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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, 

.. 
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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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" 
On COlliove Butte at s8JllP).e~tatiQn 2, (~ee miiP figwes. 7 and 1A) 

the ,base of the White River rests' upon' three.feet of. gray-green non-' 
calcareous shaly claY which grades sharply downward into more· than· 
thirty feet of gray and ,mite' fine-grained, poorly ceI!l6nteq. sandstone. 
The gray-green shaly clay is six feet thick. at sample station 9 and 
changes color downward to drab yello'\'! and bram, and dark Plltple. These 
beds appear to be typical Upper Tongue River as described by Leonard 
(18) and later qy Benson (4).

'. ­
Under the White	 River beds at sample station 32 on Bull Bu:tte 

.just ~st of Colgrove Butte there i.6 a bed· of clay i,'ive and one-hali" 
feet thick which is non-calcareous and varies in' color from· gray to 
yellow 'and green. Below the clay is a sand bed more than twenty feet 
thick which is very' fine-grained, uncemented, light brO'WIl jn color with 
&; faint greenish cast and contains silt, and limonite ooncretions_ 
Sandstone concretions are found in lArge irregular blGcksu These beds, 
like those underlying the White River beds on COlgr~v03 Bl,~,+,c) appear to 
be typical Tongue River" described by Seager (26) as Senti:·l\:l1 Butte, but 

:novr thought by	 Benson (4), to be Tongue River. Br.O'Wl1 (6) d~niC!mstrated that 
:the Sentinel Butte grades both Literally and vertically into Tongue River. 

leonard (IBA &:20) descri~d fort Vnionbeds in North Dakota bl3fore 
the. int?;'oduction of the -term Tongue River. leonard included in t,~ 

Fo:ct Union formation the Triceratops-bearing Hell· Cre~k be:ls of C:'etaceous 
age at the base" and the fire and pottery clays of the Golcl.en Valley

"	 formation at the top• 

. The beds .now referred to the Tongue River formation ere the' m:i,ddle 
and part of the upper division of the Fort Union ,as described 'by Leonard. 

, ­Beds Overlying the White River Formation 

There are no beds above the Ylhite River .in the area investigated. 
Pebble~ found on top of the Grass and at the grassrootS' ,on Sc~oo:r' . 
Butte and Colgrove Butte are chiefly of~hert and Jasper" but a.few are 
composed of a very fine-grained li0ht-ye:lon,quartzi~e. Specimens 

'range in siz'El from I to 6 centimeters gl"e-atest diame,ter and :i,.'1 she-pe 
from angular to rounded. SOIDe of t:1e c:"ertpebbles. c..r3 ,hign\y po:~,ished 

and ~any neve pjtted surfaces :proba~~ c~e to n~~dac~ion. Tney 7ary 
wid€:ly ir. color) yellow and gray ce:'-ng t:ost co~on" while a few are red 
or black G The sources of these pebbles is not known but it has been 
suggested, in .a personal' connn:u."1'1cation from Dr. Wi.J.sol) M. Laird. that . 
they may be relc.~d to the Oligocene Cypress Hills gravels of Saskatchewan, 
or ·~o the Flax'ri\le gravels of Mon-tana •. Almen 0.) cO!Telat~s some of"	 the :'lighe!" but'l.esin:r; ;)i.rt.lmcsT,ern North' ~ akota \l'!i. th ti'..a CYrJr3s~ ?lC\in 
in Saskatcl.l~rm:nhColJ.icJ::'~d Thorn (10) believe the Fla;mrille gravels to 
be Miocene or Phoceneage. Both grave1s' consist c,'hiefly of q~tZ1te.B 

and argillites. 

Wbite River Formation 

General Statement
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The limestone beds are invariably found at or near the surface, 
capping all the buttes investigated. In many instances residual limestone 
fragments are found at the grass roots; and broken, jointed, well-weathered 
limestone beds from four to ten inches thick at the grass root are common. 
Where limestone is absent at the surface, a calcareous clay usually is 
fOm'ld beneath the top soil. The limestones are found to be interca~ted 
with and underlain by beds of calcareous clay. The clays become less 
calcareous with depth until they become non-calcareous or else give a 
very faint reaction with ~drochloric acid. In every area with Which 
this report·is concerned, a sand member was found at the base- of the 
formation. 

Graphical determinations using data from Bull, Colgrove, Long and. 
School buttes show the local dip to be low and toward the r:ortheast. At 
School Butte the dip is about t",enty feet per mile and it is very likely 
that this figure is a. good approximation for- the other areas. Computations 
for the whole area, including Young Manls and Antelope lButte) show the 
dip to be toward the southeast.. No computations for local clip ware made 
on the latter two buttes since the top areas are small and the elevations 
on the beds vary but little•. 

Name and Definition 

In 1857 Meek and Hayden (21) used the name White River for deposits 
at the summits of hills on the eas t side of the Missouri near the mouth 
of the White River in routh central South Dakota. In 1862 Meek and 
Hayden (22) applied the name White River to 10001 01- of light colored 
clays with some sandstone beds and local limestones in the White River 
Badlands of South Dakota. 

In 1882 White (31) discovered fish fos sils on Sentinel Butte in • 
beds which he assigned to the Green River group of Eocene age. In 
1908 leonard (18B) stated that these beds could :rr obably be assigned 
to the White River formation. . 

In 1883 Cope (11) collected Oligocene fossils from a locality in 
North Dakota and described beds prestmled by leonard (18C) to be those 
of White Butte in southern Billings County. Since LeonardIs report of 
1908, -southern Billirigs County has been changed to Slope County. .A part 
of Cope 1 s description follows: "The beds, 'lib ich are unmistakably of 
the Tfhite River formation, conSist of greenish sandstone and sernd 'beds 
of a combined thickness of about 100 feet. ·These rest upon white calcareous 
clay, rocks, and marls of a total thickness of 100 feet. These probably 
also belong to the 'White River epoch, but contain no fossils. 1I 

Capels was the earliest reference found, in which beds in North 
Dakota were definitely assigned to the White River formation • .. 

,In 1905 Douglass (13) also found Oligocene fossils at White Butte 
and discovered another area of White River (16D) beds :in Stark County, 
twelve to sixteen miles sout-hv,est of Dickinson. These eeds are found­
in what· is called the Little Bad Lands district. 

Occurrence 

In 1922 leonard (19) compiled information on exposures of White 
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River sediments !mown in the state at that time. 

Areas.that Leonard incl~ed,are given below. 

Area Location 

Little BadLands s. W. Stark County six to eight miles south 
of South Heart. '.. . , 

fibite Butte s. E. Slo~. County six to nine miles sou~h 
of. Amidon. '.' . .' . . ... ; 

Boman County .T. 131 N., R. 103 _W., Section '20 
Six to seven miles southeast of Rhame ~I. 

Grant C01.1I1ty ·c apping three' buttes; in Northern patt'of. 
T. 1,31 N., R. 90 w. end Southern part o~ 
T .. 132 N., R. 90 w. ' 

Sentinel Butte Golqen Valley County .twomile.s south of 
the to'Vln ot Sentinel Butte• 

Killdeer 1.10u,ntainB . Northv:e.st Dunn County 
Blue Buttes* 'Eastern McKenzie County . 

In addition to 'the:se, areas -the follC1Wi.Dg areas- are listed as 
belontLng to the White River formation by Se'ager, (~6). 

Area Location ' 

Young Man's Butte 
(mapped in tPis report) Stark County east of Richardton 
Antelope Buttes 
(mapped in this reper t) Stark 'Countye~st of Richardton 
lefor Buttes 

.. '(mapped in this report 
as nlong" Butte) Star,k County ''West of 1E;Ifor 

East and West Rainy 
Buttes Northeast Slope County 

H. T. and Bullion 
Buttes ' Central Slope County" 

Flat Top Butte East of Se~tinel Butte 

In 1948 fower~ (24) described the following areas of VThite River 
exposures in North Dakota vhich had not been described befo:te as White 
River deposits. . 

Colgrove Butte Northern Hettinger County 
(and several emU buttes 
just north of ColgTove 

',Butte) 
Bull Butte Just west of Colgrove Butte in 

Hettinger County 
, 

Powers also men1{ioned several unnamed buttes in the Ie for district 
one of which l{aS mapped as IlSchoolll Butte in Star.k County south of _ 
~for. Two of PO'Vlers mnamed buttes east of School Butte 1'iElre investi­
gated, and one 'WaS mapped as IIStraightll Butte. 

* Not White River according to mo,re ,recent wrk. See Geologic Map of 
North Dakota south~st of Missouri River, 1:500,000 u.s. Geological Survey 
Preliminary map, W. E. Benson, 19S1. 
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Lithology 

The White River formation in this area consists of three members-­

the basal sand, the midctle clay, and the upper limestone and clay sequence.
 

The basal sand is thickest at Colgrove Butte where it is ten feet 
thick at sample station 2. (See map Figure 6) It is unconsolidated and 
has a drab yellow color due to intermixed clay. The clay is ]a rgely 
montmorillonite and is a decomposition product of volcanic ash which is 
found in this member. When the clay is washed out, the residue is 'Seen 
to consist of ver,y fine to 'coarse 'sand rontaining a few euhedral quartz 
crystals, crystals of cristobalite, hornblende, albite, quartz pebbles 
up to 1 centimeter in greatest diameter, chert pebbles and' fossil wood 
fragments up to 2.5t centimeters ±n greatest diameter with volcanic ash 
and fragments of tuff. Most of the sands and pebbles are sub-rounded, 
but they range from sub-angular to rounded. 

Everyvffiere in the area clay lies above the basal sand. Usually 
gray or grayish-green iri color and crumb~, this clay is normally non­
calcareous to faintly calcareous. The clays next above are found to be 
calcareous, and the higher the el~ lies in the section the higher its 
content of calcium carbonate. 

Calcareous clays are found containing inclusions of balls of 
green, non-calcareous cl~s. The clays intercalated vdth the limestone 
beds at the top of the section exhibit the highest lime content, except 
for zones of limestone nodules somettmes found in the upper cl~s. 

At the top of the forma tion the lithology of the limestone varies 
VTidely. Ordinarily the beds are one to two feet thick and consist of 
hard, dense, light-tan l:1mestone with calcite crystals. There are usually 9' 

two or three prominent ledges of this limestone interbedded with cal-, 
careous clays. Partial replacement by brown chert is connnon, some beds 
appearing to be almost 50 percent chert. OccasionallY a limestone ledge 
four to five feet thick will be found. These thicker ledges normally 
consist of beds of varying lithology, from the dense limestone with 
secondary chert to very porous beds. 

