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General Statement

The upper Little Missourl River valley, southwestern
North Dakota, described within this report, contains approxi-
mately 1800 square miles (sce Figure 1l). [Erosional remnants
situated on the partially dissected Miocene-Pliocene pene-
plain, border the Little Missouri River valley. The gravel
depogits which veneer this upland surface are herein desipg-
nated as [Flaxville and are correlated with the Flaxville
gravel of northeastern Montana., Within the valley, the
plcturesque Badlands of North Dalrota are subdued by vestiges
of a former lood plain of the Little Missouri River, desig-
nated as Little Missourl Terrace No. lj, Below this high
terrace level, terraces of Plelstocene age are well developed

and indicate multiple cycles of erosion,

Figure 2. Typlcal landscape along
Little Missourl River Valley
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The ercsional processes wilch havs sculplured toe land
forms of southwesitern Hopbti U kota were initiated and ine
fluenced by numerocus Tactors and azents, such as broad uplilfhs,
sbtream capiures, climate, litnologle varlations and simi-
larities, and lsositatic adjustment., Tlgure 2 sixows a Lypleal

view of the landscape along ine Little Missourl Hiver valley.
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Pravious Work

In the early 1900'g, Dr, A. C. Loeonard, former Stabe

Geolozist, 41d extensive work describling mueh of bthe geology

of gouthiweastern North Dakoba, Hares (1328), did extsensive

mapning south of Billings County, to the South Dakota state
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line along the Litile Hissourl Hiver and its btributaries,
Alden {1932}, oublined the physiogsraphy and glacial geoclog

0f northeastern Montana and the adjacent areas. Taird {1950},
fsensoy (1952), Pisher {1953}, Hanson {1955), Weldanl (1956},
nave manped in some detaill eithsr thoe goomorpaclogy, strabigra-
nhy, oy structure of poritions of western Horbth Dalkota. The

most recent extensive geomorphlc work in the lmmedlate area
was done by Sohmisz (1998), in whick ke descrides the geomorphnic

history of tae lowsr Little Miszsourl River,
Hethoda of ¥isld Work

Reconnalssance of the areca mapped was conducted during
¥ay and June 1955, Ficld worl: was berun during the latter
part of July 1985, and was cmﬂvlaue& by mid-Sepiemhar of the

Zame TOar.

}J

Areal index photorranhs to the scale of approximate

iy

one lnch to the mile were used 23 base maps and for control

in mapping. Yorth Dakots State Highway maps of MeYensie,
711linzs, Solden Valley, Slope, and BDowrnan counties were of
creat assistancs in loecatlng possidble routes of travel and for
ldontifying local landmarks. Bilver Survey meps, published by
tne Unifed Sitates Geolozical Survey, 13L9, for the area soubh
of Hedora to itke state line were of great help in locabing
beneh rarks and for topozrannie control along the Tistle
#lsgouri Aiver. However, a Paulln altimeter was uzed to obdaln

tne altitudses of Lerraces and higher surfaces alons the river
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sccessibility -~ The area can be resched from the south or

norsih: by elther Unlied Btates Hlghway 85 on the eazst slide of

she area or North Dakota State Highway 16 on the wesh side

of 4ie arsa. Access to the Little Hissouri walley from ik

efct or west can bhe asccomnllghed by following elther Unlted
statss Bighway 10, passing through Medorsa, or United Statos
Tiphway 12, through Marmarth (Plate 1}. lMany sscondary roads
and seismic survey trails provide ample routes througn the

area, although a% places these roads hecome impassable asg

the result of rainfall. ¥Fords for river crossing are deslinated
on county road maps, but 15 is advisable to consuld wiih ihe

local ranchers bhefore attormpbing 2 Crossing.
Terrace Ievels

The upland or peneplain surface 1o designated as Level 5.

%

Other prominent levels will be delined below., All torraces

o

and levels are indleabted on Fioure 3.

4

avel & was marped far enouzh back on bobth sides of the
river to include all vounger terraces and thelr graded
conditions along the more exienslve tribularies of the Liittle
¥issouri River. Deaver, Little Zeaver, Third, Magple, and
Diccegel Cresks are excephions and no abfempt was made to

include these tridbutaries {see Plate 1).

Thie teprracs classillicablon uged in tunis report conforms

wish that of Lalrd {1950), and Schmitz (19557,




Composite Sketch of Erosion Surfaces
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EXPLANATION
L= Level
T = Terraoce
L8 Post Paleocene erosion surface
L7 Late Eocene - early Oligocene surface
L6 Lote Oligocene - early Miocene surface
LS Miocene - Pliocene peneplain —_— ( Flaxville surface)
T4 Pliocene - Pleistocene terrace
T3 Pleistocene terroce
T2 Pleisiocene terrace
TI Present Little Missouri River channel

Fig. 3




Pable 1
Terrace Clagsificastion

Little Wissouri Terrace No. 1l -- nrsgent sbreanm level,

Litdle Missouri Terrace Ho. 2 «- lowlands and flats
along the pressnt
shrean.

