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this repot t .rives tine results of pro4ress t,.) de to is the 

irivestigtions of fluvial sediments and we ter quality in the Bighorn 

Liver 3esin, -'yomin end Tiontana. It comprises in part a discussion 

of the relate ficim 1 .;eology, an outline of the pinysiogra.)hic 

history of the krer. , results of qw, ntitive measurements at selected 

locations 3f suspewled sediments transported b:y the Bighorn River, 

and information reg rding the miter quality at tnese otner locatiDns. 

Ine to of erosion in the irriga ted areas (o50 s,. mi . or 2.4 

percent of the drainage area) is excessive und above Lm' eu1 o Ai u nor A. 

In some intermittent streems which re now fed by return irrii;atioti 

we tors • °does line i cloudoursts , trenched ch:,!uncis ru ve oven formed 

as a result of eroeila. ,iullying has occurred wnerever 

:rains enter the ptrent stream and is evident in other parts of the 

niimage basin. In "e'2,450 sq. mil. or 07.6the noneirrigated ereas .. 

percent of the drainage area) the rate of erosion is probably slightly 

cpre the Aeologic norm awing to other cultural activities. With 

respect to quantities, sediment eontributione are mode oi the tnree 

geograpaic areas in the following order: Bighorn 3asin. .,tied a iver 

Basin and iighorn Valley. 

The composition and properties of the dighorn diver water larry 

considerably from he,d to mouth. lietura flows from irri? tea tr Q is 

contain nigh concentrItiohi of - i;lItS enien enosr the rivee—ea,; cy as 

progressive increase in the ltli and sul;:a to content of the v,hter 

ownstream. However preset.!. ooncentrAtioLis ot uiesoived raad 



	

la 

results for percent :sodium are not serious in the critics l evaluatiou 

of the Bighorn River as an Lion water assuming the soil is 

suiteble snd good irricl tion and drainage practices Yre followed. 
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INTRODUCTIvN 

The purpose of this report is to summarize proress made to 

date, in the hydrologic study of the illipihorn River Drainage Basin, 

nyomiag end Montane, with respeot to fluvial sediments and mineral 

character A the waters. The informhtioa made available is for use 

in connection with the operJ.tion programs of federal, state, 

municipal, end private agencies en4e4ed in development of the Missouri 

River Basin. the report clovers the period from a pril 1.46 to September 

The iavesti;‘,.,ion in :he Bi4horn :liver Drainage Bssin is cone 

du . ed oy the ':stL-r Resources Division of the Lieologioal Survey, 

J. i=euiseu, Chief Hydraulic Imgineer and S. i. Love. Chief of the 

o: sater Branah, shin4ton. C. and is under the immtaictte 

supervision of Peul C. Benedict. District -,ngineer, Lincoln, Nebraska. 

o suspended sediment tr,usportud b, the streams 

is oirectly supervise;: r.y T. F.Hanly of the 'forl=nd 6.yomiag Office 

Issisteo oy 3. Heidel, L. H. Kroll and h. Robinson. 

Ctu 0eologic onysiohrs.;hic studies of lam; forma aua stream 

on.,,nn,,18 were made b, G. H. Hembree ,,ad U. C. Boyer ussisteu by 

J. CIHM4 who reviewed the liter,ture on soils of the region. 

FielJ surveys the erosional oheructeristics of the Bighorn 

"liv-A. Drainage Basin uplanus were mede by K. H. Melia. reohnicel 

Coordination 9ranch, who prepertd the section of this report relating 

to this phase of the work. 
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The *studies of the quality of surface waters were supervised by 

Swe:Lson assisted by A. K. 3arr, J. F. Eixleoright, J. G. Connors 

A. H. P. 'kl)rth, ?. H. rainwater, and L. L. Thatcher. 

mho report was typed by C. J. Harper and E. M. thishard and the 

illustrations were prepared by L. L. Hull, R. W. Thrun, and F. L. 

mato. 

oknowledgements are made to steite and county officials for 

9.asisting with arrangements for laooratory space end for providing 

office space in the ashatie County Court 1101160, Aorlaad, Wyoming. 

kecords of witer di6ch,rge were furnished by Robert i'ollaaspee, 

Astrict .!ffigineer, '.7.olort,,d'J and R. Tuttle, A.strict 

elerts, MontAnee 
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Previous Investigations 

Investigations of the amount of sediment transported by the 

Bighorn River were first made by the United States Geological Survey 

et a station near Custer, Montana during the period June 10, 1:105 to 

June 8, 1906. / Some 23 years later another preliminary study was 

/ Stabler, Herman Some Stream Waters of the Western United States: 
U.S. Geol. Survey, Water Supply Paper 27*, 1911. 

MR,:e by the Cnief of Ln., ineers, United States Army ut a station near 

H.rdin. iionr.ana. inis study was carried on during the period SrJpt-

31106r to November 30, 1.30. / 

U.S. ')epartment of the troy, corps of Engineers, Yellowstone 
Aiver: 73r..1 2d seas., B. 'Job. 256, 1A4 

Investi6aticas were again wdertatcn by the Corp. of !.m,-Lineers, 

rmy, in 138 at three stations 3f, the 3i0orn River. These 

ilt .itudies, Yellowstone River and Tributaries, U.S. :14itieer 
Office, Fort Peok, liontan., December 1, 1946 (Mimeographed Report) 

stAtions and the periods or r3.c.Jri as follows: 

317horn River -It Thermopolis, i.yoming, 1936-=:4 
Bighorn River _yomin„;, bs40,-44 
3i.chorn River near St. Xavier, -4yomin4, 148-44. 

Some additional informAtion wa4 A.so obtiAined at other points in 

the 8asia• 

The investigations of the amount or sediment in transport were 

all conducted at gagir..c stations oi.erated 4 the United States 

.leoloE;ical Survey. 
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GENEW_L BIJIJRit RIV4( 1.-0.*INWE 84 5111 

Location and Extent 

The Bighorn River Drainage Basin is situated in northwestern 

yoming and south-oentrAl Montane. It has P total area of 23,000 

tiqu,rc miles, lv,000 of which are in Ayoming and 4,000 in Montan,. 

mne basin extends from latitude 42°30' to 46°10' and longitude 

107° to 110°10' et point of greatest lateral extent. 

the tiaa-Bignora Rivers system is some 460 miles in length. 

The Viind Ai7er, rising on the easter side of the Aind River Mountains, 

which fora e part of the continental divide, flows in a southeasterly 

direction to Riverton, iyoming. The Popo P, gie River, whion also 

drains a part of the !ind River Range, flows into the *ind River just 

below Riverton to fora the Bighorn River. the 3ighorn River turns 

abruptly below Riverton end flows in a northerly direction to its 

confluence with the Yellowstone River at Laurel, Montana. 

ether tributary streams, which contribute significant quantities 

of wat*,(r, flow into the 3ighorn River below Aorland, Oyomin4. From 

the west, the Oreybull River enters at Jreybull qnd the Shoshone 

River enters below Kane; oath rivers drain areas adjacent to Yellow-

stwie National Park. ?roni the etst, Norwood Creek, which rises on the 

western side or trle tighorn Mountains, euttra at Y.,nderson, 

the Little dighorn river, which drains part of the northeastern 

slopes of the Rosebud iountaias ent,ars just below Hardin, Montana. 
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in 1.6 

Little Horn diver becterwe of national significance becaus of the 

Custer massacre which took place ju6t south oi‘ the present Crow Agency. 

'wring the period 1001-105, N. H. Derton made the first 

investietion of 9. )logy and water resources of the 3i4horn licunt&ine, 

,,nd used the names Bi,,,horn and Little Bi4horn kivers. iaee that 

inv.:stig•tioa 40V - rml writers hi.ve used the terms air Horn River end 

tle iorn In 1940 the Board of ..;eoralohicel Nimes ruled th_t 

thereafter the name 81 Horn woulo be written as one word, ie., Bighorn; 

find the name the tributary etream Little Horn River v.:uld be chanpzed 

to Little Bighorn River. 

ropograpq 

the BiOlorn River Drainav Basin is en area of rugged mountains 

witn deep canyons and extensive valley sreas including oenoh lands. 

The ni4hest point in the basin is Gannett Peak in the iimd River range, 

elevation 16,785 ''set; the lowest is at the mouth the Biiejhorn River 

with an elevAtion of 2,866 feet. 

On the oasis of physiographic development, the 3iThorn iaver Drainage 

desire is ttt,aily dividea into three distinctive reilons; the AinJ River 

'Basin, and the Bilchorh 3esin to Wyoming, sad the Bighorn Valley in 

Mont&nn. Ia SOW, reports, thit section of the Bighorn River Drainage 

Basin in dontana has Peen designated ts the Lower Bighorn Basin. How-

ever, as this pert of the dminege basin is not a basin topo4raphioally 

it will hereafter .Je referred to as the Bighorn Valley. 

In 1806 Captain Clark named the dithura -
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`tinu River basin 

The hind River Basin oomprises approximately me-fourth of the 

Bie;horn River Druins4e Basin. It is the headwaters of the Bighorn 

River ahu is bounded oci the north by the Owl Creek ;y;duntajas the 

eastward extension of the ftbsarokals; on the west and southwe4t by the 

ind River Mountains; on the south by heaver R17. ans on the ft.st by 

a region of hir;i1 relief which is a southward extension ,L the di4norn 

VoLiatains. 

The elevation of the basin varies from 4,b00 feet st Boysen 

damsite to 13,78b feet at the top of Gannett Peak, the highest 

elevation is the Wind River 44ountains and the State of 4omin. 

the Owl Sreet Mountains on the north rise to elea%tions exceeding 

b,000 feet; on the south Rion% Beaver Rim, the taosrpment reaches 

elevations of 7,000 feet. On the east, along the divide between the 

Bighorn and Powder River drainege in the vicinity of VIaltmen, 

the area of high relief reaches an elevation of 6,000 feet. 

The floor or interior of the basin is essentially a much-dis,;eoted 

erosional plain, the predominant topo4raphic features being. the mature 

valleys of the eind and Popc gie Rivers and their associate,: strea. 

terraces. In many parts. particularly in the badlands, erosional 

remnants in the form of cutter are common. The nighland areas are 

gently rollia remnenta of an olo erosional plain. Along the south-

western edge of the basin, the ileac of the Aind River 9.ountaine is 

chareoterised by a series of hogbac.iLs oy the removLd of almost 

horizontal Tertiary sediments anion once covered the steeply dipping 

older foriationss 
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The Bighorn River flows from the 7-tad River !Plain through the 

deeply incised tand River Canyon in the Owl Creek Mountains. The 

anomaly in *ewes between the river and its canyon is of interest. In the 

early days of western exploration, the hind River Basta MS entered from 

the east by way of the North Platte River Valley, while the Bighorn River 

BcAsin north of the 3w:L Creek Mountains was explored from the northeast 

by way of the Yellowstone River. The hind River Canyon was almost 

passable end such travel that did occur between the Bighorn Basin and 

the ind River Resin W6, over mountain passes to the north and south 

of the hind River Canyon. I This mutual isolation resulted in different 

2 Hayden, F. V., Sun Pictures of Rooky Mountain Scenery, with a desoripw 
tion of the Geographical and Geologioal features and some account of the 
Resources of the Great Yiests Julius dien, New York, 1870. 
Hayden, F. V., First, Second, and Third annual reports of the United 
States Geological Survey of the Territories for the yesrs 1867, 1868, 
1869, pp. 71. 

names for the river and canyon. ,isrton in 190 proposed extending the 

name "Bi!, Horn" for the river upstream through the canyon to the oon-

fluenoe of the hinc and Little rind Rivers. / f. J. Collier / attempted 

/ Fanshawe, R., Road Log oshoni to doysen: Ayoming Geological 
"ssocsiation. Third !nnual Field Conference ;vide Boot, p. 36, 1448. 

/ Collier, f. J., Oil in the )karm Springs and Hamilton Dames near 
Thermopolis. 5 yomings U. S. :141°1. :, urvey, Bulletin., 711, 1920 

to remedy the situation by proposing the name "Bea Ogwe" for the canyon 

whioh is en Indian term for "dig ;.aters." this was approved by the Board 

of Geographioel Names, out did not meet with the approval of local 

residents of the region. Locally the "Aeddin of the Aaters" is oon... 

sidered to be at the north end of the canyon with thee treem designated 
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.rind River Canyon at mL:uth. Note the dip slope formed 
on the PNosphoria formation. 

Red Canyon southwest of Lander, The flat—topped 
mountain in the background is an erosional remnant of 
Tertiary sediments which were laid down over beveled 
older sediments. Note the basinward dip of the Chugwater 
formation on the ri•ht. The alcova member appears as a 
white line at the first bench. 
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el, the -ind fiver ,,:o.)..re and the ji .;horn River oelow that point. In 1,40, 

however, the tiollro oi ceographiosi games ruled that the 3i0orn River 

.,c-gins at the °influence of the Aind and Fopo kgie Rivers just below 

Riverton, ityoming. The anome ly of the Bighorn River traversing the 

awl Greet Mountains through the River Canyon still persista• 

3ighorn Basin 

The 3ighorn ie that part of the Bighorn River Drainage 

.3 ,:ain between the s)wl Creek and l.bsaroka Mountains on the south and 

!77outhwebt; and the northwestern end of the Bighorn Mountains and Pryor 

Mountains on the aorta. The Bighorn 'River sr r_mrs the basin through 

the (Hoe Ogwa) Canyon upstream from Thermopolis and leaves 

it through the Bighorn Canyon below the mouth 41' the Shoshone River 

(Lear Kane, liyoning. The Bighorn Basin covers 9a ere', of approximately 

10,700 square miles, bounded on the west by the Aoseroka Mountai ns 

a nd on the east by the Bighorn Mountains• 

t he average eler,tion of the basin floor is ,,pproximately 4,500 

feet. The elevation of the 3ighorn kountaine on the east varies from 

aoout 9,000 feet to a maximum of 13, 166 feet for Gloud Peek. On the 

west, Franks Peaic Ln the a bseroice Mountains nes en elevation of 13, 140 

feet. Z-,every i other nee &s be ve elev.=tions in eAcessoi 12,000 feet. 

Prominent hogbacks, soaros, a ad oencn lend occupy parts of the basin. 

Polecat Erich in the northern end of the basin is the lowest of the 

confining highlands with an a p.proxime to eievtktion of 5,000 foult• 
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In the back.7r;)und. 
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Tatman Mountain, 8 miles south of the Jreybull River and 1,230 feet 

above it, is the highest and oldest Tertiary erosional remnant in the 

basin. 

The areas drained by Shell and Mowood Creeks consist of steepswalled 

canyons on the western side of the Bighorn Mountains wit' relatively 

narrow flat valleys after reaching the floor of the basin. On the 

western side of the basin, the areas drained by Owl Creek, Groybull, 

and ohosnone Rivers oonsist of rugged canyons in the mountains. 

However, the valleys in the 'Alain floor sre fairly wide and less steep. 

The Bi4horn River oelow Thermopolis, %/owing flows in a valley on 

the east side of th- basin. Mine miles north of ,:;reyOu12, iqoming it 

outs directly across Sheep Mountain Anticline through a vertieel walled 

canyon about one mile long and 500 feet deep. On leaving Sheep Mountain 

nyon, the river flaws a meandering course in • narrow valley to the 

mouth of Bighorn canyon below Kane, Wyoming. This Canyon is approximately 

25 mil-s in length with a maximum depth cf 2,800 feet et the apex of the 

Bighorn anticline. 

3101orn Valley 

Bighorn Valley is considered in this report to be the area drained 

by the Bighorn River below Bighorn Canyon. It is bordered on the west 

an area of high relief; on the south by the Pryor and Bighorn Mountains; 

tind on the *est by the koseoud Mountains, the northern extension of which 

is an area of low relief. It is s wide flat valley with little change 

in relief except that part drained by the Little Bighorn River. The 
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latter region consists of oanyona on the northeastern aide of the 

Bighorn Mountains and narrow valleys on the western side of the Rosebud 

4ounthins. In some plaoes in the Bighorn Mountains the Little Bighorn 

Canyon reaches t depth of almost 2,000 feet. Just above the oonfluenoe 

of the Bighorn 'nu iellowstone Rivers, the Bie;horn Walley is quite flat 

tiau narrow ,.nd vo,d of any distinctive relief pattern. 
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CI.D11 TE 

The elimate of the region is oharaoterised by extreme dryness 

on the floors of the basins, but moist along the mountain ranges and 

uplands. The high elevations of the Wind River Range and Absaroka 

Mountains, which form the crest of the watershed to the west, trap much 

of the moisture from the Pacific storms as they pass over the region. 

The storms in passing across the basins, contribute little moisture 

to the valley floors. On striking the Bighorn Mountains, along the 

eastern edge of the watershed, the eastward-travelling storms again 

deposit moisture. The Owl Creek Mountains, which divide the Wind 

River and Bighorn Basins and trend east-west, trap some moisture 

oecause of their elevation, but the quantity is not as great as that 

which fells on the higher ranges to the east and west. 

Frequent convection storms, which are characteristic of the region, 

odour dui-tog the summer months, caused by the upward flow of warm air 

end condensation 'dont- the mountain ranges. 14 study of U. 8. Weather 

3ureau precipitation records for 7 valley stations shows that 66 

percent of the total precipitation for the year occurs during the six 

months April to September (spring, summer, and early fell). This 

moisture falls principally as rain. The precipitation occurring during 

the remainder of the year is primarily in the fora of snow. 

Precipitation and comparative runoff data are illustrated in Plates 
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PLATE: 6U S. GEOLOGICAL SURVEY 

28 •--/ - -,- 1 —rT-
1 

24 ;--- --1-
Annual precipitation Crow Agency, Mont. 

20 

16 • 

12 

Five year moving average 

16 -
Average annual precipitationNote: Average precipitation computed from 

records for stations at Dubois, Riverton, at seven valley stations 

12 Thermopolis, Worland, Basin, Lovell, Wyoming --1-
and Crow Agency, Montana. 

8 

4r- ._, _ 4- 4t-
- Average precipitation April-September 

at seven valley stations 

-Missouri River at Fort Benton, Mont. 
6 

4 

3 
Bighorn River at Thermopolis, Wyo. 

2 
1892 1900 !90 I920 1930 1940 1948 

YEAR 

DIAGRAM SHOWING PRECIPITATION IN THE BIGHORN RIVER DRAINAGE BASIN AND RUNOFF, BIGHORN RIVER AT THERMOPOLIS, 
WYOMING AND MISSOURI RIVER AT FORT BENTON, MONTANA. 
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Viu rea::: in ..inu ..dvur 3an,ron just t1 old 
Ibvsun aam site. 2he ;,all of rock in ti-,o fure,;round is 
v:r:7 r-sistant -re-ambria, r,ck; the cliff 
in bacKr;r_und is ialtlo:Lcic ,.imustune. 

• Bighorn a.nyoil u:::stream fruL, t;;e ::oh of Porcupine 
°reek nuar the Lin--ontan% State Line. iote tht ru:3istant 

fun::%tiuns in t atiS ul 



The valley of the Bighorn River from Sheep 1.:ountain anticline in the Bighorn Basin. 
Bighorntountains in the background. 



PLATE 

View looking northwest toward the Absaroka Lountains 
frcm Circle Ridge anticline in the And River Basin. 

View looking north,est fro z, the front of the Owl Creek 
1.:ountains toward the and raver :ountains showing typical 
basin floor topography of the .rind River Basin. 
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Closeup of outcrop of the Bighorn dolomite showing the 
vuggy weathering distinctive of the formation. 

View near Kane, dyoming showing erosion of soft 
Cretaceous shales. 
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Close-u:. of L.f.t d Pe_lk :..oer of the Chugwater formation. 

View shoAinE hihly cross-bedded Nugpet sandstone. 



 

	 	 	 	
	
	 	

		
	  

	

0 

9.16" 

9.97" 

7,000 

8.43" 

6,000 

7.37" 
7.21" 

a 
b
o

ve
 m

e
a

n
 

5,000 

0 
0 4,000 

3,000 

Dubois, Riverton, Thermopolis, Worland, Basin, Lovell, Crow Agency, 
Wyo Wyo. Wyo Wyo Wyo Wyo Mont. 

Figure Mean precipitation and elevation at U.S Weather Bureau stations 

in the Bighorn River drainage basin, Wyoming and Montano. 



PLATE 

View showini7 juniir covered dip slope of the Luddy sandstone. 

View showing an outcrop of the ;.:owry shale. Note the 
vegetational bandin&T which: is distinctive of the for nation. 



PL ATE 

View looking west, toward the And River Lountains 
from Circle Ridp.e. 

View in Sheep ;..captain Canyon. The anticlinal nature 
of Sheep L:ountain is well shown by the arched strata. 
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Vievi near Thermopolis, dyoming showing north 
dipping strata of the Thermopolis formation. 
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Close—up of the Thermopolis formation. 



PLATE 

Cody shale near Hudson, dyoming. 

Close-up of the Cody shale. 
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View of drain into :ive L.:11e 3ree.: on the Rivertn Project 
This ::rain eroded to its i:riseat de,,til from its original 

de:th of not over four feet is less than turee 

!iew of drain the Riverton Irripatio,1 iroject. 
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*Lve Me Creek at falls. ::ote the dark shales ca sped 
by lighter colored massive sanastcne. 

;ie'A downstrewa on lo .er Ale Creek showinp narrow 
cliannel confined by strata of the Jind Aver formation. 
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NATIVE VWETATLA 

The native vegetation has adapted itself to the climatic 

charaoteristios of the region in which it grows. On the basin floors, 

where the precipitation is scanty, the summers very hot and dry, and 

the winters cold, dry and windy, the sages and greasewoods predominate, 

interspersed with cacti. During the favorable growing season in the 

eyeing, the basin floor is well clothed with range grasses valuable 

as feed for stook. Along the low slopes of the uplands the grasses 

become more prominent, the greasewoods and cacti thin out, and the 

sagebrushes persists. Sagebrush thins with elevation and disappears 

generally at about 5,000 feet. Juniper and cedar are found along 

stretches of sedimentary rooks favorable to their growth. Along the 

mountain slopes and on the peaks the range grasses predominate, togetai 

her with the lupines and other flora typical of a sub-alpine habitat. 

Pines, firs, and spruce comprise the main species of ooniferous trees 

covering the mountain slopes, with aspens and cottonwoods present in 

some areas. Timberline occurs at an elevation of approximately 10,000 

feet. 
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GENKR,L JEOLOGY OF rBE BIGHORN RIVER CRAINhGE BASIN 

Purpose and Scope of Geolftic Work 

The geologic work during the present investigation was under-

taken to provide information that is essential to the understanding 

and interpretation of problems relating to fluvial sediments and to the 

mineral quality of both surface and ground waters in the Bighorn River 

Drainage Basin. The material carried by the streams, both in solution 

and suspension or as bed•load, was originally derived from the rooks 

which make up the mountain ranges and basins of the area. The 

investigation therefore involved a reconnaissance of the rooks and 

a review of pertinent published reports, considering especially the 

sediment producing properties and the relationship of the formations 

es the sources of sediment carried by the streams; and their relation-

ship to the minerals in solution. 

General Character, Stratigraphic Position, and Age of the Rooks 

The igenous, metamorphic, and sedimentary rooks in the Bighorn 

River Drainage Basin range in age from pre-Cambrian to present with 

sediments of the Silurian and most of the Devonian being absent. 

Pre-Cambrian 

Rocks of prosCambrain age are exposed in the dissected cores of 

the Bighorn, Owl Creek, and Wind River Mountains. Of the three, the 

Wind River Mountains have by far the largest area of exposed pre-Cambrian 
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Popo Apie River Valle looking northwest toward the 
.find River I:.ontains. The broad valley is the topo— 
prarhic expression of the Cod7 shale. 

View along the east side of the Bighorn River 2 Tniles 
north of ;lorland, -:iyaming showing bluffs carved in the 
Allwood formation of Eocene ape. 
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Vie .) north of Tdvertun, showin:: two levels _1* 
...:rraces or ueaches. 

,...lose—up of strea::-. rounded terrace :-.:ravels near .Liverton, ,,yoming 
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can oe judged by the car on the Aghway at the right. 
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rooks. The basement complex consists of chlorite sohists, hematite 

sohists, quartzmioa schist', quartzite, other metamorphic rooks, and 

basic intrusions, which, are in turn intruded by pink and gray granites. 

The granite is normally medium•grained, but there are pegmatitio phases. 

Paleozoic 

Rooks of Palesoic age crop out in a band along the flanks of the 

Yawl River, Owl Creek, and Bighorn Vountaino with a few small outcrops 

scattered elsewhere in the drainage basin. 

The Cambrian formations of the Bighorn River Drainage Basin crop 

out high along the flanks of the mountains and are well exposed in 

transverse canyons such as Aind River Canyon. The formations of Cambrian 

age are made up of three distinot lithologioal types. The Flathead 

sandstone is a quartsitic red sandstone, the Gros Ventre formation is 

a sandy and aioeoeous shale, and the Gallatin formation is a limestone 

with interbedded shales. 

The Ordovician of the area is represented by only one formation, 

the Bighorn dolomite. Areas of outcrop are best seen in the deep 

canyons formed by the rapidly descending mountain streams. The massive, 

buff colored, porous, and vuggy Bighorn dolomite forms prominent cliffs 

in the walls of the mountain canyons and stands as scallops above the 

Cambrian at the top of the dip slopes. 

Formations of Devonian age odour in only a few limited areas in the 

region and there is still some question of their relationship. 2 
Stipp, T. F., Paleozoic Formations near Cody, Park County, Wyomingt km. 

--= Assoc. Petrol. Geol. Bull., vol. 31, pp. 274.2e1, 1147. 
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In Shoshone Canyon a series of shales, limestones and thin sand-

stones lying between the Madison limestone and the Bighorn dolomite 

has beau oorrelated with the Threeforks formation of Montana. The 

underlying limestones and dolomites, formerly thought to be part of 

the Bighorn, are equivalent to the Jefferson formation of Montana. In 

the Wind River Mountains, the Darby formation wedges in from the north 

and pinches out in short distance. It is probable that the dolomites, 

sandstones, and shale beds of the Daroy are equivalent to oo‘h the 

Jefferson and Threeforks formations. 

Sedimentary rooks of Mississippian age, represented by the Madison 

formation and possibly in part by the Pmaden formation, are present 

along the flanks of the mountains and, as is the ease with most of the 

Rtleosoio sequences, are best seen in the canyons running book into 

the highlands. The Madison formation consists of massive and thin-

bedded gray limestone and dolomite with oherty layers. 

The Amadeu formation consists of a heterogenous series of red 

shales, white limestones, and oherty limestones, and occupies the 

stratipmphio interval between the Madison limestone and the Tensleep 

sandstone. Some of the geologists who have worked in the area believe 

Dorton, N. H. Comparison of Stratigraphy of the Black Hills, Bighorn 
Mountains and Rooky Mountain Front Range: Geol. Soo. Amer. dull.. 
Vol. lb. pp. 378.D448, 1804. 

the formation to be entirely Pennsylvanian in age. 2 Others believe the 

Thomas, home, D., Summary of paleozoic Stratigraphy of the Wind River2 Basin, Wyoming: Wyoming Geol. Assoc., Third ftnual Field Conference 
Guide Book, R. 87, 1B48. 

upper part of the Amsden is Pennsylvanian and the lower part is Mississippian. 
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However, the line of demarcation is difficult to draw. .1 

Branson, E. H. and Branson, C. C., ;eology of Aind River Mountains, 
Wyoming: Amer. 'ssoo. Petrol. 3eol., Bull., Vol. 2b, p. 131, 1941. 

Love, J. D., Geology Along the Southern Margin of the Absaroka Range, 
Wyoming: Geol. Soc. _America, Spec. pa. per 20, 1939. 

Heller, J. Mc-, rvin et el, Correlation of Mississippian Formations of 
North taerioe: Ieol. Soc. America, 3u11., Vol. 59 pp. 91•196, 1948. 

•••••11.11, 

'long the lower canyon of Tensleep Creek, the type section of the 

Tensleep formtlon of Pennsylvanian age consists of massive, cross-bedded, 

yellow, ouff, or white sandstone. / lsewhere in the Bighorn River 

Dorton, A. H., Comparison of Stratigraphy of the Slack Hills, Bighorn 
Mountains end hooky Mountain Front hange: aeol. Soc. Amer. Bull., Vol. 
15, pp. 379.0,43, 1904. 

Drainage Basin, it is usually white or cuff, massive cross-beaded sand-

stone, made up almost entirely of quarts grains of fine to medium texture. 

The Paleozoic-iesozoio boundary is not well marked in the Signora 

:fiver Drainage Basin. The formation name "Kmbar" is in common usat, and 

98 generally understood includes both the Phosphoric' formation of Permian 

age and the i:inwooay formation of Triassic age. 

The Permian Phosphoria is the most lithologioally complicated series 

of fizzy of the Paleozoic form tions. It oon.ists of limestones, red shales, 

sJadstones, charts, and phospha te rook. The litholo4ic characteristics 

vary .;reatly from one locality to another. 

/ Thomas, Horace L., Phosphoria and Dlnwoody Tongue-, in Lower Chugwater 
of Central and 'southeastern Ttyomin4: "mu. 'sso(;. Peccul. 
Vol. 16, pp. 1655-1697, 1934. 

King, Ralph H., Phosphate Deposits Near L,nder, Wyominc: Ayoming aeol. 
:Jurvei, Bull. 39, 1947. 

https://�����11.11
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Mesozoic 

Formations of Mt-sozoic age drop out in a broad band around the 

margins of the 'hind aiver and bighorn Basins and over two-thirds of that 

part of the drainage basin lying north of the Montana-yoming border. 

Mesozoic 'ormations are also exposed in the eroded anticlinal structures 

on the floors of the basins. 

The Triassio in the region is represented by a thick sequence of 

"red beds" which have been divided into two formations. There is some 

difference of opinion us to the division of the "red beds" in regard 

to age And members. j The Dinwoody formation consists of yellow-brown 

/ Branson, K. 3. and Branson, C. C., Geology of Vvind River Mountains, 
ihyoming: Am. t.ssooi. Petrol. Boole. dull., Vol. 25, p. 134, 1941. 

Love, J. Ii. , Geology Along the Southern Margin of the tbsaroka Range, 
*yoming: .3,eol. Soc. 'merican, Special Paper 20, 1939. 
Love, J. D., Mesozoic Stratigraphy of the Aind River Basin, Central 
t4oming: Ayomia,-; Jeol. r,soc., !third ..m. Field Conference Guide Book, 
pp. a8, yam, 19480 

sandy- shales, thin-beddec dart gray shale and gypsiferous slabby dolomites 

,1 iimestones. The Chugwster formation is divided into the Red Peat, 

Lvowl, Popo tgie members. the Aed Peak member is a reddish silt-

atone; the A.col.N limeston, member is a thin crinkly liht-gray lime-

stone; and the P000 'gie memoer consists of ocher-colored olaystone, 

purple to red siltstone, end limestone conglomer.tes. 

The Jurassic in the area is represented by marine, shallow marine, 

id terrestrial sediments. These sediments have been divided into the 

Diu ;get sandstone, Gypsum Spring formation, Sundance formation, and 

Morrison formation. The Nugget sandstone has 000A included in the 
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Chugwater group by some writers under the name "Wyopo." 2 Love, however, 

2 Branson, E. B., and Branson, C. C., Geology of find River Mountains, 
W omin : A Assoc. Petrol. aeol., Bull., Vol. 26, p. 136, 1.41. 

prefers the name Nugget for the red and gray massive to coarsely bedded 

sandstone overlying the Popo Agie member of the Chugmater formation. 

/ Love, J. D., Mesozoic Stratigraphy of the Aind aiver Basin, Central 
-I Wyomiap Wyoming Geol. Assoc., Third inn. Field Conference Guide BoJc, 

pp. 100, 101, 1948. 

In some cress of outcrop, the formation is highly cross-bedded. The 

formation wedges rapidly from about 500 feet in thickness at the south-

western margin of the Wind River Basin to extinction north of the Owl 

Creek Mountains. Until very recently, the Gypsum Spring formation was 

thought to be the upper part of the Churmater and some geologists still 

believe it to be Triassic,. It consists of red siltstone with interbedded 

gypsum of irregular thickness and distribution. The basal part of the 

Sundanoe formation consists of gray and reenish-gray calcareous shales 

with interbedded limestone. The upper part is made up of sandstone, 

sandy shale, sandy limestone, and limestone. The fluviatile and 

laoustrine sediments of the Morrison formation are easily separated from 

the underlying marine Sundance. The formation consists of variegated 

shale and olaystooes, siltstones, silty sandstones, and oonglomorates. 

The Morrison formation is overlain by the Cloverly formation of Lower 

Cretaoeous age and because of the rapid horizontal and vertical ohanges 

in the two formations, no sharp dividing line can be made when the con-

glomerate of basal Cloverly is absent. 
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The Cretaceous sediments in the Bighorn River Drainage Basin are 

divided into the Cleverly and Thermopolis formations of Lower Cretaoeous 

age and the Muddy sandstone, Mowry shale, Frontier formation, Cody shale, 

Mesaverde formation, Meeteetse formation, and Lance formation of Upper 

Cretaoeous age. The Cloverly formation consists of Conglomerates, gm), 

sandstone, gray silty shales, lilac olaystone with limestone oouoretions, 

variegated silty shales and siltstones. Love and other investigators 

/ Love, J. b., Mesozoic, Stratigraphy of the hind River Basin Central 
Wyoming: Wyoming Geol. Assoc., Thini Ann. Field Conference Guide 
Book, pp. 104•106, 1948. 

believe the boundary between the Cloverly and Morrison formations is 

marked by the quarts crystal sandstone and oongloserate zone some 

200 feet above the glaueonitio Sundanoe. The Thermopolis shale is a 

remarkedly persistent lithologio unit throughout Wyoming. This formation 

of black shale commonly has thin bentonite beds present es well as gray 

*hely sandstone. The Muidy sandstone overlies the Thermopolis shale and 

the sharp lithologic contact makes the separation of the two very easy 

in the field. The formation consists of coarse sandstone which forms 

cliffs and juniper covered hogbacks. The Mowry shale as recognised by 

Love / directly overlies the Muddy sandstone and underlies the Frontier 

/ Love, J. D., Mesozoic Stratigraphy of the *ind River Basin Central 
Wyoming: Tiyoming Geol. Assoc., Third Ann. Field Conference Guide Book, 
p. 107, 1948. 

formation. The lower part of the Mowry conoists of soft black non• 

silice,us shales which trade up into hard gray siliceous shale. Thin beds 

of bentonite and quartzitio sandstone are present. The Frontier formation 

oonsists of interbedded gray and bloc* sandstone and shales. Thin coal 
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beds are present near the center of the formation. The Cody shale is 

aa► de up of 2,600 to 4,500 feet of shaly sandstone, dark gray marine 

shales, calcareous shale, and a few thin beds of bentonite. The Mesaverdo 

formation consists of alternating white to buff massive cross-bedded 

sandstone, thin-uedded st.ndstJaes. shales and coal. The Meeteetse form-

ation is made up of interbedded light-gray shaly sanastone, sandstone 

and carbonaceous shale. Thin beams of coal are present in the upper 

half of the formation. The Llanox formation is composed of light grey and 

brown sandstones and interbedded gray shales, claystone, and carbonaceous 

shale. The yellowish-crown to gray basal sandstone of the Lanes contrasts 

mmrkedly with the lighter color of the underlying sandstone of the 

Meeteetse and the basil red beds of the overlying Fort Union. / 

/ Rogers, C. P. at al, Geol. of the 7orland Hyettville Area,3ighorn and 
Aashskie counties, *yoming: U.S. Survey, Oil and 3as Invest. 
Prelim., map Si, 1948. 

Cenozoie 

rhe Cenozoic is represented by Tertiary sediments wnioh cover the 

larger part of the floors of the find River and Bighorn Basin and by 4uater. 

nary sediments alon!, the Bighorn River and its tributaries. 

The most complete exposures of Tertiary sedimeats in the area are 

along Beaver Rim and in the Lysite-Lost Cabin areas. Recent investigations 

in the'hind River Basin indicate that much work needs to be done before 

the Tertiary sequence will be satisfactorily known. 
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The Fort Union formation of Paleocene age consists of gray end cuff 

sandstone, shale, thin interbedded, sub-bituminous coal,and carbonaoeous 

shale. Mostof the carbonaceous deposits are found in the lower part of 

the formation. oome of the sandstones are cemented with iron oxides and 

are rusty colored in outcrops. the basal red-colored oeds of the Fort 

Union easily differentiate it from the underlying light brown sandstone 

of the Lance. 

The ocene in the Bighorn River Drainage Basin is represented by 

thick sequence of continental sediments. These sediments are recognized 

as the iliwood and Tatman in the Bighorn Basin and as the Wind River 

formation in the Wind River Basin. The Aillwood and ',And River formations 

are of lower Eocene age and the Tatman of middle Eocene age. The name 

?.illwood was first applied by Van Boutin / to the 2,500 feet of beds that 

/ Van Houten, F. B., Jtratigraphy of the Aillwood and i'Atman Formations 
La korthes.stern Wyoming: 4eol. doc. 'merican. Bull., Vol. 5b pp. 
lob-a10, 1941. 

lie between the Fort Union and Tatman formations. The names Fanwood end 

Tatman were proposed to replace the name Viasatch formAtion formerly used 

in the dighorn Basin, because of the difference in age and lithology 

oetween the so-called Assatch of the basin and thc- type Ylasatch in Utah. 

The *illwood formation is composed of red, purple, and grey claystane, 

and gray and yellow sandstone. The hind River formation has been divided 

by Tourtelot into two memb,Irs on the tosis of lltholosr,ic differences. 

Tourtelot, A. A., Tertiary Rooks in the Northeastern port of the ?bind 
River Basin, Wyoming: Wyoming Ueol.Pssod., Third Ann. Field Conference 
Guide Book, pp. 112-124, 1948. 
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The Lysite member is (Imposed of interbedded yellowish-brown sandstone, 

red, ten, sad gray sandy siltstones, and olaystone. Beds of oonglomera%4 

are commonly associated with the sandstone near the mounthins, but oecome 

leas 7iumerous away from the mountains. The Lost Cabin member consists 

of gm,- :.ad green siltstone and clay stone with yellowish-brown to 

orange sandstones with some variegated beds present; and in bea.J of the 

find River forrattionlof Lost Cabin age found in other parts of the tind 

River Basin volcanic material is present. As in the Lysite member, the 

atr,:tit ,„, es in the Lost Cabin memoer are more conglomeratio near the 

:no Lin ta ids. The Tatman forma ti on consists of alternating fine-grained 

se ads tone an laminated brown carbonaceous shale. Remnants of the 

Tatman formation occur in only a few places in the basin. The type 

section is -it Tatman Mountain, a mesa south of the areybull River. 

In general , the sediments of undivided middle Eocene, upper Eocene, 

and Oligocene have not received sufficient attention to adequately place 

them in their proper age relationships. rhe sediments are composed of 

green, brown, and white andesite tuffs; light-colored fossiliferous 

fresh.water limestones; drab 2;rayish-green and dull orown, sandy and 

Kravelly claystones; bandy, clayey, f ine-grained conglomerate; and soft, 

k.iri, ashy siltstone with irregular beds of oonglomera to. 

