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INTRODUCTION

Bentonite is s clay material formed by the weather-
ing of wvolcanic ash and composed of particles of colloid-
al or near ceollioidal size. It 1is not itself a distinct
mineral, but is composed of a mixture of minerals the
most important of which are montmorillonite and beidellite.
The physical properiies of bentonites from various local-
ities and stratvigraphic horizons are guite variable and
this variation is to some extent due to varying propor-
tions of the different clay minerals present. The physical
properties of bentonite determine its value for different
industrial uses, and the most important property is the
varying abilities of different bentonites to absorb water
and thus increase in volume.

At the presen:
bentonite are in
Toundry work and o«
for cosmetics, s
agent in polishes,

time the most important uses for

. refining, rotary oil well drilling,
:nt manufacturing. Minor uses are
3, paints, water softeners; suspending
iyes and pastes: sealing earth dams
and ditches; clariiving dry-cleaner’s fluids; de-inking
newsprint,; compounding agueous epulsions of 0113,
bitumens. etc.; suspending agent in insecticides and
animal dips; etc. Hew uses for bentonite are steadily
appearing, and this has led to increased interest in
bentonite deposiis during recent years.

Bentonite has been produced commercially from the
southwestern South Dakota area since 1915.1 211 of
this has been guarried from the Pilerre formztion at two
localities, Buffalo Gap and Ardmore. At the present
time the only commercial production of bentonite in the
area is at Ardmore, where the Refinite Company processes
it for use as a water softener.

The present investigation was undertaken for the
purpose of mapping the bentonite deposits in the region
south and southeast of the Black Hills, and for acquir-
ing as much information about this bentonite and the
formations in which it occurs as might be possible in
the 1limited time available.

1. Connolly,
Wealth of
of Mines,




The field work was carried on during July and
August, 1938. Most of the detailed work was done in
Fall River County where the formations containing the
bentonite are fairly well exposed. In Custer and
Pennington counties most of the area underlain by
bentonite-bearing formations is covered by Tertiary
or Pleistocene gravel deposits, and the bentonite is
exposed only where the gravels have been removed by
stream erosion. Because of this, two maps have been
prepared. (Plates 8 and 9) One map shows the dis-
tribution of bentonite deposits in Fall River County,
while the other shows localities where the field
party was able to locate exposed bentonite beds in
Custer and Pennington counties.

The field work was financed by the State Geolog-
ical Survey, and Dr. E. P. Rothrock, State Geologist,
maintailned general supervision of the investigation.

The writer wishes to express his appreciation to Dr.
Rothrock for his many courtesies and countless valuable
suggestions. The writer also acknowledges =zls indebt-
edness to his field assistants, ir. Harold W. Buus and

Mr. Merde Crew, without whose cooperatiocn this report
would not have been possible. DNumerous others have
helped in various ways, and the following deserve speclal
mention: Dr. Ralph B. Grim of the State Geclogical Survey
of Illinois for information on base exchange weasureaments,
Dr. Paul F. Kerr of Coluabia University for x-ray identi-
fication of clay minerals in some of the benitconite
samples, and residents of ¥all River, Custer, and Penning-
ton counties too numerous to list whose help is sincerely
appreciated.
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FORM L LONS EXPOSED IN THE AREA

The general nature and the thickness of the forma-
tions in which bentonite occurs in the southwestern
Southh Dakota area are shown on Plate 1. Description of
the important characteristics of each on these forma-
tions is given on the following pages.

Pierre Formaticn

In the plains area south and east of the Black
Hills the Pierre shale attains a thickness of 1200 feel
or morel but in the area investigated only the lower
100 to 200 feet of the formation were studied in detail.
These lower beds of the Pierre consist of shale inter-
bedded with several layers of bentonite and contain
numerocus concretions at more or less constant horizons.

The shale of the lower Pierre is dark gray in color
but may be brownisin gray to silvery gray when weathered.
It is thinly laminated and frequently the thin sheets are
separated by thin layers of small sclenite crystals which
are often stained brown by iron oxide. Although usually
the shale is hard and brittle, it forms a sticky guabo
when weathered. TIish scales and vertebra are quite com-
mon in the shales of the lower Pierre, and reptile re-
mains occur in some places.

