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THE GEOLOGY OF THE URASSY BUTTE AREA,
MCKENZIE COUNTY, NORTH DAKOTA

Elmey G, ¥Msldshl, Msgter of Bolence

The gramssy Butie area lles in southern MeEenzie County,
Just southwest of the deepest part of the Williston Basin, and
ia bordered on the north by the North Unit of the Theodore
Rocsevell National Memorial Perk.

. The purpose of thie investigation wasi (1) to prepare a

geoclogieal map of the ares; (2) to map the geologie structure
of the mrea; (3) to measure and deseribe detalled stratigraphie
apotions which would sid In corvelating rock unite in this ares
with previously deseribed rock unita in sdjacent areas; (4) to
indicete lignite beds of possible economic value,

The western ihreselifths of the Grasay Butte area 1s
thoroughly dissected Into badland topegraphy, but the eastern
twosfifths 1s an upland plain, the Missourli Platesu,

The Tongue River fergatlan, ineluding the Sentinel Butte
msnber, and the (olden Valley formation zre exposed st the
surfass, The Tongue Eiée% formation is Paleveene in sge. The
Gelden Valley formation, wt Eooene age, was deternined to be
mere extensive in this ares than was previously supposed, and
the writer used as the base of the formation an horizon approxi=-
mately 26 feet lower than the “orange marker bed" whieh had

usually been used for mapping purposes before,




A series of north plunging néms and mg‘hs' 4
4o be present in the western part of the Grasay Butte area,

Te the south, in the sdjacent Elkheorn Ranch area, the plunge
of the sssterrmost nose is reversed and anticlinal closurs
results, The village of Gressy Butte is loécated on the orest
pf snother anticline, trending northwestwsouthesst, The Little
Missourd River flows over the easternmost nose, whiech seems €6
exert directionasl sontrol on the eourse of that river, fThe
|suterop pattern nlso seems 0 be gontrolled to some extent by
the structure of the Paleeccene beds in this ares,




THE GEOLOGY OF THE GRASSY BUTTT AREA,
MOXENZIE COUNTY, HORTH DARCTA
Introdustion

| The Oressy Butte area is losated in the unglaciated pard
Jof the Hlssourl Platean sestlon of the Great Plains phyalow
Eggaghia provinee; The northern boundary of the area is approxie
fmaﬁaly the southern extent of Pleistooene glaciation in this
wleinity, The area lles in southern MNoKenzie County, just
southwest of the deepest part of the Willision Basin, and is
bordared on the north by the Forth Unit of the Thsodore Roosow
welt Natlional Memorlel Park, It s situsted meinly in Tps, 148,
and 149 X%,, snd Re, 98 to 103 ¥,

United 3tates Highway 8% extends northesouth through the
esstern part of the Grassy Butie seves, and North Dakots State
Blghway ?,van eagtewast h&@hway,éiﬁ$araestn Highway B85 in the
#outheastern part of the area, Bighway 8% pessses through the
¥*illage of Grassy Butte, whiech is located in secs, 11 spd 12,

T+ 148 X,, R, 99V,

The two highways mentian@é.&bava»arg the only all weather
gaaﬁg in the area, the others being sounty, township snd privaie
roads, ususlly vith a olay surface, and at best surfeced with a
thin layer of scorie, The gecondary rosds are practically ime
passable éﬁ&iﬁa’aﬂﬁ'&fﬁe? showers,

The western three~fifths of the Grasey Butte sreec is dise
segted into maturs or bad lands topography and ercses country

. W“-m..y-x_v_m-‘-,-mm.ﬁwm.mv,».», s i A g s e e b e e e e
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srevel off of the maintsined roads is lmpoesible with any wheeled
_ |wshiele except a Jeep, and le thﬁa/aestly linmited to old tralls,

She writer was fortunste that during the time the field work for
this report was being done, roads were beling built throughout
this ares by & "selsmic e¢rew", and the writer was able to reash

ﬁaag otherwise inaccessible plases, The "selsmic rosds® are
ot maintalined, however, and after meveral showers they ususlly
wash out where they oreoss s gully or stream bed, Fire guard
traile are msinteined in this aresa by the NeKenzie County Stock
;;;;)&ﬁa Assoclatlon, and they were aleo of mueh help.

The pusvose of this 1nvos%igat&anﬂka£ fourfolds

1) Te prepare a geclogle map of the area,

2) To map the geologle structure of the ares,

3) To measure ond deseribe detailed stretigraphic seoe
tions which would ald in eorrelating rock unlts within the
aree with previcusly described roeck units in adjacent srsas.

4} To indloate lignite beds of possible eccnomie walue,

The Tertiary stratigrsphy and physiography of scuth-wasters
Herth Dakots heve been descridbed by many writers, including
Alden (1932), Benson (1952), Brown (1948), Laird ({1950), Leonard
{1916, 1925), North Dakots Geologic Scolety (19%54), Seager, et.
al, (1942). Detalled mapping of adjasent areas has been done
by Pisner {1953), 1954), snd Hanson (1955), Schmitz {19%S5) has
dacliphered the history of the eastewest portion of the Little
¥izsouri River, and Petter (1956) has done the same for thst




&

portisn of the Little Missourl River from the South Dakotaw
kmm porder o its sasterly bend,

§ - A8ditions]l veferences o previous work are olted
wat this report,

The field work for this reopert was done during the sumber
of 1955, PFive stratigravhic sestions were messured in detasll

Rt o ik

for the purpose of correlating rosk unite within thie arse snd

g |wath previously desaribed snd mapped rock units in adjasent areas.
e sepgtions were messured with an ibney hend level snd with a

Begnton compses used e o hand level,

&ltimﬁaa?’f beds used to counstruet the structare contour

RS el et e

sep were establishied with a2 Paulin sltimeter calibrated in two
ool units, The only established verileal control within the
aPen 18 United Statee foast and Gecletle Survey second order
level line located slong U,.8. Highwey 85, extending from Bele
ield to Wetford City, North Dekota. Temporary bench marks ‘were
| estaviishea, with the sitimeter, cme to three miles apart, des

sending on the terrain, The temporery bench marks were al.‘;
mﬁr gheoked, and often triple checked, United States Coast
and Gesdetic Survey second order level line is located along
@14 Nerth Dekots Highwsy 16, extending from Junkin to Beach, a
Tow milee west of the western boundary of Grasey Butte area,
Just west of the Little Missourd River a line of temperary
benoh moarks was established from the second order level line
located slong Highwey 16,
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i ILignite beds ere the most persistent of all Paleocene beds
in western Nortih Dakota, end for thies reason most mepping s
based or them, The key bed, upon whioch the strusture contours
are Avrewn in this report, 1s the base of a bed designated the
*z, bad” by Fisher (195%), whish is generally lignite or secorisa,
e "L bed", locally at least, is the lower ocontect of the Sene
timel Butte member af?tﬁa Tongue River formatlion, %This lignite
; bl ;f:at;aeé a8 the key bed far} structore mapping by Fisher in
*z, _fff;ffﬁr”“?”att””“ aree {19%4) to the west of the Urassy Butte

‘zrimﬁm; in the West Central McKenzie County area (1953) adjacent
| %o the northern limit ef the Orassy Butte area, and by Hanson
[€1965) in the Eikhorn Rsnch ares directly to the south of the
Graesy Butie area, The "L bed" is the bame of the Sentinel
!ﬁ%&n:mwgﬁgr in these areas and also in the South Unit of the
Mmecdore Roosevelt Estional Park,

¥here the "L bed” ip not exposed sltitudes were established

on other strate of known intervel from the key bed snd that ine
terval sdded or a@b%raeteﬁ from the measured sltitude to deters
mine the altitude of "L bed®, the key bed,

Lithologic semples gollsctsd in the Tield were later exe
apined with bincoular and petrogrephic miercscopes., Yhen negess
Bary and feasible chemieal tests were run on the samples to
fasilitate 1dentifioation of the minersle, Some dentonitic clay
samplas were examined mlerovsconically to determine the presence
o absence of shards of voleanic glass, and & sample was &lso

tosted with 2 differential thermal anslysis apparatus to estabe
iish the compoeition of the clay.
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aretlion of this report, and who afféraa nany helpful suggestions,
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~ Phystogrephy

~—

The eastern twoxfifths @# the Greessy Batte ares is an upe
land plain, ﬁﬁnfgiéﬁaﬁﬁi Plateéan, except for s narrow mergin of
badlande along (hariie Bob Creek end Spring Creek, whish drain
into the Little Missouri River morth of the Killder Meuntains,
In the varygaaﬁﬁhaaatarﬁzaayn@rtaf the grea are ithe head waters
|of the Enife River, which empties into the Missouri River,

