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ABSTRACT

Areas of White River limestones of Oligocene age totaling
approximately two square miles were mapped on seven buttes of south-
westefn North Dakota. The limestone beds and the intercalated
calcareous clays were sampled -and sections vere measured at several
outcrops on each butte. Samples were also obtained by test drilling
on Colgrove, Long, and School buttes.

Tt is estimated that a total of 6,468,000 cubic yards of lime-
stone varying from 50% to 88% in calcium carbonate content are available
from the deposits on Colgrove and Long buttes. Total stripping of
overburden required is estimasted at 5,630,000 cubic yards. ‘

' Tn order to supplament previous sampling of Cretaceous beds, the - -
Niobrara formation was sampled at two locations west of Walhalla in
Pembina County,.

The North Dakota Research Foundation made chemical analyses of..
all the samples to aid in determining whether the deposits might be
used in the manufacture of cement.
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preparation of the report. Dr. Teng-Chien Yen; Research Geologist

at the Smithsonian Institution, identified the Mollusca from the
limestohe beds. lir. Wicholas Kohanowski, of the University of North
Dakota's Geology Department, identified minerals from the basal sand.
Mr. Williem E., Benson, @8eologist of the United States Geological Survey
examined geologic bections and contributed advice on formation contacts.
George lefor ahd Frank Cherney of Lefor, North Dakota, drilled the test
holes, thus providing samples from areas where the beds could not be
sampled from oubcrops. Thanks are due the many landowmers of the area
included in the investigation, all of whom cooperated to the fullest
extent,

Dr., Oliver Bowles, Consultant, of Washington, D. C,, formerly
Chief of the Non-Metallice Economics 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 possibility of using the limestone beds of southwestern North
Dakota for the manufacture of cement has been considered for many yearse.
Accordingly, the State legislature passed a law in 1951 directing the
North Dakota Geological Survey to mske 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) is quoted below:

CHAPTER 34

: He B. Nos. 720
(Bubel, Lillshaugen, Einarson and Link)

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

AN ACT

Making an appropriation to pay for a continuation of the survey and
investigation to determine the feasibility 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. APPROFRIATION 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 repert on their
findings to the Norih 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
Assembly 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 informatiom
that will aid in determining the feasibility of establishing a cement
plan'b . )
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Approved Mh:ch 7, 1951 '

This investigation was undertaken to determine available yardages
and quality of the limestone deposits, and to obtain additional information
on the geology of the area. Later it was also decided to collect eclay
samples from outside the mapped areas to see if suitable deposits to
add to a proper cement mix were obtainable. _

Previous Work

In 1945 - Powers (2l) -conducted an investigation of limestone
deposits of Oligocens age in southwestern North Dakota. Powers mapped
the limestone outcrop at several buttes and in the Killdeer Mountains, .
estimated available quantities of limestone, and sampled the limestonse
beds at various locations. Ille'also sampled calcareous shales of
Cretaceous age in.the northeastern part of the state. '

In 1947 the North Dakota Geological Survey supervissed the drilling
of five test holes in the Cretaceous shales near Concrete, Cavalier
County, North Dakota. (See Figure 15) Samples were taken at’ two to
thres foot intervals and determinations for calcium carbonate were run
by McMillan and Hoeppner of the North Dakota Research Foundation.

Samples from each hole, selected chlefly 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 determinations for calcium, silica, and aluminum are
the only results tabulated. "Figure 15 shows the location and top elevation
of these test holes, and the analyses of selected samples.

In the drilling, gray and yellow clays were penetrated near the
surface, and light to dark gray shales were found below the clays. (17)

In 1948 Thorsteinsson (28) mapped Colgrove Butte in Hettinger
County, North Dgkota, and estimated available limestone on the basis
of his study of chemlcal analyses of samplss for test holes drllled
on the butte.

In 1949 the North Dakota Research Foundation published a report (8)
in which the results of previous work are compiled, and which, in
addition to deposits already mentioned, refers to 1nvestlgat10ns of marl
deposits in the region south of Devils Lake. The conclusion is given
that the deposits are too small and too low in quality to provide '
suitable materlal for the manufacture of Portland cement.

Iocation of Areas

Colgrove Bytte, Bull Butte, and School Butte are located in
Hettinger County, North Dakota. Antelope, Young Man's, and Long buttes
are farther north in Stark County. Straight Butte is crossed by the
Stark-Hettinger county line. The mapped areas are shown on Location
Map No. 1. 1In addition to areas mentioned above, the: Killdeer 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. l. Locations by 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 layo brick plant in Cavalier County are shown 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 was obtained.

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

. Geography and Topography

Genefal 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 that now some of the thin soils on top of the buttes have
been seeded to grain.

Stark County

Stark County, with the county offices at Dickinson, is chiefly
an agricultural area. Cattle are an important source of 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 through the county. U, S. Highway
No. 85 crosses the county from north to south at the extreme west end.
State Highways 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 moderately 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 County

The industries of Hettinger County, vith 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 northwest. A branch line of the Northern
Pacific Railroad enters the county north of Bentley and terminates at
Mott. Ctate Highway 21 runs in a north-south direction near the western
- 1line of the county. State Highway 8 also crosses the county in a north-
south direction. ' '
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- Simpson (ZZA) states that the topography is of the rolling plateau
type marked by high buttes, with a mature drainage system. The county
is drained by Thirty lile Creek and by the north and south forks of
the Cannonball Rlver.

The avera e annual precipitation like that of Stark County to
the north is 15 to 16 inches.

Methods of Study

A telescopic alidade was unsed in mapping the areas investigated.
Topographic maps vith 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 1" to 200', Elevation at Colgrove, Bull,
and Antelope Buttes were 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 triangulation
stations established on their sumits by the Us S. Coast and Geodetic
Survey. School Butte and Straight Butte were mapped from assumed datums.