The bentonite beds are mostly confined to a 15 to
20 foot zone beginning some 60 or 70 feet above the
bottom of the formation. In Fall River County the
bentonite zone has 8 to 12 beds separated by shale. The
lowest bed of the zcne is about 8 inches thick on the
. average and is almost invariably brown in color. The
next overlying bentonite bed averages a 1ittle over 3
feet in thickness and since this bed is the one quarried
on a commercial scale at Ardumore, 1t is designated the
Ardmore bed in this report. Overlying the Ardmore bed
are alternating leyers of bentonite and shalie, the
bentonites varying from 1 inchr to 20 inches in thickness.
North of Buffalo Gap the various beds in the bentonite
zone cannot be correlated with certainty with the
individual beds in Fall River County.

1. Darton, N.ii., and Paige, Sidney, U.S5.G.S.
Geolcogic Atlas of the United States, Central
Black Hills Folio 212, p. 14, 18R25.

Z,
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Associated with the bentonite zone there are almost
invariably froxm one to three layers of shale containing
gray limestone concretions. These concretions average 2
or & feet in diameter and typically they are broken into
small pieces by an intricate system of irregular cracks,
these cracks often being partially filled by coarse
crystalline calcite. Upon exposure the concretions
commonly break up into small irregular blocks which be-
come scattered over the surface of the outcrop.

In the shales overlying the bentonite beds there
are other types of concretions. About 40 feet above
the zone there are flat, dark reddish brown ferruginous
concretions that oiten extend several feet laterally.
Some 20 feet higher these are usually associated with
yellow cone-in-cone rosettes, and still higher there are
beds containing cone-in-cone, ferruginous and gray llime-
stone concretions &ll in close association.

The concretionary beds above the bentonite zone are
more resistant to erosion than higher and lower beds so
that erosion of the southerly and easterly dipping
Pierre formation in this area has produced a nearly con-
tinuous escarpment Tacing the Black Hills. The bentonite
zone occurs a little &bove the base of this escarpment
throughout most of the area.

The individual beds of the lower Pierre, especially
in the bentonite zone, were studied at numerous localities.
A few measured sections which are representative of this
part of the formation are given on Plate 4.

Section of Lower Pierre Formation
SW. & Sec. 15, T, 11 S.,R. 1 E.

Feet Inches

10 shale, with a few scattered limestone
concretions. »
5 gypsun, in small crystals, partly cemented

by iron oxide

6 shale, gray, with abundant selenite
crystals

8 bentonite

2 shale

7 bentonite
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shaole
bentonite
shale
bentonite
shale

bentonite, Ardmore

T - d
shale
bellonlte
.;»flale P

bentonite
shale,

tonite

o

‘tonite
sLnLe
ntonite

%On*onlte
shale
hhentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
hentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonlte
shale

chelk, Niobrara, bottom not

with gray limestone concretions
7 feet from bottom

with gray limestone concretions
?1 feet above bottom

Total section



Section of lower Pierre
in east central part
Sec, 30, T.10 S., R.2 E.

Feet Inches

67 shale, with ferruginous concretions,some
of which have a layer of cone-in-cone
around them.

6 snale, with few ferruginous concretions

9 pentonite

shaie, with abundant flat ferruginous

concretions

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shaie

bentonite

shale

bentonite

shale

bentonite

shale, with gray limestone concretions

bentonite, Ardmore

shale, with gray limestone concretions;

bentonite streak near middle

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shalie
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bentonite

shaje

bentonite

shale

bentonite

shalie

bentonite

shale

chalk, Niobrara, bottom not exposed

Total section

Section of lower Pierre in
NW 2:‘:: SeCa 8’ Tolz SO, Ro 40 EO

scil

snele, with a layer of gray limestone
concretions 5 feet above the base and
another layer 20 feet from the bottom.