Some of the limestones are very high in clay, giving the rock a 
greenish cast. In other beds, usually the lowest beds in the section, 
green clay-ball inclusions in the limestone vary from 1 mm. to 10 em. 
in diameter. 'When the clays weather out, the resultant pits cause a rough 
lIVesicularl1 surface. 

These l~estone beds conform rather ~~ll to descriptions of 
White River limestones in South Dakota -bY Wanless (29) whose descrintion 
follows: l1At various levels throughout the Titantotherium and Lower 
Oreodon beds a;ce thin sheets or lenses of white limestone. These are 
somettmes in the form of alGal-ball levels made up of a series of •flattened, oval-shaped balls which are often quite persistent. Else­
where thin sheets of silici;ied limestones occur in which the original 
organic character has been almost destroyed by replacement b.r secondary 
silica." 
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lIA third. type of limestone forms a lens-shaped solid sr.eet a few 
acresm extent. This ~e develops a limestone as much as three feet 
thick'an~ is quite rich in organic remains, especially the shells' of 
cyPrids. 11 

Thickness 

The White River formation in the mapped areas is remarkably constant 
in thickness. Measured sections vary from t'wenty-eight feet at Antelope 
'Butte to tWrtY and one-half ·feet at Colgrove Butte. See sections, Figure 
3 and 7• 

., Paleontology 

Limestone Beds 

Fossils of small gastropods are common in the liJnestone, but are 
so f'iTinly held that none have been removed intact. Their casts are 
often observed in fresh fractures and at til'lles even on weathered surfaces. 
Several good gastropod specimens were found' in a ssmi-silicified, yellow­
brown, argillaceous limestone on Colgrove Butte. 

Selected specimens from the area have been identified as listed 
oolow by Dr. Teng-Chien Yen, Research Geologist of the Smithsonian Institution. 

- Colgrove Butte -

INmnea shumardi .Meek and Hayden 

Planorbis nebrascensis Evans and Shumard 
, 

Planorbis vetulus Meek and Hayden 

Iacunorbis Sp. 

- Long Butte ­

Planorbis nebrascensis Evans and Shumard 

Ii';'lIlnea Sp. 

- School Butta ­

!8mnea.· Sp. 

Planorbis Sp. 

- Straight Butte ­

L;ymnea Sp. 

Planorbis Sp. 

~a shurmardi, Planorbis nebrascensis and Planorbis vetulus 
are liste:bj" Henderson (16) 'as 'beiilg kno,m only from thEi Oligocene of 
South Dakota~ 
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Their presence in North Dakota provides faWlsl evidence of Oligocene 
age of the beds investigated in this "report, which hitherto has been 
referred to the Oligocene on the basis of lithology and stratigraphic 
position. " 

Clay Beds 

On the southwestern end of Long Butte in the uppermost c~ bed, 
two fragments of fossil bone were discovered. These were the only 
indication of vertebrate fossils in the entire area mapped, in spite 
of dozens of excavations made at outcrops in each area. 

Relation to Adjacent Formations 

The basal White River apparently rests on lower Golden Valley beds 
at Young Man's, Antelop<a,and School Buttes. At Long Butte it rests on 
upper Golden Valley beds. At Colgrove and Bull Buttes basal White River 
rests on upper Tongue River beds. On the basis of the above it appears 
that "the White River lies uncomformably upon a surface of low relj'.?f. 
The unconformity at the base of the White River formation t1P.s rw,o;;nized 
by Clarke (9) 1'1ho states that the White River beds were depQJited on an 
Wleven erosion surface and" lie on different formations in various parts 
of the area he investigated. Inasmuch as it is not definitely kno~m to 
be overlain by aITj formation in the state, its upper boundary relation­
ships are not known. 

Corre lations 

Correlations of the White River beds tet\,een the areas mapped in 
this report are good. Homver there appears to be no basis for direct 
correlations with other isolated areas of White River deposits in the 
state. 

A recent report by Bump (7)" indicates that this area can be correlated 
with the Chadron formation of South Dakota on litholugic evidence .. 

Three species of fresh water gastropods found in this area provide 
fa'lmal evidence for correlation with the Oligocene of South Dakota. 

Historical Interpretation 

Schuchart and Dunbar (25) describe the D~kotas in Oli'Socene time 
as having a sub-tropical climate comparable to present day Y..i.oriaa. They 
mention Oligocene deposits as part of a series of C@nozoic formations 
spread east from the Rockies by rivers running nearly at grade. These 
descriptions are in accord with earlier writings by Wanless (29A) who 
states that the deposits were laid do"WIl in ponds on the flood plain and 
by sluggish streams which meandered across the plain in shallow channels. 
Hatcher (15) believed that the wind ~~s responsible for most of the clay 
deposits and that the limest"ones 'were laid do'VID in shallow ponds and 
lakes on higher table lands and on the flood plains of the rivers. Darton 
(12) considered the White River formation to be lacustrine. 

The c~ inclusions in both clays and limestones noted in this area 
'V'lere mentioned by 'Wanless (30) and were described by him as formed by 

-13­



fragments of the land surface being picked up by nood-waters and 
incorporated in the fiood-deposited ~ilts. It is certain that these 
inclusions ware not transported very far since they are composed of 
soft, unindurate.d clay. The deposits .in the areas of this report may 
reasonably' be assumed to be due to ,stream-bed and flood-plain deposition, 
and deposition in small ponds aM ,lakes on the flood-plain, some of 
which could have been ox-bow lakes. The type of deposit most commonly 
encountered in this locality seems to fit the iatter fBrticularly Viell, 
since currents of fair competency i~re required to carry the largest 
pebbles (1"'" greatest diameter) found in the basal S~d. After formation 
of the ox-bow lake, clays and limestone might be expected to be deposited, 
torming beds such 'as are fo·und in thi,s area." 

" 
The volcanic' aah and sand-beq which is found everywhere at the 

base of the White River in areas mapped for this report poses quite a 
problem aato its origin. The sand is composed chiefly of alpha quartz 
and c~lcedony with minor amounts of cristobalite~ Some of the cristobalite 
crystals are intimately intergrom VIith volcanic 8sh. fragJnents of ash 
enclosing these crystals cou~d v1811 have been stream-borne tothair present 
location. 

other components of this basal, member, such as chert pebbles and 
bits of petrified 'WOod, had previously ''been laid down in stream channels 
and 'Were covered by the volc'anic materials. Decomposition of the finer 
particles of ash resulted in the yellow clay which now masks all but the 
coarser components of this basal member. 

Darton (l2A) found volcanic ash in beds and as an admixture, in clay 
and sand members in the WhiteRiver' grouP in South Dakota. He refers to 
ash in local lenses in the Chadron formation. 

, 
Douglass (13A) referred to ,the propably presence of volcanic ash 

in the middle White Riv~ beds at Whi.te Butte in North Dakota. 

Leonard (201\) believed that the materials that mEke up the North 
Dakota Oligocene deposits TIera derived from the Rocky Mountains or the 
Black Hills, and that the' clays were lacustrine while the cOCl,rse con­
glomerates were fluviatile. 

PROBLEM3 OF DEVELOPMENT 

Problems of Quarrying 

In the event, of exploitation of these deposits, the I!"0ceas of 
quarrying the limestone would involve stripping of overburden first 
of all. This could be accomplished by build'ozers, or tractors and 
carryalls. S'ince all the limestone beds to be quarried lie on the butte 
tops, the problem VJOuld l:a to dispose of the stripped material, cons isting 
chiefly of sod and top 60il, so that it would not wash over adjacent crop 
or pasture land and invite damage claims. A solution presents itself in that 

,',the overburden could be dumped in a gulch on the flanks of the buttes and 
washing could ,be large~ prevented by the construction of ,a law e.arth fill 
dam 'Hith a proper overflow device. '. . " , ' . 

As the ~rork, progressed and the lo'w6s:t beds of limestone, were removed 
in one location, s,tripping from adjacent portions could be deposited on the 
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worked out section and washing could be cut to a minimum qy constructing 
a low dike around the edge of the piles of stripping. 

The limestone beds up to about one foot thick are common~ found 
to be jointed and fractured and would present no great difficulty in 
quarrying. The thicker beds up to two feet thick could be broken up 
by dropping a heavy weight on them~ A small crane with a boom and a 
cable to lift a heavy, malleable iron ball could be used for this purpose. 
Explosives would undoubtedls" be required to break the beds that are more 
th~ t,vo feet thick. 

Dr. Alex Burr, director of the North Dakota Research Foundation, 
advises in a personal comrmmication that the basic plan provides for 
upgrading the material for cement manufacture, and the IO'l'ler limit 
acceptablt1 for upgrading has been set at So percent calcium carbonate 
content. On this basis rome of the clays betwen the l:iJnestone beds are 
classed as usable material. Since the cl~s are soft and uninduratad they 
could easily be picked up with a power shovel. Some beds are closer in 
appearance to limestone than to clays, but are poorly indurated and i'Jell 
jointed. A rooter could be used to loosen up the material so that a 
power shovel could pick it up. 

Availability of Fuel and Water 

Fuel 

Lignite beds under eight to fifteen fee~ of overburden were for.mer~ 

mined from nits on the Dobitz farm in Sec. 7, T. 136N., R. 94W" just 
south of School Butte. The beds are reported to be about eight feet thicko 
In past years local residents c01llll0nly pooled labor and equipment and dug 
lignite from pits such as the ones on the Dobitz faI'I!l. George lefor of 
Lefor, North Dakota, has drilled' a number of wells for farmers in the area, 
and he reports lignite beds penetrated in several wells at wi.de~ separated 
locations. All the limestone deposits mapped are within the area' of 
lIgnite beds eight feet or more in thickness as shown on a map (23) pre­
pared by the North Dakota Geological Survey. . 

, 

'VTater 

The lignite pits on the Dobitz farm are full of water and have not 
been known to drjr up in the past several years. Pumping tests' VTould have 
to be made in order to determine how much water can be obtained from 'TI8lls 
drawing water from this lignite bed or other ground 'water horizons in 
the area. A system of several 'wells might be required to P1~ovide an 
adequate supply of water. 

