced, particularly if adequate underdrainage is provided. 
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The explanation of the reduction in selenium content of the vegeta
tion grown on irrigated soils pre'dously given (5, 6) is to be repeate(i 
here with certain changes of emphasis. The sulphate content of the 
irrigation water derived from the Arkansas River is not exceptionally 
high and is probably low as compared with that of the soil solution 
and may not be expected to greatly increase the retardation of sele
nium absorption oyer that in the nonirrigated areas. Data on the 
salinity of the Arkansas River are given by Clarke (9, 10), and 
Collins and his coworkers (11). The information is not detailed but 
indicates a wide variation in sulphate, both seasonally anci according 
to the point of sampling. Thus at Deerfield, Kans., the range was 
from 65 to 201 p. p. m. at different times through the year 1906-07, 
and at Pueblo from 68 to 271 p. p. m. in June 1919 and in March 
1925, respectively. 

On the other hand, that selenium is removed by leaching is indi
cated by- the contrast between irrigation and drainage waters, reported 
in preVIOUS publications (5,6) as well as by the data given in table 6. 
I t will be noted from the data in table 5 that there is abundant residual 
selenium in the soils even after long irrigation. The inference to be 
drawn is obviously thnt this residual selenium is essentially unavail
able to plnnts. This inference is abundantly supported by the facts 
reported under Forms of Selenium in the Soil (p. 56). 

TAH r,t~ 6.· "··Selclliu 1/1. content (If 1:rrigation water (/1/({ drainage walers 

I 
Lnbora ..Field no. i Location lJrainl1ge walfr ISfleniumtory no. , 

i 
-- -.- -.------- '1' P. ".IIi/ 

lion 
BI86S8•..••••__ .• _. Sec. 1, T. IS S., R. 51 W., Kiown Hod J,nke. '-' •• ,... ,._.•• _1 0.0 

County, Colo. 
BI8659._•••••_••• Sec. :la, T. 20 S., R. 52 W., Kio"",, Adobe Ll1k~ It.sen·oir••••••.•• \ 4 

County, Colo. 
BJ9405__ • __________ NenrSHcornersec.12,T.28S.,R.52 Wellwnler... _......... __.... 15 

W., Las Animns CounlY, Colo. I 
BI82M ___ •_________ y.! mile west and H milo north of Drninage ditch ••______•___ ._._ .. , 10 

IIoily, Colo. I
BIS255 _____________ 8 miles north ofJ~nmar, Colo. ________ • Nee Orande Resen·oir. ________ • 10 
BIS2b9___ • _____• __• 6 miles south of Haswell, Colo______ ... Pond water in Niobrnrn soiL __. 4jBI9GS!. ____ • __.•__• 500 feet north of SH corner sec. 12, 'I'. Wl1ter from depression in Nio· 1 

22 Soo R. f,3 W., Pueblo, Colo. hrarn. 
Bl~ ••• 27.•• ____ Sec. 3, '\'. 19S., n.elS"'., Puehlo, Colo. Drninageditch. ... _____•. 200 
BI9S0L._ 28____........do....____..._____ ...____........ __ Irrigation wllter supply of 1 

BI9S03. 
B20212... 13__.____ 500 feet southeast of NW corner sec. Pond in Pierre......... ______•.• j .0 

33, T. 30N., IL2.; E., Colfax,N.Mex. 
D20213. __ 31.______ Sec. 34, T. 27 N., H. 27 E., Colfax, uPoison spring"_4N~""_"_~ ___ ~~'_' .0 

N.Mex. 
BIS256 _______ • ____ . 'Farmington, N.l\fex_____ •• __. ____ . __ • Irrigation water..... __ ....... _ . I 

BI8258__ •. ____• ____ 4 miles northwest of Shiprock, N. Mex. San JUlin River. __ ....... _•.•• 700 

BlS260__ • ""'''_'' Shiprork, N. Mex, ......____...... _ lrrlglltion wllter. __ ..... __ • .0 

BIS2.>7__•. ____ •• _.. 3Y.l miles south of Cortez, Colo. ....... Drninagc from irrigation .. rea ..._ 400 

.1319550__ ....____ ._ La=ek Migrntor.r Waterfowl Refuge, Reservoir 9____• __ ............... , I 


S. Dak. 
B20529__••____...__ Crescent Lake Wildlife Refuge, Gar· Gimlet Lake. ____ .._____ ... ____ . .0 

~C~~N~ I . 
B20220•••I'J______ .. , Near Laramie, "\\'yn. __ . ____........... !. Bamforth Luke _____ ·_ .. ________ 1 


Included in the analyses given in table 6 are several which require 
special comment. It will be noted that the water of the Adobe Lake 
Reservoir, B18659, contains more selenium than is ordinarily found 
in surface waters even in seleniferous areas. The writers were in
formed that no new supply of water had been brought into this 
resel"Voir for several years. If this be the case the present sample 

http:NenrSHcornersec.12,T.28S.,R.52
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not only represents a considerable concentration of soluble material 
but also the supply from leaching of nearby territory, which is fnirly 
high in selenium. (See also nos. Bl8754-B18756 in Bent County and 
nos. Bl8776, Bl8777, and Bl9526 in Kiowa County, tnble 4). The 
same statement applies to sample B18255 and sample B18259, except 
that no local information was obtained. The dminage ditch waters 
in seleniferous areas are uniformly high, as compared with irrigntion 
waters. A notable illustration is found in the contrast between nos. 
Bl9803 and B19804 and in nos. B18256 and B18258, which practically 
represent the concentmtion of selenium in the SILll Juan River above 
Farmington after it had received the early spring drainage of the 
irrigation area from Farmington to and beyond Shiprock. (See also 
section on the Colorado River Basin.) 

SURVEY IN NEW MEXICO 

As mentioned previously, the reconnaissance survey in New :Mexico 
showed the presence of a t least three areas with more or less to».:ic 
conditions. The indications from various sources are that there 
are more than three. One of these, between Raton and Las Vegns, 
was examined somewhat more closely. The senson was so far ad
vanced before the work in Colomdo could be completed that work in 
New :Mexico did not begin until September 15, and due to cold 
weather was stopped about October 25. As a consequence, samples 
of Astragalus were hard to find, and those found, as well as the other 
plants sent in, should be expected to be lower in seleniulll content 
than they would be earlier in the season. Also the plants actually 
examined are less well marked as absorbers of selenium. The exauu
nation made was limited to Colfax and Mora Counties and small 
portions of San Miguel County north and northeast of Las Yegas and 
to a small area in Harding County. In Colfax County the Pierre 
shale giving rise to soils is largely confined to the aren lying between 
the Raton-Las Vegas Rond (Umted Stntes Route 8.5) nml the mouIl
tainous aren to the northwest. Over a. considerablo belt near the 
mountains the Pierre is deeply covered by rubble, so thnt in genernl 
the soils are not seleniferous. In places the PietTe is covered by 
igneous outcrops. To the south und east of the Pierre Ilre outcrops of 
Kiobruru, but in geneml they are so covered by igneous material 
that only a small nl'en of soil wholly developed from Niobrarn. is 
found. This tll'ealies to the east of :MaxwelL In Mom County the 
seleniferous a.ren is confined for the most part to nIl firClt of Kiobl'llnt 
soils lying south of Ocn,te Creek in the vicinity of Nolun and Levy. 
This tHen is connected by a ntt1TOW band with the similnr aren III 
Colfax County nenr French nnd N[nxwell. 

In both Colfnx and Mom Counties nreas of soil e:-..ist which nre de
rived wholly or in part from the Greenhorn formntion. These are 
usually less seleniferous thnn soils det'ived from the lower Pierre and 
upper Niobrn.rn. formations but nre not to be ignored in any study of 
selenif('rous soils. In genernl, in this nrea, the Greenhol'l1 exposures 
lie to the south and east of the NiobrurH.. In N10m County two arens 
of Greenhorn soils are found; one of these is southwest of 'Vllgon 
}'1ound and the other enst of Springer. This formntion also u.ppeal'S in 
tbe northwestel'll portion of Harding County in the vi('inity of Abbott 
and Mills. JnSanN[iguel County un urca of Greenhol'll and reln.ted 
shn1es nppen.l'S north and northeast of Lus Vegas nud extends us fn.1' as the 

http:Niobrn.rn
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Cebolla Creek. There is also an area of exposed Greenhorn in the 
northwestern portion of Harding County adjoining a similu,r area in 
the flats to the east and south of Abbott. Altogether it is estimated 
that upward of 600 square miles of soil are to be found in these four 
counties which are cu.pable of producing vegetation which may be 
toxic to animals by reason of selenium content. The data in table 7 
represent 114 samples from :1 totnJ of about :300 exitluinecL 

TMILE 7.-Selenium content of .~oil.~ and vegetalion from New ,l!exico 

COLFAX C'OUN'rY 

ISelenlulIl in
1- Lab~~tory }'ieltl no. I.oel1tion Mnl~rinl 
\ ~oil or IVeget:>-
I slmlc tion 

------ -------;---------------'--- --------------------! ,
ip.}J.1ll.~P.1J.IIl. 

B20H3.... , 1..___. __ l).-,lmiles west. 01 Hat.on .. __ .... ,[~akotnl~f\ll!ly,I()!llll()-8Inchcs.! 0,:$,' . 
B2OIH... . 111 ..._...... "do,." "............... "... I urpentmeweed••_ ... , . _., _, , I 

w ...B20H7... . a.~ ...... S\\~~.i sec. 5, ')'.:U N., H. 25 R_ Pierre clay 10llm, 0-8 inches 5 i 
B20148_.. . 311. ___........do. __ " .... ,.".___ " .. __ " .. -- 'Pwo-groo\'e poison vetch _ _ _.. ___ J 
B2OIM ____. (L .. ____ .. _ Center sec. :!3, '1'.32 X., n. 27 E Pierre Hnt! igneous slit lonm, . S \" 

0-8 inches. 
B201.15. __.. 6n.......... __ do.... , ............... , ._, .. . Two-groove poison veldt ' 
1120J67.... 12••__.__ 300 feet north 01 SW corner sec. ·Pierre clny Imun, 0-8 inchcs_ _ 2.5 

H, '1'.:10 N., R. 241;;, 
B20lf.s.... 1211..... , ., .. do., .... " .......... ,,, •• 'l'wo·groo\·cpoi$oll\·et.ch. :100 
B:!016U.... la•• _. __ • 500 (eetsouthellst 01 NW corller Pierre clar 103m, U-S inches 

sec. :{:l, '1'. au N., R. 25 }j. 
B20170.... 13n....... _".do,,, ,, ___.•_........... '.' 'rwo·grooyc poison \'elch _,. 
£20171.... H .. __... 8!.i corner sec. 27, '1'. ao N., R. l'ierre clar nllll\'illm, OS 

25E. inches. 
£201i2" 14n...._...., tlo__•• , ....______......_., __ Astrugfll1l8 rnr('l1WIHl:t ' 1.HlJH 
£20177__ ,,_ 17, __.. __ 1,000 leet west 01 NE corllersec. Greenhorn I SiitiOlllll,O· b ;nches., .f. 

4, '1'. 20 N., n. 2i E. 
B20l7lL. 17n....., ... .do •. '. ____ . ___ ...._._..__ ••_ Gunlweed~ .... __ ~ .... ~ . 

" ,110_ ... __ ..... __ ......... __ .. 'j'wn-gToo\,o. poisoll vef.c·hR~I~L--i g~.~~~=. \\fI.; corner sec. 2, '1\ 28 Nor n. Niohrnrll 1cluy IOllm,O~Sju('IH'':'', 
211 E- 1 

B201!1.1.._. 11911____ _ • ,(}o.. • .... __ ....__._.____ • Stnnleyn " ",,_ _ 10 
JI20W(I". 26_...... "').1 corner sec. !!:~, '1'. 2U No, H. Niobrara 1 siiteloanL_ ..~ ; 

24 E. 
B2':l11i7._" 26>\.. __ .. "".do."..... __ .......... __• ___ Stnnll'ya.... _..... _.,, __ ... 
13202!ltL .. __ a5 ____ ... 'V ~,:, corner sec. 10, '1'. 28 N' f R.. Pierreclarnlluviulu, O-M illehl)~I' 

22 Eo 
B2023L, ... a.la. _____ , .•. do..... __ ...__ ..___________ ." 'l'wo·groo\,e poison\·elch ____ __ -I 
B~>():?:12 3.1h..__......110.,. ____ ...........__••_•. A. coroli1l;rl1lus ' • ' :1 
n202jS::~. a8______ ~ 8J·.( corner sec. 0, (1'.28 N., H. 25 Niobrnrnl siltloIlIll,O-S iJH.'lws~ : 

n2O~'39.... :18n.. ___ • _..~~;Io____...._____.............. A. coroli1l;01l1l.,... __ .... .. 270 
]1202·10" .. , 38h..._._ .....do___......_..__......____.__ Surlnee mulch... __ ., "-, -" 100i 
m024u.... jPicrre c1I1Y, 0-1 in('hes ' I.r.l£20247 "" Pierre clny, 4-9 inl'hc$, , , , Lft 
£202·18, 0 '1' tI - I C II' T Pierre clny, !H3 inches" I 1 

n~~}1:- 42 .. --.- - ~I~~, IR~ 2:e~.t 0 0 .L~, . ~~~r:ih~~~~' ;i:~f~,i~)!:II~\!lehl'" I 
.H 

I 
I 

D2025 I Pierre shllle, 32+ Incites (wi! h I 
concretions) • 

B202,2 . 42n ...... • __ "do_____..._..•__•• __ .... __.._ Tnrpen(inl\lI'ced, 1~ 
11202[.1 " -12b.... __ ' ... " do ....... __ ..._..__ . _______ ._ Cllrll,ollSiSl'WO'U .... " 110 
D~'02M •. 42c...... 2 miles northellst 01 ('01(1IX', 'I'. SClirlet mlillow. ." .. " :1 

28 N., U. 21 ,E. (SO IL'at lrom 
no. 42). 

B20251i.... , -12,\.. 2 lJIi1p-s northenst 01 Col(ux, 'I'. Dluo grumn __ • ___ ........ 
28 N., R. 21 E. 

B202'l6... 42e, ..... __...do_.. __ • ____.._., __ .......... '1'icklegrnss__ .......... '''' 2 
B2026L... " 45._..__• SM corner sec. 21, '1'. 27 N., n. ]'ierro clllY 1011111, O·S inches, 

2() E. 
B20262.... 458..._. " ... do......_•••_••_____ •__•___ .. 'l'lIrpcnt.inewecIL , __ .,,,,,,, 12U 
'B20280....... _ 51.. ______ EX corner soo. 25, fr. 28 N., Il. .Pierre clay, O-S inche.'-;" ~ __ 1.5 

221~. 
D20281... 51n...... ___ ..do ........_••••• __ ....._._.. Two·groove p[)ison\·~t~h ii~)() 

B20282... __ 52. ___._. SE corner sec. 1:1, '£. 27 N., H. Pierre c1I1Y, 0-8 I nehes, , 5 
22E. t 

B2028.1... , 5211•• _... ____ do.. ____..__ ..____ ._. ___._. __ 'l'urpentlnoweod. ._ ... ' 350 
1J20281____ 5·1._._._. Hli corner sec. H, 'I'. ~'7 N., R. Pierro c1I1Y lonlll, 0,8 inche.i 'I 

21 g.
B2028S...__ MII._____ I., do •• _____.. __ •____.._._. __•__ ITwo·groo\,e p!lisonvetch .1 70 

J Geolol'ic lormntion. 
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TABLE i.-Selenium content of soils and vegetation from "Yew jlfexico--Coutiuued 

COLFAX COl:"XTY-("ontinued 

ISeleniulll inLaboio~tory Field no, I LOC!ltioll ~[uieriul 
Soil or Vegeta·

I 	 shale tionI 
:J>O fJ. 7Il ,!'P,lJ• m•

5j .. __ .~., EI.I corner sec. J3.'r.!!fJX., R. Pierre('ltlylonU1JO-~in{'hes:. 2.5 ._.,~_ •• 
\ H)E. 	 I , 

B2O"2iIL 5in _~ .. __ :_*_._do. ___ ._w.~~_. __ ... ",, __ .• ~_._ 'l~urpeutinl'\\·l'e(L._~~ ... '~+' "t 

B:!O'21)!J . oo~~~_~ .. ~!' 8\\~ corner ::[~('. ~ti,'1". 26 X .• H. 1 Pierre ClllY loulIJ. 0-8 inches. 
21 E. I 

B20301l_ 	 I.·H)g~~ .. ::~~ -~-I~ "~~(~rJ~lc~r~se(.: -~i." ;1~:2~; :':~:-I{:-I ~j~~I;~\'~~~~·--fo:uii.--o-s" iJ;~llc$J.'I!~'().10'J_ 
: :!o E. (irri~nte<ll. 

05'1._____ ,••...dO..•. , _._ .•.•_....... ___ 1 Onl (ltelldsL ....... -- .... J 
(ir_~~ .. ".. J 8\\'" ('orner sec. ~:i. T. 2.3 X., H. Pierre ('lar loam. 0 \'i, iuc.'lw:-o, _ ., 

1 10 E. 
GirL ..... ___ .. _.dl).". ___ ~_~~~._ .. __ ._~ __ ~_, __ tl~uflwntine .......ee\~ _. . . ,_ 4,} 
7-I_~~ ____ ! ,r l., ("oru(>r set'. Ji, T.!!(j X. t n. BasuiLit' (:'hl~'loaIl1! l)...S iuC'ht.'s .5 L 

I ')1) E I1320:\2/ . ___ 7411 1.. _..~d(,·.. _. __ ~*.~ _____ .. ___ ._~~ .. ~ .. TurpcntitH!\\'l,led _ __ 

Il20:132. ..' 77. :;W ("orner sec. To!, T. 2H :.:., R. Carlile' clny Ioalll, U·S int·lt", "~7'1 


')'! F 
B2o.1~:J. .• _~ 7;IL_~. __ r __ ~~_do· ~ ~ .. __ ~ ___ ~w_~ __ ._ .... _ Common rngw('t1ti 
n~~a·\ 'j:--L~M~ "~. ~\\~ ('orner Sel\ 2'1, '1\ 2ti :\., H'I Xiobrnru', silt loam U·s iudlC's. 

. I:r.l E. 
D20:J.1.J". 7Sa _~_~~,_~_ .. _cIo ___ .. ~ ....... _.~ .. ___ '"'_ .. ~~~,~~' .•:l.cflrolill;tlllll..f. .~ __ _ ut) 
n~'()a:lS.. i SO....... ' SQrods north or center ~ec_3t_ '1'_\ :':iohmm' Sill ImUtI, (l·s im·hes. 

I I 27 :.:., II. 2;1 E, 
n20.~1g 8011.... _w~ ~ ~.~~do • __ _ ____ ~~. ___ ..... 'Pw4N:roo\ c poisonvett'h i ~Q 
112tl340.• _ 51.. _. _•• ' S\\' l'orncr sec. 2;;, 'I.'. 27 :.:., H'! Xiobnlnl l silt IOlun, U.s in("hes. ["'"\-.

22 l~. ! 
B20:)41 .... Sin __ .......<1o _ .... ,. __ ...... _....... 'rwo·~roo\·e poi~OIl\·eleh _.... _ .. - ,, ~liO 

~ -~-

llW3H .• _. ..L._ .... \\,1. ('orIler H·e. ~~!, 'I'. 25 :.:.,1'-1 Greenhorn' day Ionm. U-S I .; ~ 

2~\ F.. inches, \ 
lJ:!0345.. ~311.....___ .do........ _................. Two·groo,'c poiSOIl\·eldL_._ •• 130 
R2(tj52~. bS... Ceuter .!'~e. ~, '1'. ~·I X. t H.. 22 l~_ Greenhorn I :-;ilL lonm. l)··S f .~ 

inches. I 

Il~~~15:\ ._ liM ___ •• <1('-. "- _. __ ••.••••• _••. _. 'rllrplmtinewel'tl_ .. _.__ 3 
Il2035!;.... _. 90.. ~I.i ('orner :-:l'('. w. ~r. 2·1 X., H. Greenhorn: ~i1L IOHnl, u-s: 

inl'hc'.
n~1Q.157 _ 'I)Oa 	 22d;;· .. __ .. ........ ...t. rnccmo.IflI.,,( •. • 1,0 

mO;J64 .... 9-1.. ~ 	I, l'OfUl'f Sl't', 2.1, 'r. :H X 0, H. Pii!rrc ('lay loam, O~S irH'he:;: 

lI!K 
]320:105 _i 9.101 _~ "do .'. _. ~_~,,~_¥~ ____ • _____ _ A .. ((uflliUifllW.'L. _ 'it) 
Il ~'tl3fos.. __ '. \IlL. tJOO fNlol Wt':it of ~ E ('orner St!(', Ut Orcl'uhorrjlsilt IwlIll, I) !i irH'lu,':-o. .·1 

I 'J'. 21 :.:., 1(, 2·1 K 
JI203~9_c::-:'- linn. dn :__:.....:.:.c;.::...c~•..-.•.c __.rr~~!pent ~n~'~'lll'~1 :.' 