Samples of limestone beds and the inéercalated clays were 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 was used to drill test holes at School, Long, and
Colgrove Buttes. HMost of the holes were drilled to a depth of twenty=-
five feet, but one hole on each butte was drilled 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
were bailed out after sampling at the foot mark and another sample was
taken with the baller 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, Dickinson, Lefor, and the Little 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, and 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. Yardagges of clay were computed in the same mamner. Only those
beds assaying 507 calcium carbonate or higher were considered to be
usable material.
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.+ ©  QEOLOGY

Beds Underlying the White River Formation

" Beds underlying the White River vary from place to place in the
area investigated. (See Figure 1lj) At Antelope Butte the White River
beds lie on 30 feet of yellow, brown, and purple-colored clays with
shaly layers containing fogsil wood, iron oxide concretions, thin-one
%o two inch seams of carbonaceous matter, and very fine grained sands.
This bed appears to correspond to the typical basal "marker" 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-west
end of Antelope Butte, there is a layer of hard, brown-weathering sand-
stone 6' thick, which is fine grained, micaceous, calcareous, and
shows cross 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
White River beds are believed to belong to the Golden Valley foarmation.
On the lover slope to the south are several silicified 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. Starting in a new (1951) road cut on the north line of
Section 18, T. 137N., R. 9LW., and proceeding towaid the soulhwest into
Seetion 13, T. 137N., R. 95V., the following section was moasured. At
the bottom of the drainage ditch on the south side of the road there is
a very fine grained, yellow, uncemented sand. The bottom 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 calcareous.

Contains silicified wood, plant fragments in silicified siltstone,

and small, 3/8" dQiameter, calcareous, sandy concretions. In upper
portion large (6' + diameter) faintly calcareous sandstone concre-
tions Gre NUMEXOUS « o o » o o ¢ o o o o a o ¢ ¢ 5 0 ¢ s o s o » o 36'%

3. Clay, black to brown, high in carbonaceous matter, becomiﬂg
soft and soot black in top 6", sharp contact with bed above. + o » 112

2., Clay, plastic, non-calcareous, grzy with various shades of .
yellow and btrom, 6" of yellow-brown-purnle clay at top, grades
intooverlyingbed.--...-..--........,l;.'. ..3'6“
1. Sande very fine grained, yellow, wcemented.,
“The upper portion of this section corz>svonds to the youhger un-

named member of the Wasatch formation mentlznzd by Seager (2¢) which is
the Golden Valley formation of Benson and Laird (5). ‘
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At ~Sch601 Butte the light-colored clays of the Golden Valley are
exposed- near the base of a short ridge at the southwest end .and on the
south slope of the butte where a small earth~fill dam has been . built.

On Colgrove Butte at sample .station 2 (see map Figures 7 and 7A)
the base of the White River rests upon three feet of gray-green non-
calcareous shaly clay which grades sharply dewnward into more. than.
thirty feet of gray and white fine-grained, poorly cemented sandstone.
The gray-green shaly clay is six feet thick at sample station 9 and
changes color downward to drab yellow and brown, and dark purple. Thsse
beds appear to be typical Upper Tongue River as described by Leonard
(18) and later by Benson (’-t) '

. Under the White R:Lver beds at gample station 32 on Bull Butte

just west of Colgrove Butte there is a bed of clay five and one-half

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 rown in color with

& faint greenish cast and contains silt, and limonite oconcretions.
Sandstone concretions are found in large irregular blccks, These beds,
like those underlying the White River beds on Colgrovs Butie, appear to
be typical Tongue River, described by Seager (26) as Sentinel Butte, but

- ‘now thought by Benson (L) to be Tongue River. Brow (6) dsmonstrated that
‘the Sentinel Butte grades both laterally and vertically imto Tongue River.

Leonard (184 &:20) described Fort Union beds in North Dakota before
the. introduction of the térm Tongue River. Ieonard included .in the
Fort Union formation the Triceratops~tearing Hell Crezk beids of Cretaceous
age at the base, and the fire and pottery clays of the Golden Valley
formatn.on at the top. ‘

The beds _nowreferre'd to the Tongus River formation are the middle
and part of the upper division of the Fort{ Union .as described by Leconard.

Beds Overlying the White River Formation

There are no beds above the White River in the area investigated.
Pebbles  found on top of the grass and at the grass roots on School - |
Butte and Colgrove Butte are chiefly of chert and jasper, but a.few are
composed of a very fine-grained light-ye_low quartzite. Specimens
- range in size from 1 to 6 centimeters grcatest diameter and in shape
from angular to rownded. OSome of tie clert pebbles wrz hignly polished
and many hzve pitted surfaces protaoly cue to wiad-action. Taey wary
widely in color, yellow and gray teing rost comron, while a few are red
or black. The sources of these petbies is not known but it has been
suggested.in a personal communication from Dr. Wilson M. Iaird that
they may be relsted to the Oligocene Cypress Hills gravels of Saskatchewan,
or o the Flaxviile gravels of Mortana, - Alden (1) correlates some of
the higher bLutles in .souvthwestern North Takota wth the Cymress Plain
in Saskatcliewan. Collicr and Thom (10) believe the Flamville gravels to
be Miocene or Pliocene ags. Both gravels consist chiefly of quartzites
and argillites.

White River Formation

General Statement
8=



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
found beneath the top so0il. The limestones are found to be intercalgted
with and underlain by beds of calcarsous clay. The clays become less
calcareous with depth until they become non-calcarecus or else give a
very faint reaction with hydrochloric 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 rortheast. At
School Butte the dip is about twenty feet per mile and it is very likely
that this figure is & good approximation for the other areas. Computations
Tor the whole area, includihg Young HMan's and Antelope Butte, show the
dip to be toward the southeast. No computations for local dip vere made
on the latter two buttes since the top areas are small and the elevat:.ons
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 east side of the Missouri near the mouth
of the White River in south central South Dakota. In 1862 Meek and
Hayden (22) applied the name White River to 1000'% 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 fossils on Sentinel Bytte in
beds which he assigned to the Green River group of Eocene age. In
1908 Leonard (18B) stated that these beds could probably be assigned
to the Whlte River formation.

