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Location Map No.1 
Location 1mp No. 2 
Figure 1 AntelQ-pe B,utte, geology and topograph¥ 
Figure 2 Young"Man's Butte, geology and topography 
Figure:3 Antelope and Young Man's buttes, outline map 

of deposits, and geologic sections with ana~6es 



,. '.": 

Figlli'e 4 ,~ Butte, geology: and topograp,~
 
F l.gUte .5 .Bull Butte, outline cap of deposits, and geologic
 

sections, ~ th analyses 
Figure- 6 Colgrove· Butte, geology and topograp1V 
Figmoe 7.. Colgrove Butte; outline map of deposits 
Figure tA Colgrov~ Butte, geologic sections ,with analyses, " 
Figu;r;-e 7B Golgrove Butte, geologic sectipns' w1t,h analyses' :1 

F1~e 7C Colgrove' Butte, geologic sections with analyses ,, 
Figure 8 lDng Butte, geology. and topography 
Figure 9 long Butte, outline map ot deposits, and geologic, 

. ,sections ~tP ana.lyses 
Figure 9A Long Butte, geologic sections With analyse8~ 
Figure 9B lpng Butte, geologic sections with analyses ,;.-, 
Fi'gure 10 S~h~ol Butte, geology and topograpl'\Y : , 
Figure II Scbool Butte, outline map of deposits and geologic 

seetions with analyses, 
Figure 1'2 Straight Butte, geology and topography 
Figure 13 Straight Butte, outline,~~p of depos~ts 

Figure l)A Straight Butte, geologic section'vd.th ana1yses 
Figure 1.3B Straight Butte, geologic section W:i.t~ a!la~ses 
Figure 14 Areal corr~la~1ons of. Tertiary sedj,ments L 

Figure l~	 CQncrete, North Dakota, ske.tch'map of test 
'drill~, and sectiOns with an~seB 

Are 'ffiJ\CT 
" 

Areas of Vntite River limestones of Oligocene age totaling 
". approximately two square miles 'Vlere mapped on seven buttes of soutb­

~5te~ North Dakota. The limestone beds and the intercalated 
calcareous clays -were sampled 'and sec tio,ns '\'Tere measured at several 
outcrops on each butte. Samples were also obtained by teat drilling 
on Colgrove, Long, and School buttes .. 

It is estimated that a total of 6,468,000 cubic yards of liJoo­
stone varying frqm 50tt to 8~ in calcium carbonate content are available 
from the deposits on Colgrove and Long buttes. Total stripping of 
overburden required is estimated at 5,630,000 cubic yards. 

In order to supplement previous sampling of Cretaceous beds" the : 
Niobrara formation was sampled at two locations Vlest of Walhalla in 
Pembina County. 

The North Dakota Research Foundation made chemical anaiYBes ·of.. 
all the samples to a'id in determining ,,,hather the deposits'mightbe 
used in the manufacture of cement. 
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preparation of the report. Dr. Tehg-ehlan Yen;· Research Geologist 
at the Smithsonian +n5titution~ identified the·Mollusca from the 
limestone beds. 161'. Uichol~s Kohano-wski, of the University of North 
Dakota' a Geology Department; identified minerals from the basal sand. 
Mr. 'Vlilliam E. Benson, eeologist of the lfnited States Geological Survey 
examined geologic sections and contributed advice on formation contacts. 
George ~for ahcl li'ri1nk Cherney of Lefor, North Dakota, drilled the test 
holes, thus pr~idine samples from areas where the beds could not be 
sampled from outcrops. Thanks are due the many lBndOTlners of the area 
included in the investigation, all of whom· cooperated to the fullest 
extent. 

Dr. Oliver Bowles, Consultant, of Washington:, D. C. J formerly 
Chief of the ·Non-Metallica Economcs Division of the U. S. Bureau of 
Mines, was retained to review the geological work., A statement of 
his views will be found in appendices E and F in this report. 