Littls Missouri Terrace Ho. 3 -- away {ron the main
stream, developed as
& comblination cub
terrace and cubt and
£ill terrace. atched
pvorsions at a minicum.

Little Miszourl Torrace No, i -= the Pllccens-Pleistocsne
atrabh of the eiream.

Structure

The structural setving ol southweasbern Horth Dalolts may
be described as two ma jor sbruciures with superposed gtruchbures
developed within thelr limits. The major structure of
weasbern Horth Dalota 1s a larze basin callsd the Williaston
Pagin., This almost ellintical basin apwears to ve 2n eastorn
extenaion of the Big Snowy Baslin which was exbtenslve Guring
mid-Paleozols time, During most of geologic time (beginning
with tue Paleozoic Era) this area was maintained as an
unstable shelf which in éssacia%ien'with basin conditions
accurmlated thousands of feet of sadimentse Supserposed on the
wasbern edge of the ¥Williston Basin lies tue noss of the
Cedar Creek anticline with an axial trenc of north 30° west.

This structure in tie Williston Pasin 1s conslidered by Zardlisey

(1951, 2. 34#) o be results of sthe Laramide orogeny and ig




reprossnted at the suriace by folded Crebtaceous formastions.
The surface structure in the Tertlary rocks of the basin
is compzratively simpls, and conslsts of nearly flaé«lging
formations. As 3 result of post-Gligocene warplng {3snson,
1552, p. 217), minor synelines and anticlinas.W@re superpoged
on %he regzional structure. According to Zenson (13952, p. 236)
the Littls Tadlands in 2tark Counity and Chalky Buttes ares
of Slope County devoloped in aynclines, whlch reaaitad Guring
¥Mlocene warping. Bulllon Butte may alsc be situated near ihg
center of a minor downfold, but according to Powers {(19L5,
pe. 58) this butte kas only 2 slope to the east as do many of
tihe buttes in southwesisrn FHorth Dakota. Vany minor folds in
the Paleocene rocks have been outllned by Filshner (1953),

Calawell (195h), Hanson {1955), and ¥eldahl (1956).
Eretacecus Stratigraphy

he oldest rocks exposed in southwestarn Wordh Dakots

+3

arerf Cretaceous age, and they erop oul where the Little
¥issourl Rver and lis trivubaries erogss the Cedar (reek antis
cline. The oldest formabtion exposed 1s the Plerre siale, wilich
iz zray to blaclk, marine shale composed of wmontmorillcnlte
clay wlth thin lenses of benbtonlta. {n expeosure the shale
becomes deenly weatiersd and produces rounded mid slopes.
Overlying tne Plerrs shale with 8 {ransitional econtach,
is tie ¥ox Hills sandsbtone, a marine Topmation consisiing of

zray and green sihaly sandstore and sandy siknle. Fany beds

are glauconibic and weatimr to ruzt drown on the surfazc.




The Colgate sandstone member at the top of the Fox [ills 1s a

¥
L]

light gray sandstone which contains some thin lignite lenses
and ylelds a fluted surface upon weathering.

Disconformably overlylng the Fox illls sandstone 1s the
iell Creek {ormation, the uppsrmost Cfoﬁaceous formation in
North Dakota. This formation is composed of non-marine
calcareous gray sandstone and brown to black carbonaceous and
bentonitlic clay. Some persistent lignite beds are present in
the lower one-third of the formation. TFigure ! shows a
typlcal outcrop of the Hell Creek formation and also indicates

the result of differential erosion.

Figure s Outerop of Hell Creek formation,
showing differential ercsion along iHighe
way 16, north of Marmartih, North Dakota

Tertiary Stratigraphy

| The lowest unit of tne Paleocene series 1s the Ludlow
formation of the Fort Unlon group. The yellow-gray sandstone,

1lisht to dark gray shale and clay, and thin beds of lignite of
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1ioc ne—?le'stocane serica - gravel
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Ziocene-?liocans sories - Plaxvilis gravsl

,“COW}OTWLUY

J1lizocene series

White Biver formaitlon

et NG T O AL G Y-
Eocens series

Golden Valley formation

e 1wl Loy Ve ts WA S
Palsocsene series

Tort Unlon zroupn

Tongues Hiver formatlion including

bne Sentinel Pubte member.,

fadlow formabtion.