;\10 /U CO I' :':'IT 

~urf"('e littcr_ ._ ............. . 1.; 

i'iltrmsiltJQllrH, 0-2 il1('hes_. _., 

Picrresi ILJonrn.2-0Inches .~- , 

Pierre silt loam, 0-12 iJl('hes _ .7 

Pierre silt loam, 1':.!-'.!2 illches .. .i 


I 
!...\: \r (:nrnc[" ,"llf'. :U1, T. 23 X., H~ Pierre silt loam, 22-ao inches .Il 

----.--\ 21 E. Pierro silL 1011111, ao·:w iuches. -,I Pierre silt 10:1111, 311-18 inches . .11 
Pierre 5i It IOlllll , 40-fjU itIPI1CS._ .!i 
Pierre silt; Innm, 50-flO iu('hes~ 7
.:I. ((lrn/i1lillll".'L " _____ r"____ . 

'} 	 {~;i()hmrn 'slJt.lo:llll, O-s iuches.
2 .--." ! :! miles ,,,',lor :-;'ohu. :':!obrnru I "'II;' shllle, 3G...IH; 

, Inl'hcs. FI\I~~H(~I.. .. 2a.. _____ <1o. ....... .._ ........ 'rurlt<lntineweed ..... _.••. _ . 

Jl:!oHO_. 3 _••__ • I mile ('list of :':ohlll .. _... __ .. Niohrnrtt I SlltlOfllll, O-S Inches., .·1 

nWIII . 31l . _'" _. ..tlo.. ..... . _..• _....... 'I'wo·~ro(lI·e (lOISH/l\'etch

Jl2tHH _ 5 ~ ____ ~ 5 miles ellst or Xollln L,O\\'cr Xiohrnrn ("Iny slullt,~ 

ll2l1·1I5... 5" •••• _ ••• tlo. . ... __..... _..... 1.<lmy"III.~SIL .• _.. 

Jl~~Hli••• 7 ..... _. 211111cs Cllst of J.e"r ..... .... ;>.:iobrnrn Isilt Ionrn, 0-11 iu('hes 

D2(~1I8.... 7~l _..... _~; .... ___dn_~ ~ ... _.~_.,,,. H , __ . 'rurpentinewcc(L_~ ......... _ 

11~'\)!2\) .•• _ 
, 1.1.-.-.-••1S miles east and 1 milc snuth o( IOrecnhorn\ silt Ioam,O-8indws' 

~~ 	 I 
n:!012L •• _ Un ........ !_ .......do _~ ~._~_~ _.. _.. _~ ... ~ .. ~_ 'PurpelltincwectL" .. ~_~ '. 
llWI2'2... 10 ..... \ I \.[ miles U()rlll or ;>.:uhlll .. r\ioltrnrtl 1SllUOlll!I, tHHIIt'h"". 
1l2lH:r.L )(Ja~ ...... ~I. __ ~~d(>- : f Two-grot)\'(' poisuun-r,c'h ' 
1120427 • 13 ......15Il1ilt.SSOUlh of \l'u~on l\IoulIll I (Jr~('III\(Irul,IltI(lI\III.lI-Siul'h,". 

011 ('uilod Stnt.('$ Houte Xa. 1 
J3WI2S.... I !:~~~_ .::., __ ~.__ (10 _~Trllrpl~1I1 iIlP~~'~'l'j!" ___ 

I (leoiogiC! (oruulLiori 
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TABLE 7.-Sclenill.m content of soil.~ and vegetation from New }ITexico-Continued 

SA::\, :--flOGEL CCeNTY 

, , 
1ScleniuIll in-

Laborntory! Field DO. LocatioD :--fnterial 
DO. I If;oil or 'I Yc~et!l' 

. shnle tion 
___.~ _~______ _ . __r-.~~l--.·-----~~--~ 

1 , I ;, j, I;' .,.,"" " I" " •• II."·m.(.,,.l1I.B20~2!L .... 1. ....... SlE~orner!'N '/', r.I, :<,' H.III j (,rccnhom '1IlI(},"n.o-.~lnrhes..1 ~.5 I....... . 


B~>().I30.••.. In....... !....do...................... j TllrI>ctllint'wcc<l •••..••. :........ : I 

B~t)4aa••••. 3........ · :-;1, cnrrll'r '('1'.:;. '1'.1. t' .• IL" i Oreenhorn l clay IOllm, 0·8 in· \' .·1 ....... . 


! E. I rhcs. 
R~a·L... 3n...... :....<10 .................. ,(1lllllwced.. ....................... 0 
B201a7..... G........1 :-;1, roru(·nee.:IO, '1'.1, ~., B.I'I Orcenh"ru' cln)'lonlll, 0·8 in· 1 .,'; '," . 

i I;:. dIes. 
Jl~38.... On...... I'.. .rlo.. ................... 'I'llrpcnlinewcc<l .............. :...... . 
B~-Il.... 8 ....... , :-;W('orner~l'('.I!I,'I'.IIIi:'.. H. 17K! ................................1 . fi !.. 
B20H2.... 811 ..........do ............ .... "1 ~wcet('h)\·er ........................ oJ 

B~'(I-I·Ut.~.. l:.L~_".~.! ~1·~(;onwr~(>('.:.!4f'1\1Ii:::",H.1U (inlcnhoru 1 silt loam, 0-0 in· I .;~' 
. I::, : ('h(·s. I 

!lAIl !lINO ('(WNTY 

1 ~~~~~_, l.nmil('~~OIJlhoreouI1tylincon i Orccnhorn t ~i1l1011m, 0-8 in· I ! 
, '~lHte Hoa" au. ches.I 

JJ~1~l\I(l .: In. ..... ..00 .. .. . ........ '1'urpentinewccd....... __ ..... .... i 

B~}O:nH ~" _.' ::L ......... ~ I :!.5 miles ROlli h of ('011" 1\. line Oil On1enhorn I !-iilt Jonrn, 0-8 ill- 2.5 I 


: I :;tnlc Hlln" an.' ('\,es.n'm,,· : ., ' I (' • 10 '··It I '\ "0 '10 . •r. i ..... _.. ··---~ .. -t-·-------l---~-(O~-.. llrt~~~~~rn'sl 0.111, ... -.111-1 
B2030:1... ·2a....__ ... ,10 ... . j.·1.Tllamo."'.' ...................... ISO 

B:''tCUI·L !:i H~_ ' I JJlill·wl·~tofTllill:-. tOrrcnhOTI115ilt.loHm,O--8ineh('!'L.5! ~~~___.... _ 
])!''03tNi.. ~" .. _t 3u.. ___ ._ .... ~ ~_do _ , : '1'IlrJlentincw~L . 1 

I_~..."....,...___ - ... __ ~___ .....,......~__________ 

fieologi(l [onnntion. 

Ext1minution of the <Jlltn. of table 7 nwellis the fllct thnt exceedingly 
toxic yegetntion exists oyer the Ilrea reported upon. In genNIlL the 
quantities found nre not so high ns nppeur in other ureas where the 
slune plllnt speeies were obtuined. The qunnt.ities nl'e low perhll.ps by 
reason of the InJe period of growth when collected. It is to be noted 
that in the snmples from SII11 ~[ig:uel County ]10 toxic plnnts are re
ported. None 01' tlH'sC nre good nbsorbcrs or selenium. Neyerthelcss 
the soil Ilnnlyses show the presence of small quantities of selenium 
sufficient to produce toxic yegetntion undc)' fnvoruble conditions, 
nnd snmple no. B] 8166 (tn.ble 2) is from this n1'el1. The snmpLe 
probn bly is .ilstmf/alu8 ('(11'01 inial1118 nnd hnd ] ,110 p. p. m. of selenium. 

Of spcciul int('J'est in this sel'ies or snmples urc samples B20253 in 
Colfnx County nnd B20409 in Morn, County (tnble 7). The former 
sHmple is fl plnnt of high nbsorptiye capl1city which hus not preyiously 
becn reported. '1'he lulter is the most highly seh'11i;r.cd turpentine
\\'Ccd which the writ('J's hll"o cxnmined. Also of spel'iul in tcrest nre 
the JlumcrouS snmples of soil deriyed from the Greenhorn formation 
which contuin 1l11lteriul quuntities of selcnium und give rise to toxic 
ycgetn tion (p.41.) 

SOIL PROFILES 

The sclenium contcnt of II. number of soil :9l'ofiles WIIS reported 
(ti, pp. 19, 38), lind from the datIL it nppenred thllt no lmiforrnity of 
distribution of selenium within the pl'Ofile CflU be nnticipnted in nd
Vflnce of exarninuti011. An ndditioJluL group of pl'Ofiles huye also been 
reported (6). These ulso show JlO unifo),mity of distribution of the 
selenium. hl yiewof the stutements by Bellth, Eppson, find Gilbert 

http:seh'11i;r.cd
http:perhll.ps
http:1�~(;onwr~(>('.:.!4f'1\1Ii:::",H.1U
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(4) concerning selenium accumulation in subsoils, it seems desirable 
to present the analyses of a number of profiles from various parts of 
eastern Colorado und to I'estute whut uppeur to be the cuuses ot yariu
tion in soil and plnnt content of selenium. The results ure shown in 
table 8. 

TA BLE 8.-Selenium. cOIltent of seleeled 7irofiles from eastern C'olomdo 

PROFIT.E I, .FORT LYOX SILT LOAM FRO:'.I 50 .FEET EA"T 01> X', l'()HXEIt SEC. 30. T. 22 

S., H. 4;) W., PltO\\'ERi"' (,C)l'XT\' 


I
Lahorntory no. I Depth S(>lenium Ii L;thoratorr no. I Depth I Selenium 

j'------ I--j-- .. -~---.... --. 
Inches 	 P./J.m. 

B18471 0-6 P. 11. ~i7 j' 11 IS"-I.. _ _ f1'~.~'~:113 o >! 
Bl8472 , H-12 .8 I, BIS-175_. :lIl....IS' 1 
II1847:L . 12-24 .SIIB!s.!'!L 4S-GOt 1 

PUOFILE 2, FORT 1.'1'0" Sllll' 1.0A:'.[ "'ltO:'[ .00 FEET 1':.\:-'1' OF ;':1, ('())(X!';H "!~('.IU, T. 2'2 
S., It. 4;) W.o PHO\\'Elt;': ('()t'XTY 

------.---..-- .. -----,i---....,.-----
I 

1318478... tH,' 1.5 j 131111~.II~.:~. ~1-3~ I 
B 184711.. 	 r ... 12.1 r o. ,Ir,-·I~ I 
B 18480.. 12-24 J III IS-lS:I 	 ·IS·flO : 

PIWFILE:I, LA;'; AXDIAS 	('[.AY I.()AM ~'I{():'>r SO HODS ;':Ol'TI[ OF XW ("OHXER SE('.aO. 
'J'. 22 S., 1t.·)4 W., l'ltOWI,HS COI'XTY 

BlS487.. 
1118488.. 
B184b9 .• 

BI85.18 	 2 1~-2'J 1 1.5iB 18.141. ..O-r,BI8.1!11l 6·12 I 3 BPl542 .. 211-36 I 2 
,1118.140 • 12·!8 

1B185fJt) . 	 1.5 1 BI8.,fhi .. :10-18 l0. , II!_ (jBIS501 	 I • .'; I B 1~"r~L. ·t8-i2 .6 
.J IBt856!L~_ ., 6-12 B1HfiH7. ~ 	 72·84 ••5 

Ifll8.,('1. • 12-111 i.5 : llIH51l~ .. SI-!I1i .4 
11 !8f>&!. IS-:IO 1 I 1l!8.1!i!l .. 96-120 .4i 
l'JWFILEII,SIl:I' [AIA:.r FllOM SW (,()R~I,:R SEC. 2fl. T. I:IS .. [L·1Ii W.• ('nEY.EN~E COGNTY 

-"~-I' I 
BISI)'17 . . .. 0-8 l .; BI81~1V .. 	 0.1110-2·1 I 
1I18(~~~, . .. H-W .7 I, fllSlllO. 	 24-1~ .{ 

BI5822. 

1I1882:!. 
 30-IS~'O-30 I 
B18824. 

pHO ~'[ I,E S. ,,11:1' LOA:'I 1 FRO~\r r~1O FI~Wr SOl"I'1J OFE I., t'ORXEH SEC. 2·1, '1'.19 S., R. 47 \L 
KIO\\'A ('Ol'",!,Y 

lHPfKIL •• 	 n.:! II BI~'H2 32-48 I 1.5 
H-14 I1lh;!t:t 


DIBIlII.. I·,-a~ .~ 1 

Dl81l1O._ •• O-Sl .5 ~i 	 ·1~·';11 1.6 

I No JlIlUlU hns IWl'll ns~igIH,ld. 

http:131111~.II


----------

36 TECHXICAL BCLLETIX (;01, l-. ~. DEPT. OF AGRICL"LTLTRE 

TABLE 8.-Selenimlt CO"lltClIt of st.iec/et/ profiles from easlern Colomdo-Contilll1N! 

PROFILE 9, SILT LOA:'.! I }'RO:'.I ,EXTER SE(,. 23, T. J& ~ .• R. 5! W., :KIOWA ,OeXT..,. 

I,"bomtory no. Depth ~elenillJll Lnhomiory no. Depth !SeleniulII 

1l1cll" P./L IIJ • . Inch" P.p.m. 
BJ951O..................... i Q-6 24-36 0.2
0.2 '.:1 R19513.. .... 
BJ9511 ................... . rrJ2 .2 I BJ9514 . 36-48 .2 
11195J2.................... _. J2-24 .2 ,1110515.................. . 48-72 .2 

I 1 

PROFILE HI, Ci.A Y LOA~J I FRO:'.UORODi'. SOCTIT OF X,,' I'OR:\ERI'F.I'. 6. T.W!'., H. 51 W., 

KIOWA ('On,TY' 


BW526. II f '2 'I Bl0r)~~•.. _ 24-36 
'1 

4I. 
BW52,_ (I-l~ ! :1.5 . BI0530•. 3!l-!8+ 3.., 
BUI52S. 12-14 4 

n-IOO-OO-.-..-.-.:~-.-.~.- - II· 1':'---1-01'/' nU)(lf12'-
n-12 I' 
I~-ISJllOO<J1. ........__....... .. .
___ __ .-'_2"_"_"__ 121. B1!I0l13 

PROFlI.I> 12. t:11.'1' LOA.\I' FHO:'.I I,IK"I FEI·:1' !,O~'TIT O~' XE COJ!:\ER SEC. 25, 1'.2. "., H.
",< 1\'., (l'n:llo ('Ol'X'!'Y

----..,."",_._---_.• _. -- ------
B19117. __ '1. fi HHHW. Jr,..24 
D19!I~ L!J BHlI~>(J .. 2.1-;1/i+ 

,._---_._-_.._----_.

---------- .-----~. .----  .. l·~~--!-
nlm"". .. .•.•• (H: 2,,' JlHllml., ............ _•. 

B19Infl.. ... _...... r.'l~ :! BlIH6!.. ...__ ...... , ••. IS-;IIi+ .• 


PROFlI.B }<1, ,\I'r,:;ru I'A (' 1_.\ Y F II()~[ h(XI FEET \\'ES1' OF XI-: ('OH:\I;;lt >:1<:('.35, '1'. 23 ~., 
11.:16 \1', O'I'I':IW co{':\'ry 

1 r. ., BlOwn. 
BIIIW4. 12-24 I t BI!IlII;.. 4S-()(} , ., 
B1l1lrh'i 2·!·:1/i I 

D191f.1 (1-12 :If,..IS I 

PHOFII,E 15, ;\11:\XEQ1',\ f:11,1' LOA:l1 FHOM mil FEWI' WEST OF :'E ('ORXER SEC'. 2S, 
1'.23 f:., 11.51) W., OTERO COC,TY 

13ll1])'1 .' , (I. '1': nllIlS·1 
Bl\lIH2..... . ~;=~!? : I ; JllIll!!" 

IBI918,L .... .. 12-2·' l. [, r UJ!IlSfJ 

PROFILE 16. pmHHE ('LA Y LOAM FHO:'.! I,(XIO FEWI' :\'OHTII O~' sw COUNER s~:C'. 31, 
'1'.10 S., R.52 W" CROWI,EY COI~:\TY 

-----.--~..---. ------;-----;-,----- 
RI1/36:! ...... _... . 0-1 2 1/ BI0365.................. . 1
12nl!l:1111................. _.. . 1·6 , 2 I nlll:ififi. . ............... . 24-30 

24 1 10 

~1D31l: ........................1 H-12 ' .S " BIII:I07 ..................... .. 311-18 r. 


PHOFILE I;,SIOBRAHA'SIL'I' LO.UJ FIlO;\l:1.6;\HLES WEST 01' l';\l'nm STATES HOl'TE 
85, ON PSl'rED S1'.-\TE8 R01"I'E n, Pt'ElILO rOl'XT..,. 

Bloo16............. ". 3 

Bl!lti17.................. . a
48-5836-48 I 
BlooI8.................... • i 58-Ji2 . J2 
BI0019....................... . 

-----------_._-------.----.---._--_._-----_._
1 No nnme hus heen n~si~ned. 
I Geologic (ormation. 
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TABI,E S.-Sell!m~II1n content of sdl!cted profiles froll! ells/ern Colorado-Continued 

PROFILE 18, X(OBRAIU'SlL'l' LOAM FROM 300 FEET XOIlTlJ OF W), ConXEH SEC. 9, 
'1'. JS S., n. iO W., Jo'REl\{ON'l' C01'N'l'Y 

----------;-----;------'-.----------------
l~nhor:1lnry no. i Depth !~('I' niuUl ! Lohornt(,r,r llr). j J)epth SeleniuUl 

-------" ------ .-----
IlIc"CS P.p.lIl. inches P. ". 111.BIIlI'>44. ____ ., 0-1 :18 HlIlt'>!S, 10-14 42

BIIlI'>45___ • 1-1 26 HIIlI'>!!L 1·1-26 Ii4 
B(9646. __ . 4-0 2~ 13 1U65(L ~ 26-32 !l8 
Bl!JfJ"li•.. 0-10 2·1 BIH65L. :m·40 i ·18 

PROFIL~: HI, XIO!l(U IU' 1"11.'1' (,(JA;I[ FHO:'( 80 HO!),; WEST OF CENTEH "IW. :1, 'l'.!!1 B., 
H. tlSW., FIU:;lfON"l' COrXTY 
---r---..,-----'''--.-. ,-" 

IIl!JfJ9L •• , (I-G I 1." iIII HI\lIH 24-~t) I 
BI!i!l92. __ .. 6-12 L 5 r BIUUtl.,. :1(HS i 
1IJ!i!l93•• ___ . , 12-2-1 1 il

'.----,.--_.-----
PHOFILE~~I, NIOBHA HA' I:'IL'I'1.0A;l1 nW;I( ~'4 COHXI':H ~I':(' .:1, '1'.19 :: .• H.fM W .• FIlEM 01"1' 

COl-NT\' 

-IIWOOO--,-----.--- ;"-("-6-;-1--2-.ro-;-'-n-20-00;'I-,------ -'-2'1--3-6'1--3-.5 

B20001 ~. n=12 3' B~'OI)O-L ~.*~~ .. ---. 3U-Hi. 3 
B20002. ". 12-2·1:! ,I) 

-----~--,.~~~,-~-----

~ (it.'€Jiogic formutioJl. 

A study of the dnta of these 2() profiles, esp(>('inlly if consider(>d in 
l~onjunctioll with those pr(>\'iollsly ),ppo)'tNl (ii, 6), will make ('Ipllr thnt 
n.Ily uniform Y:trintiol1 with depth does not exist. It is true that in some 
instnn('es th(>re is pyidellce of some (,Ol1ccntrntion nt a point b(>low the 
~lIrfnce f()1\ow(>(l by a <\(>('reasc nt 11, 10\\,(>1' It·wl. ~\n exnmple is profile 
-1. Tlw)'(> is no pnrticllllll' <\(>pth fit which this nppnrpnt ('oncpntrntion 
oc(,urs nOl' is it nl\\'IIYs 1'o1\o\\'p(\ by II. 10w(>[' YHIlie fit in('rPIIsP(\ (\ppths. 
In otilel' profiles there is a y(lry definite unifo('mity of ('oncentration 
of the sei(>niulll throughout thp profi)p. EXHlllpl(>s nrc pl'Ofilps 7 and 9. 
I n still other cllses thpl'(' isin gpneml H. p('ogrpssiYe d('('rpHse from the 
surface dO\\Llwllrcl-pxamp]ps nre profiles 3 nllc\ 13-()l' a progressiye 
incrense from the surfllcc dOWll\\'lIrd~-iln exnmple is profile 15. In 
sOllle instnncps therp is no uniformity of rpI:)tin~ contpnt; (>xnmples 
nre profil(>s 2 nnd Ii-!. Profile 18 shows intense spIenization, and the 
lowpst three snmpll's nrc pssentinJly shnle layers. 