Beveral emall Buttes, such as Jressy Rutte, rise 50 to 100 Ieet
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genersl

\above the surrounding plain, The surface altitude
ranges approximately from 2000 feet sbove sep level on the Little
Missouri River to 2700 feet on the upland plain,

The western three«fifths of the Graossy Butte area 1s thors

Cu WY ARE PUBTES WOT ALE
utarles of the Little Missouri River {(Fimuwe—27, Badlands are

:
l 2l
. |[eharacterlized by mature topography, in contrast to the flat upe
|
' -
lﬂnu pPlain The larger side valleys have flat or broadly round-
ed bottoms but thelr tributaries zand the smaller streams tribu-

Missouri River are steensided ravineg snd

'.'i’
3
g
c‘b
O
ot
g
@
-
}“
&
=
@

gorges, usually terminating in a nearly vertlcal face, carved

in the soft nearly horizontal Paleocene clay, shale, sand, and
poorly [indursated sandstone beds whilech are exposed at the surface,
The Little Missourl River tributaries form a dentritic pattern,
and badlandas along adjacent Btreams often coazlesce, with the

result that the dilssected topograrhy is virtually continuous

| for several miles away from the river,

%%f&ﬁﬁrﬂ}“-banﬁﬂca%@—wdﬂ*rﬂrf“tﬁ”* westernTUrt-of-the-3ras gy —
Butte -areei———

pughly dlssected into badlands by headward erosion of the trib-mﬂxjknﬂ’,

g

P
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The badland tovography is formed both by headwerd stream
) J i g

grosion and sheet wash, Rain usualiy occurs in short cloud-
bursts sand the water immediately runs off the impermeable clay
surfece to the stream channels, As a result the slopes are
generally fluted by tiny riils. Some of the larger rills often

L]

form = "wine glass" pattern, with the "stem" terminating at the

break in the slope. The steep sldes are usually voild of vege-

tationg Wﬂ“ﬁ%ﬁ“mciﬁ**“nﬂrﬁl, f?hi c‘*i‘ Ee‘df‘ "Eri“e oY Poree P

e PP s s

TR

T 141, ‘.’W)u« mm % :.

the.. ailiwifiosm;g&.mg tanding. Lrom,
bleek; This log 1s approximately four
fe“t leng.- ' W

-

ng Tev

Another factor in the development of this tovozraphy is
slumplng of blocks of the horlzontal stratay s e e
&
|These slump blocks seem to be due mainly to the gliding down
?slo;c of deeply notched spurs of bedrock units whose basal meme

|ber has become saturated and undereut (Schmitz, 195¢). The
|

wrliter has seen what sppears to be blocks of strate developing



e §
*ﬁﬁgnit& beds often aoi as aquifers snd this seems to

%ab;fitaﬁﬁ oxidation mueh further baeck from the outereop than

1y the case, On oxidation, lignite soon crumbles

j%‘f‘;@ﬁ!ﬁﬁv end 1z sasily removed by the wind and percolating

‘ ff)@ &n overhanging ledge is developed, sometimes extending
faot into the feoe of the suterep, This bleock will une

pdly cave in as the undercuiting progresses,
The width of the Little lMissouri badlands ranges from a
mga@anﬁ of over 20 miles in the Graesy Butte area, to less than

miles in places zlong the eastewest portion of the river,

,V.;Q'af this area, The ¢ause of the range . in width will be
&isouneed. later,

. %&a drainage div&&a between the Little Missouri and Yelloww
;i@@&# Rivers ls ingluded in the western part of the Grassy Butte
n@t& in places, Vest of the divide there is s very notlcoeable
shange in topography from the badlands found to the east, The
*#@%Eﬁﬁ@i&a of the Yellowstone in this sreas are not dissscting
the §$ﬁa§a inte badlande and the velleys are generslly shallow
&nd broed, 48 a result cross country travel 1s much easler but
tﬁ@%ﬁriﬁ also z corresponding scarcity of outerops, Sooris beds
ﬁéﬁﬁ&ating of fused and baked rocks coverlying burned lignite
Aﬁﬂﬁa; often cap the hills and are very useful for mapping pur«

»@aaﬁ, ¥ear the drainege divide are mumerous pot heles whish

a&k&ngawal off the roads extrsmely diffieult. They—ampemrr—bte

AR R Arin. e v s -

BRRR Gt L5 Skl gy oy iy e LM LT AL W TS i e B LY MV e ey et T e
Bty " O e

¥Where the pot holes were observed a~1ignite\beé was always

r humbe
found near the surfape, These pot holes are al‘sg ngt%ﬁ,\in f'S B

badlands b
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~ The csuse for the variation of the topography between the
'L4ttle Missouri River watershed and that of the Yellowstone
River was the lowsring of the base level of the Little Missourl
River due to the relocation of its mouth Just previous to the

| ﬁxaabaﬁ~111inoian glaciation. This change was brought cbout by
stresnm pirzey by tributaries of the Little Missouri River and
gtreams now tributary to the Missouri River (Schmitz, 1955), and
the resulting increased gradient of the river initiated the
development of badlands topography.

The Little Missouri River 1s & meture stream, It meanders
‘proadly in 2 flood plain which varies in width from half a mile
1o one and s halfl miles, The river alternately ercdes and de-
posite, always trylng to establish equilibrium as conditions
ghange, From evidence suggested by a recently cutoff meander
the writer believes that on the #inle the river 1s eroding.
§ The last meander just seﬁ%hﬁof the bend where the Little Missouri

River turns east, shown on plate f,'hgs been cut off to form =2
smell oxbow lake, The level of water in the oxbow is higher
then that of the river, spessemEMy due to sctive downeutting by

the river since the oxbow was formed,

i The meanders of the Litile Missourl River are usually rec-
| tanguler in shape, with corresponding sides of the varicus rec-
tangles oriented in the same direction. This pattern suggests
stmotural influence (Bell, 1955), No field evidsnce of joint-
ing or faulting ha%e been found, but the sides of the meander
rectangles generzlly seem to extend perzllel or normal to the

structurel contours in the Gressy Butte area, The writer offers
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iia&»ﬁia&&tiva muggestlion that the stream course, which le él*

B X

yately parellel to the strike of the bedding, and then down

ﬁﬁﬁi@; is the result of the river mesting a more resistant
$i8d and following slong its strike for o distence, and then
|#%owing down the dip of the bedding further down stream where
viﬁ&'%@ﬁiatant bed lenses outl or where the river has succeeled
i sutting through it. It should be kept in mind that the
BiPate along the Little Hissourl River are dipping to the north

|8 'gheater smount than the river gradlient. The resistent beds
{#hat might esuse this deflection are the silicified clay end
sandstone beds thet are quite mumerous and very lentigsular in

asmw. They range in thickness from several inches to a few
feat,

Along the Little Missouri River at least five levels of
2 i&a@, deposltion, ahd combination erosion and deposition

,,,,,

&e ‘diseernidle {Laird, 1950; Fisher, 1953; Schmitz, 1955

| Pekter, 1956). The lowest level, Terrace No, 1, is the present
| | wtBm oharmel, 4s deseribed by Sehmitz, (19%£), Terrsce No. 2
! 5 b Blluviel surface » ¥hile Terraece Ho, 3 18 a ocombination
#%% in £111 mnd planstion ’wrra.ue,l being cut in fill nearest
ths Fiver, and planation terrace awey from the river, Terrace
| X T planstion terrage, The highest level, Level Mo, &,
1n the Missouri Platemu and it represente the MiocenewFliocene
Pemeblain, eorrelated with the Flaxville plain by Schmitz (1956)
ad Potter (1956),




s

Study of the Little Mlssouri terrsces has revealed the
py of thet river (Sehmitz, 19553 Petter, 1956}, It is
glly agreed that the Little Miseouri River omce flowed

.#;;5_»£wam its present easterly bend, through s wide sirath,

f%%iﬁ&# Eilesouri Terrage No, A&, now ocoupled by parts of Bow-
{5‘;§ Redwing, Cherry, and Tobagoo Garden Creek, This channel
taangﬁ northeast from the mouth of Bowline Creek and joins the

uﬁﬁﬁaﬁri River at the mouth of Tobacco Garden Cresk, This

)j%\;ﬂv%rsicn Little Hissouri River wa# pard of & Tformer draine
:asg nyﬁtum that flowsd northeast to the Hudson 3ay, Bensoa
{12§&3 snd- Sehmitz (1955) believe this pre-diversion river

wed north acress the site of the present Missouri River

ﬁaﬁﬁﬁh and jJoined the anclent Yellowstone in the northwestern
pert of Horih Dekota.