In 1883 Cope (11) collected Oligocene fossils from a locality in
North Dakota and described beds presumed by Leonard (18C) to be those
of White Butte in southern Billings County. Since Leonard's report of
1908, southern Billings County has been changed to Slope County. A part
of Cope's deseription followss "The beds, which are unmistakably of
the Vhite River formation, consist of greenish sandstone and sand beds
of a combined thickness of about 100 feet. These rest upon white calcareous
clay, rocks, and marls of a total thickness of 100 feets These probably
&lso belong to the White River epoch, but contain no fossils,"

Cope's 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 putte v
and discovered amnother area of White River (18D} beds in Stark County,
twelve to sixteen miles southvest of Dickinson., These bteds are found
in what is called the Little Bad lands district.,
Occurrence
Tn 1922 Ieonard {19) compiled information on expogures of White
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River sediments known in the state at that time.

Areas .that Leonard included-are given below,

Area Location
Little Bad Lands - Se W, Stark County six to eight milses south
: of South Heart.

White Butte - S. E, Slope. Goun’oy six to nine miles south
o of. Amidon. _

Bovman County - T. 131 N., R« 103 W., Section 20

: e Six to seven miles southeast of Rhame

Grant County -~ Capping three buttes in Northern part of

Te 131 Noy, Re 90 W, ad Southern part of
: Te 132 Ney Re S0 We
Sentinel Butte Golden Valley County .two miles south of
} the town of Sentinel Butte.
Killdeer Ilountains . Northvest Dwnn County
Blue Buttes* - Eastern McKenzie County

In add:d;:.on to these. areas the follorwmg areas are lmted as
belonging to the White River formation by Seager (26).

Area o Location -

Young Han's Butte :

(mapped in this report) Stark Gounty east of Richardton
Antelope Buttes

(mapped in this repart) Stark County east of Richardton

Iefor Buttes
- (mapped in this report ‘ _

as "Long" Butts) Stark County west of Lefor

East and West Rainy : .
Buttes : Northeast Slope County

H, Ty and Bullion
Buttes - : - Central Slope County

Flat Top Butte East of Sentinel Butte

In 1948 Powers (2l;) described the following areas of White River
exposures in North Dakota which had not been described before as White
River deposits. ,

Colgrove Butte Northern Hettinger County
(and severalgmnll buttes
just north of Colgrove
‘Butte)
Bull Butte ' Just west of Colgrove Butte 1n
‘Hettinger County

Powers also mentioned several unnamed buttes in the Iefor district
one of which was mapped as "School" Butte in Stark County south of
lefor. Two of Powers unnamed buttes east of School Butte were investi-
gated, and one was mapped as "Straight" Butte,

# Not White River according to more recent work. See Geologic Map of
North Dakota southwest of Missouri River, 1:500,000 U.S. Geological Survey
Preliminary map, W, E. Benson, 1951l.
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Lithology

The White River formation in thie area consists of three members—-
the basal sand, the middle clay, and the upper limestone and clay sequencs.

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 largely
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 very fine to coarse sand mntaining 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 2.5+ centimeters in 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.

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

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

At the top of the formation the lithology of the limestone varies
videly. Ordinarily the beds are one to two feet thick and consist of
hard, dense, light-tan limestone with calcite crystals. There are usually
two or three nrominent ledges of this limestone interbedded with cal-,
careous clays. Partial replacement by brown chert is common, 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 limestonss 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 cnm,
in diameter. When the clays weather out, the resultant pits cause a rough
"yesicular" surface.

These limestone beds conform rather well to descriptions of
Tihite River limestones in South Dakota bty Wanless (29) whose descrintion
follows: "At various levels throughout the Titantotherium and Lower
Oreodon beds are thin sheets or lenses of white limestone. These are
sometimes 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 silicilied limestones occur in which the original
organic character has been almost destiroyed by replacement by secondary
silica.”
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_“A third type of limestone forms a lens-shaped solid sheet a few
acres in extent. This type develops a limestone as much as three feet
thick and is quite rich in organic remains, eSpec:Lally the shells of
cyprids.h

Thickness

The White River formation in the mapped areas is remarkably constant
in thickness. leasured sections vary from twenty-eight feet at Antelope
Butte to thirty and one-~half feet at Colgrove Butte. See sections, Figure
3 and T,

Paleontology
Iimestone Be_ds
Fossils of small gastropods are common in the limestone, but are
so firmly held that none have been removed intact. Their casts are
often observed in fresh fractures and at times even on weathered surfaces.

Several good gastropod specimens were found in a sem:.—sihc:n.fied, yellow-
brom, argillaceous limestone on Golgrove Butte.

Selected specimens from the area have been identified as listed
below by Dr. Teng-Chisn Yen, Research Geologiet of the Smithsonian Institution,

- Colgrove Butte -

Iymnea shumardi Meek and Hayden

Planorbis nebrascensis Evans and Shumard

Planorbis vetulus Meek and Hayden

Lacunorbis Spe.
- Long Butte -

Planorbis nebrascensis Evans and Shumard -

Iymrea  Sp.
-~ School Butte - |
Iymne= Sp.
Planorbis Sp.
- Straight ﬁutte -
Lymes Sp.
Planorbis Sp.
Iymnea shurmardi, Planorbis nebragcenSLS and Planorbis vetulus

are listed by Henderson (16) as being known only from 'bha Oligocene of
South Dakota.
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Their presence in North Dgkota provides faunal 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 clay 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 areae.

Relation to Adjacent Fomations

The basal White River apparently rests on lower Golden Valley beds
at Young Man's, Antelepe,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 reli=f,
The unconformity at the base of the White River formation was rcooignized
by Clarke (9) who states that the White River beds were depc3aited on an
uneven erosion surface and lie on different formations in various parts
of the area he investigated. Inasmuch as it is not definitely known to
be overlain by any formation in the State, its upper boundary relation-~
ships are not knowne.