OVERBURDEN, AND QUANTITIES OF LINESTONE AVAII1l.BLE 

General Statement , 
Quantities of overburden and limestone have been estimated on the 

basis of an' average of all the outcrops and test holes. Beds assaying
50 percent calcium carbonate or higher are. classed as~!1:imestone. Beds 
assaying lower than 50 percent calcium carbonate are classed as overburden. 
The total stripping is cOOlputed and compared with the total ammmt of 

'limestone available. Except for a thin layer of top soil, overburden 
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material to be removed by 'stripping consists of clay and limestones . 
high in chert. 

- Quant1ties of Limestone and Overburden in Mapped Areas ­

Area Total Stripping 
of Overburden 
Cubic Yards 

Total Available Limestone 
Containing S0J6 or Higher CaC03 

Cubic Yards Tons 
(12 cU.ft.per ton) 

I' 

I Small areas, small quantities of available limestone 
2 Test drilling shows thin limestones 
3 No test drilling
4 High overburden to limestone ratio 

GEOLOGIC CONCLUSIONS 

1.	 ~ntelope Butte and Young Man's Butte are too small to be of value 
as sourOes of limestone for cement manufactureQ , 

2• The discontinuity of the limestone beds has been demonstrated in the 
.. sections prepared for each butte mapped. (See illustrations). 

3.	 In spite of the discontinuity of the limestone beds, a sufficient 
number of samples has been obtained from Long, School, Colgrove, 
Straight, and Bull Buttes to give a rea6onab~ acc~ate average for 
chemical analysis and available yardages.

4.	 Although no individual beds can be traced from one butte to another 
and few can be traced continuously on. anyone butte, the limestone­
clay sequence represents the same member everywhere in the mapped area. 

S.	 The presence of chert in the limestone at several outcrops and in one 
test hole on CoTgrove Butte need only be mentioned here since it wiil1 
receive consideration in the econemic section of this report. 

GENERAL DISCUSSION OF !.1tPPED A..~EAS 

The following general qescr,iptions of the buttes have been included 
in order to assist the reader in malcing use of the illustrations 
accompanying the text of this report. 

,. Antelope Butte, Figures 1 and 3; and Young IJan' s Butte, Figure s 2 
and 3 are both considered too small to be worthy of further consideration 
as sources of lilnestone for cement manufacture. 

Bull Butte is readily accessible from the north, east, and Trest sides 
by fairJ.y y;ell-graded roads which are passable in dry weather. The 
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Ant.e lope Butte1 7,000 10,500 23,625 
Young Han's Butte l 1,440 1,680 ·3,770 
School Butte2 ,L. 1,)8'7,438 1,064,778 2,395,750 
Straight Blltte3 613,0>4 1,226,108 2,758,743 
Long Butte4 ,. 1,677,832 2,516,748 S,662,683 
Colgrove B~tte4 3;9)2;)85 3,952,585 8,893,336 
Bull Butte ,3 315,,000 419,000 942,083 



Colgrove Butte is located less than one half a mile northeast of 
Bull Butte, and is reached by the same road-neto A road along the north 
line of section 17 follows the most gradual slope to the top of Colgrove 
Butte 85 shollXl in Figure 6. Colgrove Butte with a top area of 0.9 of 
one square mile is the largest of all the buttes mapped. However, as 
shown in Figure 7A there is a relatively large amount of overburden 
material containing less than the. required 50 percent of calcium carbonate, 
and there .is also a considerable amount of chert which is undesirable. 
The di6continui~ of high calcium,carbonate beds on Colgrove Butte is 
indicated in Figure 1B and 7C which also show the presence of chert and 
the large amount of overburden to be removed in comparison to the amount 
of limestone available. Colgrove Butte is not considered to be a very 
satisfactorY source of limestone since the presence of chert would entail 
excessive handling and grinding costs. The large amount of overhl.D."den 
in comparison to limestone 'WOuld result in excessive cost in stripping 
of overburden. Very close chemical control would be required to avoid 
putting low grade material through the manufactUl'ing process, and, on 
the other hand, to avoid stripping usable material as overburden. 

,long Butte is distingUished by a long narrow ridge trending northwest 
from the mam body of the butte. Long Butte is accessible by a vrell­
graded gravel road and by severalunsprfaced roads from the.vicinity of 
the Village of I.e for, two miles to the ·east•.. 'rest drilling on the main 
body of Long Butte as shawn in Figure 9B, revealed a seven foot thickness 
of usable material lying under three to five feet of· overburden. The 
amount of overburden to be removed in relation to available limestone is 
not so unfavorable as on Colgrove Butte although it is. still high as 
indicated in Figures 9 and 9A. Long Butte with a top area of 0.4 of 
one square mile is considered a fair source of limestone for Cement 
manufacture in spite of high yardages of overburden. 

School Butte ~6 located ·two miles .southwest of Long Butte and is 
accessible by a gravel road from lefor to the north and by unsurfaced 
roads from the vicinity of Colgrove and Bull Butte to the east. School 
Butte, Figure 10, has a top area of 0.4 of one square mile, as sho~ in 
Figure 11. The Um.estones are generally thin and low in calcium carbonate 
and yardages of overburden to be removed exceed yardages of limestone 
available as shown in the table on page 16~. Therefore, School Butte is 
not considered a good source of limestone for cement manufac.ture. 

Straight Butte can be reached by the same road-nets that provide 
access to School Butte, two miles to the y;est.· Straight Butte, Figure 14, 
alBo has a top area. of 0.3 of one square mile. No test holes were drilled 
on this· butte and samples are not encouraging due to the fact that the 
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beds of high calcium parb9nate" content are "generally thin as shown ip. 
sections, Figure 13, l3A, and 13B: Although overbUrden to be removed" 
at Straight Butte amounts to on1y one half the amount of l:ilnestone 
available as shown in the table on page 16. Straight Butte is not 
recommended as a source of limestone for cement manufacture because the 
thin beds would make it dif'f'icult to keep overburden and usable material 
separate by machine methods. 

APP::NDIX A 

Location of Areas " 

Sample numbers and locations are' given for those samples not located 
b.Y number on accompanying maps and for the samples taken from outside the 
mapped areas. 

Stark County 
, 

Young Man's Butte T.IJ9N.,R.91fT.. , Sections 11 and 12 
Antelope Butte T.139N. ,11."9lU., Sections 16 and 21 
long Butte " T.137N.",R.94TT., Sections 19, 29'- and 30 

and T.137N.,R.9~1., Sections 12, 13, 
24,.- and. 25 . . 

Long Butte cl~s Sample 51 T.137H. ,R. 94Yf., Section 18 
T~ 13 'm. ,R. 99.'[", Seetion 13 

Sample 54 T.137i'Jq R.9;:U., Section 12 
Little Bad Lands Sample S9 T~ 1:38N" ,R. 9f;FJ Q, Sections 23 and 24 
Dickinson Area Sample 56 T"l39NQ,R.96'f., Section 8 

,	 Sample S5 T.139N~,R.9~7o, Section 5 

Hettinger 

School Butte T.136N",R. 94w.. , Sections 5,6,7, and 8 
Colgrove -Butte T.136N.,R.93W., Sections 8,9,16, and 17 

" Clay Sample 50 M7/4 Section 17, T,l36N.,Ro93W. 
Bull :Butte T.136No)R.93W., Section 18 
Stra:"ght Butte T,,136N.,R.94v:., Sections 3 and 4 

(Stark and Hettinger)	 T.137I1.,R.93\7", Section 31 
T.137N.,R~94Tr., Section 36 

Dillm County 

. :Killdeer Mountain samples 
Horth Uountain Sample.-58 T.146N.,TI.96TI.,Section 2 
South Uountain Sample 57 T•146B.,R. 9617., Section 22 

Morton County 

Clay Pit used" Samples" T.146N.,R.9CWJ", Section 11 
by Hebron Brick S2 and 53 
Plant 

Pembina County 

Test Holes, Cretaceous. shale Tol6lN., R.56W., Sections 23,24,34,35,& )6
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Cavalier County-

Mayo Brick Plant Sample 65 T.163N."R.57V'T., Section 34
 
Road Cut Sample 66 T.163N.,R.5~V., Section 18
 

APPENDIX B 

General Discussion of Samples Obtained from Outside the Mapped Areas 

Killdeer Mountains 

Two samples were taken in the Killdeer Mountains (See Location 
Hap No.1). The Killdeer Nountains had previously been ruled out by 
Burr (~) as a possible source for cement materials, and the samples 
taken substantiated the earlier opinion. 

Long Butte Clays 

Two samples were obtained from tl">.e upper Golden Valley clay exposures 
of Eocene aGe near Long Butte. Sample 51 was taken from the same location 
as the geologic section described in this report on page 7 • 

Little Bad Lands, Dickinson Area, and Hebron Clay Pit 

Samples of clays (see Location Nap No.1) were obtained from the 
above areas to determine whether such clays might be used as a source of 
cement materials in the event that clays in the mapped areas should 
prove unsuitable. 

The clays from the Little Bad Lands district are from the Oligocene 
. 

White' River formation;while those from the Dickinson area and from the 
Hebron cl~ pit are found in the Golden Valley formation of the Eocene. 

Old Mayo Brick Plant aid Walhalla Area Cement Rock Samples 

Samples were taken at the above areas (see Location Map No.2) to 
supplement a number of samples of cement rock from the Niobrara formation 
of Cretaceous age taken during an earlier investigation (see text page 4 ). 

APOOID:IX C 

Logs of Test Holes 

Test holes 1,Bre drilled on Colgrove, Long, and School buttes and 
can 1::e located by samples number either on the topo"graphic maps or on 
the outline maps of the limestone deposits. All beds penetrated by 
the test holes belong to the White River formation. 