A There ia some dissgreement in dating and explaining the
diversion of the Little Missouri River. Leonard (1916} believed
that the diversion was ceused by the damming astion of the glaoial
iew, Benson (1952) ogrees with this and soncludes that 1t took
place in sarly Wisconsin time, The most recent and comrlete work
done on the problem was by Schmitz (1955), He states "stream
piragy alded by periphersl precipitation in advance of the glacler
is by all fleld evidence noted, the primary factor in the devels
gpment of the present course of the Little Missouri River.," The
diversion took plzce prior to the moximum glaciation, which he
hﬁ%&e&q& is Eansan-Yllinolan in sge, Benson {1952) eorrelstes

the southern most extension of glacistion in this ares with drift
in South Dakota, determined to be\xawam in age by R, F, Flint,
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e following is =2 summary of the sequence of events in

the history of the Little Missouri River as determined by
p ge No. 1. Mlocene epeirogenic movements in the Roecky Moune-

15%13 region henlted (Qligocene deposition and initlsted erosion
whieh culminated in a peneplain, the present uplznd surface, by
ffﬁn&steaeﬁs time, Across the plain the Little Missourl River

| fiowed north in a broad, shallow strath, which 1s vresent day
Ferrsce No., 4,

Broad arching during early Pleistocene elsvated

the reglon and enabled trimutaries of the Little Missouri River
1o sapture that part of the river upstream from the present

mouth of Bowline Creek, This established the ensterly bend in
the river, but the Little Miseouri still flowed north, although

for 2 distance 1t wes in the channel of former iributsries.,

The Little Milsscuri River of Btage No, 2 was capw-

tured by an e&atuweat f1aWing stream, the nre<glacial Medicine

Et@ag River, This eogp}et@d the divereion to the present chane
nel, and a change of base level and zradient due to o new mouth
| Initiated rapid down eutiing which deeply entrenched the new

valley.

The Kansasn~Illinclzn ice sheet inveded the region

and bloeked the valleys of the northessterly flowinz rivers,

s Leakes were formed in the river valleys and deposition resulted,

g Btage No, £, Meximum glaciestion was followed by re-trenching
1 of the diverted chennel and the resultant formation of Little

Missouri Terrzce No, 3, and later Terrace No, 2 nnd Terrnce ¥o., 1.
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"he development of badlande along the Little Missouri River
% have begun with the diversion of the river and the lowering -
£ its bage level., The tributaries of the rgjuvtggggg—;;;;;;m*”md’
‘a 4dly cut into the surrounding Little Missouri Terrace No. &4
?j;ggng the northesouth flowing portion of the river, Terrace KNo.
iqgfﬁas not nearly as widely developed by the tributories of the
presdiversion Little Missourl River and ag z result the terrace
in nbt a8 widely diatriﬁut&ﬁ along the sast-west flowing portion
of the river as it is along the northe-south portion, The upland
gka&n¢ whieﬁ is approximately 150 feet above Terrace Ko, 4, is
closer to the river along iis eastewest portion and thils greater

thickness of bedrock has hindered as extensive development of

badliends along this portion of the river ss along the north-south
?ﬁ?#&ﬁnw

Stretigraphy

Btrata present within the ares degeribed in thils report
inglude the Tongue River'fcrmatign, the Sentinel Butte member of
the Tongue River formatlon, and the lower member of the Golden
Valley formztion. The general classification of Tertlary rocks
of western North Dakota is ss follows ({adopted from Schmitz, 19554

Tertiary system .

#Plelstocene series
*Wiseanain stage

#Eansan-Illinoian stage

wwnmnmwmewiineonfornitysee- s
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Miocene~Pliocene series-Flexville gravel

~Uneconformity——ww

#0ligocene series

b #White River formation

i s v o e ([ TIC G DO XL LY e i wt s wa

Bocene series

Golden Valley formation

s e BAG ST TETBI Y - - e vm

Faleocens serien

Fort Union Group

Tongue River formotlon including
the Eentinel Butte menber,

*Cammnbé.li—i:udlow formation
Mot present within the Grassy Butte area,

‘ The Tongue River formation was nemed by J. A. Taff (1907)
af the United States Geological Survey, He used the term Tongue
Biver goal group to demote a series of lignite bearing strate
azﬁag the Tongue River iﬁ the Sheridan Coal Fleld, Wyoming.
Ihe Beds he described underlie the spproximote egquivalent of the
Sentinel matte sh&le,gwhieh wee formerly considered te be of
Zogens aze, The North Dakota Geological Survey considers the
-Bentinel Butte shale to be a member of the Tongue River forma-
tion, |

The Tongue River formatlon econformably overlies the Ludlowe
Cannonbell fermati@n, the Ludlow member beling the continentzl

lignitic faciem, and the Carmonbell member is z marine facies,
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,%«“>'1ag to Benson {1952), the transitionsl contact between the
.’ﬁagaa River formatlion and the aannanbali marine member indicates
g&a& the Cennonball ses becanme Bhaliax and was greaduelly replaced
'gg lew~lying coastal plein swemps, Benson further atates that
gm* fonsll wood and the vertebrate fosslils also indicate depo«
%@t&nﬂ in & soastal plainlswamp, and thot the sub«tropiceal fleral
wseenmblage indicetes that the elimate was molst and warm, The
presenioe of falrly qulet waters is indicated by the well bedded,
fine grained roecks, The writer observed oscillation ripple

marks in o Tongue River sandstone, inm T. 148, R. 100, whish ine
&ieated deposition in & shellow lake or swamp, Hanson (1985%5)

i : #isy found symetrical ripple marks, in the Elkhorn Ranch area,

| ¢ . Tisdale (1941) states that the heavy minerals in the Tongue
River dbeds indlicete the ssdiments were probably derived Ifrom a
fﬁﬁﬁaﬁﬁrphia eomplex such as the Black Hilles or azs may have eXe
4 &ﬁtﬁﬁ 1n:weﬁ$arn.xnnzana He slso believes thal other scurces
ﬁa& &amﬁ sentrihuteﬁ and that the sources ¢f at least & portion
{ at t&a a&nﬁ were relstively near at hand,

&ﬁa ?@ngua River iarmatian.esﬁaists of nonemarine sand,
|mentatone, ai1t, olay, shale, and lignite beds. Onm & fresh
rfase the bede are gensrally 1ight grey or olive drab, but

Gu a waathareé surfage the scloring 1s most often light tan or
i%&h& M,W

’ .:, The sanf and sandstone beds in the Creasy muiic ares are

_ ﬁﬂﬁ&ily 1ight gray in aeiar, with a "szlt and pepper" appeare

“ﬁﬂﬁg ¥any of the sand beds heve a small amount of iimonitio
lﬂﬁﬁwéai which give the beds an overall tar or buff color,
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The size of the sand grains ranggffrom medufim to very fine

and s1lt size, classified according te the Wentworth grade scale,
| The vast majority of the grains sre very fine grained to silt,
&he sphericity of the grains ranges from zngular to rounded,
usually being subengular to subrounded,

The predominent mineral in the sand and sendstone beds is
gquartz, but gypsum, celeite, biotite, muscovite, mellite (2),
|organie fragments, limonlite, unidentified dark minersls, and
black opague minerais'ara present in varying smounts, Seversl
10 feet to 20 feet thlck sand beds are composed lorgely of gype-
‘gum present in the form of selenite grains., These beds contain
teo many impurities to be of eoonomic importance, The "salt
and pepper” sppesrance of mony of the sand beds is due to or~
ganie fragments, biotite, the unidentified dork minerals, and
the bleck opasgue minerals,

