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ABSTRACT

- Colgrove Butte is a. flat-bopped erosional remmant with a cap of ‘rock
ares of approximately 0.845 square miles, rising about 200 feet sbove the
surreunding Misscuri Plateau in northeasters Hettinger County, North Dekots.

- Tta upper portion comeists of flat lying fresh water deposits of White River

- (Oligoeene) age, containing beds of hnrd Itmbstaﬁa,-nafls; arzilladeous -
limestones, calcsreous clsys, claye snd sands, It is everyvhere covered by

a mantle of top soll 6 inches to 3 feet & inches thick. Below this topsoil,
extending over aﬁproximately‘two»thirdz of the caprock srea of the butte,

is a bed of hard limestons aversging one fooit in thickness, which is sSucceeded
by slternate beds of marl, argillaceous limestone snd cslesrecus clays dovh
to a depth of 2025 feet from thé surfmee.

By rough caleculstions the weight of the uppermost liﬁsstone bed with &
thickness of one foot was found to.be 1,300,000 -short tons, snd ite calciwm
carbonete comtent 80-90 per cent., Bodies of rock extending three, six, snd -
ten feet down from the bottom of the topsoil,and coverihg two-thirds of the
butte sres, were found to contein 61.5, 55.0, and 47.3 per cent of caleium
earbouste and welgh 3,820,000, 7,840,000 snd 12,740,000 short tons: respectively,
Additionel test haléa need to bs sunk into and through the c#prock to determine
more asccurately the amount snd grede of calearsous meterisl avmilsble in the
Rpperwoat layers.

Msnufactuore of Portland cement from ealeareous material a2t Colgreve
Butte cslls for the wet process, provided that sufficient supply of water can

be economiczlly developed,



'INTRODUCTION
The main purpose of fhis investigation was to determine the guantity
and quality of limestone of thé White Rives formatiom at Colgrove Butte, in
portheastsrn Hettinger {)o&ﬁ'&y; ‘Worth Dekots, which might be used for cement
manufactire. Secondly, the investizdtion was undertaken to obtain & detafled
kriowledge of the stratigraphy of the White Hiver beds in this loeslity, which
is one of the few in Forth Dakota in which remnants of the formetion are known
to be pr;ée;&.
‘ Fleld Work
The bubte and thé terrifory for & quarter of a-mile zround its bise
wag surveved with s plane - ble snd slidade during the summer of 194%, =nd a
tapog*aphic mp on & scsle of eight inches to éne nile, with five znd tem
feet cantmn‘ i'nt'ervvzla,‘ snd an areal ﬁép were ¢onstructed,
Eleven /-inch holes were drill#f, es shown ot the sreel map of the butte.
A Bueyrus Erie 22¥W truck-mounted, water-well drilling rig wvae used snd samples
vere tuken with a core barrel, }:hg_gev‘e;r the ;zoleg: were dry =nd the formation
vas Boi't aﬁough. Where the holes were wet a standerd bit vwas Q&ed and samples
vere teken from the dart wlvf:é bailer st one to three foot ‘ﬁtewa}.s, or whén
the litholagy changed sbruptly,
~ The upper ziﬁgstgqg.apd‘an nnﬁgflying‘bed of Bund and grovel are exposed
in & fev localities on the east =nd south sidds of the butte. Representative
asuples wers rollartad from the sand knd gravel for 11thologic gtudies,

mectanicel wsize, smd he&vy mineml tmaljssa.

lpiates I sna II.




The volume of water in small springs emerging from the limestone bed
on the sides of the butte was roughly estimated and the elevetion of the
#ater level was messured.

Previcus Werk

The first and only detailed study of ‘this area was mede by W. E.f?awarsz
tn 1945, Powers mapped the butte in some detall by plané table. He described
the atratigraphic sequence of ‘the White River formetion end estimsted the
cubic ynrdsyge of limestone zvailsble.