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shalie

bentonite

shale

bentonite

shale

bentonite, Ardmore

shale, containing numerous gray
limestone concretions

bentonite

e, with few scattered limestone
cretions
shae

.
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ner sonite
shiase
bentonite
shale
bentonite
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shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
hentonite
shale

© &0 chalk, Niobrara, bottom not exposed.
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Total section

Section through bentonite zone and
overlying concretionary beds in
Sec. 34, T.11 5., R.4 k.

Feet Inches

400 shale, poorly exposed on grassy slope,
with numerous cone-in-cone, gray
limestone, and dark ferruginous con-
cretions. Concretions of these
c.fferent types occur throughout but

are most numerous at rather regularly

spaced intervals of about 20 feet.

ltiese layers contalning concretions
are more resistant to eroslion than the
intervening shales and stand up as
ridges on the otherwise uniform slope.

26 shale, with a layer of cone-in-cone

rosettes at the top and another at the
hase., Flat ferruginous concretions
ooeur at irregularly spaced intervals
chrough the zone.

v
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15
1
3
S
6
1 7
1
2 6
9
8
1 2
8
6
5
5
1 1
5
2
8
1 8
3 2
7
7
2
1
50
455 3
Feet Inches
40
37

7. th nunerous ferruginous concre-
which are usually confined to

o
paced laterally as to form a pavement
when exposed by erosion.
shale, with few or no concretions.
hale, with large (& x 4 feet) gray lime-

ne concretions. These are often
oken up by intricate networks of
which are partially filled by

shale, with nuserous gray limestone con-
cretions.

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite, Ardamore

shale

bentonite

shale

shale, with gray limestone concretions.

shale; bottom not exposed.
Totel section

Section of lower Pierre in
SWz, Sec, 32, T.9 8., R.5 E.

-~

d ferruginous councretions.

shale, with yellow cone-in-cone rosettes
an
shale, with ferruginous concretions

o

-0
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bentonite

shale, with numerous gray limestone
concreticns and a 2 inch thick
pavement of dark ferruginous con-
cretions at top.

bentonite

siale

bentonite, with concretions composed
of gray limestone at cent:r surrounded
by gypsum crystals which are cemented
by iron oxide.

shaie, with several thin bentonite
streaks and a few gray limestone
concretions.

bentonite

shele, with gray limestone concretions
some of which have iron oxide cemented
gypsum crystals around the outside.

bentonite

shale

bentonite

shale, with gray limestone concretions

bentonite

shale, with gray limestone concretions

bentonite

shale

bentonite

shale, with gray limestone concretions

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale, with numerous gray limestone
concretions

hentonite

shale

bentonite

shale

pentonite

shele

bentonite

shale

bentonite, Ardmore

shale

bentonite

shal.e

bentonite

~10-



& 2 shale
1 bentonite
44 shale
1 bentonite
i) shale
& bentonite
2 bentonlits
2 4 snale
1 bentonite
6 shale
1 bentonite
8 shale
1 bentonite
2 3 shale
2 bentonite
3 shale, bottom not exposed but is probably
about 20 feet below
37 11 Total section

A study of the above sections and the columnar
sections on Plate 4 shows that the gray limestone
concretions in the bentonite zone do not maintain the
same relationship to the bentonite beds throughout
the area. At some places a layer of concretions is
immediately below the Ardmore bentonite, elsewhere
there is such a layer above, while at still other
places there is no layer closely associated with this
bentonite.

Correlation of some of the individual bentonite
beds from section to section can be accomplished with
reasonable certainty. There seemss little doubt that
the Ardasore bed can be recognized in all well exposed
sections in Fall River County, and some of the associat-
ed beds are almost as easily traced. On the other hand,
some of the bentonites are lenticular and can be traced
only for short distances. DNorth of Buffalo Gap the
exposures are much farther apart than in Fall River
County, and it is very difficult to recognize individual
beds from one exposure to the next. OSections of the
bentonite zone in Custer and Pennington counties are
given later in this report.