It would spem probn ble thn t It satisfactory pxpll1nn tion of these 
f.;eemingly ermtic ynriutions is found in the Iollo\\ing considerations. 
As will be shown (p. 50) there mny be prpsent in n, gin>n soil one or 
more of foul' different selenium compounds. Two of these fire ex
tremely insoluble nnd pssentinlly immobile. These nre the pyritic 
form llnd the bnsic ferricselenite. Two nre fnirly soluble, tho selenate 
lind the orgnnic selenium componnds or the decompositionproduets 
derived from tbe lntter forms. rncloubtedly this residunl soIuble 
selenium is distributed through the soil profile, ns nrc other soluble 
snIts, Undoubtedly nlso, howeyel', the chief cause of ynl'intion in the 
soil is the vnriation of selenium content of the shale which is the pnrent 
mnterinl of the soil. This vnrintion is so wide find the mixing of soil 
mnterinl by ('011 uvinl nnd loessiul move men ts is so extl'nsi\'e tlln.t no 
uniformity of spleniulll content ('iOwl' in rl'spp('t to <\(>pth or surfllee 
distribution is to be expedpd. Celtllinly none is found, 
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THE GREENHORN FORMATION 

In previous publications from this Bureau (5, 6') the study of the 
distribution of selenitull was first confined to soils presumably derind 
from Pierre shales, although it was early learned, fiS a result of the 
examination of certain portions of the Niobrara formation (.5), tha t 
this formation was likely to be parent mllterial of soils e\-en more to:~,:ie 
than those from the Pierre. This suspicion was amply confirmed by 
the results of the examination of Niobraril-derin'd soils in South 
Dakota, 'Wyoming, and particularly in Kansns (6). During the 
progress of this work sporadic instnnces of toxic samples of vegetation 
growing on soils from other fot"lnntions were obtained, and also 

FORMATIO!::l...T~~ ~~Hsi DESc:;RIPTIOf'lJAt!~a~~Af;bN 
r..:.:..:==""-t-.:..:r:.!:~~l-.~ __ _~~c.y..?v ~.,',vcs-r,,?""-=-_l ESC.ARP,1.fcNT 

1~~ 4.1 ' "'~..1..t;" ... r,o~,: £'...')'c:..:.,ePNENT 
:~. , 
, ~--.-.- .------..-- '----------, 
,, 

.;...... ..;<-'!"~.:;.~;; ..... 
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FWt·Hl:. k. --·'1'11£1 gcoiog:il' t'tliUIIlU through the (in'l.'nhorn (orm.:tlion in ...,'('. h. T, 22 ~., lL 66 "·0, Purhlo 
County, Colo~ 

Slllllp1eS of shalt,s and soils were exuJllillcd which contained quantitie,;: 
of selenium which seeme(l potentially dnngerous. Bentll (1) also 
obtl1ined evidence of toxic possibilities in other geologic formntions. 
In geneml jt appeared that the post-Cl'etnei'ous materinls wer'e relll
tively low in selenium, Illthough in sOllie insblllces quite significunt 
quantities were found (6). Also in geneml it l1ppeared thnt the lower 
portion of the NiobmI'IL formation, the Fort Hays (6), is essentially 
nonseleniferous so far ItS its ecrect 011 soils is concerned. As It rule, 
also, only model'fl.te quantities of selenium were found in the various 
portions of the Benton shales (fig. 3), though occusional samples pre
sumubly of Greenhor'n were fnidy rich. During the current inyesti
gations an unusmt! opportunity wus found by John T. Miller for the 
study of this relntion. His description is UR follows: 

During thc coursc of the survey IL compl('te g<,ologic s<'etion extl'nding frolll til(' 
Dakota sandstone through the Benton formations to the Timpas (Fort Haysj 

http:model'fl.te
http:vl",,",!.rE
http:PAi'<'-G{>.JY


limcstone was obs('n'cd along the Pueblo-Beulah road in Pueblo County. This 
scetio'] was mer,sured and sampkrl in detail. 

~\. deseription of the geologie column is givell in figuf(' 8. 
Where these formations arc exposed at other locations the topographic relations 

ar(' \'ery ~imilar to those d('seribed in figllf(' 8. The Timpas limestone and Carlile 
sandstone eOl/lbine to form a barren cliff 40 to 60 f('et high. This is underlain hy Ii 
101li{ steep slope "'here a shallow soil has den'loped from thl' dark-gray Carlile 
shall'. This soil has a fair grass COYl'r and soml' pinon pine exeept ill the steeper 
~llllies. Ncar thl' Carli\l'-Grl'l'nhorn eontlll't thp ;;Iop£' u:<ually lIll'rges into a 

FU,il"lU: {t~-l<A Cllt. in ~ht" Orc!('nhUrll furrnntioll showing u IWlItonitit,' :;t'UIJI nnd the ultt!rmltinl! l'\hnh' and 
linwslf)rw nhfW(' RIll) lwlnw it. . 

nearly level terrace. Here tho soil i;; clii('fly d('\'('lopl'd frolll the cllil'ureolls Green
horn shale. This ter-mee iii gnu;sy I1ml IlIlH 80mI.' ('harueteristic selenifcrolls \'(~geta
tion. The lower Greenhorn forms a short steep slope' or, in /IIun)' plllCl'S, It elifL 
The soil is ::;halloll" and is a stony silt loam. On this soil the \'egl'tation consists of 
juniper ami pinon pine with a S(,lltterillg growth in plnces of A.~t/"(/g(llus nml 
.'-i/anlrylt. The lotlg stt'('P slopes (Will tht' Greenhorn to the DtLkota sail (\s to lI(' 

support a 'air grass eO\'er. 

H'igul'l.' n is n \Tin\\' of till' ('XPOSIII'(' dt's('ribNi. TIll' mil t,erinls ('01
lc('ted from the eXpORltl'(' lin' deR('rilll'd in fi1!II["(' 8, tlnd til<' IIl1alys('s of 
thrill nl'C' given in tnolC' n. 



40 TECHXICAL BrLLETIX 601, U. S. DEPT. C:!:' AGRICUL'lTRE 

TABLE g.-Selenium content of samples from a Greenhorn e:cpo.mre in Pueblo 

County, Colo., sec. 18, T. 22 S., R. 66 IV. 


THE BEN'I'ONT'I'W SEA:.'\1 AND SAMPLES ABOVE IT 

Labora· }'ield Locution with refen'c 'e to 7·iIwh ;\[aterinl SeleniulIItory DO. no. bentonitic scum 

-------------_..-

P.p.lII.
BI90S2. __ 0 __ .... ,-inch seam.. ___ . __ . : Bentonite (with gypsum crystals). I
BI9f183 ___ 13 ___ . __ . 0-12 inches. _______ __ -'I Grny shale (Wilh 1· inch sealll of I .4 

I gyps~m). I 
nl9685 __ ~' 2a_~ .. ~ __ . 12-15inche5~._._~ __ . "._. __ _ Omy Illnestone______ ....... ..1 .1 

Gray c,Iny shale__ ----- .. ----- ___ I~;g::~~. i ~~:::.:. i ~1~~~~~~1~yl::~~t2\!~~~e~lel;es Oray IImestone________ ... _._. __ . 
.. 
.2 

BI9G9L 5il____ 2 feet 9inchesto 3 feet... Gray clny shalc_. _______ ...... __ 
BI91iU:!_ 6u___ 3 feet to 3 feet 7 im'hes ____ ...... Oray dense limestonc. _ '. __ . __ .. 
Bl%95. 7a.. :l feet 7 inches to 4 feet 4 inches .. Gmy clay shale___ ....... ___ . __ _ 
BII!n9i.. 8a_. 4 feet 4 inches to 5 feet fd n('hes. Dark'gray dense limestone. ___ .. 1 
BI9G99 g,L.. 5feet6inchestoOfeet8inches._ Dense dark·!!my shule.... _•.•. _. S 
BlY,Ol 103. 6 feet 8 inches to 7 feet 4 inches. Dense gray limestone ... _____ . __ .4 
B1970a. lIn__ ifeet4im·hest08feet8inches __ ._ . Oraysandy shale ___ .. __ . _____ _ I 
BIU,Oo ... ; 120... S feet 11 inches to 11 feeL 8 inches .... Limestone (with some s"ndy 

shale). 
B19,O, .. ' 1:111..... ! 11 feel S inches to 12 feet ii inrhes._ Light·gray clny shale (streaked

1 with hrown). 
I rShale with thin shale streaks of 

Bl9,09 14n__ . .1 12 feet., inc'hes to 18 feel 5 irJ('hes .. __ bluish limestone:"1 Shale__ . ___ ----------.- 2..'l
Limestone __ • _____ __ 1 

BI9,I2 I:'n __ . 33 feet abo\'e bentonitic seam (~h"le . Clayshale_____________ __ 3 
layer 18 fect 5 inches to 4:1 feet).

BI9'!4. _.. 16".. ____ 70 feet abo\'~ bentonitic seam. ___ .. " 0 ray Carlile I sha Ie.... __ _ 
BI9713 ... · 16'-"" ____ Just helow sandstone______.. __ ._. I Cnrlile 1 shale_______ . __ . 
BI9716. lia ______ 200feetabovesemn________________ _ . j Yellow Carlile 1 sandstone. _._ .2 
D19724. lan •• __ __ At le\'el of 14a__ • _______________ • __ __ , Shnly clay lonm. (3-8 inches) ...
B1I!'25. lna_____ • _____ do ..____.... ________ .. ___ . . As/raga/us raCflllOsUs ...... ___

i Gl1rnwec(L____ ~_~ ___ • __ ~ _____ . .~~~g~ ~~~..'.-:: I:tU~~:~1 gm~_~~!~~~.fr~I11.la:1) . Stnnleyn __________ • ______ . VO1l1U,28_ lad __ .... I _____do_______________ . ___ .. ________ _ • Townsendia gramliJlorrz ___ 1 

";,\l\lPLES BELOW '1'11 E BEXTONITIC SEA,,! 

1l1!lI>~4 __ 11>_ I 0-11 inches...... ________ ....__ ....... j ])ark·![ruyshnle (with thin -,emn 

I of limonite). 

nHIflf\(L __ l 2b~ ___ _ 11 inches to 1 fooU) inch." . . i Dense gray limestone. - ___ . -... .2 
Hlt~jb8 __ . 3lJ___ . I foot 9 inche.s to 2 feetS inches __ ........ On!)' shale (strellked with Iilllo' 

Illte). 
BH1Il90.. . -Ih.. __ . 2 feet 8 inclws to 5 feet 4 inches._ .. Dense grn)-Iimestonc______ •. _ 1. ~~, 
£1\10112 .. . btL ... 5 feet 4 inches to ti feel.... .. _. Dark-gray s~ule-------------.- S 
BI9fi\H. ob ____ . 6 feetto Gfeet 7 incltes___ _ __ ___ . . Dense gray hmcstone________ __ .4I6 feet 7 im'hes to 7 fcet a in(·heR. __ __. Oray clay shale.. _____________ __ 1 
llIOOll8 .. 8h ... _.. 7 feet3 inches to 8 feet.... Dense dark·gray limestone_ ..... 1 
Bln,OO. !!h.. . 

BlOO9tL ib 

8feeltoUfeetl im·h.. __ Graysandyshale ____________ ._ 1 
B19'02. 10h.. __ 9 fect 1 inch fo \l feet. a inches Umonite (witlt hentunite) __ . _. S 
B19'!}1. lIb ..... 9feet3 iJlt'hes to Ii feef.lI inehes ... __ Ornyshale ___ ... ______ . _____ __ 1.5 
Bl9'OO. _ 12b.. .. o feet II inches to 10 feet 5 int'lles ____ .. Dark bluish dense limestone.. 
BI970S. __ , lab___ . 10 feet Ii inches to 13 feet II inches...._ Composite of gru)' shale (with 1.11

bluish limestnne).
BI971!. _ Hh . __ ., la fcct 11 inches to 14 feet. 2 tnch~~_____ Limonite-hentonite (with gyp

, 1 sum). 
1-1 feet 2 inches to 17 feel 6 inches __ ._ Omy clay shale. ____________.... 

BHl71a '\ 15b._.... ;HI!!"5... 10b_.. __ ·i f 7 feet flInches to 17 feel 7 inches __• __ . Limonitic-bentonitic seam .. __ . 
BlUiI7 _ 4 _ 17b___ "h _ ~ 17 feet 7 inches to 20 (eeL __ ~_ .. _____ .. _~ Gray shale (with limestone 1.5 

strenks) (Oreenhorn).
BIOilD ___! 18b____ __ 20 feetto 24feeL __________________ .. __ D,uk-gray shale (gypsum crys· 2.5 

I tals) (Graneros). 
BIOnO... !!ib___ ... 24 feet to 2-1 feet tl im·bes..____________ _ Yellowish clay shule (with gyp

sum). 
B1972I.. .320b. ___ __ 24 feel 0 inches to 25 feet .• ___ . _ .. _____ . Orayish bentonite_______ .. ___ ... 
B19722•.. 2Ih___ .. _ 2.5 feel to 25 feet 6 inches .... ___ . ____ • __ Oray shllle (with yelluw stain,,)_ I 
BI9na .. _ 322h_. ___ • At flO feel. ________.. _. ___ • _.. _____ ... Dark·![rHY shale.... _____ •.. _.

At 80 fcet __________ •__ - __ .. _.. ____ __B20l:l:l ___ 2:1b.. ___ . Dark-gray clay shale....•. _"'" 1. .5
At 90 fect. _________ .•• __ ... ______ ... _ Tlentonitic layer... __ •• _______ ...B20l3-1. __ 2·11>. ..... 3 

25b. ____ • ,\t 92 ,,, feeL ________ . __ .. _________ .. .. Dnrk-gray clay shale_______ . __ __B20l35 ... .8 
20b..___ _ AUI5 feet. ' _______ • __ .. _________ .. _.. . Dukota 1 sandstone_______ .. _. 1.5B20l3G.. _

B19i29 __ _ Iba_____ . At nbout 25 fccL _____ ... __________ _ Soil from lower Greenhorn, 10·8 1 
inches.Ollll1weed_____ .. ___ • ______ • __ _BI0i30._. 2.5 

Sla1lleya pi1l1lala __ _BIPi3L .. m-::~:: I-Aij:l;:;ui:2.~ -f;,~i:(.j re~t'fr;);;;'nO. '11;,; i . 260 
B10i32 ___ lbc... ___ At nbollt 25 feet (2.1 feet from nn.lba) 'furpcntincwecd - .. iO 
B19i33. __ lbd ____ . At nhout 25 feet (20 feet below uen- A. rncc71lOsUS _____ ,. 15 

I fonitic seam). 

-----'~----- --------'-----.---~-.~---'---
1 Geologic format iOll. 
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The data in table 9 reveal that selenium is present In aU the 
sections of the Greenhorn forma,tion a t this poin t. It is also somewha t 
more abundant, on the average, below rather thall above the largest 
bentonite stratum. This observation has significance when con
sidered in connection with the section dealing with the origin of 
selenium. Comparison of the quantities of selenium with those 
reported in the lower Pierre s11:\.le8 and in the upper Niobrara in 
previous bulletins (li, 6) will show thnt there is reln,tively less in the 
Greenhorn. Indeed it is a.bout the. snme shown, by unpublished 

FlGum: .1O.-Sianleyrt pill/win p;rowing on Orl'I'lIhorll fOr1lllllioll (snmple DJ973J, table 9). 

datu., by the upper portions of the Pierre formlttion in South Dukota 
and by the upper portions of the ~1uncos shales in western Oolorado. 
Thn,t these qua.ntitiCf:i, smn,U ns they are, mn,y I'Csult in soils eapu.ble 
of producing toxic vegetation is cleur from the dittn. of tn,ble 9. It is 
t.rue thn,t the plunts represented are not intensely toxic, n,s compared 
with the same plants elsewhere, yet they nrc cu.pable of causing serious 
t,rouble (fig. 10). There n.re m:tny indicn.tions of losses presumably 
due to seleniferOlls vegetation growing on soils developed from the 
Greenhorn formntion. A disturbing' factor in tuble 9, of which 
something will be snid in the general dis('ussion, is the occurrence of 
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measurable quantities of selenium in the Carlile, above the Greenhorn, 
and in the Graneros immediately beneath it. Up to the present there 
is no proof of the occurrence of toxic vegetation from soils definitely 
derived from the Carlile or Graneros, but these data clearly indicate 
the possibility of such occurrence. 

THE MORRISON FORMATION 

The results of the examination of three samples of :Morrison lime
stone and shale from near Laramie, Wyo., have been reported (6: 
p. 72) in which selenium was present only to the extent of 0.1 p. p. m., 
while a poisollvetch nearby contained 1,350 p. p. m. and cattle losses 
were reported on pastures consisting in major part of soils presumably 
derived from Morrison shale. It was there stated that so large a 
quantity of selenium in the poisonvetch might be due to residual 
overlying shale or to spottiness in the Morrison formation. Beath 
and his coworkers (4) report a sample of Morrison shale with 1.3 
p. p. m. of selenium. The matter is of considerable importance 
because the Morrison is the earliest of the Cretaceous formations, 
and if soils derived from it are seleniferous then it would appear that 
the whole Cretaceous period must be examined in detail in order to 
secure adequate data on selenium distribution in soils. 

The geologic map 7 indicates an outcrop of approximately 100 square 
miles of Morrison in southwestern Bent County, Colo., and in the 
adjoining portions of Las Animas and Otero Counties. In this area 
the Morrison consists almost wholly of varicolored reddish to gray clay 
shale. The soils developed upon it are mostly gra.y to reddish silt 
loams. Due to cultivation, subsequent abandonment, and over
grazing the present vegetative cover is scanty. In this area early 
settlers reported toxic conditions, as usual assigned to certain water 
supplies. In his field work Miller found definite cases of alkali 
disease and the report of the death of 10 cattle from acute poisoning, 
and of many losses in periods of short pasturage. He also found 
many samples of narrowleaf milkvetch and goldenweed. The water 
of one of the wells was examined and found to contain 0.015 p. p. m. 
of selenium. It is not probable that water of this type would account 
for the losses reported. Therefore, the area was examined in some 
detail, and the results obtained are given in table 10. Included in 
this table are four samples from T. 27 S., R. 53 W. in Bent County 
adjoining Las Animas County. 

TABLE lO.-Selenium content 0/ soils and lIegetation related to thelv[orrison/ormat-ion 

SeleniullI in-

Labora· Field no. J...ocal.ion Materialtory no. Soil or Vege·
sllllie tation 

P.p.m.P.p.m.
Bl946L.__ 20_____ .. 500 feet north of BY.\' corner sec. 12. -"[orrison 'cla~·I(}!lm,(}-8inches. 0.4 .... __

'r. 28 S., R. 63 W. 
B19466.___• 2011......... __do..._. ____ .• ________ . ___ • __ . 
 00Idenwc8(1.. ............ __ ... __ .. _... ' 60 

B19·167,.__ _ 20b...___ 500 feet north of SY.\' corner sec. Nurrow!car milk\'etclL ___ .,.~ ______ 0-____ 2,320 

12. 'T'. 28 S., n. 53 W. (80rods I 
from no. 20)

B20025..___ 21. ______ NWY.\' sec. 11. T. 28 S., n. 53 W. Morrison' silt IOllm, Q-8 inches.! ." !____ . ___21a___________do________________________ . __B2oo2L___ Russilln·thistle. ____ .... . .... '__ . __ ... L 

1 GeologiC forlllation. 

1 UNITED STATES GEOI.OGlCAI. SURVEY. GEOI.OOIG MAP O~' COLOItAIlO. l'repured hr W. S. Burbank,
T. S. Loyerlng, E. N. Goddard, E. B. Eckel. und O. W. Stose. 1935. 
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TABLE lO.-Selenium content of soils and vegetation related to the j\-[orrison 
formation-Continued 

Selenium in-
Labora· Field no. Location Materialtory no. Soil or Vege· 

sbale tation 

i 
I P.p.m.P.p.m.

B20028..... 22....... 300 feet east of N\\' corner sec. 2, Morrison I silt loam, 0-8 inches. 1 ........ 

T.28S.,R.fl3W. 

~~ro:=::: ~~:::::: ·500·f:t·soiii.iio(N\V·co~ne~·;e~i: Kro~~~~;~e,e~liioa~n~'O:8;nciies:.I··"4"·i......~~ 
2,T.28S.,R.53W. I· 

B200.1L.... 23a...........do.......................... Narrowleu! milkvetch....... 32()
"1" ..... 
B20032..... 24....••• WJ4 corner sec. 10, '1'. 28 S., R. Lykins I silt lonm, 0-8 inches .4 ..•.•... 