Sediments of Miooene and Pliooeue age have not Dean ciearly 

,listinguished. rhe Pleistocene and Recent are represented oy typical 

&Ei.,laciEll deposits in the :noun and by terrace and flood plain deposits 

of gravel and Beady silt along the Bighorn 'River and its tributaries. 
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Structure 

The Wind River, Owl Creek, and Bighorn Mountains are essentially 

as3-mmetrioal anticlines with northwest trending axis. 

The Wind River Be in is , large synclinal fold with minor flexures 

lying between the Owl Creek and Wind River Mountains. 

The western odee of the Aind River Basin is limited by the vand 

River Mountains, one of the major archs of the region. The structural 

pattern of the Wind hiver Mountains is repeated in the series of anti-

cliLles lying a few miles to the east of the foot of the Paleozoic dip 

slopes. This line of anticlines, starting frxa the north, includes 

inkleman, Sage Creek, Hudson, Dallas, Derby, Ridden, and Sheep Mountain 

anticlines. !!ll of the folds north of Hidden anticline have been eroded 

into the Chu4water. 

The southern morgin of 'Aind River Basin is a southward retreating 

crosional scarp, carved, for the most part in almost horizontal Tertiary 

sediments. This scarp is little affected by the underlying gently 

northward dipping strata. In front of the erosional scarp is a line 

of plunging anticlinal folds which includes Beaver Creek, Sand Draw, 

3utte, Conant Creek, Muskrat, and Dutton Bas i n, and the hattlee 

snare Hills. 

Along the eastern edge of Wind River Basin is a line of folds wnioh 

separates the mind River enci Powder River drainages. The northwest 

trend of these anticlines is roughly the same as most of the other 

folds of the Wind :ftiver area. The Circle Ridge, Maverick Springs, and 

Little lAme line of folding it the northwest part of the basin follows the 

same trend and passes beneath the Y.ind River sediments in muon the same 
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trend mad passes beneath the tind River sediments in much the same manner 

ys do the folds in the southern part of the basin. 

The northern margin of bind River Basin is limited by the Owl 

Creed Mountain uplift; a complex anticline which includes two low areas 

of synclinal nature in which MOSOZOie strata, extend almost completely 

across the axis of the antizline. / The southern margin of the aplift 

/ Blackstone, D. L. Jr., The :,ztructural Ps tern of the Aind River Basin, 
Ayoming: Ayoming ssoc., Third nn. Field Conference Guide Book, 

F. 74, 1.48. 

has apparently overthrust the basin na,rgin to the south, 2 out the 

/ Fanahawe, J. R., Structural Jeology of hind River Canyon rem, 
-- Wyoming: Pm. tssoo. Petrol. Seol., bull., Vol. 23 p. lab2, 

Interpretation is difficult because of the overlapping 7and River sediment 

along the foot of the uplift. 

It seems likely that the structural pattern of northwest trending 

anticlines siTi1R.r to those exposed in various parts of the basin 

continues beneath the Tertiary sediments which cover the rater part of 

the basin. There is at present no reason to believe otherwise. 

The Bighorn Basin structural pattern follows in general that of the 

Aind River Basin. It i, a lti.rge synclinal basin between the Bighorn and 

Owl Creek uplifts. The large downward fold is modified by numerous 

smeller folds. 

Lying along the northern edge of the Owl ,;reek uplift is a series of 

anticlines that follows the same northwestward trend of the Owl Creek 

Mountains. This line of anticlines includes Shoshone, dors. Center, 

Oregon 9asia, Spring Cree.., Pitchfork, sunshine, Fouroear, Buffalo, 
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Gooseberry, Grass Creek, Aalker, Enos Creek, Embar, Owl Creek, 

Nagonhound, Hamilton, 7augh, Golden Eagle, Sand Draw, Gebo, and 

Thermopolis. Almost all of these structures are eroded to the 

Cretaceous and • few at the south have even older sediments exposed 

in the center. 

The northeast margin of the Bighorn Basin is limited by the 

Bighorn Mountains; a oomplex anticlinal arch which, like the Owl 

Creek Mountains, is thrust to the southwest for an unknown distance. 

Bordering the b,bin along the southwest side of the Bighorn 

Mountains is a line of anticlines parallel to those along the southwest 

edge of the basin. This line of antiolines includes Red, Black Butte, 

Elk Basin, Frannie, Sage, Gypsum Creek, Big and Little Polecat, Garland, 

Byron, Little Sheep Mountain, Ross, Goose-Egg-Alkali, Spence, Crystal 

Creek, Sheep Mountain, Shell Creek, Cherry, Greybull, Lamb, Torchlight, 

Sanderson, Paintrook, and Bonanza. Almost all of the faults associated 

with the structures strike perpendicular to their axis. 

To the north of the Bighorn Mountains and south of the Yellowstone 

in the Bighorn Valley are a few minor folds that parallel the axis of 

the Bighorn Mountains. 

Erosional Characteristics of the Rooks 

The agents of erosion are constantly working to destroy the rooks 

of the earth's surface. f.hether the agents are in motion such as the 

waters of the rivers, the wind, 111114 moving glaciers or essentially motion-

less such as ice in the cracks of rooks and the solvents around mineral 
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particles, all are engaged in the process of erosion. t",hen the 

destruction of the rooks is accomplished by the mechanical sear of 

rivers, wind and moving Joe. it is destruction by corrosion; if the 

destruction is by chemical wear, it is corrosion. rieathering is the 

brealcdawn of rooks by essential y motionless agents. The breetdown 

of rocks accomplished by chemical action is decomposition and that 

socsomplisned sy mechanioal action is disintegration. 

Practically all fluvial sediments are of terrigenous origin re-

sulting from the disintegration or decomposition of rooks on the 

surface and the outer part of the earth's crust. The characteristios 

of these source rooks determine the makeup of the sediments derived 

from them. 

The roots comprising the earth's outer shell are igneous, 

sedimentury, and their metamorphic equivalents. The i4neous rocks 

have Peen estim,ted to cover 25 percent of the surface. The 

sedimentary roots constitute only t; percent of the crust, but veneer 

7b percent of the surface. / 
"M. 

rweuhofel, H., Principles of Sedimentation, McGraw-Hill 600k Co., 
New Yort,yp. 132, 133, 134, 

The root forming minerals of the igneous roots are feldspars, 

quartz, amphiboles, pyroxenes, micas, mi3gnetite and ilmenite, olivine, 

a petite, and a few rarer substances. Physical destruction of these roots 

yields root particles of tne parent. Chemical decomposition of igneous 

roots results in sediments which when lithified oonsist of 62 peroont 

siltetone, olaystone, and shale, 12 percent sandstones, and 6 percent 

limestones. 
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The elastic sediments include clays, silts, sands, and gravels. 

All are transported by running water. Eaoh, if indurtee, results in 

phtrtieular lithified product. The coarse ;ravels after induration 

are termed conglomerates; sand become sandstones; silts become siltstones; 

anu clays become olaystones and shmles. 

In contradistinction to the elastic sediments are the calcitic 

and dolomitic limestones, products of chemical deposition. 

If the sedimentary rooks, shales, siltetones, sandstones, end 

limestones are physically destroyed, the products are merely the unindurated 

equivalents. With the exception of limestone, ohemical decomposition is 

not an active process as these rooks are in large part already the pro-

ousts of chemical decay, so that the products are not unlike the parents. 

Reno., sandstones will contribute 4and, while siltstones and shales will 

produce silt and clay respectively. 

Inasmuch es most of the source rooks in the Bighorn River Drainage 

Basin are olastio sediments, the great part of the unconsolidated material 

which they produce will, of necessity, be sendb, silts, and clays. 

Pre-Cambrian Rooks 

The pre-Cambrian sequence is composed of metamorphic and igneous 

rooks which are especially resistant to erosion. The mineral composition 

and small amount of pore space of both the igneous and metamorphic rooks 

give them a resistamoe to erosion far above th.t of the averA0 

sedimentary rooks. ilthough the pre-Camorian rooks are exposed high in 

the mounts iris where they are suojected to the more severe agents of erosion, 
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the total products of erosion, which are for the most part sand and 

gravel, are very slowly transported down the streams to regions of 

deposition. While it is true that the original source of most of the 

material now being carried by the streams of the drainage basin was 

pre-Cambrian rooks, their present primary contribution is practically 

negligible. 

Paleozoic Rocks 

Because of its quartizitic composition, the Flathead sandstone 

furnishes very little sediment to the streams of the•rea. The Gros 

Ventre formation weathers into a micaceous clay from which steep grass 

covered mountain slopes have been formed. The native grass on the 

slopes prevents rapid erosion and consequent sediment supply to the 

streams except in a few areas where the production of sediment from 

the Gros Ventre shale is of importance. The a.illatin formation is 

composed of resistant limestone which weathers very slowly. Most of the 

products of erosion of this formation ere carried from their source in 

solution. 

The Bighorn dolomite, like all compact lime rocks, weathers very 

slowly into mostly water soluble products, and furnishes very little 

sediment to the streams of the area. 

The shaly series of the Devonian formAtions furnishes some sediment 

to the streams, but because of the small area of exposure the Devonian 

formations are of little consequence as sediment produoers. 
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The Madison limestone erodes very slowly and most of the products 

of its weatherin6 are carried away in solution. The residual material 

consists primarily of onerty material. The red shales of the Amsden 

formation ar.. easily eroded out because of the smell areas of exposure 

and protection from weathering furnished by the interoedded lime. 

stones, this formation is a small contributor of sediment to the streams 

of the drainage basin. 

The Tensleep formation composed of massive sandstone cemented with 

calcareous material is relatively resistant to weathering and while it 

does furnish large quantities of send to the rivers of the area its 

share of the total sediment oontribution is very small. Its rosist,..nt 

nature is shown by the almost vertical cliffs along the canyon walls 

ne-...r the base ot: the mountains. 

The limestmes, red shales, sandstones, charts, and phosphate rook 

of the Phosphoric formation as a :;reap are extremely resistant to the 

agen,s of erosion. The armies of this furation if by themselves would 

rapidly be carried away. However, as in the case of the shales of the 

trasden, they are protected by overlying and underlying beds of lime-

stone and chart. The Phosphoria formation hes more area of outcrop 

than any other Paleozoio formation yet its resistance to erosion is 

such the.t it remairis es large dip slopes on the north flanks of the 

Wind River :tad Owl Greet Mountsciina. 
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Mesozoic Rooks 

The Dinwoody formation in those looslities where it is not protected 

by the overlying Chugweter is easily eroded. On the north flanks of 

the Owl Creet and ?and River Mountains, the soft shales which compose 

most of the formation have been almost completely stripped from the 

underlying Phosphoria formation. *t the present time, the Dinwoody 

formation is not an important contributor of sediment to the streams of 

the area. The siltstones of theitta.2"- ater formation weathers into s 

red silty loam which is easily carried into the streams in times of heavy 

rainfall. However, the exposed area of this formation is of a size that 

prohibits it being a major source of the sediment carried by the streams 

of the Bighorn River Draina;e Basin. 

Under the attack of the agents of weathering, the Nugget Sandstone 

lyreaks down into a quartz sand which can be transported to the streens 

where, because of the size of the sand particles it is, for the most pert, 

tarried as bed load. 'the comparative slowness of weathering and rathsr 

small area of outcrop precludes this formation from being important as 

source of stream sediment. The C4peum Jpring formation weathers into 

red silty loam, out it is no i, A prima contrioutor of sediment to the 

atrans. The iateroedded gypsum in the formation acts as a deterrent to 

the n)rmel processes of meohmnical weathering. The chemical weethring 

of the ?:,ypsum beds of the formation undoubtedly is important in its 

effect on the mineral character of the streams draining the area. the 

caloareoua shales and sandstone of the Sunnanoe formation wa,,thers down 

into a sandy clay soil which oaa be carried into nearby streams. liowever, 
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this formation is not a major contributor of sediment. fns 4hrAless, 

elaystones, and siltstones of the Morrison form,tion are suoject to 

rapid weathering and are, important locally as contrioutors of sediment, 

but beoeuse of their limited area of exposure, the contribution to the 

total sediment load of the rivers is small. 

rhe shales and claystones of the Cloverly formAion lice those of 

e Morrison formation are especially susceptible to erosion oy water 

and in localities of :Jutorop this formation contributes substtinti,t1 

quantities of sediment to the streams in the form of silt an, clay 

,ize particles. The black shale cornprisia, the Thermopolis shale 

wo,there into a Olsck to tray clay which eedily pickeu Up and trAas• 

,)orted oy runnin4 water. The Muddy sgiadscoAe is very tio.o.ly weathere(;. 

into 30,71G. Its resist,noe to weathering in :lompt, rs:.)n to the ovur. 

lying Mowry is anon by the cliffs and hogoacks formed by the iii1J(1., 

sandstone. The lower part of the Moy.ry shale is rapidly eroded from 

the underlying Muidy sandstone unless it is structurally proteotod oy 

the overlying herd siliceous shale of the formation. The Frontier 

formation weathers vory slowly into a sandy oley loam. ;he shales of the 

formation would weather very rapidly were it not for the interbedded 

oharaoter of the form.: tion. t(hile the Frontier is not 9, s resis tAnt to 

erosion as the Muddy sandstone, it, does form low hogbacks along the 

flanks of the anticlines. shales of Cody formation are eroded 

rapidly by the mechanical agents of weathering into silt a ad clay size 

particles easily carried by water to the major streams. The great 

thioicness of this formatioa together with its comparative large area 

https://tio.o.ly
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of exposure makes it a contributor -of large quantities of sediment to 

the rivers of the drainage basin. the valleys and depressions which 

are a topographic expression of the Cody shale clearly indicate the 

importance of this forma tioA as a contributor of sediment to the rivers 

of the area. The shales of the Aesaverde formation interbedded as they 

are with the massive and thin-bedded sandstones which make up the 

larger part of the formation are very slowly eroded. The resistance to 

erosion of this formation in comparison to the underlying Cody shale is 

very clearly shown by the differences in the topographic forms of each 

formation. The Mesavrde formation forma ridges bordering valleys and 

depressions representing the Cody formation. The poorly consolidated 

rooks of the Meeteetse formation are more easily eroded than the under. 

1yin4 Mesaverde and the overlying Lance. The interbedded sandstones and 

smiles are eroded down into lowlands lying between the Meeteetse and 

)L.Ice formations. The Lance formation, while containing much shale and 

(.1ast_rie, is more slowly eroded than the underlying Meeteetse because 

of the interbedded san,;stones which make up most of the iiInce. 

Cenozoic Aooks 

The Fort Unioa formation consisting of sandstone, shale, and some 

coal is of importance as a produoer of seaiment in the Bighorn dasin 

wh..,r, it hes a lar„!;e are or outcrop, but in the yind River Basin where 

the formation crops out in only a small area, it is a minor producer 

of sediment. 



	

 

34 

The loosely consolidated sediments suing up the formations of 

jocene, Oligoosne, Miocene, and Pliooene age are easily eroded into 

clay, silt, and sand sized particles and oarried into the rivers draining 

the area. A meesure of the production of sediment from these formtions 

is given oy the feet that nearly all of the s treerns of the u rainage 

basin are clear until they enter areus of outcrop of Tertiary sediments 

hen they become, in short distances, carriers of large quantities of 

sediment. 3eoause of the los rainfall in the a reas covered by Tertiary 

iormbtions, streams rising in them are dry most of the year, but in the 

brief of run off from the torrentit.1 rainfll that is typioal 

of these areas, enormous quantities of sediment are pieced up and carried 

into the lie in streams. The large area of outcrop of the Tertiary form-

ations, loosely consolidated sediments and subjection to rainfall of 

cloudburst intensities, maks them the source of a large pert of the 

sediment now carried by the main streams of the Bighorn River Drainage 

Be sin. 

The Pleistocene glaciel deposits in the mountains are not important 

as Bailment producers, but the Pleistocene and recent floodplain deposits 

along the Bighorn River and its trioutaries are me► j o r source of sediment 

in those localities where the natur--1 regimen of the streams have been 

changed by Irrigation developments• 
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Physiographio Development of the Bighorn River Drainage Basin 

Formation of the Basins by Laren/de Differential Movements 

Most of the oasin developments have occurred since the beginning 

of the Laramide Revolution in the closing stages of the Mesozoic era. 

This period of extended crustal unrest oaused the floor of the greet 

geosyncline, recently covered by the Cretaceous sea, to become the 

scene of folding and thrusting on a colossal scale, resulting in the 

Rocty Mountain System, of the Bighorn River Drainage Basin is 

a part.] The Laramide Revolution covered a vast period and did not 

/ Sohuohert, Cherlos, and Dunbar, Carl u., Textbook of Geology, 
Part II Historical Geology, p. 350, 1933, John Wiley & Sonf olle* York. 

die out until in the r,00ene or possioly in the Oligocene. It was 

characterized in the northern hooky Mountains by thrust faulting of great 
IP 

magnitude. These orogenic movements, with attendant tna subsequent 

erosion,determined the present-day physiography of the bighorn region. 

is the Laramiae Revolution progressed, folds 1112G faults were formed 

throu4hout the r=egion which was to become the bind River end Bighorn 

3asins. The mountains that now surround the basins began to rise. Con-

current with these movements and continuing after they died out, there 

was active erosion of the highlnds and deposition in the intermontane 

basins. 

ltitude of the Basin Floors at Culmination of Period of Aggradetiou 

f,;;radation of the Centml Plains area culminated in later Tertiary 

time in the production of a vast, eastward-81°pin.; alluvial surface, 
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extending westward into the iatermontane basins. thick sequence of 

early Tertiary beds was laid down, reaching a depth of 3,b00 feet in 

the .Aind Aiver and Bighorn Basins and almost completely burying the 

area in a see of waste. This is confirmed oy direct evidence to oe 

ouserved in the basins. First, is the fact that all major consequent 

sti.eame cut across structural barriers in positions that indicate 

superposition from n higher level. 1 Second, is the presence of extensive 

/ Fenneman, Nevin M., Physiography of western United States, p. 147, 
McGraw•Hill Boot Co., New York dity, 1931. 

deposits of stream-rounded gravel at elevations from 7,000 to ',000 feet on 

the flanks of the Horn Range. These gravel surfaces on the Bighorn 

slope smoothly outward from the ;h axial peaks of the rings, but end 

abruptly in c steep desoeuding scarp at the range front; projections of 

the slopes across and above the present lowland define in a general way 

the form of the basin floor !,:t the culminatioa of the period of kiggradation. / 

uarton. d., Description of the Cloud Peals-Fort MoKinney quadrangles, 
..yoming; U.S. .;eol. Surveyiitlas, Vol. No. 142, pp. 8,, fig. 21, 106. 

JraimAge Pattern of the .%ind and 3ighorn divers 

The oind kiv .r flows to the southeastward along the approximate 

center line of the Wind River Basin. That position represents a balance 

between the 1LrKe stream flows, out light sediment loads of the streams 

dr,inine the northeastward slopes of the high end rugged ind hivrtr Range 

and the small stream flows, but greeter quantities of debris in the streams 

draining tee southern slopes of the Owl Cree' and tbsaroks Mounuains. ielow 

the confluence of the Popo Agie and Wind liver, the lighorn River occupies 

e position to the east of the oasin center, 
turning euruptly northenst 
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end then north and 1e•~ving the ;and River Basin through the oanyon of 

the same name. 

Below the Wind Aiver Canyon, the bighorn River has been forced to 

the eastern margin of the Bighorn Basin oy the outpouring of detritus 

from the frbssr,Aca Mountains, no higher, but much heavier contributors of 

stream flow mnd sediment than the Bighorn Mountains to the east• The 

river cuts across a low anticline througn Sheep Mountain Canyon, below 

reybull, Yyoming, and le., vas he mein and the stite through the deeply 

incised canyon across the northern end of the Bighorn troh• 

Below the mouth of the dighorn Canyon, the river -merges on to the 

wide, flat plains of its lower reaches in Montana. It flows thence in 

!J meandering course through a region of low relief to its confluence with 

the Yellowstone River. rhe slope of lind iliv r from the foot of the 

Mountains to the confluence with the Popo gie River is about 24 feet per 

mile. In oontrast, the average slope of the 3ighorn River is about 6.6 

feet per mile. 

begradstion of the Basins 

rhe nigh silt content of the present Bighorn River and many of its 

tributaries clearly indic .tes tha t degradation of the region, which began 

in late Tertiary time, continues. The waste water from the irrigation 

projects and the runoff from the rainstorms which fell on the valley 

floors and lowlands gather up snd transport large quantities of the soft, 

friElble sediments that compose much of the land. Lool temporary base 

levels have been established Si 14 the course of the Bighorn River at 



	

	 	

	

	

	

	 	

four poi_nts--at its confluence 4ith the Yellowstone River, and by 

resistant rocks at .:.he heao of the di/00m Canyon, neer the AyomInK-

iiontans ;itate Line, at the head of Sheep Mountain Canyon, and at the 

head of the mind diver .;,anyon.--greatly limiting its downcuttiag. 

th© Bighorn itiver is itself app., rently flowin: a t or close to ;;ride 

et,.4.een the local base levels, none of the triouteries imsrapprosched 

tic: t condition, with the possible exception of the Little Bighorn giver 

in Ltontams. 

treat Piracies in the fling ,river and Bighorn Basins 

jf interest in a resume' of the physiogrsphic history of the Sighorn 

reocion are the stress pinatas which have nscurred. The most noted 

of onese piracies are tne idnd River from its southeastward course to 

the Sweetwater ftiver to its present course down the dighorn;/ the ,,irey• 

/ 131-Janson, 6., .,nd drmnson, cleology of Aiad :‘ivel- Mountains, 
yogairli: ra • ssoc. Petrol. ,eol. Cull., Vol. 25, p. 1.47, 

bull River from its course cross :-:moles dench and dour, Dry ,,`reef to its 

present, cnennel; and the Shoshone etivtr from its former course through 

?alecut Valley and Pryor GE) p to its present course...I 

A Si.ckin, r,roaional distory of the 3ighorn Basin, yomizig, 5001. 
Aiseria,n dull., Vol. 48, pt. i, p. 3b2, 

the idnd iiiver piracy probeb iy occurred net.r the beginning of the 

present cycle of erosion, while muci tne ind 3asin sees still 

tilled to a high level with Tertiary sediments. iris present Wind laver 

flows southe,stwhrn through the 'ina River )A sin t,) . point ner its 

center at Riverton, where the Popo ;gie joins to utcces the Jignorn laver. 
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The Bighorn turns sharply northward and leaves the basin through the 

Riv_r Canyon. This peculiar bend of the b tream is pest accounted 

for by the assumption of its a,pture from the 6weetwater drainage by 

a headworking tributary of the dighorn hivqr. The former course is 

apparently delineated by a low gap in Beaver Rim, southeast of Lender. 

rho ancestral 4reybull River in its sequence or de4radation has 

left several erosional remnants to mart its prehistoric course. Jf 

these, the oldest is Tatman Mountain, or more distinctively, Tatman 

.iench, the highest and oldest surface in the sequenoe of degradetion• 

It lies 8 miles south of the river, and 1,230 feet above its present 

level. Its table-like surface, limited on all sides by steep erosional 

scarp,, forms the divide between the areyoull Valley and an extensive 

badlands area drained by Fifteenmile Creek and minor streams. This 

bench is the hi Lest and oldest gavel-capped erosion remnant in the 

thighorn Basin. From its crest, the superb panorama includes almost the 

whole of the desollte waste of fontastioally dissected bildLnas of the 

basin floor, interrupted oy the perfectly smooth slopes of numerous 

highatandIng laterA corrosion remnants and oy the green valleys of the 

present streams, and surrounded on all sides, except the north, oy anow-

oapped ranges. 

Next, below the fatmac, Bench are sever61 discontinuous bench remnants, 

of which the I. u. tench is the largest. This is followed by the third 

stage of degradation, the Emblem Bench, which is approximately 360 feet 

lower thau the Y. U. Bench and continuous for nearly 70 miles frJa the 

Jreybull ‘..:anyon aoove Meeteetse to the confluence of the 4reybull with 
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the Bighorn River. In the western half of the Jreybull basin, the 

remnants old 7.isolem Valley Floor are present as normal river 

terrxices on one r .o..ltn sides of the present 'valley, but near the center 

of the ussin, the ;r,vel-mantled surface, mainttining its smooth e,Ast-

wera slept, crosses a low divide and oontinues to the ti'itf,horn diver, in 

the valley now occupied by Dry Creek. 

. 
roc. .raericr. xull., Vol. 4d, Pt. 1, p. 828, 

j. E,., %rosional History of .".he Bighorn Basin, wyoming. ;;eol. 

Muc,i direct evidence poi.ius to the fact that the Shoshone River 

l'ormerly flowed &cross the Polecat Valley and thrLAagh Pryor (Sap, to join 

the Yellowstone through what is now Pryor Creed. The capture of the 

•:Aoshoae was accomplished by a head-working trioutary of the Bighorn 

ceacnint; the Shoshone River sA a point about 40 niil,ss ;:ream fr:irt the 

confluence of the capturin7, stream with the Bi4hora and 70 miles upstream 

from the confluence of the Shoshone with the Yellowstone. 

Glaaisl /cticm in the basins 

Two and possibly three, 412cial sta.4es have been recognized in the 

:mountains bordering. the Bighorn aad itld river Basins. / oraines of the 

aevan, 'rthur, Gla.ciation northeast of Y.,..11owstone National Park. 
(ibstr..ct); .;dol. Boa. o. raerios. -;u11., Vol. 42, pp. 625-326, 1331. 

last, presumably .isconsin, sts ;e, stand near the present river levels at 

or neer the mount,' in fronts in Bode Glanc i'ork, and areybull 

Valleys sna at the ciebouchment of L.he trl.iutE.ries crainiug the i.ind River 

ii.ounta as to the ;.ind ;liver along its upper reaches. the •;laciers 
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themselves and the moraines which they formed were not 8reat oontrioutors 

to sedimentation from the waging, the greater precipit-tion during their 

period of existence must have caused heavy erosion over much of the bets ins 

end been respolsible for the heavy valley deposits of floodplain material 

end incoherent alluvium in which the streams are flowin..;• 

?tind Action 

The action of the wind in effecting the erosion transportation .and 

exportation of materi-1 comprises deflation. Deflation, therefore, is 

the counterpart of the term degradation as used in the discussion of 

streams. while the results of the. action of wino are not usually as 

spectacular as those of mountain glaciers and rivers, the wino has in the 

past Rod is at present oatinually removin; rook particles from those 

areas of the 3i horn itiver brainage Basin that are poorly protected from 

its wort oy a dry inn() surface and a sparse ti _nal cover. These 

areas, for the most ptirt. are restri7ted to the stmi-arid basin floors. 

It is oustomery to assooia „e the wort of wind with the large sand 

dune areas in the desert regions of the earth. However, sand dunes are 

only a small p-rt of the land formations resultin,r, from wind action. In 

the Bighorn itiver Drainage Basin most of the rattler small sand dune areas 

occur along the south Plant of the Absaroka rd.n.4e dna on the higher 

lands of the bast.. floor. 



Perhepe the least aoticea uut one of the most numerous of the wind 

forms in the region are the depressions, found here and tnere on the -

basis floors. Most or these wind bioe basins are small and locally are 

called "duffel° (allows" but rraay cover i,rge areas and represent millions 

of tone of dust and send that bevel been removea by the wind. Jae of the 

large depressions carved oy the wind is now the site of Uceen Late *pion 

is is tee heart of the Riverton Irri4ation Project. 

s yet it has not seen possible to estimete with say degree o!: 

eocurcy the amaunt of meteri:,1 eroded each yeer by the wind, out it is 

eviaent that the amount is quite large in eftmi-arid regions such as is 

the larger part of the Bighorn River Drainage Basin. 

The canyons of the diOorn River 

ProNinent confiar,tions in the ienascape of the Bighorn River 

.areius4e Basin are the three major canyons which the river traverses in 

ies course. These are the 'And River Canyon, cut for 12 miles through 

;w1 Ureet Aounteins which separate tne 'idad River and 3ighorn Basins; 

.sheer; iountL_in Cenyon, a mile in length, ceginniag at a point about 8 

uownetreem from ireybull, 1.yomj_n6s and cuttia‘ eoross cheep 

liounLein anticline; and the 8i4horn ,enyon, ceginning at sane 'eyoming-

'Aontane State line and crossing the plunging nose of the dighorn Mounts is 

Aron as a deeply incised trench ner-ly 30 miles in length. Fseh asnyon 

is eppereatly the result of the superimposition of a river whoa present 

course wes es t3blished on an old Tertiary erosional plain. The valley 

walls of the iremehed Tertiary sediments held the river to its previously 
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established course even after the valleys were downout to the buried 

more resistant rooks of the antiolines. 

The If.ind rfiver Canyon provides passa;e for a railroad and a highway. 

The Sheep gountain Canyon accommodates a railroad, out the bighorn Canyon, 

most spectacular of the group, provides no passae for either, though 

a. road which is little more than i rocky trail parallels the upper two-

thirds of the canyon on the high plateau along the west bank. 

CHPRICTERISTICS 3? TbiL BRESEiTiT 813HORN Ala) PRIBUTPRIES 

The 3ighorn River and its tributaries are continuing the cycle of 

downouttiag and the r,movai of sediments which has been active with 

minor interruptions since its inception in la c$ tertiary times. The 

3ighorn River and the tributaries which feed it hove certain character• 

istics of physiography and erosional activity. These are discussed in 

the following paragrephs, that a better understanding may be had of the 

role each plays in the contribution of sediment. 

Streams tributary to the River from the south and draining the 

northern end of the Wind River Mountains originate in the pre-Cambrian 

heart of those mountains, but flow through Paleozoic and Mesozoic 

sediments along practically their entire courses. The flow of these 

clear mountain streams is derived mainly from snow melt ead springs. The 

beds of the streams are of heavy glacial and stream gravels which are 

being very slowly eroded. 
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Streams tributary to the 'wind River from the north are in large 

measure entithetic to tnose which enter from the a outh. Phase streams, 

except for those downstream from Sand Coulee, origina ee in the Tertiary 

voloanica of the bas rob Mounts ins, cross on to Tertiary sedimentary 

formations at the base of the mountains and flow thence through those 

sediments to their mouths.. The Tertiery sedimen'a ere easily eroded 

end have in places been dissected into feat' stir shapes. as the badlands 

eetween Crow ;;reek and Dubois. The streams generally carry little flow, 

though cloudburst floods resulting from convection storm activity along 

the elopes of the mountains produce occssionsl high discharges. usually 

of short dueetion. Ilho lower stream valleys ere irrigated and most of 

the summer flow of the streams is thus consumed• 

r he North and Fest Porn of ind River heed in the hie. area* of 

the Absaroka Mountains and have generally similar characteristics to the 

a tree:as- tributary ba eind River frost the south. lielais their confluence 

they flow through Tertiary sediments ry formations whioh they are eroding. 

ealow the diversion dam of the dureau of keolamstion the Ailed River 

s flowing in a mature valley, over a oed of heavy stones and ravels 

eits little erosion. Diversion of e large part of the river's flow- nt the 

dam elso reduces the opportunity for erosion below that peinte 

The Popo ;.gie River together with its tributaries drain the southern 

?i.rt of the hind River Mountains. rh• tributaries, except for leaver 

reed, hzd iq the pr3eCambriea core of the ranee and traverse early 

sediments through narrow, verticalewalled canyons. Seginnine 4 few miles 

to the east of Lander, the river traverses ' mature valley over heavy 
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gravels which e.re Dein; slowly eroded. tiost ur the water is used for 

irri4ation. treble flow is prinoipally from snow melt end. sprinLs. 

Beaver Creek rites in pre-Cambrian metamorphic. of the !'.ind 

iaountains norto of • tlantio City. On leaving the mountains it flows over 

la to Terti.. ry forma tions , drops ra picily down from glee ver kim through 

Pv.leozoic sediments end thence flows across ferti,,ry sediments to its 

mouth south of hiverton. There is little erosion Blond the s tree.m 

valley above the crossing of the Paleozoic's, out below that point 

erosion is very active, ,;eiag limited only by the light Precipitation 

from convection storms on the valley floor end consequent runoff. Streem 

floe in the upper• reach oriKinates from snow melt ,ind springs, most of 

enjoin is taken out for irription along the :liddle rem ones. 

The 31..7.horn River, which is formed by the confluence of the hind 

nd Popo !.die Rivers, continues :_;ne meenderin, course of the latter 

Atreams with the characteristics of e mature stream flowing at or oul,y 

soave ,;rade• Its bed is o,..posed of 'aea vy gravels which inhiait 

.:ownoutting. Some loterel corrosion is apparent, though such eotion is 

The ilighorti xiver, in pessin,: through the :Arid Gavon, crosses 

pre-Camorsin and Ptileozoio rocks whioh, with one or two minor exceptions, 

are not easil), eroded. Little sediment is 2.-p.tiered by the b treem in this 

rem on. 

The first major local base level along the Bighorn iver has been 

established the metamorphic pre-Cambrian rooks et the head of the 

Ind River canyon. This has ,area by slowed downouttins, in cone riaon to 
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Lateral corrasion in the Wind River Basin resulting in the mature valley 

oharacteriStias of that region. 

Fivesile Creek rises along the lower slopes of the Owl Creek 

Mountains to the northwest of Psvillion, Wyoming. Except for its 

extreme upper end, the stream flows across Tertiary and Quaternary 

sediments that are easily eroded. Much of the stream course is 

bordered by incoherent alluvium, flood-deposited during wet cycles in 

the past, which is now being eroded. Rainfall is slight and intermittent 

along the stream valley. Little snow runoff occurs, because of the low 

elevation of the headwa ters. Convection storms cause occasional flash 

floods of short duration but are accompanied by heavy sediment movement. 

Prior to 1923, Fivoaile Creek has been described as an ephemeral 

strain witn a channel considered to be normal for that area. During 

that year, a flood of 3,500/ second-feet (estimated) occurred which 

2 Follansbee, Robert ead Hodges, Paul V., some Floods in the Rocky 
Mountain Region: U.S. Geol. Survey Water-Supply Paper 520.4, p.111, 
1925. 

caused extensive channel scour and some gullying in headwaters of minor 

tributaries. 

In b28, a part of the Riverton Irrigation Project of the Bureau of 

Reclamation was completed. The irrigation of lands on this project resulted 

in a rise in the water tabla which in turn made drainage imperative in 

some areas adjacent to Fiveaile Creek. The drainage waters flow into 

}quad's from a series of drains beginning •t a point about 2b miles 

above its confluence with the Bighorn River. The stream is no longer 
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intermittent, but continuous in flow, carrying between 100 and 200 

second-feet at its mouth/ duria. the latter part of the irrigation season 

Parker, Glen L. et Ll, Surface a ;er-S upply of the United States 1941, 
Part 6, Missouri River 31asint U.8. Geol. Survey 7:ater supply Riper 926, 
p. 11.6, 1943. 
Parker, Glen L. et Al, Surface 1%ater-Supply of the United States 1942, 
part 6, Missouri River 36.sin: U.S. Jeol. Survey Miter Supply Piper 956, 
T. 148, 1944. 

and dwindling to a few second-feet during the winter periou. This large 

discharge, coupled with that from summer rains, has resulted in extensive 

erosion of the bed and banks. 

;he main oanal of the Aiverton irrigation project of the dureau of 

Racing's tioi, crosses ?ivemile Crest north of Pavillion. f fter tivemile 

Creek enters the irrigation project, the characteristics of the stream 

re gm.tly different than those above. 'haste water leaving the irrigated 

lands of the project contributes flow into the stream, increasing in 

amount toward its mouths 

Fivemile Creek has deepened /in'. widened its channel from the edge 

of the irri;!tion project to tne 6'2nfluenc• with Ocean Lake Drain. For 

some o.istence that point, the cownoutting has been delayed by s 

sand4tune memb'r of the Find River formation which ends abruptly in a 

20-foot falls. this falls to the mouth, the stream has ooth deepened 

and wideLfd its ch-nnals there oein;; reaches where the formerly narrow, 

intermit.tent stress is in excess of 1,000 feet in aiath. in this reach 

resistant mesiors of the mind River formation have in one ease held the 

stream from lateral c -,rrasion by confining it to a narrow channel incised 

in sandstones and siltstones, while a short distance downstream the stream 

has worked la ter..11y to a grmit width in flood plain deposits while down-
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cutting to the top of the resistant layers. 

Muddy Creek is an intermittent stream rising along the south slopes 

of the Owl Creek Mountains, flowing southeast essentially parallel to 

Fivemile Creek and 6 miles northeast of it. This stream reeeives a 

small flaw in the sprint', from snowmalt along the foothills at its head 

and intermittent flood flows from convection storms in summer. Such 

storm occurred in 1923 and resulted in a discharge of 16,300 seoond•feettj 

JFollansbee, Robert and Bodges, Paul V., Some Floods in the Rooky Moun-
tain Regions U.S. Geol. Survey Yiater•Supply Paper, 6204, p.111, 1926. 

Throughout practically its entire length Muddy Creek flows over Kind 

River sedimeataries. Auer% of the valley haa been eroded laterally and 

filled Deck with floodplain materials. At a road crossing near the mouth, 

the channel has filled several fe4t with alluvium, to the extent that a 

amall iron oridge has been underfilled nearly to the floor beams and the 

ohannel passes around the left abutment, piing bridged by a wooden trestle. 

It is interesting to note that the channel or v-idy Greek has filled in 

since the 1923 flood whereas the channel of Fivemile Creek has widened 

and deepened. 

Muddy Creek is at present contributing sediment to the Bighorn 

River. Intermittent storm flows Garry heavy sediment loads, but are 

usually of short duration, though oeeasionally of high intensity. The 

Bureau of Reclamation is now constructing an addition to the Riverton 

pro jest, the waste water from which will eater Muddy Creek. 
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View upstrea.: of -rue three a..)ove the ;::out.. 
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,'fiver. iote the dry channel. 



	

Poison creek enters the Bighorn kiver opposiL.s the mouth of 

Creek and drains an area of high plains an.; rolling topography to the 

south :nd east or Shoshone, heading approxitsat3ly EO miles to the south-

east of Moneta. The valley bed :.ad Oicies are coxposed of floodplain 

terial And Terti.ry sediments, with Paleozoic -,xposures for 5 few 

-.t the head of canyon Creek, tributary from the south. 'a the 

drainage basin is some distance from the Owl Creek Mountains to the 

north, it is beyond the ran,:;* of severe convection storm activity and 

the runoff is small. Little Or0410i1 takes ple.o• except during storm 

periods. Muskrat Creek, a companion stream to the south, has very 

similar characteristics. 

Bauwa ter Creek drains the southern slopes of the Jwl Creek Mom to ins 

extended to the eastward of the i'ind kiver Canyon, joining the Bighorn 

River opposite Muddy Greek. i 11 but one of the tribute ries drain areas 

to the north of the stream, the principal one being rider Creek, 

emptying itl a short distance below Lysite. 'kali Greek, an inter-

mittent stream from the east joins Badwater Creek et Lysite. 