11



Niobrara Formation

The Niobrara formation consists of soft and non-
resistant chalk rock which weathers out intc gentle
slopes. In the area investigated the formation norm-
ally occurs at the base of the Pilerre escarpment.
When the Niobrara beds are weathered they are white or
light yellow in color and are gulte conspicuous. In
the upper portions: in places where little weathering
has occurred, these beds are dark gray or pluish gray
in color and often are difficult to distinguish from
the overlying Pierre. 1In some cases 1t is necessary
to test with acid for the presence of calcite in order
to find where the calcareous Niobrara beds end and the
Pierre non-calcareous beds begin.

Rothrockl has measured the Niobrara in the SEZ,
Sec. 33, T.9 5., R.B E., where it was 217 feet thick.

Although this formation contains at least 10 or
12 bentonite beds, occurring at randox intervals
throughout the formation, none of these were found to
be more than 6 inches thick and most were only about
3 inches in thickness.

Carlile Formation

This formation is usually well exposed because it
contains sandstone and concretionary beds which, be-
cause of their resistance to erosion, generally stand
out in low cliffs. The Carliile consists mainly of
dark, thinly laminated shale, but 2 or 3 sandstone
horizons, as well as a concretionary zone, are usually
recognizable.

The lowest sandstone leyer, about 160 tfeet above
the base of the formation, is only a few inches thick
and is exposed in relatively few places. It prob%bly
occurs only in the area of the Cascade anticline.

1. Rothrock, &.P., The Chilson Anticline, S.Dak.
State Geol. Survey R.I. No. 9, p. 8, 1938,

2. Rothrock, E.P., The Cascade Anticline, S5.Dak.
State Geol. Survey R.I. No. 8, p. 7, 1931.

-19-



The second sandstone zone, a little over 20C feet
above the base of the formstion, consists of & or 3
layevs in the central part of Fell River County, but

bed which is probably a correlative of

1Y

1d of Wyoming.

upper sandstone 1is about BO feet above the

Wall k. It is usuzlly thin bedded and splits into
thin sheets which have a smooth surface. 1In most places
it is very fossiliferous, with the fossils often being
most abundant in limestone masses found embedded in the
sand.

In the upper part of the formation & or 4 layers
of large calcarecus concretions occur. These concre-
tions are usgually light brown in cclor but are sometimes
¢ray. The aversge diameter is about & feet but some
arc as large as 6 feet., All of the concreticns seen in
this zone were broken by an intricate network ol cracks
and these cracks were often filled or partially filled
by brown ccarsely crystalline calcite.

In one locality (Sec. 21, T.9 §., R.6 E.) a thin
bentonite bed was found in the shale zone Letween the
Wall Creek and the upper sandstone layer. No other
bentonite heds were sccn in tue Carli

Greenhorn Formation

The Greenhorn is o prominent formation throughout
this arcs hecause at least the upper part is composed of
hwied resistant lizsstone which produces hogbacks and

cuestas when erosion has rexnoved adjacent softer rocks.
Usually there is present a north or northwest facing
escarpment which is quite consosicuous.

The lower pert of the [formezticon consists of alter-
iting shale and limestone with occasional heds of
bentonite. The limestones oi the foranatlion zare usually

gray, thin-bedded, hard, and contain abundant fossils,
thie most nunerou. of which are Inocerzmus lsbilatus.




The following sections and the columnsr sections
on Plate 2 show the characteristics and composition of
the Greenhorn formation.

Section of Greenhorn formation in
- SW z, Sec.13, T.9 S., R.2 E.

Feet Inches

20 limestone ]

limestone, soft, with interbedded
bentonite

limestone

[&)]

)

7 bentonite
1 10 shale
7 limestone
4 ghala
o 1isrstone
2 shale
4 limestone
96 shale, Graneros
123 10 Total section

Section of Greenhorn formation in
SE 7, Sec. 2, T.10 S., R.4 E.