Correlations

Correlations of the White River beds between the areas mapped in
this report are good. However there appears to be no basis for direct
correlations with other isolated areas of‘Whlte 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 lithologic evidence.

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

Historical Interpretation

Schuchert and Dunbar (25) describe the Dakotas in Oligocene time
as having a sub-tropical climate comparable to present day Iiorica. They
mention Oligocene deposits as part of a series of Cenozoic 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 down in ponds on the flood plain and
by sluggish streams which meandered across the plain in shallow channels.
Hatcher (15) believed that the wind vas responsible for most of the clay
deposits and that the limestones were laid dovm 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 clay inclusions ih toth clays and limestones noted in this area
vere mentioned by Wanless (30) and viere described by him as formed ly
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fragments of the land surface being picked up by flood-waters and
incorporated in the flood-deposited silts. It is certain that these
inclusions were not transported very far since they are composed of

soft, unindurated 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 and 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 latter particularly well,
since currents of fair competency vere required to carry the largest
pebbles (1"} greatsst diameter) found in the basal sand. After formation
of the ox-bow lake, clays and limestone might be éxpected to be dep051ted,
forming beds such as are found in this area. B

The volcanic ash and sand-bed which is found everywhere at the
base of the White River in areas mapped for this report poses quite a
problem as to ite origin. The sand is composed chiefly of alpha quartz
and chalcedony with minor amounts of cristobalite, Some of the cristobalite
crystals are intimately intergrown with volcanic ash. Fragments of ash
enclosing these crystals could well have been stream-borne to their 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 volcanic materials., Decomposition of the finer .
particles of ash resulted in the yellow clay which now masks all but the
coarser components of this basal members

Dartoh (124) found volcanic ash in beds and as an admixture in clay
and sand members in. the White River group in South])akota. He refers to
ash in local lenses in the Chadron formation.

Douglass (134) referred to the probably presence of volcanic ash
in the middle White River beds at White Butte in North Dakota.

Ieonard (20A4) believed that the materials that meke up the North
Dakota Oligocene deposits were derived from the Rocky lMountains or the
Black Hills, and that the clays were lacustrine while the coarse con-
glomerates were fluviatilee.

PROBLEMS OF DEVELOPMENT

Problems of Quarrying

In the event. of exploitation of these deposits, the process of
quarrying the limestone would involve stripping of overburden first
of all.e This could be accomplished by bulldozers, or tractors and
carryalls. Since all the limestone beds to be quarried lie on the butte
tops, the problem would be to dispose of the stripped material, consisting
chiefly of sod and top soil, 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 largely prevented by the construction of a low earth fill
dam with a proper overflow device.

As the work progressed and the lowest beds of limestone were removed
in one location, strippipg fromladjacent‘portions could be deposited on the
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worked out section and washing could be cut to a minimum by constructing
a8 low dike around the edge of the piles of strippinge.

The limestone beds up to about one foot thick are commonly found
to be jointed and fractured and would present no great difficulty in
quarrying. The thicker beds up to two feet thick could bte broken up
by dropping a heavy weight on them, A small crane with a boom and a
cable to 1lift z heavy, malleable iron ball could be used for this purpose.
Explosives would undoubtedly be required to break the beds that are more
than two feet thick,

Dr. Alex Burr, director of the North Dakota Research Foundation,
advises in a personal communication that the basic plan provides for
upgrading the material for cement manufacture, and the lower limit
acceptablg for upgrading has been set at 50 percent calcium carbonate
content. On this basis some of the clays tetwsen the limestone beds are
classed as usable material. Since the clays are soft and unindurated 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 well
jointeds 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 feet of overburden were formerly
mined from pits on the Dobitz farm in Sec. 7, Te 136N., R. SUW,, just
south of School Butte. The beds are reported to be about eight feet thick.
In past years local residents commonly pooled labor and equipment and dug
lignite from pits such as the ones on the Dobitz farm. 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 widely 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. '

Water

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

OVERBURDEN, AND QUANTITIES COF LIESTONE AVAIIABIE

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.classbd dsi:limestones Beds
assaying lower than 50 percent calcium carbonate are classed as overburden.
The total stripping is computed and compared with the total amount of
. limgstone 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,

- Quantities of Iimestone and Overburden in Mapped Areas -.

Area Total Stripping Total Available limestone
of Overburden Containing 50% or Higher CaCO4
Cubic Yards ‘ , ,
Cubic Yards ~ Tons
(12 cu.ftcper ltuorl)
Antelope Buttel 7,000 10,500 23,625
Young lan's Buttel - 1,Lh0 1,680 3,770
School Butte?,l 1,387,438 1,06L,778 2,399,750
Straight Buttes © 613,084 : 1,226,108 2,758,743
long Buttel | 1,677,832 2,516,748 5,662,683
Colgrove Bgt;eh 3,952,585 3,952,565 8,893,336
Bull Butte~? 315,000 19,000 942,083
1

Small areas, small quantities of available limestone
2 Test drilling shows thin limestones
ﬁ No test drilling

High overburden to limestone ratio

GEOLOGIC COMNCLUSIONS

1. Antelope Butte and Young Man's Butte are too small to be of value
as sourges of limestone for cement manufacture.

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
nunber of samples has been obtained from Long, School, Colgrove,
Straight, and Bull Buttes to give a reasonsgbly accurate average for
chemical analysis and available yardages.

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

5« The presence of chert in the limestone at several outcrops and in ons
test hole on Colgrove Butte need only be mentioned here since it will
receive consideration in the econcmic section of this reporte.

GENﬁRAI,DISCUSSION OF I'APPED ARFAS

The following general descriptions of the buttes have been included
in order to assist the reader in malking use of the illustrations
accompanying the text of this report.