Purpose of the Investigation 

The possipility of using the limestone beds of BOuth'\'restern North 
Dakota for the manufacture of cement has been considered for many years. 
According:Jy, the State Legislature passed a law in 1951 directing the 
North Dakota Geological Survg,y to make a survey and investigation of 
limestone deposits in North Dakota, and to report on their findings to 
the North Dakota Research Foundation. The law (:1.4) is quoted below: 

CHAPl'ER 34 

H. B. No. 720
 
(Bubel, Lillehaugen, Einarson and Link)
 

¥ 

SURVEY, ETC., OF FEASIBILITY OF
 
NORTH DAKOTA CLliEHT PIANT
 

AN ACT 

~mking an appropriation to p~ far a continuation of the survey and 
investigation to determine the feasibilit,y of establishing a 
cement plant in the State 'of North Dakota. 

Be it Enacted by the Legislative Assembly of the State of North Dakota: 

1. APPROffiIATION There is hereby appropriated out of any 
moneys in the state treasury, not otherwise appropriated, the sum of 
twelve thousand dollars, to pay for a complete survey and investigation 
of limestone deposits in North Dakota by the North Dakota Geological 
Survey. The state Geological Survey is diredted to report on their 
findings to the North Dakota Research Foundation which, in turn, 'Will ~ 

present a report covering the technical and economic features of the 
production of cement in North Dakota to the Thirty-third Legislature 
AS5embly of the State of North Dakota, which report shall include all 
factors bearing upon the location of a cement plant, access to natural 
deposits needed for the manufacture and production of cement access to 
transportation facilities, cost of construction of the'plant,· the best 
type of production, marketing data, and any and all other information, 
that 'Will aid in determining the feasibility of establishirig a cement 
plant. 
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Approved Mar:ch 7, 1951 

This investigation ~s undertaken to deter.rnine available yardages 
and quality of the limestone depo~its, and to obtain additional infQrmation 
on the geology of the area. Later it was also decided' 1'.9 collact' clay 
samples from outside the mapped areas to see if' suitable' deposits to 
add to a proper ce~nt mix vlere obtainable. 

Previous Work, 

In 1945 ,PoWers' (24) -conducted an investigation of limestone 
deposits of Oligocene age in southwestern North Dakota. Powers mapped 
the limestone outcrop at several buttes and in the Killdeer'Mountams, , 
estimated available quantities of limestone, and sampled the limestone 
beds at various, locations. lIe '~1.so sampled calcareous Shales' of 
Cretaceous age in, the northeastern part of the state. 'I ,

,I ".. ,.., 

In 1947 the, North Dakota Gablo~cal f$Urvey supervised' the drilling 
of five test holes in the Cretaceous shales near Concrete~ Cavalier' 
County, North Dakota. (See Figure 15) SaJIlples were taken at" two 'to 
three foot intervals and determinations for calci\ml carbonate 'were run 
by McMillan and Hoeppner of the North Dakota Research FoUl1d.3tion. 

Samples from each hole, selected chieflY on the basis of a 
comparatively high 'calcium carbonate content; were analYsed also for 
silica, iron, aluminum, magnesium, and 'sulfur. For the pUrpose of 
this report the detenninations for cal~ium, silica, and aluminum are 
the onJ¥ results tal:>ulatea. ''F'igure 15 sh0'W5 the location and: top elevation 
of these test holes, and the analysf;ls of selected Bample~. ' ' 

In the drillirig, grW and yellow clays were penetrated near' the 
surface, and light to dark gray shales were found below the claYs. (11) 

, In 1948 Tho~steinsson (28) mapped Colgrove Butte in Hetting~ 
County, North Dakota, and estimated available l~stone on' the basiB 
of his st-udy of chemical analyses of samples for test holes drilled 
on the butte. " 

In 1949 the North Dakota Research Foundation published a report (8) 
in which the results' of previous lIDrk are compiled, and 1'Jhich, in " 
addition to deposits alread,y mentioned, refers to investigations of marl 
deposits in the region south of Devils Lake. The conclusion is given 
that the deposits are too small and too lenv in quallty to provide' 
suitable Material for the manufacture of Portland cement.,':" 

Location of Areas 

Colgrove Butte:l~ Bull Butte, and School Butte are, located in 
Hettinger County, No~h Dakota. Antelope, Young Han's, and Long buttes 
are farther north in' Stark CO'Wlty. Straight Butte is'crossed by the 
Stark-Hettinger courity line. The maPPed areas are shown on Location 
Map No.1. In addition to areas mentioned above" the ~illdeer MoUntains, 

.. 