Feet Inches

18 limestone, gray to bluish gray, hard,
mostly thin-bedded but with occasion-
al beds 5 or 6 inches thick. Inoceramus
present in great nuabers. '

bentonite, impure, mixed with gray to
grayish tan chalky shale.

limestone, gray to bluish gray; hard;
thin-bedded; with abundant Inoceramus.

shale, gray, calcareous

bentonite

shale

limestone, gray, with few poorly preserved
fish (?3 remains.

2 shale, Graneros

26 10 Total section

[
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Section
at I

Feet Inches

24

1
2 6
2 10

1
2 6
2

o)
4

2
2

]
7

5
7
7
1
6
e
1 5
51 5

" the Greenhorn formation
Sec.27, T.7 S.,R.6 E.

1

L

nestone, gray to bluish and yellowish

'ay, mostly thin-bedded, but with

socasicenal beds 4 or 5 inches thick;

two thin bentconite beds near middle

}31e, gray with tan streaks

uqtone, bluish gray, poorly bedded,

breaks into small irregular blocks.

shale (or chalk), grayish brown,
calcareous, indistinctly laminated.

:onite

le, grayish tan, with numerous gray

limestone concretions at top.
besionite
3, gray with tan mottle; indistinctly

2minated; sub-conchoidal fracture.

limestone; brown9 soft, impure

shale, gray with tan mottle

limestone, gray, weathering buff; hard;
finely crystalline; petroliferous odor.

shale, gray

limestone, gray, weathering buff.

shale, grayish tan

limestone, gray, weathering buff; hard;
finely crystalline; petroliferous odor.

shale

limestone

shale

limestone, gray, weathering buff;
phosphatic material common.

shale, probably Graneros.

m;;

3

fo 5"

Si’lz;a

m

Toval section

Graneros formation

The Graneros is another thick Cretaceous forma-
tion which, like the Plerre and Carlile, is composed
mostly of dark colored shale. Rothrock* in his studies
of the structure and stratigraphy ol part of Fall River

County recogni
the present in

zed three members of the Graneros. During
vestigation these members were found to

YOS SS

1. Reothrock

Geol.

cl 3

E, P., The Chilson Anticline, S. Dak.
Susey, R.I.# 9, pp. 13-16, Revised 1938.

~15-



be easily recognizable, and proved very useful for
dividing this thick formation into units convenient
for study.

The upper member extends from the Greenhorn
limestone down to the bottom of a zone of large dark
colored concretions. This member consists primarily
of shale which is usually dark gray in color but is
frequently lighter gray or tan in the upper part. In
the lower part, the shale contains oligonite concre-
tions composed of dark colored iron carbonate with
manganese. hese concretions vary in diameter from
about one foot up to 20 or more feet. Usuzlly they
are flattened in The direction of the bedding planes of
the shale and scmetimes they form pavements 5 or 6
inches thick over an area of several hundred square
Tcet. Upon eipo. vre The oligonite concretions readily
break up into small irregular blocks wiich become
scattered over the surface of the exposure. The thick-
ness of the oligonite zone is apparently quite variable.
In some localities only abcut 20 feet of concretion
bearing shale was found, while a2t other places this
zone was 70 or 30 feet thick. About 60 or 80 feet
above the ollgonite zone a shale layver containing cone-
in-cone rosettes could be identified in most sections.
Some 30 feet above the cone-in-cone & thin but persis-
tent limestone layer was found. From this limestone
to the top of the formation the rocks are largely
shale with a few thin limestone layers and a few beds
of bentonite. The total thickness of the upper member
is a little over 400 feet. The general nature of the
upper part of this member is shown on Plate 4, Fig. 2.

The middle member of the Granerocs of this ares
can be correlated with the Mowry shale member of
Wyoming and dontana.