“Antelope Butte, Figures 1 and 3; and Young lian's Butte, Figures 2
and 3 are both considered too small to te worthy of further consideration
as sources of limestone for cement manufacturee.
: Bull Butte is readily accessible from the north, east, and west sides
by fairly vwell-graded roads which are passable in dry weather. The
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Timestone deposit at Bull Butte, Figure L, is small but of comparatively
good quality. The first samples taken at Bull Butte showed the lower
beds to be unusually high in calcium carbonate. Since this was out of
character with similar beds elsewhere 1n the area, Bull Butte was re-

The results of
calcium "carbonate determlnatlons of the second or duplicate set of samples
are shown in Figure 5, The results of calcium carbonate determinations
for the original samples number 30, 31, and 32 are to be disregarded. Two
additional samples numbered 31A and 32A were taken to increase the accuracy
of estimates of limestone and overburden yardages.

Colgrove Butte is located less than one half a mile northeast of
Bull Butte, and is reached by the same road-netes A road along the north
line of section 17 follows the most gradusl slope to the top of Colgrove
Butte as shom in Figure 6. Colgrove Bytte 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 discontinuity of high calcium, carbonate beds on Colgrove Butte is
indicated in Figure 7B 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 overburden
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 manufacturing process, and, on
the other hand, to avoid stripping usable material as overburden.

Iong Butte is distinguished by a long narrow ridge trending northwest
from the main body of the butte. Long Butte is accessible by a well-
graded gravel road and by several unsurfaced roads from the vicinity of
the village of Lefor, two miles to the east.  Test drilling on the main
body of Long Butte as shown 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 A, 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 is 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 O.L of one square mile, as shown in
Figure 11, The limestones are generally thin and low in calcium carbonate
and yardages of overburden to be removed excesed 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 manufacture.

Straight Butté can be reached by the same road-nets that provide
access to School Bytte, two miles to the vest. Straight Butte, Figure 1k,
also 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 carbonate content are generally thin as shown in -
sections, Figure 13, 134, and 13B. Although overburden to be removed

at Straight Butte amounts to only one half the amount of limestone
available as shown in the table on page 1§ « Straight Butte is not
recommended as a source of limestone for cement manufacture because the
thin beds would make it difficult to keep overburden and usable material
separate by machine methods.

APFONDIX A

Iocation of Areas

Sample nuﬁbers and locations are given for those samples not located
by number on accompanying maps and for the samples taken from outside the
mapped areas.

Stark County
Young lan's Butte Te 139N, ,Re 917, Sections 11 and 12
Antelope Butte T.139N.,R. 9., Sections 16 and 21
Long Butte - T.137N.,R. 94T, Sections 19, 29, and 30
and T.137H.,R.95W,, Sections 12, 13,
2L, and 25

Long Butte clays Sample 51 T.137N.,R.94W., Section 18
. . 18 13 TN ,Rn 9';“75’ Section 13
Sample 5)  T,137H.,R.9%., Section 12
. Iittle Bad Lands Sample 59 T,138N.,R,9%7., Sections 23 and 2L
Dickinson Area Sample 56 T,139N.,R.9Ei., Section 8
o Sample 55 T.139N.,R.95W,., Section 5

Hettinger
School Butte T,136N.,R, 9¥W., Sections 5,6,7, and 8
Colgrove Butte T.136N, ,R.93W., Sections 8,9,16, and 17
" Clay  Sample 50  NW/kL Section 17, T.L36N.,R.93W.
Bull Buite a To136N. ,Re 93W. , Section 18
Straight Butte Te136Ne,Re9li7a, Sections 3 and L
(Stark and Hettinger) Te1370. ,Re93We, Section 31

T.137H.,R 94, , Section 36
Dunn County
© ‘Killdeér Mountain samples
lorth llountain Sample. 58  T.1L6N.,R.96W., Section 2
South lountain Sample 57 T.1L6H.,R.967,, Section 22

Morton County

Clay Pit used’  Samples" T.146H, ,R. 90W., Section 11
by Hebron Brick 52 and 53
Plant :

Pembina County

Test Holes, Cretaceous shale T,161N., R.56W., Sections 23,2L,3lL,35,& 36
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Cavalier County

Mayo Brick Plant Sample 65 T.163N.,R.57W., Section 3k
Road Cut Sample 66  T.163N.,R.5TW., 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
1fap No. 1), The Killdeer Mountains had previously been ruled out by
Burr (8A) as a possible source for cement materials, and the samples
taken substantiated the earlier opinion.

Long Butte Clays

Two samples were obtained from the 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 .

Iittle Bad Lands, Dickinson Area, and Hebron Clay Pit

Samples of clays (see Location lap 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 clay pit are found in the Golden Valley formation of the Eocenee.

01d Mayo Brick Plant and 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 Cretacoous age taken during an earlier investigation (see text page L Vu

APFENDIX C
Logs of Test Holes
Test holes vere drilled on Colgrove, Long, and School buttes and
can be located by samples number either on the topographic 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 '

Ll Top soil or = 1t gn
~  Limestone 1r g0~ groan
Clay, green Srar -~ gt v
Limestone : ' .9t on -~ 10F Qv
Clay 10t o0 - 16 O
Limestone 16t ov - 181100