- A numbe¥ of pspers have been published ‘on the geology and physiocgraphy

- of this general aresa, Aléen3 hias deseribed the getierel characteristice of
the Worthern Grest Plsins and the hisgtory of the (Oligocene epoch in essteram
Montena snd adjacent arems. The late Dr. A. G. Leonard4 of the NHorth Dakota
.. Geoleglicsl Survey, did much work in this zres. His work includee = description
of the surface Tesntures of North Dukots, the history of the White River form-

" stion in Nortk Dskota, and a geclogical mep of North Dekote. The United States

. £
N .

R . :
Powers, 'W. E., Cement Fock and liméestone deposits of North Dakotas Unpublished
manu;cript in the files of the Forth Dakota Geologlcal Survey,

.3
Alden, ¥e C., ?hysiography snd glacial geology of eastern Montana end adjacent
aresg: U. 8. Geol. Survey Prof. Psper 174, pp. 312, 1932,
4 _ o
- Leonard, A. G., Geelogy of southwest Worth Dekotai Worth Dakota Geol. Survey
Fifth Biennxal Report, pp. 29-114, 1908,
: , Thé gurface features of North Dakota: Univ., of Horth Dakota
Quarterly'ieurnul, vel. 9, p. 202, 1319,
.5 Geologiesl nep of Horth Dakota: Univ. of Horth Dakots Quarterly
Journal vol. L, ppe 2-13, 1 L
: y The geological history of Rorth Bakota: Univ. of North Dekota
Quafterly Journsl, vol. 5, ‘pp. 228-235, 1917. ‘
. " ?hsowhite River formation of Borth Dekota: Univ. of North
ﬁakata Quartﬁrly Journal, vol‘ 12, pps 213—“28, 1322, ‘




5
Gaological Survey hess published & uumb@r of reports on lignite deposits

and grauna water of araas immediataly adgacent ta thia ares.

Eistogx

Na . L 5k M .

Hilliam.ﬁolgrcve cf Hott, Rarth Bakota, vas, as far as ia knov&, the first
to discovey the calcareaus nsture of the caproek af Golgruve Butte, He and
his family"filad ) squatter right on the butte in 1885 and built 2 small kiln
fer the burning of lima. They quarried the limastcna outcropa and sold the
line to the neiﬂhboring farmers. ‘ o

The limestone has also been ;xtansively used locslly as buil&ing atone,
noat farms in tha neighborhead h&ve §ne or more huilainga conatruated of
this Hhite River 1imestone.

Gsography
Loeation "

Colgrove Butte oécupiea the greater part of sections 16 and 17, towmship
136, rangt 93, west, in the northern pert of Hettinéer Ccunty, in southwestern
Eorth Dakota. It is locvtad abcut 19‘mile; south of Qichﬂrdton, and about
lb milea north of Mﬂtt, and 2 miles west of state ﬁighway 2e
Clinate and Vaaetatian

The flat-topped bktte icrmerly served larbeLy a8 grazing grounda for '
livestock, bnt is now almoat all under cultivvtion. The aversn e annual rain~

6
fall ig abeut 15 inchas.

5
Harns, Ce Jay Gaolegy and 1ignite resources of the Marmarth Field, south—

vestern North Dakota: ¥. 8., Geol, Survey Bull, 775, 1928, |
Simpscn, H. E., Geology and ground .water resources of North Dakotaj U, S.

Geolog¥cal Survey Water Supply Esper 498, 1929. l
Lleyd, B. E., The Canmonbsll River lignite field, North Dakota: U. S. leecl,
6$urvey Bull. 541G, 1914. J
Simpgon, f. E., The ground waters of North Dakota: North Dakota Geol. Survey |
Bull. 7, p. 7, 1932. ‘



PHYSIOGRAPHY
Togggraghi | | Vv ‘

The area under inveatig&tian liss in the scuth—central part of the
Missouri Flateau, popnlarly‘known as the Missouri slope. Its tapagraphy is
that of the rollina plateau typa, markad by flat~topped huttea &nd nearly
level stretches in betueen the mneys of thf« larger stresms,

The butt&s are capped by rocke more esistant to vaathering and efosieﬁ
than thosa of the surrcunding terrltary. They rise above the general level
of the plateau nnd are usuylly lae&tea in the vicinity Gz the ﬁivzdes of
old streams, and are raughly accordant in 1ave1.