-4­



the Little Bad Lands, the Hebron Brick Plant" and the areas near
 
Dickinson from which clay samples were obtained are also shown on
 
Location Map No.1. Locations b,y township, range, and section for all
 
the areas named are given in Appendix A.
 

The areas of test drilling near Concrete in Pembina County and the
 
old llayo brick plant in Cavalier County are sho'V\'Il on Location Map No.2.
 
AlSo shown .on this map is the road cut location in Cavalier County from
 
which a sample of cement rock vras obtained.
 

wcation of all these areas in the northeastern part of the state
 
are given according to tOYffiship, range, and section in Appendix A.
 

Geography and Topography 

General Statement 

The areas studied for this report, and thus the main areas of
 
interest lie in Stark and Hettinger Counties. The two are essentially
 
alike in climate and industry. Favorable crop conditions of the last
 
several years have resulted in increasing acreages being plowed each
 
fall, so tha1;..now some of the thin 80ils on top of the buttes have
 
been seeded to grain.
 

Stark County 

Stark County, vr.i.th the county offices at Dickinson, is chiefly
 
an agricultural area. Cattle are an important sourceo£ income, but
 
there are relatively few· sheep on the range.
 

,
. The Northern Pacific Railroad and U. S. Highway' No. 10 parallel
 

each other in an east-west direction tlu'ough the county. U. S. Highway
 
No. 85 crosses the county from north to south at the extreme west end.
 
State High~s 8 and 22 also cross the county from north to south,
 
intersecting U. S. Highway No. 10 at Richardton and Dickinson respectively.
 

Simpson (27) describes Stark County as being practically free from
 
glacial drift, with its moderate~ rolling topography and occasional
 
higher buttes--the result of stream erosion. The county is drained by
 
the Heart and Green rivers and their tributaries, and the drainage system
 
is in an early mature stage of development.
 

The average annual precipitation (2) is 15 to 16 inches. 

Hettinger CoUIlty 

The industries of Hettinger County, vrith the county offices at
 
Mott" are also chiefly agriculture and livestock raising.
 , 

A branch line of the Chicago, Milwaukee, St. Paul, and Pacific
 
Railroad enters the county near Bentley in the southeast corner and
 
ends at New England in the northwe.crt. A branch line· .of the Northern
 
Pacific Railroad enters the county north of Bentley and terminates at
 
Mott. ~tate High,'mY 21 runs in a north-south direction near the western
 

. line of the county. state Highway 8 a160 crosses the county in a north­
south direction. 
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Simpson (27A) states that the topograp}:w is of the rolling plateau
 
type marked by' 'high buttes, with a mature drainage system. The C01.Ulty
 

is drained by Thirty tIlle Creek and by the north and south forks of
 
the C"annonball ~iver.
 

The avera~e annual precipitation like that of Stark County to
 
the north is IS to 16 inches.
 

Methods of Study 

A telescopic alidade was used in mapping the areas investigated. 
Topographic maps with a contour interval of 20' were constructed on 
a scale of 1" to 660' with the exception of Young Man's and Antelope 
buttes which 'Were mapped at 111 to 200 I. Elevation at Colgrove, Bull, 
and Antelope Buttes v:ere determined from the closest u. S. Coast and 
Geodetic Survey bench marks by means of a Paulin altimeter. At Long 
Butte and Young Man's Butte, elevations were taken from triar,Igulation 
stations established on their summits by the U. S. Coast am Geodetic 
Survey. School Butte and Straight Butte were mapped from assmned datums. 

Samples of limestone beds' and the intercalated clays 'V'Iere taken 
from the outcrops at numerous points on each butte. The beds were sampled 
separately and the outcrops were measured at each location. 

A cable tool rig vms used to drill test holes at School, Long, and 
Colgrove Buttes. Most of the holes -were dri11ed to a depth of twenty­
five feet, but one hole on each butte was ,driJ,led into the sand-member, 
below which no limestone beds are found in the White River formation. 
Test holes were sampled at every foot below the top soil, The holes 
'wete bailed out after sampling at t.he foot mark and another sample was 
taken with the bailer when the next foot mark was reached. A log. of 
the beds penetrated 'Was kept on each test hole. See Appendix C for 
logs of these holes. 