Colgrove Butte 

44 Top soil a" - I' 9" 
- Limestone l' 911 - 5' 1" 

Clay, green 5' 111 - 9' 011 
Limestone 91 a" 10' a" 
Clay 10' 0" - 16' a" 
Limestone 16' all - 18'10" 
Clay, green 18'1011 - 25' 0" 
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1Q 

ll§ 

.1lI 

Top soil 
Limestone 
Clay, calcareous 
Limestone 
Clay1 Calcareous 
Limestone 
Clay 
Clay, sandy 

Top soil 
Limestone 
Clay 
Limestone 
Clay 
Limestone 
Clay 
Limestone 
Clay 

Top soil 
Limestone 
Clay 
Limestone 
Clay 
Limestone 
Clay 

: 

0' .- l' a" 
l' a" .,. 5' a" 

11 

9J 4" .:. 11' 611 

,51' 0"'", 9' 4
: 11' 611 - 13' lOll
 

13 'l()ll .,. 15' 611
 

61115 I .,. 26 I 0"
 
26' A" -: 27' 0"
 

.,. l' 4110
 
'1' 4" .,. 3' 8"
 
3 f 8" '.,. II' A"
 

11' 011 - 13' 4"
 
13' 411 ...: 14' Ion,
 
14'10" .,. 17' 011
 
17' A" - 19' ,2"
 
19' '2 11 .,. 20' all
 
20' all .,. 25' on
 

r' 

: a '- II A"
 
'I' a" .,. 3' 6"
 

. JI 6" - 6' 7"
 
6', 7" .,. 7' 4"
 
71 4" .,. II' 211
 

11' 2" .,. 1.4' a"
 
14" 0" .,. 25' 0"
 

Top soil1& 
Limestone 
Clay. 
Limestone 
Clay 
Limestone 
Clay 
Limestone, with chert 
Clay 

Top soil1i2 
Limestone-clay 
Clay, calcareous 
Limestone, soft 
Limestone, hard 
Limestone, 50ft 
Limestone, hard 
Limestone, soft 
Clay 

0 
1011 

4' 0"
5' Oil 
l' 0" 
81 0" 
91 0" 
91 6" 

11' 411 

a 
2' 011 
2' 6u 

6' 011 
11 0" 

6118' 
ID' 0" 
10 flO" 
141' 011 

":'20­
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.,. 
-
.,. 
.,. 
.,. 
.,. 
.,. 
.,. 

.,. 

.,. 

.,. 

.,. 

.,. 

.,. 

-
.,. 
-

]011 
,4' 011 
5' 0" 
l' 0" 
8' all 
9' 0" 
9' 6" 

11 r 411' 
25' 

2' 0"" 
2' 6" 
6' 0" 
l' 0" 

611B' 
10' 0" 
10' 10" 
14' 0" 
25' all 



School Butte 

60	 Top soil, earthy claY a - 4' 8" 
Limestone h' 8" - .6' 0'" 

21JClay	 6' all - 7' 
211 911Limestone	 ·7' - ,7' 
911Clay	 7' - 11' A" 

911Limestone 11' 011 - 11'· 
ClaY, thin limestone 11' 9" - 25' Oil 

61	 Top soil 0 - l' 0" 
Clay, earthy 11 0" - '2' all 
Limestone '2' art - 3 1 8" 

811Clay, thin limestone )' 8" - 91 
Limestone 9' 8" - 11 r 011 
Clay 11' all - 14 '1011 
Limestone 14'10" - 15 1 711 

Clay 15' 7" - 28 t all 
Clay, sandy 28' a" - 29' 0" 

Long Butte 

62	 Top soil 0 - l' 6n 

611 611Clay .1' - '2' 
Limestone '2' 6n - )' 8" 
Clay 3' 'BII - 4' )"
Liniestone 4' )11 - 5' 1011 
Clay 5'lOll - 7' all 
Limestone 7' 0" - 8' Oil 
Clay, thin limestone 81 0" - 19' 0": 
Limestone 19' all - 20' 011 
Clay 20 I 0" - 25' Oil 

63	 Top soil 0 - '1! 6" 
It 611 _ 911Clay, calcareous 51 

Limestone 3' 911 
- 61 .0" 

Clay 6' 011 - 91 6" 
Limestone 9' 6" \... 121 0" 

211Clay 12' 0" - 14' , 

Limestone 14' 211 - 16' 0" 
611Clay 16 ' a" - 17' 

Limestone 17' 6" - 18' 011 
Clay 18' 0" - 25 I all 
Clay, sandy 25' 011 - 26' 0" 

61164	 Top soil .0 - 'Jl' 
Clay, calcareous 1 1 6" - 3" 8" 

811 911Limestone	 3' - 4' 
911Clay 4r '- 7' 0" 

Limestone 7' all - 91 A" 
Clay 9' 0" - 14' 0" 
Liirie stone 14 I 0" - 15' all 

611Clay 15 1 0" - 18' 
Limestone 181 611 - 21' all 

Clay 21 t A" - 25 1 0" 
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APPENDIX D 

Detailed Sections 

The sections in the area. of this report are given the same number 
as the sample location at which they 'Were measured. Thus the sections 
can be located either on the topographic map or on the outline map of 
the limestone deposit of each butte. 

Antelope Butte 

36 ~hi.te River Formation 

3 Limestone, gray, thick to thin bedded, intercalated 
with thin ~lays and thin brittle flaky limestone 
layers 118" 

2 Lime stone, tan-gray, with calc!te crystals and 
minor chert, thick to thin bedded 1'6" 

1 Limestone, white, thin bedded, thin clay's, minor 
chert '1' 211 

Clay, gray-green, faintly .calcareous 

(Antelope Butte, ?lest end, not sampled) 

White River Formation 

6 Limestone, tan-gr~ with calcite cr,rstals, thick 
to thin bedded lr 

5 Covered, slumped blocks of limestone lor 
4 Clay, - gray, calcareous 11' 
3 Quartz sand, fine to coarse, 'With clay and 

volcanic ash 6' 

Golden Valley Formation 

2 , Clay, purple-yellow-brovm TIith fossil wood, iron 
oxide concretions, carbonaceous matter of very fine .. 
grained sandm 30 1 

1 SanQstone, brown, fine grained, micaceous, cross-
bedded calcareous 6 r 

Bull Butte 

30 White River Formation 

2 Limestone, tan, dense 2'611 

1 Limestone, gray-green, soft, blocky, with green 
olay inclusions 16' 

2! White River Fonnation 

2 Limestone, tan, dense, with calcite crystals 1'211 

1 Limestone, gr~, 80ft, With clay inclusions, 
two thin zones of limestone nodules 15 1 
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32 White River Formation 

6	 Limestone, tan, dense, ~Qth calcite crystals, 
minor chert and clay 2 t6" 

> Limestone, gray, high in clay 1'2' 
t Clay, - gray-rrreen, calcareous 3' 
3 Quartz sand, firie to coarse with clay and 

volcanic ash	 8' 611 

Tongue River Formation 

2	 Clay, gray, ye1low-ereert, non "calcareous 5' 611 

1	 Sand, lignt brown, very t;ine grained sil:t,y, with 
iron oxide concretions and large irregular sandstone 
concretions 22' ~ 

31A White River Formation 

"3 Limestone, gray, hard 611 of gray-green calcareous 
clay at base 2' 

2 Limestone, gray, hard"thick bedded 31 

1 Clay-limestone, soft, blocky 1!611 + 
32A White River Formation 

J Clay, gray, calcareous 4'61\ 
2 Clay-limestone, soft, blocky gray-green 5tall 

1 Limestone, gray, hard 2'4n 

Colgrove Butte 

1 White River Formation 

5	 Limestone, tan-gray, dense, ~~th calcite crystals 
and stringers 1'411 

'4 L:iJnestone, much brown chert 811 

3 Limestone, tan-gray, dense at top, porous below l' 
2 1:ilnestone, brown chert 411 

1 Limestone, minor chert 11 
Clay, gray-green, non calc"ar'eous (At Base) 

2 White River Formation 

4 Limestone, tan-gray, dense, vdth minor chert 911 

3 Clay, calcareous, gray-white, crumblY 1"'6" 
~ Limestone, light gray, dense 1'411 

1 Limestone, gray, soft, high in clay 12 1 

1 White River Formation 

7 Clay, gray, crumbly 5' 
6 Quartz sand, tan, uncemented, fine to coarse ¥nth 

clay and volcanic ash 10' 

Tongue River Formation 

5	 Clay, gray-green non-calcareous 3' 
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'4 Sand" gray, very fine grained 4' 
3 Sand, gray-maroon very fine grained, high in clay 6r 
2 Sand, gray, very fine grained high in clay , 71611 

Jl Sand, tan, very fine grained high in clay 12 1+ 
Sections 2 and 3 are from the same location, separation only 

for purposes of sampling. Bed 7 in section No.3 lies immediately 
below bed 1 in section No.2 • 

.!! T,lhite River Formation 

4 L.iJn.estone, gray, with calcite crystals, 'Weathered 
mixed with sod IOU 

3 Clay, gray-green at 'base to gray white at top,. 
calcareous - 81 

Z Limestone, tan-gray, Tlith calcite crystals If 
1 Limestone, gray, soft, high in clay II' 

5 White River Formation 

4 Limestone; gray, ~athered 4"-611 

3 Limestone, gray,. soft, crumbly 8" 
2 Liznestone, tE.n-G!'ay with calcite crystals, much 

brovm chert, fossilif'erous 2 '911 

1 Limestone, gray, soft, high in clay 11'311 

6 White River Formation 

'4 Limestone, tan-gray, ~athered 10" 
:3 Limestone, gray, crumb~ l' 
2 Limestone, tan-gray with calcite crystals, 

811fossiliferous! near middle of bed an porous It\V8r 
411lies above a cherty layer 31 

1 Clay, gray-green calcareous 121 

1 White River Formation 

2 Limestone, tan-gray, with calcite crystals, much 
chert.. 2" . 

1 Clay, gray-green, non-calcareous, eartby matrix 41 

Clay, green, sandy, faintly calcareous (At Base) 

8 White River Formation 

J Limestone, tan-gray, dense , with calcite crystals 1 1411 

Z Clay, gray-green~ calcareous at top green, brittle, 
non-calcareous near base 5' . 