. Thesa mnin features ars m»inly the rnsult of erosion by runnina vater.
No part of the surface rellef is due to glact»*ion, Aithough the area is
loeanted only ten to fifte=n miles? aouthwest cf ths established boundary of
the earlxest Visconsin stabe of glaeiatlon. o '

The topoéraphy shows evzdence of at least three different cvrles of
eresion,s each of which resulted 1n the formaticn or psrtial formaticn ef a
nemi«accoréant level. The flat tops of the buttas renreaent one such level.
’After the farmanion of thla first peneplain tha ares was uplifteﬁ znd a second
ercsian level, represented bv the present np*and surfac of the Missouri ?lateau,
w&s produced by the renawea dawn-»uttlng af the stresme and the mass wastaga
of the dlvides. Belaw this upland stage the present streams have incised

their vallevs to ccnsiderable dep th and thethird cyci@ i& under way.

Leonard, 4. G., The surface festures of Horth Dakota: Univ. of Korth Dzkota
Quarterly Journal, vol., 9, p. <12, 1919.
8,

Leonard, A. G., op. cit,, p. 217.




Co;grmre Butte hag a summlt area of .845 sguasre miles, as determined by
accurate alidade mepping in the field end memsurerzent by planimeter in the
office. The length of the butte from east to weslt is approximaiely two miles,
and its width from north to gouth ome mile. About one~fourth mile to the
southwest, and entirely cut off from Colgrove butte, lies Bull Butte, epproxd-
mately three-fourths mile long and one-fourth mile vide, with a summit sres
of 0.118 square &;lesag

Colgrove Butte is irregulsar in ocutline with steep sides exeept for a short
streteh on the southeast side and around three msin creeks which incise the
butte, These three fairly large V-shaped walleye hove all but divided the
butte into three separate parts. Une velley opens to the north ama
practicelly cuts off the eastermmost psrt. The cther two trend northeast and
sou'bhth respectively, and are separated from each other only by = divide
ZOQQ fgat wide., The sides of ithe butte show evidence of rock creeps, slumps
and earthflows. Large blocks of hard limestone have become separated from
the low vertieal cliff formed by the uppermost 1imest§me bed and have started
down the sides which are made up largely of czlecarecus clay, clay and sand.
Lov mounds, formed by earthflows and slumps, iniérr;;pt the lower part of the
relatively even. slope,

& number of smsll springs that emerge at the bese of the hard limestone
bed at the head of the creeks, and st various other points around the outline,
have undow tedly influenced t};ig fomﬁ gf Ba.As vastage and have playzd a

significant part in the formation of the three walleys.

9
. Povers, ¥. E., op. cit., p. 17,



Drainage
Colgrove Butte is situsted om.a divids that separates the drainsge basins

of the Heart and the Cenmnonball rivers. - The drainage of the area is for the
most part effected by iributaries of the Heart River to the north, and to
some extent by the headwaters of the Thirty Mile Creek which flaw# into the
Cannonball Hiver to the south. -

The Heart and the Cannonball rivers rise im a divide that ruoms morth and
south parallel to the Little Missouri River, They flow eastusrd intoc the
Missouri River slong wide. valleys thal. are covered hy extensive flood plsins
and are topographically in late meturity. The rivar5<hava'raiativaiyrnarrcwf
drainage nasins, and the short tributaries joining them at right angles form
e roughly rectangular drsinsge pattern for each basin.

The tributaries are for the most part intermittent streams in which weter
flows only during the sessons of heavy rwin er melting snow.

Structure

The Yhite-ﬁive; beds of Colgrove Butte heve a glight dip to the north-
vest., No evidence of faults or sharp dips are observed, Loeal incliuatianslo
S 7 formation
inbeds have beaq obgerved in the White River/at several localities‘in the
Slim Buttes, but these irregularities are atiributed to cress~beﬁdiﬁg rather
than disturbsnce of ihe strata.
STRATIGRAPHY
General Comgiderstions
The Colgrove Buttelgrga is one of the few localities in North Dakota