52 W. (below the Morrison). I
B20033_____ 248___________do_________________________ __ "Canelt _____ ------------------1----- ___ / 1 
B20034..... 25....... Center sec. 10, T. 28 S., R. 52 \Y. J1!orrison I silt.!ollm, 0-8 inches. I :1. 51....... . 
~~~t:::I~g~:::::: ·N~.~~ri:ie~·sec:j5:T:i9S~~n:[I;! ~~:.i:,,~~fcI~~!~~:J1~che·,;.::: ·1···· ':ii" , ...~:~~~ 
B200.1i ••• _.' 26B...•.•....•do........................... Turpentineweed ............. .i ........ ' 1 

B20038..... 2i..•••.• Center sec. 26, T. 28 S., R. 52 W. Morrison I silt loam, 0·8 inches_! .3 i ....... . 
B20039____ _ 278___________do________________ _____ ____ __ "Cnne" _____________ ~ _______ . _ I ~ ____ ~ _ .1 1 
B20040••••• 28__. ____ \YJ4 corner sec. 2." T. 28 S., It. !lforrison I silt loam, 0·8 inChes., 3.5 [._ ..... 

52W. 
B2004L•.•• 28B..•__......do...•••.•.•••••••••••.....•. Narrowlearmilkvetch ---. "1'." .. _ 6JO 
B20042..... 29•...... EJ4cornersec. 30, T. 28 S., R. JIiorrison l siltloam,O-8inChes., 12 ...... .. 

M~ I 
B20043•• _ •. 29a...........do.......................... _ Narrowlear milk,·etch __ .•.... i........ 80 

B19~06.•... 46....... 'YJ4 corner sec. 33, T. 2i S., R. Morrison I clay, 0-8 inches .•... , .3 


60~g~~b:::::; :~~:::::: ·N~d~;iDer·~ee.-:il~·T:27-R~~·j{·:I~f~~r~~:n~~~ayi~lln):o:8;neijes: 'I' ..···:3' 
, 53W. 

B1901l. __ 4sa······ · .. ··dO---........................! Goldenweed_._ .. _..._••....... ····_·••1
i

1 Geolovic formation. 

It appears from the data of table 10, and from field observation, 
that in the area examined there are at least five townships which have 
soils capable of producing toxic vegetation. It also appears that, as in 
other formations which give rise to seleniferous soils, the distribution 
is sporadic. It would seem clearly evident that the injury to animals 
reported from this area is due primarily to the seleniferous vegeta
tion. The fact that in this area the seleniferous narrowleaf milkvetch 
appears is of interest in connection with the points brought out in a 
discussion of the plan t associations on seleniferous soils. Since it is 
clearly evident that Morrison-derived soils may be seleniferous and 
since, as indicated in figure 3, the Purgatoire formation lies above it, 
both formations must be examined more fully. The outcrops of 
Purgatoire shown on the geologic map 8 in Las Animas County have 
not been examined nor, indeed, have the Morrison form!Ltions them
selves been adequn,tely examined. 

THE SAN ISABEL NATIONAL FOREST 

~-\t various points on the eastern slope of the Rockies the geologic 
map of Colorado 8 shows smnll outcrops of Pierre and Niobrura 
shales. They usually appear as narrow bands upon the map. Theil' 
investigation hus been deferred in general until the larger areas of 
soils presumably derived from these and similar sources shan have 
been examined. One of these became of particular interest. It lies 
in Tps. 25 and 26 S., R. 69 W., in Huerfano County. The forest 
supervisor at Pueblo, Fritz J. Poch, related to John T. Miller that 
woody aster had been reported from this geneI'nl location. Since 

'United StBtes Geological Survey. See rootnote i. 
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woody aster is a very serious range poison plant in 'Wyoming but had 
not been found by the authors in South Dakota, Nebrnska, and 
Kansas, nor in the other portions of Colorado so far examined. 
~'Iiller locatcd the area refened to which was on the outcrop of Nio
brara. and consisted topogrnphicully of a nurrow vnlley at an eleva
tion of 8,100 feet. The greater portion of the outCTOP is covered by 
soil derived from colluvinl materinls from \'l1rious forlllntions. An 
area of about 320 acrcs of soil formed a small gulch and ilppenred to 
be deriyed from Apislwpa shnlc (upper Niobrnm). In this wel'e grow
ing numerous plants of woody llstel', Astragalus r(l(,(,ln08l(S, and lambs
quarters und s(,l1l1ty vegetation of other kinds (fig. 11). The locftl 
runger stated thn t in Septembcr 1931 a herder' dron~ 200 sheep in to 
this gulch in thc c\'ening find in the mOl'ning 197 were t\elld. In 1932 

fo"lGefU; Il.-\Vondy ash'r on Niohrurn :\oil. cinn I.!'!uhel Xntionul For£'st. lIuerrallo County·, Colo 

71 out of 157 sheep died o\'enlight in thc Sftllle guld.l. These \\'('re 
reported us actual counts, The siunp/{'s colleeted were llilltlyzed, 
and the results ootnilled are giyen in tuble 11. 

TAlll.~; 11.-S(!leniwlt content of soil,~ and ref/elation from SClI! /sabel .\'Illil)f!{d 
Forest, lfu('rfano COI;nly, ('olo. 

~ch.miuUl IU 

Luhorll ~'ielrl 
tory no. no. LotathHl ;\lateri,,1 

~oil or \'~get L
slwlc til)U 

,P.p,m.1-'./).':LBW3:l2 o __ • SW~, o[ X \\'1., sec. 27, T. 201 S., Xiohrarn I silt 10"111 1.lIU\"IIIIII, i :!
It, U9 \\'. o-s inl'l,.<. 

Wootlr (lster. . I, ;,iUgl~~n:__ i gl~~::. _._ .::g:. I.nlllhSf(Ullrters ~!lH
BIOS:l5.. . 10 _ .. ! 40 rod~ north o[ mI. 0 Xio!Jmrn I $ilt loam 
BIOS:lti._. )10" • .i. __ do ..... "lBlravu(us rllrr"W'~".1f 6~;' 

I Gl'QluA"!e [orlllllliOIl. 

http:rllrr"W'~".1f
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The data of table 11, taken in conjunction with the added infor
mation (3), have some points of special interest. They demonstrate 
in very definite fashion the validity of the finding that selenium is the 
primary cause of many instances of range losses. They form the 
most convincing single piece of field data cOllllectiug cause and effect 
and, considering the evidence of the forest ranger, of the lethal char
acter that seleniferous vegetation may assume. It is also worth 
noting that this particular point is the first forested area, even though 
but sparsely forested, in which toxic selenium conditions have been 
found to exist. It is perhaps, also, the area of highest rainfall where 
such conditions have been met. The mean annual rainfall is sup
posed to be about 21 inches. 

AN OLD SALT WELL 

A second example of excepti011al conditions is found in an area in 
EI Paso County, Colo. Numerous cases of "alkali disease" were 
reported from a district within a large ranch, and the source of the 
trouble was supposed to be a spring on what is known as the Parker 
Ranch in and about sec. 23, T. 17 S., R. 66 Vi;., and possibly also an 
old snIt well located about l}~ miles distant in the snme pnsture in 
section 25. This area also was mmmined and was a nearly level arelL 
the soil of which is developed for the most pnrt from the lower Pierre 
and upper Niobrara shales. The spring in question was in the bank 
of a temporary stream and the well in a second drainage line. Samples 
of water were taken from both spring and well and a salt incrustation 
from the well, a sample of soil from near the weU, and a sample of mud 
from the spring. Also, u. series of samples of vegetation wns collected 
from the vicinity. The vegetation coyer over the pasture is fnir to 
sparse, and the area immediately about the suIt well consists of nbout 
40 acres of e~llosed Pierre shnle. The results of the exnmiluttion of 
these snmples are given in table 12. A view of the salt well is giyen 
in figure 12, and all example of chronic (mild) selenium poisoning is 
shown in figure 13. 

TABLE 12.-Selenimn content of samples from a1ul a/)()lli (/ sul/. well ·i·/£ 11l Paso 
Cmmly, Colo. 

~~~~o~~: I~~'I l~-=---'~f -~-~~;'l(.r~~~~-~~---·· ~('I~_r~_r~_n~ 
' [J, p.m. 

I
)D20109.. 1·1... IN"\\'!'; !<Ce. ~~l,'r. 17 fl., R. on W •. Pierre cillY loam, 0 $ inch~s.. 1·1 

£20110.,. 14x .••.. T•••• lio ... " .. ' .'" ..• Snit crust from well. ... i 12 
Ollllctn gruss .... .. .. a~~llL }1r, ".:: I ScnrleL mullow. . . . Gil 

U2011:L. l4e .. 
U20114.. 14(1.. .•. ~l~l~;\~~\l~~~~::::: ,. .' I ~ 
Jl20115.. 14e.•••.. SUnkwl'C(I. •••• "... 2 
}l20110.. 14r.. .•. fo~Jellbune. -.--- .. ~ . f 2 
B2011;.. 14g••••.. GlUlIweed ........ " 4 
B2011S.. 14h••.•• SlIlt llUSh ..• __•••. ". 50 

(A/rip/ex sP.) I 
B20llII... Hi. ... , Betweellllo. 14 nnd no. 11\ __ .......... Sunllow"r............ 1 
B20120.•. 14J." .' Goldellll'cc(!...' ...... 90 
B2012L. 14k •• Silky sophora,.. 5 
U2012'l... H L. Wrealh aster. .... 40 
JJ20123... 14m .... Lnmhs(Jullrtcrs 3 
ll20124... I4n•••••• CockJebllr"'4~_' 2 
D20125._ ]40 .... S1ecpy ~nL';S&. _. ." 2 
B20126. _ 14(1. 'Pwo·~roo\·o poison ,·('h·h. 21Kl 
B20121.. [4(1. Russinn-lhistlu .. ~"~. ~ '.! 
B2021O••. 14, ...... "'-uler from w(~II. ~ ~. ~ __ .025 
B20211.. }l r. NE'''sec '"I 'l' 175 R onw {WnlerfreJrusPrillg......... . l 

B20128... 0 ....... •• .. -, • ,.,. • " .... Mud from spring.. .... . i 
 o 
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FIGURE 12.-Taking a sample oC water Crom tbe old salt well. 

~'IGUln: I:I.-A chronic ClISe oC mIld 5eleniu1II poisoning. 
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The data in table 12 form a strong contrast v.ith those given in 
table 11. In the former all available vegetation has a very high selen
ium content. The effect upon animals, as reported, is violently toxic 
and immediately lethal. In the reports received concerning the 
Parker Ranch the effects are those of the chronic type represented by 
the alkali disease. All the vegetation contains selenium, but in only a 
relatively small portion is the quantity sufficiently high for a single 
feeding to produce immediate death. Chronic trouble would have 
been e:\.-pected had tho analyses alone been known. 

A second feature of the data should be noted. The selenium present 
in the water of the salt well is not abnormal for waters draining from a 
seleniferous area, .but that from the spring is very unusual. Indeed 
among the several hundred samples of water examined, this is exceeded 
only by that found in water from drainllge ditches from seleniferous 
irrigated areas and in only two instances by these (5, 6). Until this 
sample WIlS found, the writers were inclined to bclie,-e thut in nU cases 
where water is presumed to be the cause of serious selenium poisoning 
(alkali diseuse) the presumption is in error. They are not so sure now. 
If it be asslUDed that a lethal dose of soluble selenium salt is 2 mg per 
animal pound, it would require but 2,000 mg to kill a 1 ,OOO-pound steer. 
This water would furnish in 20 gallons a~t>proximately 80 mg or one 
twenty-fifth of a lethal dose. Such a quantity if consumed daily would 
most c.ertainly produce physiological disturbances, and if added to that 
furnished by consumption of such vegetation as is reported in table 12 
would be it relLl factor in the toxic relationships involved. Even so, 
this water would scarcely be consumed in large quuntity since its 
total solids 1lI110unt to 6,500 p. p. m., and aoinlaIs would refmin from 
it were any better aVltilable. The writers expect to continue the search 
to see if any really lethal waters of this type e~ist. 

DRAINAGE WATERS OF THE COLORADO RIVER BASIN 

As reported previously (6) in the course of the study of the irrigation 
districts in :Montrose, Delta, and :Mesa Counties, the selenium con
tent of the l'ncompahgre, Gunnison, and Colorado Rivers was deter
mined at points before they had received any drainage of irrigation 
wnters from arcus of scleniferous soil. They were then found to con
tain no selenium, or at best qUllntities less than 1 purt per billion of 
water. After receiving irrigation druinage all hud a measurable selen~ 
ium content. Indeed the Colorndo, despite its tributaries, had still 
3 parts per billion Itt Topock, Ariz. (36). It was also found that at 
the time sampled the Green River and the Dolores contained only 
truces of selenium and the San Juan at Bluff, Ftah, had 6 parts per 
billion. The latter stream had opporttmity, however, before reaching 
Bluff to receive irrigation drainage from the large irrigation tracts 
between Durango and Cortez in Colorado and Farmington and Ship~ 
rock in Now :Mexico. It seemed desirable therefore to examine this 
question more fully find not only because of its relation to irrigation 
but because of its rcIution to the question of selenium in sea water. 

Partly through the efforts of the writers but chiefly through the 
cooperation of the Quality of 'Water Division of the United States 
Geological Survey and the personal interest of C. S. Howard of that 
Division, samples of water were secured from all the important tribu
taries of the Colorado below its confluence with the Eagle River in 
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Colorado. The data obtained while still somewhat fragmentary are suf
ficient to present a reasonably clear picture of the movement of selenium 
in the main drainage systems of this area. They aregiven in.table 13. 

TABLE l3.-Selenium content of water from the Colorado River Basin 

Labora· Stream Location Date 'l'YP" oC sample Selenium
tory no. 

Part. per 
billion 

B20269.... IApr. 11-30, 193n. Dnily composite.. o 
B202iO..... Mny 1·31, 1930 .•• i.....1I0•••••.••••.. ; o 
B2027L.•.I ('nll1eo, ('010.......... June 1-30, 1930••. ,. __ ..do. __ •.•. "",1. o 
B202iL•• i Julyl-3I,1930--.,.-- •.1I0...--.--... o 
B20469.. •• I Aug. 1-31. 1Y30....! ..... do...•.. --..-- 1 

BB;_040._~,0,.I .....,· I' Colorado River••. Sept. 1-30. 1936... '-- ..do, ..... --. 1 
t, . Apr. 11-30. 1936... I ..... clo..... __ ... 5 

B202i4..... : . MIlY 1-31, 10:10.• do....... __ .. 2'I' ..... 

B202i5..... June 1-30,1930...... __ do ...... __ •.•• o 
B202i6.•••. ' July 1-31, 1931L .....__do......__ ... I 
B20467..... I ~lIg.1-3I,1!131i.--I ..... do........ __ •• 5 
B2046S.__.. , i Grand Junction. ('010. ~ept. ]-30,1936...... do...... -- ..• 10 
BI956.L.__ Apr. ]-30, 1936.... __ •.do......__ •.• 15 
BI9506. __•. Mny 1-31, 19~6"'1" __ .do.........__ 5 

B1956i.... , Gllnnifon Ri"er... June]-30,19.16.. : .. __ do......__ ..• 10 
B202i7.... . July 1-31,1936... ,..... do•.. 2., 
B20465.... ; Aug. 1-31, ]936 •. : .... do...... __••• 21; 
B20166.... ; Sept. 1-30, ]936'1'" . 110••••.• -- ••• 55 

Dolores ~h·er... __ ('isco. ('tnh..__ ....... W35............ Sin~le sample .... <11 
Green R"'pr •.• Green Rh'er, l·tah.... 1935.__.•__ ••••__ •.• __ .do..... ____ •__ <')

BI9203 •••• ",""Iljo Hi'·~r·... Edith.5'0lo ........... Jllne30,1930... : ____ •__ ... o.•••..dO. 
1319'20t••• SllnJunn H,,·er.. Rosa,N. Mex..__ ••.. Jllne29,1936•• __ ;•••• -<10 .... ____ __ oIB10202... __ .... do____ . __ PngosaSprings, COIO __ 1__ ... dO...____ . __ •• ,____ do.... ____ __ o 
BI.R2.) • ,_. do ........ B1utT, etah .. ________ Oet. 30, ]9:15... __ ' ____ .do ____ . ____ __ 6 
BIS03!..... ,.... do. ... ____ 110. __•.•__ ....... Mar. 25.103(1. ....I..__ .do....... __ __ 1 
BI825R.__• • . do ........ __ Shiprock, N.l\lcx. . )\fay-June I, IOati ' ____ .do.'. __. ____ •• 400 
UI80lXL... Paria Hi"cr .... J...-es Ferry. Ariz... . Apr. 8, 1936 __ • __ i.. __ .do..______••__ 1 
DISOS!!.... Little Colorndo Grand Falls, Ariz ..•. Mar. IS, 1936.. __ ..___ .do______ • __.•• 1 

,!(i~·cr. . i 
BJ80o:l... _ " 111l1l1ns Hl\·er.. Planet, Ariz..._... )\far. 28,1036. . ..... do.... • ____• o 
1320;;28... RoIL lU"cr ' ...... Roosevelt Dnm, Ariz Nov. 10, 193U. ..' ____ .do.. __ ..____ __ o 
Tl205.16.... Gila Hi,·er .... ____ Coolidj!c Dnm, Ari,.. No,'. 5, JO:lO... __ .i.____ do........ __ __ 1 
B2053i..... '.... do. . .... __ • GiIIe.< pie Dam, Ariz ._ Nov. 14, 19:16.....L ____ do..__ .. ____ __ 2 
B20.535.... t Colorado Hi-'er _•. t Yuma, Ariz__• ____..__ No,'. 1:1, ]936·••-.i..-- do... _. ----.--j 4 

I Trll~c. 'In a sandy shnllow helow irrignted IIren. 
"rrihutary of SlIn Junn Hiver. , Tributary oC the Gila Hiver. 

The striking feature of the data of table 13 is the freedom of the 
streams from selenium at points above the influ.'\: of irrigation drainage 
from soils derived from :Mancos shales and its presence in the Colo
rado, Gunnison, and San Juan Rivers at points below such drainage. 
It is not necessarily true that all the selenium leached out of theselenif
erous soils remains dissolved. At least selenium in quantities as 
high as 1 p. p. m. has been found in the silt deposited in the wnter 
samples. It is probable, therefore, that the alluvial deposits of 
streams may, in certain instances, be seleniferous to some degree. 
This observvtion is of importance in connection with the presence of 
selenium in Nevada. 

It is of interest to note the extraordinarily high selenium content of 
the San ,Tuan River below Shiprock. This is probably an evanescent 
condition brought about by the fact that the early irrigation on the 
areas above the sampling point had been started but a few days before. 
Natumlly the sample was taken in a quiet baylet and without any 
thought that this might be receiving a special contribution. 

Perhaps the most important point in the study of these waters is the 
demonstration of the presence of selenium in the Colorado River at 

http:Tl205.16
http:June]-30,19.16
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Yuma and the presumption thut considerable quantities of selenium 
are being carried into the Gulf of California. It is fair to assume that, 
if such is the case, sinlilar behn.vior is to be expected of other streams 
draining seleniferous areas. No other basins have as yet been 
examined. 

SELENIUM AND OCEAN WATER 

Since selenium is being brought into the sea by rivers it was to 
lUlYe been expected that it could be found in ocean waters. Indeed 
Strock (31) has reported 3 und 4 parts per billion of selenimn in the 
waters of the North Sea oft Helgoland. On the other hand the 
presence of selenium has been demonstrated ill the deep-sea deposits 
of the Bering Sea aud Arctic Ocean (37). It Fnemed of interest there
fore to detm'mine how much selenium remains dissolved in sea water. 
For tbis purpose sea water was secured from the Atlantic Ocean off 
Ocean City, :Md., and through the kindness of T. G. Thompson, of 
the oceanographic laboratories of the University of Washington, a 
"profile" of water from the Pacific Ocean at lat. 46°39' and long. 
147°47' was obtained. This profile consisted of samples taken at the 
surface and at 25, 100, 1,000, and 2,000 lll. A similar profile of water 
from Puget Sound, off Point No Point, was furnished at depths of 
0, 10, 25, 50, 100, and 190 m. These samples were examined with 
extreme enTe using the method employed by Strock (31). Since no 
selenium was fOlUl(l in any of these samples by adding fenic chloride 
and tlnlllOnia and examination of the resulting precipitate, this pro
cedure was snpplemented by examination of the filtrate. The filtrate 
WIlS treated with sodium pero:dde and evaporated to about 300 cc 
and then treated with all excess of nitric ueid and warmed on the 
stellm bath until chlorille e·voilltion ceased. The residue WllS treated 
with sulphuric acid and heated until free from nitric acid. The usual 
proeedure for determination of selenium was then carl'ied out. 

No selenitlffi was fOUll(l in any sample of ocean water. It was 
demonstrated that the Strock procedure is adequate to recover quan
titatively 0.01 mg of selenium, as sodium selenite, from 4 liters of 
distilled water-this corresponds to 2.5 parts per billion-and quali
tatiye detection as low as 0.25 part per billion.. The supplemental 
proeedure is eyidence that no selenium is present in forms other than 
selenite, at lel1st in quantities in excess of 1 part per billion. In the 
sample from Puget Sound 11 quantity of selenium was detected of the 
order of magnitude of 0.25 part per billion. The absence of selenium 
from sea water perhaps finds e~-planation in the facts presente(l in. the 
section dealing with the forms of selenium in the soil. 

SELENIUM IN GERMAN WATERS 

Since no measurable amount of selenium was detected in the water 
from either the Atlantic or Pacific Oceans, and it was rC'portC'd by 
Stroek (31) as present in the North Sea, it seemed possible that a 
selenium source might e~;st in the rivers flowing into the Bight of 
Helgoland. To obtain some light upon this question, and because 
the Elbe rises in a cretaceous area., 11nd both it find the WesC'r flow 
through 11ighly industrialized areaS using COllI fOI' fuel, which may be a 
source of selenium, 11 series of water sn.mpIN; wus obtl1ined from 
Germany through the kindly coopern.tion of J. ,J. Meily, the American 
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consul at Hamburg, and the courtesy of the Deutsche Seewarte. The 
location of the samples is shown in figure 14. Two of them are from 
the Elbe, one above, the other below, Hamburg; one from the Weser 
below Bremen; one from the bay below the mouth of the Weser and 
Elbe; and two from the North Sea. These samples were very care
full}T examined for selenium, using 5-liter samples for testing in each 
case. The results are given in table 14. 