The Mowry is composed of dark gray siliceous
shales which on exposure usually assume a silvery gray
color. These shales are hard and brittle and do not
become muddy 1in wet weather. Fish scales, spines and
vertebrae occur, although not as abundantly as in some
other areas. Near the middle part of the Mowry is a
light gray to brown sandstone which appears to have
been forced intc cracks and along bedding planes so
that now it occurs mostly in the form of dikes and
sills. In many p..aces the dikes and sills are uniform
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1ls and poveﬂonbs, This zone of
dikes iable in thickness and apparently

1ot precisely the same horizons in the

of the Mowry mexber in this area

&lWH\N

he lower member 1s marked by a ten-

ne which is usually correlated with the
dstone of Wyomlng. Below this sandstone

is composed of about 240 feet of dark gray
cattered cone-in-cone coneretions and near
layer of limonite or oligonite concretions.

T

The total thickness of the Graneros is about 800

Bentonite occurs in the Graneros at several
yrizons. There are 3 to b thin beds in the upper
part and at about 130 feet below the Top of the forma-

icn a 3 or 4 foot bed is usually present. In the
cligonite zone, at least one bentonite is present at
21l vaturaps where the lower part of the zone is ex-
posed. In a few exposures as many as four bentonites

ranging in thickness up to 3 feet can be seen.

OCne or two bentonite beds can be found at most
axposures of the upper Howry, although usuvally the
thickness is only a few inches. In the lower part of
the Howry member, a few inches above the Newcastle
saudstone, two thin bentcnites occur and at some ex-
QOCU‘LS a thin bentonite bed was found In the sand-
ne dike zone,

ato

Two bentonite heds are exposed in road cuts along
o north-~south road passing between sections 20 and 21
and between 28 and £9, T.10 S., R.4 E. The lower of

e
these beds is 25
incnes *hﬁﬂk, 8
shale. The stra
somewnat unpef»“

2

to B3¢ 1inches thick, the upper € to 30
they are separated by about 3 feet of

aphic position of these beds is
but they appear to be near the upper
nar* of the sands 2 dike zone. Although com ourdtlvelj
thick, these beds 1ld not be traced more than a few
feet away from the road, and no bentonite beds were

17



found in any other area which could be definitely
correlated with Chem. Considerable variation in thick-
ness of these beds can be seen where they are exposed
and it is probable {hat they disappear entirely or thin
ovt laterally to such an extent that they are difficult
to locate elsewhere.

The following sections show the characteristics of
the upper and part of the middle (Mowry) member.

Section of part of the upper Graneros
in Sec. 18, 7.9 S., R. 5 E,

feet Inches

8 limestone, gray to grayish tan; fossilifer-

ous; probably Greenhorn.

17 shale, gray

bentonite

limestone

shale

bentonite

limestone

shale

bentonite

44 shale, medium gray, bluish gray on dry
surfaces.

8 limestone, gray, thinly bedded; with shale
partings; contains sharks teeth and
other fossils; strong petroliferous odor
when struck with hammer.

shale

bentonite

shale, medium gray, with few fish scales.

bentonite

shr7 ¢

benvoanite

shale

bentonite, with abundant small dark grains
of mica and other minerals.

9 shale

bentonite

9 shale, blulsh gray, dark gray when moist;
with thin lenses of limestone.

bentonite

shale

limes*tone, medium gray; very fossiliferous.

17
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8 shale, dark gray
bentonite, yellow to orange at top,
medium gray in middle part and
bluish gray below
20 shale, dark gray, thinly laminated; irregu-
larly spaced limestone concretions extend
laterally for 3 or 4 feet as thin fossil-
ifercus limestone lenses.
3 bentonite
7 shale, derk gray; moderately thin laminae;
with numerous selenite crystals.
5 bentonite
8 shale, dark gray, bottom not exposed

U e
N

3

~d

160 %) Total section

Secticy o upper Graneros on banks of
Chevenne River, SE.7 Sec.4, T.9 S.
R.6 E.