Dove the point of debouchment fret the mountains, the creek and 

its tributaries are relatively plea r, as they flow through and over 

resistant Paleozoic sediments. Below that point, the flaw is through 

Tertiary sediments sad ,q uaternary floodplain material and the stream 

is very actively eroding its valley. It is interesting to note that 

this stream has been pushed to the south side of its valley by the 

alluviums.' outpourings from the southern slopes of the Owl Creeks. 

Lateral corrAsion to the southward continues. 

https://Terti.ry
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Flow in the upper resones of the stream and its tributaries results 

i'rom snow melt, but below the flank of the mountains convection storms 

cause cloudburst activity. An intense storm of this type in 1923 did 

41,800,000 damage in the basin, principally to the Railroad.' 

j U. S. Department of the !rmy, Corp of Engineers, Yellowstone River: 
73rd Con&., 2d sees., H. Doc. 256, 1934. 

Most of the water along the upper rer,hes is coneumec in irrigation and 

for considerable periods there is no flow at the mouth. However, during 

periods of storm runoff, the stream transports heavy sediment loads with 

alteruute degradation and aggradstion of the channel occurring. 

Ite Bighorn River, on leaving the Wind River Canyon, enters the 

mature valley of the 8i.horn Basin. The stream meanders through flood-

plain terraces of low elevation, on which are the irrigated areas in the 

basin. The stream is performing some lateral oorrasion, though not ex.. 

tensively, and is flowing close to grade. Some bank erosion is noted in 

most reaches of the river. Between. Thermopolis and ',orlankl, practically 

all of tht. summer flow is diverted for irrigation. 

Buffalo Creek heads along the earth face of tne 6*1 Creek Mountains 

to the east of the And River Canyon, traversing Paleozoic sediments 

throughout most of its length. Some runoff results from snow melt, some 

from convection storms. The drainage area small, produoing little 

stream flow. '..iediment concentrhtion is mtner high when flow oocurs, 

but the total sediment load which the ttream contributes mmy not be 

large. 



	

	

51 

Kirby Creek draIns u region through Cody shales. The lower 

renchea of the stream cut through considerable floodplain deposition 

nd slump materLii, which erodes readily. !'here is flow thrc)ughout 

the year qt the upper end of the stream, all of which is tiken out for 

irrigation during the summer season. "low alone, the lower reaches occurs 

primarily from convection storms and is intermittent, out may eari4 

heavy sediment loads. 

mo %sitar Creek flows through a region of eroded early TertiAry 

sediments. It carri6s high concentrotions or sediment when flow occurs, 

but the drainage is mainly from a region of low relief, away from the 

mountains, and runoff reaul,s only from occasional storms with the 

exception of some irrigation waste water which enters the stream near 

its mouth. 

Owl Greet headsaion the northftst slopes of the osaroka Mountains 

unu the north slops of the 6v.1 Creek Mountains. The stream forms in 

twc drsinage Resins. North Fork nad south iork, dominated at their western 

end by ilashatie Need e, 12,4b feet aoove mean sec level. The flow 

abovf,Lt tae ccnfluence of the forks is derived primarily from melting snow 

!?. it vs rive little during the period of heavy snow melt iu the sprint. 

the streams leave tneir intermoAtane basins through deeply incised 

cvayons and join in a wide valley at the foot of the jwl Creek Mountains. 

fhe North cork rises iu the Tertiary volcanic:4 of the osaroka Mountains; 

the South Ceork in tne pre-camOrlan end Paleozoic rocks of the Owl Creeks 

end below tneir c.)nfluence Mesozoic sediments are traversed. The valley 

°ordering the lower stream is wide mud flat, composod primarily of floo. 
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plain material, with terrace gravels as discontinuous remnants. Several 

irrigated ranches have been developed in this reach. Mud Creek joins 

Owl Creek, from the south, 6 miles upstream from the mouth of the latter. 

It heads along the north flank of the Owl Creeks and the name is 

descriptive, as considerable sediment is carried when stream flow occurs. 

Below the confluence of the forks, Owl Creek is subject to convection 

storm activity and flash floods occur. Considerable sediment is trans-

ported at such times, as the stream is actively eroding its banks. The 

strews bed ii covered throughout much of its length by heavy gravel and 

downcutting is inhibited. Some return flow from irrigation enters near 

the mouth. 

Cottonwood Creek and its principal tributary, Grass Creek, drain a 

region of medium relief east of the Absaroka Mountains. The stress is 

out off from mountain drainage by the headwaters of Owl Creek, Wood River., 

and, to some extent. Gooseberry Creek. The flow is intermittent, occurring 

as the result of melting snow or foothill storms. The strews flows 

through Mesozoic and earlier sediments along its upper course, entering 

Tertiary material 15 miles above its mouth. When flaw occurs, consider-

able sediment is transported. 

Gooseberry Creek dra;ns • region similar to that of Cottonwood 

Creek, but flows over Tertiary materials for more than 30 miles. The 

valley floor is covered by floodplain deposits, a mile or sore wide, and 

sufficiently level for irrigation. Flashy, intermittent flow primarily 

from convection storms is conducive to heavy sediment transportation. 
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View upstrea.i near ti- ie Li. ]ottonwood Creek. Steel 
revetments riTti inside of meander were 121ac.Jci on the 

outs die of the meander in 1937. 

horn iver and valley lookine downs rearfrom Sheep 
li.ountain Canyon. 
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Fifteenmile Creek drains a ()road, fan-shaped area of fantastically 

eroded Tertiary sediments, bounded on the south by Gooseberry Creek, 

on the north and west by the Greybull giver. Tatman Bench lies along 

the watershed to the northwest. Tne basin 'f thie stream contains 

several remnants of ivaternary gravel-capped terrloes, the most southerly 

of which forms a low divide between Gooseberry and Fifteenmile Creeks. 

Flow results primarily from convection activity, and high concentrations 

of sediment obtain during periods of runoff. 

Nowood Creek is the third largest tributary stream in the Bighorn 

Basin in point of flow, gathering in all drainage from the west slopes 

of the Bighorn Mountains northward from the .)unot_on with the Owl Creek 

Mountains to a point 10 miles northwest of Cloud Peak. It is second 

largest in drainage area, 1,900 square miles, being exceeded only by the 

Shoshone River, 2,700 square miles, and exceeding the Greybull, 1,200 

square miles. 

ill tributary flow of consequence is from the east, the largest 

tributaries oeing Tenaleep and Mintrock Creeks. Flow in these streams 

originates along the high slopes of the Bighorns and is from snow melt 

and springs. 

$owood Creek flows in a general northwesterly direction, in' and 

parallel to a series of anticlines. It is out oft from the extensive 

Tertiary deposits to the west by the Nowood, Bonansa, and Sanderson 

anticlines. Terrace gravels are prominent along the valley. Consider-

sole floodplain deposit is present along which some irrigated ranches 

are situated. The stream floss continuously and is a heavy contributor 



	

 

         

         

         

         

    

     

	

1 
Floodplain material 

Willwood fm., shale 

Willwood fm., sandstone 

F
if

te
e

n
m

tl
e  

a
ro

m
a
g

e 

300 

200 --- 

100 

0- 

C 
0 

.471 

0 

1  
0 1000 2000 3000 4000 5000 ta  6000 

Section across Gooseberry and Fifteenmile Creeks, east line section 25, T47N, R3E 

Direction North—South 
Aug. 24, 1948 



	

	 	

	 	

of sediment, ootu,ned by active erosioa .nd tht, 

sediments of the valley aides. 

T he 4reybull river is the s,_cond lergest tributary in the 3ighora 

fisoln in point of flow and third in dminage ere., being exceeded by 

biowood Creek and the Shoshone River. It heads along the northeast. 

slop-,,s of the southern portion of Lhe bss r Ica Mountains. 

The strews oegina in the Tertiary volo....nies of the R bee roices, 

flows thence. across A short stretch of Zerti,ry sediments, then icroes 

Mesozoic formations roturning tc 'erti ,Ary s ediments end continuing; 

through them to near the mouth, where for t, snort re: en Mesozoic sediments 

a re encountered. 

Greyoull diver is actively eroding the sediments over anic'n it 

Violas, particularly the Tertiary of its lower reach. During its nistory, 

it has formed successively several surfaces of planation, now represented 

by t. Livia Jenoh, . 3ench, Emblem Bonen, and its present lley. Ourin 

the i'.siblem dench it occupied the lower 15 of Dry Creek: to 

the north, from which it was captured and diverted to its present sours e. 

The streera tied is heevily covered with gravels from the thole roks 

biounteias and its cutting is now confined mainly to lateral co. resion. 

?low is maiatained by melting. snows in the upper reaches of the drainage 

ossin, augmented at t itaeb ciurin; the summer period by convective storm 

otivity along the mountr.kin front. The lower 20 miles of the river 

gathers oonsidertiole se,iiment from erosion activities 'ad from waste 

we tare from irrigti tion. 
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Shell Creek rises in the pro-Cambrian formAtions along the top of 

the Bighorn Mountains to the east of Oreybull. It plunges off t.ese 

mountains through a deeply out canyon across all the sedimentary rooks 

from the Cambrian to the Cretaceous. It flows over the latter it • 

broad, mature valley from the foot of the mountains to its mouth. The 

stream flow is primarily derived from snow and rainfall on the Bighorns 

at the streams head. Most of tht, water is taken out for irrigation of 

severe 1 ranches at the foot of the range. Little sediment is trans-

ported by this stream. 

Dry Creek, la oontradistinotion to Shell Creek, is an intermittent 

stream draining the Tertiary formatiQnsto the west of the Bighorn River 

through • region of low relief, between the Greybull and the Shoshone 

Rivers. It receives little precipitation exoept from occasional con-

vection storms and light snows. However, ousts water from the irrigated 

lands on the Emblem Bench to the south oontributes a material flow to 

the stream along its lower reaches. This flaw is causing oonsiderable 

erosion of the Tertiary sediments and the floodplain alluvium along the 

stream channel. This stream is a major contributor of sediment to the 

Bighorn River. 

The Bighorn River between Sheep Mountain Canyon and Bighorn Canyon 

crosses the Sheep Mountain Aroh. b miles below Graybull, through a 

narrow oanyon, a mile long and over 600 feet deep, with vertical walls 

approximbAaly 300 feet apart. On emergence the river flows through a 

region of complex geology, characterised by much folding and faulting. 

The river, is meandering, but gives indioation of flowing above grade, 
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panics. 

%bout midreaoh, a Large ialand *es removed during the spring of 1 46 

and cottonwood trees at least 40 years old / were undercut t.ad dropped 

with consequent votive erosion of its [was ono - t one po,at, 

/ Stkitoment of local resident. 

in-.o the river. In ,Il likelihood a consideraole amount of sediment is 

contributed oy this erosive action. 

?he ..-)hoshJae diver T.he largest tributary e trees in the Bighorii 

Basin, both as to drAnage urea a nd as to 6 tre.a. flow. It heads along 

the eastern slopes of the ftos!,:roth Vountaius in the re4ion east of 

Yellowstone Park. bove their confluence in Buffalo dill (Shot , e) 

leservoir, the North and South iorks flow through the !ti,rtiary volott7lis 

which form the bsaroki4 Mount ins. Below the reservoir, the stream iu 

in u deeply incised canyon, across the a tiles:Ake. deuntain anticline. 

it leave that gore, it drops a t the ra to of 25 feet per mile. i'hia 

rapid fall represent! nice ndjutment to the transportation of 6 4rtant 

load of coarse waste. / river, on leaving the canyon through tne 

1 Mae/lime J. H., Erosional history of the Bighorn dasin, ;iyomia, 
:ioo. of w. Bull., Vol. 48, pt. 1, 2. 828, 1:148. 

fIoAs through Tertiary and Mesoaoi^ sediments and is later I '14 

planing its valley, oeing inhibited from dawnoutting by the heavy gravels 

in the bed. 

iieginniag et the foothills of the : osarob Mountains saa eAtending 

to the mouth of tne river aloak4 its north side is a nigh, levei jenon, up 

to lb miles in width. Muon of this xenon is now under irrigt.tiJ:1 oy the 

6hoshone project of the Bureau of kecluama tioa and canals for tie tion 



67 

of additional land are being constructed. ;lasts' from this irrigation is 

returned to the Shoshone River through Alkali, Sage, and Dry Crests. 

The flow is appreciable during a part of the year r sulting in excessive 

erosion in certain areas. 

Only two tributaries of consequenoe enter between Dry Greek and the 

Shoshone River. These are Crystal Creek and dear Creek heading in the 

Bighorn Mountains and traversing pre-Cambrian, Paleozoic, and Mesozoic 

rooks. The flow of these streams is small and is used for irrigation. 

The Bighorn River leaves the Bighorn Basin through the north end of 

Bighorn Arch in a marmot, deep canyon. The rivar in this reach is flowing 

practically at grade, but the several small tributary streams are Ear 

above grade. Little sediment is produced in the reach, as the canyons 

of the river and the tributaries are in Mesosoio and Paleozoic formations 

which are not easily eroded. 

Below Bighorn Canyon, the river enters a wide, gently rolling region 

of mature age, across which it meanders widely. Some lateral oorrasion 

is occurring, out the stress is close to grade and downoutting is slow. 

The Little Bighorn River heads against the northeast slopes of the 

Bighorn Mounteir.s along the north edge of iiyosing and flows generally 

north to its confluence with the Bighorn River at Hardin, Montana. 

Except near its head, this stream also is flowing close to grade in a 

mature valley, through floodplain and Tertiry material. Stream flow 

is derived from snow melt dnd springs in the upper reaches of the basin 

end convection storms bolo* the mountains. Much of the water is used 

for irrigation. Little sediment is carried by the stress except during 
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flood periods resulting from snow melt or summer storms, wash the 

may be heavy for short periods. 

Oe' 'NAGE EPSPi 

Soil is ti natural body on the surface c.,r the earth is which plants 

row, and is oomposea of organic and mineral materials. It is the 

!,-- a:.4.uct of the action of livin{, orianisms n,f tue effPct at' °Unite upon 

the parent rook material ,-on.ditioned oy the local relief over a period 

of c,itne. the principal factors of soil form Lion are: (1) par,at 

T. L sriei; C2) climate; 1,3) 'oioloioal activity (living or;unisins); 

relief; and (5) time.' these soil fnotors iatercepenuent, 

and Men, U.S. Deperusent of r.sriculture, Tesrbook,148. 

itodifyia5; the effectiveness of the others. ' The effect of relief on 

ilia to which in turn effects the soils end vegetation i a& quite evident 

3ighorn Giver Drainage Basin. The soils rinse doeert soils, 

tl pical 0: an arid region on the o% sin floor to podsol soils, t;y pionl of 

a humid region on the upper slopes of the mountains. Thorp / observed that 

......••••••••••••••11! 

rhorp, the i.,ffecr.s of Veget.tion and Climate Upon Soil Profiles 
in •iJrt..lern and ,Lorthweatern aril Sot. 32, pp. 283 to 302. 

ui';fereaces i.. clivr.ste in northern and northwestern Yyosking, due to the 

;rest variation in elev brc.,,sht Afferenoes in vegeta tion and soils 

that were olosely allied with those of olimwte. In this study, he divided 

the soils of this region into ti ma jot classes oorresponainir, to o ol' the 

major soil groups. 
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The soils of the dighorn River Drainage Basin are those which might 

be expeeted in a mountalnous arid region. Soils on the basin floor are 

desert soils while those on the slopes of the nowt/tins are Lithosols 

or rook soils. Grey-Brown Podsolic soils .iccur on the upper slopes of 

the mountains which is the region of highest precipitation and Brown 

soils occur on levels at intermediate elevations and in the Bighorn 

Valley. Desert soils cover the greatest area of the region followed 

very closely in area by the Lithosols. Brown soils and Gray-Brown 

Podsolio soils cover nearly equal areas, but their total area together 

probably makes a third or less of the botal area of the drainage basin. 

/ Soils and ken, U.S. :Apartment of tgriculture, Yearbook, 1938. 

The Gray-Desert soils occurring on the floor of the Bighorn and Wind 

River basins vary in color from gray to red depending on the parent 

material." Under natural moisture conditions of 6 to 10" of annual 

Dunnewald, T. J., and others. soil Survey of the Shoshone Area, 
Wyomdag,U.S.D.A. series, 1A7 No. 38. 
Thorp, James and others. Soil survey of the Basin ,res, Wyoming, 
U.S.D.A. series 19i.R, No. 27. 

rainfall, these soils are out slightly leached and are rich in mineral 

plant nutrients, but low in organic matter. Under natural conditions, 

this land is useful only for livestock ran:7e, but with irrigation the 

soils are highly productive except where high concentrations of soluble 

salts and poor drat nag* produce alkaline conditions. The parent material 

of the Gray-Desert soils is the alluvial debris, largely from sandstones, 

siltstones, shales, and limestones, whioh composes a series of gravel 

terraces laid down in Tertiary and wuaternary times. These terraces 



	

	 	

	 	

	

	

 

irom o severR1 hundrt-u feet ', DOV'; the levels of tn.., oniet 

river C eti of the rflgion ana o ristitu7,e 1,;.rge portion of the nigh 

lhn s )f the wisin floors. ,t+i,tive vegeu.tion of the desert soils 

oonsists of desert shrub such as snadsolle, saltbrush, rabbitbrush, 

sa.,;eCrusit, b au t,hin ;x-onth of ...rfstket. iu pl:ces. ,IretAsewoou and 

seepeeed odour in lanu of nign salt content. 

i,ithosols lac shallow soils occur on the slopes of the kind River, 

r cies , Owl Creed, rsighorn, nu t-ryor mount,,ins. Lithosols are a group 

ciL, we no well developed profile characteristics and consist 

of a hi iI rily end imperfectly we&thered mss of rook fremnents. fnz 

Lithocols of this region are largely confined to steeply sloping land 

suti ere mostly of the arid, subhumid type except for e small area of 

1pine Ifepocre Lithosols of the humid type on the upper slopes of the 

i.ind tkivt.r mounts ins. ishese s oilb v ry tly in color, texture, 

struoturu, depth, stoniness n ef in short listances, out are 

mostly shallow, stony E. nd itictinz, in very definite - .,rofile d.ev,,lopmente 

Litnosols on the ridge tops and south slopes hJ.ve grown to dart crown 

suosoils, out on the north slops where the timber is heavy, the soils 

below ;-,he dart leaf mull ere light orown and leached. Nrent materials 

of the Lithosols in this a rob are a great variety of igneous, sedimentury, 

and met.morphic rock, either in place or in the fora of talus slopes, 

out-wash fens, or terraces. litAtive vegetation on the mountain slopes 

consibtb of open et Laical of oonifers with undergrowth of sageorush and 

other shrubs, bunch grass and flowering herbs. other platoes have smell 

rather dense groves of aspen or lodge pole pine pith open areab of sage-
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'crush and gre=ase lie. tive vegetatioh on the boils on the plete?Aus 

nonsitats of actgeoruan end open juniper woodland, with e act) ..,ttlred growth 

of winch gm's. 

iirown soils oa,wr in the dighorn Volley *ind on the south end west 

:tides of the Bighorn gown soil.) exist in a temper-It e or cool 

semi-eri' clime under veAetAtive cover of short grassed, bunch 

4russes, bnruois. Trie tue.in annum I ixecipitition for arms of Drown 

boils in this region r441z,es from 10 to 18 inches. The surfg2ne soil to 

depth ',)1. 7 to 10 inches is grayish-drown or gray. rho subsoil is 

ireyish-broan or brown to v. depth a_ 12 to 16 in,:hes, uelow which the 

soil is under lain by light-gray, very ca.loareous materiel, which is 

in turn under lain et 24 to 30 inches oy the p.t rent ra..terial oi" ant-16 

or sandstone. 

The Jray-brown Pods°lin soils of this region, proosbly the hellier-

ents-lenev.ah assoniA tion D1 1$ ils, occur on the upper slopes of the 

Bighorn, Aos3roxx., end inut river Mount/41ns. The ever4 e gnu:m..1 

for this are ie 20 to 40 or more inches. The summers are coraparetively 

dry with a short rowing season while the sinters are severe and snow-

fall is heavy. Native. veget-Ation is ooniferoua forest canaistiag 

of spot:riots fir, hemlock, and spruce. Parent arm trials of this 

area ar mainly neuronic of 4renite, schist, quartzite, ar;illite, ce.salt 

anu rhyolite. 'he uray-drown Podzolio soils of thin area are light-

brown to Drown with a thin to taint surface layer of forest litter, and 

feebly-developed ashy podzolic layer in the sheltered and sore 

neavily forested areas. They usually granular or sinEsle-,,_:rt.in 

https://sinEsle-,,_:rt.in
https://ents-lenev.ah
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floury structure. 

The factors wnich 1{A-gel0- , govern the mt.,- of erosion of soils are 

pr-..c io:1, relief, mount 01: vegetative cover present. thegrid the -

Cire,-oebert s$, ils which cover the floor of the basins oilier the minimum 

resistance to er‘;sion Dec5- usu at the kipG rat?ilebb %)I.* Iv! tire veii;etntion 

and friableness of the soil. the kiray-droNsn Podzolic boils which occupy 

the upper slopes of the isountA ins, offer the 4rea test rests tutio• to 

erosion Rt. the;, vre the ;11Obt oonsoliilated enc. aevaloped and have the 

most nature' cover. 



	

	

	

	

	 	

1110BICKAL IIIATURBBor TM SIGMA arm UPIAEJ 

Gemessil Statorevnt 

%der this heading there arc coll!-forec the provost*, and 

lrorTose of ernsi.on a fron the rain stretcuemmehiefly the 

a;;..1rhoey etrosico t:Aat are • eaues for so math :oncern 

in tilts arqt as well as other Arts of viestern united tate*. 

The .--dies in ectivacAAon with ttris phase of the (wort om.eedl• 

imtntation invertication are biol.; coreuoted under the soil and 

moisture prorran of the %Ater Removroes Mein:ions which is can 

c'vraed c i of ly to the lands admiul stored by *gene.. •s of the 

Interior Department. This vork was started %Indus' sponsorship 

of the Vitae of Utilisation and is being oentirued under 

both the ' oil &via iluisture is and other departmental funds 

allotted for invcst].rations in the Missouri BRAD. As has boon 

stated earlier :1-1 thi a report loads of Ow hitcrior .APPartztonte 

contained In arasinr, Di etri ots and Indien tieservation a, reoupy 

a larcc rt_rt of i.he and Liver and PLIGhorn Jasins. The laud 

exoept for r small fraction along the main streams on the :mtiLein 

leservatiala is lcased or alloi:ted far grating of livestock. 

t;onsequently. oonsideratian of the efiNsets of graaine opurc tiara 

is ,%-:" priNe ivortaneo in the area. 

The work cif the Oeolecieal Strvey in this area la 

closely allied with the land olassifisstion and conservation 

activities of the %emu of Land kLik..essint end 'Mice of 1.1.1aL 

Affairs. The land agessoies under;%10.1 r snarl Basin Isreseti-

cy Li ,Anal program. haw, in g. le assembled as et 

https://ernsi.on


	

	

	

 

	

los extent sv:d severity of erosion on their lands as well as 

havinr, 1111110 soil and vecetsti 111 agurreTles Incidentally. most 

of the infermatinn concern:111c vorettktion in till t report has 

been obtai rod from the land c la sal fi coition report r of the 

land av:enolos or throuit the joint work with the staffs of 

these agencies in the fiold. The ',Survey not to duplicate 

these activities/ but to supplement them.to fill the gap be• 

ti on land ')Iisseifioation snd the investigations of sediment 

novr.nrient in the zain streams...Pi s studying trite COU1.011 and pro• 

rrese of all torrr of erosion with oansideration qf the fac. 

'Wors '..:volvod. The ulti:-mtc, sin, of ctourse, of thee, studies 

is to determine if possiblo• the prospects of control /in?" or 

re tar In r: our Ott erosion and to obtain inforra.:tion relative 

to the type of control facility host adaptable for a 

looality or set of conditions. '- he ittAler, oretail collection 

and c orm. inti On of data on a larcv nuzaber cif ero ml. WAR I f'eaturos. 

cut ootailid.nent offad1iti0 Fi for quantitative neasurenent 

on se:looted representative areas. in the oourie of this works 

uhich Ilse been in macros* on a small scale for cout 2 rats. 

a number of obserr plots have been osta.:lished in the 

-ivid and•-.•;.illorn 3a anima as well as in other parts of the id ssouri 

3asin in rtictsiar; and 

`actors Infillonoilic 1-:rosion 

The eloursetter and proarss of erosion is de!lenderit 

a134,,r upon topo:craphy, physlowa,phy and geoloj y. oliratee 

vt:gettitm and land use. All these factors arc, !-Arre or lane 

ititerrelatede althourh c,r other say be outstaridinF, In effect 



 

 

 

on the erosion in a rIven locality 

rollamplrftThe area under oansideration is diverse In Topo• 

graphy havinr, feat:yes ranginz from rlats or .7ently.sloplYr surr 

faces an the valley floors and terraces to cliffs, badlands and 

rugred nountit'Als. These features In themselves refloat in part 

the reAults of erosion and deposition in the 7eolocic post. The 

fundamental of the erosion proeses probably simplert to oomprem, 

head ls tat iaterial is oontinually lAing ex4avated trot the 

hirlter and transported to the lower areas. Details of this pro-

sees and correlation of the type Lid progress 01 erocion with 

respect to dope, however, are oomplex and in some plaoes be-Ause 

of the Lnfluenee exerted 'ay other factors the basic relation be. 

teem erosion and land slope my seem be be °contradicted,. It Is 

a matter of cannon Obscrvetion that Aajor debris Anvements such 

as mud flews, landslides and rock falls oeour chiefly in the 

mountains and other areas of steep slopes, also, that the eroding 

and carryinc power of streams, otioar factors being ocuilalehts 

...enerall increase veth int:reased gradieet. Nevertheless, °beer., 

vat ions :.ads so tee in this study show that mueh of the silt mow 

tributed to the nein streams in the 7;irhorn River area is derive.. 

immediately at least, from the tracts of slight slop** 

the drainage divides of the sub.basias tArouchout the And 

killer and Diltern lasins are chera,,terised by a relatively much 

and steep topography. Runoff frets ohese steep flop., is rapid 

and quickly cono(14trated into aaaal 1 truak drainageeays I-_iere it 

is active In bank clittin- or ober exoavatiln alonr the -haume/s. 

*et erosion is m.)st prevalent c* steep slopes but the et:erecter 



	

	

	

of the sail and unierlyiac rook room to haw as great an effeot 

as the elope has on the severtty of the erosion. The typical 

steep Orly slopes of they Pit;horn 1.1;)lands are oonnunly marked 

by at roue rills, and it appears tat erosion is rapid during 

atWU. Part of this eroded raterial i e transported to the main 

stream directly* whereas another part Is deposited orroute 'where 

the slope ciecreasese but is there sub; eet to ronceal by gullying* 

In order to obtain further inforsatiors on the relation of 

slope to the procTess of erotism a masher of erosion neaeurenent 

ranrfts have been established in the River Basin* As Air as 

Iracticablf, the mires were placed co as to sample differing 

slopes where other factors were equivalsnt• Alan groups of 

ranges have bean established sucoeerrively alone- a dralnacciray to 

note the dot adation or ack7adation and the conditions under which 

change.; from ono process to the other takes plans. In rmaeral, 

obscrrati min of this thytt Itave been initiated are not of 

surf.` dent lonuth to pormit, drawing °omit:rims IA* they do sum. 

inext in thm relation of slope mid eronion pro. 

cense iLto civailikuie records are--y and disc-useed further 

under to.e iknOts study later In this report. 

Influenceb)ilr.cti.eilreituld_Reoloz.....Ths relation of 

phyEi ograpiry an i2, roology to current erosion is well exe:: -;lified 

in the !.3i ;.horn :dvor f. -ea. The erosicomproblen cress are oon. 

fined essentially to the outcrops of certain rook formations 'and 

aenociated. plwriocruphic features. 

The ,gomoua rocks of the area are lirlted nainly to tte hitt 

mountkains• There, although di sint•emetion o rook is comparatively 



	

	

rapid and there is oentimal excavation and ITICPW4MOD t of debris, 

the effeest or produet of erosion does net eantrituts 'meetly to 

the problem of land and eater utilization of the area. The pro. 

epos of erosion in iipeous rocks consists for the most part of a 

pluolcinr, or quarrying of rook. alone rraottres and jointa. The 

erosional products is larryly of coarse grain, mild is transported 

by streams as bedlead. It is deposited within the mountain readies 

at the *trams or within sheet di stoners of the OlDuntain front. 

In same local areas as in vicinity of Y* aloe Noodles them 

occur soft imentse rooks ouch as volcanic tuft and related types 

of rook that show relatively severe eroaion...eiztbr to that 

characterising the d sauadstone and shale, deberi bed 

below. Bemuse of the small extent of their outcrop* however. 

these igneous rooks are not of great significance in tie erosion 

problem of this refrAon. 

The older rooks of aealentary orill.n in the area--the 

Awes, sandstenoss quartsites and phyllites w ch also °emir 

o.hietly in the siountaine..are generally similar to the inneous 

rocks in the train--si se of the Tutorial they sup-ly and the in. 

fluonee they have on the orosiOrbseediesntatiOD problems 

The injurious eresien and the zwoduction of se& lents eor 

tributinr, to the siltation of reservoirs takes plums chiefly in 

the foothill and the laver parts of the basins on the outcrop of 

the sedimentary, rooks..-the shales, siltetonee. finesimained sand• 

stones arid the unconsolidated alluvitsa. included in the group et 

fornstions from the Chuosater formation of Triassic ago to those 

of Keennt are. The OLIt crop ft of these formations are moderato] 



	

to greatly' clisseeteil refloating both current and past erosion. 

*onion of the Chugwates formation is probably the noet 

obvious in the area. :*y be due partly to the striking 

red oolor that cALracterimes the formation and the :aerial de. 

rived from it, but undouLtedly the fornatiun is .ioderately to 

hic:hly erodible. It oonsists largely of soft, fino.craimid 

sandstone, tiltstnne ALid .hale and oontalus considerable ;vpsunk. 

the f:ypsua is believed to have considerable inn:amuse on the 

erosional qualitioss beinr, ;;oluble in water it dissolves when 

wet iSdneing sllulpi.!4; and breaking dawn of the shale ar and• 

steno with which it is intercalated, thereby tillowinc for easy 

excavatioa by running water. The alluvium derivod from the 

Churyater is a fine textured incoherent powdery material that 

erodes very easily. Uthoudh a natter for consideration under 

erosion of the uneonsolidatod deposits, it may be stated at 

this point that the fills derived from the Chugwater are vamp 

fly severely Bullied. 

Parts of the V.undance and the Uorrieen formations are 

similar to the Chu aster in texture, litholocy, and *regional 

oharaoveristies. The great nass of 'Aaok shaUs of Cretaceous 

ago ineludiac the Thermopolis, Livery and Cody shale..which have 

a wide distribution in the Flif::horn area-mare 11101SIC the molt 

erodible of t:, consolidated rooks. Doing of tine toxturs they 

are relatively trpervious to 'eater and thelr ruaoff factor is 

eemparattvely hi gh. They contain (Ansiderable alkali and salt 

consequently the nantle formed from weathering of those rocks 

eupporks way a sparse growth of plants of the most alkali-



	

	

	

	

	

68 
tolerant type. Thus the oharaoter of the rock worts a control 

on the vegetation and Indirectly is involved in the influencle 

that the vegetation or lack of t ray Lave on erofd.on. Con-

trasting with the black shales in surface eApression and eros-

ional ciaraoterlst1 ea are as alum. a d oaarse.piained 

stones inter vorac d anonc; the ahales•iost of t'ae130 sandstones 

like the older sandstones and like atonal, are well GC:Anted and 

relatively resistant to erosion. 

The fortation which occupies most oil the lower 

part of ti Basin and the •4.11wood and 1atamn forma-

tions which ocoupy a correspondine part of the ilichorn Basin 

SanDiat largely of clay...A*4o sod silt stone with minor ailtoua'4- s 

of sandstone. un the -wholes these forestial:is protably are not 

as hi7,hly erodible as the Cretaoeous shales. their finorsgevaindli 

const,'..tuente tru net; as i....acs•watfied cc as impervious as Una 

(retaceous shales and generally they contain somewhat less salt 

and alhali. Arxte, of tne outcrops of them rooks are rot/acted 

by a gently rolling terrain on which the soil, though thin, aona. 

tai: s bat!- wind and material of riner grain and suppertc a fair 

stand of esgetaticon• In theae placer aro don does not avear to 

• sevt.re. 13eoauee of the relative softness of the Qlaystone and 

siltertena, 'Which they contain, boaever, these formations fora 

bat dia. tall , particularly near the rain streams miser() opportunity 

or so Le on `nave boat the r,restest. Also, the =equal re.. 

detail*. of the finet.teNttred :tutorials and the ea:Aston* s;las 

vas rise to a steep brokoti terrain at long; tile intercuream 
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UndeUbtedly the badlands and other tracts of rou0h topacraphy 

erode mnro ,-eaaly than the smoother tracts, but there Is same 

uneertatnty Si to "s ether they contribute as mash silt to the 

:lain streams as their appearanoe would 1:cly. (ztudy of this 

part of the orostan 7roblori is also boinc taken up in oonnecm, 

tion uith the Loner investimLion. 

Avow the most iligni.Vicant of the erosion features in the 

Billhorn Hiver area are those elthibited by the unconsolidated 

deposits..•the terrace cravels and the alluvium altar the streams 

channels. V„avreciable part of the upland reproonted by 

terraces capped by ryavel• This coarse material it highly pars. 

victim and has an in capacity that it rarely exceeded 

by preoipitation. consequently. its runoff factor is very los. 

Because of this and the fact that the ',ravel is not readily 

transported. erosion on the terraces Is - morally slir7ht• 

thccel rills and :11111es &Ova:loin: Iron adjacent erodible areas 

are attackin:: the stoop slopes that 1;c:And the terraces, the 

terraces themmelves are for the :lost part undissected. As ipli11 

be discussed further the terraces are characterised also try 

veretatiop of 1 different type and a f7reater density than that 

of adjacent bedrock areas. 

The alluvial fills alonc Lle tributary streams are believed 

to be one of the main sources of sediJent. All types of erosion 

occur on the fills. uith a full transition from sh4ot erosion 

to gullyinc. but the gullying constitutes by far the oreatest 

part of the problem. The fills in contrast to the terrace 



U 
cappinge are composed in largo part of fine-gained materials 

their predoadnant constituent differs in texture fron pleas to 

place, dependinr, upon the source of material, 'Jut in most of 

the fills is fine sand. The alluvium, for the most part, is 

slinhtly to ttoderately pervious and I.:emits infiltration of 

some eater. 

Despite the Diet that the alluvitat underlies the treats 

of slightest slope, the alluvium is so easily eroded Vat its 

full thickness is trenohed in many instanoes. Zn the Bighorn 

Inver Aria, the alluvium of the fills is lass resistant to 

euttinc than any of the other rooks so that outtinc, laterally 

dovaward or headmard is retarded *terrier other rock is on... 

countered* Thus, meandering or wringing characteristic of some 

gullies in the area, and chanr,es in gradient, at least in part, 

are due to the difi'erinr resistance of the alluviun and other 

rook. 

influenoe of alirate--Ths influence of <Ili; ate is refloated 

in erosion directly through the offsets of 7reatpitation and 

resultant runoff or infiltrations and indirectly through the 

effect of soil and vegetation. 

In the lighorn River area, most of the precipitation during 

the winter somas as snow, so that there is little runoff or 

+molten during that time. Infiltration of eater derived from 

melting of snow and thawing of deeply frown quad, however, 

sue' be significant in initiatine; erosion. Runoff resulting 

ilroa noltinc of slow in the !aourrtains dtring the spring and early 

sumo r, ,generally clauses the highest eta gee of the year in the 



	

	

SEPtIntisin Ittramaa. As this is also the tins of create it rain. 

fall, there is some runoff from rainfall superimposed an the 

flow from SOWN Melt so that in most years, flow in the !ajar 

streams is thou at a narimaemr The aosunsilation of sadism:it 

derived by washing of the banks, and gathering of deposits 

lodged in the ehannelo *thee the last high flaw, in addition 

to that obtained dIrectly from tributary streams, is also at 

a rsurinssa. 

Retorts of the early stmer in the :3Ighorn area aro 

',morally of low ar moderate intensity, although an oocasional 

storm may lave fairly high intim Attest for short periods. Cos. 

seqtaently, high flat* runoff is not cats= at tat tiyie --;r the 

year. However, rairittill ar long duration, oven though of law 

intensity and usually considered as the roost beneficial typo 

of precipitation, say be of feetive in pranotlik; erosion. This 

is shown mainly in the valley fills where eater passing into 

the ground saps around the heads and along the sides of the 

spa BUN-, ostue‘ng clumping and att-f.I•ege 

St 'f runoff, whi oh occurs from ndnfall of moderate to 

intaitety, is the chief agent of fluvial (modal. never* 

theless, and is neeessary for continued erosion beams' *0 

erosion caused by the other eroding agents could not proves& 

beyond a eertain point =less the dislodged material were ear. 

tied away. Few recorded data are available with respect to 

the range of rainfall inteseltien that lave occurred in thin 

area, but it is ;mom frets general obnervations and available 

short records that rainfall of moderately him inters pity owners 



	 	

	 	

	

	

	

	

	

	

	

	

	

	 	

emaneetIon with l retom' al ios C over.- tAsts -ers xoessisie 

rateF of rainfall. se far as Izsovr, art not at frcy- it*nt in this 

arc.a as thr? are In sons other 9e.rts of vtltern 

1,ut ,•eve been experienoodtr. ;oattered lootir ties, from title, to 

it 1r believed frz.r. the oi)nervations that have teen -b-le 

that rabeh thr. appartait erori le caused by tl-:e hir11 flows 

rosultinc from Eukt rainfall. Tha riA:e-M121 program!) n plaoe 

cc storms in which total rninfeal is !Treat alld 

tai jer the 5o oemaltions tho n seftareinr tto7)" of the 

rround by infiltratiez of yftte:r Is effeotuated and the loosened 

material i a rer.ovoc! m.,.r.flioe utter. i'.eourrtelt observation of 

711liar; inaionte that in roma ottenn i-„1.-eater kildvaa.o,30 Aerie 

ft e it reindt of one etor.t the:: occur:: othortvivo in a nuribc,r of 

Ycv.ra. 