FIGURE 14.-Locntion, indicated by X, (rom which snmples or Gemlllll wuters were obtained. 

The data given in table 14 are of exceptional interest. The presence 
of selenium in the Elbe is definitely shown, slllall us is the quantity 
found, und contrasts with its absence from the ·Weser. The influence 
of Hamburg and Bremen on the selenium content of the rivers is not 
detectable within current limits of accuracy. Equally clear is the 
ubsence of selenium from North Sea water within the limit stnted. 
That none was found was surprising both by reason of its presence in 

TABLE 14.-8eleni'lwl content of 'water from the North Sea and the Elbe and IVeser 
Rivers 

Lnbomtory Field Location :lluterinl ISeleniumno. no. 

Pnrl.t11er 
billion 


BI9212••••• 1 Elba River, nenr GeestbncbL ....................... Fresh wnter ....... I 

D19213••••• 2 Elba Uh'er, ncnr Drunsbuusen ...........................do............ . 1 

B19214.... . 3 5-10 N. nnd 8° E., North Sen..........__ ............. Salt water....... . o 

B19l15.... . -I 53°31' N. and 8°\4' E., North Sen......____......... ____ .do....__ .• __ ... o 

B19216..... 5 53°43.5' N. 8°17' E., at UOhbcnsteerL............... ...dO•••.••..•.••. o
1· __ 

B19217•• __ . 6 Lower "reser, nenr Elsllcth __ ..... _"' .... _......... 4 _ .. ~ ... ~ ~ .. Fresh watcr.. _.. _.. " o
.. .. 

the Elbe and its presence reported by Strock (31). It is true that 
Strock does not locate exactly the source of his sample, and in view 
of the writers' data on sulphuric acid it may be that his sample was 
contaminated from a local source. It seems clear from the data in 
tables 13 and 14 that selenium is not present in ocean waters to an 
amount in excess of 1 part per billion. This raises the question of 
the fate of that carried into it by rivers or received from other sources, 
for example, ruins and winds. A tentative answer is found in the 
sections of tIllS report dealing with the forms of selenium in the soil 
and the origin of seleniferous soils. 



SELENIUM OCCURRENCE IN SOILS IN UNTTED STATE:-; 51 

SELENIUM IN HAWAn 

During the course of the work C. A. Browne of this Bureau called 
attention to the existence of "selenio-sulphur" in Hawaii. 'rhe sug
gestion resulted in an investigation, the results of which have been 
published in part (8). They are here recapitulated, with ndditional 
data. A sample of volcanic sulphur on lava from the island of Hawaii 
was sent by T. A. Jagger and another was furnished by E. S. Shepherd 
of the Geophysical Laborntory of the Carnegie Institution. A sample 
of gas collected from the Kilauea Crater in 1917 was also made avniI
able by E. S. Shepherd. Through cooperation with the Hawaii 
Agricultural E:-..-periruent Station, the Soil Conservntion Service, and 
the Soil Survey Division, a considerable number of profiles of soils 
from various islands were made available, There were also made 
available a few samples of vegetation growing upon arcns presumably 
containing selenium. Unfortunately, simultaneous collection of soil 
and vegetation was not effected. In addition to the sulphur samples 
from Hawaii, M. Perret furnished, through E. S. Shephel'd, a sample 
of sulphur containing selenium from :Montserrat in the Leeward Islands 
of the West Indies. This is included with the Hawaiian data for reasons 
which will appear. Attention is also directed to the demonstration of' 
selenium in the volcanic emanations from the Valley of Ten Thousand 
Smnkes (39). The results of the examinntion of the samples are given 
in table 15. N ames given for various soil series 11fl.ve not yet been 
correlated, so it is possible that some of the names may Intel' be re
vised to correspond with pre·viously estnblished series names. 

TABLE 15.-Selen-i.um content of soils 1 (lnd other Ulaterillls from Ila.wai·i 

ISLAl\D OF llA WAf[ 

· .-.--.. ~----------------I ISeleniLaboratoryl Field no Locution Muterial um 
no. ,,_. ._. i;_~______.... 

P41.1II.
BJi989____ . ________ • __ } {ons (600cc) . __ • ________________ ._ . 20.005 
BI7910____ .1. __________ KiluueB __________________ ._._ LII\'n ami sulplmr_. __ •• _______ .... __ . 1,400 
BI7985._ .1 ____...... Volcllnicsulphur•• _______ • __ ....... 2,211()
B20562... _..... ___ Monlserrllt, '\'cstlndics.... ____do ___• _____ ._ .... _. ..... 5 
CI1SS..... 010101. ___ , Kniwikisllty clay loam, 0-9 inches.. 4 
CI190.. IllOI02.... " .. Kniwikisillycluylollm, !H4 in<'iICs. 2 
CliO!.. . 6IOUt!. •. '1 3.1 nllics "cst by n,ortl.mcst or KniwikisiJty cillY loum, 14-2Uinchc,.. 3.5 
CI192..... (i10104 ..• I111~IIIu.u. Ele\.nt,I~?, 2(X) Kuiwikisiltycluylollm, 26-28 inches. 3 
CI193...... 610105.... fcet, rnlllfull,150lDcbes. Kaiwikisiltyclnylolllll,2S-:18ilH'hcs. :1 
Cll94._ .... (IlOl06 .• __ ! K!lilVi.kisillyclllylollm,~8-r>Oinches.. 5 
Cll04..... 610IOi..... ) lHI10S'ltYclIlYloalll,O-lllIlChCS.--. . 3." 
CI195...... molOS __ '1 lIilosiltycluylolllll,Il-19inchcs•. ' ·1 
CI196..... 610100 __ • 1 mile north of Pnpaikou. Ele· fIilosilty clay loalll, 19-22 inches. . :J 
CI197_..... 610ll0. ___ vat/on, 1,I00feot; rninfllll, 200 [lilo silty cillY loam, 22·25 inches.___ 3 
CI198...... 010111. .. _ inches. Hilosiltyclnyloum,25-:JSinchcs. • 5 
CU9!L .... (il0l12.• __ lIilosilty clay IO!lm, :l,'j-;,.t inches.. 3 
CI200.. 610l1:! _ . ITIlosiltyclllylonm, ',Hj7inchcs.. :1 
CI:JI.j, .•• ,. 6101:1I. ___ f lPUU nue silt 10nm,IHj inches. --... -.. 1.5 
CI:l1o __ . ___ 010132____. • . Puu UuosilLlolIlll, r,..lOinchcs.. ,5
CI341;" .. __ 0101:!3._._ 6.0 mll~ lownr? "nup~ fr!lm PUll Uuo silt lonm, 10-22 inchcs_._. __ . .5 
01347..... _ 610134.___ lin,,1 ~unctlon, ,.~.le\l1t)()n Plllllluesiitlollm, 22·28 inches ._. __ • .4 
01348 ...... 01fl13.1 __ .• lind rumrllll nlltgl\en. Puu lIuosiitloum, 28-IOin(']lCs ...... .4 
CI349..... 610130_•. _} {unWi silty clny IOlltll, 0-12 inches..... 1. [,
CI350___ .... (j101:li____ ~. mile scllward lrom Upolu n:lwisiltyclnylOllm, 12-liinchcs .__ 1,5 
CI3.11 •.••.• (BOI:lS____ ulrport Junction. BJo'!ution IIllwisiity cillY lonm, Ii ·27 inches __ 1.5 
01352. ..•.. 0l01:1O..._ and rninfnll not gl\'en. IIllwi silty cillY loam, 2i-3-\ inchcs .. __ 1 
CI~53 ____ •. 010141).... HalVislltyclnylollln, :l4-IO,inches.. _. .0 
OI:lIll ..••.• mOI'Is.. __ }. K .' I' {UlllllllkUl\hell\'YIOllm,O-UlnChCS -.- 1.5
C1362." .. 1110140____ Il-!!, 1ll~10 east 01 U,~I~lhlle c. nlllllllkuu hllnvy IOllln, 9-25Inch05. . 1 
CI3,"1 1lI0I '.0 EIll\lltJon 1,100 rect, ruin· natllllkul\ hen\'y IOllm 25-'12 inche.< . .5 
01364:::::~ 61OlSC:: lull, 100 Inches. I Ulluu.kull heu\'y loam; :12":10 Inches .• : 1 

I Soli nnmes used in this tuhlo lin' tentllllvlJ, slr",e the soli survey 01 the 'J'errilory is no'" in prnl,'l"~<S lind 
tho clllssification is incomplete.

'MilIigraul in 000 cc. 

http:15.-Selen-i.um


52 TECHNICAL BULLETIN 601, U. S. DEPT. OF AGRICULTURE 

TABLE I5.-Selenium content of soils and other malerials from Hawaii-Continued 

ISLAND OF HA WAU--Conlinlled 
--~- ---.,--_._------_.,-'------------,- 
Lab~~~tory I}'ield no. 1 Location "faterial Seleni· 

--6101-11 . .1-----------' 
um 

P.p.m.CI3M.. __.. 
- .... ) jOkala silty clny lonm, 0-9 inches._ •. _. 3.5

CI35".. __ .. 610142_ ... .1 Okaln silty claj'lonrn, 9-13 inch05 .• , •. 4
CI356...... 61014:1 -- •. 11.1 miles inlllnd,from){ukni' Okulasiltycluylo,uJI.13-20inch05..•. 2CI357 ___ 610144 ___ •• hllele. EleYKtlOn, 1,500 feet; Okal" silty clay loam, 20-30 inches.. I
CI35S .. . 610145 ____ rainfall, 120 inches. Okala silty clay loam, 30-:16 inches.. 2 •• 1 C1359... ___ 610146. __ ._ Okala silty clay loam, 3(;-42 inches_. 3
CI3OO.... . 010147, __ ., Okala silty clay loom, 42-.10 inches_ 3
C1333 .. 6JIOOII~01 " .. 1' Okalu clay loum, 0-9~~ inches...... _.. 5
C13:14, 6 ~ - __ - Oknlacll1ylollm,9\~-17inches_ .. __ . 8C1335 __ 610122__ .. ' Okala clllY loum, 17-2:' inChes ...... . 4
Cl3.10. 61012:1 .••• Kaiwiki plnntation, JI.~ miles Okal.. clny loum, 21;-32 inches ____ ... 3 • .1
CIS37 .. 610124 southwest of Ookala. Ete. Okaln Chlj'loalll, 32-40 inches_ ..• , 2
('1335 610121; •• -- Y!ltion, 1,:lOO feet; rainfnll, 120 Knnla clny loam, Q-4 inches. ____ .. 3
CI3:10 _. 61012(\ ____ inches. Kauln cillY loom, 4-11 inches •• __ ._•.•. 3
CI340.. ., 610127 ____• Konlncluylonm, 11-14 inches...... __ ._ 3
Cl341 610128____ . Kllnla clny lonm, 14·24 inches..______ .. 3
('1342_ 610129 ____ KanIa clny lonm, 24-:12 irl('h05, __ ..... 2.5
CI:H3 ... 610130 ____I Knula clnylonlll. 32-:10 inchcs ________ . 3
Cl327 010114 ... 1 (KOhOIOlele clny loam, 0-2 inches____•• 2 
CI328. ~10115 'I!KRiWiki plantation. south. Koholalele cJayloalll, 2-0 inches_____ .. 1
CI3:!!).. . "lOll~ west of Ookala. Elemtion, Kohollliele cloy lonm, 6-12 inches..... . 4
CI3.10.. .. r.6',IIOOIIII~ 1 400 feet; rainfnll, 120 inches. Koholnlele cluy lonm, 12-16 il\~hes __ .. . 1
CJ3:1I_ n , Koholnlele elny lourn, 16-32 inches, . 2.5
('13:12 OIOllU i Koholnlele ChlY 1011111, 32-:10 inehes ; 2 

ISLAND OF MArl 
- , 

DS7S7 931l() i}I50039'.tn" ,,'. 20°[,11'20" N _B57SS - .. 03117 i E1evlllion, 2,500 feet; ram. 
•• I{Red

Hed clns:
~III~:, 

6 
0=6?II.!CI.,,,_

[n~h~~.... 
.. _......... . 15 

7 


D5789. 
DIi7!lO.. _ mm~ ___ I filII, 100 inches. f~'~;~lIc!~;d ~~it{I~(!I'81;;cI;es--::' :: 

18 
8C938_____ 

II. ;1;' ~Q .. }o miles north h~' northellst of {S!lt~ cln~ 101lrn, ~-7 ir."·I.\t',;: ____ .. ---. 8 
C039... ]1.};." ~ - I l .. llhainn. EIl'vntioll, 2,550 S!It} ('In~ IO;HU, I;I~ I~Jd!c~N____ ·4_~_. 2ti 
C91O.. -- II. ,I" ~8 •• i feet; minfnll, 100 inches. S!ltyclny IO.llll, l:i~2~n~h~s•••...••. 3 
C911 .. J[. f .•,9_. S,lty clny 1011111, 2_·.lO Inches.... __ •... 
1'912__ -- II. '('. no .. ;}-\bOUl 5 mile' nort!' by north· {Redd[Sh S!ll,y clay 10llrn, ~-7 il.lt'hes .. .. 1-1
nil:l._ .. JI. 'f'. fit. ' •. 'rr I s. '''1'' Heddlsh sIlty clay lonm, 1-19 Inches.. . 18 
('01·1. JI. 'f'. 62.,: casto :'~ m'pn. - ~~lIt'~n, Reddishsiliydnylonrn,10-3l inches . 
C91,'j II. 'r. O:1.! J,9,'i() f~et, rnmfnllunkno\\ n. Heddish silty ('Iay lonrn, 31+ inches.. _ 

14 
H

C\I46_ .. H. 'r. (H •• 'I (HeddiSh siltyclay IOllrn, 0-7 inch05.. " 1.5 
C\I47 .. II • or. 05. '1· About Ii miles north hy north. Heddish s[IlY clny 10llm, 7-1:1 i~'(·hes •.. 2 
1'918_ 11. 'f'. 00.. .' I ' Fl" Heddlshs,llyclllylonlll,13-2,'j,nches. ~ 
('\140 ". 'I'. 07. _ e~,tof :~hn'.'la. • e~lItl~n, Reddish silty ClllylolIlII, 25-11 inche~, I
('950 II. ;\. r,~.. 1._.'0 feet, rlllnfllllunkno\l n. Hedd!sh spty clllY 1011111, 41-60 inches•. I 
COlil. H. f. OU Redd,sh slftyclay loam, 00+....._____ 1 
]157!11 O~P? ~--~ :}If,uO'10124'' "'., ::wo,:iS'2.1" N. {ClnYlontn'~=2~nCh~~~.~._ .. ~ .-~-~,. .. I 
Dfii!J2 ,-, O.i~.i .. --~ : Elevutioll, 4[,0 {N~l; rainfull, qla:,;:lonm,:: ~ll)cl~l!s~ ...... _~ ... ~~" ~- .. :I
Hi;(1)3. --. 93.4 '9(1' '1" ( IllS lonlll, 1-_8 'I\( hes _,. ... _ .6 
Hf>7!H .'_. 9395 I _lrHIIS. ClnylonIIl,28-50inch('s... - .. ----~i I 

------~-~------

I --~~------------------------------------------.----
m712) IRed silty dny, 0-3 inch(s____ .. - I 
B:l713,' : 1.17°1,1'30" W., 21°8':10" N. ned silty eillY, a-I:I in~hes..... __ 2.5 
133714 _ .. I glevntion, 500 feel; rninfllll, Hed silty cillY, 1:1-:1.1 inches.. __ •• I 3 
B371S_ 20 irll'hes. Red siltyclny, :1[,...10 in~l,"s .. _ .. 3 
D_3_71_0__..;Ic-_·_'.__-L __ Red silty ciIlY, 40-(;0 inches_.. . .. /

I 
I 

lSI,AND O~' OAlll' 

----r-----r~--·------ ---.-------------------- 
Dl7\148_. _ A-I. _ ISOil prollle, top section - 10 
1117\149.. A-2. 'I'VllhIIlWII grosion Experi· S.Oil flrnfile,.lIIlddleSeCtinn_ 10 
DI70fJO.. _ A-:L lIIent Slation. mel'nlion Soil profile, bottolll sec·tion 10 
1117900. _ I . unknown; nnnulII rninfllll, Soil profile, top section.. ..... 12 
1317007.. 2. I IJrl'sulllllblYllhout fJO inches. Hoil profile, uuddlosc(·tion....... 10 
Hl700s.. a . Roll profi Ie. hottom sect ion _., 12 ___,-_~-L __ . • __ -'--_e ' ___________ 

http:i}I50039'.tn
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TABLE 15.-Selenium content of soils and other materials from Hawaii-Continued 

ISLAND OF KAUAI 

Laboratory 

no. 
 Field no., I_oention 1 M atorial IS~~:t 

----1---. lp.(l:m. 

1A·.-··-.··:lB3ili._._•• IRed clay, ()-4 inches••._.._.•_••..•.. - I;;
B3718. _____ A2_ .. ____ .~! 159°27'48~' ":., 22°12'3~" N. Red clay, 4-16 if.1chcs__________________ 15 
D3i19•• _... D. ____ •.•. , Ele.atlOn, ,00 Cocl; ramCall, Red clay,16-33 Inches..••••.•.•••.. _.. 12 
D372O••_.•• (' "'_"'" 100 inches. ned clay. 33-50 inches_ •••_•.•••.. __ .•• 12 
D3i21•.•.•• D .•.•..•.. · Rcd clay, 20 CeeL._................... .4 
Ci&l•••.... 3Z158•••.• '.}2 milr~ south oC Kalihiwai. {Kal!h!ka! s!lty cla~, Q-6 in.ch(~~..... .•. 10 
Ci85 ••• _•• _ 31159.... .•. HainCall, UO inches. lfal!h!kn! s!lty cln~, 12-:0 !nches.•• _.. 6 
Ci86... .... 37160•..•.• , Knhlllkm SIlty clay, 20-,.\ mches...... 2 
C787••..•. 3~161 ...... Ilfa!namanll s!lt loam, 0-5 !nches •••••. 6il 
Ci88.... 3,<:162.....! I1iJ(hlands aho\'o Wainwll ~n!nllmallll 5!lt loam, 5·9J,!chcs •... __ • 1-1 
Ci89... 3!163......! Canyon. HlIinCall,l00inchcs. KII!namanu s!lt loam, 9-~' ".lChe~: •• __ Hi 
('iOO.. 3d{H...... , Kllmamnnu slltl01lm,15 20 lllchr~._._ 12 
('i91..... 37165'''_'.1 Kainamanu silt loam, 2()-40 illCh(,,_ •. 1..1 
C1201A.. 37166••..•. ,) Kllmllweill grn\'elly 10llm, 0·1 ineh 7 

(delld \'eg('t,ation and soil). 
('1201 __ •.. 3'iJ67.... __ I, 2mil('s southw['s!. nr Kilohulla Kumuwein !'.rB\'ellY loam, 1-3 iuehes .•. 20 
(' 1202.", 3il68. __ .• _, IA)()k(>ut. HainCall,l00illche~. Kumuweia gravelly 10llm, 3-9 iuche~_. 20 
('1203. '... 37169 __ ....1 Kllmuweia grnvellyloall1, 9·1., inch~s.. 12 
('12OL. . 3iliO_____ .: Kumllweilll(rIIwllylo!lIll.15-·1l inch!'s I 2f) 
('i92. _. _. __ 3ilil .. __ • _:} {lInnapr pl" 0-8 inches •• __.•_. ___ ••. __ ._ I 
('i93... 3~IZ2- ..... l 0.75 ',nile n?,rt~1 [l,C ~[u~"]Ie]l". lIanapcp~, 8-14 iJ?chrs.. .••. __ ....... .. 1 
(,iM.. 3i113....__ ! HalllCnll, .ohiO mchc~. ! lIanapepr, 14-32 mchr~ ____ • ____ .•. _.. _, 1 
C795,.. 371i4 ... _': /lIana]lCPC, 32-12+ inches .. _______ ... __ : I 

A numbC'f of COIl1I1l(>·nts ]l1I1Y be made upon the dutn. of table 1.5. 
It would nppenr that selenium is 11 component of volcnnic gaseous 
emanations in Hn,waii. From other sources, not quoted, it appears 
that this is always the case. Whether or not there is wide variation 
in relative quantity in difl'erent eruptions and between difl'erent vol
canic sources cannot be determined from available data. The differ
ence between the quantities found in the Hawaiian und lV[ontserrnt 
samples is not conclusive. :Methods sufficiently delicn.te are not 
available for such determinations, could satisfn,etory samples be 
secured, yet the resulting data might prove of consiclel'l1ble interest in 
connection with geologic correlntion studies. 