Clay, green 18r10n - 25t O
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Top soil -0 .= 1v Q"
Limestone 1t on — 5t Qv
Clay, calcareous Srou- 91w
Limestone gr It — 11t 6
Clay, Calcareous XL 6" - 13t)0M
Limestone 13110 - 15! & -
Clay 15t 6n - 261 ot
Clay, sandy 261 O ~ 271 O
Top soil 0 - 1t L
Limestone ‘1Y -~ 37 B
Clay 3r 8r o~ 11t ov
Limestone 111 ON ~ 131 v
Clay 13t Ln = 1hr10%
Limestone 141100 - 170 O¢
Clay 17t O" - 19t 2n
Limestone 191 2" - 20! Ou
Clay 20' On — 251 QOn
Top soil 0 = 1v Qv
Limestone 1y Ot - 31 6
Clay -3 o - 61 ™
Limestone 6r.mMm ~ v Ly
Clay 70 4w - 111 2
Linmestone 11 2 - 1y or
Clay U on ~ 251 O
Top soil 0 - ol
Limestone 0" -~ hr o
Clay Ly on - g1 o
Limestone St QoW —~ 71 Qu
Clay 7t OW - B O®
Limestone gy o . 9r O
Clay 9r Ov - 9% 6¥
Limestone, with chert - 9t 6" ~ 11t¢ L
Clay 11 L - 250
Top soil 0 - 2'0on
Limestone~clay 21 Q" -~ 2t 4n
Clay, calcareous 21 6" - 61 O
Limestone, soft 6r ov - 7Y OV
Limestone, hard 7 Q" -~ B8v G
Limestone, soft 81 6" - 10! Qv
ILimestone, hard 10 O" - 10t10M
Limestone, soft 10710" —~ 1)t o
Clay Wt O ~ 251 Ou
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School Butte

Top soil, earthy clay 0 = Lt gn
Limestone ;v 81— 61 O
Clay 61 QU ~ 71 20
Limestone qroon — v oon .
Clay 71 ot — 11% O
Limestone 11 OM = 111 om
Clay, thin limestone 11t 9v — 251 OM
Top soil 0 - 1! on-
Clay, earthy 1t oM - 21 QN
Limestone 21 o0 - 31 8
Clay, thin limestone 3t 8" - 91 g
Limestone 91 8n — 11t O¢
Clay 117 O - 14110V
Limestone rion - 15t 7o
Clay 150 71 - 28t Qv
Clay, sandy 281 O - 291 oM
Long Butte
Top soil 0 -~ 11 6m
Clay 1t 6" « 21 6
Limestone 21 61— 31 g
Clay 3B~ v 3u
Limestone Ly 3m ~ griov
Clay 510" - 7Y Of
Limestone 7t O% - 81 O
Clay, thin limestone g o - 197 ow
Limestone 191 O% - 20! On
Clay 20! O" - 251 QM
Top soil 0 - 11 6o
Clay, calcareous 11 6" - 31 on
Limestone 31 90— Gron
Clay 61 O - g1 Hn
Limestone 9r 6 . 12t On
Clay 121 O - 1Lt 2w
Iimestone Yy 2v - 160 O
Clay 160 O - 177 o
Limestone 17 6" - 18 on
Clay 18t ot - 25 O
Clay, sandy 251 O - 261 OM
Top soil 0 - v 6"
Clay, calcareous 11 61 - 3 gn
Limestone 31 B - Lt oon
Clay Ly onv-— 1 Qv
Limestone 71 0" —~ 91 o
Clay 91 O — 14t o
Limestone Yt on -~ 15t O
Clay 15t of - 18 6n
Limestone 18t 67 - 21t oM
Clay 21t oM - 25 OM
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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 Whlte River Formation

3 Limestone, gray, thick to thin bedded, intercalated
with thin clays and thin brittle flaky limestone

layers 118"
2  limestone, tan-gray, with calcite crystals and

minor chert, thick to thin bedded 1rén
1l Iimestone, whlte, thin bedded, thln clays, minor

chert R 2n

Clay, gray-green, faintly calcareous
(Antelope Butte, west end, not sampled)
White River Formation

6 Limestone, tan-gray with calcite crystals, thick

to thin bedded il
% Covered, slumped blocks of limestone 10!
L Clay,'gray, calcareous 11
3 Quartz sand, fine to coarse, with clay and

voleanic ash 67

Golden Valley Formation

2 . Clay, purple-yellow-brown with fossil wood, iron
oxide concretions, carbonaceous matter of very fine

grained sands 301
1 Sandstons, brown, fine grained, micaceous, cross-
bedded calcareous 6!
Bull Butte

30 White River Formation

2 Limestore, tan, dense ' 216m

1l Limestone, gray-green, soft, blocky, with green
clay inclusions 161

31 White River Fommation

2 Iimestone, tan, dense, with calcite crystals 12n
1 ILimestone, gray, soft, with clay inclusions, :
two thin zones of limestone nodules - .1

~22-



I~

Iro

I

VWhite River Formation

6 ILimestone, tan, dense, with calcite crystals,

minor chert and clay 216n
Y  limestone, gray, high in ¢lay , 121
4 Clay, gray-green, calcareous 3
3  Quartz sand, fine to coarse with clay and

volcanic ash ' grém

Tongue River Formation

2 Clay, gray, yellow-green, non calcareous Si16t

1 Sand, light brown, very fine grained silty, with E
iron oxide concretions and large irregular sandstone
concretions 22' ¥

White River Formation

"3 Iimestone, gray, hard 6" of gray-green calcareous

clay at base 2!
2 limestone, gray, hard,, thick bedded 31
1 Clay-limestone, soft, blocky ' FRYCLE

White River Formation

3 Clay, gray, calcareous Lrén
2 Clay-limestone, soft, blocky gray-green balel
1 Limestone, gray, hard ‘ 21l

Colgrove Butte

Vhite River Tormation

5 Timestone, tan-gray, dense, wa.th calcite crystals

and stringers 1riyn
14  Limestone, much brown chert 8n
3 Iimestone, tan-gray, dense at top, porous below 1
2 Limestone, brown chert , L
1l Limestone, minor chert B : u

Clay, gray-green, non calcareous (At Base)
White River Formation

Limestone, tan-gray, dense, with minor chert gn

I

3 Clay, calcareous, gray-white, crumbly - 116m
2 limestone, light gray, dense R R I
1 ILimestone, gray, soft, high in clay 121

TWhite River Formation

7 Clay, gray, crumbly 5t
6 Quartz sand, tan, uncemented, fine to coarse with
clay and volcanic ash 101

Tongue River Formation
5 Clay, gray-green non-calcareous 31

-023n



L

I

lon

I~

oo

o

L
3
2
1

Sand, gray, very fine grained L
Sand, gray-maroon very fine grained, high in clay 6t
Sand, gray, very fine grained high in clay 7160
Sand, tan, very fine grained high in clay 12+

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.