15 N , , T y
Winchester, ﬁgan E., Cross bedding in the White Aiver formation of north-
western ‘South Dakota: Journsl of Geology, vol. 21, pp. 550-556, 1915,

e T S



where beds of White River sge have besn found. Other locstions whers
beds of §¥o;bd or probably White River ege occur are several mmsll buttes
in southeastern Stark County; Antelope Butte, and Young Mants Butte in
ggsﬁééﬁfét€fk County; Sentinel and Flsttop buttes in centrzl Golden Valley
Gounty; the ﬁgfor district in southern S*ark~5bantj and noéthern Hettinger County;
Shnlky Butte and Black Butte in woatern $tark County; Blue Butte in north-
aaatern Ec&anaia Cannty; Killaeer Hovntaiss in western Durin Caunty} and
Bullion Butte in the aoutheast corner of uoldan Valley County.

These beds are the youngest Cenczoic beds in North Bakats, and are
generally located in lsw buttes or outliers thet have withstood erosion because
of their favorable lecation on olﬁ river diV1des, or beeause of grsater re~
sistance of taeir rocks té"ﬁeathering, or both,

:tuTﬁé~céntact betwesn the White River formstion and the underlying forma-
tion 1nAthe Colgrove Butte area éés not observed im this study, but it is
believed that the White River beds sre here unconformsbly underlain by beds °
ofithé)Furt ﬁﬁicﬁﬁgroup of the Paleocsne series of the Cenczoic Era.
Fort Union Group

Name and Definition

Thé term fart Unlon was originsliy proposed by Meek and ﬁayﬂenlz for
beds overlying the Fox Hills beds of Upper Cretsceous age and underlying the
Wind River d&pasits of Eocene mge, More recently the term Fort Union in

North Dakota has been used for bede lying betweern the Hell Creek formation of

1y
Povers, ¥. E., op.*cit., P L.
12
Meek, E. B., and Hayden, E. V., Philae. Acad. Nezt. Sci. Proceedings, vol. 15.

p. 433, 1862,



Gretaeeeas age and the Sentinel Butte shale of Bocene (Wamatch) sge.
The naze is derived frem exposureas of Old Fort Unicn near bhe mouth of the .
JTellowstone River, unear Buford, Nerth Dakota.
£ ce , . s : % ,
‘ The Tangue vani mamher of the Fort Union group iz exposed over the
greater part Qf the E&rnarth Pield in Bowmanm, Slope, Golden Valley, and Billings
eounties, not mnre than 30 miles weat nf Colgrove Butta,laépd;bads.mf the
Bame age are pregent alnugt'eyerywhgre in ﬁattingegvand Spgrk“cougtiga,,whgre
they crop aut along tlie uppg;kslcpgs‘af every stream valley snd in the steeper
slopes of buttes and mesas.lS‘ : \
Yort Union beds zlse cover most of the Heart River quadrangle, 15 to 20

i 5 16
miles east of the zrea under investigation, in Morton snd Grant counties,

Lithclogz -

The Fort ﬁalan group ip alternately of fresh water and mﬁrine erigin,
Its baaallbeda,yths Ludlov fo;matipn, congist of t@in-paddea, fine-graluned,
shaly sands, whiphia?e o{tenﬁintgrbg&dgd;§i§h brown to black lignitic shales,
&rg{{rgsh w?terfdaposits.',Thg annanball.go;matigp?‘the middle beds, is .
gf‘garine n¥;gin and consist of ?ingfgrainad sands gnd gray thin-bedded elay
and shele. The uppermost bsdg, or Tongue River formstion, sre of non-marine
o;igin, agd coneist ?f clayey or g;lty shale, lign;ta teds, and bgfg, {ing-

grained sands.

13 - - . —
Leird, W. ﬁ., Mitchell, R. H., Tha geclogy of the southern p&rt of Morton
Couaty,'ﬁ&rth B&kota: Qarth Dak¢ta ‘Geol, Survey Bull. 14, p. 16, 1342,

14
BEares, C. J,, Geelagy‘and lignite resources of the Marmarth field, south-
wostern Morth Dakots: U, 8. Geol. Survey Bull. 775, p. 50, 1928,

15
8impson; H, E., Goelegy and ground water resources of Rorth Dekotas
B. 8. Geol, Survey VWater-Supply Papér ;98, p. 145, 1929.