Meny of the sand beds are indurated to sandstone but withe
'in 2 send bed the degres of indurstion changes both vertlieally
and laterally, and the sandstone protrudes as ledges from the
enslosing sand. Thin sandstone ledges are also present in meny
#lay beds, The materisl cementing the sendstone grains is
|wsuaally caleareous clay but in some beds the cement is entirely

saledum corbonate and its percentege 12 in places so high thet

the rock would heve to be classifled os sandy limestone. Some
of the gsndstone 15 Indurated with silice to the extent that it
{18 & quertzite, The quertzite is grey and homogeneous in ap ears

ance, Limonite also cements some of the sandstone, ususlly in

L
S
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gpination with ealearecus clay, The character of the bedding
‘ﬁag.aané and sandstone bed renges from massive to thin bedded,
Sandstone conoretlons are prevalent in some beds., The cons
imenteie bende of the smaller soncreticns are stalned with lron
\M"”* except for the genter, whieh is usuaslly gray in color and

to be sither lesched of iron or else the iron present

kig;ﬁat oxidized, These concretions renge in size from & few
f@%&h& of an inch.to several inghes in diameter. They are found
g@ay in the suter part of an exphaéé sand bed, and this would
4nticate epigenetic origin, Marcasite or pyrite concretions

re also found and these are not limited to exposed surfaces.

the marcasite or pyrite is often oxidized to limonite and the

iﬂ‘;("tian then &ﬁ?&ﬁt@/&ﬂ@h the ssme as the previously deseribed
pnoretions, |

Many large log shaped sandstone conecretions are slso present
in the Orassy Butte area, These concretlons are massive and do
et #ggy concentric banding, Some of the "log" concretions are
up $o five feet in dismeter and 30 feet in length, Their

'ngh'iﬁ alweys parallel to the bedding, excepl where they heave
flm, . off and slid down slope, and their shortest dimension
is mermal to the bedding, Bedding planes of the enclosing
wirats end abruptly sgeinst ihese coneretions and agcording to
Pwennofel {1950} this ia&iﬁ&t&a;sﬁngenstia origin. The cemente

ing materisl in the “log" concretions is calcium csrbonste or

sillea, ,
Well o?mrfhs&f of the Tongue River formotilon consistis of
slay, The ulay beds are predominantly tan to gray in eolor but




,égﬁmg are browvn, vhite, and even purplish, The purest cley is

| just above or below lignite beds, the rest ususlly being
é%ggzy,ar sendy, Hoest of the elpy is caloerecus and limestone
'}ﬁﬁaa@atxang are fairly common. Some thin clay beds are silici- |
f1ed end these erop out as resistant ledges and esp some of the |
‘pmell spurs. According to Bemson (1952) most of the elsy in the
a* e BRiver formation 1z = mixture of 1llite type and keolinite
type cleys, with a subordinate amount of montmorillenite type
olay,

o Meny lignite end earbonacesus shale beds are present in the

fongue Piver formcilon. The color of the lignite is browvn to

&ull or lustrous black, The lignite i woody in appesrence and

waslly brecks zlong the grain, Selenlite, pyrite, and concenw
trations of jarosite often ogcur in the lignite,

On expoased surfaces the 1&@&&%@ is oxidized end s 8 resalt'
is erumbly snd powdery. Leonardite, an oxidired form of lignite,
s presont to some extent on nesrly 2ll exposed surfcces but was
nod found in commereial amounts in the Gressy|Butte nrea., The
eX348ized powdery lignite is essily removed by wind =nd weter,
End this canses slusping of the overlying strata which often

#a8k the true thicknesa of 2 lignite bed, Where compiateiy
sovered, the lignite beds sre often marked by & line of vegeta~
tion,

it of 27" beds

Although 1lirnite beds are the most persist
in the Tengae River formotion they do rapidly thin end thicken, |

and artﬁn.aplit into two or §d§s beds separ-ted by clay,
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Bcoriz, formed by the dbeking snd fusing ol heds overlying
s lignite, is e prominent feature of the lignite bearing
gtrate of western North Dekoite, The scordis caps many of the
smaller buttes and spurs and protests them from erosien, In
whie way, and by ssusing slumplng of the @vérlymg sirata into
tihe mrmed eund coal, the formatlon of secrie influences the
|#opograshy of the North Dekota bedlands. The base of the red
seoria is usually marked by & thin 1}&&&& white ash bed, ond

he Sc'art‘x
is quite distinet, but the upper surfac mﬂ‘m& srades Lupews

@Ue{I‘ ‘M’? tmtﬁ». Seoria rz«agmants ofmn slide down

""‘ e —
T

it%w slope of the éxpaaure » covering the base of the bhed, snd
make 1t oulte Aiffieult to esteblish the base for mopping
purposes,

8iliciflied wood occurs in many straticraphic horizons in
the Oressy Dutte ares LPsfpA It is most plentiful in the
lignite beds and bentonitie elay heds but is elso present in
other clay beds end in sand and sandstone beds, The originsl
dell structure is well preserved and this heg aided in the iden
Wileation of the original trees. Benson {1982) sistes that
they were conifsrous type itress snd were probadly swemp dwellers,
Beversl "petrified forests” are present in the Grassy Buttie
erea, the largest belng loosted in see. 18, T. 145 K., R, 100 ¥,

The bose of the Tongue River formstlon is not exposed in
the Grassy Butte area, but according to the North Dskotr Moo=
Yogioal Society's 1954 Guidebook a.he thickness of the formetion
in the dolden Vslley County-MeEKenzie County crec is 980 feet,
not including the Sentinel Butte member. The writer has
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Flgupedr—-FToToETFa 0 snoving the typldfl™wolory 6T thHE ToHgwe |
River formation below the Sentinel nutte member, f/f
Thie ohotograWH was ta“,;Puvvh,mﬂaauﬁhewm Pt o _—
the Gressy wWHWEa, lookins east across the Littﬁg y.
Missouri Vpl‘py.

Sorrn o sewt P HE Ty ~icn]l golor of tre Hei
Tutte member of tkn Tomgue River formatlion. This
photogrash wggw&ahﬁn“anth&mua&%eymofmaaiaagaluﬂxﬁﬁkawzﬁ?%
¥ )y -,,.,,ar-ﬂ"""“"“"“-' iz 3

!
|
!
1
I
|
{
|
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established the thieckness of the Sentinel Butte member os 65C % 20
feet in the Gressy Butte area, which would indicate a total thicks
ness for the Tongue River formstion of about 1630 feet,

Sentinel Butte member of ithe Tonmue River formation:

upper dyvision of ot Union
The W%a@o?lrst described by lLeonard end

Smith (1907). They designated the lignite~bearing strate occur« | [}
4 11‘003 of 1,»01‘&&}6#5‘. "
ing in Sentinel Butte the Sentinel DButte -

foPmmetew. Thom and Dobbin (1924), and Seager et. al., (1942),

gorrelated the Sentinel Butte strats 'with the Wasateh formatlon
of Eocene age, Brown (1948) concluded that it is, as originelly
defined, an upper member of the Fort Union formation., The North
Dekota Geologleal Durvey considers 1t a member of the Tongue

River formation of the Fort Unlon Group.

Flgure €. FPhotograch showing the= contact between the Sentinel
Butte member and the Trent of~the.lopsue River formas
tlon. This chotograph wae—tu¥s ugt south of the
asterly bend.ef-sRe~btttie-Mieseours- RIVOR,..LQoking
#EHT. The inked line renresents the contact,

ol

P

|
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ghe contect of the Sentinel Dutte member with the lover
part of the Tenguse Biver Tormstlion i1g essentli-lly o color boun-
dary with 1ittle lithologice difference. 48 previously described,
the lower Tongue Hiver strate are 1isht
grey in aolor. The Sentinel Dutie
srd more somber in sclor, usually belng dorl to lisht graye
% The solor difference hetween the Sentinel Tutte
mepber oné the rest of the Tongue River formotion usunlly apnpeors

o

he distance, see Tigure £, but 18 actuslly

o

quite distinct from

gradational and indeflinitve,

#86 mentiened earlicr in this renort the bose of the fen~
F 1 & LI a
tinel Butte memher is the "I Ted” in this eron, in

the adlscent nrecs to the nerth, west,kggéth, znd in the South

Unlt of the Theodore

the "L bed" is usuzlly o orominent scoriz, oculie thizk in the

in the Flkhorn zrea to the south, In the northorn hal? of this
aree the "L bed" is liznlte, four feet thick, =nd only locslly

has 1t burned to vroduce scoris, ({A

23

helf of the Grassy Butte ares the 11~nitm thing and

is entirely sbsent, Here the "I, hed™ conslsis of hentonitle

a1 . . . . R ] .
¢Lay, which in plsges is underlein by the li-nits, ¥oth the

i

 bentonitic clsy and the lirnite cenerslly contoin ~etrified

10%?. Honsen (1987) =lso nicked the eolor chon-e £t this siretie
532"" shie horizon in the northern port of iths "lkhors Trash sren

to the south.