Thite River Formation

k

A W

= D weE

limestone, gray, with calcite crystals, weathered

mixed with sod 10u
Clay, gray-green at base to gray white at top, =
calcareous _ 8
Limestone, tan-gray, 'm.th calc:.te crystals 1
Limestone, gray, soft, high in clay 11

' Thite River Formation

Limestone, gray, weathered Jyr 6"
Limestone, gray, soft, crumbly gu
Limestone, tzn-gray with calcite crystals, much -
brown chert, fossiliferous . 219n

Limestone, gray, soft, high in clay 11131

White River Formation

1

Limestone, tan-gray, weathered 10n
Limestone, gray, crumbly 1}
Limestone, tan-gray with calcite crystals,

fossiliferous, near middle of bed an 8" porous layer

lies above a 4" cherty layer 31
Clay, gray-green calcareous 12!

White River Formation

2
1

Limestone, tan-gray, with caleite crystals, much

chert .. -1
Clay, gray-green, non-calcareous, earthy matrix h
Clay, green, sandy, faintly calcareous (At Base)

White River Formation

Limestone, tan-gray, dense, with calcite crystals Lijn
Clay, gray-green, calcareous at top green, brittle,
non-calcareous near base g
Limestone, gray-white with non-calcareous green clay
inclusions from less than 1 mm. to more than 1 cm.,

in upper portion clay balls are as large as 10 cm.

in diamster

White River Formation

W Evion

Limestone, gray, weathered, mixed with sod S 1t
Clay, calcarsous with zones of limestone nodules 17t
Clayy yellow~brown to gray-green, non calcareous 5
Quartz sand, fine to coarse, conglomeratic at base

with clay and volcanic ash 91
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Tongue River Tormation

2 Clay, gray-green at top with iron oxide stain colors
change domward to yellow=browmn-purple 61 3
1 Sand, gray-gréen, micaceous 2t 2u
Sand, yellow-green, very fine grained (At base)

White River Formation
2 Clay, calcareous, gray-green, wifh green clay
inclusions and a few thin nodular limestore layers 81
1 Limestone, cherty, argillaceous, fossiliferous L ¢

White River Formation

2 Clay, gray-green, caleareous, soft, blocky 161 6"
1l Limestone, gray-white with calcite crystals 1r an

White River Formation
2 Limestone, gray, dense, much brown chert in upper
18" of bed 21
1 Clay, gray, calcareous, crumbly 6"
Clay, gray-green, non-calcareous (At Base)
White River Formation |
2 'Clay, gray, calcareous with three thin limestone
layers 8t
1 Limestone, tan-gray, with calcite crystals 1om ‘
Clay, faintly calcareous, brown (At Base)
Long Butte

White River Formation

7 Clay, calcareous and limestone float 21 L
6 Clay, gray-green calcareous Iy
5 limestone, tan-gray, dense with ca101te crystals 1t
4 Clay, gray-green, non calcareous at base to ‘
calcareous at top 51 3n
3 Limestone, gray with small green clay 1nclu51ons
1-5 mm, diameter 1t on
2 Clay, gray, calcareous 91 6
1l Quartz sand, fine to coarse with clay and volcanic
ash ot gu

White River Formation

T Limestone, tan-gray weathered 6"

L Clay, gray, calcareous Y

3 Limestone, tan-gray with calcite crystals irion
2 Clay, gray, calcareous _ L on
1 Clay, gray-green, calcareous 11!

Quartz sand, fine to coarse with clay and volcanic
ash (At base)
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Thite River Formation

H_rpus:"\n

limestone, gray, weathered, about 50% chert
Clay, gray, calcareous with limestone nodules

 Limestone, gray, with calcite crystals and stringers

Limestone, gray, soft, high in clay

1t oun
6!

Iimestone, tan-gray, hlgh in clay at base, thick to .

thin bedded porous near middle of bed, fos51liferous

near top with 2" cherty lgyer at top

White River Formation

-

1

LN wEn

Iimestone, tan-gray with calcite crystals and stringers 31

Clay, gray, calcareous with 1imestone nodules

; White River formation

ILimestone, gray, weathered

Clay, gray-white, calcareous

Limestone, gray, with calclte crystals, small
green clay inclusions

Clay, gray green in calcareous clay matrix
Iimestone, gray

White River Formation

3
2
1l

Limestone, gray, with caleite crystals
Clay, gray-white, calcareous
Limestone, tan-gray, with calcite crystals

White River Formation

3
2

1

Clay, gray calcarsous

Iimestone, gray, soft, and blocky
Iimestone, gray-green, high in clay
Clay, green, non-calcareous (At base)

White River Formation

5
b
3
2
1

Iimestone, tan-gray with minor chert, weathered .
Clay, gray, calcareous

Limestone, tan-gray, with calcite erystals, thick
to thin bedded

Clay, gray-greeny calcareous )

Limestone, gray, with calcite crystals

White River Formation

3
2

1

Limestone, tan-gray, with calclte crystals
Clay, gray, calcareous

Limestone, tan-gray, f0351liferous, upper 10" cherty

White River Formation

L

Limestone, tan-gray, with calcite crystals and

stringers, and green clay inclusions from 1 mm. to

2,5 om, in dlameter
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3 C(Clay, gray, calcareous, green clay inclusions
2 Clay, gray-green, mixed with gray calcareous clay
1 Clcy, tan gray, non-calcareous

White River Formation

Limestone, gray, with calcite crystals
Clay, wnite-gray, calcareous

Limestone, gray, with calecite crystals
Limestone, gray, soft, blocky, high in clay
Clay, gray-green, calcareous