Tn, this o'21';octloili, Itxt that much /lore infor• 

Aation e .leedeti re trpfqatiLn!.•; rcilarral inton-lity find the rt;.noff 

and erosion result:I:17 rron etAIrruil, part;3. cuiarl:q for •. -.0,11 

dra5.1.-nr3 rinn. Data of' f.:31;s kin,' are Izrzent1;•T *needed as a 

bass s for demi rn of ,roreod re sty, rvoi r ertr rienticition of runoff 

Srad eetikeent a w.311 e for vi -7,-)rai sal of art, Id 011 0e)Iltiltime. 

nfl 4! 04142w-rtAtion and 15214 une..ileoause of their 

interdependlease 1111 gash Mther and reoloriy and olitate• the 9011 

(tad vocetation of the Bighorn Area shows a wide mire frogs the 

one extrignac the areas wx3erluin shale in tile arid lawyer 

larts or the las:21 to the other in the &m ac underlain by L.:v-

ita:0 or I:7,314011P rocks in the raotrztte.ns, in such of the 14)1a:4i 

https://raotrztte.ns


	

	

	

except on the hies mountains. the rooks are practically oar. 6r 

are wavered by a very thin mantio• :,oil as an entity listinc. 

uiabable by structure or prcrile s not oonttnuous and may --ae 

absent over ey.tan eve traote. This condition is eas in ?art to 

the law avera annual mecipilxition ?robahly mere t the 

tyne, of underlying rook., ;ieLle bedrock which oklcupiee a on. 

sidoratAe part of the area. is so nearly impervious taut it rem. 

ciet”, eutrjr of water nod root?, of NNIgetation. nsoesenry to evoi• 

lotion of sou very difficult, as a rosult the rate 'Jr soil form. 

tion is alar, ithe tLcntnese o the udil and rook as to ll as he 

aLvancisLas of soluble salts is unfavorable for vegetation e...oewi; 

salt sage. weaseviood and a few other mk...tolerant plant which 

generally are widely spaced and supply /i-;;tle Maus for progrea~ 

el le soil formation. L.Andstone bedrock differing froa shale pro. 

dumps b), :;ilategretion a highly pervious sandy mantle watch drys 

dapidly. iTains mainly beeause of the paunkty precilitation 

the rant le aeoomposeg and lorm, 0 soil slowly. The vegeation 

supported by suah riaterial owl:41sta; precioninicntly of sage and 

mass. ice the mee :art ii u density of vegetation is 16s. 

Sale of .dlle coliwial deposit!: reflect the ci.laraeteristion 

of the rook from *h!oh the deposit vas derived. in many plaoess 

imaaiAse a the ocourrence of aiternating sandstone and Shale. 

the malumial deposit: consist of a mixture of emnd ftne— 

tortured materials. The soil formed from three eaterialt it tn• 

torsiediate in texture az perzsahllity. ,tere the soil hut bean 

undieurbed for a oonsiderable period of time, it supports a 



	

	

	

	

stand of vegatatioa. denser than that supported by the soil on 

the sandstone or shale. co the alluvium forming the ter* 

race eappinc and valley fills are variable in type, development 

and thieicaotte, depending an the lithologic eorpositice of the 

alluvium and the length of time it Ins been isidistleabed. *et 

of the terraces la.ve soils that are roderately to hi it pervious. 

and although ctfferin serstlthat fro~ one locality to another, 

these soils include some of the thickest of the area. Also, they 

bear venetative reminds ararAsc the dewiest in the areas 2oils on 

the vallfsy tills cover a vcido in developrasnt. thickness 

and texture. In eertain placer Where deposition have recently 

oecurred aid soil is buried and no soil appears at the surfaoe, 

whereas in other places the soil has beam renoved through scour 

by hiss later. However. in some traets the soil is several feet 

thick. The vogetation variee with the solipm.on soils that retain 

sandy or stic ny character and are well drained tho vegetation con. 

sista dorttaantky of the sage-grass aseooiatim wilereas ca ft nem 

textured poorly drained soils it oonsists dos.d.nantly of the al-
laili.tourent With tasen/dtion in soil there is an ao. 

covccuryinG transition in vegetative typo. 

The interrelation of root:. typo, soil, veretation and the 

character of the erosion is exoeptionally loan exhibited by a 

sharp chance that occurs at the :.woundaries between the r7avel 

terraeee and sale outcrops. The terraces are characterised 

generally by a reletively.smooth undisseeted mrface. They hear 

vemtation oomposs.a ent:rely of the namp.osst &moo:Latium. 

https://solipm.on


 

	

On the other hand the shale are are meetly gullied and Tilled, 

and they bear only a sparse growth as the salip.tolerant shrubs. 

Times ktitr renoes in vegetation and erosion *auditions appear an 

the tem types of terranoe VallsiortAmtly 014111 though land use 

tiees are the mama and obviously the rreapitation is the one. 

The land ues being referred to in this conaeotion is mating. 

There is a possibility that equivalent rasini; ims a creator de', 

terlivatinc, offset on the shale areas than the other, but no 

reoorded observations or 87eoifie information is available to 

eonfirra thie• On the other hand, bemuse of the conaistancy of 

the relations between the natural factors and the erosion shown 

over wide areas it is bellowed that the areas in whieh erosion 

i e now moat severe had that oharaotorietic before thq: were subs. 

footed to erasing of domestic livestock. AlthatIgh definite re. 

oords are not available the Aghern River has always 'ueen know 

as sau.ddy stream when in hick water. The Powder iver which 

oarriea silt in higher conoen:Iratione than the nigharn was termed 

"too thick to drink out too thin to plough" by the scouts and 

pioneers who saw it before the land was used by white twin. 

t 4.8 generally believed tlet wonotatice has an inportant 

effect an erosion progress throllrh the binder provided by roots 

and the obstruction offered to rawaeff and silt nievissent• Men 

this effect iu In quantitative terns in an area such as the 

?i chorea however* is not k31011111 because, there aro avaflable no 

experinmatal results teat are applicable. C' are eons of areas 

of appreeiable eine* as Tor enanple, drains& awaits of 1 te 



	

	

	

10 sq aro ntilas in which verotatiou conditions are distincuish. 

d: fierent but other oonditions ec,..lvalent would be hicItly 

irle. Also to pin an inde7 of t:e of octet or zrasing, 

oonparisous of used antl exoluded areas world be desirable. 

tempts are beir.;-: riade iii the pro..21aLn now u propices to obtain 

such inforantion. but areas %there U..e land :ractices affer are 

rare. It s believed by those trained in ranze cAsk-a.',..Atition that 

r.our of erts of avervre n can be d stinL:i shed . currant 

oonds.tien. Their conclusions ary i:enerally teat cvr 

contri':cted coNr.;.clera-1.y to lc-exalt eoraditionne and 

they st.ron1y e.:Jvocate r-raz:nt7 control. Certainly cone examplos 

oath re overmasinc: oUviounly hat result e.i :n dete3ri— 

oration of vemtation and has accolerui;cd oronion. 

illasnuch at: 71ropor control of....Tatiur in the lonc run cannot re«. 

suit In loss in any -vsxy..ovon in the voltrw) of ibra7e ftrvostod. 

00.•4r'tf.tutee the one eolleervation practice tlmt cannot be sue— 

(rye ..:•Jantradieted. lievert:yvlees owing to the influence of 

-.11.tural :Notts's, it is ,.7.1erTtionable whoth.cr ti%e problem areas 

oral be or: rceiably ch.arv4ed by lazing control, artificial seeds 

or other lewd treetaisnt iJrectioes. Conolusivu inrorsation in 

this occ,..:-,otlugle can be obtainod only by sigicri::entsa oart:trully 

corldurtell over a lanc period. 

, xosion 1:roe:asses 

n an area `‘ev14-. the relatively fluent dlrerre..ty in tope.. 

paoloas and dependant characterl ntLose as t}* 

r:110113 Aro\ has, it i to be expected that es'e.,:1c.ial1y all the 

https://whoth.cr


	

	

	

	

	 	 	  

 

forma of erosion are expressed to COM eXtetits It la thought. 

however* from field ems, ;ion « and stlAtf of all avallaile 

formation relatInL, to the !sirea tat',; typo8 of eroeua that 

constitute the ;Teo-tor ?art of 2roblti• ulth reelyoot to .;)oth 

the kie:,truetion of land and to produotio.a ilarsaful 

are inoludini; •sallay tro.iohik: *anti bent outtinc• sheet 

or • )sten and a 7Soeato trnrc!.tIonla fortes 7,;lart of tic, orosinn 

of them tvipes wows in the foothills awl loam* ;arts of the 

beers. 

9ther forms of erosion such as soil creep, landslide!! and 

mudflows generally alPeciated with rolatIvoky hunt d oli,Atce 

and torrid:1R 3f steep dope occur to same extent in the mountains 

of the IiirAsarn Ante; but waish farsa:L of orocion•altebto,Ich they 

have not been apInrokised ixt fintuils are ;atom not to have beet on 

suet large scale, or se darmain--, at the have been in eoie other 

parts of 7';ortara United Etata..!,, l' ore I a no rocord, for Gxemplai 

of =dam's oaueed an:0'U on• ovidasloo kncratdare- • and 

inktioati.n77 that suth phenomena 'ace Lout of large proportions 

and Tr!. do rice'slad. MO reason for this; a thoucht to be that the 

mountalne In the lighorn Area art) iltn SO ureatly fractured. 

slope@ aro 110t PO Stear4) &SO to r: Piro not 30 sate n se as they 

are in the other Areas. 

?ho oourpeimzraiDed dobrla carried 'al the mountain strews 

of the 3iitorn Area, siert ved through the srodan that obtains 

in mountains, say be sImitioent with res?cat to tit • sett :vats. 

tian of reeervoirs and other structure3 within the mountain 

reaches. The debris load is deposited, however, far upstream 



 

	

	 	

	

	

Frost the sites of the major reservoir s on the min stress. 

a...Gullying is the Met oonspiouous forts of orosione 

pitrtimalorly tails traot -.ExifrlaIn by alluvium or otiwr soft 

rocks. Tho formation of the deep axial t;ullys comonly aslled 

volley trenching/ which ourrently r. feature oe najor 

valloys as wall an of mill upland valleye o2 the wants prob. 

a!)ly awe that': any other tzrix) of erood.au 1-tar directod atton. 

tion to t'-:e erosion ivoblen. The trencic r stays:nee headword by 

a propene of *mint:* sltrapini::; and undorouttinz followed 

rsent of di elodtled notarial by flood voter. Althowh not ,yen-. 

orally realised. attrition by flovainc voter is only part of the 

proposal involved in gully development wad ray be rather small 

xt roxentitaV ye offoet • 

ilater passing into the gmlatit 0.4W_nt, both as a eolvent and 

a .1salien'tcal agent told*. to perforate.: the notarial aikaufont to 

at cut bank eausLic It to lose :A x aoheranee and to clump and 

cave. Accost tA) water in 2rovidod toot the clanular inter. 

stieet of tho .., 011 and roe:,!: and openincn alone; crooks. The lab-

for type of operni:s, - .art:ou/orly n fine-tax red Tutorials 

courlonly are of consideralle 't7...d.1-11 and provide for ova ter 

take tlitul the former type. The ztovwean nt of water tcldorgrould iv 

=totted along deep cracks, pervious layers of raster gal end pos. 

sageways provided by decoy of deep roots and rodwot and insect 

blwroso. he effectiveness tl ,.(7. viutcr ?Icain WI(ivr:Iroisid chars. 

nelinr, and underzsining Ls. dependent upon the nature of Ito as-

ra.ciation of Tutorials of dIfforinc texture; and perwaltlities 

and pattern of tho lass always. 

https://erood.au


		

	

It Is to be recognised, of omen.. tat the progress of the 

slum:Luc and envinc of banks thus mused interdependent with 

the aoti.v2 car surfaoe utter. The acrtion of trend Inter the* not 

prowled ordinarily unless there is a surface *towel proviAing an 

but: the surfaoe and mound. water promises operate tap 

zotaer beginning "ith a shallow cute progressively inereaeov in 

seale• 

The work of surface water, sonsi ea &idly of no vine the :a.. 

torit11 that has :Laren lislodr,ed and dro2ped Into the eau:Lisle 

tr;24deroutti.ng uanks and scouring the beds of tile Ltanmsise The 

Lientiloned seeus to be the Mat irportant a4M‘n in nowt 

of .z _e ourrent c;ullyint.4 because if the dislodged tutorial were 

nvt.; currl.ed out* It ioutd tend to rein its ookierensoes resort a 

new az.61,1 of repose, end the di slodgint; of nor bank by rot 

wakitur 3e M. Underouttinz of banks by surfs*" sater 

rtti.:, hand in hand with t} he aotion of i;rotud inter in causing 

earins and sitscing. 

Soourin& of the bed of the abannal in addition to the del. 

crtruoU4n ocuneated with the deepening of the gully cives 

petua •;o the cavinc, and eltrvinc rt heads and sides of the cuUr 

ixold.ane, intreasod lived for the water that staterrt the ground 

lx.ck fr41.2 tizoguily ri::ta. T he depth to which the gullye are out. 

12:4 Lutiz if not noet case:: is detervsknee by the oeourrenee of 

repiatant rook. In otherr the depth :Is determined 1y the unseals. 

Lion factors such as elevation of a dounetreart eontrolp.00llp 

::craed or recistszt rook--the riaccitlids of t; re 8.-troszls rind 

https://currl.ed
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other factors aerial in themselves are oharceable so Vat it is 

impossible to prediet how deep a gtIlly may of t at; any plows. A 

feature that is exhibited b. tilroucitout the agouti 

:73mila is that the depth is nearly constant throughout their 

lengths. 

A result of gullyine, that oomonly is demar,in:; and to sons 

extent inareases the opptytunity for further prose mss is the lamb. 

oring of the water table a,..4 oonsequently a decrease in veretation• 

it follow _Von the brief desoriptdon of cullyins processes 

gran above that measures for retankttion of gullying must in. 

oludo the oontrol of both the water Which enter-, the channel 

a surf*** flow and the water which penetrates into the pound 

near exIstInc outs. SOW psactloes of gully control that have 

been tried 1-,avu not been suooessAall for esemple, struettares in. 

tended to induso pandit e and infiltration of water where placed 

near aotive gullies have enhanced retier then rottu.ded rULU 

r,riterth. r:ontrol of runless once they are well started is an 

exoeedingly perplexing problems unless nein. can b* fbund to on 

tirel„v eliminate water from entering the site. As has Wm 

broucht out the availability of triter is the itriodiate neoessity 

of gully advancement. "Jarboe in seasons of little rainilell and 

no hicht.intenaity storms, gullies cenerally maks little or no 

progress; but ahem heavy precipitation mows they may ethane, 

on an lc precedented scale, 

For this reason, *tut/ of zullyinz to determine the ousrent 

and potential silt produetion from thi source neoessarily wart 

be continued for a teen of oonsiderable length inoludine both 



	

 

wet and dry years. easr tx e::ti7zt t of f, ally MCIWth have been ets-

UtA.:_tt-ild at a number of places In tIle • Olorn Area '17i 4.;Le last 

year r. These are exonarised in the table that folloge. The 

o-anco roc" atered this Um. excetri; *tore natural runQff 

hag teen au anted by e.rtiricial diver .013 of water. for tnc, 

sioa. 1,n rin at ?lac:ee taut lona 4-11ft.:";‘ iart has tint been ',routs -

111) uld be expected from the c,:';,-*.w.ranoc of the gully. Tlie ad-

'yellow, have corkeralk; correspontlea with tile rainfall and r•- -..%:`_11°.̀  

that 1*.a-.e oceltrred in the revpootive 



  

	

  

	
	 	
		
	 	
		

		 	  
	

		 	

 

 

	
	 	

	

 

	

	

	
	

Obaervt.ttonz .f pro cress in *lighorn River xt.t. 

Deal spat' •711 
•.i4 Lorat5 CO 
r0e. t15.5 

13407 
l''rernopolls 

ammeter 
...cf Cutjltift •.•••• 

of :inrlo ut 
ionsrfvx, ',:r. on mai* rAAlly 

Dot° 
fiepth of Cut.. ..n'. t$ 
ti.AainPcot ;urvey

.•••••••• il 

!opt. 
1947 

Date 
Omsk 
turcv 
rvot. 
1546 

.1.,a22,3. la Feet 
-01337lbia6lIt C.611/LLAIe ti., -

::,04, 

ktroarks 
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Sheet erotica...Continued or recurrent erosion of aurfaai 

nul;crial is evident in a Urge part of the Dighern uplau:ds• This 

type of erosion is commonly associated IlAh more or less ,:ullyinr 

and in area, *there the ikeet erosion is severe there is 1:ei erali. 

ly a full transition of the erosion forms represented* A. has 

been itaplied the sheet erosion is very definitely rolatou to the 

slope geology and interdependent, factors of soil and veretatien• 

The erosion is most active 0111 the outcrop of the sriales, and silt. 

stones and uneonaolidated naterials derived from them. These are 

the rocks which are c;enerally this softest. have the finest ton• 

tures the highest runoff factor and support the least vcgetstiom• 

Because runoff is the main influence involved. areas in which 

sheet erosion is sirrere contribute also merely to gully erosion. 

The product sheet erosion. oonsisttng in large part of 

itne..textured raters al oontritutes isiinly to the suspended load 

of the streams, and part of it is ourreyed directly from t,he 

place of ori in throurn the upland llie 4 to the main strewn* 

The roma ndor of the eroded y:ia tori al pp ix/severe i s trio sported less 

distance and is deposited on the slopes or alcalr the upland drain.. 

agewtiqs. This depomited ruterialo of course, is subject to be 

taken out later by either gully or sheet erosion. The deposits 

derived from elieet erosion are not neeesearily deetruetive in 

themselves, the rinerwte xtwed Tutorial is tncorporated 

into the underlyini- !latorial tii.hout enusinc a loss in fertility 

or in ;raffia of vermtati an. Unoor nertain conditions* the ink 

mixture of sandy and shaly Tutorial such as locurs are the oolluvial 

slopes below the cliffs of the 'And iiver formation constitutes 



	

	

	 	

		

	

	 	

	

	

	

	

	

	

the bettor (loll* 

12.4. 4.;eruira: Via.) ra;:o o1. 5:Ieot *mama in a _).van arm,. 4, IS 44-

. ,hsait is colisidertni 

even reittively e.,6-vvre - 1 if expressed as ail avert: e annual 

as .n G as a.:7A11 Clg 04 of LI inch or less, 

it 1:1 ti:st tliroct 1.itsuzura::4-Aut t.io depth r,erherally oan.. 

not milt: ss:ffluiti:it ac....r14,:ay for as 0.-Astot det,irml.itation or 

avorE.,,e sautual c: go. i..ett4“reao;.',..s of reservoir iiiation Give 

the total coditio. jiclde Inc1ut4inE; the aiaotatts derived from both 

sheet al-.d ;.ully erosion; if the gully growth is the:: oaasuered and 

di 1; for, t. 4?- ude of the shoot erosion can be oi)tainod• 

Ce;rta.)..L ,;;:ondi.tions. s deterzaination of siieet °roam in a 

anal tract can be natl. rioasur1;.-4, r,round deposits derived fro= 

sheet erf.)zion aald thG path LI.? Layver_mut of the raterial to 

11:w weijitini, indexes frac. a group of rcpresoritam 

ve Er-rtall toMata, i.211 ap ;roxi.--r.t;e .1.:Ide.). for the drainage unit can 

tier....Iotl• 

-interpretation of %regional ?Lister; and its Aprilioations 

11 t Start-2 Of the goossorphic history or the .dshorn area r/re.• 

vented in the first letart of this report shoved the ,:refound effects 

t'l vial eroldon told se& vritation as a factor in the e7oluti on 

of the ittud form-, durinr :Jaet• Of direct al .?..;31.ficano• 

to the prob1e-1 bedilf: considered '.10reitle is the intervretation of 

trod oral acrt,i ty durinc Ileceot .,00lo,;10 Of part" eu3sr 

tartlet is the truant: of events rzn the last few thousand years to 

tieternine hoe the eroe& on of the pat- .before the (tate of ceir.11-stion 



	

	

	

	

by white rian..corarared wt t. F the erosion that has oocurred since 

that date and with that currently in proerees. Certain features 

of the taller and of the se dipent deposits =kilt up the valley 

n11. where erosion is now active irsdi cats that tl ,,e :31tes 

boo subjeets - alternately to erosion and depositions and that the 

scale of activity of former periods may have exceeded that of the 

present period. Inaestaleh as *use features are re:ariably con. 

sistant from one al to to another they are believed to have resulted 

fn.= i o cause. whioh if interpretel correctly i-At furnish 

to the causes of the ourro.nt erosion and prospects of As 

oontrvl. Invest:,-ationa, therefore* have been .nitiated involving 

4.1C/Llilltei;iart of the lhannels oolleoti on of historical accounts. 

It is obvious that at one tine the bedrock surfaces at tto 

base of the alluvial fills were exposed and that sow tine later 

deposition occurred. 'Whether the first Tills were subse Neatly 

entirely removed by erosion is not zn but that they were trends. 

ed wad &vain covered t s shoes by the present* of filled buried 

gullies and buried soil horizons in the well, of the current .:ul. 

lies. ::not her dIaracteri sti o of the gullies of the Biyarn area 

as well as of other parts of Wyoming and :lantana is a., inner al. 

luvial terrace between the bottan of the 7ully and the stream of 

the valley rill. The terrace :1:lifers somewhat in posy Lion frees 

one ;-,ully to enottlar but met cent:ally it ocours ti":.,:ut half way 

be the 1*d of the chan:el and the valley floor. in most cul. 

lies its relative position ;-tersists fram i. Aouth to tile head, 

and As gradient as well as that of the preset tally bed in E-en-

orally equal or nearly equal to tat of the valley floor• 

https://ourro.nt


This surraos represents eitser a level dawn to which a former 

channel was cut or the surface of a deposit laid in a trench that 

had been previouily excavated. In any event, it inJicatcs a re'. 

'oval ire erosion process mbieh must reflect a ahaite in the OROws• 

tors tet influenee erosion. 

An attempt is boint, :ado to detoraine what the gonesis or this 

surraoe may have been and %that relation It bears to tile current 

trenching. Assuniaj, that tar, oration of the past..1-41.-bore the soult• 

txy was settled by white manm-could ;sot rave been due to 4,suse of 

lend 'Alt must have bew due entirely to natural causes, what were 

t:wise causes and hi do they enter into Ike present activity? :Am. 

gestinme have been bade that abnormal cutting of the past and tho 

present periedwas initiated by 1;plift, but this hypothesis, in 

view of the 2act that runying is proves:vine in areas diste.buted 

throughout the liest irrespective of LUrnction of the drainage semi 

untenable. Yrats what has been learied from the etudbato date. 

the cause seeninc twat to ical ia change in all:ate with dependant 

&minces in runoff regimen, soils and vegetation* 

Great fluctJations in annual precipitation, such as have oo. 

curred in part of the Great ?Was during the last 2 decades are 

aecomnanied by dhances In ver:etative conditions and seem to be ae. 

comIsanied also by (thane's! !n erosional activity* Althav:h there 

are no confirmatory data :-.vailsblo, erosion seems to ue less active 

naws after a number of yearr of normal or ;rester precipitations. 

then it was during and irrediatoly follow6nr the dry period of the 

10X0 e. In the nitlhorn hrea, fluotuations in preeirAtation Imre 



	

	  

	

	

		

not so outstaait.ac veostative 

were not noticea'..)1o. reaGonable tt e ate howovure 

rtistions :Ireoipitatioa, veGetat.ve colLittions td 

would correspond laarc 4r less in all areas* ,1.1tn.ouzh notder:•1.ai.tely 

ea:aimed 10110 infor.:sation Is avallaale indioaUng that climatic 

rluottations that have rred tilrowhout the tins 9....noe the 

- lent of the eGuntry haw been attended 7oncral*.ty by vorations 

in °radon progress. it is ooneeivable then, hai over a lauz 

pariodis as for example, several hundred a a t thousand years 

oli;- atiz; visx.a•tbio:Is ;:rooter pl-U 36 .aay intim)* (bulge3 in cmi;,_ on.. 

al activity, 4 re,4er than tiloae Laat ve been observed directly, 

https://7oncral*.ty
https://veGetat.ve
https://outstaait.ac


	

 

	 	

	

68 Moneto Basin i.;rosion study 

iliONOMOKIAMilaaPania 

The Woneta study whioh was started in October. 1046 is a comp. 

prehensive study of the hydrolor,y and the erasion-sedimentation 

characteristics of a selected small drainage unit (3.3 square miles) 

€o tying the oatchnent basin of a reservoir in the .ind ilver jasin• 

The study includes mainternanoe of records of water stage and silt 

level in the reservoir and observations relative to ;'ally deFlradais 

ti or agrradation and the progress of sheet erosion. Sup.aomen-

tinr, the records of runoff and erosion are records of precipitation, 

recurrent observations relative to vegetative oonditions and collec-

tion of Data relatin7 to the topography. ;;eolou and soil• 

In general topographic and geologic character the :.:ioneta drain-

age basin is representative of a large part of the upland area of 

the Wind River Basin. Vith respect to present ve,:etative conditIonse 

the drainage basin perhaps does not present an averar.:o of the -rasing 

lands in Wind River Basins rather it reflects the wharUor hit" areas. 

The drainage rosin Is composed of public land in Wyoming Grasinr, 

Distrlot 2 and is crossed by a major stook trail on which the reset". 

voir is an impmrtant watering pleas. aowever, bemuse such usage is 

an integral part of the stook operatiom on the public land it consti-

tutes one of the main problems in adninistration and conservation, 

quantitative study of t-4.e erosion oonditions should have speuial value. 

Description of Reservoir and DrainaTe lasin 

Leiltiono.r.escrvoir in :41.1 eeo• 14, T 37 No 01 in *rasinc, 

14striot 2, s' re County ,;yomince An west side of , ,orict--Lysite 

road about 1 mile north of L:oneba which is on L. S. Highway 20 about 



	 	

20 milee east of 3hoshoni. The reservoir Is m tioneta draw about 

miles above junction with Poison creek (see figures 1 and 2). 

Details of the Resserveir.eFormed rr dab across main r;ully 

trenohin7, flat, below 3 main forks. Itajor part of the capacity 

of the reservoir is formed by excavation below the level of the 

flat. An auxiliary dm separates the reservoir frame silt basin 

occupying the gully upstream. Spillway is a natural overflow an 

ono side of the reservoir. No outlet oxoept spillway. (Structural 

details of danA shown in fir,ure 2). Flowline of reservoirs Area 

5.06 acres; capacity, (1947) 2 19.2 acre feet; max. depth, (1947) 
4 

6.0 feet. 

Performance of the RoservoireoReparted to have been built in 

1940 and to have had an initial capacity of 48 acre feet. Reported 

to have overflowed infrequently; there is no evidence of large over-

flow havinc oclourred prior to 1948. Re: orvoir appears to be leak. 

proof. Maximum draft an reservoir ooeurs =wearing sheep when 

trailing wh oh is ver: small as oompareJ to evaporation lose. 

Draink4e baninw.Rudely rectangular in shape about 2.21. milee 

along its east-west axis and 12i. miles along north.south axis and 

had tin area of 3.27 square miles (seeftl* 1). Alen the sbL;dywas 

started in 1947, the natural runoff trots thin area was rooeived by 

the main reservoir. In the minter of 1947, a reservoir having a 

mpaeiti of 2. acre feet was built on the 'iiest Fork. The area 

. aye this reservoir is 0.37 square miles. Adjustments thus must 

be made in the puxtati of silt ditelharge. 

The drainage ha ath has a TaXiMUM relief of 425 feet, havinr an 

arAtude range of fram 5275 to 5600 feet. The lower half of the 



basin is an outmash plain slopin::; gentl:; upward to the north and 

having alight local relief. The upper art of the basin igls a 

mweh more rugi.led topography. It is a disseeted bedrock tale-laid. 

which althouch still retaining sonic relatively level tracts con-

trolled by flat lyini; beds of sandstone, it is characterised 

127 escarpments or steep slopes and box canyons. The boundary be-

tween the i7ently sloping alluvial area. and the rugred jedrook area 

is relatively sharp, and forms a definite break in the drainage 

channels. 

T2* drainage erten coausists of 7 main forks which unite in 

the silt basin, just above the main roserveir• Each of these forks 

in turn have a number of trijlutariee which are formed by tne union 

of numerous rills descending the steep escarpments. The length of 

these forks from the base of the escarpment to their junction ranges 

from 1.6 miles alesig the Viest Fork to 2.4 zones to the Middle and 

;last Fnrks. The total drop from the base of the escarpment to the 

reservoir is about 225 feet. The average gradient of the . klet Fork 

from the Ouse of the escarpment to the junction of the iorke thus 

is 2.6 2eroento whereas the average gradient of the riddle and i'mst 

Forks is 1.8 per nent. Cm all three fork's however, there are narked 

changes in rrad6ent from place to ?lam. (see rIr::ure ). Far nowt 

of their length, the cbrinnels of tilos° forks have the forms of steep 

sided gullies from 10 to :4.4) feet wide nA Prom 5 to 10 feet deep. 

In certain places, however, the ohannels are relntvely wide and 

shales', their beta are a half foot or Mos below the sereral level. 

These ohanp:os in .'orm of the channels :Ave ;leen c:iven censidoraiile 



attention Ivith respect to the ere lien and deposition (see rirofilee 

and location of erosion measurenenta shown on fij:ure ). In the 

deeper gullies, consolidated rook is exposed in the lornr part of 

the banks though fbr the ztoet part the ohonnels tstvo a sand or 

-,ravel bed. The channels have flow only In direct roor)onso to 

rainfall 1r rapid snow melt. 

Precipitation in the .:oneta 6azin, on the 'basis of records for 

nearest stations and the record for the last 2 year r; o btai d in 

the course of this st4dy, averuf:es c: bout 8 inches amually• 

The entire drainare basin is underlain by the ,.ind River forma-

tion which Trevails throughout the central part of the Wind River 

Basin. This formation consists of shale (strietly si I:total:le) and 

sandstone. The :isterial of the finer-texture predominates, but 

sandstone in lenticular beds attaining a thickness of 20 feet or 

,ester occur in the actoota Basin. The shale or siltetone is 

relativekr soft and readily erodible whereas the sandstone is re-

latively red etant•to erosion. Thus, in the upper part of the 

basin, where the 1.nd River bedrock is exposed* the sandstone oa-

curs as a cap rook surmounting steep shale slopes. In the tract 

of alight relief in the lower part of the basin the kind River bed. 

rock is covored to thicknesses of frun 5 to 10 feet by alluvium 

derived from erosion of the upper area. 

The soil in this basins /there precipitation is so little and 

vegetation is so sparse, has not developed to an npprociable 

:.on L. it lacks structure and profile and is hardly di etincui she ~le 

from the underlying rook. Thus in the shale areas toad in song of 

the alluvial area it is fine-textured and only slightly .erviouss 



 

in the sandstone tracts it is relatively (warm, highly per 

and on part of the alluvial and colluvial slopes it is transition-

al in el'aracter. 

0,7ctation is generally sparse. A ti shown uy a rancp-survey 

map of the -ureau of Laud AaAa.;onent and a veetative count made 

in Lhic course of this study by a range-examiner of that bureau, 

density averages about .15. the vegetation varies in type vd.th 

underlying rook and soil; in the tracts of fine textured soil or 

poor drainai7e it consists principally of salt sa,--,e (atriplex nut. 

talii) and a dismrf sago (artemesia .odatifida) whereas on the tracts 

of sandy or intermediate soil it consists principully of big sage 

(artez sia tridentata) and grasses including wheat t,riisso 5umie 

pea aid rice grass• 

Details of the Investigation 

tirecipitatian reoordtandard non recording gore installed 

April 1947 at i.oneta about a nil* from the reseroir; obsorvntIons 

am rinds by a local observer. Three seasonal nen recording 

installed 1,ev. 1947 in the drainage basin; observutions made or. 

sfter each storm, 

Illoord of wateru.sta-e a-,1 silt level of the rest.rvoir--A 

staff oarp installed on the reservoir in october, 1946; cage read-

ings rare made by a local observer. initial survey of the flaw 

line of the reservoir was *de in 19446 Determinations of the 

stage of silt in the reservoir are made by sounding recurrently 

on established ranges each year or more frequently; initial sound.. 

in;; vac made in May 1947. Oage-height and siltmilevel record is 

being maintained also on the reservoir on the 7;est iork4 



	

	

	

	

	

	

	

	 	

,)bsersation :of erocd- 343 and fel. VI. dralFssil 

..4.1191:malInitial surveys by treneto-stadie method were made of the 

wilt basin a:Ai drainage channels in ter 1:/47. ';eferenee 

pointr were established so that progress of erosice or selirvintam 

tiem could be checked. Cheek surveys are rade ogees :rear. 

A scorstera of ern 4 on rasa our =cut ranges vas estAbli shed in 

3etober and ihesc mAnes wore installed 

attennt to obtain an index or the relative artewts of secnrsont 

produoed by sheet, gully and transitional types of emote.= and is 

e7crelote the ta.3ount.; 01: erosion vrith the influencin: Neter.. To 

observerthe disposal of tnet eroded material and to dctorsd.ne the 

cheariel rlractesits ot!ir ftstore whiei oontrilmted to a change 

i'rort decredation to agogradatice a maw) of rages was established 

slam a dila/Animation the first raise at the base of the cliff end 

others sueeessIvely dome:rem at seleoted poIntsa-bito.ae rwillts 

of e.4..e7acia.on, ;74,,}iers at- . :oints of ag..Tafisticon or riterr t: e 

change frost one rtrt-sei to the crt,ier ap:lear,,,Id to !lave te",er icbsee 

rodent years. Locations of these ran:7en a:, ,oar or t-tee 

Metre • their poetical with respect to F.o :rofile? of the 

draina:::e channels a37mar n fikgarc • ''''rofilcz slant the ra:Iges 

clitoral:11c the change from 1247 th 134d are shown in ri :.!ur 

l'esults of the otii.ty to date 

unorr ahrtraoteristiewmoThe fluettations of rater stet `e 

the re:Acrezir for the two-year torts. - 4,4„;i3ber 1948 to September 

Du together with the ave. 3able precip.tation record is 'Iresents. 

ad by fi gore . A ith,A-4(71.1 the :.fre oi record i s :sex or 

far parts of the tern the obscrv*V.ons for all storms *doh caused 

https://poIntsa-bito.ae
https://dctorsd.ne


	

	

	

	

 

	

floe into the reservoir are available. 

The graph'ehows that appreotable runoff frog the basin us 

reflected by a rLso in reservuir eta ,e xteurrod three tiras in 

both 1947 and l948 but was limited to the nonthn from Juno to 

3eptembeize Although the rainfal1i.r.lnaft relation cilf.::er:; swiew. 

what between suocies-Avo storms probably beauties of the effect 

of azteeeiioat preeipitatione it ii.ffIrs most dely i ruszpect 

4.-to the ti or the ;ear in vt.:ieh the raia 003UrS• As fLowne a 

rain of 1.1 inches )etober la47 caused no runoff 1$tlera all 

rain ir. exoess of !.noh during the sum*? resulted in runoff. 

Ties° differenees are believed to be due to variations in rainy 

fall intensity. Rains ooeurring in the sprinc, or lute fall in 

this arm, ordinarily are cultic. Wiereas thu stmcr rains asi. 

sociated nith thmierstorms oomoonly have laodarately high in.. 

entrIties• 

rho reservoir overflowed 72 11 a durinc the su.a:er of 1j430 

The quantity that avarflamei in 2 If these events vas not large 

and could be readily estinated. but thu quantity that overflowed 

in roscnse to the storm of July 14 was relativaly larce and the 

eel :ate for it it subject Az, sam error. The gilt w• .at i s oraN-

es,' over t:'te spill y, however, was larval, Deposited the 

flat adjaoent to the retirtrwir azx 1 otruld be estimated. Isth.th fair 

aemaraey. 

inoorporatlic that •st:Late for the overflow. the 2re 2i.. 

tationwruncef relations for the period of reoord are a ^ rbllartrat 



	 	

	

	

	

	

	

	

	

	

Year 0201ef 
inches Aore..ft. )(1r. mito T.)ort,h in 

inches 
1946.47 9.0 .07 
19,17.48 8.4 18.0 

If the available record is aecepted as an index, it is evident 

that the annual runoff in this area is very mulll• DIainuott as 

reoorda for other stations the lAnd River 1.1tein show that pro. 

eipitation ft:or the 2-year terri was scsanshat above norral i i. .:170are 

Ulat the averuce long-,tern runoff would be no !renter. 

5.: ietzrz.....Li na basin...Profiles along thej.l due on of thlsdslaim 

',outlaw ra;zes chorine the deposition of silt in the reservoir 

between the somdings of Aky 1947 and July 104b are presented by 

f F. rur • it a sKown the psi Lt dorposit was spread in a remter foes 

him over the bottom and sides oi. tile reservoir. Me thin nee-_ of 

the deposit an the flat bottom of the reservoir ran ;es frogs .8 foot 

at upper goad of the reservoir'4o 1.5 feet near the dam. This 

deposit consists almost entirely of fine-textured zaaterial. 

thox4gh the raterial has not betas analived for ,"rain skse the pre.• 

dominant constitx,ant is believed to be silt. , The deposit in the 

slit basin vetrean Promthe au,n.liary dant maces in thicimees 

from o few incht113 to auout a foot; it varies ocassiderably in t'alok. 

nese from place to place i.!,tinorally thickens with 40.8UL:cm dom. 

'treas. The deposit :.Lcludes ?-atorial ranFl.nr from silt to f.Tavell 

the raterial varies in te-:_ttre from plans to Awn* but is much 

coarser on the whole than that deposited in the reefervoir. 

https://ranFl.nr


	 	

	

		

	
	

	

	

	

	

	

	 	

	

	

	

The determinations of silt dlsolArged from the drain* ~e basin from 

May 1947 to Jay 1948 are stryarised as followss 

Deposit in rain reservoir (cory,uted fro= crags seaU. one) 2.9 acre-feet 

Deposit. ir si. It do tip 

Desotdted by overflow from rosermir (estirrto(i 1.n ilrl.d) .5 do 

Total quAnt3. tar delivered. to lower end of drainaco basin 6.9 do 
(without adjuatziarrt for ?roho.ble .'..".:17.-,:‘ercr.cesii in 
densitir,5 of depoalts) 

Deposit in re$ervoir ,s1 Yoe: (cnnvp-,e,eri limn crossPt , 
seerti me) do 

Total ineludinr deposit in reservoir on Nest Pork 7.2 acre-fret 

.nit ei It production of draws basin, May 1947 to 
July 1948. 2.P acre-test per 

square mile 

Annual unit silt production of dranage basin (apnroxim 
mated on 1-oeie of number of runoff ovente between the 
sediment obsorvations as compared to total rurotf 
evontm tern). 1.8 tore-feet per 

square mile 

depth of erosion in drainage basin (converted from 
annual tacit silt produ.ction trithotrt ads:i.r.tment for dir. 
forma* in aensitice of deposlits and nttsrial in place 

drainals basin.) .025 in* 

The catchment of reservoir t.tn the ',';est lark introdr,cc.s stom 

certainty in the detemiiliation of silt 7roduotion boeauso re!lorvoir 

overflowed duri2c, the of chtmrvation and thelrefort: Lot: he 

-I.;.reitted a s se oarate Lnsit • As e 1 OM however. the truant eta 4i vo offset 

of i-,Itc; rcgulation 

OSV-Ziaa t 10 sedy:ent;ation obz nrvet r n wcrt: rade later bl the 7.var 

in 1:48 tie: they were in lii47 a factor of less 1.0 must b 'teed 

to compute the annual silt producti on. Tn this man it meenr ),.*.At the 

is fit on which to bare the factor is the ratio of the Average 

number of runoff uvents per year to ':he number of rut or.:' events hetweon 



	

	 	

	

	 	

	

	 	

	

	 	

	

	

	

the sedilsortatiou observations. In °Lsh of the years of r000rele 

apprecC able rtmorf ',officered t e:14, wl*reas between the sediliont 

observt,-,..ionst approaial,le runoff ooeurred 5 ti:cs• the 

facitor :awed to obtail4 the an.Aual silt prerit.etzl on is .6. It 'tai 

be douira:.le as the study Tyro:7resseift to !cake the obserrtions tt 

a c ore* tine each ?ear, prefenaxv1 -1:- bef=-,re ,,r the ,eriod oa 

•(7eate at ratafall. 