16
Tisdsle, E. E., The geology of the Heart kiwwwx Putte quddrangle: North Dakota
Geol,. Survey Bull., 13, p. 10, 1941.

[ R,
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-Ihickness - 1 C . . , .
. . The thickpess of the Fort Uniom group renges up to 1000 fset in weatera

Borth Dakote, but is much less elsewhere. A section in the Cannemball lignite
2 . > 4 __ 27
field,. about 20 miles southwest of Colgrove Butte, measured 350 feet.

.The lithology snd.fossils of the Fort Union beds indicate fluctuations
‘between coantinental a.nd mina conditions during daposition. The lignite
seams in the Ludlow and Tongue River formztioms point to swampy continental
md%ggga, while merine foassile and lithology of the widdle member, the

Csnnonbell formstion, are evidence of deposition in shallow epicontental
18 . .

Aeas.

e River Fo ion

. The White River formation ie nsmed efter the White River in the Souf,h
Dakote badlands. The term was fi);gtﬁi};%%gd to beds overlying the Fierre
shale of upper Cretaceous age and overlain by the Loup Fork formation of
Miocene age. Usage in North Dekota for the term White River formation has
‘been for beds of fred water origin overlying the Wasatch group of Eocene ege.
In some areas outside of North Dakots the formatiom is treated ss = group,
divided inte the Brule clay formstion above and the Ghad.rc»:a farsmtion beleow.

1y
‘The first White River fossil wes degeribed in 1847 by Dr. Joseph Leidy.

Lloyd, R, E., the Cannonbell Kiver lignite field, Rorth Dekota; U, S.
Gﬂﬂlt Surve'y Bu.ll 541“\1‘ Pe lﬁ, 1914-

18

T Laird =nd !ﬁtchell, op. c¢it., pp. 18-23,

9 .
VWanless, H.. R., Lithalngy of the thte River sediments: ' American Philoso-
phical Seclety Proceedinys, vol. 61, p. 184, 1922, B
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Occurrence

Outcrops of White River beds have been loceted north of Pine Ride, from
Vyoming esstward through Nebrasks, asd intc.uerthwesierm South Dekota apd.
southwestern North Dskota,
White River beds are exposed in & number of cuterops slong the scuthernm
edge of Colgrove Butte, in sections 16 and 17, townsbip 136, range 93, vest.
The thickest section, as msasured by P«:amre:ﬁ:-m?G near the cemter of Section 16,
Township 136, range 93 west, is 52 feet from the top down, with an unexposed
zome of 21 feet.

. The White River beds at Colgrove Butie congist, from the base up, of
sandy greenish clays, sand and gravel, greenish and yellow calcaregus clays,
which are interbedded with thim lsyers of hard lighi-grey limestone amd
overlain in many places by = thin lens of bard, pinkish-gray te light-gray
limestone, . ‘

Limestone

- Limestone lenses appear intermittently from the asurface of the buite
down to about 25 feset, They are mot continucus in exiesi bul.lemse out.apd -
resppear at intervaels, Generslly, there is a more indurated limestone bed at
or near the surface. This bed oconsists of brittle, dense, pinkisb-gray
limestone conizining migute caviiies and frectures filled with pure crysial-
line cslcite, presumably of secemdary origin. The lower limestone layers.sre
argillacecus; and some are minutely stained with limenite. They are light-gray

to greenish-gray in color.

20 _
Powers, W. E., Cement rock and limestone depcsita of Horih Uskota: Typed
manuscript in the North Dakots Geological Survey files, 1345.