Cretaceous S“?‘S Gert

Hell Creek fTormation,

o

Fox Hills sandstone including

Colgate sandsione member.
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0 velliow-brown micacewus silt and sand wiita & fow lenmes of
e is

T2y elay and lignlte. Tho coarse sand of the upper unit
vaz-bedded witi: forset beds %o e easl,
t e ikita River formablon of 0Ollgocene aze discenformably
f
ovorlies th@ Zocene fediments wiere present bub In many bubies

roste on ﬁﬁa Paleccene rocke.d This fommbtion has heen divided

l

into three pn 8 {Fenszon, 1952, p. 9L}, the lower unit belng
composed sﬂ 1isht gray to vhits, Pine S0 coarse grained sand-
& lenses of rounded cobble-nize gravel, interbedded

wlbn calcargous and silleaoys clay. The coarse gravel wasg

derivad from the mounbsine Yo the west {Jenson, 1952, D. 96).

-3

The middle unit consists mredominantly of nligzhly caleaveous

Trae upper unit conslsts of sreenlish gray skale and ¢lay lnter-

Q.*
L

bedded wita green sandatone and {ragments probably derived
from the mlddle unit,.

e lowor uplit described above, caps many of the bubles
situated on thie upland borderlng the Li%ﬁle Hissourli valley
{Povers, 1945, p.‘éa). These Duites are Seniinel Busis,
Mlattop Bubte, ZDullion Bubte, and I. T. or Black Zubtte.

A great amount cof the Whibe Aiver deposits waz removad
from soubhwestern Horih Dalkodta by the srozlive actlon of the
gtreams whicii ultimately planated the major porilon of wesbern
%c“tb axota, In toe procsss ol pencplanaiion, graval was

depeslted in tie channels of biie nlanaiing streamz. These

gravol denosits consist of cobblaz and pobbles, elay, and




!;...l
L WS

2.

some silb. The cobbleos and penbles are rounded to well rounded
and ars composad ol granite, granlie porpnry, quartzite
{various colors), dacite, trachyte, chert, flint, limesione,
sandstone, quartzose conglomerate, silicified wood, vesicular
bhagals, scoria and frazments of cemented sand grains wiiich

t one time were cenenting mabtorial for some of these caobbles.
The quarizite cobbles have some disbtinctlve percussion

markings. The lithologic cormposiltion of these Tevel 5 gravel
depesits favorably corresponds with the description of the
Plaxville gravel, given by Collier and Thom (1918, »n. 181)
and Alden (1932, p. 22).

Mueh of the material was derived {rom bthe basal conglomer-
ate of the Whits Hiver formatiocn, other portlong of the gravel
wore derived from the valcania and izneous terranes of tue
Alaclr Hills and Devils Tower areas. The ferruginouzs sande
stone and qua *5z08¢8 »mnvlomcratu pebbles may have been
derived from Lthe ouberons of the Dendwood formabtion {Cambrian)
in Wyoming and South Dalota.

A random sample of Flaxville zravel, talken from the type
area "laxville, MMontana, was comparsd with a’random‘sample |
taken from a gravel pit on fLevel 5, SUW: sec. 31, To 1h1l XK.,

R. 101 W., four miles nortnh of Yedora, North Didcota, HZisto-
gramg of the selved portion below 16 mm shows a bimcdal curve
for each sample (see Figure 5).

Heavy mineral analysis of the selved fraction debween

VR

and ¥ mm from both of the above mentioned samples was run

and the heavy mineral sultes of the respechive samnles are




siown in Tabls 3.

Tavle 3

Heavy ¥Wineral Analysis of Flaxville Sravel

Heavy Minsrals Sample
I+ 1I*
Actlnolite P
Dpildoba A
Zarneh : 24 R
Hornblénde P 44
Iron oxide (csment and stained
litale fragmuonts) X >
Iron stalned gquartz G
Mica : #
Pyroxens T
Zutile t
Zivcon ¥
1

~ Flaxville gravel, Tlaxville, lontana
“ Level 5 gravel, 9Wj; sec. 31, T. 14l N., R. 101 4.

Amount of each specific mineral indicated by the
followlng letbers with corresponding percsnb:
Tlood ¥, 75 to 100%; Domimant D, 50 to 7553
Abuncant A, 25 to 5043 Common &, 10 to 2553
Present P, 5 to 105; Rare R, 1 to 50} Trace T,
less toan 15.

The heavy mineral sultes indicate a differesnt source arsa
for the deposits but the large amount of iron oxlde present
as stain, portions of cament and lithic fragments Indicates
a similar depogitional environment and climate for the btwo
denosits.

On the basls of litﬁologiéal similaritles, neavy mineral

analyslis, stratigrapnic and booographile position, these

zravel deposits are nereln deslzgnated as Plaxville in age




25

20

Percentage

Weight
o

1

16 ) b kg he<he
Diometer in MM,

Histogrom of Flaxville gravel
Flaxville , Montang

25

20

Percentage

Waight
5]

0 , :  —
' 4 a8 Yie <Ye
Diameter in MM.