To date, detortlimtious of cienety of the vedtrort deporite 

or of ‘41,t.rial i.n , , lace 13.n the ttroi_3,47-4, hive not brim 

ratio. The deneity of the oroded sow 1 1,” --;reotor than that of the 

ieposits, however. and riay is as ryas' as SO percent 7ire!iter• The 

animal flepth of erosion, aceord3 rir17 riny oonsider*011y lorl, than 

the wia,.;.,juster, (Moth :=resented 

Durinr, the period. May 1947 to July l946, the volume of silt 

cbposited was 12 2erecnt of the r.milff. Thin tztoaeentratim no atoll 

as the unit ettitment prod:_41 ti on for the od of reeIrd (!misideri. 

tIbly greater than that nhown 'try evapt*ntlecl lead rec,irde Cr rvservoir.. 

ITe,Linentatiort !ivrveys for largo dratYIU go beans. Ceirro.n,Y 0: di. 

suits has been shown also by other ay.zertents of snail drotriar, 

unit. t in roc:or:Wised, of course, that in Izeop•Inr, w,.t!-) the prin• 

saia4inr.; variation Vt!ersill basins would be -rfliter 

theal that ariouc Jar7,11 b Si 1.14• Neverthelene t) relat-inna of the 

results I' or wall and 2 bas kris are :I.:it readily e--1)lainablo• 

tilourrh the i‘orista :4:en citiet4 tuter only s 11 pikrt of thf, dranage 

basin of Poison ':reek it Is 4001',evt,,ii to be ftt.irly r•'_, F.presentiat1ve of 

Vie larger basin but dvrinr, t._^.41 last for years at least, '_'olleta 'Jaen 

https://douira:.le


	

	 	

	 	

	

 

	

	

hats r14 a rat pro'Iuctioa such 141.,-,her than C,ut 

'oinn .''rcs4ok hoe ddivensd von; litt 1' Ely sedirmit 

to filo '1: hi :Aver aril* thir t.,at xc ,1641Aktot 

deltirerod by dreiar dAblar :::otheta, mutt uhioh are lot 

controllci rosorvoirc, u dopoitte3.1 bk:)01114 he stauta ?boas= 

Crook. The siepificanoe tla carx rat :.ay haw le not acitlrely 

elect, '-tz':• -maw oro,year tho ‘.0 ;lope& tz rroaszat M ;,:otential 

,..ontr.:"Jetiot of :.•...141; ,'ron "W. sat Crook elm a flood ocevru Jr, t.kust 

*trona 

j:rtx coq dvosilio in he qvanftLA bigiumm4 desoriptiuu at 

tho ostctlishe4 ranges and the aLailciiiri rez4.ntereil Women obalmaw 

ttclia are pros:anted in the folloolg taao Et.id ;=rofiles taw, the 

rice 4-Tc tahryar 'by ricure • 



	
	 	

	
	 	

 
	

 
	

	 

	

	 	

	

	

	

	

	
	

 
	

table Dssaription 01' erosion mom and olonrss s:,csas by 
t raurog frail riovv 1947 to AUrusit rA,a. 

Tee inte,rin Co ro.51 noosed Prom 
of mune :Lt to li)47 

n!..rt,lar:islay At 
Aft.1 Crosses oz e1 1ogst1.3/ 

golds find ehallowe but i 
told dwyve ono 'Jaw 
rag.. ; acne I gra& tent 
1.5 per mut' 

raggrisay as 
", 4pst rvaaah 

3-5 Alone base uf elala 
elate Vegetation 
"err spares. 

Covers cali and dais 
elapse. Vegetation 
opareo• 'Imam* a 

Oast limit 
gully 146 ryereeat• 

Along bass of riiled. 
shale cliff's in box 
oucfce, Vonistati(AU 
very PpS7944 AVOrarlo 
gra a teat arose ro.4 as 
30 noreente 

5•6 i:t1eas to limee 

Crostare draw dismally 
'bateau cliffs. a I:4w 
feet above :atoll:point of 

.;raalent ttort,se 
rang* 6 leroent• 

Cowers gully and dart 
Q4.* GaPw 
%Ilion warm. Correa'. 
rvOZKL%•.:0•4 w::44 
brunet. :3rrulIant et 

lx 44w. 

ileet 

iiegoeit ayersgitk; .4 In ohtturiele 
•loKE.11111 maned sivxio 
iio (lb WM A4Vikemaii; alqiee 

Cutting avorapAnc 0.1 cm 1/3 
or is. QUitt az In 2 
warm/ rill** 

Imsposit 1•6 in cullys dippodt 
4.41 siuis slopes ,i6rigis3d 

tr acklaaent *hale hill. 

(utting avorarliue %).1. 1/4 
et range, 

dioratito etange, alternate 
eAting &pole. Li-133 lass 
than 0,1. 

Dopostit averart:v .15, laucusun 
ea. serisisVa.44 ,Isauts.crtis.nsit 
fame 

,-
dso shames in 5141y• calang• as 
ozi $10:.:S.;‘, dos -4opoteitiore ot 

to .1 (nneartain evuepeot arm, 
oot ';. ,ai other st dor 

https://serisisVa.44


	

	 	
	

	  

	

	

	

i*seripidon of erosion tonnes and Ova/sr s'.)orm the mug*a 
frost :;avirtbor 1D41,7 to i‘ucust 19 oontinued•• 

Dedeflation Ito reg.' stored from .iovio 
of Range 1347 to Atcuet 

let 

Yirainacissay Ds 
7010/ junction 
met anti west 
brancl• 

i)opocit •1 to •:.1 on atsr.rt 'nalf 
ti ilia liow• the mco. iarrow out 46, in 

trfsl&led ab/ve and lamest :art of ohatnel• 
3121cirn rancy). cilart:41 Dorlocit mink- :left tirst.:19d. :led 

1.3 yeroent, esnd• 

Crosses deposit in alum-. boa .t averagiir 1.04, 
nel about 50 feet shove fine- to mect.unr.grai:aed mud. 
old dan. Curt= e1 is 
tranotad abwe end be. 
low range. pesit 
loit3strew-, from mice 
emetically level. 
':•rattentt upstream 2 
-:)erosnti, 

Urea Zlik GONS: 

p.1 crosser ,Arminage °our,* definite cglatizes 
eonpri. ns c soontinvp. 
Quas shallow trenches. 
.1ra&ent 1.5 percents 

oouut vors this 
mum, tier/Jolty 14.2 per 
Dent. 

413 hillside, no defined deflate ei...ances 
dreamt" course. Venom 
tation more altuallent than 
at ,Jiiher rn:ves. Gradient 
across re lsre averares 8 
?sr oant. 



	

	

	

The oharote shown by the recges ray be etrvarl aced as follower 

If the 11 ranges So repreaonting differirc conditionse showed no 

definite &race. Woo silicas deft nitoly shirred c.vttillro but the 

cutting vas not of z-,reat sagnituor. rauebox IltuAnd dellorlticas 

although on 1 of these the retralts are alubtful• All t ranges 

eroastx aide shalom soarti.ocas of ohanivrle shagged sicimtdettion thrim 

the year, fleet of 'A.* cart ;tern °overlay the eloper adjaoeut to the 

stream channels shared s l it ht (imposition ors the *lope. 

iathoudx the obst-rattionig for the Acta- yielded little of eon.. 

elusive nature they suggest sons moral trends, ::ispet erosion use 

limited mainly to the steep shale Accost and was relatively wall 

in essourrte As has been shown, 2 of the rances at the lase of the 

eL, Cta indisaind alight auttlar and it alas Amid that the deposits 

ooeurrlic on the slopes a4leoent to the stream &emelt, had their 

origin ,A1 steep elopes nearby. Deposition whether in the ohruanels 

or Or side slopes seemed to tie controlled mainly by breaks in cm& 

lout and the use of the stream trwlspertinfe, the raterial• lispeeL• 

titan of fine Maki oeeurred in maw ohenraels on gradients of 2 per 

conts if thea,re.diente upstream were i;mate' Idler as inspection of 

material just above the silt basin showe,A that rxavel vas transported 

in larc,er 17;ullies an cradientn of 1 percolate !Amuse the vogoto. 

ti no throughout the basin is ',wry swipe end share little 'seriatim 

the intim:see at vembation an the eroeien or dsposition was net well 

e-r-reseed in the obserrations far the year. The orovion range ',More 

vetelaktion are nest ebtsidicIt ahogred prnettioalk.ne ©hence ithieh sue 

mots that the vegetation exerted seas eontrolo but bemuse voms of 

the other sees also shaved little or no °have the results are not 

https://prnettioalk.ne


	

	 	

		

	

	

	 	

	

oonolusive. To obtain further informatt as in this oonneeon it 

is bolievee.\ that it will '!xt rweeftetry to ertal)/inE, oc):-;larattve 

mukr,ea in of ler anti1111!701 'r.AL trII1a Where there ft a °entrant item. 

tatave mnations. 

;abstarsations rully rprogresti rade in ad,ition t s Ci resew.. 

Lions en the masbored renget indicated that 4,11E.1 aditzleev dtrini, the 

Alars though not outrtandnr".0 or oc;I:srii '',1.1.CAIS WC Wit *spread. Be. 

oemsve of' the rrent. •!]Dtal lencth tlic %1 the ilonota Assin. 

xxxlerate rtdeniac. oontinliaue. will aseema tor a. large 4itant1ty 

eedirent • ftax/ro:d. -.a ti ens m the lxt al. n of the :,11t4erations 

Indicate that about 75 per mint of the sod ant delivered to the 

reyrtioir Lid rilt basin t-As derived by cullying. That a kr(%) 

'*art; of t fe nedirltnt Tate excavated b.: ;lull:rim eeleiraak the 

feet the; =eh of the ratati.s1 deponited in the silt baeln is too 

war d to have be derl.ved by sheet erosion. 

https://ratati.s1


		

MONETA BASIN EROSION STUDY 

4. 
-••• «4-0 v•A 4Z-.• 

A. VIEW OF MONETA RESERVOIR SHOWING DAM AND B. VIEW OF MONETA RESERVOIR SHOWING METHOD 
GAGE. LOW STAGEJUNE 1948. USED IN SOUNDING. MARKED LINE STRETCHED 

BETWEEN REFERENCE STAKES ON ENDS OF 
RANGES. 
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MONETA BASIN EROSION STUDY 

. 40 

1104.444p,..." 4.
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A. EROSION MEASUREMENT RANGE B-6 AT BASE OF B. EROSION MEASURFIENT RANGE B...8. RANGE TRENDS 
CLIFFS. PICKET IN FOREGROUND MARKS NEST ALONG THE BASE OF THE CLIFF. RODMAN IS 
FND OF RANGE. THE MAN IS STANDING NEAR STANDING NEAR THE MIDDLE OF THE RANGE. 
A ROD MARKING THE EAST END. 



	

PLATE 

MONETA BASIN EROSION STUDY 

VIEW OF EROSION MEASURIXEM RAI4GE 
THE RANGE RUNS FROM THE LIDDLE FOREGROUND TO 
T TRANSIT • THIS RANGE I S TYPICAL OF THE 
LOWER PART OF T IIE LIONETA Dui NAGE BASI N • 

NOVEIZETI, 1947 



	 		

	

	 	

	

	

	

	

	

	

	

	 	

	

	

Stuatest of 1 vemPilo Creek 

_vem1.11 10 Creek "al the Riverton eroject 

''A•• , 1. or tho ni orm 1 features of the Lvo- is 'roc:7 e rat 

token up to obtain inforlation concerning the °arrant `,o a• 

i it o%.12 iti• :0"4,1111 on t.,1* mtreart ac oalpare:i to that of streams 

trt,ve'i.t:.: 7, public lands of the Irasinr Distrlets mainly Asawotere 

PtIL 8 Ausierat Creeks. In t} course of a prelii-inary exeraina 

ticu1 of Vi lltle Crook in the Riverton -I.,3;;Icot s cry. ter, t vet 

rer.y.ifizo6 thttt reetures displayed tiler° affort:Iol an exoelicrit op. 

portu.:::_ty to rtudy cerreletions of the e-xtent and type of erosion 

r,-, s?oct fRotorr:. Booctuse such of ii4o urosion 

js;a oecurret:. irzu ti:v a:1,i is attiviTArtaole in large 

part to irrGaticn waste water enter111,7, tho chain ols n:)rn data rola-

tive to the -!:alpitu4s of rtsiof; and tie pror,ress of erosion are avail.-

able for Fimompliile Greek than for ;lost zullies• Althot;11, systematic 

riass*,:re71•21t s ! AVe not boon made, t he.eynteral obeervnti on r rode by 

rus -,dents and others concerned 'del the aret arc of ;71....7iiricanee in 

this oonnectica. 

Tl-te influence of cool() 'An() • i s well c1 splayed. The rlimmistile 

creek valloy I ftflo;*0c1C..) by fdluvinl deposits whleh rest CV bedrock, 

esusifitinc n17 of ::hale and ea,-;.1,1erta:x.I. The oontc.et between the 

ic trierttic. Me rapid ercitton of the last fey: :,,rears id s 

pregsreampla to the oy,tr:...lt tat the tali.:Tial fill has :Aeon out to its 

base in leue reacher) a olIen2101 ftnd troderlyInc: 1:edm.,431: exposoda 

fise resiatanoe of the fill and tile bedrock In reflected by 

the alterniatInr, wide u:v.3. narrow sections and the eir.,,ous course 4 

the ttianliel. 71ere bedrock surface is near c)r .)rojtoots above the 

https://oontc.et


	

	 	

	

	

	

	 	

 

	

Valley floors the is oonfinsd in a narrow bedrock sorcos 

wlereas et f ailocs ciktiluiel is several hundred feet vet du 

In 7e oral, the 1 prosreanively widow until it resohes bed. 

rook an the sides i'lao in the channel is deflected 1-ly nrojeettng 

bedrock ivints so that it se.l.nils from side to side elter-sttely at. 

taokinr, one bank or the other, exeavatIhr the alluvium and progres• 

eively nor* bedroeks The recurriac, bedrode outcrop,. in 

tI lower part of the gully walls* now make up a larr,e 7ortian of 

the ehatoel lengths 11-41s mind:tem Is believed to be hirhly 

u.'.fiount lath respect to the ts,„.;pe of ccrtrol mature that mould be 

offee4Ave lu reducfa-4, the b-3k cutting. Therefore. next to the 

stuAy o ramzures for reducine inflow of irr.l.rationwiatete water. 

co:lir:L(10r uf h geoloa of the ahennel c'f prize issportanee 

er,-.)ako:a control pro6rarls 

information relative to the procrets of lank cuttinig is 

sham iv :evasive:lents rade on 4 cross eficti ant of Fivv-L--ile Creek 

un the Avert= .,Toject the .1v_rt 2 yearns Tile sections are 

(...stributed trust the upHer to the lawr ends of the ilrojeots The 

ecetione %.ere selected prtiarily in conleati on with the earAplinn of 

sedi,lent se oaasequently the rvaetxrener.tr.: do not neoeseariy 

the avorarso progress hitrow,hout the :Irt),istit. 'out they denonetrate 

tic 6.fforenoe in pruiyecl q2-tviipon the 1,-ei.f.roc,:e: and alluvial banke• 

lekstro:rtent:, aro prer-crited by tie ta::ile t'-xst follows: 

https://rvaetxrener.tr


	

 

	

	

	

	

	

	

Table -'rogroves of videvinc of the -Vve-bile Creek channel in Avertan Project since /sieve 19.46. 

Location of crone sectf,on. 

sec. 3, T8U„ 
About it nile above upper., 
most mast* drain 

An *cotton line, coo. :PA9 
Ti.3 :t4L. ;%bout 1 mile be-
low 4Jean lake _vain, 

,motion line, sec. ::A3 
113N, —. About mils 

emnd Tha1c:1 

240 fAct oa of soet:on 
f4eo. 13/17, T3E, 11614 A:lout 
7a:le above! mouth and below all 
N.t.nto .1 e. 

c;idthin feat 
Zmtsoon r1:111 
of r-ully (1B) 

175 

300 

ac) 

.:'rocross of 
wtdsianc 

To July 1948•Bc change, 
either tank. 

10 July 1948m 
lotft benlo.no chair* 

bankAabout 5 
feet slouched and W-
ien to terrgeo holm 
1314 ourrLed otft. 

July 1943. Loft 
chanvo• 

Melt barrio-ttbo-.;1; 10 
teat clocidlod 
ion terreoe 
but riot oarrled oirt. 

To Sept. 13484 Left 
beinkomo change, To 
JUDO 1D47.Licht bank 
widening SP feet. To 
Mry 1948.1ii,,,ht bank 
ud.Lieni:.5" 5.1 Viet. To 

e pt. 1.148, "oink 
ledeninz 53 feet. 

.benarka 

Channel dry at ti:.-1e of obAervottions4 
T' low only kturinr" Storms naxitssa 
flaw 13.44:,-43 7?0,J w000n6-foet4 
'2A-irec2: at ohL.41101 lima both 'aanke. 

eerenaial flow in °flannel. Bedimpok 
on left bank. Aliuvial terrace beta 
o. *r: bed sad ti ,;;Kt 

flow in chartnol. bedrock on 
left bank, alluvitas an riyht. Lew 
peirt o ami2Joi acainst let benk, 
saucy, bed. 'posit of t7ave1 in h.41. 
vattor ohbnnol. 3edrook e,posed 
both walls OA in floor of ,rho 
spidtatoly tioveastresm• 

2oremial florin channel, ItIftinc, 
from side to aide an mid bed. 
rook In left balr lluv"an in "'or-
tieal bank on ri(7:::Lo 
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Another eharasteristio of the Yiveijkilo Creak that is exprespled 

au the Tiverton krojeet as 'sell as tilrouchout its resell upstream is 

the sueeession of alluvial surt‘toes Blanc the aharklel. The most ex-

t of these in the 'Riverton ,.r0,.ct stands about 20 feet above. 

the ohannel and constitutes the level tra.ot 000upied V; the irrir:ated 

faras• another is an inner terrace that occurs about 10 feet above 

C-ar bed of the ehomnell it is rot now oontinuous but :Ai represented 

by remnants of varyinr ext,0-1 t oocurrInr intenait4- ont1y throw:al:out 

the ohannel in the ?reject. '.'xtenaLons of Utese surfaces are di.seue., 

sed in considere.ble iiwta!_l later n the report in con.,ectl on with the 

work ilone in Creel: above the :,..iverton ;'rojeot• 

The alltrvitzt ertposoct the "mils Creek, consists 

larccly of fine-tertured 7s.terial co:t ains none lenses of coarse 

sand and gravel. Locally, it is fuirly stratified, but India. 

vidual layers oottlonly do not .7orsist for !awe then a illy hundred 

feet. Thus, the alluwitatis of the type deposited ordinarily by a 

fluetvatilli; streau, such as FivelQiile Creek under rhirnal r* iris is 

at present, The quenV..on wises, however, at) 4o wEat :ircrvted the 

streams to deposIt the fills at ono tine e;id lat,or trench ti-tora„ ihish 

motion now sperm to be the rtOo• 

The ',.",irtift stop in attempting to answer this question oond sted 

of examination of the 'garments in the gully malls and the bed of 

the channel on the id,verton :r'rojset for the purpose of eoeparing the 

naterial in the old deposits with that :vine I..trod by the present 

Rtreezu Tho 4 or ss seal ass of Five le Creak rwatiotied earlier 

wire Dimpled in detail, a.nit the sariplee analysed for -raln at se• 



	

 

	

	

	

	 	

	

	

	

	

oz:aLn of Was studya thou& attended by eons departures trxa the 

general trend showed that the sediments of the upper 1JEtrt of the fill 

were onnsis--,:emtly of finer-r:rain than thole in the of Vie ehaliaela 

amt furthermore, ;;hat the up )orsedir.e:.lts as well as th ;se of the ehia«, 

ncl bed slimed ii* 00211istent chan!:e from I;patrean (Imnetrear points 

althotzlt i t would normally be expected that they would decree :1n (._n 

pain rlse• The sedirants in the lcs--er pert of the walls tt the 

downstroort end of the creek were about equal in crain miss to those 

of the ohan Issel bed 1.4:1,1 showed . t.! rin deerrease in sire 'n downetweset 

cilrcoidon. ; t appears from these recite that the meal:lents near the 

strritioe 4.;h0 01.11 were deposited by r. of lover velocity than 

ve-.4 le crock hay at tho of the eamling. :;t ace the iTedlecte 

oi` 1.;!.tt old surfaces arc n'oout equivalent to that of the .7)resent Ohm.. 

Ixoti It soolle that a ,....Ifferenoe In velocity can not be ascribed to 

diff -rezioe in madLenti which would be the firet suppositions but 

aust be ascribed so7lo other ilse.f)rs. ler,etation fi,n the old ckennels 

or flood plaIns for oxl:.:ole, s possibly could have boon effective in re-

tartting velocity and .ni.luclin;c: deposition. :;tudies are bent: continued 

therefore, to obtain more detailed inforrsttion as to thq eorreIntion 

of enlist*, veretativ, conditione rtzwft with the iscourinr euld 

poky:Aim of scd.inunts. :'arse of the :iethods of attack are discussed in 

tix, fol./CW.12e paramaphr covert n;, ti ;:lAtzt 0:3r :Aldo upstrean from 

tre verton drojeot. 

Five..1.1 le Creek above the -ivrtols Project an 
Lind River indium 4eservation. 

genepol, tootyritr.,,Azirc the 11;40 aold ;MAIM. WA J. /Alai VIP 

etvdy of the dlaraeteristics of Fiveftile Creek on the Lind River 

Indian Romorration sag riarbod• In this area 1. '-vo.441 le Creek La Mt 



	

		

	

	

	 	

 

	

117 
opholasy.-ta strews but is reported to have lad LArgie floods al; -41.waSe 

A flood to 1923..preoursably the hiffinst since the area was nettled.. 

.)11;c•Aa (sited as instrumental in initiatinc the rapid channel erf>sion 

vihiah has been taking place in the :.!_ivertex Isojoest durinr recent yuctrs„ 

The shone' of Five.iiile reek here i e r,etierall;,- not so leLcia as it is 

In the ?rojeet and does not !,eander quite so &Z-Arply or oxter.slvelyi 

nevertheless, it le one of the ra.jor *Lilies of the '_Ind up-

lands and has tries physf.oal appearanoe of ow on which crattInc is 

!leave. or :11:4:11 Itn le;agth in this area it travert‘os 

ft I led valleys, whore a a -.!-* n boon dtsousced. the orosi en °tent: a.1 

smay be very great. To evaluate this lyobential one plaeci %he 

Wm up eonsi sta 71: tletorrainf.:1f, roltitic4111 of the rtiltr,,... ,4n, sod 

bedrook and rappinc, ("Ili:crops facer, the iilthoug.h 

the bedrock ocourriaz nem is not :_nvulnorablo to erosion it emdos 

so :lush less rapidly than the alluvlunt that where bodily* is ODOOLIDie, 

tared t.: silt :Irottuoti on t.hrot --.), beck eutting is not a serious pro'b•• 

less. A rjeta: of controls has been eseast)11shed for notinc the ?roil. 

rose of erosion. Another *este of U. work oonsists or stud; and nap. 

pi!1F; of a eerier of 41 grott.onal surfaces that occur in this area for 

tKe inforratLon that ti; ht be obtained toward dedutrin-: the eromional 

history. 

A reaoh of rive.ttle creek about 12 miles long...from the'flealaize 

Ctirial i hon in sec. 24, T411, MI:, upstream& to a bride, in sea. 16, 

TO, :XL,, about :xiler below the extreme head of the creel: on Maley. 

its - grings Datee..e/as ;sapped in detail b7 plane,table and alidade. 

Thia roach includes essentially all the ntjor channel aad the valley 

portlmi of t:.;ref..,1:: above the aiverbon icirojeat. The part of 



	

	 	

		

	

	

	

	

	

the dzainar,e basin abovo the upper er.d of thif3 reach is oitarsoter. 

toed by bedrock hills :nrrow dralnagewaye out ibr the :AO St 'Art 

in bedrock: 1.:::crchrore not so orltioal respect to erosion 

potential. The napped ro,4zth z. not uniforr throuGhout but is d1-

vi sable '.nto 3 uiritt it 7Inf • aleologie and toporro.phi o 

oanditi.ons. In tho up; er 5 Ailee•sermn the bride, in fro. 16, 

RV to the Darquin Coal fine, --tho strain try,tvetiren a vulley alit-ned 

alb; the upturned Cretaceous tiscatistono forrettions coot. 

Tmeinr, the etr;.et:ral feature know as LA tie Drell) • the next 

milms the creek is confined in a canyon cut into the sandstone 

of the ..esaverdo for Yr= the notral of the canyon down-

strean for tlbout 5 sales to the lower end of the sup2ed area the 

creek Grosses the flat lyinf: beds of po.....1dett.»li, and hale of the Ter. 

t'lary Wind Aver formation and broad ti.3.1,xvial flat .1. 

Details of the .gip)--.The *p shows .7_,T s,77-Lrils the ts.,:tett of boci. 

rook °sopping out above channel levels tilt) lieriGht the outcrop attains 

and the total heieit of the mat bank. also shows by patterns of 

orosewhotehinE U,.19 extent of the 4 na....red siretcoz. 

fly reference to the nap the forri of the woes section of the flule. 

ly at any point can bo deteroinsd approninately (genera/1y within 2 

or 3 feet in any '13entilion). t. r; elven, the na,ped surfeit** are 

relatively i47ati they *rave slight local relief duo hurz.-ooks of 

windp.bleen stind and enter-i..orn rI 116• Out tlIt! rolic f fron across 

each of the napped surfaces is con:only 130 mere t'An 2 or F., feet. 

Description of mewed surfaces and associoted c1:17.1711/1 tae 1ite-4. 

The tovrfo.oes 1, S2, Ls and E4 shown by the map arc 4.1topla:Nd very 
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la this area a •d could be traced with considerable &workman**. 

Althour,lt the surfaios are not u .1solirt sly oantinuouss their rolativo 

elevations ape quite consistent fr:›ni plums to place, and their other 

charaetoristies are sutfleiently dIstinctive that they eon be read' 

Ily identified, 

Surfs°. S18 the highest of the sallAmi surtikeese stands at a 

Vic ;t of Iron 25 to 70 feet above the proem% stroan channel. kt 

is a travel capped surface, apparently controlled 1,,y bedrock. it 

represents the lowest f a series of rxavel tarmacse that oocur Le 

the Vind Rivor Ircbably considera7.1„y older thin the lower 

`..zr.fteeta with Thichthl F X y.ti On 1 ,Amoernetio ant lifters 

fret then in that :A.; oonsIfftaltly tridorlai.n coarse ?Tawas 

This st:4-,:ace is beli.evod to oorrenpand Ltill:iro terrace of 

Azoinocidevivirlev. of terraoce in the ilind Piver basin. The gravel 

as revealed by exilosures ynthe f:ully walls rancos in thisimons from 

5 1.-.0 20 feat but for the rLost part las • thicialece of lefts thrtn 

feet. It is composed at: Lally of ,)ebbles &rived fro' (parfait% 

limestone c;-:d chart but includes gorse tbriNed fron voloanio rooks. 

It is relatIvel7 1..,iform in litholony and text%- re throw:110%4 the 

na.,:yrd area. The :41tcrlalc at -)r near tYyz lend crurfaoc :ire, rather 

yre -therekij rtri r1 at•tf:r of feats in sale tracts the roil 

that les developed is rclatIvely fine.itextured and coupletely con» 

coals the exavel. The vegetation an this mirraoe MI MI ate pro4otii. 

nantly of Te.tseemiziainly r7rama,...•bub inalsoite• sous sage brush. 

urtace fit stantle ut a height of fro%t 10 to 20 feet above t;* 

a?ir-mill. nit *Ilea** is believed to aorrnspond i th the brtitd 

valicry floor (1carnsec,rocu-I on the Riverton ?rojeet, it is underlain 

rtilsokaeltiere ,Lliots Poet areteinaus histor.,. *ale ;-:otultains 
et sentralonetern "Atyonings Jeollasi Oeoloa Vol. 24 p.321, 
1910. 



	

	

	 	

	

	

	

	 	 	

	

 

	 	

	 	

	 	 	

iN an alluvial deposit that rest, un an uneven surfaeo r<t bedroake 

deposit differs considerably in thiokneez froza place to place 

and '.--114 migo In thi,04.ictez Amorally of &ea about 5 to 20 rests 

Ill a few pincer itr may be i7oater than 24 feet but is not 

kw= because the brave of the deposit le not o-..-:-posode The alluvium 

eallatiris chiefly of set:,.:. with ft i° arzLi t riort abut:dant dincie 

occ.ponent but aleo contains f; Unit r I :,rtive 1. d*dtt, not 

absent but Is errat'..c rind lentLctil.ar .:.n rsaturce 'he raterials at 

or near the land 3 t1'i. noticio&ly wi;r1t:a.trcdip and soil dov‘lop-

Aunt is evident. sco:•1 SOOtT-ut relt:cdvoly ti ,71it a;.:d Ln llost -11aoes 

the vegetation i eupixrts cousi.sts (nil; of tittlt owe stiAsert 

roalon is evident on surtaoe• the plait 

grow on inneroaks. 

Arrows standlnc at IA he.cfivt; of from v to 13 - -.;.'eot above •L:(; 

pre/runt channel in Izalorlain b r alltrviun. ocusiet...,..nf; principally Q f 

sand and ravel, coarser in 1 Aura kx..0- -i the viiiolo thnn Lhat buneath 

nurfass f72. The surface ixtterials are onl:,T slightky weathered. This 

surface, erpecially, has drawn attention -Lo the significance of 01.00. 

hint.Jr bocause its .•-:onsan rcprarontn an event that: may be re. 

lateci. to the conditions responniblt.1 -;:or the aurreAt orDsion• The 

ati to whether this silrface roflects the levol do-c-zu ix) villoh 

Et Streara trJrissoo S2 had scoured or u.'40 rfaott of a dorogit f. tsar late 

laid in a troaoh inoised in b2ii as jet ':!Itie not be deZ,erralzod 

conclusively. Available data, hcroevcr, strongly fa or the ltkttor. 

is believed that systeratio saripli:t. of deposit r. t`c.c ,f4r-

faces aocon.ponied by intensive ealLliattiOrl of the rolutionrio f dorylelts 

associated strfaoe S2 arid where they 6.ro e"--posed the,L.111y 

https://lentLctil.ar


	

	

	

	

	

		

		 	

	

	 	 	  

 

	

	 	 	

	  

	 	

	

	 	

	 	 	

	

may snorer the c uestiott. 

urfaoe 4 whiah stands at u rainginr, 2;enerally Ewe's 

4 foot al./ave the- e. 71z bed a 4:3 irregular atrfaoe, ropre,4c.ii•LIng 

4.;:le Tram:A flood :)lala• auail It .1. :7 .:.11 transitional ata.,:o 

and aliszeu altornatokr to dcpos1ti.41.4, Na.rar or 

daposits ilassu.ektet: stwfc rrerk;e 

in tc.zt-Jre fro;-1 Alt talift clay. to rra7o1 anu aro erratically Lti.o-

hetb-txted, :votald o.;:poci;e:1 thcro la no noticaKtblo curfLao. 

thi a 1..r.it • nurx, planar. ry '.t !st.. s aut; 

bean recently rilaturbel watA...rn tYar: ev.r..4.toe 

thidg auxd tamert olovors was intrc.;:aatici 'iii1-

2 La act )cicyti. There ca.:1 also a feu Imaslan Jliva trees 

tend grown or. 4.kie eurface. These tree were planted. ter 

trola abvut 2.0 years ai7p• 

.00twrenee of ixtitPt-i4.1)--Detai led riapni.:.:z tif the channel baron ;:.t 

Oltb Odeat aigiatfi.o&A.- features 4hat would oisl:tirwi se not 4%-i•,) be Iv-

amogal , f9d. :.notrrent 1:4-3arcc.k. r...r.teropo in the walls 12f the Luke 

my alma thlrel of 3.1.,147tal... of It ohs:n..0(11 the satpped are* 

In OW Soy= roroh the ra..., i•e:l.eo of boLb?o van or 12001 /4 

Try le ;Nita obviove. but. there 'Aro my placws in the viNslle., trac t2 

ale* where .11.}:.hou.,-.).1 1.;11avii.rt sAeare oo ...1433.23,...tyas1:1, across 

a::(1 adr.or...V,; r7...:.16 of t:I) bedrock cratoro.„%a aro. 

onntlnivias a.Ivrreti hundrol :twit elonc the rulki wrala• :44 c 

eet.- plover alai:. those '..ro,,7.ta or ,or' are ooxitinwus flsr a 

mile. vat s% found that ''', urfao..1 - .1a underlath bodp. 

rook relttively ethealow depth anti that in viraatleally all the 

area's w! ,ore r'urfaoe 1 forms the rim of the gully* bedrock aspeare 

https://1.;11avii.rt


	

	 	

	

	

	 	 	

	

	 	

	

	

	 	

in the u11,y aam,. On the other head, the depth to bet*** beneath 

surface 2 was found to wry oensiderably frost Acme to place. in 

sone plitoes stare eswittoo 2 l'ora. tho 1,4-nir4ok dove not ap. 

pear tt CACI el lirvvis whert,ed at Wierr it oonee to tdthin 6 tt 

of tit* rirt. 

T.1;crops beleath *Ivrea° are rare. MIIs, It is likely 

that the to or th.. bettroe.: 14neath ovrtsoe relleralki IN not hi' tar 

i.:1111 We bed of the preee!-it otomael..• (-•ozesqu'lmtlY• the alluvial de"' 

peeit i s ourrsoe ,i0Ot to removal by ,,ilood logater, i&si a 

Isitster of tact/ Ode aid,.t so been largely reamed in thy ):1.vertea 

iiej eat where there is ocnti nuaue now tf muter, 

Condit/nab from the termer to the lower end cr the rar:ved are* 

%re stretitri sect brite4rly in the tolloanc pitmeraphee Ai ih tir 

shoot 1, which oalrors thi 17-)streez1r rile" eteinnelip bedrock ars 

reciro 1:r1 efe -mrin uut .1ottr the rth- tile 2ully • 

ordya tow 1),JII4til. hlonr :tent x. tit) 4 rithif r of .A11y the bvdrook 

(-e,r071 at the been of Little Dono LCoout lipol) root fro the rin 

Q. this ;Way, . L rtftoo 2 Is mntinuouo an tne north kds 'f ohms 

net. Because of the pro:I.:Lid* of Littia Dom, the absence of bedrock 

4"..n the north gully Ian i r. no et thie reach ewes rnther inaouwi sten% 

mey be that bedrock:oscura a Wort diatanoo back of tnelosll or the 

0.4117 end ts °emended by duelled alluvium lieverthole5s the position 

of this lAdmair fArtweeri the ier:11 land the expogurti oen 140 deter-

Neued 105.nite1y only by drill/2r, or r obit bly by ret,ltrt.-.Nsity awrvoye. 

t !.ff belttr..ad t!Ir..luc,b. ?rc47-A... of 7,-..-6,6.'‘.;;.o, pritruesly* dear 

lint' tho loostitos of tl,e bortet et can be doternixted colts rapidly. 



	

	

	

	

	

	

4 the south side of tile (flannel in this area bedrock appears 

in the gully wall elm:, recurrent short reao:iter. In a toy places 

t ap7eare beneath strflaoe 2, but rwirc don drily it appears beneath 

s, ..rfaoe 1. hero strfaoe 1 .t continuous and slither forms the gully 

ri:L or fAt adjacent to Lte thatanucl: as surface 1 is sham by numerous 

exposures to be wIderlein b' bedrock: renarally at shallow depth, it 

le believed that *oodrook ocalre above cittarlel level La much of tee 

amt.:A rrrIsereso ite: b p skirfaes 1. A few &ill holes :fq-aparly 

c.lft;ld indicate positively the oxisting conditimis. TIv's lOcali 

or the south side of lie channel in shish the orod,on 

are ::reetteFt are those in the tracts re:IrestIlted by 6urftioe 2. The 

larroet is at the extreme upper end of the !lapped area and two &...1vre 

are :tear the louvr eild of the area s:xnan on iteet 1. I)rillinf; would 

nleo these tracts. 

pact of t area !Coot 2 'tido); Inuludes t;lo otxiyon 

downwtrean iron the Aarqui.n re.no, appearr contLnuously or re. 

ourrently at rhcet i:rtervals 1:a the nully w a lls. for about 2 :Ales 

at thc upper end, however, bedrock does not appear ill the rift or 

sett :meet ball. ...iere reface 2 is as much as 1,000 foot vdda, and 

asoertainiitt; the depth of bodmck would therefore, require systematic 

tout drillty.:. INT' tort II:31es would also 12e nuctossfiry vtweson 

rook outcrops at other points in this area. 

In the area shown by slieet 3, bedrock appears oontinuoLtIly 14A 

the r:ully walls for long irtenoec in several places and cr.n11 

I,00n:roz '.iect.zr locally at cit:iert. :;evurtholess, arc a row 

rottdrtvs whore no bedrock: crops out and drillinc would be mill: red. 

f or a distance of mart than a stile in the rettoh oross 



	

		 	

	  

		

	 	

	

	 	

	

	

	

scotieus rife and 00a there is no bedrock in the left or east wane 

'3tportre of bedrock. hog. -yer, 1E relktively near the rim or the 

rully. and _ s likely that bedrock occurs above channel level a 

short distul,co - .'ran the rims The SWAP coa,dtior.: appears (Ai the-

east cull; :LI ty of .1r,:ss soation 4-1.e clri 

riouli be requLred in -:,;31.Qre 0:.%ss 2K.ction Q11, 

to a potht About 500 feet ab,7ve the =Liz 110 e.p-

pears in the loft wall; mad N-tsa a point irt-;)i-Art k500 fe(:t upstrwua 

to a ;mint about 2500 feet downstream fraA si,k;tion no bedew 

rook apnears nthe ridit wall. In thin loostlity surface 2 appears 

on both sides of 3:he gully sula • relatively extensive on the left 

A number of dri. 11 Lofts bo aeoessary here. In the area 

shown Iv sheet 3 the reL,tions of surface I. and the beftro-t* are %rib 1 1 

browjit out. At evnrty place that It toms the rully en. 1.14)drook is 

oxi)oeed In the Gltlly 

(iradient of the rittz17.-410....0 profile of the chan.-.01 

arca in snots) th fti;urt • TN.,. :1,...)2.17oLtal 3 thanoe ilsaslrod 

loaj, the worse followed by tho reot,;! 4.: ''tor., flown. tI take,. in-. 