Occurrence

Outcrops of White River beds have been located north of Pine Ride, from
VWyoming esstward through Nebraska, and lato northwesterm 8outh Dakota and.
suuthwestern North Dakota, L

White River beds are exposed in a number of outerops along the socuthern
edge of Colgrove Butte, in agcticg§!1§ §nd 17, township 136, range 93, west.
The thickest section, aas measured by Pawepsza near the center of Section 16,
Township 136, range 33 vest, is 52 feet from the top down, with an unexposed
zome of Z1 feei,

. The White Hiver beds at Colgrove Butte conglst, from the base up, of
sandy greenish clays, sand and gravel, greenish and yellew caulcareous clays,
which are interbedded with thinm layers of hard lighi-gray limestone and
overlain in many places by z thin lens of bard, pinkish-gray to light-gray.
limestane, ‘

stone
Lixestone lenses appear intermiitentily !gaa the surfece of the butte
dovn to about 25 feet; They sre not continucus in extent but lemse out apd -
reappear at intervals, Generslly, there is s more indurated limestone bed at
or near the surfsce., This bed consists of brittle, dense, pinkish-gray.
limestone contaiming minuie caviiies and fractures filled with purs crystal~

line ecalcite, presumebly of secandary origin. The lower limesione layers are

argillacecus; snd some are mimutely stsined with limenite. They are light-gray

to gresnish-gray in color.

20
.Powers, ¥W. E., Cement rock-and limestona depesits of North Dakota: Typed
manuscript in the North Dskots Geologicsl Survey files, 1945.
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The ¥hite River clays sre predominswily of a greenish color and grade
into grayish to mearly white caliche-like limey Baterial om one hand and
greenish sendy clays om the other,

Band and Uravel -

A thin gheet of medium-grained, brownish sand appears st 30 to 32 feet
from the surface of the butte. It 1s suegeedsd downward by » slightdy
calcareons or. non-¢aleareous greenish-gray clay =nd a thicker bed of fine
to coarse-grained greenish ssnd and gravel, which appear at 35 to 37 feet
from the surface,

The ssnd consists predominsntly of guartzs grains which are well-rounded
and measure up to 2mm in dismeter., It conteins a number of pebbleas of
silicious msterial, with a few intergrown fragments of orthoclise feldspar.
Most are well-rounded and some are highly polished. Observed under the
petrographic microscope they showed an intergrown mixturs of chalcedony with
fibrous structure snd low relief in clove ©il, and guertz with low birefringence.
The ‘long dimensiom of the largest chert psbble found was 1.5 inches, but most
vere much smsller, |

‘An opinion as to the source and age of the pebbles will not be ventured
in this report, Abu‘t it -seems possible th«t they bave been transported from
far off, likely from‘the Black lills, or from places farther west, and range .
in sge from Paleozoic to Cemosoic.

Thickness

© The total thickness of the White River beds could not be dstermined
21
exactly in this study, but it is bellesved to be €0 to 70 feet,

21 * R
Powers, W. E., op. cit., p. 20,




.Bkeletons of vertebrates which sre abundant in the White River

formation elsewbere appear to be absent at Calgrova_sutte, or VAre
overlocked in this investigation. The only evidence foumd of ancient
life were two brachlepods and frsgments pf silicified wood, found in the
sand and gravel member,
‘ ' LCorrelation
The apparent abasence of index fosslils in the White River formatiom st
Colgrove Butte prohibite 2 definite correlation.with beds in the type ares.
However, the lithology of the beds, especially the sund and gravel, seems
to indicute that the beds are stratigraphically related to the lower part -
of ihe Chadron formation of the White River badlands of Soutk Dakots,
Historicsl Interpreiation
- The absence of marine fossils in the White River formation suggests
that the formation was lsid down in fresh water upder contimental comditions.
The fresh water theoxry of depesition has beaen gesnerally sccepied, but.the made
of deposition haa,bfen a controversial issue. The first theories, such as those
of Hgyden, .in 18&72‘and nuttan23 e#tated that the beds were of lacusirine
origin, and were laid down in great fresh water lake (White River). .
Johngﬁn?& rejected the lscustrine theory and deseribed the Cenozoie of
the CGreat Plains as z debris apron or subsresl delts deposit asde by distribu-

tary streame emerging Trom the front of the Roecky Mountzins.

22
Haydem, F. V., Geol, Survey lerr., lst 4nn. Report, p. 58, 1867.
23 T :

Dutton, C. E., Tertiary History of the Grand Csnyon district: U, 8. Geol.
Burvey Menograph II, p. 216, 188z,

24

Johnson, ¥, U., The high plains snd their utilization: U, S, Geol, Survey
2let Amn, leport, vol. 4, pp. 6li-656, 1900, :
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