Histogram of gravel from Level 5
TI4IN ,RIQIW, Sec3l, North Dakota

Fig. 5




16

~and correlated with the Viocene-Pliocensz dencsibs on ths

mlaxville Plaln in nortihweastern Montana.
on btne Little Milssouril Terrace No. i, the ﬁ143363 -

Pleigtocens strath of the Little Missourl Hiver, is found a
zreat quantiby of gravel and sand. Thils material has approzxil-
mately the same compoaition as the Vlaxville gravel. ‘iowsver,
Terrace Mo, !, gravsl a9§@ars ko ba reworked Ylawxvyille gravel
with mdditions of loeal mabterial, such as an added amcunt

of secoria and ironstone concretionsg from the locsl formations,
Pirysiographny and Toposraply

As a result of placiation, isostatic rebound and
strucsural conkrol, Cive escarpments divide the gtate inko
six major physiozranhic divisioné, wixich 1lie withiin the
Centeral I wlanés frovines and the Sreat Plains Provinee,
Thesge ars the Azassiz Lalke Plain, Lpiflt Bra:f;e, Tartle

Tountalna, “ouris and Tevils Iake Plain, Coteau du Missourl

s

and Hissouri ?lateau. {Roth and Zimmerman, 1955, p. Ob)
Only the Mlssourl Plateawu division llaes completely within
the dreat Plsins Prsvince, ag the Cobsau du Missouri is
the boundary of the Central Lowlands Province.

|#lacial drift winleh covers the eastern twoe-thirds of
North Dalota, was deposited by the Yansan-Illinclsn and
Wisconain iece sheet. The beunééry of maximum glacial acvance
may be traced from T, 120 Y., R. 83 ¥,, on the Norith Dalkota-

South Dakoba border, north to lebron, wesi be Gladsione,




north fto Willdser Younbtalins and tkence alony the north side
of Hre Littls Missourd Hiver Valloy curving soutir as it
leaves bhe stajse btoward Nlemdive, Montana.) {Scanitz, 1955,
e 1)

The ares under discussion lies onbdilrely within the
unglaciated portion of the Mlssouri Plaieaun, whiech extends
southwest fronm the Missouri Biver in wesntern Morti vakota,
Soukth m¥kota, Montana and Wyoming. The surface of dihie Missouri

Plassau is 2o zently rollins upland ranging in altitude from

L%

2,700 to 3,000 lfeet above sea level and iz designated as Level
5, the Miocene-~Pliccens ve neplaln {sce Tigure 3). Fumerous,
conspicucus buttes rise above thoe gensral level of Tthisg
surfacs, including fentinel Tutte, Bullion Pubbte, Ylaiiop
Tutbe, and I, Ts or Dlack Tutis, if iatter boing the fLishesd
noint in the state, with an alditude of 3,460 fset. These
buttes or noenadnocke are desradsd rermnands o a late
Nligoecens-early Miccene plaln whiech have been sculptured by
the s2drly and present Little ¥issourl drainage.

Hpelrogenic uplifts and ensuing nlanabtiona of the
Cretaceous and early Tortiary formatlions culminated in ine
progant upland surfacs, Level- 5, indicated here as an exktension
of hthe Flawville Plaln of noritheastern Montama. Yany rivers
hays carved mature valleys 1ndc thais rolling upland. The
Little Missourdl Eive? and its triosubaries aprs bordered by

an area of badlands which add a picturesque geomorpilic form

to soushuweshern Horth Dakxoba, Tahease hadlande aziond on both




- slides of thwe vivsr in a belt 2 3o 15 miles wide and have
an averags rells’ of 350 fest.
The unglacissed sorblon of the Mesouri Platesu avea is
characterized by five mein topopraphlc ferms or pnysiozraphice
typean. Téese foyms rii? be discussed in the following order:

huttes, penenlains, terracesz, lowlands in siream valleys, and

badlands and slopes.
tutbaes

- Many muﬁt@s, resmants of the late {ligocene-sarly Mlocene
sur;sne Leval 6 {zee Flgure 3), are sltuatbted on the Flaxville

gurface. These bubbas reproscont old draninsse divides of

.

- K]
¥

trivutaries of the aaﬂlv “locene river. Many of tlese nigher

butbes are cappad wlsh & reoslstant sandsione of the Jligoceno
Whlte River formation, as are Yenblinel Butte, ¥iabtbop Subte,
Zullion Jutbe and Rlaclk Pubtte. Nther bultes capwed by resiste-

. ant scoriaz wnoge swwmlits actually revrsszaony structural Tenches

and should not be confusaed with the orominent levals descrited

e

in Tigure 3, lis 125 %o 179 feet adeve e upland surface,

Tevel 5. Many roemnants on Level 5 hnve sharp erests and concave
slopes whieh are indicabive of forms develeped in a rerion
reducsed o the peneplain stage in the fluvial geomorphic cycle.
The grading surface of ihe noxt lower erosion surlace e¢an be
gseen on Lhe flanks of fhess bubbtes, Hany of these nisner

buttes are coverad b thin veneer of flint and chert fraguents

&

TrEvTG Ll

s

and & minor amocunt o
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Peneplaln