• to a coolint the tlitile:lders end I e oor..aldera :;•roeter tha:1 the 0: *tense 

alonr the reneral trend o1 the rain, As oilman, the cratEont thrteucti. 

out the zialved area, except for local irregularities. i a quite Ixtsifors. 

Ti'e concavity o' profile or eteepeninc of fradient upstream. corm* sly 

found in stream of this Id.nd, is not evtdeut 4r:cart at the extreme 

upper end. In the ITI.Terlogt Mi. le r, • the tixadlemt is 0.62 per cent et. 

:3 foot in a !wile. 1•JI the next 3 miles dounstream it is .48 

r cont. :Par the remainder of tl.e area it fluctuates from .4 to .55 

per oont. ;:le vadierrt through the oaaiton is .55 psr cent thus is not 

https://chan.-.01


	

	

	

	 	

	

	 	

	 	

	 		

	

	

appreciably 5r,-stor thica i3 the valley areas above and 1:Aelow tits 

eallyes• The profile :)resenteci ILL.:von a number of local irrep,;ularition. 

-.;ono of ti:see err Auspected rerro”(rntiu:,: errors in observation, 

bu. , fl! untioubtctil:r rota. The muse of these breaks in rintaent, 

or relation the breal:s nay Nave t, (v-,her charnel fent:;ree, Lowever. 

are not the first sup2osition that they rerrosent 

IA,Iraq* oontrols. Tt f !niaars from innpoetl.w:, of t-at baw 

rm.: is !act roxposed in the bed of the &tunnel at tr,;et;c: points. but it 

ray be that *bedrock cioours beneath a deposit of and 

t ierefcre Its prose:leo halt not bean rency:pised. It is inttsIded 

n the oay.se c)f i'orther r4-o (, t!leffe breaks will be iavontL.,tated nore 

Iritervelmttiscif tlic et:I-rams and alluvial Ockioalter.The fYincangs• 

nada to date in minneetion with the surfaoes and alluvial depeedte 

Fait cirreing 033k, tentative (=elusions. In the covrno of the work 

many questions 1-gore et'rt rola vo to :Irocieseti of f luvi ft l ape. 

grar-1 /4rtaion or tio.7% art on norit r sty', o • ,ole• re-

lating the a:1 ime- 3a a3!1)01. fami wiUi arch of the :Jurfackos to Its sows 

and the sivest .; 1J:- which the errfaoes 'ore produced is i)elloved to be 

signifisaniss but as yet has not been satisfactorily in t;or 2retod. ,' 1-

though the deposits differ in ease Topmost.. they all ea:Amin seam 

material alike in lit )ems and texture. so that detsiminatism of the 

• IMMO for cash is dtrricralt• 1t •a evident however, l'root the 

plea et Jibe material "skint; ur the deposit that the ulti•rate source 

of on apAree' ,?ble 7 f ;lot a rAjor Part of v•« i• far Izok 

in the end Aivor cr Owl Creel: notztteins. , ,aterial 



	

	

	

	

	  

	

	

	

	

	

believed to have 'Joon flan-led I.Yori. the bedrock 000trrinr 

upstream in th.c: arose VurtAentore, ilio depcsits 

sot:dated c•ach surface contain not . , astorial der& ved frrx 1.11/try• 

deposits sucoess..vely older, reliable iotervilmatd.on of the rela-

tive anount t fro:1 and eartalilielissrst of the principal sources 

however, can be :lade only by watts:mirky anti in en 3tve atucW 

tilo deposits, T3eatiuse of the end for oorNiletlac the rap 

thin ;have of the work was be.rel: - timehed duri 1948. ,Ju i s annncil 

ait the et-A! Tvotexesses• ' one help in dating t::1 deposi.t MIty be ob. 

tatl:ed by a search for art..ilArtc,tr. ovidmice• 

"t;h c kind ilea ivon miry: co. ,x-1 ,ea- Ie extent :1;1..1 las rot with sorle 

success in ot;:er areas. 

https://iotervilmatd.on
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r';.1.)11I L SIDDIV,F.2173 

'urpote cope of lavestix.ticlus 

The investip, tic,ns of fluvial s , ciiraents in the dighurn ttiver 

,irvq;e s3..fi %%ere uudert-icen to determine (1) tne tuJunt of sediment 

1.ransport in the Bighorn River, Lho prowible amount of spice 

required for ...ccumul.ted sediment storage in proposed main stem 

reservoirs, k45) the proO:ble ri,te of agAradation or degra,ation of the 

rivr-r on .nnel, (4) sources of fluvial st,diments with respect to 

cA us- ntitif.s specie io contra outing, aretls, and (5) erosional 

::,•harvoteristios of these speci - ic contributing areas. 

in 6eptemat.r 1:46 an intensive inveLtigution of fluvie.1 sediments 

intriJuiLry strei;As in the ), tad River Be irl et► s stArted. 'Results and 

c.:unclus Ions re:13ned from this inves tion will be irtoluaed in a t.er 

t. • 

ii:ort. tion.odes of rranz-

:,,,.aliment i. tr:, nsport,d by flowing water in La;, ,erier.-„1 ways, I ) 

b us pp: 11 and (2) oy irregul, r movement. on or imatediA tely adjacent 

to the r ticles Ahich remain in suspension for any period of time 

move a suspended load with it velocity *Itch is considered to be ecual 

to au., t. of the filFment of water adjacent thereto. rticles which are 

tteltly in sus pens ou for short intervals move s 8..1t. tion load 

ay fl series di' snort bacipb or jumps cibove the bed. 1:-...rticles which roll 

or slide •lt ilLtermitteat int .rvals y lonJ the oed move F. s attd-1..6d. The 

lint- oi• dem Li-c(. tion De t;,.t-eit sa lt,t tion end aed-load oPnnot be 

https://attd-1..6d
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..t3fineci and neither is readily susceptible to 111046urernent or analysis. 

In any stream ohanneil onich has vtirition in slope or cross-

sectional area, there will be deposition or scour from reach to re,-.cn. 

Sediment p,rtioles :say move in suspension in one. reach and as oed-load 

in the next or vice-verso depending on the velocity ohanes in the 

vertical sectixl and in the ctree R Ci ju::ent to the bed. ;wring flood 

periods stree.us scour tneir beds if in ..-rodible onarmels on rising 

stxtges bad fill their beds on fs th ir,es depending on contributions 

of water *And sediment from trioutttry arcs. In steep mountain streams 

sggrsdstion !flay occur on risintr, stages with some degradation c.,n 

605 • 

The diffusion of turbulence in say stream cross-section is seldom 

sufficient to provide a uniform corioentr-tion hout the ..rea 

except in streams transporting amteriAl 1, as the 1/16 atm in diameter. 

In an average stream there is considerable vuri,Ation in both the r:ori-

zonc-,..i n na vertical sections. 

Measurement of 6edimeut idisaharge 

I cie yucntitit-fs of 'cuter a nd sediment in a stream given 

are only it.-Arectl.,,, rir-lated to each other 9.nd ootn fluc-uate ovcause 

of a number of factors which racy produce variable quantities of each 

under similar Th.ase factors include (1) intensity of pre-

tion or rate of snot% melt, (2) vegetll cover, (3) season of the 

oundition and type of soil. (5) topography, (6) size of stream, 

,And irrig:tion tracts, (" ) shape of drainage basin of main stream and 

https://stree.us


	

	

	

	

tributaries tibove gaelistir ant; st.tion Ptnci kl()) stor.4e it, reservoir'. 

kAnd ret-rdihi; 

The nv.)aserement of sec sment, ..iison-trp;e ot. a stream lb ficcorapliarte1 

by concurrent measurement of both wt., ter And sediment. The (1 , ws ter 

disokv_irge of streams is usually obtained from records of curreLtt 

meter maasurements, and other ..ceneral inform-tion with respect to type 

of control or ch,,unei and we.tnar conditions. • s the procedure for the 

measurement of flow 16 described in detail in 'hater supply Paper 868 / 

,/ Corbet., Don 4., StreAak-Ciaging Procedure: U.S. 'tool. survey •s•_, ter-
o- upply Paper Sad, 1943. 

ti, further discussion will oe inoluded is this report. 

the measurement of the sediment discharge of a steam includes the 

termia,. tion of the quantity of mai teri,i 1 moving in suspension end as 

bed-load; bile end distribution of p_irtioles in transport; and studies 

,--)f chi:11nel changes and sediments. t.t present it is, not t.)ossible to 

measure the total sediment disohar,,,e except 1,J. small streams even though 

the quantities of sedlliant aovimg as bed-load may be appreciable. 

Measurement oe suspended **climate ma;~ uu made with integrating or-

ins tan u3.1160tIlb samplers. The depth•inte Lra ting cam pit/ r t.. ices 6 at: :avid 

be the wu Ler-sediment mixture while traversing the vertical .t a uniform 

r.• to o speea. The point-iate6ratiug sampler can be used as a depth-

inteigr Liar, as iipler a lthough the fanner is specifically des.6ned to tate 

time-int,e4rat d samples at any point in the v.artioal section. The 

instantane us sa7ipler is designed to trap a sample :.t the 

vertica 1 sec tion. 



 

	

	

	

	

	 	
 

	

rho meeourement of the suspended sediment dischKrge i tti deptn-

r-itecr,riting shmpiers is limited to streams witn depths leas than 30 

feet. Lhe ooint-integritin4, and instiiab•:nes_us samplers can be designed 

s tree.ME of r:ny depth. 

In tilt: del,tn-integration method sediment samples are obtained fit 

points of Gyu,.11 wt: ter discharge, the number of saraplin , 

depend in,-; on uie Lion of the concentr_: tioa in the goes-sectioi. 

?he ri thane Lio, I tiver.....e of the oonoentr tioa ob to inud t tar points 

of equal 70,—er Laser., r ,.;e is r.nen the ver- •e for • the rosy-sectiou. 

The product then of tne yr r 5e ooncentr-tion anu the we discharge 

is the sediment dischs rge. the point-integm Ling or instanteneuus 

L')salplers r .: used, the a ver .•;e cJacent,ratioa in the vertical section is 

oats iced by weightiq t; eiich individual cc.)acentri tL n b.,„ the stream 

velocity at the point of collection. 

The Luspenden sediment disch.irge of 6 stream can be readily 

determined if -,uffioient depth-integrited samples oen be oot:ined to 

feline-. to the chanie in coneentrrtion with time. 

,empling 'equipment and Procedure 

The equipment :,,dopted by the aeological Survey for the measurcment 

suspended sediment ciiaoharge is ths v. developed under the Joint Project 

at the klydrulios Laboritory University of Iowa, "1-..Jfea City, 

/ st,A4 of aethoOs used jr nte.tisurement ensibib of ts ediment loads 
a n 6tree.14, Joint 1- ', pu_ lioned by Corps of i;ngineers, St. 
P..ul, Viinz,esota. 

https://6tree.14


	

	

	

	

	

	

T US i,-43 mud iM-40 semolers are ust:6 U ,y 1oc.. I Joservir5 t, 

k.);) tea in samples arta o engineering', personae./ co make seuiment uiscnt.tr,:;e 

measurements. the sediment disnp. rr,e Inetsuroments pre ,f.s de vier. the 

b0-1u. D-43 sampler and a "a tiv.m—re4itie, or.n1 except during periods 

of medium or low flow when the hand sampler, is useo. under 

shifting channel oonditions ourrent meter met suremen ts sire rvi de prior 

to the sediment discharge measurements to outAin points of equal 

discharge. :Aimplas obtained by the local observer are oA.lected from 

caolenvays or from ins te tions ki ttaohnd to the side of highway bridges. 

iLirint; periods of ra picily ()hanging s Cage, the observerJ re ius idruoted 

to ratike as !may ooservations es possible; sk, oh uservti tiofi eJnsists of 

1:V/ c. samples oolleoted consecutively. 

Durin: winter weather when temperatures am appreciably oelow 

freezing, the local observer obtains samples with a bottle sautpler 

vented for air release. L'ne conoontra tions obtain,,d with such equip-

ment are corrected on the oasis of comphrative tests made with standard 

samplers at appropriate intervals duriqr the winter period. 

The US D-47 and P-46 samplers were us.iu in a limited way during 

flood flows. It is anticipP.ted that the 4)-46 sampler will b(1 Sh tisfActory 

for 11 sampling procedures during floods. It will Ue used more ex-

tensively in the future in order to leir:4 more aoout the distribution of 

the particle size of the material the vertic.1 section. ouon infora-

tion is iavaluaule with respect to studies el' or.,i-loan xiovement. 

Surface se.miLlFts or bed material for pa rtiole size fin,, related wei f;nt-

volume ratio studies were ootained cent to cacn mea surin4 it tion. 



	

	 	

	

Le bora tory Prooedure 

he sediment samples are tr. nsported by truck to the it, bore tort' 

for M:IF lySiS • ri 3r1 sample is weighed and transferred to a "settling 

oench". fter the sediment fettled to the bottom of the pint 

..):)ttle, the supernantant liquid is drawn off and the residue washed 

mooch oruicible or F pyrex evlporetinr; dish, depending on the 

taw;..,nt of sediment. rtm evaporating dish or cruioiloe is placed en 

electric oven or over an air oath until all moisture ms °eon removed 

from the sample. The sbmples are allowed to cool in a desicctor sad 

then weighed. Ii rho eveporuting dish is used the result is corrected 

for the dissolved solids previously determined. 

Particle size analyses of suspended seciinents were made with the 

cottom withdrawal tuoe using both native had distilled wa ter "s settling 

mediums. 'nqlyst.6 of oed Jr channel sediments were made oy the wet 

seive process or oy means of the dry sieve and ho-Tap Machine. Some 

analyses were run with the bottom withdrilval tuoe where the materiel 

containild q 1, rge percentrg• of silt and clay ma trials Lind the sand 

size did not exceed one millimeter. 

C.nsputation. Procedure 

The prooedurfi for computin6 the suspended sediment disoner4e 

coasist4; or (1) taoulatine, the results of sediment disonar,;e 

meusu:ements (2) determining the relAionship oetween the I .ver „;e con-

centrt,tion in the cross section 86 uetermineU from the sediment die-

charge mtwsurement and the oncentr tion found et the daily sempling 



stations, (5) adjusting the daily observation oiAsed on item two (4) 

plotting the doily observations on the gage-height chart, (b) computing 

the mean doily ooncentrution and (6) computing the mean daily seairsent 

lisoharge. 

If .7he "concentr. tions" at the daily sampling station approximate 

everre in the cross sectl --)1 ifitnin 10 p rcent (Item 2) and the 

t:verage variation is equal to zero (ur.ity) no adjustments are made to 

the daily observations. ,.here adjwitmenta .2. r e requirea they q re elide 

in a manner similar to that used in =King "shift corrections" to 

water disohargt. .neasure'nents. 

The sediment discharge in tons per day is ootained from the mean 

daily sediment concentra tion und the mean daily wry ter disoharge except 

during periods Akvn tne concentration aria water discharge are changing 

uuring these intemils amen da . ib suo-divided in accordance 

with aoc•pteci practice if the error introduced by not "subdividing" 

would oe above IMO pet-cleat or greater. 4dditiona1 studies and nom-

pariaons ere made of the aeuiment end water discharge, and precipitation 

nn ti one hyarogra ;.hic oasis for es ,Jh station. 



Definition of Terms 

The units in which the sediment data are presented in this report 

and other related terms used herein are defined as follows. 

Sediment is fra t;mantal material trwns ported by, suspended in, or 

deposited by, water or air, or accumulated in oeda by other natural •gents. 

Suspended sediment is sediment that is found to oe in sus .nsion at 

any measuring station and has a velocity equal to that of adjacent water 

particles. 

Bed-load sediment is sediment that is in almost continuous contact 

with the stream oed but moves with a velocity loss than adjacent water 

partioles. 

Sediment sample is a quantity of s water-sediment mixture which is 

representative of the average concentration in say stream vertical or at 

any sampling point depending on type of sample ootained. 

"sediment concentration" is the ratio of the dry weight of the 

sediment in a water-sediment mixture to the total weight of the mixture. 

It is expressed in parts per million. 

Daily suspended sediment discharge is the dry weight of the total 

sediment passing a measuring station. This figure is expressed in tons 

per day and is obtained by the following equation: 

Tons per day 7. mean sediment concentration x water discharge in 

second-feet x 0.0027. The weight of one cubic foot of water is taken as 

62.4 pounds. Weighted mean sediment concentration is computed by 

dividing the sediment discharge for a period. by the weight of the water 

discharge for the same period• 



	

	

		

	

	

RECORDS SUSPUIDED SFDIVENT DISCRPFWE 

Suspended Sediment 

The preliminary study of fluvial sediments in uht; niver 

Drainage deain included the measurement of the suspence,1 sediment t 

four stations on the dighorn ,-,ivrr tea Trierm000lis, Manderson, 

and Kane, tyoming, aad near muster, Montane. Some ftddi tienftl :nitsoell-

ansous inform..tion was obtained for Badwater Creek nek-r 

Wyosin6 and other trioutary streams. 

The variation of the water and sediment discharge for eacn river 

sthtion is illustr, ted oy individual days in plates , 47, 4d, 4y, for 

the period of record. Reoords of the monthly vuluen together with 

appropriate station descriptions are contained in Appendix. I of this 

report. Records of the daily values are included in Appendix II. 

Bed-load Sediment 

No quentitive inform-ition was ootained with respect to sediment 

being transported as bed-load the Bighorn river. Visual observ-itions 

of small tributary stre-Lras w ould indicate tht;t the amount of sediment 

moving a bed-load is an appreciable part or the toLul load under oertAin 

ooaditions of flow. 

L'omposition of Suspended pediments 

The particle sire or s udiment-tion diumet,r of the suspended seoiments 

obteined from representhtive samples collected 'it e..icn of the four 

measuring stations. ': nalys€a were made with the bottom withdrawal tube 



	

		 	
	

   

    

	 	
	

	

using Loth native and distilled water as the settling meciie. Results 

of :hs analyses erf shown in figures 10, 11; figures 12, 13, 14j 

1'1 urea 15, 16, 17 and figures la, lie, 20 for the measuring stations 

it Thermopolis, idanderson, Kane end "near Custer" respectivril;;* The 

information obtained for the Manciersou and Lane stations is much more 

complete than thh t shown tor the other %Iwo stu tions and is relieved 

to be representi Live of the suspended rrt: terial in trpnsport. the 

Amdi,, n size found et epic-% stAtion is given in table 4. Results 

claulyses are riven in Appendix le 

Teble vkl• mrdix Sbdimentt t.t u dizimeter suspended sediments, 

orri yomin,!, and Montene• 

SeStlin6 Aedium 

to tion N..tive water iatillec water 
(die.. rum) (dia. mm) 

Thermopolis 0.012 .0037 
At,ncierson .012 .0046 
rim ne .013 .0046 
uster .013 .0080 

Site Compositi-m of iepusited Sedi,nents 

Samples of bed material were obtained frwi. exposed bars and other 

channel deposits in the 3i ;hcrn itiver 3asin. The site distribu-

tion no sverlge for the samples collected at or adjacent to Ikkoh 

measuring station are shown in figures r1, 22, 23, 24. The average median 

size for t . saaplea eolldet,ed at these st,tio.ls is 0.15 mat end the 

average for the bighorn River channel inoluning hind River is 0.16 mm 

(fig. 25). 

https://st,tio.ls
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i ; i i i , — i I Sta. Depth_ 

' , ._ Analysis Bottom Withdr_awaL_Iiihe_ .______ 
1 - -

. 

- r. - - i . ' ..1 - 1 - : 
- -- 1--.-f ...1" I 

. la . 44 I ! . 

1 0 , ! 

DIAMETER IN MiLLIMETEliS 



 

			 

	  

	  
	 
			

	
	 			

	

		

	
	

		

	 	

	 

	 	 	
		 	

 

 

	

• • • 
• • 

• • 

99.9 99.9 

99.R 99.9 

• : 
99.5 99.5 

' , 41 ,
99.0 • 99,0

•I 

1 

• .91 95r-- • 

9,1 90 

. i81. .4._ HO-L+ 4 . . 
. I 

1-. • I I 
• • 1

7 4_. 70 
oc • --t- ! I 
1.1 i ; 

6(1_____i_____1..__,.._4_-.1---- TH •:..., 
1 . 1 

• 1 •-•- • I-I 
. . 

_...._!...:;_- • • 
r r t--.: 1.•• ... 30. ,•. •

••••• ..• 
— t-----t-„.. *- --i— 201. 

• 

In 10 

---, 55 
- 1 ---oIii;r liii.11- it it.:14 _617 at---T h eli mlop. 

. i .W4Loming_ 
2 

i . Date _Time 
i___ - G. Ht._ __ ___..!:iicharge _._.. _____ ___ets 

sample . .Qmpsited_ .PPM_0.5 
•i • 1 Sta. Depth_

i • ; 
I AnaIyF,,.. . .C-C7 ,51 .P_',€ , . _ R..9 —Igo , 

• 

•0.7 
•••••••4.

0.01 0.1 
DIAMETER IN MILLIMETEES 

1 .0 



	

		

	

	

	

	 			

				
	

 

								 	

	
	

	 	
	

	

	 			

	
			
	

	
	 		

	

	 			
			 	

	

	 	

		

	

	

	

	 	  
			

	

	

	
		

	

	
		

	  

 
	 	 	

	 	

	

			 	

		

	

.

-- 

• • 

99. 
• • 1 i. .. 9.9

I 1 I i99. , ...14-...-.... I i I . • . ,,' -• • •1-- . 4 - - — 99.8 
- - • • .

99. --1.-------.. ' " •" if ..- . . . ": :--.• -,-- -.. — . ....•- I • •• • • ' - ' • . . ..... ..' . . .99. . _ ' '—./ • c.1 
. . , . .—.—.__-_ ' ..4. ..._:,__......._ ..98 ---:-- • ---- _ --.. . .. ..—.. . 

i 8 , , . I 

— .. • ..... . — ,— 

.. 1 . .i I . • • ....95 
. .. . 5 ..i . ... . s . . .. . . 

00 

. . • i ' i , . , . . .• ;. .
Ru . .- . •'17. . Iii 

. . . • . . . . , . .. 
... 1. • , . • • . • . . 

1- . • . . .....* 71 
.o0 1--

. ... 61 
. . . .5( --.....- • . .... 

51 . •40 .4.....__... J...;_..1. • -
(. . . ' .. 

30 7"--t-
... 31 . . • . . 

20 • 
2C 

.... 
10 : -

IC.•• ' . . . .. . . 
5 ---t- ----i-- --- p.• L I 

4-----
• 

- + ......_ _ ..... ____ . .4 -•I' L Li . 
i i Bighorn River at tolonderson Wyoi 
i2 , . i 

• • Date Time 
•-4 , —1.. —I . . G. Ht. Discharge cis 

, ___ ._ .f... ....4 • .. Sample Deposited PPM0.5 ..;...• - • ..;...._: .. _• ----..—.—.....1 --- ....1.... .. . 
Sta. Depth•- t -• ; • 1 

- 0.? . .. _ _ t_ _ Analysis Dry Sieve , Ro- Tap, 
...• , •...—....- --- --- -.—_ r- —I ------ — 

.._,_ -_,-. • ......._...., . is 

PE
R

 C
E

N
T 

FI
N

E
R

 

0.01 0.1 10.0
DIAMETER IN MILLIMETERS 



 

	  

	

	

	

	 
	 	
	
	  

	

	

	 

	

	

	

	

	

 

	

PE
N 

C
E N

T
FI

N
E

R 
99.9 

99.0 

99.5 

99.0 

91; 

5 

2 

0.5 

11,•..010} 

0.0 I 

-7-499,9 
I • 

- r " 99.14 

99.5 

49.0 
: I 

9N 

- 95 
• 

+L. 90 

• : 1 

..•
••. 

•: '
• 

. : .• • 
• • • 

• 

I :.• I 1 

50 

40 

0 

••••••••••-•...L 

•.• 
• 

• • • 

, 
, I 

tier K Vi—icorn 
..4.".1 

r. Date ___ Time 

— C. Ht. Discharge, cts 

* -
Sample_ D epos i t ed _-PPM 

I, .1.. 

r Analysis_ay_iieVe . 
Depth 

TM 
L • 

• 

•••••••••••• 
it . -

0.1 1.0 
DIAMETER IN MILLIMETLRS 

10.0 



	

	

			

 

	 	
		

	
	

	
 	

	

		

	

		 	

	

	

 

		 	
	

	

9,4 

90.s 

93.5 

1,• 

-

1 

I 

1 1 

; 

•"1. —± 

1 

I 1 

1 
--

c . . •• 

" ` 7 

-

• • 

99.R 

99.5 

99.0 

98 

1 . 

. 

. 
• t 

. 

95 

a 
• I 

90 

I • -

OC
1.1 

80 

7 

1 
• 

70 

50 

_ __t_ _ 43 

— 4 30 

2t• 1.---- --.-- -- -
r 

, 
--r-

: 

a 

; 1-4-

. ,
! 

10 _ ...4 

, I 

. . 
|-^1_1 .;

! . I 

1 
1 

• I-

: — 

a 
i 

, . L+' 
i.• ,. . 

i, , 
- f -

• • • 

, 

1--: I I. 
Bighorn R 'e'er at Custer, M onion u 

Li Date Time 
1 G. Ht.. Discharge._ 

Sarn1)1e Deposited 

Sta. PPephith_C 
AtiaCysis_Pr_Y_Sfieve __Ro- ToL 

• •-1 • 

L 

cts 

0.1 
DIAMETER IN MILLIMETERS 

/.o /o.0 



	
			 		
	

	 	
	

	
			
			

	

	

	

	

	

	

			

	

			

	

	

	

		

	

	

	

				

	

	
		
		

	

		

	

				
			 		 	

	

					

	

					 					
		

		 								

	

		

	

		 	 			  
	 	

								 	

	

				 	

	

	

	

	
		 				 

		
	 	

		 								 	 		

	
	

	 	
 

			

	

	 	

 

	 	
		

	 	 	 				

	 	

	
	

			

 	 						
			

	 	 	

	
	

			

	
	 	

							

	

	
	

•• 

1

• 

I 
1 ....-1-.........1-- - ....-

t 
F 
t 

:3 
..*: ..., 

— • — 

i 
: ,-- ', - - - -

i 
- - 1- • - -

r-- -, 

1 
.• 

. •
• „ 

. 
•—• A- • - • I 

. 

; 

, t 
. I:. . . . • . Jr— li 0

••„ , 1I ,I . . I . ; 
14 _,_ _ .__ ... _._,....4_ .....—"_ _ __.... ' .,.. . , 11-- ;„ 
; . . ,; , 

, , ! ,_a-- -----i , 1 ( | i 
•• . ..4----t----i-- f.— ...1 •,,,

• 

! . I I s 
. - -I - -...- i ' ! ^,- • - ' - ;, ; I 1 1 I ft' i ; • ' : I 1 : 1 ; 

- f -4- - . . „,-. . ---- -- - . .: - - .. 
, 1 i 1-- .m 

1 i 
t I ! I ' 1 t

1I _ .__ ___ If • 1 i I- -1- 1- --t 2 i 4 
. : • : i :"..... 'I 

I1 

I, 
i .

1 I !.1 ;i 
t 

I , 
I I 

1. , i -- - - ;..- -- _ 

I I 

li '1 11 • 

. 1 
i 1 

I ',.‘ 1 
1 

I I 
I ' : 

. ,. 

. 

. 
. 

-• 

/1 
1 

.. 

1 
, 

/_— 

I 

1 

I
• 

• • • 

• 

• ' • .
".. • • . 

• • • 

1 
,i

i . 
• 

; : 
- . _ 

• 

y • • 

r • 

, , 
,. I 

• 
• 

' 1 
I 

• -

. 
_ . 

.. 

o 

• 

-

I 

• I I , ,. , , 

iI 
1 I 

|l--1— -' 
• i. i! 

; 

. I ' I ' ' ; 
- • - it i 

I 
• V4.- ; i ''' - - I. - -,-- It - - ; 

, • •. , 
__. L _ _ i 1_1.. ...._L . 1 

Wind— Bighorn River 
Wyoming _ong_ Montgag__ 

Date __Time_ — 
G. Ht.._ Discharge 
Sample ___ile.12125ite_d____ _ _______F PM _ -
Sta. Depth _ _ 
Analys:s. __Qty. .._*!_g_ye N9-Top. 

: I , 
t i 1 

- 1 - TT 110 
, , 
1. 1 N 

els 

*pryer* 

0.01 
........1 

C 
:rg., M LLI IMF 1_141C._ 



BLIGHT-V3LUME REUTIONSHIPS OF FLUVIAL SWIM:MIS 

Investigations of the fluvial sediments with respect to rates 

of reservoir silting require studies of the probable location and 

density of the deposited sediments. The location of the deposited 

sediments is dependent upon inflow-outflow relationships or elevation 

of water surface in the reservoir, sedimentation diameter of particles 

in transport, mineral constituents in solution. and effect of density 

currents. The density of the sediment neposits depends upon the type 

material in transport, particle size (actual), effect of change in 

concentration of the mineral constituents in solution, degree of 

sorting, and rate of compaction. 

The rate of deposition of suspended sediments in a stream in the 

upper reaches of a reservoir is obviously a function of the steam 

velocity (turbulence) and settling diameter of the material in transport. 

The coarse material will be deposited first in the immediate backwater 

areas with the finer material eventually reaching the facie of the dam 

through density currents or because of reservoir draw-down or both. 

The reservoir operation may thus result in alternate deposition of 

ooarse and fine materiel in alternate lenses at the same location. 

the determination of an average figure for th•-. initial density of 

the sediment in transport in order to ascertain the a pace it will occupy 

in a reservoir is not only affected by reservoir operation but also by 

the inaccuracies introduced is measuring the total sediment disoharge. 
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t present only the sus pen:Jed s Fdiment oerrsits of tlitsure;:;,ent and the 

tied-locaci must De es tiist, tea. rnes , cu.-alit:ions therefore 

only mate it possible to °a in en k! pproximi.-te figure for in aver.,60 

density of the materiel i r, transport. 

t.ispenued yeaiment 

The clonal ty 01' the sus pendea sediment nodes's+, rily vb ries with the 

sediment ...iiscatir6e of the strebm. To stuffy these ita 'Art tions end 

Itpproximit- nye ree,e. cne clay, silt, one abaci fractions 

obtainec from particle bi?e unsiyaes were plotted in percent versus 

thc seux:r,ent discherKe in tons per df.:y for eaoh of the four maiastem 

BLit:ions (see plAtes 31, o2, 53, 54, 55. The apparent variation of the 

settling diameter when using native and distilled water is found to be 

about 32 percent for the clay and silt frmotions and little or no 

variation for the s++ nu iryaction. !s the settlin7, diameter in distilled 

water more nearly rfl:presents the actual diameter of the wH ter stable 

'Aggregates, it would necessarily be used with respect to density values. 

If the assumption i b nide that the avera4e curves shown in plates 

to d4 are representative of the site fraction of the suspended 

3-1iiiivents the density or •.eight-volume oan be oomputed by (1) determining 

t:he percent ,istribution of clay, silt, and sand for the period of 

remora and k2 manic it ppropritt ts density values for the three size 

fractions. ?rum td 4,iven in Report 9 / and pages 

ides. 



	 	
	

	 		
		
		
	
		
		
	
		
		
		

 
	 		
	 		
	 	

	

	

	

	

	

	

	

	

	

	

	

	
		

	 	 	

	

	
	 	
	 	
	 	
	 	
	 	

	 	

	 		
		
		

Density and *diem Particle Aze of Reservoir .,edimen+ 

ammo tincr)le :4n:city .x:r!.-tie/c size 
:foe Iln./cli.ft. • -1.1.11! etc-s 

Lake Clamors. 
voEe*L: 41ounty.1, Oklahonu 

Collected by 
:4311 Cencervation - PG 11..)-39 c:.!--1 .0017,4rvice 43 

FC 11-3-.39 45 .0018 
7C 11..3.•39 CU-3 40 .6019 
PC 11--->•39 .0026 
•11-3.0:f9 CM-5 51 .0054 
PC 11.3-39 a:-6 55 .0r)46 

rr?C 11..3.039 c--7 .0o66 
PC 11.3a39 C7 63 .0116 
PC 11im3..39 51 .CX)38 
FC 11...34.39 C11.41.1 65 .0190 

11lzh .`c:in.!.. "eilervol.ro 
'Lida Potato :4 C-rol'.:- Ire pc :fl-5-3 Hill-6 59 0;715

eollesto:!. by PC 1.0.•77,4•38 It'N.9 62 .033C
Sall Ca ear`r:t.i.(r.: 3ervioe :'t 1-1-5-38 Pr-10 C-1 ),:, .0016

rc 105.38 Gip-z, 41 =2 
FC 10..5..38 UPP-14 (. .0105 
Fc, 1C4.5...38 8T")-16 1.4 .0130 
IT 10-5.38 WP-18 64 .0012 
PC 10.'5..38 11)11..-21 45 .0163 
FC 10-5.38 Irr.22 37 .0055
IT i:•:-5-3;:. :::, ?..4 40 .0008 

i 1'_ n Faint 'ette-voi..., 
1..-.; i (Ant, ;'Erots 

Gc.,llooted by 
ic:KI.:i. Calor-Iv:U(4.i .;e,-1,-.1ce ,.1. 51 .0030 

,-,,. .:3 .026 
3 53 .0e35 
,. 59 .0073 

sar 544.t .0022 
6 06 .C120 
7 05 .01.35 
9 52 .0014 

Griehm 1..:1013 
:.1 . i.7!7tor: County, Hisittouri! 

ollect(11 
Ood.1 Calservatirx: Sen-vioe 7-25.4439 7481 13 .009C 

PC 7.2539 GR.2 56 .03.25 
re 7.25..39 U7 .3330 

https://eilervol.ro
https://11-3-.39
https://Iln./cli.ft


	 	

	

 

	 	
	

 

	

	 		
		
		
		
		
		
		
	

	

	 	 	
	
	 	

	 		

erinit,y ;nd rxditr. e of ' ',cdizterita 

Luuple fneitsy Else,`.00urco !To. Lbsideturt. Illinetero 

14.ket 
flltx Ccentry, Lawns

Collet-tee by 
‘;o5.1 Ca,sc.svatier Service ?C 9.15.39 K1 "1 42 .002 

FC 9450,39 IR.2 55 .0054 

itincuotert South Ca-calimi 
'iallootfx.1 b

all C:c• rie.-vatior Service 1.7C 1.0.5.30 LA.1 54 .002C 
i'C 10.5.38 Le,.2 70 .0064 
"'C 1).5.38 Lit.-3 70 .0166 
IC 10.5.3t 1.4,..4 79 .024C 
T . 0 10..5.-38 LA-5 68 .C..-1.I.7 
:A.: 10,•54-38 Las,-6 39 .Clle 
.N.; 10..1',..38 Ii..7 62 . 16:3 
--T 10.5.3S IA-;' .C4/70 

Laritort 183=1 
Collected b' 
.;o12. Oonse,.vaticn je.vice FC 8.1.39 

PC 
57 .0)76 

.024h 
PC 66 .0137 

Iona:. reservoir. 
Allen Cotmtyr Karma 

Collected by 
.0.11 Conage-vatior :.;erviCili pc 9.11.39 121-1 

PC 9-11-39 ip4-2 
50 
'V' ., 

.0025 

.0020 

FC 1.11-39 3.7.1:.3 52 .0046 
FC 91.1.39 :IN-4 62. .0177 
FC 9.11-39 2N-5 l) .0061 
PC 9-3.1-39 tet-6 13 .,',0.7.r3 

]leoaha County .;ta..e Luke, 
Kansas 

Connote: by 
Soil Co .ses-vration jervioo 5C 8-1C-39 1.2 -)

:'C 848.39 
37 .0 115 

.0021 
8.18-y) 11-3 

PC :14018•,39 1E4 
1 u 
311 

.0 .g55

.0a“. 
1.s0 84.1&.39 117005 .t130 



	 		
		
		
		
		
		
		
		

		
		
		
		
		
		
		
		
		
		
		
		
		
		

Density and Median Particle ':ire of reservoir :Adiments 

source Sange
Ilo. 

rensity Median narticle wise 
Allimeters 

• 11.1.....11110.11.11.• 

liepherd tiotmtain Lake. 
Iron Comte, :lissouri 
oilcotad by 

-oil Conservation St 0vice FC 84.39 .0109 
FC C.1•39 fir .4900 

1.L.;:e Lee, 
_oaroe, Nor-thCriroliria 

'":01looted by 
:ion. Gonmervatic,7 rerviee PC 38 LF:1 

7C 38 12 -2 
62 
6') 

.0032 

.0030 
FC 38 1211...3 59 .0040 
X 38 113,4 
PC 38 11...5 
PC 38 LE-6 

59 
6o 
61 

.0060 
.0L, 48 
.0052 

PC 38 Lpil 
70 38 170.8 

66 
73 

.0052 

.0084 

Lake Merdnuka, 
Galesville, Ilsconen 

Collected V 
ioii Gaitlef"V .410-1 ,"c-viee rc 945039 ';i0-1 40 .0V4. 