24

5
v,
e

“

¢ 95 the Grasey Butte ares the Sentinel Butte nember contoins
more sand, sandstone, ond pentenlitic cley than do the stendard
Pongue River beds, The bentonitic elay is light pray vhen dry
wat almost black when wet., Unon drying, the surface clay cons-

a
wyaets and forms a spongy, curdy layer, which is more resistont

to erosion than the send bhede or cother clay beds., This leyer
forms wide benches with cherseteristic rounded tops giving the
wenshes & "bread locf’ shape. The curdy clay areps over the
:aég# of the bench and gftan covers meny feet of the underlyling
streta, giving a false impression of grest thickness to the hen-
tonitie bed, Sllicified logs aore often found in the hentonitic
beds, and are generslly more plentiful in 211 stroctso of the Sen-
tinel Butte member than in the rest of the Tongue River formotlon
” Bentonite is usually conslidered to hrve been formed by the
Gevitirification snd chemilezl 2ltersilion of voleonic esh, Ren-
tonlte of such origin should contesin shards of veleanic glasa,
but the bentonite examined from the Grassy Butte crenfwns found
to econtain none, The Lentonite beds ususlly occur directly above

or below liznite beds and this sssocistion indicotes thot the

&
joir

origin of the beniton reloted to thrt of lige

nite. &s mentioned 1 ' leifled wood is especislly
abundent in boil bentonite and Tirmid
tonltle elay from the drussy Tutte ores was snalyzed in s differ-

entiocl thermsl analval

s o A 3 ok o - e ey o 3
nonaratus by Mr, Osear B, Manz, who is

N L . .
conducting & clay reseurch nro~rsm for the Neorth Dakots Geolopicsl

Burvey ond for the Unlversitiy of North Dekete, This wos done after

o

_'
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e e

e el Doon getermined thnt the clog
4Ly 4that the elay wss bentonltlic, 7The differentlcl thermal

wed ne shards, 1o

b

e 3 " o oy vy , e, 3 A % S ER s o
m&ykés curve wop ne volesl for mure bentenlite, tul Er, Hans

-t the elay wasg bentonite in peri,

wag cenvinced ih

|

. Yalley formotlon:

_ The Golden Valley forwmetblor wons nored by Pemsen znd Leird

{1947) from exposurss near the town of dolfen Vriley, Horth

g pte, They disgovered the Iflestling fern Zalvinir presuriculsote,
é which is Qiagnootle of the lLow:r Zocene, neor the base of this
E Lforwation. OSeager, g&}g;,{l?ég} colled this serles of strote .
; the Pnnemed unlt and eorreetly r2lsecod 11 in the foeens eroch,

Put as a member of the Wasstch formrilon,

Benson (3.?52) states that ey {ormaotion is

: eepentially conformoble con the Tongue River formaticon, it thot ~
ercelon and channeling are coparent In nlroes. The Golden Vallieye
Tongue River conteci sesms conformoble in ihe Srpapy Putie , BIB0,

and the writer = ssts thot 7&6 C&ﬁ%/}f‘f /‘f fﬁ’ﬂ/ﬂ 3‘/& i?q/
- ks N,,: J:} Lu_} ,&,,“s‘ u-nw,

crxcept where /fscz.«/ aﬁ(aﬂ%a’mnﬁy C‘"’Z
The Golden Vallery formcticn in uneonformerly overicin oy the

& AdL

Cligocene White River formatlcn, whieh is noi present in the

The Golden Valley formotion consists of two memborg, an
» -3 - - . -
upper and a lover., In the the lover membor

conslsts of spproximutely 5C fort of keloinitic clny, shele ong

A
Ly o

Band with keolin binder, The send 1 Tine sroined te esilt size
and i - g g - et s
L Bubon-uleor to subrounded. The srnins aonsles mostlv of

qQuartz but o soell coount of muservite,
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: hentonltlic, The 4387

l'«k

was convineed

alden Valley formotion:

1947) from exposures near the towvn of dolden ¥roiley,

They discovered the Dezting lern It

kel

1 PR Y, ] +
the ¢loy contoloed no shards, to

- 4 &8 e 2,
erentinl ‘b}.’\‘&x T E«l

for wure bentonlite, but

Phe Golden Valley Teormoitlior woz nomed by Dengon o

g Leird

Horih

which 1s Qisgnontic of the lLow:r Toeens, neny the bose

formation, Ssager, s =l (1?&” gwlaa L i7 series of

the Unnamed unit and correcetly pluced 1t 1“,tﬁa Dogene
i i the YWasstch feormoltion,

vat ez & menber of the Wasstch formrtion

Benson (1952) stztes thit the Goldern Vellsy fom
egsentinlly conformroble on the Tongue River formotion,

eregion and charmmelling are coparent in nloeces. The fo

W

®
end the writer suzrests thol Flees—ecosdeie ety

The Zolden Volle— formsitlon is unoonformanl

o

"1
o

Oligocene ¥hite River formetilon, which is noi preser

Gressy Mutte oresa,

upner and a

e

conslipgts of

&4 2N 2 oy & g ot n 2, T ¥ e A
and with kaolin pinder., The scnd is fine zrained to
and Ty ooy ey E 3 “ F
e subon~ulicr to subrounded The greins consist mo

L g

2 Tayq b Ny 14 A Ja— 4 poy
Quertz but o snoll soount of muscrvite, oy

Iongue Rlver contacit seens conformcble In ths Jraesy Putle, DI,
T’-“‘N- -~
fbg Fern¥acyt 75 ¢%ﬁ#@%wﬂ¢/

- Y H
EXCEPT where [6:57 UncosXorme? Fy Jwe? shew .
i avmr

The Golden Valley formatlon consists of two membors, an
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minerel which is possibly l1lmenite, =nd e few llgsnlte fragments
g&}t{é T

!r‘ slse present. The color of the sand 1s ashy white to light
R e

gy ond tan.
‘ ehe elay in the lower member of the Golden Valley formatien

?;.“? 25 "5’-2,

g;Aixght gray, tan or dirty brown in eolor, One bed consists

of serbonssecus shale and containg abundant selenite erystals,
A light gray clay near the mlddle of the lower menber is charate

teristically stained yellow to orange and 1s wldely known &g g

S e e e e e s P i

the *arange marker bed." This bed is usually mapped ae the base
b kaﬁhﬁ golden Valley formostion but the writer used = dlirty brown
#ilty clay approximetely 25 feet below the orange marker bed.
The bed the writer used ag the base of the Zolden Valley fore
mation was not found to contein the dlagnestic fossil nlant
gg;xgagajggaagigéulaha in the Grassy Butte zrea but it does
grade imperseptibly into sediments thst sre definitely of FTocene

age. This bed does not hove the typileal sprearance of the
Sentinel Butte beds below and it has a falrly definite contact
with the underlying sediments which enables the bed to be traced
quite easily in this ares. 48 & result of using this bed =8 the
lower contasct of the Golden Valley formation,that formotion was
determined to be more extensive in this ares than was previcusly
supposed,

The upper member of the Jolden Valley formaztion is present
in this zres only on the tons of sgeveral small buttes nesr the
village of Grassy Putte, In this ares the upper member consists

of light zray to ten arzilloceous sand, The send is fine grained

and angulsr to subrounded. It contelns much muscovite, bietite,




’;ﬁﬁ quarts, and & 1ittle gyosum, The lower part of the sand bed
S pertially iron steined, Calcareous clay wezkly binds the
;u§‘;§¥&ins and the amount of caleium earbonate decresses to-
{ware the top.

gongerning the envirorment of deposition of the lower member
}ui @h@l@wléeﬁ valley formztion, Benson (1952) states, "the suite
lo# mipersls in the sandy fscles of this member and the lack of
|weathering of these minerals indicates thet the kazolin was not
westhered in situ but wae transported from some source ares,

| Gressbedding in both members dlips generally te the east, indi-
sating that this source ares was te the west. The haolin seem to
have been transported as kaolin and deposlied a2z one contimuous
ar naarly~§aﬁtinuﬂua hlenket over scuchwestern Borth 3Sakots,

This suggests depesition in o broasd, exiremely shallow fresh
water leke.,” Benson concludes that the upper sandy member of

the Golden Valley formution was deposited by streams flowing

over e low flst plain,

sy e 2 b e b g

In northeastern Montenz, remnants of & high level surface
are capped by conglomerate. Colller and Thom (1918) sssizned
this conglomerate to Late Mioecene or Fsrly Pliccene on the basis
of vertebrate fossile, end designated it as the Flaxville Gravel,
Benson (1952}, sehmitz (1955), and Petter (1956) correlste

gravel on the high uplsand plzin {(Level No, §) in Norih Dakota

with the Flaxville agrevel,
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petter {1G86) stntes “These zrovel deposits consist of

aobbler and rebiles, some ellt, ond clay. The cobbles ond

~

pebbles sre rounded Lo well rounded and nre composed of grenite,

granite porphry, cquortzite, deelite, trachyte, chert, Tlint, linme-

ik v

stone, sandstone, uarizose wood, vesice

ular basalt, scoris end frogments of cemented sand sroins whiech
o f
were st one time ceme \mfﬁer‘? for some of these cobbles.” |
. Mr, Petier further stotes "Much of the noterisl woa derived from

the basal conglomerate of the Vhite River formeotion, other nors

tions of the gravel were derived Trom the volcanic and loneous !