As the result of late 0ligocene-early llocene stream
dissection initiated by uplift, these buttes began to take
form. Soon the drainage fabric of the Little Missourl was
established and the north flowing, early Little IlMlasourl and
its tributaries continued to shape these monadnocks, In

an
1

consequence of the Miocene~-Pliocene erosion of the existin

A

interstream divides mumerous structural benches were preserved
because of the resistant nature of the baked clay and fused
sandstone., Broad meandering streams flowed sluggishly north-
ward often becoming dammed by their own sediments and shifted
thelr courses back and forth as they planated the Flaxville
surface. The gravel deposits present today which indicate
these old channels have been designated as the Flaxville gravel

(Collier and Thom, 1918, p. 182). By early Pliocene time

Figure 6, Miocene-Pliocene peneplain, Tevel &
S0C . 31, T. 1!,‘,1 27.’ RQ 101 ".'4'0’
Billings County, North Dakota




By
o)

scuthwestern Horin Dalrota had the aspgct of & panenlain wikh
mamorous monadnocks a?aﬁting the horizon. This surface ig
characterized by an undulating, rolling appearance. Whers

tire surface is directly underlain by scoria the surface
becomaes a éambinatian'strigpeﬁ plain and a penenlialn. From
Bullion Creek north, scoraceous knobs give Level 5 a2 zrotsaque
appearance. The scoracecu:sz surface actually appears as
karsbt-~like éapn graphy with sink holes, bub norith of Yedora,
Horth Dakota, the gcoria dips bslow tias upland surfacs, and
Tevel 5 takes on the aspect of a grassy, rolling surlace

{ses Tigure 6H).
Terraces

Vostliges of a former flood plain of the Lidttle Higsouri
River are the highogi set of terraces within the river valley

and are developed below tlhc maln valley shoulder. {aae Plase 1}

The cessation of downeubtlng and formabtion of tirls strath,

*

1

desisnated as Terrace Wo. b by Taird (1950, D. 11}, and as

Little Missouri Terrace To. L by Sehnitz {1955, p. 37, was

toe end product of siream piracy. This pirating ascbtion cecurved

oy

in northeast Wyoming as Lhe headwasers of the Zells Fouvche

River bresacked the divide between tine Little Mizscuri dralnape
and that of the Wells Fourcire River {(sss sequence of evenis,
me LO),

‘Terrace No., I ia a cut terrace, orizinaily cub in bed

rock, and in places it is covered 1n part by alluvial gravel
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and colluvium (the result of sheet wash). This terrace ranges

r
]

in altitude from 2,950 feot above sea level at the South

Dakota state line to 2,330 feet above sea level at the mouth

of Hay Draw Creek, where the river turns east. This terrace

is a distinctive feature throughout tne upper portion of the
Iittle Missouri River valley in North Dakota and can be

traced to the elbow of capture southeast of Alzada, Montana,
Just below the Montana-Wyomlng state line, where the terrace
has a very limited extent. From Marmarth, North Dakota, north,
this former strath has an areal extent of many square miles

and is used by local ranchers as a source area for wiheat and

hay (see Figure 7). Within the main river valley, Terrace

Figure 7. Broad expanse of Terrace No. |
north of Medora, North Dakota
No. l4 is very distinct, whereas along the heads of many trib-
utaries 1t is difficult to determine the exact contact in
slope difference as Terrace No. L grades Level 5 at many places.

However, Terrace No, l. is developed extremely well along
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many of thec larger tributaries to the Little Missouri River,

such a3 Beaver, Little Reaver, Deep, Sand, Garner, Willlams,

Bullion, Whitetail, Wannigan, Biecegel, and Cannonball

Pigure 8, Terraces along Cannonball Creek

From the South Dakota-North Dakota state line downstream,
the terraces reflect the different types of the underlying
bedrock. Where the Plerre shale ls exposed in the Cedar
Creelr anticline, Terrace No, l} exhibits a rounded, shale
slope appearance, In the South Unlt of Roosevelt National
Memorial Park, a few scoria capped structural benches are
developed above the general level of Terrace No. i and below
Level 5. They are mapped as poftions of Terrace No. l, as
theoretically, all the surface between the lip of Level 5
and the toe of Terrace No. I} was cut during the Terrace No., L
cyele. Of course, this does not hold true where Ho. l} has

been completely graded and modified by lower terrace develop-

o

ment.