1	 Limestone, gr~-white, with non-calcareous green clay 
inclusions from less than 1 mE. to more than 1 cm.~ 

in upper portion clay balls are as large as 10' em. 
in diameter 

White River Formation-
6 
5 
4 
3 

Limestone, gray, weathered, mixed with sod 
Clay, calcareous with zones of limestone nodules 
Clay,. yellow-brown to gray-green, non calcareous 
Quartz sand, fine to coarse, conglomeratic at base 
with clay and volcanic ash 

1 1 

11' 
5' 

9' 
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Tongue River ~ormation 

2 Clay, gray-green at top "lith iron oxide stain colors 
change dO'Wl'lward to yellow-broy;r1-purple 61 311 

1 Sand, gray-green, micaceoUS 2' 21: 

Sand, yellow-green, very fine grained (At base) 

10 ~Thite River Formation 

2 Clay, calcareous, gray-green, with green clay 
inclusions and a few thin nodular limestone layers 8' 

1 Limestone, cherty, argillaceous, fossiliferous 4' + 

11 'White River Fonnation 

2 Clay, gr~-green, calcareous, soft, blocky 16' 6" 
1 Limestone, gray-white with calcite crystals l' 2" 

~ White River Formation 

2 Limestone, gray, dense, much brown chert in upper 
IB" of bed 2' 

1 Clay, gray, calcareous, crumbly 6" 
Clay, gray-green, non-calcareous (At Base) 

35 White River Formation 

2 'Clay, gr~, calcareous nith three thin limestone 
layers 8' 

1 Limestone, tan-gray, TIith calcite crystals 10" 
Clay, faint~ calcareous, bro'vn (At -Base) 

Long Butte 

12 VIhite River Formation 

7 Clay, calcareous and limestone float 2' 4" 
6 Clay, gray-green calcareous 4' 
5 Limestone, tan-gray, dense with calcite crystals l' 
4 Clay, gr~-green, non calcareous at base to 

calcareous at top S1 )11 

3 Limestone, gray with small green cl~ inclusions 
1-5 mm. diameter l' 5" 

2 Clay, gray, calcareous 9' 61l 

1 Quartz sand, fine to coarse vnth clay and volcanic 
611ash	 5t 

13 White River Formation 

S Limestone, tan-gray weathered 6n 

t Clay, gray, calcareous 6' 
3 Linestone , tan-gray ,vith calcite crystals 1'1011 

2112	 Clay, gray, calcareous 4' 
1	 Clay, gray-green, 'calcareous 11' 

Quartz sand, fine to coarse YQth clay and volcanic 
ash (At base) 
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14 l1hite River Formation -

12 

16 

.!1. 

-3.3 

34A 

.2.§. 

39 

• 
·5 L:i.I:1estone, gray1 weathered, about 50% chert l' 211 

4 Clay, gray, calcareous with lim.estone nodules 8' 
3 . Limestone, gray, with calcite crystals and stringers 6" 
2 Limestone, gr<IY, soft, high ~ clay 2 1 

1 Limestone, tan-gray, high iD. clay at base, thick to ... 
thin bedded porous near middle of bed, fossilifaro~' 
near top with 2" cherty layer at top $1 3" 

Wbite River Formation 

2 : Limestone, tan-gray with ~alcite crystals and stringers 3l 

1 Clay, gray, calcareous with limestone nodules 7' -6" 

White River formation 

5 L1m.eetone, gray, weathered 6" 
It Clay, gray-white, calcareous 3' 

',3 Limestone, gray, with calcite crystals, small 
green clay inclusions l' 

2 Clay, gray green in calcareous clay matrix 5' 6" 
1 IJ.mestone, gray 11 6" 

'White River Formation 

3 Limestone, gray, with ca~clte crystals l' 6" 
2 Clay, gray-white, calcareouB l' 9" 
1 Limestone, tan-gray, with calcite crystals l' 

White River Formation 

.3 ClayJ gray calcareous l' 
2 Limestone, gray, soft, and blocky .3' 
1 Limestone, gray-green, high in cl~y 1'10" 

Clay, green, non-calcareous (At base) 
.. 

White River Formation 

5 Limestone, tan-gray with minor chert, weathered· , l'
4 Clay, gray, caloareous 8t Bit 
3 Limestone, tan-gray, with calcite 'orystals, thick 

to thin bedded 3' 
2 Clay, gray-g~een, calcareous 4" 
]. Limestone, gray, with calcite crystals 3' .6 ft 

White River Formation 

.3 Limestone., tan-gray, with calcite crystals l' 4" 
2 Clay, gray, calcareous. 6' 
1 Limestone, tan-gray, fossiliferous, upper 10" cherty 4' 
White River Formation 

4 LiIrlestone, tan-gray, with calcite crystals and
 
stringers, and green clay inclusions from 1 mm. to
 
2.5 om. in diameter 1 , 
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811 3 Clay, gray, calcareo~s, green clay inclusions 
2 Clay, gray-green, mixed with gray calcareous clay 
1 ClcJ~ tan gray, non-calcareous 

40 White River Formation 
~ 

5 Limestone, gray, with calcite crystals
4 Clay, wbite,.gray, calcareous 
3 Limestone, gray, with calcite crystals 
2 Limestone, gray, soft, blocky, high in clay 
1 Clay} gray-green, calcareous 

~ White River Formation 

2 Clay: white, calcareous with limestcne nodules 
1 Limestone, gray, soft, blocky 

42 White River Formation 

3 Limestone, gray, with calcite crystals 
2 Clay) gray~ calcareous with limestone nodules 
1 ClaY$ gray-green, calcareous 

School Butte 

18 White River Formation 

3 Clay, gray, calcareous, limestone float 
2 Limestone, tan-gray, with calcite crystals 
1 Limestone, gray-white, with clay inclusions 

!2 White River Formation 

5 Limestone, gray
4 Clay, calcareous, with iimestone nodules 
3 Limestone, gray 
2 Clay, gray, calcareous, with limestone nodules 
1 Limestone, tan-gray, with calcite crystals 

20 White River Formation 

4 Clay, gray, caloareous, with zones of limestone 
nodules 

3 Limestone, gray, with clay inclusions, and 
calcite crystals 

2 Clay, gray-green, calcareous 
I Limestone, gray, with calcite crystals and small 

green clay inclusions about 1 mID. in diameter 

21 White River Formation 

4 Limestone, gray, ~dth calcite c~stals weathered 
3 Clay, gray, caloareous 
2 Limestone 80ft at base, high in clay, upper l' 

harder, tan-gray with calcite crystals
 
1 Clay, gray~green, calcareous
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22 White River Formation "1 

;5 L1Jnestone, gray" with calcite crystals, .and·clay", !	 1 inclusions " ,~ ',; ..'. '1'",' \ '4 Clay, gray-green, calcareous, ". . .. ; .	 '4' 2" 
;- -)	 . 

9
Limestone, gray" nth. calcite orystals ....- .' . l' 3ft 

ft·2 Clay, gray, calcareoUs, with limestone nodUles 
1 .. Limestone, gray, with calcite crystals ,'I' l~; 

, ' I r 
~. .to.361	 'White River Formation .'.... 

-......,.:. '", 

•
4· . Limestone, tan-gray with calcite stringers and 

green olay inolusions from 1 mm. tol ~ .iu~diameter 6" 
,.3 Clay, gray, caloareous, green clay at top 21 6u 

"2 
!	 

Limestone, gray with calaite stringers',aod .green.alay 
inolusions at top, middle portion soft"high .~ 
clay, bottom of bed harder with calcite crystals 3' 

1	 Clay, gray-brown, caloareous, with" green clay: 
inclusions 51+ 

" " . 
37'r~ "White River Formation-

2 Clay, gray, oalcareous, with limestone~·nodules 4' 
1 Clay, gray-green~ non calcareous .' 2' 6" 

i p" " Straight Butte 

26 White River Formation	 
" 

6 Limestone, weathered, mixed with top soil 6" 
, Clay, gray, calcareous, crwnbly 2' 9"
4 Limestone, tan, dense, with minor chert l' 6" 
;3 Limestone, 80ft, blocky If 6n 

'2 Limestone, tan-gray I' 
1 Clay, gray, calcareo~ S' 

~ lIbite River Formation 

4	 Limestone, weathered, mixed with top soil,
 
fossiliferoUs '.' ,.. ..:: .
 6"
 

.3 Clay, gray-green, calcareous .3,. 4"
 
. 2 Limestone-" tan, ,dense ~ ". . lOu
 

· , 1 Clay, gray, calcareous, thin limestone layers . un
 

·28	 '. White River Forma-tion_ ;f~ 

h Limestone, gray 7ft 

.3 Limes~one, high in clay, soft 11 9" 
2 Limestone, gray 10" 
1	 Limestone, high in clay, 80ft, blooky 3' 411 

., 

~ White River Formation 

3	 Clay, gray-green, ealcareous 3' 
'"'2'. L1mestone,green 'clay inclusions, ,soft,.... blocky . .3' 

.·1 .. Limestone, much.chert 'and clay inclusions
 
h;:' (1-100 mm. diameter)
 6n 
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.tl White River Fonnation 

4 Clay, calcareous with limestone nodules :21 0" 
3 LimestOne, soft, blocky, high in clay 41 6" 
2 Limestone, hard, with clay .inclusions 'II Olt
1 Clay, calcareous' 1".-­

68 White River Formation 

2 Limestone, hard, gray, dense <. I' 6n 

1 Clay, green, crumbly, caloareous at top 10'+ 

§2 White River .Formation 

2 Limestone, gray Mrd ,1' 4t1 

1 Clay, gray, caloareous 10'+ 

1Q White River Formation' ..._ , ·,·r 

2 Limestone, gray 0' 6tl 
1 Clay, gray, calcareous 6'+ 

71 White River Formation-
Clay, gray, caloareous with limestone fragments 
at top 3' Olt 

4 
I 

6rl3 Limestone 01 
2 Clay, calcareous 5 i 6tt . 

1 Limestone, gray ot 9" 

72 White River Formation-
2 Limestone, gray, dense . l' 6" 
1 Clay, gray, calcareous 12 1+ 

'. Young Man's Butte 

!Q. White River Formation 

5 Limestone, thin bedded, intercalated with thin 
olays ,,- " , '2' 

4 Limestone, gray, hard at top and at. base, Bofter 
in middle'of bed 6' 311 

3 Clay, gray, calcareous 81 10tt 
2 Limestone, gray, with calcite crystals 3Y 10" 
1 Clay, gray, calcareous 3' 

APPENDix E 

Comments on the Geologic Report 

by Oliver Bowles 

A geologic report on the limestones' of, Stark and-Hettinger Countie3, 
was prepared by Miller Hansen, Geologist, under direction of Dr. Wilson 
M. Iaird, State Geologist of North Dakota. The limestones.. of the area 
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oocur only as flat-lying beds capping scattered buttes that rise 100 
feet or more above the general level. The geology of the limestone 
bede is described in relation to overlying and underlying formations, 
and their lithologic character and general composition are discusse~ 

Previous work done by other geologists is cited in marw references" and 
such work is fully considered as supplementary to the writer's field work 
in determining the geolo gic history of the area and the origin of, the 
limestones. The locations of the deposits by township, range, and 
seatll1lD are given. Each limestone deposit is 'mapped" and a contour.. map 
is furnished for each butte. For most of them the contour interval is 
twent,y feet. ' 

An important phase of the work was the selection of representative 
samples from each deposit. The sampling was done under the supervision 
of the geologist who prepared this report. ' The locations of both out~ 
crop and drill-hole samples are marked on the maps. The samples were 
analyzed by the North Dakota. Research Foundation under the supervision 
of Dr. Alex C. Burr, Director of Research. As an important phase of the 
problem is to determine the Buitabilit,y of the limestones for cement 
manufacture, the analyses covered the three critical constituents, lime, 
alumina plus iron, and silica. 