ﬁ.
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been derived from outerons of the Deadwsood formotion (Cambrirn)
n ¥yoming ond South Dalota.®

Correlation:

The correlazticon of f@rtiary strota from one logcalily to
another is probably the most difficuli task encountered by the
surface geologist in western Sorth Dakets, Due to the fluviasl
end lacustrine deposition of the sediments they zrade laterally
nesrly as rewildly as they do verdticelly. It is an exeentional

sand bed -ged for more thsn sevorsl miles, Vost

m > . « oy B PO % :
Tertinry struciural mapping dove in Horth Dalote

ften burn to form -

\,}

i nent,

£ eu,.,. N

LS - - d A y
In the Jressy Dutte aresn

used for recordins shiitices =nd 211 sltitudes
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|paferred to the previously mentioned "L bed”. The various beds
Huve been designated Dby letters ond vhen poasible they wers
aorelated with beds previoualy descrlbed gﬁé uased for mapping
vy Fisher (1953, 1954) and Henson {1955) in the adjocent aress
%o the north, west, and south. The L herizen was correlsted in
&1 three directions, and the other beds that the writer suc-
sesdsd in correlating were traced from the West fentral McKenzle
Gounty sres to the north., These bads have been given thelr
originel desicnatlon In caplial letters, and beds used for cor-
ralation within the dressy Butte arec only have been desipgnsted

in alﬁh&betieal order with lower case letters, . see flzure 7

- 2 At i I it .7 S .

¥Lignite a® is present in stratigrachic sections 2, 3, end
4, and ranges up to six feet in thickness, VYhere exposed this
bed has usually burned te produze a scorin up to %6 feet or more
thiek. The base of the scoris is usually marked by six inches
of pinkish white nsh and clinker, The lateral extert of this
lignite bed 1s described later ir this report in the section

on lignite beds of possible economie value,

The "L bed" is the lower contact of the Sentinel Buitte mem-
ber of the Tongue River formation end was previously described

in this report in the section describing the Sentinel Butte

member. The "L bed" is present in stratigrophic sections 1, 2,
3s and 4, Altitudes were estsblished on the "L bed" in Tps., 145

and 146 K,, Rs, 101 and 102 W,, and necr the mouth of Bennett
Oresk,
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¥1iznite b" 1s exposed in siratigrophic sectlon 2, vhere
14 is five feet thick, This lignite contains concenirations
af jarosliie and nesr the top of the bed selenite crystals are
found, In most places the overlying cley has slumped over the
iisﬁi@ﬁr put the bed can be dlestinguished by & line of vege-
tation growing along its base. Altltudes were establlieshed on
siﬁgﬁiﬁé b" only zlong Belcegel Creek in the vicinity of stroti-
graphie sectlion 2.

"1ignite ¢ crope out in strotigronbic section 4, vhere 1t
is three feect thick. This bed containe much ecarbonascecus sghsale
Egt-ﬁﬁ places it has burned to form scoris three to four feet
thiek, Large petrefied logs sre found in this bed. Altitudes
were establlshed on “lignit@ e" only olong Bennett Oresk nesr
the vicinity of atrcti”rf*?ic section 4,

"Lignite 4" is present in stratigreoohic section 2, where
it is four feet thick. The uprer and lover norts of this lignite
bed ere quite shaley. It contzins selenite crystals and concen-
trations of jerosite. In the vicinity of sectlon 2, this lignite
has usually burned to form s scoris bed which cops many of ade
Jacent hills, altitudes were estzblished on "lignite 4" in the
ares south of Beicegel Creek 4in 7. 145 ¥,, Rs. 100 and 101 ¥,

"Liznite ¥" is exposed in stratizraphie sections 3 ond 4,
With a thickness of three to four feet in the vicinity of sec-
tlon 3, and thickness of one to two feet in section 4, This
lignite conteins petrified wood and concentraotions of Jarosite.

Altitudes were esteblished on “lignite ¥" in the northern part

of T. 146 ., Rs. 100 end 1OL
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3%

#aenite P is exsosed in stratisrephic sectlons 2, 3, on

]
52
¥
A2
o
m
fr
13
b
ot
=1
ok
g
}.«“A
o
¥

&, It ranges in thickness from ona to aix

iy
o
o3
3]
3
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s
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ning to the south, In the northern nart of
pite bed has merzfaliy burned to form & scoria up to 11 feet
fntek, It is generslly underlsin by o bentonltic elsy bed.
Altitudes were estublished on "lignite FY in P, 146, X,., Rs, 100
and 101 ¥W., and in T. 14% H,, R, 100¥.

"Lignite R" 1s exposed 1n stratigrerhlc sectlions 7 and &4
where it is six inches thick. This thin lignits bed lles in

the basel part of the "lower yellow zone', a series of silt,

&

8illty olay and clay which weanthers to yellow, buff, and tan.
The color of the "lower yellow zone' i very distinct from the
»

pormal grey of the Sentinel Butie member znd 1s easily traeed

in the north«centrsl nart of the (Gressy Sutte area,

"Lignite e" is exposed in strotigroonie section £ oond is
generally four to five feet thiek. Thie lignlte bed always
eontains selenite erystels, In the southern pert of the ares 1t
% is represented by éacria 1n many pleces, Altitudes were £5tnbe
lished on this bed in Tpe. 145 and 146 H.py B, 92 W., and T. 146 ¥,
R, 98 %,

"Bed £" crops out in stretiszrachie section &, =nd consiste
of three feet of light blulsh gray bentonitie clay., 4An =2ltitude

wee established on this bed near the hend of Beleassl Creek.

m
Pt

“Lig’ri*e 3?“ ST e Y ARV ke o o g A e ety Y Pk ™Y £ £1 { A L
~gnive go 1s exnpeosed in stroticrershiic section &, ond eone

8ists of one foot of lirnite. Strotirsrachic sectlen B ois =
combosite section, com rised of five smoller seclic=s, "Li-nite
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ﬁ* 1# the base of one of the smeller stratigraphic sections,
1@3&%@& in the center of T. 145 M., R, 99 ¥,

A *1ignite U" is oxpossd in stratagrs-hic ssetion 5, and con-
glats of one foot of organic shule and 1ignite;‘ This thin liz-
nite bed is a%,tha%%as@ of the "unper yellow zone”, which consists
of ulf to tan gilt and silty clay. Altitudes were estzbhlishe

Qn *Lignite U" in the southeastern psrt of the Grassy Butte aresz,

"rignite h" 18 exposed in stratigrs hic secticn &

")
o
]
B
3
@
M
o

is two fe-t thick. This lignite r&né@& up to four fext in thick-
ness and locally has burned to form scoris,

"Bed J" is exposed in stratizraphie section B, and is the
base of the Jolden Valley form:ition, This bhed consists of 1isht,
dirty brown, slightly silty eley, with = few "ironstone” con-
eretions. "Bed j" crovs ocut only in the southeastern »part of
the Grassy Putte =resn,

"Bed k" is exposed in stratisrochie seetion ©, This bed
is the "orangze marter bed® mentioned sarlier in this report, snd
consists of scndy tan =nd light sray eley, with many ornage
stelins, The orange stalins alse extend inte the ashy whilte sand
below the elay, altitudes were esizblished on the tor of "Bed k*
in the southesiern part of the frassy Dutte zrea.