Characterisiles of an old flood plain are evideut 1in only
a Pew places, < sne beling an old meander scar on 2 portion

of Terrace Ho« L wess of tihe Park eadguarteras and on Ltie wesh _

o T

side of the river in tas Soutk Unit of the Park, Wy sec, 11,

Te M0 ¥., B. 102 W, Other features such as sirean dars,
swales ang patural levsesd, may he owressnit bub ﬁaye seen
moGifiad by erosion to guch an exbtent %that they ars not clearly
dis%inguishahla.

| Warping or t1lting of an area afbter terrace developamend
may lesgen tine down-valley slope of a @&?%ic&lar Leprrace as
is indicaied by Verrace %No. I along the Little ¥issouri valley,
Sy plotting the aliitude of Terrzce Ho. I grapnicallr, 1% can

he seen that the porticn of this terrace below PFullion Zubie

o

hias been subjected to warplng (see Plate 2). In eaﬁsaqnaﬁs
of the ablatlon of glacial 1ce lotes the deprosssd area o
the Yorith of ™ullion Pubtte ross. After a abudy of avallable
literabure on isosiatic rehound, Schmitz and Zresl {1955,
Pe 93}, placed a hinze line or boundary of equilibrium jush
ﬁarth of Tullion Buite. ¥Yrom measurements obisined in ihe
f1ald, the 1imits»af the zoée of zero adjustmaﬁt 13 ealoulated
o be from the wmoubtn of Third Creek to flve milss souba of
Medora. As indicated on Plabte 2, the amount of rebound at the
" "Bend" (day Draw Creek area) is about 120 feet.

[Rezional uplifi caussd She Libthtle Missourl River %o renew

cycle of downcubtiinz. The gradlent of tne river was in-

creased by atrsam piracy and inversion of drainages in ihe

i
L
:
1
i
f
+
H
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VT 434. L2080 Ul SR LA
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U N N Ld Uil BHIAE ANCOTSHIESU ITECREN%, 948 PEIeWIL O TeaS GX
e JRO S . 2 — o ey X ey - . Y "
GUWDKNIGEANE WaR TAZ0IOUE ana fire Qrslr 2486 1 ewWay LoTn ad

systom was £immly

s a vesult of rapid incision of Torraco IG. Y, &

crannel bezan e form; thls chamnel was cut 5o & sreatb

2 o T % Yew oy
- “neal ¥

flat«lying sedinents

in the locosely lndurabed, Se
anpd mazg wasting accompanied downcubiding and develonmont of
thie badlsnds aleag the river was 1lnitlabad.

As thie Yansanel aseuralatec
Torbh, the aciivelyw Migsourl aow:
termorary base level and began = shors pericod of lateral
planation and e developrment of cub Jerrace Io. 3. Dhls

terrace iz out in bed rock and hag & graduazal siodo B¢

she river and lles abvoub 127 3o 1LO feot bdelow Darrace Ho. |

in the Soubtin Unit of Theodore
Park. 7The terrace was inclged by Tastle Migsourl Hiver

precipitation darin

ag a2 regsuld of “ncraamwi
Stage of glaciation. A& deep srench was axcsvated which was
soon 0 be aggradsc as a resull of ghest wash and mags wasiin

along bthe valley walls, Ovep-steepenling

loeal

pondin aggraded tha Y
suci: & manner as to reduce the gradlient of the river bu thab

de Hhis sluggisnk sbrean meanderad over ite flood plalin,
saworiing ang » 21 and colluvizl material,




¢ eub and £111 Perrace Yo, 3 waz develened. The wnRper or cub
partion of Terrace Fo. 2 18 matched in most places, and tae
[ i oeud and i1l por

urrmatbaohed.

Tow=-lands

| bolow Terrace Ho. 3 1s 2n syiensive low-land area {or broad
i Plate) whish has bean dezi-znated as Terracs ¥o, 2, This
!

alluvial terrace prlses aproximatsls 10 %o 1°
Terrace Yo. 1, the present day river. The lornatlon of

Terrace Yo, 2 has resulied Trom the tiltins of the arsca in
S Lt

response to lsositatic rebound following the rebdreat of the

glacial ice, Torrace He. 2 exhlblis many meandsy acars amd

i obther fyplcal features of a floodplaln. UCobbtonwood btraes,

, o
hay i
y

iolds and ranclies arna nUmerous on lerrace fioe. 2 along

e

G Bhe lowsr Litile Hissour! Rivsr in

e

Terrace MNo. 1 or She oresent Libtsle HMissouri Rlver is §
characterized by channsel bars, meander loops, »olns bars and
| omhowr lakes, The overloadsd river has a wariable depnts which

ma7T clange markedly wlthin a 2h-nour neriod devnendinz on th

Ine AV %imes a bralded patisern and ponded areas may develop
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é of &ie LitLle HMissourl Fiver deserve speclal mentlon as do