Assay cross sectlo~s for each. sample :'are superimposed on the maps, 
accompanied by a vertical scale showing elevations at one';'!oot intervals 
above sea level. The chemical' analyses of the fractions of each sample 
are shewn on the map. This graphio presentation permits ready observation 
of the composition of each fraction,' as ea8,y determination of the average 
composition of each sample, and the vertical rangeo! the material sampled. 

Logs of the test holes sunk on Colgrove, School, and Long Buttes 
show the succession of limestone, clay, and calcC!-reous clay beds, and 
the thickness of each. Also detailed sections are given for each out­
crop sample location. The-thoroughness of the sampling, the reliability 
of the assay work, and 'the care with which the analytical data are 
related to the formations are worthy of comment. 

The excellence of the maps is an outstanding feature. The wide 
scope of the report, the adequacy of detail both on maps and in the text, 
and the completeness and accuracy of coverage are of special merit as 
aids in evaluating the extent and quality of the limestone. 

APPENDIX F 

Natural Cement Possibilities 

Argillaceous Limestone of Pembina and Cavalier Counties 

By Oliver Bowles 

Extensive deposits of clay-bearing limestones occur in northern 
North Dakota. They are so low in lime ,that they probably could not be 
beneficiated enough to furnish a satisfactory raw material for Portland 

,I cement manufacture. However, in certain areas, notably in bluffs along 
{;. the Pembina River, ,they have a comps&1tion satiBfacto~ for making
 

natural cenent.
 

.. ­
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Natural cement is the product formed by calcining a natural clay­
bearing llrne~ton.e without preliminary mixing or grinding.. It is ca.l~1ned 
at a miich lower temperature than that required for. Portland cement. The 

· .cal~ined product is ground to a fine powder. 

The range·of composition of the raw material is much. more flex~ble 
for natural than for Portland cement. The lime (CaO) content may range 
from twenty to thir~y-eight percent, and the silica~alumina-iron proportion 

· from sixteen to thirty-five percent. Segments of the deposits in North 
: nakota·that fall within theran~ of composition given above are extensive 
'enough to supply a cement plant of moderate size for many years~ A 
small natural cement plant operated at Concrete, Pembina County, from 
1902 to 1909, and the product made was said to be of high quality. ,. The 

· lime content of the rock used averaged about thirty-six percent, aild the 
alumina-iron-silica about twenty-three percent. The presence of large 
supplies of rock falling within the range of composition mentioned above 
haa been conf.irmed by later analyses. 
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19120 

T 136 N R 93 W 
BULL BUTTE 

1000 o 1000 2000 3000 FEET 
CD CONTOU R INTERVAL 20' 

U.S.c. a Gs. DATUM 

FIGURE 4
 
MH. 1952
 



HOIUONTAL SCALE 
1000 0 1000 2000 fEET 

V. 2128 

2716 

YEll'TlGAL SGAU 

ELEVATIONS IN fEET 
2750 

SAMPLE 
NO. 00 AI Sl 

&AMPLE
 
27U
 NO. SAMPI.l W'3~ ~1O 315 

31.1-3 14 .. 14 NO. {i:lCo AI II 
31·2 • 114 ....I"t. "

" 

-+ ....
31A-2 74 a II 

SAMPI..£ --+ 32A-&II~lllII 7 24 2720 NO. 00 "AI 51 ...31.1-1 ~ ell" '" ...
76 4 9~~ 

....
17115 ....... 

-+.. .... 
»-1 ~141 111152710 

.... ... .... ... ....
2106 

2700 

a_ 

o 
1521 
[£) 

[g 

Ca 

AI 

MM.,1'9lI2 51 

.. _1~14 29 SAMI'lI: 
NQ. 011.11" !I 

51-I 11~13. 4 17 314 

.... 
71214 

~ -.... .... .... 
32·1[1:141 .. II 

.... .... 

:; 

BULL BUTIE 
ASSAY CROSS SECTIONS 

LEGEND a SYMBOLS 

SAMPLE LOCATION AND MJMBER 
UMESTONE 

LIJrl£8TONE. HIGH OLAY CONTENT 

CALCAREOUS CLAY 

CAUilUM CARBONATE 

ALUMINUM 8 IRON OXIDES 
SIUCON DIOXIDE 

FIGURE 5 



8 

18 

1000 
= 

o 1000 

17 

3000 FEET 

T If 

Ia 

PROIIAIlU l'OAMATION CONTACT 

LEGEND 
COLGROVE BUTTEo 10 !IMI'U ~TIOIl AND NUIIl8ER 

• ftlilPOlUR't lIEHCH MARK 
CONTOUR INTERVAL 20'

~ otJeClCiDE WHlTl IIIVER FORMATION 

I Tlr I MUOCZNE ~ RIVER FORMATION Us'CoB o.s, DATUM 
'-...... _ 

T. 136 No R ,3w. 
FIGURE 6.-­



.-----....<>-!L£\!-4&-<l ELtV. 
272V 2m 2728 

UHf; 5 

l.ltlE I 

;:JV'~ 

1000 o 1000 2000 5000 = 
LEGEND a SYMBOLS 

c:=J TOP SOIL 

E559 UMESTONE 

ral UMflTONE I HIGH CLAY CONTENT 
IBl!I LNESTa.E Willi CHERT COLGROVE BUTTE 
E§ CLAY ASSAY SYMBOLS 

~ CALCAREOUS CLAY LINES OF ASSAY CROSS SECTIONS Ca CALCIUM CARBONATE 
li;;;;:;;1 SAND SHEET I OF 4 AJ ALUMINUM a IRON OXIDES 

o lO SAMPLE LOCATlON AND NUMSER 51 SIUCON DIOXIDE 

FIGURE 7 
1IlK,.tst 



--
----

WRl'lCAL SCAU 

EUVATlC*S IN FEU 

, SAMPI..£ 
tUS CoAiSi NO. 

.~ 

~ 

.~ 

2730 30" H 10·1 

, SAMPU 
11110 n 10·1 C<l AI Si NO. 

tolll 1-2 
21211 

-:: 
..,.. 
~2120 

~. 

11111 .'H "IIC­. 
~~2110 

21011 

2100 

1.
SAMPU: " NO. Ca AI Si Co AI Si" 
~ 

... 

~ 

~ 

~~ 

.-

SAlllPU:Ca AI Si NO. 92 2 4 
90 2 !l 2·'" 
!3 12 20 2-3<l.a lS7 a 27 
82 9 17 2·2 

... .... ... 3011 10 
f1-i lUI e 10 

842 12 
~-30 13 43 2-1" ~ 

~... 

54 • II 4-1 ,,~ 
~~ 

II-I 17 I 12 

:~ 

1 1/ ee :s' ,... 

SAMPlE t-
NO. C. AI 91 
&-4"11!to:s III • Ie 
,!I...2 82 214 

~: 
~ 

>II~I !14 130 

... 
~ 

~ .... 

COLGROVE BUTTE
 
ASSAY CROSS SECTIONS 

UNE I 

SHEET 2 OF 4 

SEE SHEET I FOR LEGEND 8 SYMBOLS 

FIGURE 7A 

>'..H..1ge2 



COLGROVE BUTTE 
ASSAY CROSS SECTIONS 

VERTICAL SCALE 
ELLVAT10NS IN FEET	 SHEET 3 OF 4 

27~e 

S~_Ca 151 
SAMPLE
 

2130
 NO. Co ~ SI 
SMlNOPlf Ca 1 SI SAM~ Ca 1 SI	 SAMPLE " foil. Ca AI $I 

48-1 4811l!l5 48-19214 47-1 88 I 6
 
48-2 4& 1133 48-2 70 I 4
 47-2 82 1 9 46- \ n 4 14 S~LE49- ~ 45 10 36	 48·~ 82 I 8 47·3 78 I 10 ~-Z 78 3 II
 

272S
 49-4 48 10 33	 48-4 82 I 12 47.4 72 213 46-3 • 60 7 23 4!!- I 
49-e n 14 44 48-5 n 4 21 47-11 60 723 4!l-Z 
48-'S n 14 J8 48-6 80 1 14 47-6 62 723 :t: .~:g§: 4&-3 
4ll-7 54 III 3ll	 48-7 ee 2 tt 47-7 sr 82!l 48-6 - 4B 10 24 4!!-4 _. 34 14 ~ 48-8 4\ 8 3\ 47·8 4B 10 30 46·7 -_ 46 e 28 4!!-1l
 

2720
 47-9 41 1030 46-8 -. lIOe 26 
49-l0 34 13 » 41-10 - n 2 14 
49-9 ~ 14 41	 48-9 77 I '6 

47-10 4B 9 2lI 48-9 -. 45 8 29 
...11 ::: :52 14 41 48-11 60 3 ~ 47-11 41 II 29 46-lO - 'Ie 7 :2 
48-l1 !:: 34 13 40 48-12 ~. 34 6 ~ 41·12 51 II 23 46-11 ll4 2 III 
49-13 ::: J8 12 37 411-13 ..: 27' :l4 47·13 88 4 18 46-r2 68 4 18
 

17111
 ......4.- 30 12 42	 48-14 .:" 21 12 4ll 47·14 R e 18	 46-13 48 e 17 
~ =4lI10ll8	 48-1& ~ It 14 44 47-1!! •• 4& IZ 31 46~ 54 9 21 
......8.:231348 48-16: 12 16 41 47·16 .: 59 9 23 46-lll 70 II 18 
49-17 .: IS II 42 48-17~:: 9 13 61 47·-17 - J8 13 ~ 48·18 n 3 III_II _- &I 1348	 48-18 •• 12 I~ '7 47·18 _- 20 17 47 46·-17 .- 2!l 1240
 

2710
 4lI.a _- 14 1:1 ll4	 .....'9 -. 10 14 :l6 47-19 • 41 9 30 <46-11 - 46 1 30 
4e-8) _ 7 16 III	 48-e0'::. 7 16:l6 47~ • 4!l 7 30 46~ 51822 
4ll-e1 - 14 16 III .-21' - 11 1851 4741 -- 21 II 47 ~.~ 21134!! 
-.a - 10 14 111 41-22 -- \0 III 6i 47~ -_ 21 14!50 46-2, - 18 13 54
 
49-23 _- , 47 lSI -.e:- 7 I~ M 47023 -_ 41 10 J8 46~ • 9 1065
 

2105
 -.. - 1311.	 48-24 -::: 7 12114 47~ • 2!l 12 4B 46~ - 9 7 lIII 
48a - II 981 47~ - 20 14 III 4$.24 .;:: II 8 6lI 

Lire 2 

9 e!ll
L'NE 3 

~~CoIIi 
17«l~	 "11027~e 

.. 51.Ca~Sl 
M I II110 I 10 

2~1- 2130to 81~lllue~::~::)4. M" 1734--1 _
 

2710~ I.ZOSI 4!! II 33 2125
 
513 

J811J8 ~ CaiSi'~i(::'27251- l~1 2720
 
7-1 ~ 9 III 58
 

LINE4 S~~_ Co 1 51 
·t.. ·· ~ 

27201..­ 211:1 

311-2 .: 46 1431 

2710 
311-1 78 I IIi~ 

L1He: II 

SEE SHEET I FOR LEGEND a SYMBOLS 

FIGURE 78 



VERTlCAL SCALE SAMPlE 
£l.EVATIOIIIS IN FE£T NO. 