= N BV

White River Formation

2 Clay. white, calcarsous with limestcne nodules
1l Iimestone, gray, soft, blocky

White River Formatlon
3 Limestone, gray, with calcite crystals
2 Clay, gray. calcareous with limestone nodules

1 Clay, gray-green, calcareous

School Butte

White River Formation

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

White River Formation

Limestone, gray

Clay, calcareous, with limestone nodules
Limestone, gray

Clay, gray, calcareous, with limestone nodules
Limestone, tan-gray, with calcite crystals

N W EN

White River Formation

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

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

2 Clay, gray-green, calcareous

1 Limestone, gray, with calcite crystals and small
green clay inclusions about 1 mm. in diameter

White River Formation

L Iimestone, gray, with calcite crystals weathered

3 Clay, gray, calcareous

2 Limestone soft at base, high in clay, upper 1!
harder, tan-gray with calcite erystals

1 Clay, gray-green, calcareous
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White River Formation

“n

2
1

= MW E VLN

Iimestone, gray, w:l.th calc:[te crystals ’ and- clay
inclusions

Clay, gray-green, caloa.reous - e

Iimestone, gray, with calcite crystals LBE
Clay, gray, caloareous, with limestons nodules

. Limestone, gray, with calcite crystals -
', Whi’oe River Formation

- . limestone, tan-gray with calcite stri.ngers and
green clay inclusions from 1 mm. to 1 cm; in diameter

Clay, gray, calcareous, green clay at top

Iimestone, gray with caloite stringers-and green clay

inclusions at top, middle portion soft, high in
clay, bottom of bed harder with calcite crystals
Clay, gray-brown, calcareous, with-green clay
inclusions

" White River Formation

Clay, gray, calcareous, with limestone: -nodules
Clay, gray=-green, non calcareous

Straight Butte

‘White River Formation

Limestone, weathered, mixed with top soil
Clay, gray, calcareous, crumbly -
Limestone, tan, dense, with minor chert
Iimestone, soft, blocky

Limestone, tan~gray

Clay, gray, calcarsous

White River Formation

b

3
2
1

Limestone, weathered, mixed mth top aoil,
fossiliferous -

Clay, gray-green, calcareous

Iimestone, tan, dense

Clay, gray, calcareous, thin llmeatone layers

White River Formation

b

3
2
1

Limestone, gray

Limestone, high in clay, soft
Limestone, gray

Limestone, high in clay, aoft, blocky

White River Formation

3
2.

‘1 .

Clay, gray-green, calcareous

Limestone, green clay inclusions, .soft, blocky
“Limestone, much chert-and clay inclusions
(1~100 mm, diameter) .
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M. laird, State Geologist of North Dakota.,

White River Formation

k Clay, talcareous with 1:Lmestone ‘nodules
3 Limestone, soft, blocky, high in clay
2 ILimestone, hard, with clay -inclusions
1 Clay, calcareous

White River Formation

2 Limestone, hard, gray, dense
1 Clay, green, crumbly, calcareous at top

White River Formation _

2 Idmestone, gray hard
1l Clay, gray, calcareous

White River Formation -

2 ILimestone, gray
1 Clay, gray, calcareous

White River Formation

Clay, gray, calcareéus with limestone fragments

N
at top
3 Limestone
2 Clay, calcareous
1l Limestone, gray

White River Formation

2 Limestone, gray, dense

-1 Clay, gray, calcareous

" Young Man's Butte

White River Formation

clays

in middle of bed

Clay, gray, caleareous

Limestone, gray, with calcite crystals
Clay, gray, calcareous
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APPENDIX E

Comments on the Geiologic Report‘

by Oliver Bow_les:

Limestone, thin bedded, :mtercalated with thin

Iimestone, gray, ha_rd at top and a.t base, softer
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A geologiec report on the limesto-nes" of Stark and Hettinger Counties,
was prepared by Miller Hansen, Geologist, under direction of Dr, Wilson
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The limestones of the area




occur only as flat-lying beds capping scattered buttes that rise 100

feet or more above the general level, The geology of the limestone

beds is described in relation to overlying and underlying formations,

and their lithologic character and general composition are discussed,
Previous work done by other geologists is cited in many references, and
such work is fully considered as supplementary to the writer's field work
in determining the geologic history of the area and the origin of the
limestones, The locations of the deposits by township, range, and
seotiom are given, Fach limestone deposit is mapped, and a contour map
i1s furnished for each butte, For most of them the contour interval is

twenty 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 suitability of the limestones for cement
manufacture, the analyses covered the three critical constituents, lime,
alumina plus iron, and silica.

Assay cross sections for each.sample are superimposed on the maps,
accompanied by a vertical scale showing elevations at one-foot intervals
above sea level., The chemical analyses of the fractions of each sample
are shown on the map, This graphic presentation permits ready observation
of the composition of each fraction, as easy determination of the average
composition of each sample, and the vertical range of the material sampled.

Logs of the test holes sunk on Colgrove, School, and long Buttes
show the succession of limestone, clay, and calcareous 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 extend 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
cement manufacture. However, in certain areas, notably in bluffs along
the Pembina River, they have a composition satisfactory for making
natural cement,
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Natural cement is the product formed by calecining a natural clay-
bearing limegstone without preliminary mixing or grinding, It ig caloimed
at a much lover temperature than that required for Portland cement The
* ¢aléined product is ground te a fine powder.

The range of composition of the raw material is much more flexible
for natural than for Portland cement. The lime (Ca() content may range
from twenty to thirty-eight percent, and the silica-alumina-iron proportion
from sixteen to thirty-five percent, Segments of the deposits im North
Pakota that fall within the range 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

- 1ime content of the rock used averaged about thirty-six percent, and the

alumina-iron-silica about twenty-three percent. The presence of large
supplies of rock falling within the range of composition mentioned above
has been confirmed by later analyses.
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