% btue geomordiilc processes instrumental in thelyr developmsnb

? 41lthoush sbreams cud and &aayém valleys anc e

g the resuliing loads of roel pariicles, the sheping of

f he land suriace, including the sides of the valloys, resulis

E mainly from sieet minol? and mass wastlng of weabhared

g material, ¥ass wasising ls regalated noi only by tne rato of

§ weatnering bub also by the rate of sireanm eprosion. Conssquent-
% ly the load increase of the stream, ag the result of rass

wagting, btends to retard shtreanm veloeiby which results in

| rebardation of sirean erosisn. The gopesnt of seulndbural

Pl
- eyolublon of e land mass is based on variation
ticn, slopes, and rocik &yres, resuliing in son

el

of wvarying avnearanco,

In thie cage of the Tittls Missouri Rives

glone pradient is domimated by the river, and

e
bt 3
3
[#]
o)
*
3

2
ool
o
§¥ ]
®
!
Q
"%
i
fom

of ashwoet vyolums and losd, and the ansle renuir
local factorz will develon on wallay slovsa,

The racossinn of the ,voq@e““l oscaromeny

s Por thig reason 1t seems apvropriate bo eall ¢
nis ¥ind washeslopes {(Mevernoff, 19L0,

In any gliven situyastlon the wash-alone is the comno

P
3 OLr Dy
s s he
Toburad

can courss over every nart of the enamnoled slomo as
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Yo 2 2.
PLLPLLG=

forms
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Figure 9.

.
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Stage No. 3 Early to middle Oligocene time. This figure indicates the
direction of flow of the major streams and position of shore
lines of lake system (ruled area) at one stage of development.
Shore lines at this stage indicated by facles change from shore
type environment to deep water environment.
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Figure 10. Stage No. li Iate 0ligocene-early Miocene time., ILakes had receded to the
East and in response to the uplift streams migrated to the
North and were superposed on Level 6. Erosion began to form
monadnocks such as Sentinel Butte, Flattop Butte, and Bulllion

Butte, during the inciplent stage of the Flaxville surface.
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 Stage No. 5
jBy 1#%3 Miocene time mich of the arsa had been dlssected,
In response to reglomal uplift the northeast flowing streams
began to migrate north and with #ha aild of tributary captures
formed north flowing streams from which the Missouril, Yelloww
stone and the Little Missouri Rivers developed. | Figure 11
indicates this pattern with respect to the Little Missouri

River,

As the newly Tformed streams began downcubting of the
partially eroded Oligocene surface, Level 6, they were aided
in degradation by asolian and landalide action. These atroams
had broad floodplains and lald down thick beds of coarse
gravel, sand, and clay. The heavily loaded streams frsquently
£illed thelr shallow valleys wibh‘caarsa debris and shifted
thelr courses as the process of peneplsnpation continued into
Pliocene time,

Thila aurface which developed 1z $he correlative of the
Flaxville Plain of northeastern Momtana., Deposition of the
Flaxville gravel was belng accomplished by the sarly Yelloww
stone, Migsouri, and ILittle Missourl Rivers wilch were meander-
ing over floodplains 20 to 30 miles in width., This surface
1s indicated by Level 5 in Tigurs 3. [Gravel depoaits on this |
surface 1n§19ata ©ld channels of these Mlocene~Pllocene
rivers, while the interstream divides are covered by only 8

very thin veneer of gravel or may have no gravel cover, |

| Russell (1950, p. 58) cites evidence which he belleves indi-
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Filgure 11.

Stage No. 5 Late Miocene and early Pliocene time. 1In sympathy with broad
uplift, northeast flowing streams migrated north and with the
ald of tributary capture formed a broad meandering stream
flowing north.




cates at losast two periods of Mlaxville depoaitien. He feels
that the burisd soll zone presenmt In the type area of the
Plaxville gravel acoounts for a late Miocene deposition and
also an early Plioccens depdaition; By mid-Pliocens tlme

the Maxville surface had the aspect of & true peneplsain and
may be contiguous with both the Rocky Mountain peneplain.
{considered by Mackin, 19h3, to be & real pediment suriace)
and the Mountain Meadow surface of the Black Hills,

Stage Nos. &

Jﬂegienal ﬁplif% et the close of Pliocens or early
Pleistocene time caused the north and northeastward-{lowing
streams to beglin thelr disszeection of the Flaxville ?1ain/
{tavel 5), Tho downeutsing to the present Little Missouri
Terrace No, L} was alded by this reglonal uplift. This uplirfs
probably initlated and accelerated the headward erocsion of
the Bells Fourche River. This encroachment by the Belle
Pourche toward $the maln $ributary of the Little Missouri
River reaulted in the breaching of the low interstream divide
and terminated in the capture of & portion of the head waters
of the Littlé ﬁiésouri River, The actual capture took place
on Level 5 asz the haa&wardyancroaapmeaﬁ of the Bslle Fourche
River breached the divide between the tribubaries of the two
rlvers. The elbow of capbure 1s represented by the arsa
designated as ‘smmmn Plats, Wi soc. 11, Te 58 N., R. 86 W,y
aﬁ the Aladdin Quadrengle, Wyoming, South Dakote, and Montana,
United States Geceloglecal Survey Topographic Sheet, 1903,
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Figure 12, Stage No. 6 TIate Pliocene-early Pleistocene time. The pattern of the
ILittle Missourl River as 1t developed the strath which 1s