Z7JO_ SAMPLE ~ 44- 1 
NO._ Co AI S; 44-2 

44.~ 

n 4 14 44-4 
18 3 II 44.~ 

~I- ~~60 72~ 44.6 
46 10 Z9 44-7 
301036 44·8 
48 IOZ4 44-9 

46.71~-\ 46 8 28 44-10 
rr2lJL. 46-8 ~. 50 8 26 44-11 

46-8 -. 43 829 44-IZ 
4~ 732 44-13 
54 2 18 44-14 
68 418 44-1~ 

21UI~ 46-13~	 48 ~ 11 44-16 
54921 44-17 
10 ~ 18 44-18 
n 315 44-19

j	 25 1240 44-'i() 
2710~ 46·181-:- 46 7!() 44-21 

!Ill 622 44-22 
rr 13 4~ 44-23 
18 13 54 44<i!4 

-19 10~
.-976'9 
-	 II 8 Il4l 

LINE 6 

~ 
I. 

CoAiSI 
eo I 10 

~' 

1552 

SAMPU: 
NO CQ 1. 51 ::;45933 

49· I 48 " 28 
49· 2 - as II 33 

8 118-11I~ 38 II 36411· 3 - 4S 10 38 
Ilnl Co AI '" 51 411-4 4~ 10 33 

iO I /I .... 5 29 1444 
49- 6 29 1438 
...·1 34 15 3~ 
49- II _ 34 14 37 

l?m 48- 9 32 14 41 
49-10 34 13 39 
*,"11 32 1441 
.-12 34 13 40 
.-IS 36 12 37 

271ll 48-14 _ so 12 42
9­ "'·I!I _ 4!l 10 38 

.~ 49-18 -_ D 13 46 
.-17 - 2!l II 411~ 

.-18 0- 2Sl IS 4S~ 

:A ..Ill .~ 14 III 54'" *-20 .. 1 18 ll8 
.-21 :: 14 • !II 
.~ : 10 14 111"A	 FIGURE 7C -.as =-. If 118 
"~-I! Ilea 

uN!! • 

SAMPLE " NO. 

Co AI SI " 
50 1 26
 
38 103B
 
6~ 4 20
 
59 6 2~
 

~	 $4 8 21
 
41 1133
 11­

~ 36 931 
~	 34 10 ~I
 

:l9822
 
64 ~ 19
 
37 ~ 30
 
48 841
 
48 830
 SAMPLE
 

-
 ~ 103"- NO, C. AI SI 
- ll2828 

~4 621 
S7 1'18 
84 61~ 

~: /11 7,!I 
•	 ~ 82.2 
-271128 "-t~ 

"''''
 
_ 2S 14 34 _ 36 II 23 35·1 18111
 

-
 18 "	 57 

CG AI 51 

... SAMPLE SAMPLE - Il1O, 
47. I 
47- 2- 47-~

~60 47-4 
47- ~ 
47- 6 
47-1 
47- 8 
47- 9 
41-10 
41.11 
47-1217 2. 12 47-13 
41-14 
41-1~ 
47-16 
47-1T 
41.18 

Co ~ SI N 
88 I 6 48- I 
82 I 9 48- 2 
78 1 10 48- ~ _	 7'2. 2 13 48· 4 

4 

° 

60723 
62 7 23 
~7 8 Z~ 
4& 1030 
41 1030 
48 9 26 
41 II 29 
S9 523 
68 4 16 
62 5 18 

48- ~ 
48- 6 
48- 1 
48- 8 
48- 9 
48·10 
48·11 
48-12 
48-13 
48·14 

~. 4~ 123' 46-15 
_. !19 Ie 48-16 
4­ 38 13 31 48-11 
: 20 114T 48-18 

47-19 -_ 41 930 48-19 
o47~ -. as 1 30 48-20 
41~1 ­ 21 II~ 48-21 
41-22 ·21 1480 48-2.2 

-

~-

To 
Co AI 51 
92 I 4 
10 I 4 ,~~o
82 I 8 
B2 I IZ 
77 421 1- 1 ~: i I~ !l8 
80 I 14 
6~ 2. 22 
41 8 ~I 
17 I 16 
11 2 14 

47-2.3 ·41 1038 48-2S ­ 7 13 66 
47-24 .- 25 1249 46-24 -_ 1 12 64 
~~ .: 20 J4/11	 48-25 ­ ~ II 61 

LINE 1 

COLGROVE BUTTE 
ASSAY CROSS SECTIONS
 

SHEET 4 OF 4
 

SEE SHEET I FOA LEGEND a S'YNBOLS 

-80332 
34649 

-':. 27 9 54 
• 21 12 49 
_ 16 1444 

0­ 12 1641 
0. 9 1361 
-_ 12 13 57 
-_ 10 14 !l6 
-_ 1 16 ~6 
-:.. 3 18 59 
-_ 10 I~ 62 

2710 



--

T 
M 

i 
.13 

24 II~ ~ 
I 
i 

LONG BUTTE 

CONTOUR INTERVAL 20' 

US.C8GS DAlL ... 

l 

30 29LEGEND 
~4t -0­62 

o 12 $AMPLE' LOCATION AND NtIliIB£R ~@- 'r
a TRIANGULATION STATION r..., 6" O_".Qo " I 
~ OUGOCDE WHITE ~1VEA fll 

64
 

~ EOtDlf OOl.Cf:N IW.LEY OM.
 

'- ........... PROIAIl.I: FORMATION CONTACT
 

~6 

1000 a 1000 2000 3000 4000 = ~~_-- I =:I= = 

25 130 29 
T 137N R95 W T.137 N. R94W 

FIGURE 8 



--.......
.......
 

~ 
').4 

,). > 11 ) 14 

,... 
, 

54 

• 

......Lf 
JrI). co AI17-3172 J

17-2 ::.,4zr 
11_11"11 

2115 

1:810 

2800' 

'TOO 

271' 

,~ 

,.",. 

17'~ 

Y£JfT1CAl 
SCAl.f 

'''''r 
> 

>000 

UNI( I 

2000 

"'I'" 
Il-I 

IZ·~ 

I~: 
12·" 

:- 21 a 36 

Il-! 

_'lo·t 

1t.,MI., .. 

E\.EV. 
2eZ~ 

1000 

LEGEND a SYMBOLS 

o l~ SAl-4P\.f LOC4TlON liN" NUMaF..A 

o TOf'SOIL 

[gSI uMtsfo,..£ 

(3J LJMt:5TOHE:. HIGH CLoG" COHTENT 

~ UII\£STOH( WITH CHV'1 

[2j CCAY 

~ CUT, GALC-"'\EouS 

o SAHO 

SI.:crl.£ C4 ~ $,
 

41'2;~.oe e 1'9 S-.MPLE "
 .- NO CqAi~l.g. )).4 ~ ~ 28q: 

4t·1 '§ ... 7 11 n'31'= 74 " 12 

~ ~~~2 ;: 39 7 J.l 

~~.l -- '" Ie 32 

$AHF'\.[ ~ 

'"~I.: :;;~rT
-'6-3 :: 0 7 a 

.' 
).$1·2 ~~ ... , " 

~.l :- Z:l()~ 

LINE. 2 

BUTTE 

~OSS SEC1l0NS 

OF , 

ASSAY SYMSOLS 

GALCWM CAftBON41 E 

AUllilINUM a IRON O'l.IOES 

5lL1CO_ DtOXl()(, 

EUY Z790 

~ 
b 

I I 

FIGURE 9 

...... ­



VERTICAL SCALL 
SAMPLE

ELEVATIONS IN FEET NO. Co AI Si
SAMPLE 1 '" 

NO.. Co 51 34A-~ ~ 78 2 l!l
 
14-~ ~ 294 41


SANPLE ... ~2820
 NO. CAl AJ 51
 SAMPLE ... 
NO. C4 AI 51
 MA-4 \ 1..... 160 6 22
'6-' In 4 " 

14·4 W_I 31 6 24
16-4 : 5!S 8 26
 CAlli 51
.... n 3 II
281~ 16-3 76 3 13
 
~ 59 723
"M~"4 ~ 14-3 ..... 45 I 12
 

16-2 {!--I48 I xr
 MA-3 82 2. 9
4Q-3( 72 3 13 14- 2 ;; 36 5 21
 
2810
 

~ 
MA-2 57 5 22
 

3!lA·2 @il 39 12 34
 34A-1 84 2. 10
!16-1
 84 3 11
 4O-2\1~1 68 5 14 14- I {F¢:! 82 2 9
 
315A-I ~:f:1 27 e 42
 SAMPLE ... SAMPLE ... 