"Horizon 0" is the base of strotigraphlc seetion 1, This
1s the lowest exposed vart of a peries of clierncsting thin to
mossive toan clay beds., The only slititude established on this

horizon was the huse of ssction 1.
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at exposed part of = lisht ton send, ond the only altle

horizon vas the base of section &,

sntablished on this

Ligni te Deds of Fossible Zccomomle Value

The lignite beds in t

the frossy Butte srep rance in thickness

K

ﬁﬁﬂn & Tew inchos to seven feel, The wrlber observed fow beds

that meinteined a thickress of five feel or more for any dlistuonce

sl only two of these were in the lower port of the Tongue River

forastion strata, below ihe ZJentinel Putte member., Licnite badis

g more plentiful in the Butte member thon in the rest

T

AT L

&f the Tengue River formotlon in ithe Tutte ores but they

naey

are generally cuilte thlin snd contain mueh carbonscecus clay.

The individual beds often show con in thickness,

siderabie ronge
thickening some plases ond thinning in others,

As mentioned nreviously some of these beds were correluted

ad

¥ith beds described by Fisher (1953) nnd they have heen given

thelr origincl designation in cepital letters. The beds not
correlated with previously described strate ore desiznoted with
lower cuzse letters, see Tigure 7. '

4 1lignite bed four feet to seven feet thick

erops out slong

the Little Missouri River from the MeXenzie County-Billings
County line nerth %o o poelint sporoximately.
mouth of Belcegel Creel:, The thickest vortion of
bed observed by tho wriier wes in sectilon 11, T,

W, ' Wh@z‘e the Ted
apuecrs helow

0 £ ﬁh@ ’MQLL

1 of
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Aiaaﬁ,bed to the surfoce sgein & 1litile over o mile upsiream slong

| peonard (192%) mentions = five foot thick eozl bed present

};5 places in tme[ﬁartd%amtern part of T, 14% N,, R, 101 ¥., and
;ggg goutheastern part of T. 146 u,, R, 102 ¥, Thisg vrobcsbly

| sprelntes with "lignite & which crops out upsiream along
:Euiaegsl greek for sbout elght miles, ond la Included in strati-
grephic sectlons 2, 3, =nd 4, (Figure 7). "Liznite &" was
M;bservaé along the Little ¥isoourl River from the mouth of
_Egie@@al Oreelr north snd east'cf the southwést corner of sec, 21,
| B¢ 14T H., R, 100 ¥, It 18 also exposed for one or twe miles

¥

ypstrean slong Bumner Creek end Bennett Creeck, "Tignite 2" was

ohgerved to be up te six feet thiek but is probobly thicker in
plases, It 1s very often represented by o scoriz bed that is in
Places over 30 feet thick. This liznite bod thing and splits to
the west and south,

In the southwest cormer of sec. 36, T, 146 K., R. 101 V.,
"lignite b", which ie five feet thick in sirstigrsvhic seetion 2,
jﬁﬁsﬂhﬁdI&‘ gplits into two beds, each approximotely four feet

£

. | VY.
thick., Here the lignite 18 easily aaeggible ond is mined for A
e ; v

ot

local use by runchers,

"Lignite P" 1g six feet thick in stretigrsphle section 4 and
18 exposed for zbout ceven miles upstresm nlong Dennett Creel,
This lignite thins to the esct and 1s of zood thickness ln the

northern pert of the sres only o few miles upstresn along Rennett

Creek and for seversl miles unstrezm, from the nouth of Bennett

T
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preek, clong the Little Missourl River,. "Liznite F" ig also eXe

posed along Belcegel Oreck snd 1o of good thlckness nlong most ©

AL
that portion of the ereek Tlowing throush T, 148 ®,, R, 100
"lisnite e" of siratisredhic section § 18 four feet to five
Eeat thieckx zlong the upper porticn of Beleemel Oreel mnd clong
the head waters of Pennett Creek in Tps. 14F =nd 147 ¥,, R, 99 W,
A 10 foot thick bed of pood prade lismite in Beec. 1, T. 14 :

K., R. 98 W, was reported to the writer but not cheerved by him,

feneral structure:

[, aoie?
e Structure ;
n plete 1, only the structure contours in the soleored ouprd E

pf the mep, whieh is the 3rsscy Butie are bnaed on altlitudes

stablished by the writer. The contour lines in the odircent

hite areas were estevlighed by Fisher (1983, 1984) r~nd Hanson

1955}. The contours drown by Flsher =and Honeon were sli~htly

tered, immedintely sdjizeent to the Grosoy

T

to conform with the =1iituc

QJ

satrblished by Wk +he Wri;

The general dip of the stratz in the Grossy Zutise sres is

approximately 10 to 20 feet per mile to the northeast, The chief
Ptructursl fecture within the arec is the serles of north nlung-

fng noses and troughs in Tos., 145 ~nd 146 M., R. 102 €., The |
Basternmost nose, crossed by the Litile ;

Lo the soutn in the

T Rl i O
Tl¥horn S

Pouth trending enticline with

anticline 1= situsted lermeliv

th . . . ,
norinern end extends ivite ths sren of thia reonart,

LSRR I




© orossy Tmtite 1o looolsed on tne grest of &

The Vil...iﬁ:e Oi S Ssed ot At

anticline with a minimum of 3% feet

noprthwestw-southeast trending ant

e elosure, On this antleline snd on the saddle lo the soulhesst

“)

b it are Golden sre dlacuosed |

below, §

The subsurfsce siructure

fui
i)
n
.

have inclined axisl nlan
- Pome (Nevin, 1944} ia 1

%hareaa the subsurfsce

9% W,, an offset of three miles to the southenst | N
( anderson, 1956). é
|
Lecording to Benson {(1982) many of ths smeller nesr suri-se |
structures Iin Forth Dokots mey be reflectlions of larzer sube
surface siructures becsuse the . thickness of soestsl o beds, |
Eueh a8 comprise the Tengue River formoticn, indicotes the ares
Fust have been sinbing during ?al@aa@ﬁ@ time, end 1t is unlilely
the amount or rete of dovmns v
entire region. Fishe; |
the Willision Bosin E
Terentizl subsidences
basement asnd deener :

flanks of the folas should siessen and 1neresae

W1tk depth, fuch haw been found to be the ense of seversl ctruc-

Mgy
U{!, ¥, 7Y hr’t ety ® T * e e £y ) N » . -
fes within the nesin.,  Some of the smaller structures 2lso
b""’O 577“"; FE oy v oy - - ) ~
iy S5 T OB =7 e g, e -y ¥ 2 o % . oy o . . om w e s "
robably formed very eunrly ond in the game mormer, bul othsrs
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ya8 only a few Feoet sbovs the river, ond believes thot Lt dins

ey

under the river in sec. 33, T. 148 ¥,, B, 100 W,

The strusture of Terticry strois slso ssems te influence
the outerop pebtern of the ¥Tocene Golden Velley formetlon., The
Holden Velley formotion 1s pressnt in the frossy Butte nrea only

kn.the twe aouthesgtern townships. Here the form-tion closely

followe a structural sﬂcﬂ?n and the ~dicgent structurasl hichs

e

rthwest and southe gt of the saddle., This is onnosite to the

imgﬂwa%"t v due to

tmintural relationshin thet wos axnected

en Voiley strate with

The Focene remnants

re surrounded by the encroaghins herdwsrd eroslcon of stresoms

lowing in all directions. ;%5 relatively hizh struchbursl osnect
eem8 to have resulted in the loestion of o minor drninsge divide |
here,
A8 mentlioned nreviously, the Little Missourl Tiver [lovs
pn = structural nose in the Grosgy Rutte ores

plosely follows the erest of the nose th-it 1ts course scema to be

pontrolled by that structure. It seems pos

it

thzt the Little Missouri Ziver zlsht hinve become tranned hetween
the truncoted 1limbs of = resistent bed or beds during the devel-

m ) LU S Z % "y - - . o ‘
poment ot the uplend surface, the Flaxville =lsin, i

Feolosicnl History

.
tn . ,
The Taolows eol =t atory of thsa f**sr’v <t 1”"? clwms menvines 1z 1ne
s 7 e e - e = LS jon Py A P IR P A - e

oA g S e oL N PR ELEEE VR s - B PR S Y " | -
Toted with thest of the Rocky Fountolins snd the
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Blaock Hills.
Dakota sinoe gretocecus time 1s zdepted Prom Bonson {1982} ana ;

[
-
o~
fb
My

=

T

3
I
&1
e
L
B

1) Fo major physicpl event marked the close of the
gretaceous perlod., The last Jretaceous formastion to be |
deposited, the Hell (reek, wos loid down en flood plains
and in swamps,

2} During early Poleccene iime the Cormenball zes

advanced from the norithezst acroess cenltrsl North Delkots,

and the Cemmonbsll morine member, whieh interitongues with

—

; the continental Iudloyw member to the west, wos depositsd in

ol

.’