designated as Little Missouri Terrace No. k.
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Pipacy of the Little Missouri River's main tributary
resﬁlﬁad in a loss of the Little Mlassouril River's malin sourcs
of water and a consequent decrease in its eroding and trans=
porting power, As a result the Little Misaourl Rlver was soon
chanzed from an actively incising stream tc a stream of lateral
Planatlon. This lateral cutiing developed the strath known
as Little Mlssouri Terrace Noe. 4. Another result of this
capture was the decreass of transporied materialy sb conse~
quently, the gravel covering Terrace No. L is mostly reworked
Plaxville gravel,

| The Little Miszocurl River throughout its generabtion
has been a superpoesed siream and may be considered as a
superposed-consequent stream, as it cuts through previous
formed strucﬁursa and tends to follow the slope that resulted
Prom 2 gerles of ﬁpiifts. The dralnege pattorn of the late
Pllocene~early Plelstocens Little Missourl River 1z shown in
Figure 124

Stage Ho. 7

As the Little Mizsouri River flowed north, renswed uplifs
and peripheral precipitation in advance of the Xansan-Illinoian
ice sheet soon albtered thévlcwar gourSe of the Little Missouri
‘niver (Schmitz, 1955, p. 31).

As a result of bLroad arching and lIncroased siream gradie
ents the Little Misgouri River beg&ﬂkrapid‘dauncuttingw I
incised lis former strath (Terrace No. li) and produced a

topographic unconformity or a valley-in-valley type of geow
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 morphic form {(Thornbury, 1954, p. lili). A temporary or loecal .
base lovel was reached apd the formation of another cutl
terrace followed, This cut berrace is designated as Terrace
¥o. 3 in Figure 3. With:increased precipitation, large scale
mags wasting was initiated as the result of sheet wash, gule
lying and landslides. The Little Missouri River cnt below
the present river bed prior to a period of valley £illing.
The process of aggredation overbook that of’éegggd&ticn in
the Little Missourl valley with a temporary base level belng
established., These periocds of alluviation and local damming
caused by sheet wasik, which 1In fturn was the result of overs
stespening of the veller walls, Iinterrupied the normal dege
radatlion cyele. As soon as the stream could asain reacl its
cutting cycle, the lateral swinging of the stream produced
unmebched terraces ln the alluvium. This type of terrace is
desiznated as a cuteand~fill terrace by 2mith (19435, p. 1507).
This group of terraces is indicated in Mgure 3 as Little
Misgsouri Terrace No. 3.

The laminations in 2lluvial material along the Littls
Missouri River, which often have been interpreted as seasconal
varves, s a result of major ponding in the valley, may be
the reszult of cyelic interrupbtlons of the dellcate sedimen~
tation processes, such as s&eet wash, &t that %ime. It 1o
peaaible that particles of zsediment which reached the heavily

overloaded strsam throush tie medlum of mass wasting, sedtled

out and were planed to form this cut and £111 terrace. Pericdie
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infTerred by comparing the early Plelsiocene profile of Terrace

t
H

Yo, I} and the present profile of Terrace Ho, i as deplcied
on Plate 2. It ean be sé@n that the zerc region of rehound
colncides within reaaonasla limliss to the hings line inferred
by the work of Schmitz end Zresl, (1955, p. 93).

Summary

The upper porilon of the Little Fissourl River and the
ad jacent physiographic features of 1lts valley and bordering
uplands has a history characterized by several cycles of
erosion, The late Terslary history of this aresa may be oute

lined in seven main stagss,

Staze No, 1. Deposition of the Palsocens Tori Union

group and the Docens Colden Valley formation.

Stages Vo, 2. Uplifh and extensive erosion. Initial

Tformation of sacorla from burning lignite, during Zocene time.

tape Hos 3» Deposition of the Oligocens Wilte River

Tormation by east-{lowing 3tream3. Remnants of thiz formatlon
asvident in some G; the hich bu ses in soubthwesktern Torth
Daltobn ,

Stare No. lis Major uplift to the South and West resulse-

iﬂg in dralnage migration ﬁa the Horth and conseguent developw
ment of the FPlaxvilles surface,

Stage No. 8. Strean migration and tributary siream

capture that alded development of ths broad meandering stresd

which deposited %he Flaxville gravel,
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Staze No, 6+ Dissection of the Flaxville Plain. Loss

of 3he maln tridbutary of the Littls Missouri River as the
result of sbﬁaam eapturs and the formation of Tittle Missouri
Terrace Ho. 4. Incivient badland development,

Stare ¥o., 7. Increass in precipltation, broad arching,

stream capbure, and isostatic vebound all influenced the
formation of lower terraces along the Little Missouri and

aided ths development of the present topegraphy of the Littls
Missourl dralinege basln,
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