Since the Hnwniian Islands present wide val'iations in rninfllll, it is 
possible to connect the rninfnll with the quantity of selenium found in 
the soil profiles. The results of this compnrison wer'e wholly unex
pected. In the nreas previously exnmined the lower the menn annual 
rainfall the greater, in gcnernl, is the soil selenium, where the soils ure 
of compurt! ble churacter. In the Hawaiian soils the rcverse is most 
decidedly the case. The relation of the ruinfall to the selenium con
tent is particularly clenrly defined in the S:UlI pIes from the island of 
1\faui. These were all taken on the slime hillside and from ele,'ations 
ranging from 2,550 to 450 fpet. The two soils from the higl]('r eleva
tions have the followkg menn contcnts: At 2,1)00 feet, 12 p. p. m.; at 
2,550 feet, 9.7. The pstimnted annual rainfall is upwards of 100 
inches. 'rhe profiles at 1,950 and 1,250 feet hnve it Jl1CIIIl content of 
15 und 1.4 p. p. m., rcspeetiyely. The ruinful1 at these point.s is un
known to the writcrs, but ccrtninly the snmples nt 1,250 feet h:l"e the 
lower minfall. The samples tuken Itt 450 feet are under an annual 
rainfall of but 20 inchcs, and the menn selenium content of this profile 
is but 1.4 p. p. m. These profiles, us well as the one from the islund of 
Nlolokai Ilnd the pl'Ofi1e listcd first from the islnnd of Kauui, have been 
carefully examined with respect to texture and the chemical compo

http:delicn.te
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sition of both soils and colloids (14). All are highly weathered soils 
and contain much free iron oxide. 

It appears from their analysks that those soils developed under high 
rainfall are more laterized than those developed under lower rainfall. 
It is not difficult to imagine that these soils obtain their selenium not 
from pttrent lava but through rainfall. Lavas so far examined con
tain very little selenium. The greater the rainfall, then, the greater 
should be the quantity of selenium available to the soil. The data 
of the table in general are in accord with these assumptions. The 
question, of COU:!':le, arises as to why selenium remains in these soils 
since it is certain from evidence collected else'where that percolating 
waters, whether from min or irrigation, tend to decrease the selenium 

FlGun~: 15.--·A pineupple plantation on the island of Maui. (Photograph by C. E. Kellogg). 

content of soils. Itis believed that a satisfactory answer to this question 
is fmmd in the da.ta submitted on the forms of selenium in the soil. 
Anticipating the discussion of this topic, attention is called to the 
fact that the selenium present in volcanic emanations should, at least 
for the most purt, be present as selenium dioxide or as salts of selenious 
acid. 

No data for vegetation are given in table 15. Some 20 samples 
have been examined, but unfortmHl,tely most of these were unidentified 
with respect to location or name or had been sterilized by steam at 
the plant quarantine stntioll in Hawnii. In no case, however, was any 
sample found to contain in excess of 3 p. p. m. of selenium and that 
only in one sample. Illcluded among the samples were several 
legmnes, including koa haloe (Le'Ucaena glauca). This plant is re
ported as responsible for the loss of hair of horses and mules in the 
Bermudas and in Hawaii. It also is found in Puerto Rico. In no 
case has it been found to contain significant quantities of selenium. 
It is not certain that any of the Hawaiian types of vegetation (fig. 15) 
examined are efficient absorbers of selemum. It seems, however, 
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probable that in Hawaii no seriously toxic forms of vegetation are 
present even on soils which contain quantities of selenium which in 
the soils of Colorado, Wyoming, Kansas, Nebraska, and South Dakota 
would produce intensely poisonousllants. This conclusion is based 
not only upon the results obtaine from the so.mples examined but 
also upon the character of the soils. 

That these soils arc not likely to produce seleniferous vegetation is 
also shown by two experiments conducted by Gile.9 Millet is a more 
than fair absorber of selenium when grown on seleniferous soils, yet 
when grown on the soil from Oahu (B17948, table 15) no measurable 
quantity of selenium was found in 7.7g of green plants. When grown 
on the soil from Kauai (B3717, table 15) it contained but 1 p. p. m. 

SELENIUM IN PUERTO RICO 

During the course of the soil survey of Puerto Rico a series of sam
ples of soil derived from Cretaceous formations was furnished us 
by R. C. Roberts of the Soil Survey Division and also a series collected 

. by J. O. Carrero of the Agricultural Experiment Station at, Mayaguez. 
The results are given in table 16. 

TABLE 16.-Selenimn content of soil.~ and vegetation from Puerto Rico 

Selenium in-
Lahom· }'ield Location ).[aterinltory no. no. Soil or Vege·

shale lalion 
--------·1----------1---------1--

P.p.m. P.p.m. 
BI7933..... 1 } {SOil, 1-12 inches ........... .. 11.7 

BII934,.... 2 Hacienda ~ercid!\a, fonce Isa· So!I, 12-24, inches.............._ .3 

Bu935..... 3 bella Pomente <lIstrICt. SOIl, 1-12 Inches ............. _ J 

BI7936..... 4 Soil, 12-25 inehes .............. .3 

1318060...__ .......... } {SOil, ()--7 inches............... . 1 

BI8061..... ......... L. Fajardo farm, Maricao....... Soil, 7-16 inehes .............. . 1.5 

BI8062..... .......... Soil, 16-27 inch~s............ .. .4 

BlS066............... }pucrto Rieo Experiment Sta. JSo!I, ()--6 i.nches................ . .5 

BI8067..... .......... lion farm Muyaruez ISOti,6-15 mches __ ............. 1.5 

BI806S__... .......... I' o· Soil, 15--27 inehes............ .. .2 

BI9490.__.. la....... lMucara silty clay loaIn, 0-11 .3 


inehes. 
BI9491..... Ib...... Parent shale at 4 feet.......... . <I ........ 
BI9492...__ Ic....... I kmsouthwestofDolores__ ..__ He~ll~~)~a (Lonehoearpus lati· ........ 0 

BI9493..... Id ____.__ ~diondi\Ia (Leueaena glauea) • ..__ .... 0 
BI9494..... lc....... Pigeonpea (stalks) ......____.. ........ 0 
BI9495..... If....... Pi;(eonpea (seeds and pudsJ ... ____ .. __ 0 
DI9496..... 2a.__ .... ) fYunes clay, 0-8 inches ....... __ . -\ __ ..... . 
BI9497..... 2h..____• Parent rock nt 2 feet ....______• 2.5 .... __ __ 
DI949S..... 2e__..... Guaynabo filtration 1danL __... 1RseOba dulce (Sid. rhombi· ____.... I 

, folia). 
DI9499..... 2(\....... ,1lcdiontliIlIL ______ ..... __ ...____ .. __ .. 0 

BI9500...__ 3a....... } {san German clay, 0-0 inches.. .4 

BI9501..... 3b..__.__ 2 km south of Cubo Rojo________ Parent limestone____.. ______.. . (I 

DI9502...__ 3c....... Hediondillu .... __ ......_______ ......_. 

D19503.... 4a... ____ ) Isan Germiln clny, 0·4 inches.. .5 .... __ __

D19504..... 4b...____ Reddisl,·hrown clay, 5·0 inches . -\ ........ 

BI9505...__ 4e..____ . Guanica quarry____..._________ . Purent limestone__ ............ . tl ........ 
BI9500..__ . 4(1....... ZarznriIla (Lel'togiottis portori' ... __ ... 0 

cens..). 
BI9501..... 5n____... ) {MerOS sand, ()--6 inches (cnl· . ,I

eareousl. 

B195OS...__ 5b..____ . Southwest of Central Aguirre... Meros sund, 6-20 inches (cal· _3 


carcous).

DI9509...._ 5c.... __• ZarzuriIla (seeds and Jlods) .........__ 

D2957....__ 5S02105__ } {Fajnrdo silty clay, 12-28 inches. 1. 5 

B2997.... __ 5802141.. S J n YunCls ClllY, ()--O inches....__ ... I
D2998....__ 580214~.. an ua arca__________________ . Yunes clay, 6·9 i~ehes.....--.. 1. 5 
D2999...... 5S02143__ Yunes clay, 9-30 mehes .....__ . 1. 5 
D3000...... 58113115.. } {Yunrs cluy, 0 .. 1 inches ....__ ... 1.5 
B3001.. .... fS'):ll)(1.. }<'uJurdo urea.. ______......... __. Yuucs clay, 4-IS inches........ 2 

ll3002...... ['SO;1117.. Ytmes cluy, 14-28 Inches.. '''' 10 


, Studies ou the rei uti on between soil compositioll lind seleniulll llbsorption by plllnts. Unpublished 
datu. 
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The data of table 16 are very much worth reporting despite their 
generally negative character. The soils samples examined are all of 
cretaceous origin, and some of them are from cretaceous shales. The 
geological relations are somewhat uncertain. The absence of selenium 
from the few plants examined indicates that no selenium problem 
probably exists in the island, even though the red soils about Mayaguez 
contain appreciable quantities of selenium and the Yunes clay, particu
larly in the Fajardo area, would under favorttble conditions produce 
toxic plants. 

FORMS OF SELENIUM IN THE SOIL 

In the previous bulletins (5, 6) of this division dealing directly with 
the distribution of selenium in the soil only incidental attention has 
been directed to the actual forms of its m..-istence in the soil. Sufficient 
data have now been accumulated to render a discussion of this topic 
possible and probably useful as an explanation of a part of the seem
ingly erratic character of the relu,tion between the selenium content 
of soils and of vegetation growing upon them. A sample of crude' 
sulphur from Colorado is reported (5, table 9) as containing 8,350 
p. p. m. of selenium, and in this bulletin are reported samples of crude 
sulphur containing 1,400, 2,200, and 5 p. p. m. of selenium. In this 
labomtory several samples of soils have been examined which had 
received the spray residues of the insccticide known as Selocide. In 
all such cases measurable quantities of selenium have been found. 
This spray material, being a mixed selenide-sulphide, when acted upon 
by air ancl moisture may be expected to produce elemental selenium. 
In view of these facts it is to be expected that under certain concli
tions soils may contain free selenium. No effort has as yet been made 
to demonstrate its actual presence in any soil. If present, however, 
it is to be expected that it would follow the general behavior of 
sulphur and ultimately be converted to selenium compounds related 
to Gclenious acid or selenites. In the absence of air and moisture it 
may be expected to behave as does sulphur and ultimately be con
vertecl to the sclenium analogs of the sulphides. 

In the examination of several hundred samples of sulphide ores for 
selenium in this htboratory no case has been found in which selenium 
is wholly absent (35). It follows therefore that soils containing 
pyrites will necessarily contain selenium. In the shales and like for
mations in which selenium occurs pyritic nodules are often found, 
and severnl of these lmve been examined for selenium. The soils of 
the semiarid areas aTe usually very immature nnd have not undergone 
extensive weathering. It is reasonable to assume therefore that such 
soils mny have a portion of their selenium content in the form of 
insoluble se1enides. Such occurrence is relatively unimportant, except 
forits bearing upon the problem of the sources of selenium, for in pyrites 
certainly selenium is not available either as a plnnt food or poison. It 
is possible thnt this statement while true in geneml may not apply 
to cases where the sulphide is in a form analogous to ma.rcasite, which 
weathers rapidly and lllay release selenium in water-soluble form. 

In the course of exnmination of hundreds of samples of shale, of 
which only a small portion has been reported, analyses of separate 
limonitic concretions or of limonitic pseudomorphs frequently showed 
a selenium content greater than that of the immediately adjacent 
strata. For example, an iron oxide concretion in tbe Niobrara shale 
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had a selenium content of 48 p. p. m., while the adjacent shale had 
but 3. Again the concretionary material of sample no. B18344 
(table 1) from Pueblo County, Colo., has a selenium content of 156 
p. p. m., while adjacent samples of material in the same profile (table 
8, profile 17) showed a ma~dmum quantity of 12 p. p. m. It was 
therefore assumed that in such cases the high result in the concretion 
represented residual selenium from weathered pyrites. This assump
tion, even if correct, does not establish the chemical form in which 
the selenium remains in the concretions or in the soil itself. 

The solution of the problem is not an easy one, since the quantity 
of selenium present in soils is extremely small. Indeed, the maximum 
quantity of selenium found as a result of the examination of several 
thousand soil samples is 82 p. p. m. or 0.008 percent. The normal 
qnantity found in soils which are considered "seleniferous" is much 
less, and in most cases is only from 1 to 6 p. p. m. or 0.0001 to 0.0006 
percent. 

Approximately 100 samples of soil were extracted with water. The 
procedure was to add to 60 g of the soil 600 cc of water, shake over
night in a mechanical shaker, ancl filter off 500 cc of the liquid by 
aid of a Pasteur-Chamberland filter. The selenium content of the 
water extract from the samples used ranged from less than 0.1 to 38 
p. p. m. of soil sample. In about 80 percent of the extracts no sele
nium in excess of 0.1 p. p. m. could be detected when subjected to 
the usual process of examination. One of these, a snmple of l'a.w 
shaly soil found in Gove County, Kans., was selected for cl1reful 
examination. It contained 22 p. p. m. of selenium. This smnple was 
orange in color and contained 57 percent of calcium carbonate, 4.4 
percent of iron oxide, and but 0.2 percent of organic matter. It also 
contained 0.6 percent of water-soluble matter, mostly calcium sul
phate, with traces of chlorides and bicarbonates. Extraction of this 
material with water, as described, brought into solution only 0.2 
p. p. m. of selenium, or approximately 1 percent of that present. 
When treated with a quantity of hydrochloric acid, just insuincient 
to clissolve the limestone present, no increased l'emoval of selenium 
was effected. The residual material was freed from chloride by 
repeated washing and then l'efiuxed for 5 hours with a lO-pe1'cent 
solution of potassium sulphite. The filtered extract contained 0.4 
p. p. m. of selenium or about 2 percent of the original content. This 
t~reatment may be considered as efi'ecting removal of any selenium 
pl,'esent in the elemental form (22). It should also remove any 
"exchangeable anions" by double decomposition. 

The result obtained seems to indicltte thu,t the free element is 
essentially absent and also that the compound present is exceedingly 
insoluble in water. This latter indication is emphasizc(l by the fnct 
that refiuxing the sample with la-percent sodium sulphn,te and then 
with la-percent disodium phosphate likewise removed pl'n.etically no 
selenium. On the other hand, refluxing the residue with 6 normal 
sulphuric acid effected the solution of aU but 0.7 p. p. m. of the 
selenium, or approximately 95 percent of that originally present. The 
sulphuric acid treatment was sufficiently drastic to dissolve aU iron 
oxide present and leave a grayish-white residue. It therefore seems 
probable that the selenium in this material is associated with iron 
oxide in a very insoluble form. 
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To determine whether soils containing iron oxide render selenium 
insoluble, solutions containing 1.2 mg of selenium as sodium selenite 
in 600 cc were shaken overnight \'f-ith 60 g of Cecil sandy clay loam 
(11 percent of iron mdde) (7) and Nipe clay (70.6 percent of iron 
oxide). In neither case was a quantity of selenium in excess of 0.01 
mg fOlmd in 500 cc of the filtered liquid. On the contrary, when the 
experiment was repeated, using 1 rug of selenium as sodium selenate, 
0.6 mg of selenium was recovered from 500 ec of the filtered liquid. 
Ferric hydroxide gave similar results under like treatment. Further 
evidence of the same relation is indicated by the fact that the selenium 
in the 6 normal sulphuric acid extract of tl;e soil sample is completely 
reduced to elementary selenium by sulpbur dio:dde. This reaction 
does not oceur with selentltes (38). 

In order to determine the form of ferric selenite probably present ill 
the soils, an attempt was made to synthesize a compound busing the 
required properties by reaction between ferric chloride and selenites. 
This reaction has been studied by Berzelius and mllny others (24, 
v. 10, pp. 938-940), and tbe insoluble material has been shown to be 
of variable composition aceording to the conditions of precipitation 
but appro:x-imates the composition of the neutral Sitlt Fe2(Se03)3' 
Unpublished data show tlllLt this salt is, how<'ver, Hot sufficiently 
insoluble in water to MeOtln t for the remarkable persistt'nce of s<'lelli tun 
in ferruginous humid soils. Ferric chloride and sodium selenite were 
mixe(l in varying ratios and ill differing, but nlwnys great, dilutions. 
In all cases a prt'cipitate was formed though, in the more dilute mix
tures, recourse was hnd to salting out with sodium ehloride in Ol'dt'r to 
effect coagulation. The precipitat<·d material was then analyzed, 
and the iron-selt'nium l'iLtios were determin('d. The concentrations 
employerl and the resulting ratios are given in tn,ble 17. 

TAIlLg 17.-Prodllcls of 1"eaction between dillde sollltion.~ of .~odi1ll1! selenite llnd of 
.~odium selenate with jerric chloride 1 

i 
Bleruculs in reagents! Jo:lements in pre· " 

cipitutes .\l~mic I
nmos of pH ofExperiment no. -~.-----_.-.....--- .-. precipitates 

filtrate 
Fe as i S;e us Fe/Se 
FeCI, I Nu,SeO, Fe So 

1••••••• _•••••••••.••.••••••.•.•••••••. 
.Vo 

8 
My 

8 
.'\£0 

6.9 
..\[0 

5.5 2:1.13 3.12 
2..... " ............................. 
3__.................................... 

8 
8 

8 
16 

6.9 
8 

5.3 
a.1i 

2: I. 09 
2:1. 17 

2.9\1 
:1.40 

4.................. __ ._ ............... .
5................ """ ............. . 

8 
8 

24 
5 

8 
6.6 

6.7 
4.4 

2:1.18 
2:0.9,1 

3.27 
3.20 

6•••__ ............................ . 8 i 6.6 5.7 2: I. 22 3.10 
7........................... ' ..... . 10 5.0 10 4.3 2:0.61 2.80 
S................................. .. 32 5.9 2.6 .7 2:0. :18 2.63 
9 ............... .. ............... .. 
10......... ............. ..... ,.. 1 

IIi 
Iti 

215 
224 

1:1.9 
14.1 

3 
3.3 

2:0.31 
2:0.:1:1 

2.95 
2.95 

I 'rhe quantities of forric chloride indicutod were made up to 4;,0 cein water und the selenium sullS added 
at a dilution of 50 CC. 

2 Selenium US sodium selenate. 

The data show that when extremely dilute solutions of selenites 
react with ferric chloride a very insoluble precipitate is formed and 
that it approximates the composition of basic ferric selenite, 
Fe2(OH)4Se03. though the relation of iron to selenium is not constant. 
Corresponding reactions take place between selenates and ferric 
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chloride, but the product is by no means so insoluble ill water (experi
ments 9 find 10, table 17). Experiment 8 in the tflble is of special 
interest, since it indieutes incomplete precipitation of selenium when 
the reaction mixture is sufficiently acid. This is quite in accord with 
observations previously reported on a profile developing under acid 
conditions (35). 

The general conclusion from available data seems warmnted that 
soil may contuin selenium in the form of exceedingly insoluble basic 
ferric seleni tes. 

As already mentioned, about 20 percent of the soils examined for 
water-soluble selenium gave appreciable quuntities. "11en this quan
tity exceeds 0.1 p. p. m. of the soil it muy be safely assumed that 
some form other than basic ferric selenite is present. 

'rreatment of the aqueous extracts with barium chloride is, in 
general, effective for essentially complete removal of selenium from 
solution. In all soils examined in this manner the aqueous solution 
contained much soluble sulphate, chiefly cakium sulphate, with or 
without accompanying chlorides. These solutions when made 5 to 6 
normal with sulphuric, acid gnve no precipitate of selenium with sul
phur dio::dde, but when made strongly acid with hydrobromic add 
the selenium was completely preripitnted. Synthetic mLxtures of 
selenates fLnd sulphn tes behnve similarly ill nil respects. Selenite 
and sulphnte mixtures are nlso essentially freed from selenium by 
treatment with barium chloride, but in 6 normal sulphuric acid the 
selenium is prccipituted by trentment with sulphur dioxide. 

These observations indicate that soils contnining wnter-soluble 
selenium may hnve it present in the form of selenates, and in the 
samples examined us calcium selennte. Also, the soils examined 
which showed the presence of water-soluble selenium were gray or 
dark dmy and wcre therefore not highly ferruginous, nt least with 
free iron oxide or Jlydroxide. These cOllsidemtions indicnte that the 
presence of selenates in humid soils is Vl'ry unlikely. 

The study of the seleniulll content of organic matter (2, 26) hns 
brought out 11 number of important fncts. It has been shown that 
in seeds the greater portion, at least, of the selenium content is 
present in the protein portion of the seeds and is ordinarily insoluble 
in wn,ter, nonvolatile with stenlJ1, and illsoluble in ether. These com
pounds hydrolyze through decay or otherwise as do other proteins, 
and the selenium-benring products are water-soluble. These appear 
to be nmino acids containing selenium (13). Ou. the other hnnd, the 
green portions of the plants contain it selenium compound which is 
water-soluble, steam-volatile, nnd somewhat soluble in ethel'. In one 
sample studied in this laboratory, which contained 2,460 p. p. m. of 
selenium, digestion with hot witter removed 2,400 p. p. m. This 
water extract contained It seleniferous compound, or compounds, 
which is not precipitnted by lead acetate but is nearly completely 
precipitated by mercuric chloride. From this precipitftte no pure 
substance has I1S yet been isolated. It uppears probuble that one or 
more seleniferous nmino acids are present. From these nnd other 
facts it appears that when seleoiferous plants decny in the soil the 
soluble organic selenium compounds, present or produced by decay, 
are to be found in the soil until and If they n.re removed by leaching 
or conversion to inorganic compounds. A part of tbis organic selenium 
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may be volatilized, as is indicated by the exceedingly noxious odors 
from decaying plants which have a high selenium content. 