280!) NO. Co AI 51 NO. Co AI Si 
40- I \CV !l 7 55
 

1!l-2 if¢lS6 2 2 63- I
 _ 34 II 32
 
63- 2 ·~4S!l27
 

46928
. - 83- :5 LINE 4
59 6 24
.. 63-4
2800
 
6~ ~ 62 5 20
 
63-6 ~~ 62 8 20
15-1 II:: 141 1 31
 
63-7 -!lO826 
63- B !lO828-. 62521
 
63- 10
 
6~ 9
2795
 

6!l 4 18
 
63- II
 66 6 18
 
63- 12
 2~ 1!l39
 
63- 13
 21 \440 

651418
 
63- 15
 
63-14
2790
 

6!5 4 19
 
63-16
 30 12 "37
 

3693!l SAMPLE
 
63-18 -. 29 1241
 
6~17 " 63-19 ~ 18 I~ 43
 
63-20 -- 23 1348
 

Z78!I "~I;: ~'~63-21 -- 16 10!l2 
42-2 -: 5!S 3 III
 

63-23 :::- 7 1363
 
2780
 

63-22 -- 10 10 ll9 

63·24 -- II 8 69
 
..:: 10 924
63-~ 42-1 ~ 9 13 41
 

2775
 

LINE 3
 

LONG BUTTE 

ASSAY CROSS SECTIONS 

SHEET 20F3 
FIGURE 9ALEGEND a SYMBOLS ON SHEET I
M.H..I952 



VERTlGAL SCALL 
I ELEVATIONS IN FEET 

2ftI!l 
SAMPLE 

Co "AI SINO. 
7S 2 1534A- 5 

2820 

$AflFLE "	 34A· 411::-160 622NO. CcI AI 51 .... 
8 

¥ ..11-3172 2 
,-.2810 

11.2 .~ 43 'I 27 SANPLE SAMPI..£
 
11-1 76 2 18
 

SAMPLE " NO. Co " AI S;NO. Ca AI Si NO. CO"AI 51 

2 9 64- I 50 8	 2762- I 70 ~ 17 64- I _!!O 8 27 MA-JI~62- 2 ~. 64 3 21 64- 2 - 43 10 34	 34A- 2 57 5 22 64- 2 I::: 43 1034:2810 
62- 3 38 4 21 64- :3 !>4 7 25 64- 3 r.:: 5472.5 
62- 4 - 59 6 24 64- 4 60 6 22 34A- 1 84 '2. 10 64- 4 606 22 

.. , 547 2762- 5 6'2. 5 23 64- 5 • 54 7 27 64- 5 
62- 6 ~: 74 4 16 64- 6 -. 577 25 577 25 SAMPLE % SAMPLE 't 

SAMPU: " 62- 7 59 8 23 64- 7 72 3 17 64- 7 
64- 6 

72 3 17 NO.	 Co AI Si2805	 NO. Co AI Si 
773 1462- 8 _ 646 22 64- 8 77 3 14	 64- 8 

63- I _ 34 t I 32	 ~ 1!l-2~41 131	 62- 9 - 60 6 24 64- 9 .- 72 5 16 64- 9 • .J. 72 5 16 '~m;: ';
62- 10 :- :lO 9 30 64-10<59622 64-\0 '::: 59 6 22 6:> 2 48 5 27 

64-11 ...... 36 4 16 63- 3 46 9 2862· II _' 18 19 46 64- II .:- 36 4 16 
62-/2 .- 10 15 ~ 64- 12 <.. 55 8 Z5	 64-12 ._, 556 25 63- 4 596 24 .,., ~64 , " 2800 64-13 ...... 52 9 27	 63- 5 62 5 2062-13 -: 3611 41 64-13'-52927 
62-14 • 3212 !l 64-14 724 15	 64-14 72 4 15 63- 6 ~	 62 6 20.

&-1 W-186 2 2	 63· 7 ~_ 50 8 2662-15 -. 32. 1640	 64-15 .~ 
62-16 > 30 1441 :t\~ : io II .is SAMPLE	 64-16 • 20 II 413 63- 8 • - 50 6 28 

~ 
~ 

62-17 .- 39 13 36 64-17 :~ 20 847 NO. Co 1 Si 64·17 .... 208 47 63- 9 - 62 5 21 
62-18 -: ~ 15 44 64-18 54926 36-3 

~	 ~

~ 

64-18 • 549 26 63- 10 65 4 18 
62·19 - !l9 6 24 64-19 65 521 

77 2 10 
64-19 655 21 63- I I G8 6 I 6 

62·20 ~ 46 7 3\ 64-20 M 628 64-20 546 28 63-12 ~:. 25 15 38 
62-21 < 34 9 ~ 64-2t _. 38 ·937 :368 37 63-13 -:;.	 21 1440 

57 1 24 64-2164.22 1-:'- 21 II 48 63-14 65 4 18 
62-23:- 12 12 !56 64--23:- 12 7 57 
82-22 -. 18 9 48 64-22 -: 21 II 48 38-22790 64-23 :: 12 7 47 63-15 65 4 19 
62-24 .- 14 10 82 &4-24·- 8 7 65 64-24 -. 9 7 65	 63- \6 30 12 37 

6:>17 39 9 35 
63-18 -: 29 12 41 

38-1 94 1 10	 63-19 ..... 18 15 43278!l 63"20 '_ 23 13 48 
63-21 -_ 16 10 52 
6:>22 -. 10 10 59 
63-23 - 7 13 63 
6:>24:- 5 8 69LINE !l2780 63-25 .:: 10 9 64 

LINE 6277!l 

LONG BUTTE 
2770 

ASSAY CROSS SECTIONS 

SHEET 3 OF 3 
FIGURE 98 

LEGEND 6 SYMBOLS ON SHEET IM.H..~ 



6 ~. 

T 
M 

020 

IIit 

F§'3 
I To' I 
'./"'­ -

LEGEND 

SAMPLE LOCATION ANO NUMBER 

TEMPORARY BENCH MARK 

OUGOCENE WHITE RIVER FORMATION 

EOCENE GOLD€N VALLEY FORMATION 

PROBABLE FORMATION CONTACT 

7 

SCHOOL BUTTE 

CONTOUR INTERVAL 20' 
T. 136 N. R.94 W 

ASSUMED DATUM 

1000 0 1000 2000 FEET 
iii' " I I I I I J i 

FIGURE 10 
MK 19!12 



= 

~ 

1000o1000 
= 

VEJlT1CAL IICAI.L 

EUVIiTI(lII5 III FEn 

1111 

2000 71~~~36A3~"'234 ~~Cot}fSI-:: 
- ..;: 16 ~ 21 

ItIC 

.. 7.214 -:. 

-_ 20- 1I2 2 91106 
...- 20-2 16 to 49 

'l5A I .- ..e ~ 28 
:: roo I ., I I 

1100 

~ l;q~Sl 

101I!l :l7.2~~7 724 

-lOll 
EL£'l 10811 :l7.'§13 ~ 60 

1080 LINE 2 

VERTICAl.. SC-'U 

EL..EVA'!1OHlI I~ nu ~ 

lI!O~ Co Al II SCHOOL BUTTE~PU 

t~li14 ~ 12 USAY CROSS SECTlOHS21- .: !6 g!2 

LfGEND 8 SYailBOLS 

020 SAMPI.£ lDCATlOH 8 t«JMBER 
112~1-- 2l·Z 110 ~ 0 

21-1 ~.: Jot I II 

5$ UMESTONE
 
1120
 

"F1~~ri 
21· ::!II! 7 5S 

~ Ql.Ay 

22· ~ 7!1 ~ " ~ CAU:AflEOUS a.AY 
22· 2 -- ~ I to ~ Cools 
22· I 82 I 11 o SAND1I1~ 

o TOP SOIL 

CO CALCll.. CARBONATE
 
1110
 AI AUMIN\JM II IRON OXIDD 

Cot II sa !II SUCON DKlXlOE 

18 13 ill1106 

1100 

I09!l 

IOPO ~ Coo~" 
1'-~i~O I',II- 2 -_ 38 Z ID 

1362 
'2 :lll 11-1 .. 430lOll '4 eo 
1I62 
01 61 

~ 
UNE'1IlH.,190Z 

fIGURE 11 



STRAIGHT BUTTE LEGEND
 

AND NUMBER 

BENCH MARK 

WHITE RIVER FORMATION 

PALEOCENE SEDIMENTS 

FORMATION CONTACT 

STARK CO. 

HETTINGER CO. 

T 
I'tf 

's· 

~~ 

CONTOUR INTERVAL 20' 

ASSUMED DATUM ~~ :I a:: 

069 SAMPLE LOCATION 

~ TEMPORARY 

(Twfj OLIGOCENE 

[]] EOCENE OR 

~'" APPROXIMATE'­

TI36N 

TI37N 

3 12 

Ie 

~ 

T 

";:;:l0T31 

7~ 

~ 

" 
_ 1000 2000 3000 4000 FEET 

I I I I 11 I I I I I I I I I 
1000 o 

FIGURE 12 
M.H..1952 



STRAIGHT BUTTE 
LINES OF ASSAY CROSS SECTIONS 

069
SHEET I OF 3 

o 
~ 
I~I 
fi&) 
,~ ... 1 
~ 

LEGEND 

SAMPLE LOCATION AND NUMBER 

TOP SOIL 

LIMESTONE 

UMESTONE. HIGH CLAY CONTENT 

LIMESTONE, WITH CHERT 

CLAY. CALCAREOUS 

ASSAY SYMBOLS 

Co 

AI 

51 

CALCIUM CARBONATE 

AUJMINUM a IRON 

SILICON DIOXIDE 

OXIDES 

1000 0 1000 2000 3000 4000 FEET 
I 11" j I I I J I I 1 I I 

FIGURE 13 

MH..I~ 



vEATICAI.. 
SCALE 

1090
 

10811
 

1080
 

1071l 

1070
 

1080 r 

10711 t­

'~ot
 
10811
 

.oao 

IOH 

10110
 

ELEVATIONS
 

" 
tlA~~1 Co AI 51
 
29.~ ~ ~ I~ III
 

211-2 ::: IlO II 20
 
29.1 Il~ I 28
 

LtNe: I
 

SANPLE
 
NO. CoAl 81
 

lUi-II :::; IlO 7 24
"-'1-
, 

..
211-4 ~ 110214
 

2S-11 411 622
 
211-2 72 2 II
 

21-1
 

IN FEET 

SAMPLE " 
NO. Co AI III
 

67_4'~ 70 II III
 
17-~ :::; II 7 17
 

:::-
17.2 ::: 74 ~ 18
 

17-1 U 12 ~
 

lWlPI.e: " 
NO. Co AI 91
 

%7_41 86
 I I
 

%7-3 ~ 2
7 44
 

274. - 62 I 8
 
27-1 - 411226
 

VERTICAL 
SCALE
 

101111
 

10110
 

104ll 

1040
 

SAMPLE " NO. Co AI SI
 

70-2 ~ 822 8
 

10-' 4
''''''
 
LINE 2
 

SAMPLE 
NO. Cor­

88
72-2
 

::: 

ll2 

t-

,~,(! 
~ 

:: 
~ 

~ 

L­

SAMPLE " 
NO. Co AI Sl
 

71-4~ ~ 39
12
 

71-~~ 90 I 4
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