In addition to thE samples taken for chemical analysis by the 
North Dakota Research Foundation a number of samples were duplicated 
in order to provide hand specimens. 

Outcrop samples were also collected from the main ledges of sandy 
limestone in the Killdeer Mountains" and clay 'samples were obtained 
from the vicinity of Hebron, Dicldnson, lefor, and the Littl~ Bad Lands 
'district near South Heart. ' . 

The areas of the tope ,of the buttes were measured from the 
topographic maps by means of a planimeter, alld the figures obtained 
were used in computing the yardage of limestone available from each 
butte. 

Available yardages of limestone were computed on the basis of an 
average of the thickness of beds sampled and measured at each sample 
location. Yardages of clay were computed in the same manner. Only those 
beds assaying' 5q; calcit1Ill carbonate or higher were considered to be 
usable material. 
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. ~ GEOLOGY 

Beds	 Underlying the White River Formation 

Beds underlying the White River vary from place to place in the 
area investi'gated. (See Figure 14) At Antelope Butte the White River 
beds lie on 30 feet of yellow, 'brown, and purple-colored clays with 
shaly layers containing fossil wood, iron oxide concretions, thin-one 
to two inch seams of carbonaceous matter, and very fine grained sands. 
This bed appears to correspond to the typical basal llmarkerlT bed of 
the Golden Valley formation of Eocene Age as described by Benson and 
Laird (5), and by Benson (3) ~ 

At the base of these .claYs., and exposed only at the north-Vlest 
end of Antelope Butte, there is a layer of hard, brown-'V'l'eathering sand­
stone 61 thick, which is fine grained, micaceous, calcareous, and 
$oJvs er'os-s bedding. This' sandstone ledge is believed to represent the 
top of :the Tongue River formation of Paleocene age' in this area. Clinker 
is found to the north and 'West, near the base of Antelope. 

At Young Man's Butte gray, yellow-brown, and red clays below the 
Wbite River beds are believed to belong to the Golden Valley f~ation. 

On the lower slope to the south are several si,.licified stumps which 
indicate Tongue River beds though there are no good exposures. 

At Long Butte there are several good exposures below the White 
River beds. S,t*ting:in a nel1 (1951) road cut on t~s north linfl of 
'Section 1'8, T. l:37N., R. 94n." and proceeding t0W81d the ;:;OU·;)l179r-t into 
Seetion 1.3, T. 137N., R. 95\'[., the following ser:tion 'VlaS rnn"'surcd. At 
the bottom of the drainage ciitch on the south side 01 the road there is 
a very fi,ne' grained, yellow, l.U1cemented sand. The bottan of this 
Golden Valley section lies at the top of this sand bed. 

Top 

4.'	 Clay, yellow to gray, sandY with very thin carbonaceous seams, 
oxide concretions and seams, micaceous, faintly ~alcaTeous. 

Contains silicified 'WOod, plant fragments in silicified siltstone, 
and small, 3/811 di~ter, calca,reous, sandy concretio~so In upper 
portion large (6' +diameter) faint~ calcareous .sandstone concre­
tions are numerouS' • • • • • • • • • • • • • • • • • • • • • • • • 36' + ,. 

3.	 Clay, ~lack to brmm, high in carbonaceous matter, becoming 
8.oft and SQot black in top 611 , sharp contact with bed aoove•••• 1 t 211 

2.	 Clay, plastic, non-calcareous, gr~ with various shade59f 
yellow and brom, 611 of yellow-broV';n-purple clay at top, grades 
into overlying bed. • • • • • • • • • . • ••••••• .'; .'. • • .3' 6n 

1.	 Sand, very fine grained, yellow, unl.:ernen'ted. 

- The" upper' portion of this sect.ion cor~':>spo!lds to th9 younger tm­
named member of the ~asatch formation mont2:n~d qy Seagor (26) which is 
the Golden Valley formation of Benson and Laird (5). 
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