¥ minor

soastel plpin swamps. Locsl warping, accomp
Tolding and faulting occurred during Puoleoccene time. i

3) Rocky iountads eneirogenic movenents ot the close |
ef the Prleccene epoch tronsmitt minor unlift to the ecaeb. g
Forth Dalots rem-ined lovw, but recelved no deposits. §

n

%4} ®ocene time is morked by erosion in the Hontone
Rockies due to contimied uplift =nd by deposition of the
lower member of the Goldem Vulley formation in North Dakota,
in broad fresh water lskes, Over the lower member the upver

fluvizl sands were dennslted,

5) Differentisl uplift and tilting ~vey from the

Black Hills occurred during post-Wosnteh (esrly focene) ond |

B bl

pre-Oligocene time., Lorge omounts of Enrly Zocene znd |

Feleonene strats wek eroded,




" and erosion., The Cypreas

§) Imrinug Gligeccene time the lacus e ¥hite Biver
srmetion wee deposlied, ch re-worked vocunic ash ine
aisates volemnlam to the vest,

7) The dencaition of the ¥hite River formollion wos

'aéaliawad by & perdod of foldinc and warning, with uwrlift

end puch of the #“hite Rive:

¥orth Dakotn.

8} Mlocene-Fliceens regloncl unlift resulted in the

I
o
N
‘.
7

formetion of the ¥

xville ¥loin, whiech iz todry's uplond

surfaoce,

8) Disssotion of the brozd unlang vlsin te form the

gently sloning brosd volley profiles thet flenk today's

major stresm velleys,

10) Pleistocene zleoeinticn and minor resions

gaused by lsostetic readjustment. Diversion of the former

&

nertheast flowing draine

; 2 y Lox oy apop T Y ey
e funt previeous to and

glaciation,

#
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SEC 7, T145 N., R.10] W.

W/E 5' scoria

— —| 86" alternating thin beds of gray, buff, and tan

— — | clay beds.

= _ | Silicitied wood horizon.
O

R

I to 2' lignite

o et
s e gray clay with silicified’ clay lenses.
4' gray, bentonitic clay, shelf forming.
L I'to 2' lignite with silicified wood.

1 13" light tan clay.

e |'to 2' lignite

L e 168 iun, butf, and qray silty clay and shale beds,
—— — mottied white, I'to [0’ thick, with thin sandstone, silt-
stone and silicified clay lenses.

EXPLANATION

Sandy clay and shale

S T
Bl Conglomerate
-

“ Sand and silt

+.| Argillaceou sand and silt

Clay and shale

Bentonitic clay

Scoria

Lignite

2

SEC 34,T. 146 N., R.10I W,

--"__‘

J.+':-| T light gray sand and silt.
CZwmmm o' lignite with silicified wood. Locally scoria.

37' gray to buff clay.

E

SEC. 33, T. 147 N, R. IOl W.

4' lignite with selenite crystals and jarosite,

Often scoria.

26' light gray shale

3' light gray sandstons

45 medium to light gray, silty clay with silt, si!fsfone’,.
and silicified clay lenses.

5' lignite with selenite crystals. Locally scoria.

15" medium to light gray clay.

3' lignite
&' slightly_bentonitic clay.
3' dark “gray bentonitic clay

I, lignite with silicified wood.
2 light gray shale.
|" lignite

10" light gray to dirty brown silt and sand.

—— 2' lignite

Locally scoria.

30' light to dark gray ond orange brown clay

2' grayish brown silt.

e 3' gray clay
- 25' buff to gray sand and silt with large sand-
- gmnm | stone "log" concretions up to 6'in diameter.

covered

22' gray to brown clay, buff to tan on weathered
surface. '

6' lignite, in most places scoria up to 33' thick.

A o S

T
i sy
[— e

é’;’é’é’;}:
%%
T

-----

il' poorly sorted sand and gravel. This is
Flaxville gravel.

i6' light to medium gray clay

27" light gray to buff argilaceous sand and clay,
weathers yellow. This is the "lower yeliow zone"

lemmmimpunied 6" 10 1' lignite

N2' light gray argillaceous sand.

[14' gray and buff clay and shale beds with
several ' lignite lenses.

3' light gray argillaceous sand.
4' medium gray bentonitic clay.

35' gray, brown,and tan clay beds.

I'to 4' lignite, locally scoria.

12" tan to light gray argillaceous sand and silt. Top
half is bentonitic clay in most places,

63' light gray clay with sandstone and orange iron-
stained clay lenses.

3' lignite with concentrations of jarosite.

10' medium gray, bentonitic, shelf forming clay.

80' light gray to tan sand and silt.

4' lignite with silicified wood.

48' buff to gray clay and shale.

30" scoria with |' of white ash at the base.

4' medium gray clay.

27' buff to tan argillaceous sand

10' medium gray clay, mottled buff and white.

3' lignite with selenite crystals)

14' light gray sand

4' medium to light gray clay.
1" lignite

i6' light gray, buff and orange clay with siltstone
lenses near the base of the saction.

STRATIGRAPHIG SEGCTIONS
GRASSY BUTTE AREA

SEC.28,T 147 N., R. 100 W.

4

Py

a2

146 N.

i

ol

%
i45 N

i

R. 102 W K. 101 W, R.

20' gray and tan argilloceous sand and clay,
weathers yellow. This is the) “lower yeiiow zone.”

6" to I' lignite
6' gray clay, weathers tan.

13" light gray sand.

4'light gray shale.
3 lignite and organic shale.

12' light gray sandy clay.

13' tight gray fluted sand.

3'lignite and organic shale.
6 light gray sand.

8'light gray to tan clay.
2' light blue gray, shelf forming bentonitic clay.

36' tan clay, mottied white.

16 tan argiliaceous sand.

6' lignite, generally scoria up to Il' thick.

4' light gray, shelf forming bentonitic clay.

36' tan to gray shale and clay

I'to 2' lignite with jarosite concentrations.
@' light gray clay

26 tan to gray, fluted sandy clay and argillaceous

sand,

3' lignite with silicified logs. Locally scoria.

18' gray argillaceous sand and sanstone.

27' light gray shale and clay

2' gray, shelf forming, bentonitic clay.

113" light gray argillaceous sand and sandstone

with abundant limonitic concretions,

4' lignite with silicified wood.

36' buff to gray clay with several bentomtic clay
lenses.

19'tan argiliaceous sand with abundant limonitic
eoncretions.

36' scoria with 6" white ash at the base.

i00 W

SECS. 11, 15,18, 21,

00

R. 9

D

9 W R. 98 W.

T. 145 N.,, R99W
i~ 12" light gray micaceous sand with limonitic concretions,
:T‘“:““::_I 4' tan, silty clay.

4 medium groy silty clay.

7'ashy white sand and sondstone.

{3' medium gray clay and shale.

I4' light gray silty clay.

4' gray to tan sand.

‘m 3' lignite and organic shale.

16' gray to brown silty clay.

Covered

['lignite

137" gray to tan silty clay.

2' gray to tan sand.

10' gray to brown clay.

sty I'to 2' bentonitic clay.

14' gray to tan clay and shale.

24' gray and brown ciay and shale.

i2' brown organic shale with selenite crystals.

7'tan and light gray sandy c!|ay. Much of the bed is
stained orange, and it is the "orange marker bed.

i'tan to dirty brown siity clay with ironstone concretions.
Base of the Goiden Valley formation.

|Ee=—=3 4 lignite and organic shale with abundant selenits crystais.

22' tan ond light gray beds of sand, silt, and clay. These beds
weather yellow and constitute the "upper yellow zone.

5 ————7 5' tan argillaceous sand.
f — — 6'brown organic shale.
o {'to 2' lignite with Jarosite concenirations.

Covered

7'tan to gray sand.

12' gray to tan clay.

I' lignite
8' gray argillaceous sand.

3'light gray shale.

5' tan silty clay.

. --| 1I' tan to light gray sand.

I5' tan clay, mottied white.

base, bed R of sections 3 and 4.

24' covered

6' light gray sand.

6 tan sand.

2'lignite with jarosite concentrations.
5' gray, bentonitic, shelf forming clay.

4' lignite, locally scoria, selenite crystals abundant.
This bed is 92' to 100’ above the "lower yellow zone"
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