These volatile compounds appear from their odor to be related at 
least to one synthesized by Phillips 10 by heating lignin with selenium. 
This material is nearly pure met.hyl hydroselenide, CH3SeH, which 
has a boiling point of 1550 C. and a selenium content of 81.5 percen!;. 
In view of these facts it would appear that Beath (4) is justified in 
his view that certain perennials, through their decay, "promote" 
the selenization of other plants by concentrating the selenium in 
available form in the surface soils. 

Summnrizing the ideas and facts of the immediately preceding 
paragmpbs, it appears thnt selenium may be present in soils in three 
forms which become available to plants only by slow processes of 
hydrolytic action. These are freo selenium, pyritic selenium, and 
basic ferric sclenites. The last seems to be the more common. It 
may also be present in forms immediately available to plants as 
selenates, and ns more or less evanescent organic compounds prob
ably of the general order of amino acids. These last forms seem to 
be those which arc subject to eluviation and to the removal of which, 
by percoiuting watel', is to be ascribed the low content of selenium 
in plants grown in irrigated and humid soils even when selenium is 
fairly abundant in the soils. 

ORIGIN OF SELENIUM IN SOILS 

In connection with the work on the presence of selenium in the soils 
of Hawaii (8), there WIIS dewloped nn hypothesis concerning the pri
mary souree of selenium in the soils of tho United States. This 
hypothesis should be reconsidered in the light of tho data in this 
bulletin. 

Since it is shown that selenhml is present in relatively considerable 
qUfllltities in the soils of Hawaii and is not present in adequate quan
tities in the soil pUl'ent mlltel'iul to IlCC01Ult for its presence in the soils, 
and since it is further known that the volcanic emfinfitions contain 
selenium, it is a logicnl deduction that these soils derive thoir selenium 
by ubsorption from matnrials carried down by rain. This deduction is 
strengthened by the faet that in general the selenium content of the 
Hawfiiian soils is greater in are us of greater rainfall (table 15), and 
also by the fact that these soils are highly ferruginous (14), and the 
further fnet that selenious acid and selenites are made very insoluble 
in ferruginous soils (p. 58). 

It would seem to follow that, if this process is going on in Hawaii, 
then the distribution of selenium in soils is world wide, provided only 
the conditions in a particular case are such as to enable the soil to 
retain any selenium it mlLy have received from the effect of min upon 
the world-wide distribution of volcanic dust. This assumption seems 
to be borne out by the fact that no true soils or shules havo ns yot 
been examined in whieh the presence of selenium hus not boen demon
strnted. If such oecur they may be e:q)ected to be only extremely 
sandy and cxeeptionnlly IOILched soils. 

The questions then are: "'hy ILre the soils of certaiu aroas suflicien tly 
seleniferous to produco toxic vegetation, while in other soils in the 

10 Unpublished dlltll. Orally communicate!1 to the senior lIuthor hy J\[IIX Phillips, 13l1renll of Chemistry 
and Soils. 



SELENIUM OCCURRENCE IN SOILS IX UXITED STATES 61 

same areas less selenium is found? 'Why is it that some soils produce 
more toxic vegetation than others con taining as much or more selenium 
per unit of soil material? It is thought that the answers to these 
questions are to be reached through the following comidemtions. 

It is a tenet of geology that the shales of tJlC Grent Plnins {trens and 
the corresponding shales 00 the western side of the Hockies nrc the 
result of deposition in water of 1l1tLteriai derived largely n.t lenst 1'l'Om 
volcanic and similnr disturbnnees aod by erosion from the Rocky 
:Mountains when seas inlpinged more closely upon them thnn nt the 
present tinle. It is believed also thlLt the volcllnic Hetivity in these" 
areas wns pnrticulnrly violent dUl"ing the Cretaceous period ltIld that· 
immedintely following it. It therefore seems highly probable thllt 
the shales of this period derive their selenium from volcnnie ll11lterilll 
brought down by ruin into the Cretuceous spns. If this be correct, 
then apparently those formations in which selenium is most nbundilnt 
were deposited contemporaneously with periods of high volcilnic 
activity.

Support is given to this hypothesis by the fact that the Ul)per portion 
of the Niobrara formation nnd the lower portion of the Pierre forma
tion which llI'e particularly rich in selenium are chnrncterized by 
numerous stmta of bentonite. Bentonite is presumed to be derived 
from volcrulie ash or sinlilal' materinl (8). It mny be presumed there
fore thllt deposits of such material should be preceded, aecompanied, 
and followed by materinl absorbed from volcllnie gnses nnd dust, 
formed by cooling of moderately volntile mnterial. It mny be inter
polated at this point that bentonite itself if pure need not be e:-.:pected 
to contnin more than traces of selenium, since cluys of high silicl1
alumina moleeula1' mtios have no chemical properties which will 
permit p,trong adsorption of acid ions. H, howe,yer, it is limonitic, 
selenium mlLy be present in reilltively fnirly Inrge quantities. Through 
the courtesy of L. W. Stevenson of the United ~tllt.es GeologieIII 
Survey a smnple of ben tonite from New Jer£ey WitS mltde Il\~flilnble. It 
contnined 1. p. p. m. of selenium. The fIlets reported in this bulletin 
with reference to the extreme insolubility of Jerrie selenites (p. 58) 
and the absence of selenium from sen. water (p. 49) also nre in hnrl110ny 
with the views m.:])I'essed above, since any selenium ClllTied into the 
sea would be deposited with the embryonic shnles. Thnt it is so 
deposited is shown by its presence in the sea-bottom deposits (37). 

The present report in the seetion denling with the Greenhorn for
11111tion (p. 38) calls attention to the existence in the Greenhorn in the 
area studied of a bentonite seam, 11.0(1 the selenium datIL given in table 
9 eheck very nicely with the nssmnptions made Ilbove. It is to be 
rell1llrked, also, thnt the spedal exnminutioll llutde of the Greenho)']l 
wns made lrtrgcly becn;use of the presence in it of this scnm of bentonite. 

The concentration of selenium in cNtllin shnles by the processes 
outlined being granted, It part of the cause of VHI'illtions in soils is 
nlready clear. ~With yal'iations in the chnraetel' of th(' s('lrniull1 in 
the shuJes llnd in the min fnll, vnI"in.tions in the q linn titips of hydrolyzed 
materinl and the extent of its J'('ll1ovnl woul(l illcvi tn!>ly oeeUl". lv[ixing 
of seleni fcrolls nllLtpl"inl with that It'ss 01' more sdenif'el'olls 111 ust occur 
as the result of trunslocatioll of mntprinl by wind nnt! W!ltc-r. TllPse 
alterations would be JlIl'thpr afrccted hy the pfrp(,/:s of vc-~etntion upon 
soil content. In those arells whcm 110 pfrective pPI'('olntion by W(I,ter 
occurred any soluble selenium produced by wenthering would remain 
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within the soil profile. Where percolation is excessive, soluble 
selenium is removed as fast as formed. The result of such conditions 
ought to be that serious selenization of plants ought to occur only in 
arid and semiarid areas. This appears to be the cnse. The fate of 
selenium carried out of a given area is not wholly clear. The result 
when carried to the sea has been discussed. In case jt is cllrried but 
a short distance anci deposited as a result of evuporntioll of the wnJer, 
it would seem possible thnt the result might be eithcr lo('ul ('OIH~ell
tration, as appears to he the case ill some of the salt illcrustiltions 
J'epol'ted from the .Montrose and Grand Junction Ul'ens ill Colorildo, 
or its dispersal in. minute quantities in whnt would othel'wise be less 
seleniferous areas. The l'esult of the formcr process migh t eusily bc 
locally toxic ureas. There are inciicn,tiolls that such HrcllS exist, and 
may account for the spomdic cnses of splenifcrolls vegetation in areu~ 
usunlly not toxic. Such Cllses JlU,ve been !'l'pol'tNI ill severnl Ul'ens 
(5, 6). It remains true that so fnr us soils nre concerned, sevl'l'ely 
toxic conditions have Jlot been fouJld except in nrid llllel sl'miarid m·ens. 

PLANT ASSOCIATIONS ON SELENIFEROUS SOILS 

In the course of the work reported in this and previous bulletins, 
observations were made with referellce to the plnn t associn tiOllS exist
ing in the urefls known to be selcniferous. As a rl'sult, fl, ('ollsider:lble 
qllllntity of dntn. hns been uccumulnted alld pl'epnrcd for public:Ltion 
(25).. It appeurs to be Jlecessnry herc to pr('sent ollly llll nbstrnct 
of tillS report. 

For purposes of illustration two closely adjacent spots in l\.iowl1 
County, Colo., were s('leetecl. Olle of these is lin arca in wldeh tho 
soil is dt'veloped oYe!" ApislmplL (uppC'l' Niobl'Urn.) shnlP. This UI'l'lt is 
selenifcrous, as shown by the unulyses given in tuble 1 R. It is lOC'fltpcl 
80 rods north of the southwest eorllcr of sC('. 6, T. 19 S., R. 51 'Y.. 
The otllC'r urea is of soil d('yeloped over the Ognlluln. forlllation (n. 
slightly consolidntecl sundstolle of Tcrtinl''y age). This al'elt is ns fren 
from selenium us is to be expeeted of uny portion of the gl'IlC'l'ill 
region. Itis]ocnted lleur the ('enter of see. 23, T. 18 S., R. 51 'V. uwl 
ther('fol'e approximately 5}f miles from the selenifel'()lls urea. Both 
areus are topogl'itphicnHy similar and ure smooth alld uniform. At 
euch point a plot 100 feet squn.re was selected, and the kinds of yege
tation were studied and sampled. At en.cll point 11 profile of the soil 
was taken. All the samples were examined for selenium, The results 
are given in table 18. 

The seleniferous nrea (table 18) WitS part of a virgin al'en. which 
appareut1y has never been overgrazed. TIle totnl coyer '.vas esti
mated at 50 percent. It consisted chiefly of blue gl'ilma grllss (20 
percent), turpelltineweed (10 percent), spurge (3 percent), and miscel
In.ueous plants (17 pcrcent). This miscellaneous vegetation included 
12 goldenweed plants, 10 stanleya, and 1 narrowleaf miIlnrctch. The
nonseleniferous area was a portion of a virgin area but had apparently 
been overgrnzed. It wu'> selected for this :reason, because the over
gra.zing provided opportunity for the development of a variety of 
plants. The total cover was about 75 pereent ulld consisted chicfly 
of bufl'alo grass and gmma grnsses (50 percent), Russian-thistle (15 
percent), und miscellaneous vegetation (10 percent). 
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TABLE 18.-Seleni1L1n content of soil profiles and vegetation from (t 1I0nsclenifcrou8 
and a .~el()nif()ro!ls area 

XONSELJ.;Nln;HOL:S AHEA 

:Field 
11C. ISoil or IVrgc

; shale (ution 

,-~--, 
, p_/J.m.jp.p.'l1t. 

HClwy silt loarn, 0-6 inches.. 0.2, "' .. ~'Rlgm··..·[ g~=.:. '1 Orittyclay IOUIlI, 6-1~ inches. .2! • 
BI0512..... j62. StilT clay loam, 12-24 inches.•. , .2 ! 
Bl0513. .• 62. .j Clay IOllIn, 24-:iO inches. ~ ~ M ~ ~ t •2 : 
B19514 .• 6Z.. .' SilL loum, 3f.-l8 inches. • ' .2 

Sandy loam, 48-72 inches ~... .2Bl9515 'j' 62.Bl9510 . 028.. I nJuegrarna............. ~... n 
J31951i.. 62h.....! Kiowa County, Colo., neurl'<ln· Hussian·thistle••• ~...... L 
B 19518 02c... ter sec. 23, '1'• .18 S., n. 51 W. Scarlet mallow......... 1 
m051L ; 62(1..... : SUkysophom•• ~.... 1 
BI9520 "162C .. ' Sunllower•••••••• ~... 1 
TI19521 62f. Corn l ...•_............ 1 
B19522 • 02g. ..; Sagehrush...... .••.. 1 
BI95:?:L ..16Zh..... ' I CocklelJur •••• _.. 2 
B1U524 .... liZ!. .. Spurge•• ~ ...... ~. ... 0 
B 1952"-.... 62j .•. , \ E'alse ImlTalo grns5 .. ~. [ 

.~---------------~---------------.~~---

Bl0526... 6:1.. I Gritty eillY lourn, 0·6 inches 

B1952i~ 63. j Gritty clay loam, 6-12 inches. 

BI9528... ,6a. .i SilLy clay loum, 12-24 inchcs~. 

B1952\1. i 6:L~ i SlIaly cillY IOllrn, 2'1-36 inches. 

£19530. 163..... Apishapaslllllc,36-18inches•. 

1119531 '! fl3u... B1uogrumn•. _.......... . 2 

BIO:;;!2. r.:!b. , Hussian·thistle.... ~ ........ , ii 

BI95:}:!.. 63c. I Kiowa County Colo 80 rods Scnrletrnullow....... ~ .... .. 


[~l~:tlt 63d. north of SW ~orner ·sec. S, '£'1 Oreocar~a (t) sp....... . 
[ 


1319536 ~~t! 19 S., n, 51 W. t,I~~g~~~~~::::::::::::::.." [0 
Bl95:li 03g. Stnnleya .•._...... .• 330 
TIJ0538. (jail.... .. Cocklebur..... ~ .. ".,,, 6 
£19:;;!0. mi...... Spurge.. ~........ ~. to 
BI0540... 6:11 •••••• ' False butTllio grIlSS. •• ~ '" 4 
BI954l.•... 63k~..... : 'rurpentineweed..... iO 
BI9542..... 631. ..... : Ooldenweed••••. ~ •.•. 320 
B 19543..... 183m...~}. I Narrowleaf milk\"etch. 4,000 

I Growing under similar conditions on an adjacent cultivated field. 
I Volunteer plant growing under similar conditions at edge of plot. 

The data of tnble 18 show the general presence of but 0.2 p, p. m. of 
selenium in the nonseleniferous nrea with no plant on it with more than 
2 p. p. m. of selenium and even in that amount in but one plant. In 
the seleniferous area, with tenfold to twentyfold the quantity of 
selenium in the soil profile, the selenium in the plants ranges from 1 
to 4,000 p. p. Ill. This is an excellent example of the rauge of nbsorp
tion by dift'ereut plants. It is to be noted that no sample of golden
weed or of nnrl'Owleaf milkvetch was found on the nonseleuiferous 
aren. This observation is in harmony with numerous others of the 
snme geneml order. 

In a reconnuissance carried out in the spring of 1935, occurrence of 
two-groove ]>oisonvetch and Astragalus mcemosus wus noted in an 
urea in \ryoming not suspected of being seleniferous, and yet selenium 
wns found in considerable qunntities in both soil lind plnnts. In the 
eXllmination of tl!e arells in KI1IlSnS reportNI in 'rechnicul Bulletin 530, 
it wus observed thut not only were the piUIlts growing upon the soils 
developed from Pierre und Niobrara shnies much more seleniferous 
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than those upon adjacent soils but that there appeared abrupt changes 
in plant associutions and degree of vegetative cover and that certain 
plants, notably the two-groove poisonvetch and the narrowleaf milk
vetch, appeared to be confined to the seleniferous area. In the course 
of the reconnaissance survey made in the spring of 1936 (p. 4), it was 
noted that frequently it was possible to recognize seleniferous soil 
types as readily by the appearance of certain species of plants as by 
the study of the geologic maps or the observation of soil types. This 
was notably the case with the two vetches above mentioned and A. 
racem08US and with Stanlella pinnata,. A notable example of this 
relationship appeared in an area in the vicinity of Wolcott, Eagle 
County, Colo., where A. mcem08US was found growing on a small 
exposure of Niobmra shale and the plant contained 2,820 p. p. m. of 
selenium. Neither A. mcemosus nor selenium-bearing soil were 
observed ,,'.ithin many miles of this spot either east or west along
enited States Route 40 S. Coincident with the appearance of these 
plants there was frequently observable the disappearance or decrease 
in abundance of certain other plants, notably prairie grasses and 
particularly bufl'alo grass. 

I t is not to be asserted with too great emphasis that these varia
tions arc due wholly to selenium. It nevertheless appears to be the 
Cfise that plants mny be grouped with reference to their relation to 
selenium absorption. In the first groups are plnnts which nbsorb 
selenium only in small qUflutities when growing on selenifeJ'ous soil 
nnd which huve but It vcry limited tolel'llllce of selenium. In conse
quence they eithel' do not iippenr on seleniferous soil:; or 11n\'e but pOOl' 
growth. Included in t.his group nre grnsses in geneml nnd bufl'alo 
grnss nnci gnUluL grllss in particuln,l'. In the second group nrc plnnts 
which grow fnirly w{'ll on seleniferous soils, though not without 
injury II (15,16) and are able to absorb moderate to Inrge quantities of 
selenium. Among such plants are the common cerenls and It 11 umber 
of native plants, such as wreath aster, blue aster, turpentineweed, 
sunflower, and others. The third group includes plants which absorb 
selenium readily and which grow abul1dltntly on seleniferous soils. 
It might be inferred that selenium plays some role in their physiolog
ical activities. The study of the v'Ilrious areas lends the authors to 
include in this group A.stragalus 7'acemosU8, A. pectinat'l1s, A. bisulcatu.s, 
A. carolinianus, A. grallii, and perhaps others, but by no, means tlll of 
the Astragalus; also, Stanleya pinnata, S. bipinna,ta, Aploppapus 
jremonNi, Aster parrlli and probably others. In almost every area 
where these pltmts are found growing on seleniferous soil they are 
absent or very rare on adjacent nonseleniferous soil. Since analyses 
of these plants have always shown the presence of selenium and they 
appear to grow vigorously e,~cn when of very high selenium content, 
it seems probn,ble that selenium may be of some importance in their 
physiological processes. This probability has as yet not been sub
jected to rigid experimental proof. 

II Unpublished data in the Bureau of Chemistry and Soils. 
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MISCELLANEOUS DATA 

During the progress of the work reported above, numerous snmples 
were examined for special reasons which were not a pnrt of the survey 
as planned. Some of these hnve a geuernl bearing upon the problem 
or have a particular interest of their own. Those considered worthy 
of specinl mention are discussed very briefly. 

Two samples of water were furnished by C. S. Scofield of the 
Division of Western Irrigation Agdculture, Bureuu of Plnnt Industry. 
One of these was from a deep well of the Ill-tcsiun type llcar Stillwater, 
Nev. Exumiuu,tion of this water showed no seil'nium, at least in 
excess of 0.1 part per billion. Thc other was weil15 from the New
land Field Station a,t Fallon, Nev. This sample contnincd ,560 pnrts 
per billion. This somewhat unexpectedly high result led to the 
examination of the irrigation water from the farm. This eontnined 
no selenium. The wllter from a drain eontniued 4 pnrts per billion. 
Among the 25 samples of wat('r from a series of shallow wdls on the 
farm was a second snmple from well 15. This sample {'ontuin('d 500 
parts per billion of sel('niull1. Of the r(,lllllining 24 \\'(-lIs, 8 show('d 
no selenium und the remuiuder quantities l'nnging JroIll 1 to 60 parts 
per billion. This runge of selenium cOlleentration in the subsurfnec 
wnt('r over so limited nn urN\, und its uppHl'l'nt I1bs('n('(' from the deep 
well indicated u, VNY spotty distribution in the soil. Consequ('ntly a 
number of soil snIllpl('s were s('cllr('([ through eoopl'I"n.tioll with 
Scofield Ilnd his eowork('I'S. Exnminution of t/J('se SlllllpJ('S showed a 
rnnge frol11 a 1ll('1"C truee to 1 pnrt pel" million of splenium. The 
significllllee of t\)(,ge observations is in the d(,lllonstrn.tion thnt 8pl('nif
erous spots mlly he found in the Ill"ens of nlluvilll Pli()('(,IH1 dpposits 
shown OIl the g('ologic map 12 us oc('urring oyer It lnrgc portion of 
Nevada n.ne! pnrticularly in the Carson and Humboldt, Sink!;. Fl"olll 
this Ill'('a come many reports of runge poisoning, nnd j t deseryes fuller 
investigation. 

A topic of perhnps more. geological fllld hotflllicnl significanee thlill 
of soil impol'tance is the existence of a scleniferous area in .Montezuma 
County in southwestern Colorl1do between :Mesa Verde Ilnd the 
vicinity of Cortez. One phuse of geologicnl intCl'l'st nttuehes to the 
fnet that this nr(,tL lies between the lnrgcr CretllceoHS 111'('a in north
western New :Mexico and is, with interl'Uptions of high mountnins, 
connected through a similar nrea in Dolores nnd San :Miguel Counties 
with the extensive urea in Montrose, Delta, nnd :Mesa Counties 
reported upon (6). A series of samples wns collected in this area 
beginning with the top of the :Mesa Vercln itsplf. The locntion of 
these and the results obtained from their examination nre given in 
table 19. 