PC 9.15.39 ,.::,-.^: 52 .0022 
PC ':..15.99 0.--3 56 .0a46 
PC 9-150..T) 11:0.4 , 
FC 945•:. ---.5 

55 
60 

.0052 

.01176 
FC 9-15039 QA-6 70 .0070 
rc q..15.99 tVt...7 
FC 9-15-39 .:A-C 
PC 9015-37 mio-9 

63 
60 
66 

.0077 

.0r)99 

.C126 
PC 9015•39 W-10 80 •ct174 
re 9.15.39 '.-11 77 .0136 
F0 945..39 ilui•12 69 .0175 
:'c 9..15039 114-1" 85 .0290 
VC 545.'19 ILI-1i; [II7 .0220 



	
	

 

	

		 	
	 	
	 	
	 	  
	 	
	 	
	 	
	 	
	 	
	 	  	 	
	 	
	 	
	 	
	 	
		
	 	
		

	

		 	
	 	
	 	
	 	
	 	
	 	
		
	 	
		
	 	
	 	
	 	

Denalty and :Wien !,'Artiole Size of "eservoir ,edlaents 

,.;cu -cc :ter:-,1c Lensit,7 IfeLaa% pn-tiole sire 
o. :11inetc-u 

.,r-a7rock 
L.4, 1,10 

`Jr rfcLzation 1 53,9 .0260 
2 87.9 .1580 
3 60.4 .1050 
4 44.2 6a)46 
5 102.2 0580 
6 64.2 .1700 
7 52.7 .0071 
8 61.5 .:A76 
9 C5.2 1.30 
10 47.7 .0310

, 11 57.9 .0234 
12 52.3 .0208 
13 58.8 .0445 
14 57.3 .0265 
15 48.3 .0275 
16 112.5 .8f100 
17 85.9 :4,72 
1$ 52.1 .0114 

Our“nsey 'Icaorvoirs, 
:47-th Matte Rivers  Rporaillg 

Collected tw 
U._. Bureau of ncolunation 1 30.7 .3020 

2 32.4 .0)92 
3 .- .. 
4 43.1 .3028 
5 .. IMP 

6 41.7 .0064 
7 50.1 .0046 
e 56.5 .0067 
9 54.6 .0022 
10 7u.5 .0111 
u. 125.4 . C'950 
12 84.2 1.34 



	

	

	

	

the following density values were essi,7,ned to the three fro:Ai..11s; 

san.i los., silt 65 los., and allty -O los. 

r rhe method ot' computing the svera r;e p,rceat sand, silu, and 

oi-y is shown on pates . using these value and the records 

et' euispemled scoiment dischurge, az shown, the averuge weight per cubic 

foot w!is found to be pounds. (see pege 

. dditi,..nal study vas mmde of the density of the suspended 

uediments by ;.lotting the median pArticle size of the sE:mples anslyzod 

versus the sediment discharge in tons per days shown in plate 66. The 

method used to determine the pin,:q.al relationsnip between analyses run 

is mtive and distilled vatttr it, shown in plate 57. Using this method 

.,n(1 the density values shown for the median partiole size in figure 26 

the everAge densit:, for the suspended sediment At the Vmnderson station 

ror 147 was founu to e 60 lbs. per cubic foot (see pages 

for dF, t41 on reservoir zfldiments). (Jn the basis of available data an 

average v.eight of 60 lua. per cubic foot will be used for suspended 

sediments for the period of record. 

i)eposited Sediments 

Amplos of the depositeu sediments in the dignorn hiver channel 

were ootainod from bars at lb locations including these adjacent to 

eech of tine me-4urine, stations. The density end percent of material 

1.- eiiter than .0625 mm ere tabulated on peGes and shown 

graphically in figure 2. The dry wei,pt per unit volume of tne 62 

samples collected ranged frog. 77 to 105 los. per cuoio foot and averaged 

:X) lbs. 

https://pin,:q.al
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DISTRIBUIO% OF SANj, SILT, $D CLAY 8175' SUSPENDED StIMLBT 

Bighorn River, Undo:0:1,7n, Wyoming 

Susp,ndad sadlment ulacharge 19126 1947 1948 

From To Average Sand .;ilt Clay Sadist nt. Sand Silt Clay Sediment Sand Silt Clay Seviinant Sand Silt Clay 

Tons par day Percent 
Davos 

Tons 
Days 

Tons 
Days 

Tons 

64 
130 
136 
195 
251 
342 
664 
630 
857 

1,170 
1,570 
2,150 
2,930 
3,980 
5,410 
9,302

10,000 
13,600 
16,500 
25,100 
34,200 
46,400 
63,000 
85,700 

117,000 
157,000 
215,000 
293,000 
398,000 
541,000 

10) 
136 
185 
251 
342 
464 
o33 
857 

1,170 
1,570 
2,150 
2,930 
3,960 
5,410 
9,360 

10,300 
13,600 
15,500 
25,100 
34,200 
46,400 
63,300 
05,700 

117,000 
157,000 
215,000 
293,000 
398,000 
541,003 
736,000 

E2 4 
116 4 
lto o 
21b 7 
296 9 
403 10 
547 11 
70 11 

1,012 13 
1,373 13 
1,36) 15 
2,540 16 
3,455 16 
4,695 17 
7,395 E 
9,663 19 

11,300 19 
16,050 20 
21,600 19 
29,650 19 
40,300 20 
56,700 20 
74,353 20 

113,500 23 
137,000 25 
186,000 28 
254,000 29 
345,503 30 
469,500 30 
638,500 30 

48 
52 
53 
55 
56 
5C 
60 
62 
63 
64 
66 
67 
69 
70 
72 
72 
73 
74 
76 
76 
76 
75 
75 
71 
6) 
66 
64 
62 
61 
60 

48 
44 
41 
38 
35 
32 
29 
27 
24 
23 
19 
17 
15 
13 
10 

9 
6 
6 
5 
5 
4 
5 
5 
6 
6 
6 
7 
8 
9 

10 

1 218 15 
3 .888 80 
7 2,821 282 
42402,186 
2 1,486 163 
2 2,,126 263 
1 1.370 178 
4 7,4401,116 
6 15,240 2,433 
11, 4t,370 7,739 
15 70,425 11,972 
24 177,240 31,933 
22 212,960 40,462 
18 212,400 40,356 
12 192,600 38,520 
15 327,000 62,130 
8 237,200 45,068 
9 362,700 72,540 
6 326,200 65,040 
4 297,400 59,480 
6 661,000 156,630 
2 274,000 68,500 

3 762,00D 220,980 

1 469,500 140,890 
1 638,500 191,550 

120 
457 

1,636 
1.313 

921 
1,276 

871 
4,910 

10,211 
33,375 
49,298 

127,613 
153,331 
155,052 
141,524 
248,520 
180,272 
275,652 
246,150 
223,050 
483,510 
189,060 

467,680 

286,395 
353,100 

83 
311 
903 
635 
101 
496 
315 

1,414 
2,591 
7,256 
9,155 

17,724 
19,166 
16,992 
11,556 
16,350 
11,860 
14,508 
16,410 
112,87,, 
40,860 
16,410 

53,340 

42,255 
63,890 

3 246 

1 160 
1 216 

1 541 
1 743 
37 37,481 
7 9,590 
10 18.600 
15 38,100 
54186,570
le 84,510 
29 214,165 
26 251,680 
13 153,400 
23 3E0,150 
20 436,000 
22 652,300 
18 725,400 
22 1,233,400 
11 817,850 
11 1,248,500 
12 1,61.4,000 
4 744.000 
3 762,000 
3 1,036,500 

10 

10 
15 

• 

60 
82 

4,872 
1,247 
2.790 
6,096 

29,851 
14,367 
35,550 
47,619 
29,146 
73,830 
82,840 

123,937 
145,080 
240,680 
163,570 
237,155 
411,000 
208,320 
220,980 
310,950 

118 

85 
133 

328 
461 

23,613 
6,138 

12,276 
25,527

128,733 
59,157 

154,199 
181,209 
111,982 
273,171 
331,360 
495,748 
551,304 
902,550 
613,388 
886,435 

1,134,360 
491,040 
487,680 
642,630 

116 

66 
83 

159 
201 

8,995 
2,206 
3,534 
6,477 

27,986 
140,986 
21,416 
22,651 
12,272 
22,149 
21,800 
32,615 
29,016 
60,170 
40,893 
74,910 
96,640 
44,640 
53,340 
82,920 

3 246 
2 236 

12 2,616 
7 2,072 
8 3,224 
8 4,376 
75,201
17 17,221 
10 13,700 
25 46,500 
16 40,640 
21, 82,920 
35 104,325 
17 125,545 
22 212,960 
31 365,800 
20 321,000 
25 545,000 
13 385,450 
13 523,900 
6 328,20) 
12 892,2a: 
24 878,990 
5 685,000 
5 930,000 
4 1,016,000 
3 1,036,500 
1 469,500 
1 638,500 

10 
9 

180 
186 
322 
4k1 
572 

2,239 
1,761 
6,975 
6,502 

13,267 
27,935 
22,596 
40,462 
69,502 
64,200 

103,550 
73,235 

104,780 
65-,640 

175,440 
202,168 
171,250 
260,400 
294,640 
310,950 
140,850 
191,55o 

33.8 
123 

1,439 
1,160 
1,870 
2,626 
3,225 

10,8%9 
8,7(8 

30,690 
27,229 
57,215 

115,728 
90,392 

153,331 
267,034 
227,540 
414,200 
292,942 
398,164 
246,150 
669,150 
624,053 
472,650 
613,800 
650,240 
642,630 
286,395 
383,100 

lld 
104 

994 
725 

1,032 
1,269 
1,1a. 
4,133 
3,151 
8,535 
6,938 

11,438 
3,362 
12,554 
19,166 
29,264 
19,260 
27,250 
19,272 
20,956 
16,410 
44,610 
52,739 
41,10 
55,500 
71,120 
82,920 
42,255 
63,850 

Total 1,259,095 3,686,343 379,731 2,443,257 7,513,612 670,243 2,354,674 6,702,141 680,799 

Total Tons 5,325,169 10,635,112 9,737,414 

Percent 23.6% 69.2% 7.13% 23.0% 70.4% 6.4% 24.2% 68.8% 7.0% 
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Based on analysis of samples 
in distilled water 

Based on analysis of samples 
in native water 

Rand Silt Clay 1.ensity Sand Silt Clay Density 

Percent 
by weight 

Percent 
by weight Lbs./cu.ft. Lbs./cu. ft. 

lbs. per cu. ft. for sand; 65 lbs. :er cu. ft. for silt; and Of 93 

DR1SITY AND T'il:RCi.AT SAWA.. SILT, CLAY OF SUP16140 SEDDOIT 

1.4IGHOii..; WYOMUK; AND A,:liTAILk 

Station 

Thermonolis 22.8 
Hanierson 23.6 
Kane 22.3 

Thermonolis 25.4 
Man4erson 23.0 
Kane 22.9 

?her .n )01i s 24.5 
Me.716,rson 24.2 
Lane 23.1 
Custer 23.8 

ireity values coliplute. 
ibL 

Ll 
. ,Pr au. rt: ror 

April - September 

65.4 11.8 65 22.8 33.4 43.8 54 
69.2 7.2 67 23.6 37.2 39.2 56 
71.7 6.0 67 22.3 39.7 38.0 56 

!Ai 
c).,1 114.6 64 25.4 28.0 46.6 54 
70.6 6.4 68 23.0 30.6 38.4 55 
11.1 5.4 67 22.9 39.7 37.4 56 

1.21 

60.3 1t).2 64 24.5 28.3 47.2 
68.8 7.0 67 24.2 36.8 39.0 
71.6 5.3 68 23.1 39.6 37.3 
6d.6 7.6 67 23.8 6.6 39.6 

53 
55 
56 
55 
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DISTRIBUTION OF WEDIAN !'ARTICLE SIZZ SUSPEIsalD 
DISCIAliGE 

DIGH0R4 RIVER, i4.AADNRSON, WYOMIJf.1, 1947 

Suspended sediment discharf:e 
Median 
particle Density Cu.ft /2000 

Total . . 
size Lbs.cu.ft. 

tons ("illeci iii/c4r) 
milli:ae tens 

82 3 246 0.0010 47 5.2 
118 
160 1 160 .)013 47 3.4 
218 1 218 .0014 47 4.6 
296 

168 

Average 
DaZra 

Tons ner day 

403 
547 1 547 
743 1 743 

1,013 37 37.481 
1,370 7 9,590 
1,86o lo 18,60o 
2,54o 15 38.100 
3,455 54 186,570 
4,695 18 84,510 

7.385 29 214.165 
9,680 26 251,68o 

11,800 13 153,400 
16,050 23 369,150 
21,800 20 436.000 
29,650 22 652,300 
40.300 18 725,400 
54,700 22 1,203,400 
74,350 11 817,850 

113,500 11 1,248.500 
137,000 12 1,644,000 
186,00o 4 744.000 
254,000 3 762,000 
345,50o 3 1,036,500 

.0019 47 11.6 

.0021 48 15.5 

.0022 48 781.0 

.0024 48 199.7 

.0026 49 380 

.0028 49 775 

.003D 49 3,808 

.0032 50 1,690 

.0034 5o 4,283 
..0035 5o 5,034 
.0038 51 3,007 
.0050 53 6,965 
.0070 56 7.785 
.0120 61 10,693 
.0140 62 11,700 
.0150 62 19,410 
.0160 62 13,191 
.0170 62 20,137 
.0170 62 26,516 
.0170 62 12,000 
.0170 62 12,290 
.0170 62 16,718 

Totals 10.635,110 177,404 

Average density w 10,635,110 
2 59.9 lbs./cu.ft. 

177,1 4 



	

	 	
	 	
		
	
	

	 	
	 	
	 		
		
	

1->iiilLtistfr 

aighorA River Drainage Basin 
. 

Percent finer than given sine in ,Iillitieters 
Sample DensityLocation No. (lbs./cu.ft.) 

4 2 1 0.5 .25 .125 .0625 

And River 56 34.7 100.0 100.0 100.0 99.0 51.3 6.5 2.1 
Stream" Bed 57 84.2 100.0 100.0 100.0 99.0 49.6 3.5 0.6 
NW I eeo.2, T.1 8., R.4 58 85.3 100.0 100.0 100.0 99.;) 69.0 8.8 1.1 
near Riverton, Wyo. 59 83.4 100.0 100.0 100.0 99.0 52.3 4.6 0.9 

60 83.7 100.0 110.0 100.0 99.1 52.4 5.6 0.6 

Bighorn River near 240 92.6 100.0 100.0 100.0 34.5 27.6 6.1 0.6 
aoshoni, aye. 

Bighorn River 31 91.8 99.9 99.8 98.0 9.1.0 15.8 5.1 1.2 
Stream Bed 32 91.6 98.8 98.4 96.0 51.0 6.3 2.0 0.8 
104 see.16, T.3 Nos R.6 i. 33 89.3 99.9 99.6 98.6 (J3.9 20.1 5.6 1.2near Shoehoni, Wyo. 

34 87.1 100.0 99.8 96.1 59.7 43.9 31.4 11.6 
3; 90.8 99.7 99.7 98.7 63.4 15.2 3.7 1.2 

Bighorn Rive: 21 38.6 99.9 99.9 99.5 97.7 64.5 9.5 1.8 
Stream Bed 22 89.6 99.9 99.9 99.8 97.7 62.3 6.2 o.8 
ill sec.32, T.4 N., R.6 6, 23 8889 1.00.0 100.0 99.9 97.9 70.3 21.3 i'.7 
near Shoshonis .yo. 24 90.3 L10.0 100.0 100.0 99.9 89.2 21.2 3.3 

25 90.2 1,0.o 100.0 loo.0 99.8 8'4.0 20.3 4.9 

https://lbs./cu.ft
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Percent finer than given size in rillimeters 
Loer,tiai Saw)le Density 

No. (lbodev...et.) 
4 2 1 0.1.; .25 • 125 .0625 

3a water Cree: 41 09.5 99.8 98.9 96.8 87.D 9.4 3.2 
Stream 1.ied 42 90.3 99.4 98.4 95.1 8.7 1 .6 4.7 
f.:4 sec.?, 2.3 N.. r.94 r. 43 92.2 100.0 99.7 98.8 93.4 Fi.i 1S. 4.5 
noar 3hochrgli, l' yo. 44 f19 .n 100.0 99.1 97.6 (.18. 50.1 i2.8 4.4 

45 93.0 99.8 99.1 97.1 rri.1 45.7 11.3 6.3 

Kiddy Creek near 200 94.7 100,0 100.0 100.0 1D0.0 66.7 2ri).); 5.6 
Shoshoni, yo.W 201 1)2.1 9%3 97.0 95.0 al..7 

374(5,68 19.7 
1.6 

202 92.5 100.0 100.0 100.0 100.0 3.4 

: 

203 97.2 100.0 1'0.0 98.7 92.1 36.4 11.9 3.4 

Nilddy Creek 26 90.9 100.0 100.0 100.0 9r.4 1.- 3.0 36.3 
St,-earl nod 27 100.0 100.0 100.0 99.1 78.3 26.5 9.5 
S' 300.30, 2.4 J. ^.6 E. 28 88.9 100.0 100.0 100,0 99.5 

t 
:ter: rhoRh joni, Wyo. 29 89.1 100.0 100.0 1  00.0 %.6 

93.4 4C.6 
81.2 45.4 

353 30 100.0 100.0 100.0 96.4 63,1 26.7 1,2 

Cottonwood Croe: 1 94.3 100.0 99.6 9(.9 870 
rn )...,n 12.7 4,1 

Stream 'Lod 2 93.1 99.4 93.5 96.6 91.5 54.2 ;1.9 2.1 
I aeo.12, T.4 N., ".5 E. 3 96.4 98,8 97.4 94.3 84239.4 4.3 1.0 
near Meshed., 17,70. 4

45.2 
F.i.: 2.1 

5 
95.2 99.0 9C.1 97 .0 Cr ,.0 
92.2 100.0 99.7 99.6 9,1.5 L%,9 2.5 59X 
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Sedtirrter.tt: 

is it is not possible to oota in batupicm liudiraeut movi: 

as bad-load no inforn.tion is available a iloertiing ..ha ?article 

size or density of the material in transport. tJ:j11.11AS Oi: L., 1 

analyses of s'Imples of deposited sediments indiaLi ,e .:its: t the aLjor 

pert of the material moving as bed-load would be elf 4156,,G 

silt or fine sand. the density of the total sediment loac h„Lilt: 

then only be increased in proportion to the ahan,e in the bth oi' 

wind fraotion. whia'n would be a negligiol, , amount. 

C 

https://Sedtirrter.tt
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It is axioarstio that the quantity of to adiments whioh es. 8 tr.ea al will 

transport will increese with the vet ter discharge provided the supply of 

sediment is always in excess of the street: Oa oaptoity to transport. The 

sediment which the dighorn River is transporting is thrived mainly from 

its trioutaries. the river is flowitig close to grade and oontrieutes 

sediments only by slow downoutting and lateral corrosion. [he tributaries, 

on the other hand, are actively downoutting and in any instances Fare 

.rosin, heedward. Most of them pass through erees of loose, eeslly 

eroded tertiary sediments end floodplain alluvium. The latter material 

probably deposited during h wet period of oonsideraole length during 

nnd following the Pleistocene glaciatiou in the region. i'wenhofel / 

Twenhofel, r., Principl-s of sediment.tion, Mc3raw-11111 dock Co., 
Idea York. 17, 18, 193. 

describes cots se,t.ence in events as follows: 

"The oostul.te "Pt 6 11:6ue that glaciers covered higher p,.rts of 
the uplend. If oonditio b should arise to eliminIte these, there 
would oe exteneion of vegetation to bruits released l'r;ra ice. The 
disappearance of ice would result iu decreasing the (A uttatitJ- , 
sediments contributed to streams. rhese would not Je low, des to 
cepsoity end thus would reach the foot of the upland in a oondition 
t.) r osuire h load from the loose deposits previously :made when 
glaciers were ,rebent:. The materials would then be transported 
downstream to other bites of deposition ---the floodpleina and 
deltas. rhis sequence of events has to en plaoe la the mountai.ts 
of Montane and 'eyomine; end is splendidly shown on the, east side 
of the Bi7,hora Mountains. During the Pleistocene the mountains 
had far more extensive gleciers than at present. These supplied 
the streams originating in them with vast quantities of silt, sand, 
gravels, and ooulders. These atrea:as reached the foot of the 
mountains with 'wads they wer ,' unable to carry over the lowlands 
of:cause of oecrease of velocity. There was thus built a great 
thickness of deposits I- leaking the mount, ins. The glaciers have 
Largely disuppeered; ereas formerly covered by them have now become 
ouvered by vegettion. tio loner is large load provided in the 
uplands; stretras reeoh the lowlands as clear water with unused 
c• ?deity and competence, aria cis they flow over the former deposits 

https://mountai.ts
https://oostul.te


the unutilized energy is applied to remove these. The onoe 
extensive deposits are now represented by remnants between whioh 
the streams flow essentially as clear water. If the mountains 
should again become covered with glaciers and the conditions 
of the Pleistocene worts restored, deposition would again begin 
over the areas about the foot of the mountains and the new 
deposits would hold disconformable relationships with the old." 

Many of the tributary streams are cutting throgh alluvium which appears 

to have been deposited under conditions described by Tweahofel. 

Bighorn River at Thermopolis, Ayoming 

The natural flow in the Jighorn River at Thermopolis, 14yoming has 

been regulated to a degree since the first irrigation diversion in 1A6 

and to greater extent after the completion of the kiverton Irrigation 

Project by the Jureau of Reclamation in l 23. The records of suspended 

sediment discharge obtained for the Bighorn River at Thermopolis reflect 

the present rate of erosion in the drainage area above the station. 

Field investigations of the drainage area above Thermopolis indicate 

that the major part of the measured sediment load is contributed to the 

Bighorn River by Badwater and Fivemile Creeks. The rate of erosion in 

the Widwater Creek drainage is probably slightly higher than the geologic 

or normal rate owing to agricultural activities. In the Fivemile Creek 

drainage the accelerated erosion, since the flood in 1923, is largely 

due to irrigation practises and resultant drainage from irrigated lands 

together with runoff from cloudburst storms. The present channel is a 

typical example of valley trenohing with s evere stream bent erosion in 

areas not protected by bed rook formations. In the unprotected areas 

the channel has a maximum width of approximately 1200 feet. T he 
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	urusion, • ',reek near Riverton, dy.:11-4-. 



PLATE 

View along the Bighorn Hivor showim,7 massive sandstone 
outcrop of the And River formation. 

View at the head of Red Canyon sodthwest of Lander, :iyoming shows 
late Tertiary conglomerate overlying Triassic Chugwater formation. 



	

	

	
	

Ji upstream !:uddy :ree: at 

ti dov.nLtrea.:.udy .2reek at uridge :ust aiA)ve c -ifluoace 
dth Ji,!hrn iver near Shoshoni, oLe channel 

a:.3 filled in t: butt::: of bride striners. 
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drains or wastaways entering Vivemile Ors... follow the same pattern r_ a 

the puront stream exoept where restricted by bed-rook or artificial 

oontroi structures. 

lisdellaneous obtviciew for tributaries entering the Bighorn 

River above the Thermopolis measuring station are given i3 Table 3. 

The cumulative water runoff tad suspended sediment disoharge by 

Months and by years for the period of record is shown in Plate 68. 

the cumultative wt ter runoff for the Bihorn River for the period of 

rrtaord is shown in 59 end the flow deficiency curves in Plate 60. 

riform , tii)n is pertinent t3 studies of the probable space required 

for sediment storag;o in the rservoir which will be formed when Lioysen 

am is oompleted. 

Bighorn River At Mandereon, 5foming 

naturt,1 flow in the Bighorn River at the Mandersoa st.tio3 is 

coplerted by irrigatiou of lands in the verton area and similrly for 

Tenets between Thermopolis end Menderson. the records of suspended 

edimftnt dischrge for this sta.tion do not include ell the meterial 

pen rhormopolis owing to canal divi ,rsions between the two measuring 

str,ticn6. No records of sediment entering these canals wort obtained. 

investigations of the tributaries entering tne 3i0orn River 

LilJOSTO Manderson but below Thermopolis indicate appreciable quantities 

of sediment in trenspert ,iuria,; runoff from snowmelt or rain. 34 iadF.,11-

neous sediment disonrge meesurements on the trioute ry st.retal, indicate 

that ?ifteen Mile Creek probably contributes the largest lo-td. 1;eta 

for other trioutaries are given in 'Paolo 5. 



	The sudiment oontributio uy the trlbut,stry streama will 

neaessarily affect the rots of ohennel degradation or tiggrsdatioa 

after sto,age is effected in the reservoir to be crested by Boysen Dem. 

the cumulative 1..Ler runoff end suspended sediment discharge by 

monthssnd by years for the period of record is shovIn in Plate 65. 

3ighorn River et Kane, yo Ling 

Tributary inflow in the *Anderson-Kane reach exceeds any ounal 

diversions for irrigation of adjscent lands. Return flow from 

i'rrighted areas to the Jraybull :-fiver, the largest of the tributtiries. 

is heavily laden with sediments. Other tributaries such as Nmood 

and Dry Creeks, contribute large quantities of sediments during periods 

of storm runoff. 

The rats of accumulation of water and sediment for the period of 

investigation is illustrated in figure 8S. 

;xcept for minor cella' diversions it may be said that prectioally 

the antire suspended sediment load passing the Mendereon station passes 

the Ague station. The sediment disoharge measured at the letter 

station does not include the material transported by the Shoshone River 

as it enters below the measurinK station. 

Bi;horn River near Custer, Montana 

The water and suspended sediment discharge measured at this station 

reflect the quantities erateriT1 the Yellowstone River. The quantities 

mossured include contribution fros4 the Shoshone River which enters the 

Stews River Rbove the Yellowtail damsite, the Little Bighorn River 



	

which ,nters near Hardin, llontane .3e1ow the ki.,c-,sit, end other minor 

triout. , ries. 

T he rotioff p=er acre toot of suspended sediment at the tour 

st,Ations for the period of record is illustrated grephicelly 

fi6ure 21i. Similarly the relation for the intervening areas between 

Manaersoti -ind Kane; betweeu Kane and ,:;ust , r is shown in figure 

The t:ivera4c v,, lut:s for the period of record are 6iven in 'Table 8. 
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Station 

Thermopolis, 
dyo. 

k.anderson 
"y o. 

Kane, i,yo. 

Custer, 4yo. 

Water 
year 

1946 
(April—Sept.) 

1947 
1948 

1946 
(April—Sept.) 

1947 
1948 

1946 
(April—Sept.) 

1947 
1948 

1948 

"ATER 'AUNCFF SUSFMDLD !'..DILENT DISCHARGE 

BIGHURN RIVEit, .YC, INC ;.1; 111;14 I. 

suspended scament Sediment dIscharge in acre feet 4ater runoff in acre feet 
discharge in tons Yearly Cumulative Yearly Cul4ulative 

3,461,720 2,648 2,648 702,350 702,350 
5,731,837 4,384 7,032 1,783,440 2,485,790 
4,467,263 3,417 10,449 1,185,250 3,671,040 

5,097,783 3,899 3,899 588,250 588,250 
10,317,852 7,893 11,792 1,759,540 2,347,790 
10,096,615 7,724 19,516 1,189,990 3,537,780 

9.738,366 71449 7,449 1,151,720 1,151,720 
15,567,641 11,909 19,358 2,551,420 3,703,140 
12,023,444 9,197 48,555 1,822,600 5,525,740 

14,033,157 10,735 3,398,954 

Volume in acre feet = Tons x 2000 pe. 
60 lbs.jou ft. x 43,560 sq. ft/acre 



	

	
	

	
	

	
		

	 	

RSVIT.Ti OF .ArrAlt ACAli MOT CF SUSP/SDLD r:ED1I1614T 

3I0HO11 Rink 1•11'01:2710 A3D kuNTANA 

acre fist of runoff per acre rout. of suspended vocii.ment 
Measuring Drainage area 
'Intim Square railes H,ril—sept. Lot.uber 1946 cctober 1947 i'uriod of 

1946 •J , .1,2i:..,tember 1948 record,ILa.e.iuer 1947 

riJr.lu2olis, iyo. 6,080 265 407 347 351 
Ine„arvanirl • ...--.3% 3,220 

: an:xtrson, ..,:zi. 11,9t)u 151 :423 154 181 
.:ntervf::11 . -;rse.il .44000 159 198 429 220 

axii., ,y....in.• i52 ';00 155 214 198 194 
n%erien :11 • ., ...:-;;-. 7,100 1,025 1,025 

am IMI..:meter, ..:cent,anr, .:2.,000..' — — 317 317 

https://RSVIT.Ti


SUMW.ry 

the Bighorn River Drainage 13:-..s in, some 660 square miles, 

or 2.4 percent of the drainage area, (23,000 square miles) is under 

irrig,tion. (1940 census). In these areas the rate of erosion in 

drains and natural stream channels is considerably above normal 

owing to return flow and cloudburst storms. In the non-irrigated 

tre!,d, which oomprise 47.6 percent of the drainage area, the rate 

of erosion is prooably slightly above the geologic norm as a result 

of cultural aetivitiese 

for the period of record, (April 1446 to September 1446), the 

water discharge averaged 351 acre feet per acre foot of suspended 

sediment discharge at the Thermopolis measuring station. it the 

Kane measuring station the water diLcharge averaged 194 sore feet 

per sore foot oV suspended sediment discharge. This large variation 

is brought about in pIrt by canal diversions between the measuring 

stations and in part by sediment contributions by tributary streams. 

The sediment discharge at the Kane stition for the period of 

record is 2.5 times that measured st the Thermopolis station. The 

data thus reveals that in the Bighorn River Drainage Basin the 

respective geographic areas ooatrioute sediment with respect to 

quantities in the following order' Bighorn Basin, hind River Basin. 

and Bighorn Valley. 
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:QUALITY OF TH6 

Purpose and Scope of Investigation 

Investigation of the quality of water in the Bighorn River drainage 

basin has two objectives. AO a contribution to the general hydrologic 

inventory of the basin the study reveals saline conditions in the main 

stream and tributaries, and establishes quantities of dissolved consti-

tuents present, correlated insofar as possible with geologic, climatic, 

hydrologic, and cultural influences. Of equal importance, facts on the 

chemical character of the waters in the basin are made available which, 

upon interpretation, assist materially in such studies as proposed pro-

jects for the improvement by drainage of existing irrigated lands; plans 

for further irrigation development; selection of sites for municipal, 

domestic and industrial water supplies; and evaluation of those conditions 

affecting living aquatic organisms which are of primary interest to the 

aquatic bioloList. 

biacussion of quality of water in the basin covers work completed 

to .ieptember 30, 1M48 inclusive, and is based on daily or intermittent 

sazpling of river waters at eight gaging stations within the basin. 

of these stations - bubois and Riverton on the hind River; Thermo-

polis, Manderson, and Kane on the Bighorn River; and Buffalo Bill reservoir 

and Byron ou the Shoshone River - are in Ayoming. The remaining station, 

Bighorn River near Custer, is located in Montana. Figure shows a 

mur of the area under study and the location of samplint; points for the 

chemical analysis of river waters. In table below is listed each 

individual sampling site, with drainage area, period of record and 

frequency of sampling. 
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Figure Mop of Bighorn River Drainage Basin, Wyoming and 

Montano showing sampling points for chemical 
analysis of river woters. 
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Table Samplinf points for the chemical analysis 
of Bighorn River Drainage viaain haters, Wyoming and Montana 

Riveir 

And 

Static:: 

Dubois 

ic) Riverton 

Bighorn Thermopolis 

;A:1 ..k.andersan 

Do Kane 

Do Custer 

Shoshon 

00 

Below 
riuffalo Bill, 
Tesiervoir 

Byron 

Drainage Are 
Location (Square miles 

on HNY 287, 
seven miles NN 
of Dubois, .yo. 

233 

at State EiwY 
bridge, 3/4 mils 
? of Piverton, 
ayo. 

2,320 

at hhy bridge it 
Thermopolis, %)04. 

8,080 

3A mile ':. of 11,900 
!_handerson, ;iyo. 
u.lo 2 1/2 miles 
upstream from 
Nowood Creek 

1/2 mile east 15,900 
of Kane, ': .,yo. 

4 1/2 miles 23,000 
upstream from 
mouth and 4 
miles SS of 
Custer, aont. 

3 1/2 miles 1, 1,520 
of Cody, lyo. 

at Byron, go. 2,300 

Period of 
Flecord 

Apr. 1, 1947 
to Sept. 30, 
1948 

Var. 31,1947 
to Sept. 30, 
1948 

.pr. 1, 1947 
to Sept. 30. 
1948 

liar. 26,1947 
to Aug. 17, 
1948 

kar. 26,1947 
to Au6. 17, 
1948 

Nov. 16,1945 
to Aug. 30, 
1948 

Apr. 1, 1947 
to Sept. 30, 
1948 

Mar. 24,1947 
to Sept. 30, 
1948 

Sampling 
frequency 

Deily 

Do 

Do 

Inter-
mittentl; 

Do 

Do 

Daily 

Do 



	

Fiscelleneous single samples w!:..re collected durInc tho course ? of the 

study from cruller tributary waters including,; Owl Creek, Aowood Creek aria: 

Paintrock Creek, and results of analyses for these suer tiles i,re included in 

this report. 

The luelity of i-,round wst- A-8 in the drainse bssin is discussed in 

separate reports reloaseu 42 vo,res studies for fidminiStrtiVe Use. 

Cround water projects for which reports have been prepared or are tiny/ 

process, include the Riverton area, Owl ::reek, Paintrock Creek, and Heart 

ountain :,hoshr u imtension uaits, all in kyoming. 

Composition of *Ivor Asters 

Ills composition of a river water varies considerably with time and 

place. k.. sates in concentration occur between4eriods of hik,h flows and 

lo6 Clows and ootn composition atL., concentration are influenced by triuu-

/
tdry writers. Asrke- points out twit a river water is the everdisu of ail 

arke, F. h., The duts of ,eochcsistry, 6th ed: U. S. Geol. .iir-rey 

770, p. 69, 1924. 
.1111.....11.111•111111=1.111•1i 

its tributaries plus the influence of ruin end ;,round water. Rivers may be 

considered as the resultat.t products of the relatively weak solutions of 

the immediate run-off and the strony,or :cround.4Ater solutions frout the tone 

at discharge which have been in longer contact with rocks and soils and have 

leached them more thoroughly. In general • river water at or near its 

source reflects in acne measure the oompoitition of the rocks from which it 

rives. ,enter from limestone is rich in calcium, that trots dolomite contains 

siclificant amounts of magnesium, and that from granite is characterised by 

relatively hl6hur silica and alkalies. In small scrams thes,J resemblances 

are apparent; in large rivers, however, tne commiu,iiA, of the triuuturies 



 

 

 

	

1 (-)r)•-

t3nds to produce an average cozposition which may be called that of 

normal water. Furthermore the great continental rivers resemble one another 

much more nearly than do their component branches .2 

— Clarke, F. a., loom., p. v4. 

Rata water in its descent to the earth in Int) hydrologic cycle contains 

small quantities of eihseous and soli. impurities depa.11inc upon the locality 

and its influence on the purity of tne atmosphere. nbove 1.r e manufactur-

int areas, the air is often laden with dust of all kinds, soot, silica, 

sulfates am; carbonates, oxides of sulfur and nitrogen, hydroten sulfide, 

uirinia, organic materials and other a4ents. These are absorbed in the fall-

int rain or snow. sear the seacoast rain carries a quantity of sea salt 

,bsorbed fro". the spray that at times may reach 45 parts per million.-/ 

7 collias, 4. D., and Williams, K. T., Chloride and sulfate in rain water ! 

Ind. and ;-.1e. Chemistry, vol. 25, p. 944-945, 1933. 

in places where there is no factory pollution of the air, and well inland, 

the rain water shows appreciable amounts of dissolved materials. A study by 

iffenburg -" of some 2UU articles oa the compositiec. of rain water gives 

:Affenbur, iff. B., Cheeioal character of ground ouuors of no aortAit1;-u 

ireat ilains: U. S. Cool. Survey hater Supply Ayer 

the followint, average amounts of impurities in rain water, in parts per 

mIlli)n: (1), 3.0; nitroen us (NO3). 0.2; nitrogen as (UH3). 

0.4; 2r,itte L 4 ), 5.0. 

Athoujn relatively small amounts of solids are brought to ti,a earth 

in rain water, atmospheric moisture is an lffective agent in the disintegra-

tion of rocks. the carbon dioxide in rain water plus that added through 



 
	

	

	

	

	

	

	

	

'Si. 
organic proce..ises after the rain reaches th,3 !:,l.rth is active agent in 

the solution n rock particles. Distilled water - 0.1! dissolve only 2o 

parts per million of calcium carbonate and ,:qrts of mar nesiult. c:::.rbonste, 

but water charged with carbon dioxide will dissolve large *mounts of these 

solids. IA is to the solvont cower of carbonated :alms that the rivers 

and lakes owe thar dissolves solids. 

Carbonates in river %titers are larobf the result jf decomposition of 

feldspurs und the solution of limestoneo. qaters traversinc beds of t;,ypsum 

or gypsiferous shales often contain, cor.siderubie sulfate, silo in arid 

regions sulfate is derived from residual soluble salts on irrioted lands. 

Only a very small part of the chloride cont.dned in river waters can be 

traced to the decomposition of igneous rocks. aehrly all of it is primarily 

of organic origin, or secondbrily derived from marine rocks and sediments. 

Nitrates are of minor sik,nificance In the study of river waters. They may 

be formed, together witr qmmonia, by electrical disokorrea in the atmos-

phere, and then broujht to the surface of the earth in rain. ollution 

by sewar,.e may be the cus(-: or abnormally hiLh nitrates i:. river waters. 

Calcium and magnesium i lly predominate in asters draining areas of 

onrbonAte rocks, 'lin la sodium is usually :)resent in considerable amounts 

in waters drainin., arid lands. otass',um is pr9sent in small ,%,ilantitie.i, 

as a rule, in river waters. 

lifter examination of x large number of anayses of rival tlhd lake waters 

of Aorth excludin, tnose of closed basins, i.tirke -/ came to the 

elarke, A., The coa,position of tne river and lake staters of the United 

.-Jtates: U. S. c=aper 13o, p. o, ld4. 

conclusion that the aver...i.ce compositiOD Of the waters can be shown by the 

Alalysis indio44ted below with results shown as percentaos of the total 
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anhydrous inorEanic solids. 

average composition of North American waters 

(veroent 

CO3 33.40 

SO4 16.31 

Cl 7.44 

NO3 1.15 

Ca 19.36 

Mg 4.b7 

Lai 7.46 

X 1.11 

( ,?e,A1)2 03 .64 

61.02 (J.tic) 

10J.jJ 

717. will be noted from the above analysis that carbonate is the principal 

constituent in the averao fresh water. This is not surprisin6 when one 

considers tro-AL istetr containi:K carbonic acid in solution is the primary 

agent of rock decomposition. in the analysis above, percentage values of 

tne anhydrous residue ure Liven. Thus, bicarbonate (4003 ) es well as 

carbonate (Cr, present reported Rs carbonate since bi-1/2, in 3olutio:. firti 

ctrbonetez of csiciuin oAist only in soEition tan clot in 

the fl:Ihydrous residue. 

The omposition of the .ind, i-Afhorn, and '.hoshone river *titers 

,expressed in per(!ent of anhydrous residue is shown in table with the 

zAnalysis of averao, composition of Aorth :,.morican water:: included for 

uomparison. Iron and aluminum oxides, (Fe,:.1)e).6 , reported in ;21arkels 

..st omitted in table inasmuch us tne mixed oxides ure not 





	

	

reported for the Bighorn drainage basin waters. The percentage of iron in 

the Bighorn wLiters is very low and omission of this value in the table has 

no significant effect on the percentage computation. 

Table is of interest in two respects. It shows the relation of the 

composition of the bic;horn drainao wriers to the average composition for all 

North American river and lake waters; furthermore, it shows how rapidly and 

markedly the composition of a river water may be modified from headwaters to 

mouth. Analyses L to 7 inclusive give the composition of the Mind-Bighorn 

hiver waters downstream from a oint near the headwaters above all major 

diversions to a point approximatel, five miles above the mouth oelow exten-

sively irriEated lands. Analysis 4 represents a typical mountain water rela-

tively hiun in caroonates, rich in silica and low in concentration of solids. 