12 United States Geologic Survey. Sec footnote 3. 
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TABLE 19.-Selenill11i contellt of sa1l/.p/e.~ from Monlez1/.1I1U County 1:11 sOllthwestern 
Colorado 

Labora· Field IJO Locution .\IUlerial , Seleniumtory no.' . 
I 

··-ip.~= 
D1Sli8 •.. 15.... "" "eurtopar :'.1c.<;I1 YerdenLCednrTree ned clay lonm •••. ---- ........ "1 0.3


'rower.. 
Wild mustnrd . .............. 2 
~ :~:~~::. ~~~::::::I'Oii'~res;·vej.;io iii·liiii.;sii~;~;;';ii';';C;;' Red clny ().!esnverde).... '1 .3 

or Mesn Verde NlItionnl I'ark nt 
Fniryjel'.... 

D ISI77 .. ' 4n••••••.' •••.•do ...... __ ......... __ ..• ____ ._ ... . T.upine....... --......... . ... 1 3 
DI8ISO.. 6____.••. 13 miles rrom entrance to :Mesn Yerde Lignite in l-Iesa\"erde.... . ... i 2 

Nlltion311'lIrk. 
DlhtSI.. i ••__._•• 12 milc.q rrom entrance to Mesa Verde Dark shale interhedded with I i. 

"lItiOMI Purk. sandstone. 
B tRI'~2.. 8__ • __ ._. to miles rrom entrnnce to :'fesa Yerde I.ignite in Mesaverde...... 2.4 

Nntionnl Pllrk. 
Rliil8:L .. 9__•• __ .. i miles rrom NIlranre to )'fesu Yerde Thin·bedded dny shale ..••..••• '1

Natiollul Purk. 
IlIR1SL. 10 ... __ ...... do ............................... . Shnle wilh efflorescent snlls ... .5 
BI818S•.. 11.•• __ .. :Imilc.~ rrom entrance to 1110.<;11 Verde HhlIle with gypsum...... ....... 1 

Nlltionlll Pllrk. 
BI8180.. 12.• _._ •• 2 miles rrom entranl'<l to MeslI '-errle flhaly clny, O-~ inches......... j 

, Nlltionul Purk, on flat ilL base or , 
I MeslI. 

BISIR7 ! 12:1 ... : ... do........... ..... .. . . .,.-l.,/ragalll.Sraa11l0.lIIs....... . 600 
BI8IAA.. 13 .• '.12 miles Wl'st or Mesa \'~rde Nation!ll llilt lonm, 0-8 in~hes__ ._...... . .8 

I'!lrk entrance, on {'nited Stllles I 
IltSlOO.. 13x •. ' R~~IC.~~~:..... ... --11'illl~S'O!,C.... ____ ........... . .3 

BISISIJ. __ 13~ .. , ..do... .' .. "'.'. '.' __ 1 ).[ountntn pentstemoD .... __ ... , I 
Dlli19I •• 14 ...... ! : .. ~ milt,s south or Cortez, on l:nitcd, Efflorescentsiltlonm.o-Oinches j' 2.5 

i<lnt~s Route 666. ' 
}lJ),.192.. J I;;...... , 1.7 milt s south of ('tlrt~z, on {'nited I )'fancos I d~sert clay, 0-1 incho.' .. 1.5 

. , ! Stntl's HOllIe 6!~i. f ••I. . .• •• I
1l1S193. I.,...... .. do .... • . .. . !I[nneo. dCS('rtrln~.4-lIJIlJ(hc.'. a 
1lISt9~.. 15........ _....tlo.. . .•.•....•.• ______ ...1 ;\[lIllI'05 I <lesertclll~·. 20-2·1 inches. 8 
BISW5.. I 16....._.1 ~'3 miles south or Cortez. on rnited IMnncos I desert soil, 0-6 Inches. I 

t j Statps ROIl1.(I mill. : 
RlstOfl... ' Hln.•••• :.....<10 ...... __ .................. Slnnleyll .•• __................. . 200 

1 Oeoiogic formation. 

The botanirul interest attaehin~ to this series of observations lies 
in the fart that neither Stanleya nor Astragalus raCemOS1L8 was found 
either on the :Mesaverde formation or elsewhere except where the 
seleniferotls portion of the Muncos (which apparently roughly cor
relates with the. Pierre shales) also appears as the probable soil parent 
material. There are a number of other points of scientific interest 
whirh attarh to this and contiguous seleniferous areas which are well 
worthy of study. 

In the course of these investigations numerous blank tests have 
been made on the sulphuric acid employed as a reagent in the annlys8t;. 
Xo selenium hns been found in any of these tests. This is perhaps 
not surprising when the sulphuric acid is made by the contuct process 
nnd esperiully if made from secondary sulphur m which the absence 
of selenium has been repeatedly demonstrated. If, howe \'er, sulphuric 
Ilrid is mnde from pyrites or from yolcnnic sulphur, in both of which 
selenium is apparently nlways present, it would appeal' possible thnt 
selenium in measurnble quantities could find its way into the finnl 
produrt. The opportunity wus therefore welcomed to test a series 
of snmples from a sulphuric acid plnllt in Baltimore which uses 
Spnnish,· POI·tugllese, or Cuban pyrites as a source of sulphur 
dio:\.ide. The samples examined Ilud the qUllntities of selenium found 
nre given ill tnblc 20. 
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TABLE 20.-Selenilttn "ontellt oj materials lIsed in (lnd prorZucls oj IL slllpimric 
acid plant 

I i, . : Laba- ;I.abo- 1>Iaterinl ::Iraterinl , Selenium, Selemum " ratory no.rotory DO., 

P.p.m, 1'.)1.111. 
R20009••.• , Spanish pyrites, conc'Cn'j 45 ' T120013.... Acid from iead ch3mber 2 ... 1

i truled. . "B200I4._. "\cid from leall chamber 3 .•. .2 
R20010" __1Portuguese. PYrites. ..... Ul5 IJl2CXlI5.. Acid from lead chnlllber4 ..• 1 
B20011••__ ('uban pyrites....... _, I~, 1320016... 1 COII!positeo!50oB.shipping 2.5 
U:2OOO9a.. (,inders from Spanish con· i B ,! i 'I(',d.

C'!ntn.tcs. \., 1320021. .. I Dust from Cottrell precipi· 1.5 
B20023__ •• Fluedust. .. ____ . _____ .. __ ' 10', tiltor. 
112002IJ....11l[Ud from Glover tower. 240 1'[ B2IJ024.•__ Run-olTfrom wnterscmbb~r'l 1.5 
1320017.__ Mud from lead chnlllber L., 4,020! B2IJOZL.. lIlud from mist Cotlrell I 17,000 
1320018.... ,}\[Ud from lend challlher 2 2,500 d process.
B20019... Mud from lend ehambcr3 ' 3,2"20 il Contllctncid.~ ... _._ ........ , o 
B2OO12... Acid from lelld chnm her 1 ·1 j i 

--------~----~--------------------

These data ban' !t speeiitl significance in that they indieate tlH.' 
effectiveness of the finn 1remoYl1l of selenium before the actual oxida,
tion of the sulphur dioxide and suggest that the presence of seleniwn 
may be fill importllnt consideration in the poisoning of cl1talysts. 
The manufacturers have calculated that the total selenium present 
in 1 day's consumption of ore amounts to 30.4 poullds find that the 
above analyses account for 26.5 pounds. 

Two series of samples were examined to test the influence of 11 

commereiul inseetiei(le which utiliz('s a 'wilt('r-soluble sdenio-sulphide 
containing appro:-..imutely 8 pNcent of selenium. One of these series 
consisted of grapevine cuttings und soil from a vineyard 'where the 
insecticide hnd been lls('d for a pNiod of 2 or more y(,IU'S. The grapes _______ 
contained 10 p. p. m. of selenium, and th(' soil benenth the vInes to 
a depth of 4 inciws contained 5 p. p. m. III the snIlle yin(,Y:lrd a 
sample of grapes from vines not sprnyed in 19:36 but sprnyed pre
viously hn(l but 0.2 p. p. Ill., the ,ine cuttings a tme(', nnd the surface 
soil (0-4 inches) 2 p. p. Ill. In a portion of tIlf~ vineyard n('ver sprny('d, 
the grapes contnined no selenium and the vine cuttings :1 barely 
detectable trace und the soil but 0.2 p. p. 111. A s('('ond s('ri('s of 
samples was from ~lichigan where the insectiride WitS nsed as a spray 
on roses. A sample of the rose leayes contained 170 p. p. m. of 
selenium, but when the insectiride was used in the soil in quantities 
corresponding to 2..5, 5, and 10 p. p. m. of selenium the qunntities 
found in the rose leaves was only 2 p. p. m. as 11 mnximum. It is 
probable that the larger qunntities of selenium reported nbo\'e were 
due to spray residues and not to tmnsf('r of s('lenilllll from tbe soil to 
the grapes and rose lenvcs. The dltta ginn nr!' not to be interpreted 
as comment either fu,vornhle or unfavorable to the usc of the insec
ticide. No opinion, because of insuIficient (hlta, is expressed upon 
this poiut. Since it seems certain that the selenio-sulphide llsed 
liberates the selenium as the element when it reaets with the soil, 
the results point to very small absorption of elemel1tnl scleniulll by 
the plants. 

Twomey and Twomey (33) showed that selenium in the form of 
sodium selenite when fed to ducks produ(·cd. physiological symptoms 
similar to those shown by the destru('tiYe wesh'l'Il duck sirklless re
ported and described by Ko.!mbneh and Gunderson (20). As a ('estIlt 
the Bureau of Biological Survey, through J. E. Shillinger, made avuil
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able a series of samples of water and of soil from areas ill which duck 
sickness was known to prevail. The examination of these samples 
revealed the presence in a sample of water from Lacreek ~1igrutory 
'YaterfowlRefuge in South Dakota of not to exceed 1 part per billion 
of selenium in the water and a maximum quantity in four soil samples 
of 0.6 p. p. m. In a sample of water from Bamforth Lake, vYyo., 
there was less than 1 part per billion, and in the snIt crust from the 
lake shore there wns 0.6 p. p. m. Asa~nple of water from llenr' Jackson, 
\Yyo., showed evidence of selenium in a sample of 150 cc volume. In 
the area of the Crescen t Lake 'Vilcllife Refuge in N ebruska, in a sample 
from Gimlet Lake, the water likewise showed a quantity of less than 
1 part per billion, and five samples of salt crusts from adjacent lakes 
had a maximum quantity of 0.3 p. p. m. Unfortunately 110 vegeta
tion representative of the aetual food eaten by ducks or of their crop 
contents or tissues wns mnde available for examination. The mutter 
is of interest because the available data indicate no probability that 
the disease in question is due to selenium in the wuter. 

In connection with obsel'va tions reported by ITurd-Karrer and Poos 
(19) on the toxic effects of selenium-bearing plan ts on aphids, it seems 
desirable to report the following facts: Accompanying a large sample 
of naITowleaf milkvetrh fromllear Adobe Lake, Colo., were a consider
able number of flies (possihl.Y, though not certainly, Pseudotephritis). 
These were cnught and examined for selenium. They contained 20 
p. p. 111., live-fly weight. They were living and apparently thriving 
on the plnnt, which contained approximately 1,800 p. p. m. of selenium. 
From Colfax County, N. ~:[ex., a sample of fly larvae, presumably 
corresponding to the flies above mentioned, which infested the roots 
of an .A~t1"(lyalus 7'(lCem081l8 plant, were examined. They had a sele
nium content of 7.5 p. p. 111. They were inhabiting roots which con
tained 190 p. p. 111. A second sample of the same larvne from Bent 
County, Colo., hnd a selenium content of 10 p. p. m., while infesting 
roots contnining 420 p. p. m. These results al"C reported without prej
udice as indic:ding thnt these pn:rticlliar organisms have or have not 
developed an immunity 3.gainst selenium. The whole question of the 
selenium-insect rPlation deserves fuller study. 

RECAPITULATION 

An attempt is here made to give a resume of the general statements 
which appcnr' to be wnrmnted by the datn, pI"esented in this series of 
bulletins, and by Slater aIle! others (27), supplemented by datn fl"Om 
other sources nncl by unpublished data in the files of this Bureau. 

The distribution of selenium in soils appears to be genernl. No true 
soils containing colloids in any significant quantity have been found in 
which the presence of selenium cannot be demonstmted. The amounts 
found range from fmctional parts per million to quantities which 
exceed 80 p. p. m. The source of the selenium is bt'lieved to be tho 
residual selenium derived from t11e soil parent materinl, supplemented 
by that del'i\Ted by direet nbsorption from the air by rain. The pres
ence of selenium in normal air has not yet been demonstrated, but its 
presence in voleanic emanations hns been shown. It has been shown 
that absorption of selenium by soils from precipitation is the chief 
apPllrent source of selenium in ccrtnin soils (Hnwaiian). It has been 
demonstrated that selenium may exist in soils as the element; as a 
substituent in sulphide minerals, particularly pyrites; as selenite, par
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ticularly basic ferric selenite; as selenate, particularly as calcium sele
nate; and as organic selenium compounds of undemonstrated composi
tion. Of these forms apparently those most available to the soil 
solution are the organic and selenate forms. 

It seems very probable that the concentration of selenium in sedi· 
mentary geological formations is due to absorption of volcanic selenium 
and its deposition along with the other shale materials. ·When, due 
to the subsequent geologic changes, these shales become pare.nt 
material for soils, the selenium remains in the soil partly in "available" 
and partly in "unavailable" forms in semihumid or arid areas. In 
humid areas the leaching of the soils removes "available" selenium. 
Whether these assumptions n.re correct in detail or not, it remains 
true that up to the present the soils so f:tr found to contain consider
able quantities of selenium a.re those derived from the shales and 
limestones of the Cretaceous period. This is especially the case 
with those formations known as the Pierre, Niobmra, and Green
horn, and :Morrison, and the corresponding formations locally named 
otherwise. It also appears that these formations contain notable 
quantities of bentonite, which is believed to be derived from volcanic 
ash. It is probable therefore that selenium accumulations mny be 
found in other geological formntions in other geological periods. 

The leaching of the soils and other materials containing selenium 
has resulted in the removal of selenium, as has been demonstrated in 
the studies reported of the Colorado River and its tributaries. Since 
also the demonstration of the presence of selenium ill ocean water 
has not been possible, it would appear to follow that selenium is being 
deposited in sea-bottom deposits. Its presence in sea-bottom deposits 
in the Bering Sea has been shown. It would seem to follow also 
that the leaching of selenium from seleniferous soils may result in 
local concentmtions in areas not otherwise e:\.ceptionnUy seleniferous. 
Some evidence of the existence of such local arena is nlready available. 

The distribution of selenium within the soil profile is extremely 
variable, and definite geneml statements are not possible concerning 
these variations. It seems that the distribution depends upon a 
number of factors, among which may be listed the maturity of the 
soil, the texture of the soil, the parent mnterinls, the rainfall. unci, 
perhaps most important, the chemical composition and quantity of 
the colloid in the soil. 

When plants grow upon seleniferous soil they seemingly nbsorb 
selenium to some degree in all cases, though under many circum
stances the qun.ntity so absorbed is vanishingly small. Bnder 
favora.ble conditions the quantity absorbed becomes reln.tively large, 
and in fl. few instances quantities approaching 1 percent of the nir-dry 
weight of the plflnt hnve been found. For a given plnnt species the 
quantity found by analysis appears to depend upon a number of 
variables. These include at lenst the following: The qUttntity n.nd 
chara.cter of the selenium in the soil (16) and its distribution ill tIlt' 
soil; the portion of the plant examined, whether seed, blossom, 
leaves, stem, or root; the stllge of lllitturity of the plant, and season
able variations which might be attributed to rainfall (6). It is also 
certain that varin.tions in selenium absorption are brought nbout by 
variation of available sulphur, IlS is shown by the work of Hurd
Karrer (18). Varia.tions in other relations not now evident also may 
produce effects. After four summers devoted to extensive field 
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observations in several States, it is believed that certain plants 
suffer relatively little, if at all, and show a very high tolerance to the 
presence of selenium. The variation in tolerance to the presence of 
selenium would seem at least a reasonable assumption to explain 
in part the variation in plant associations upon soils of similar type 
which show an increase in relative quantities of tolerant plants in 
seleniferous areas. 

When animals consume seleniferous vegetation definite physio
logical disturbances are produced which are recognized as symptoms 
of definite diseases or as causes of immediate death. Whether the 
violence of the effects are directly proportional to selenium content 
has not been determined. It seems unlilmly that the effects are 
directly proportional to the selenium content, since the green vege
tation contains a selenium compound, or compounds, which is water
soluble and the seleniferous protein of seeds (wheat) is not. 

Areas of soil which produce vegetation more or less virulently 
toxic have been definitely determined to exist in nine States. The 
total area affected aggregates several thousand square miles. The 
data at hand indicate the probable existence of numerous other 
areas, some of them small and others of considerable extent. 

The damage of various kinds caused by the existence of seleniferous 
soils may never be known and cannot as yet be estimated. While 
the influence upon crop yields is not evident, there is a specific injury 
to domestic anima.ls. That the injury IDay to some degree extend 
to human beings is shown in a recent publication of the United 
Stutes Public Health Service (28). 

The seriousness of the situation is somewhat relieved by a number 
of ameliorating influences. Among these the following appear 
definitely determined by observation or experiment: In all the sele
niferolls areas so far examined there is no tmiform density of concen
tration of selenium and consequently no uniformity in the degree of 
injury to plants or in their selenium content. In no area does it ap
pear that all kinds of vegetation growing upon it are seriously toxic; 
that is, there is a very strongly selective power manifested by plants. 
In nenrly all the areaS seriously affected the density of population of 
both men and animals is relatively low. In the case of animals there 
is a clearly indicated tendeney to avoid seleniferous vegetation. To a 
considerable degree plants likely to be strongly seleniferous are not 
normal forage or food crops. There are some exceptions to this 
statement. 

Added to these naturally ameliorating conditions it is found that the 
absorption of selenium in serious quantity does not occur in properly 
irrignted arens even when the'se are seleniferous. Decrease in density 
of animnl populntion, or increase of available forage, tend automatic
ally to decrease injlll'Y by giving free pasturage. In smaller areas 
absorption of selenium may be decreased by use of proper adjustment 
of the soil solution by use of soluble sulphates and possihly by other 
methods. To perhaps a smaller degiee injury may be decreased by 
eradication of plants capable of high selenium absorption. Where 
economically practicable, nonfood crops may possibly be substituted 
for those now produced. 

As this brief resume indicates, the relation of selenium to the soil 
and its products bristles 'with unsolved problems despite what may 
properly be considered as a rapid development of the subject. 

http:anima.ls
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SUMMARY 

There is reported in the preceding pages an observation by Marco 
Polo of what appears to have been cases of selenium poisoning. 

A brief resume of the methods used for examination of soils and 
vegetation for selenium is given. 

There are reported the results of a reconnaissance survey of parts 
of Kansas, Colorado, New Mexico, Arizona, and Utah which estab
lish the existence of seleniferous areas in these States. 

A more detailed examination of eastern Colorado reveals the exist
ence of a soil area of upwards of 3,000 square miles which is capable 
of producing vegetation toxic to animals. A similar though less 
extensive area is shown to exist in northeastern New Mexico. 

Additional evidence is presented indicating wide differences in the 
selenium content of different parts of the same plant and between 
different plants on the same soil. Also there is indicated a seasonal 
variation in the selenium content of plants. . 

Data are given which show that irrigation is a remedial measure 
for seleniferous soils and that irrigation drainage waters remove soluble 
selenium from soils which contain it. 

The selenium content of 20 soil profiles is reported, and the evidence 
shows no constant relation in the distribution of the selenium within 
the soil profile. 

It is shown by the examination of a geologic section through the 
Greenhorn formation that selenium is present in all parts of it, at 
the location examined, and soils developed upon it produce toxic 
vegetation. 

An examination of an area of outcropping Morrison formation in 
southeastern Colorado revealed the presence of seleniferous soils and 
vegetation, and in this area cases of alkali disease were observed. 

A seleniferous area of small extent but of intensely to).:ic degree is 
reported in a part of the San Isabel National Forest in Colorado. 
Also, a spring of toxic type in EI Paso County, Colo., was investigated, 
and the examination of water, soil, and adjhcent vegetation indicates 
the primary source of injury to be the toxic vegetation. 

An extension of the examination of the selenium content of the 
Colorado River and its tributaries is reported, and it is shown that 
relatively large quantities of selenium are being discharged into the 
Gulf of California and that the chief sources of this selenium are 
irrigated seleniferous soils. No selenium could be found in the 
samples of sea water from the Pacific Ocean, Puget Sound, Atlantic 
Ocean, and the North Sea. Selenium was found in the water of the 
Elbe River but not in the Weser River. 

A study is reported of the distribution of selenium in a large number 
of soil profiles from Hawaii and a smaller number from Puerto Rico. 
A study is also reported of the forms of selenium present in the soil, 
a.nd evidence is cited that the more important of these are basic ferric 
selenite, calcium selenate, and organic compounds derived from 
decayed vegetation. On the basis of these and related data an hypo
thetical explanation of the sources of selenium accumulations in the 
soil is offered. The chief source is assumed to be volcanic emanations. 

A summary is presented of observations of the plant associations 
found in seleniferous areas, from which it is inferred that the relative 
quantities of plant species and perhaps also the presence of certain 
species are influenced by the selenium present in soils. 
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Several miscellaneous items are reported, among which are some 
indicating possible seleniferous spots in areas otherwise nontmdc. 

There is included a recapitulation, which offers a genernl outline 
of the facts established by, and of certain inferences which may be 
drawn from, available data. 
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