Tto composition approximates that of an average fresh water. Analysis 7, at 

the end of the series, shows a water rich in sulfate, low in silica, and four 

time:.; more coLeencrated in dissolved solids. This chano is caused by the 

salts from the soil by river water diverted for irriotion and 

the au-;s., ;uant return of Elmo of these waters to the stream. The Bighorn 

iver water -tt the mouth near Custer, Montana represented by analysis 7 is 

somewhat less concentrated than the water at Kane, 4yominc upstream 

(analysis 6). This is the result of the diluting effect of the Shoshone 

:,fiver water enterinz, the Bighorn Siver below Kane. sue map fili,ure )• 

1.nalysis b a-id 9 snow similar changes of carbonate, sulfate, silica, and 

dissolved solids in 6hoshone diver water from a point just below buffalo 

sill reservoir to a point downstream approximately 20 miles aoove the 

confluence of the Shoshone ano Bi6horn Aims. From the reservoir site 

downstream the composition of the water is altered by return irrigation 

flows. 
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Statement of Analysis 

:Then different salts are dissolved in water, they impart distinctive 

properties to the solution. d simple solution of sodium carbonate is soft 

and alkaline, while one of sodium chloride is neither alkaline nor acid, 

being neutral or saline. On the other hand a solution of calcium chloride 

is hard and saline. If these separate salt solutions are mixed, the re-

sulting solution retains definite properties acquired from those of its 

constituents. However. in the mixed solution it is no longer possible to 

state how much of each salt is present; reactions have taken place, and 

different combinations have resulted, and there is no possible way in which 

these combinations can be actually determined. This difficulty is overcome 

by expressing the results of analysis in ionic form, assigning weights 

directly to the chemically active parts of the dissolved solids instead of 

usinE those parts to hypothecate various combinations of salts. Thus, 

results for base analyses in this report are given as parts per million of 

the individual radicles and ions found upon laboratory determination. 

The statement of the amounts of the radicles however, indicates only 

the chemical composition of a water and not its character, for as Palmeri 

— Palmer. Chase, The geochemical interpretation of water analyses: u. S. 

Geol. Survey Bull. 479, p. 7, 1911. 

has pointed out the physical weight of a radicle is no criterion of itr 

chemical value in a balanced system of acids and bases such as exists in a 

natural water. A form of statement more convenient for study and comparison 

of chemical values is obtained by use of reacting values. This method of 

reporting results of analysis shows numerically the relative proportions of 

the ions by chemical weight in terms of reaction capacity. The reaction 



	

	

 

	  	
	  		
			 		  
		 		  
	 		  

		  

capacities of the individual ions or radicles present in water are the 

'uotients obtained by dividing the weight of each ion or radicle by its 

corresponding equivalent combininr weight. Identical values . ire obtained 

by mult'plying the weig..ht of each constituent by its reaction coefficient, 

which Stabler— has defined as the chemical reacting power of a unit 

2tabler, Herman, The mineral analysis of water for industrial purposes 

and its interpretation by the engineers Eng. News, vol. 60, p. 3o5, 190o; 

also chlpter on the industrial application of water analyses in U. 6. Geol. 

purvey ilaper '474, pp. 16O-101, 

seibht of a radicle or ion. The reaction coefficient of a radicle is the 

ratio of the reaction capacity of one part of that radicle to the reaction 

capacity of eight parts of oxygen. 'he followin, table shows the reaction 

coefficients of tree 7ositive and neoltive radicles most commonly determined 

in surface miters : 

.aaction coefficients of radicles commonly found in waters 

Positive rdicics let.ative radicles 

Sodium (4a) 
Potassium (K; 

Calcium (Ca) 
Magnesium (iii,) 
Hydrogen (H) 

- . 

- -
-
-

0.04346 
.02558 
.04990 
.0d224 
.99206 

Caronate (("n3) 
9icarboaate (HCO3 )) 
sulfate (SO4 ) 
Chloride (CI) 
Jitrate (:;0s) 
Fluoride (?) 

-
0.03333 

.01638 

.020b2 

.U2620 

.01613 

.Q5263 

:he coefficients of silica, iron, and aluminum have been omitted from 

this table, As it ib generally assumed that these substances are present as 

ines in the colloidal state and therefore take no p.rt in the chemical 

system of acids and bases. 

In the tables of base analyses for this report, values for the weibnt 

of the radicles are expressed in parts per million 011.1110.a:11s per kiloibram), 
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while reacting values, which have greater chemical significance, are shown 

as equivalents per million (milligram equivalents per kilogram). 

Interpretation of Results 

As a convenient basis for comparative study and an indication of the 

geological history of the waters in the basin the method proposed by Palmer' 

-I Palmer, Chase, op. cit., pp. 11-14. 

for the interpretation of water analyses is particularly noteworthy. Paler 

states! 

"Nearly all terrestrial waters have two general properties, salinity 

and alkalinity, on whose relative proportions their fundamental characters de-

pena. Salinity is caused by salts that are not hydrolyzed; alkalinity is 

attributed to free alkaline bases produced by the hydrolytic action of water 

on solutions of bicarbonates and on solutions of salts of other weak acids." 

In Palmer's classification alkalies or strong bases (sodium and 

potassium) are designated primary constituents, while the alkaline earths 

(calcium ana magnesium) form the secondary group. nil indicated above 

salinity is the property in which the strong acid radicles, chloride, sulfate, 

nitrate, and fluoride participate, 4or these radicles yield saline salts. 

Alkalinity, on the other hand, is caused by the presence of weak acid 

radicles (carbonate and bicarbonate) whose salts hydrolyze in solution to 

yield alkaline waters. Combining these terms, the etrori acids together 

with the alkalies, or primary bases dive the property of primary salinity; 

the strong acids in connection with the alkaline earths form secondary 

salinity. Similarly, the weak acids with the alkalies give the property of 

primary alkalinity and with the alkaline earths, secondary alkalinity. 



	

The above properties are deduced by first balancing the chemically 

strong bases with the chemically strong acids, and then oalanciag the excess 

of chemically strong oases or acids with chemically weak acids Jr bases. 

The resulting prcperties show the proportion of the chemical system that is 

relatively inert and unavailable and that which is relatively free and 

available, thus indicating the nature of chemical action of the water under 

many conditions. Most of these properties are familiar; thus secondary 

salinity is also known as permanent hardness, secondary alkalinity is practi• 

cally equivalent to temporary hardness, and primary alkalinity has been 

called permanent negative hardness. 

Since natural waters vary greatly in concentration the direct reacting 

values are not entirely satisfactory for purposes of comparison. gliminat-

ing the factor of concentration by expressing the reacting values in percent 

permits wider application of these values. Also from the percentage reacting 

values the properties of the salinity and alkalinity of the solution are 

obtained in percentage proportions. 

Palmer's method of interpretation based directly on the properties of 

the water is further discussed by Rogers -/ and has been applied by 

-, Rogers, G. S., The interpretation of water analyses by the geologist: 

Econ. Geology, vol. 12, pp. 56.88, 1917. 

geologists, engineers, and chemists in water studies. 

See R ogers, G. S., The Sunset-Midway oil field, California, Part II, 

3eochemical relations of the oil, gas, and water: U. S. Geol. Survey Prof. 

r per 117, pp. 52-92, 1919. Crawford, C., Oil field waters of tyoming 

and their relation to geological formations: Bull. American Assoc. Petrol. 

Geologists, vol. 24, pp. 1214.1329, July 1940. Also Rill, R. A., Salts in 

irrip.tion water: Trans. American Soc. Civil &yrs., No. 107, pp. 1478-1518, 

le42. 
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Geochemistry of tlighorn River Drainage Waters 

As previously indicated the Wind-Bighorn river water is continuously 

undergoing ohange in composition from its headwaters in the and River Range 

thru the Wind River Canyon, across flood-plain terraoee of low relief to the 

bighorn Canyon and finally to its mouth where it joins the Yellowstone River. 

In terms of percentage reacting values, considerable difference exists in 

the ionic pattern of Bighorn river water from its source (hind River) to its 

mouth near Custer. This is seen in figure where proportions of 

individual basic and acidic constituents for these waters are plotted as 

trilinear graphs. At Dubois the water is richer in calcium and bicarbonate 

than the water near Custer which contains about equal percentage values of 

calcium and sodium, with sulfate composing more than one-half of the acids. 

Magnesium varies little in the river water near Custer, and the percentage 

reacting values for chloride and nitrate for both stations are quite low. 

The A.nd and Bighorn Rivers considered as a single continuous stream 

exceed 350 miles in length and drain areas of widely divergent geology and 

topography. .ultural influences, such as diversions of water for irrigation, 

and climate, whion is largely semi-arid, are other important factors which 

modify the propertieb of the river water from source to mouth. Furthermore, 

the effects of tributary waters cannot be ignored. if the results of 

mineral analyses of the river water are shown as properties deduced from the 

percentage reacting values, as previously described, some correlation with 

the character of the geological formations in the basin is possible. At 

5ubois, above any major diversion, the river drains a basin containing 

sedimentary rocks as well as scattered outcrops of granite, and the water 

here is preponderantly secondary alkaline with some primary alkalinity 

exhibited. Downstream at Riverton the basin includes in addition to the 
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above, siltstones and gypsum and the water at this station aho4s less 

secondary alkalinity, no primary iklkelinity and increase in secondary 

salinity. Return flows to the river from irrigated tracts above Eiverton 

modify the character of the water appreciably at this station. Continuing 

downstream froT Riverton to Thermopolis, to Manderson, to Kane and to 

17uster a progressive decline northward in the proportion of secondary 

is observed. In addition to the general rook types noted upstream 

from !dverton, some metamorphic rocks are found in the lower basin; ulso 

t,ho contrioutioa of return flows here is considerable. rho variation in 

secondary alkalinity is seen in figure where values are plotted corre-

sponding to sampling stations shown as miles downstream from ubois. 

the ceochemical classification of a surface *titer not diverted for 

irrigation, and drainin an area in which a single rock type dominates, is 

relatively simple. For example, a water in which primary alkulinity is 

prominent is commonly derived from and associated with igneous rocks; 

wkitar in which secondary salinity is prominent is generally derived from 

grid w111 contribute to the formation of marine sediments. However, large 

rivers, or e/en smell streams from which diversion for irrigation is made 

ivith subsequent return ro the stream of waters that have leached the soil 

of salts, are more difficult to classify. Such rivers and streams rnuy 

oirry contributions of mineral particles from all kinds of rocks--effusive, 

intrusive, metamorphic, aria aedimentary—their waters are mixed in type, 

1(1 analyses of theta no not afford buses for very definite conclusions. 

or .,.aters of major interest in tne Bighorn drainage basin two 

c:lasse have Dean nifferentiated ::ith respect to reaction in accoruance 

pith site .;lassification previously outlines. ,,aters in wKicn strong acids 

-/ p. 14. 
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Figure Variation of secondary alkalinity property in Wind River and Bighorn River waters 
with distance from Dubois, Wyoming. 
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exceed alkalies in reactini-, v:eirrit aro called secondary saline miters and 

belong in Class TIT; those in which alkalies exceed the stronz acids are 

called primary alkaline waters, and belong in Claus T. If one c'71aracter-

lied by neither primary alkalinity nor secondary salinity, it would De placed 

in Class TT. 

Table shows the Leochemical classification of the ui4jiorn basin 

watorb and the ueueral rook types in the areas drained. Results of chemical 

hnalyses in both parts and equivalents per million are given in Appendix 

And River near Dubois, Wyoming 

The river at nubois drains an area of mixed sedimentary and igneous 

rocks and contains a relatively high proportion of bicarbonate, calcium, 

silica, and appreciable sulfate. The *ei,:hted average for a twelve-month's 

period of sampling shows a Class ' water, having the property ol7 primary 

hlkalinity. Variations of dissclved solids content cf the water with varia-

tils in river discharge is indicated in a General way in plate where 

sDocific conductance as iicromhos is plotted against flow. Conductance 

measurements are an inuox to the cormtent of dissolved solids, and a rough 

approximation of the latter value can be obtained by multiplyiu the 

conductance by an averaLe factor of 0.7. 

dad hiver ner Aiverton, “yomilic 

nt --Avarton the water no lonber exhibits primary alicaliait,, but is 

Class III wutur. licarbonate, unc silica are present in less 

amounts, while sodium and particularly sulfate have increased in concentra-

tion. Return flows to the river aoove the samplinb station explain in part 

the increase in seconde_ry salinity. Conductance-dischari,e relationships 

tlre shown in plate 



	

	

	

	

	

	
		
	

	

d ,eochemical classification of surface waters, Rie,horn liver drainate basin, ,,yoming and wontana 

Pri- Seo- Pri- Sec-
mary ondary mars ondary 

River station 3a- a- Ilka- Alka- Class General rook types in area drained 
linity linity linity linity 

__Am..-----...-==----

And tibois (1947) 24.0 4.4 0.0 71.6 ITT Sandstones, conglomerates, tuffs, shales, 
(1946) 17.8 .0 4.2 78.0 1 some limestones and dolomites; scattered 

outcrops of granite 

do aivorton (147) 13.4 19.4 .0 67.2 III libove character pliis siltstones and 
(1A c) 24.4 5.4 .0 66.2 III gypsum. ,,lso acidic volcanic. 

i;.3horn thermopolib (1547) 31.6 24.6 .0 46,6 ITT ,,s aoove with addition of some metamorphic 
(1948) 36.2 26.0 .0 3i.o rocks 

du :oaderson 
(HiLh cone) 46.6 25.4 .J 2ii..) III do 
(Low corm; 25 .6 29.0 .6 45.4 III 

do Kane (High coac) 3o.4 34.4 
_ 
.U _Z,i o4 III do 

(Low cone) 26.0 26.6 .,. 4.4 III 

dc., .2uster (FiLh cone) 39.4 35.8 .0 24.o ITT do 

1 (Low conc; 47.6 10.6 .0 41.8 III 

;:rIcshLne ..;.elow '.4uffalo Bill 
reservoir (1947) 37.b .0 .6 61.t I Acidic volcanics, siltstones, shales, sand-

(1948) 35.6 .0 4.0 60.E I stones, gypsum, limestones, and dolomites 

:1 ,-) Vrnn (1947) 40.6 4.6 .0 52.6 III AS above plus conglomerates and tuffs 
(1948) 39.6 13.8 .0 46.6 ITT 

;:ate 1. Values for 1i:47 computed on basis of six months daily sampling; 1948 results based on 12 months daily 
samplinf,. 

.ote 2. Uande-son. Kane, and t;uster stations saa.pled intermittently; values shown are maximum and minimum 
dissolved solids for total period sampled. 



	

	

Bighorn River at Therwopolis, y'omihj 

The average concentration of dissolved solids of the water et Thermopolis 

is about three times that at Dubois. Concentrations of sodium and sulfate are 

approximately twice that at ',Riverton, and decrease in bicarbonate, calcium, 

and silica is noteworthy. The water is secondary saline and Class TI!. the 

relationship between conductance and discharge is shown in plate 

Bighorn 1iiver at Manderson, 4oming 

the composition of the river water at Marderson differs little fr.:a 

that at Thermopolis. The former shows somewhat less bicarbonate bi:-10 higher 

suifte cind both are Class waters. 

_ibnora River Lit :rdne, .4owine, and .,uster, ;Nacontaaa 

aamples collected at both Kane dad Custer stations upon analysis gave 

approximately the same results. The water at Custer averaces lower concentra-

tion or dissolved solids than that at Kane due to the diluting action of tree 

Shoshone river entering; the Bighorn be lo.,Kane ana above Custer. both Kane 

and Custer waters are secondary saline. 

:',hoshone River below Buffalo 3i11 keservoir, 

This stream drains an area containirw acidic volcanics us well as 

sedimentary rocks. The water exhibits primary alkaliniv, is Class I. and 

has the lowest average concentration (115 parts per million) of dissolved 

solids for major streams sampled in the basin. plate shows the 

conductance-dischsre pattern. 

.noshone :iver at 6yron, _yomin 

sere the river water has been modified in properties acid oomposition 

by irrigation practices upstream. ins water is Class III bein6 secondary 

saline, and its average concentration is over three times that just below 

the reservoir. Conductivity-discharge chanted are shown in plate 
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Discharge and Salt Burden 

Daily samples were collected for analysis at the bubois. Riverton, and 

Thormopolis stutions on the main stem from April 1 to September 30, 1947--

six months of the 1947 water pPird.-and from October 1, 1947 to September 30, 

19.16, the complete period for the 1948 water year. A similar sampling 

p6,tterl .yes followed for the two stations on the Shoshone River - below the 

rervoir west of Cody, and at Syron. Other stations for which analytical 

rsults have been reported were sampled once a month or leas. 

For those stations sampled on a daily basis, weighted mean concentra-

tions cf total diaRolved solids, computed as ton por acre foot, are iven 

t,,Lether with disohdre in table below. 

h;ftblo Discharge and salt burden for stations 
1.4 U Ci,hora River basic, 194i tiA, 1948 

i.'issolved solids 
.; t-; Lion Period 1/ rater discharo rota par Tons 

(uore Feet) acre foot 

Aind saver - /1.1.nois 1947 119,430 0.14 16,720 
do 1948 129,400 .20 25,880 

ind River • -:dverton 1947 752,760 .20 150,552 
do 1948 713,700 .22 157,014 

Bighorn River 
Thermopolis 1947 1,476,250 .41 605,262 

do 1948 1,185,000 .59 699,150 
8hoshone Riv9r below 

reservoir 1947 756,620 .14 105,927 
do 1946 913,700 .16 146,192 

Shoshone i.iver Syron 1947 564,570 .36 203,245 
do 1948 797,500 .52 414,700 

a/ 
1947 results based on six month period only. 

From table it is seen that in 1946 And River diccharged 

129,4W acre feet of water at Dubois, the upper station. This was increased 

to 713,700 acre feet at Riverton, and to 1,185.000 acre feet at Thermopolis. 

In respect to the salt burden the data shows that the river carried 25,880 

toad or dissolvod solids at Dubois, 157,014 tons at Riverton, and 699,150 
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tons at Thermopolis. The Shoshone River in 1048 discharged 913,700 acre 

feet of water below Buffalo 13111 reservoir west of Cody, and 797,500 acre 

feet at Byron. Salt loads in tons for the Shoshone River during 1948 were 

146,192 below the reservoir and 414,700 at Byron. 

In table - below, net volumes of water and quantities of salts contri-

buted from the portion of the drainage basin between each two successive 

gaging stations have been computed for 1046. 

Table Discharge and salt burden. for sampling stntions 
and intervening areas, Bighorn River basin, 1948 

Dissolved solids 

Station Aster discharge Tons per Tons 
(acre feet) acre foot 

wind - !tiver 

At Dubois 129,400 0.20 25,b80 
Intervening area 584,300 .22 131,134 

At 1-Averton 713,700 .22 157,014 
Tntervening area 471,300 1.15 542,136 

At Thermopolis 1,186,000 .59 699.160 

Thoshone River 

Below reservoir west of Cody 913.700 .16 146,192 
Intervening area .0, 00 .016 MO OM 268,508 

At Byron 797,600 .52 414.700 

In the area between Dubois and Riverton the net volume of water contri-

buted was 544.300 Lore feet, and the concentration of this contribution was 

.22 tons per acre foot. Between niverton and Thermopolis a more striking 

example of the higher concentrations of the inter-station contributions is 

found. In this intervening area the net volume contributed was 471,300 acre 

feet and the concentration was 1.15 tons per acre foot, or more than fivt 

times that at Riverton and almost twice the concentration at Thermopolis 

downstream. The high concentration of the inter-station contribution 

between Riverton and thermopolis indicates that the return flow of drainage 

water from irrigated lands along the stream carries • higher proportion of 
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:iissolveci salts than the natur,A1 rur13:1 from precipitation. .,rite flows 

3Lci-ried by -ive .10 an(i canals Ana literals iTon: the .,verton irri,21-

':,ion project di s ch+arE e their salt-lacen waters into tne xibnora Aver 0010w 

Trton. 

-::-Arlier studies by Dunnewald - on tha discharge stilt burden factors 

-I ! cmnewslc, T. J., Salinity conoitions in the ii horn durinE, the years 

l',38 an% ,. of .yomint_ r4.; . r.xp. - tation !lull. 24J, pp. 7-9, July 194O. 

n the Righorn tiver show fi similar pattern to results reported for 1946. 

Lffects of Irriotion Development 

,ualiq of the :ist,ir 

A.ountain water, such db the fiind niver near LAAbois, is dilute as previ-

ously noted anu meets i,eneral reLiuirements of en irri5ation water. ,J1 the 

juality of tne Kucer is determined downstream froi nehd to mouth, the composi-

tion of the aissolved solids in the bi - horn niver is found to chants from 

essentially cal(7ium bicarbonate to proportionully more tiodium sulfate. This 

partly explained by the admixture of seepate and alkali water from side 

streaiLs of the drainuo 3rea and return flows from irritated lands. For 

lAample, .)cean Take, lamely sustained by irritation waste waters in the 

iverton project contains water in which sulfate composes b4 percent of the 

acid radicles and sodium accounts for b7 percent of the bases, considered 

as equivalents per million. typical analysis shows a dissolved solids 

concentration of 2,32() parts per million, which is more than twice th., 

maximum concentration reported for the Righora River in its lower reaches. 

The increase in salinity an!, corresponding, decrease n alkalinity from 

Dubois to Custer iu shown Graphically as percentae,e values in fi6ure • 

'elated rssults are Given for thu lAvJrton, and inermopolis stations, 



View along lower Five Ldlu "reek showing great vddth of 
stream resultlnF' frol.., lateral corrasion. 

View at thu c_nfluence of Five —ile ,,reek and the Jighorn 
River. Note how the delta of Five Y.ile Creek, in the fore— 
'round, has forced the Bip,horn River over to its right bank. 



	 	

	 	

	 	 	 	 	

	 	

	 	  

	 	 	 	
	

	 	 	 	
	

	

WIND RIVER WIND RIVER BIGHORN RIVER 
Near Dubois, Wyo. Near Riverton, Wyo. At Thermopolis, Wyo. 

1 9 4 1948 1947 1948 1947 1948 

BIGHORN RIVER BIGHORN RIVER BIGHORN RIVER 

At Manderson, Wyo. At Kane, Wyo. Near Custer, Mont. 

ilkolinity 
24.8 0/0 

Salinity 
75.2% 

Minimum Maximum Minimum Maximum Minimum Maximum 

1947-1948 1947-1948 1947-1948 1947-1948 1947-1948 1947-1948 

Figure Alkalinity—salinity relotionship for Wind River and Bighorn River waters, Wyoming and 
Montano in downstream order. Values reported os moximum and minimum 

concentrations are for points sampled intermittently. 
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where daily samples were collected: values corresponding to minimum and 

maximum co:loentrations of As4olvol solids are oho-mn for Kanderson, Kane, 

and eustor stations, sis:,,p111 intermittently. 

rho .Amount of water diverted for irr4ation the amounts 

sutso-uently ruturnin to the river for re'lsu ootil effect the quality of 

the *ater, as has already been discussed. in addition the quality of the 

water varies with no* conditions. Concentration, more than composition, 

fluctuutea discharbe - the higher conoentrutions as k. rule corre-

sponding to low flows. If the low-water flow is sustained mostlj by 

ground water discharge and bank seepage, one expects to find such waters 

carryinc relatively high quantities of salts. High-water stages, as d 

result of snow melt and precipitation, dilute these aineralized waters to 

furnish a wuter of lower concentrItion. 0,Aamples of the effect of dis-

charge on concentration and composition are seen in ficure when thc 

analyses of waters corresponding to high and low disoliNri4as are plotted 

graphically us equivalents par million. in such diagrams the heights of 

the sections are proportional to the concentrations as e,:iuivalants of the 

radicles. 

.although the quality of surface water in tae Bighorn River basin is 

somewhat impaired prof,ressively downstream, luroly from cultural influ-

encLta, i;oroent sodium values are not critical and dissolved solids are 

generiAlly Icifs tflan 1,UX parts per million even durini, .eriods of low 

flow. A)1 14 samples ,Inulyzed at ,luster near the mouth of the Bighorn 

hiver, the maximul. percent sodium reported is 4o . ,t present the quality 

of the Bighorn river water is not :Adversely affected for irritation use 

by return flows. 
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E 

as 
0. 

1 
6r_1 

4 

0 
Second feet 710 5,390 15,800 14,000 20,600 24,200 

High discharge 

5,420 6,250 

20r 

18 

16 

LEGEND 

odium riChloride 
Sand • a nd 
Potassium ' Nitrate 

Magnesiu Sulfate 

C
0 

Calcium 
Corbonate 
andv•••`•••• Bicarbonate 

E 

0. 3 
8 

11.7:. 471% 

i. 
• 

•rte 

':;,..i.;:..... 
:;.,.
-•:. : 7...:I'''S 
•:::.::::. ::*.•

,• ••:::::i.::E:ii:*: 
• 

.:.§:•iiii;: ..-..4 

0 / ; '' 
Second feet 60 280 756 236 668 1550 499 266 

Low discharge 

I Wind River near Dubois, Wyo 5 81hurn River at Kune, Wyo 

2 Wind River near Riverton, Wyo. 6 Bighorn River near Ouster, Mont 

3 Bighorn River of Thermopolis, Wyo 7 Shoshone River below Buffalo Bill Reservoir, Wyo 

4 Bighorn River at Monderson, Wyo. 8 Shoshone River at Byron, Wyo 

Figure Chemical analyses in equivalents per million of Wind River, 
Bighorn River, and Shoshone River waters, Wyoming and 

Montana for periods of high and low discharge. 
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Cnaructer of Miscellaneous Lake 

and tream 4aters 

Briefly aoted are analyses made during the course of the investigation 

of the water in r)cean Lake and small streama tributary to the Bighorn river. 

')oean !Ake near Pivarton, 

Cocenn :.eke is the result of waste flows draining; irrigated lands 

developed under the Averton irrigation project. The lake water has a hi e:h 

concentration of dissolved solids cJiaposed ;nosily of sodium and sulfate. 

Three analyses show concentrations exceeding 2,000 parts per million of 

dissolved solids. sample enalyze6 from Saad butte lateral flowin into 

the lake, hhilo showia6 about the same coacentratio.1 as toe ano outlet 

waters had lower percent sodium value. Results of analyses in ooth parts 

aria equivalents per million are Given in tables and 

CJwi reek and tributaries 

Several samples from Owl Creek and its North and ;:outh forks were 

analysed. .:outh '.'ork of Owl Creek above the anchor damsite is a dilute 

oaloium bicarbonate water as shown by Nos. 541 and 2.852 in tables and 

. The upper reaches of North Fork show a similar but somewhat more 

concentrated water (No. 2649). '4elow tho confluence of the forks the 

creek water becomes progressively more mineraliTed reaching. a mAimuT 

concentration of 4,160 parts per million near its mouth above the BiKhorri 

Piver. .ample No. Ziokiti shows the composition of this water. 

NowooJ anci ,aintrock Creeks 

Nowuod Creek enters the Bighorn Siver beloA 2.4anderson and tree composi-

tion of the creek water at this point rdflects the contrioutiun of Osintruck 

creek, its principal tributary. tier hyattville, water front raintrock Creek 

shows the typical properties ui a wount:-in stream. The watr id low in 
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TA8144 CHEMICAL .AALYShS, IN PARTS Pi..h MILLION 

OF *ATi,KS FROM OCiAi L4K6, NYOMING 

Sample numUer  • . . 1156 1161 1183 

Date of collection . .14: . . Sept. 
23 

Sept. 
23 

Sept. 
23 

Silica (Si02) 0.0 0.0 4.0 
Iron (?e) . . . . . .01 .31 .01 

Chlcium (Ca) 147 140 247 
MaKnesium (Mg)  . 49 48 61 
sodium (Na) „ . ...... . 532 521 402 
Potassium (K) 

Percent sodium • 0 67 50 

Bicarbonate (HCO3) . . . . . . 152 146 278 
Sulfate (SO4) . . . . 1,390 1,360 1.370 
Chloride (C1) 100 100 56 
Fluoride (F) .6 .7 .8 
atrate (NO3) • . . . . . . . . .2 .2 6.0 

Boron (B) . . • .16 .. .. - 10 40, ili 

Dissolved solids: 
611M - ppm. . . ..... . . 2,290 2,240 2.280 

Hardness as CaCO3: 
Total . . . . 556 547 867 
Noncarbonate 433 426 639 

Specific conductance 
(Micromhos at 25°  C.) . . . 3,110 3,080 2,930 

pH • • ..... • • 8.2 8.2 8.3 

----• 

Sample No. 1158: Collected from lake 

Sample No. 1161: Collected from reservoir outlet 

Sample No. 1163: Collected from Sand Butte lateral mile above lake 
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TABLE CHEMICAL ANALYSE:3, IN Eti.JIVALbNTS PER MILLION 

OF AATERS FROM OCEAN LAKE, /MORINO 

.3ample number • 1158 1161 1163 

1947Date of collection . . Sept. Sept. Sept. 
23 23 23 

Calcium (Ca) 7.14 6.99 12.32 
Wagnesium (Mis) . 4.03 3.95 5.02 
Sodium (Na) . . . . . . . . 23.12 22.67 17.46 
Potassium (K) 

Bicarbonate (HCO3) . ...... 2.49 2.43 4.56 
Sulfate (504) . • • 26.94 28.32 28.52 
Chlocide (C1) 2.d2 2.82 1.88 
:luoride (F) ....... . .. .03 .03 .04 
ditrate (NO3) .01 .01 .10 

ull1P141 No. 1158: Collected from lake 

ample No. 1161: Collected from reservoir outlet 

Sample No. 1163: Collected from Sand Butte lateral 4 mile above lake 



	
	

	 

	 		

		 
				 			 	

					
			 	
	 
		 		 	

		

		
						
	 
	 
	 

							

				

							
				

		  

 

	 	

	

21.5 TABLE CHEMICAL AIALYSLS, IN PARTS PER MILLION 

1F AATERJ !ROY OWL CRe..EK AID TRIBUTARIsS, 

Sample riumMr 5,1::: 2846 2849 2851 541 2852 2850 

1947 July Sept. Sept. 3epc. July Sept. :iept.
Date of collection. . . , 2 2 2 i 2 2 

,dies (S10?) 18 28 36 33 17 19 17 
Iron (Pe) . . 6 . . . . .02 .02 .8D .0 .02 .65 .0 

Calcium (Ca) . . . . . 102 370 21 150 11 12 92 
Magnesium (M6) . . . . 38 186 6.8 70 6.1 0.4 44 
sodium (Nd) 102 10 

610 28 190 3.4 51Potassium (K) ... .. 6.8 2.0 

percent .odium • . . 34 44 43 38 12 26 21 

bicarbonate (HCO3 / • . 207 It/ 3o 126 392 57 77 264 
.1:ullate (SO4 ) . . . . . 432 2,530 33 723 10 8.7 493 
Chloride (C1) 13 59 .4 13 1.6 1.5 5.0 
Fluoride (F) .3 .8 .4 .7 .1 .7 .2 
Nitrate (NO3 ) 2.0 .7 .5 .f. .5 .5 .4 

Boron (B) . . . . . . .17 - . - .01 - . 

Dissolved solids: 
Sum - ppm. • . . . 811 3,960 190 1,380 79 108 642 

Hardness es CaCO3 : 
Total • • . . • . . 411 1,690 80 662 53 52 410 
.loncarbonate . . . . 241 1,400 0 361 6 0 202 

Specific conductance 
(wicromhos at 25° C)1,170 4,240 283 1,790 116 148 904 

pd .... :0•', 7.b 7.5 7.6 8.3 7.0 7.6 

11/ Contains equivalent of 2.0 parts CO3 

No. Owl Creak near Lucerne, mile above mouth 

Sample Lio. 2848: Owl Creek; 15 foot upstream from mouth where Owl Creek 
enters Bighorn River 

Actple . 284 : North Fork Owl Creek; 0.5 mile upstream from 6a6ing suction; 
sec. 7, T6a, 

Sample No. 2851: North Fork Owl Creek at mouth; 100 yards upstream from 
junction with .,outh Fork ,1w1 Creek 

Sample No. 541: south :cork Owl Creek, § mile above ,,nchop uarneite 

:,ample No. 2852; South Fork Owl Creek 4 mile above rinchor dumsite 

Sample So. 2850: South Fork Owl Creek, 400 yards above confluence *kith 
North Fork Owl Creek 
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TABLE ANALYSIS, IN k.;'•-eiI1/2L1.6NTS PnR MILLIOU 

0 WATEhS FROI OWL CREEF AND TRIBUTARIES, MYONING 

. . . , 

mple number 542 2848 2849 2851 541 2852 2850 

1947 July Sept. Sept. Sept. July Sept. Sept.74.te of collection . . 2 2 2 2 1 2 2 

r!ftloium (Ca) 5.09 18.46 1.05 7.88 .55 .60 4.59 
Wagnesium (Mg; . . . 3.13 15.30 .56 5.76 .50 .44 3.62 

sodium (Na) 4.41 .4426.52 1.22 6.25 .1;') 2.21 
,otassium (K) . . . . .17 .05 

bicarbonate (12003). . 3.38 5.86 2.10 6.42 .93 1.26 4.16 
Sulfate (SO4 ) b.99 52.66 .69 15.05 .21 .lb 6.10 
Chloride (CI) . . . . .37 1.67 .01 .37 .04 .04 .14 
Fluoride (F) .02 .04 .02 .04 .01 .04 .01 
Nitrate (NO3) . . . . .03 .01 .01 .01 .01 .01 .01 

Sample No. 642: Owl Creek near Lucerne, mile above mouth 

Sample No. 2848: awl Creek; 15 feet upstream from mouth where awl Creek 
enters M.ghorn Fiver 

Sample No. 2849 : North Fork Owl Creez; 0.6 mile upstream from gaging station; 
Sec. 7, TSN, R1W 

Sa:uplo No. 2851: North Fork 'awl ,reek at mouth; 100 yards upstream from 
junction with :.oath Fork Owl Creek 

sample go. 541: South Fork Owl creek, * mile above ;,nchor damsite 

Sample 2852 : South Fork Owl Creek mile abovo -nchor damsite 

Sample No. 2850 1 South Pork Owl Croak, 400 yards abovo confluence with 
North Fork Owl Creek 
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dissolved solids (LUZ parts per million), low in sulfate, rich in bicar-

bonate, and is primary alkaline, with the alkalies exceedin6 the equiva-

lents of strong, acids. ilyattville is above any major diversions for 

irrigation. 1 ,ownstream at a point approximately 150 feet above its conflu-

ence with .owood Creek, the water has changed remarkably. ;is noted in 

tables and the „titor hors is about 13 times more concentrated, 

(1,330 parts per million), high in sulfate, poor in bicarbonate, and is 

secondary saline. eturn irritation flows account for much of the hither 

concentrations in the lower reaches of Paintrock Creek. Tho water Iron 

Nowood Creek below its confluence Kith Paintrock Croak is somewhat lass 

concentrted as a result or the diluting action of the 'Nowood water. 

Aster Temperature 

increased significance is being; L iven to water supplies and to water 

temperatures in that these conditions along with other considerations are 

often limiting, factors in inaustrial development. atudies of conditions 

affectinz livin6 aquatic ork;anisms include evaluation of loin,-range 

temperature records. Temperature measurements are reported witn the 

eesults of analyses in figure* to , and are shown 6raphically in 

olates to 

Lummary. 

rho *norn niver drairiare basin from headwaters to mouth shows a 

constantly changinK pattern in the quality of its surface waters. Return 

flows from irri(ated areas alter the composition and properties of the 

1- _ vr water considerably. From ;nbois downstrea a pro6ressive decrease 

in silica, oalcium, and nicarbonate, are a pror,ressive increase in sulfate 

sad alkalies are noted. however, percent sodium is below o0, even in low 
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TAIBIZ CHEMICAL ANALYSIS, IN Pkre26 PER 14ILLION 

OF NOW001) AND PAINTROCE: CYIEEK WATERS, NYOMING 

,umple number 

47'to of collection .1 .9 . . 

ilica (5102) 
iron (Fe) . • . . . . 

Calcium (ca) 
Magnesium (Mg) 
Sodium (Na) • 
Potassium (X) 

erce3nt sodium . . . . • 

Ricarbonate (HCO3) . . . • 
Sulfate (SO4) . . . • 
Chloride (C1) . 
Fluoride (F) 
Nitrate (Nos) 

Boron (8) . . . . • • • • 

Dissolved solids: 
- ppm. 

nar,iness tAri 
Total . . . . . . • 
Soncarbondte . • 

Soecific conductance 
(Micrwhos at 25° c ) • 

• • • • • IpH . . 

17852 17854 

Sept. 
11 

IINMEMPAII 

12 7.7 
.08 .06 

146 18 
55 9.0 
68 3.4 
7.6 1.6 

20 8 

202 102 
550 4.J 
6.0 1.0 
.2 .4 
1.8 1.5 

.22 .11 

946 102 

590 82 
424 0 

1,300 185 

7.6 7.9 

17853 
• 

Nov. 
12 

25 
.02 

199 
68 
113 
12 

24 

292 
758 
6.0 
.4 
2.5 

.28 

I 1,330 

776 
537 

1,69J 

7.6 

Sample No. 17852: lowood "reek near Manderson 

Sample No. 17854: PaintrocK Creep( near Hyattville 

:Ample No. 17856: Faintrock Creak at point 150 feet above 
confluence with e:;ow000 Creek 



	

	 		 			

		
			  
							  
						 				

		 						
			 			 				
		 		  
	  
		 		  

21.9 

TABLE CHEMICAL, ANALYSES, IN EQUTVALENTS PER MILLION 

OF NOWOOD AND PAINTROCK CREEK WATERS, WYOMING 

Sample number 17862 17654 17853 

Data o2 collection . .1?47 . . . Sept. 
12 

Sept. 
11 

Nov. 
12 

Calcium (Ca) .  . 7.29 .90 9.93 
Magnesium (Mg) . . 4.52 .74 5.59 
.:.odium Oa) . . . . . 2.97 .15 4.93 
Potassium (K) . . . . . . . . . .19 .04 .31 

Bicarbonate (iiO3) . . . . . . . 3.31 1.67 4.79 
Sulfate (SO4) . . . . . . . . . 11.46 .06 15.74 
Chloride (C1) . . .17 .03 .17 
Fluoride (F) .01 .02 .02 
Nitrate (703) . . .03 .03 .04 

Sample No. 17852: Nowood Creek near ‹Ilinderson 

Sample No. 17854: Paintrock Creek near Hyattville 

Sample No. 17853: Paintrock Creek at point 150 feet above 
confluence with Nowood Creek 



	

flows, and tnb concentration of the river water seldom exceeds 1,‘)uo parts 

per million of dissolved solids. Completion of proposed reservoirs and 

expansion of present irrigation development will be expected to further 

modify the quality of river water available for irrigation and other uses. 

,.t present the average concentration of dissolved solids at Thermopolis 

is approximately three times that at Dubois, while the concentration at 

Kane exceeds five times the Dubois value. Th verage concentration at 

Custer downstream near the mouth is somewhat 1r than that at Kane due 

to the more dilute Shoshone River water entering the Bighorn River below 

Kane. 

220 
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