Feet Inches

limestone, Greennorn

72 shale

5 bentonite, associated with thin limestone

lenses
shale
bentonite
shale
bentonite
shale
bentonite
shale
limestone, gray, weathering brown
shale, with numerous small gray limestone
concretions near bottom

bentonite
shale

4 ‘bentonite
30 shale

4 bentonite
shale, bottom not exposed

=
o

(W]

Jet
4y}

o m 2

Q. B W
@

168 7 Total section
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Feet Inches

96
4

1
8

i7
4

9

1

30
6

14
3

11
3
2 8
3
1

23
6
2
2 6
2
5 8
1l

28
6

22
266 11

of upper part of Graneros
Sec. 13,T.9 S., R.2 E.

limestone, Greenhorn
shale, brownish gray
limestco brown
shale

bentonite

shale

bentonite

shale

bentonite ,

shale, with fossiliferous limestone con-
creticns

bentonite

shale

bentonite

shale ,

limestone, graylsh brown, with sharks
teeth and other fossils

shale, with few cone-in-cone concretions

limestone, as above

bentonite

shale, medium gray, with several streaks
of bentonite, and thin layers of small
selenite crystals

limestone, grayish brown, weathering dark
brown

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale, dark gray, thinly laminated; often
stained brown or yellow by iron oxide,

a iew calcareous cone-in-cone concretions

present.

Total section

—20-
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d upper Graneros
banks of Cheyenne Rive

g, 1.2 8., R.5 E,
1 -one, medlium gray, weatnering brown;

v and eveniy bedded, fossiliferous.
medium gray, weathers blulsh gray;
ly but unevenly laminated; with
pundant {ish remains. A zone of cone-
in~cone concretions assocliated withh two
thin bentonite beds occurs 30 feet from
tite top.

’ dark gray; oligonite concretions
throughout the interval, but near
the top 1ls a double row of nearly con-

I concretions.

greenish gray, with numerous

crystals.

gray, probably Mowry

L

bentonite

sandstone, brown, with iron oxide cement.

shale,dark gray, brittle, thinly laminated;

bentonite

shale, silvery grey, with moderately thin
laminae; fish scales common, especially
near top.

bentonite

sheale, silvery gray, brittle; with moder-
ately thin laminae; few fish scales.

sandstone, gray to yellow or brown, very
irregularly bedded with numerous lenses
and small nodules of gray shale included.
Laterally the sandstone is repleced by
an intricate network of sandstone dikes
and s1lls occurring in gray shale.

soebaon



BENTONITE EXPOSURED

Briet descriptions of each main exposure along the
outcrops of the Pilerre, upper Graneros, and lower
oligonite-upper Mowry beds are given below. Attempts
were made to include enough data to permit deftermination
of the possibilities for commercial production of ben-
tonite from each exposure. At the present time most
stripping operations are confined to bentonite deposits
which have a thickness of & feet or more and an over-
burden of less than 20 feet. TFor this reason, the
width of the area underlain by less than 20 feet of
cover has been determined for most of the main exposures.
This was computed by measuring the angle between the
surface giope at the outcrop and the dip of the benton-
ite beds and then finding the width of the possible
producing area by .iving for the sides of a triangle.
Measurements of surtace slope and dip were made with a
hand clinometer, and are accurate only within the limits
of such an instrument. It should he noted, also, that
many of the exposures are cut by gullies and are quite
irregular so that only approximate surface slopes could
be determined. In studying shsale formations it is im-
portant to remember, too, that in many cases slumping
has taken place to such an extent that it i1s impossible
to determine the true dip of the exposed beds. This
fact was considered when measurements of the dip were
made, and at places where there was doubt about the true
dip, the steepest dip measured was the one recorded.

For this reason determinations of the width of the area
having less than 20 feet of overburden are believed to

be conservative and tTo represent minimum values. Length
of the exposures and thickness of the bentonite beds are
also included so that the approximate amount of bentonite
available at each exposure can be computed. (Note: If
tonnage available at exposures is desired, allow 75 pounds
per cubic foot of bentonite.)

Locations of the exposures were made with a plane
table and open sight alidade, and locations given are
believed to be accurate to the nearest quarter-~section.
In some areas, as in T.11 5., R.1 E., where there are
few roads, section-line fences, or section corners to
use as a check, the accuracy may be somewhat less.



Pierre bentonite exposures

NEZ Sec.?7, T.9 S., R.1 E. The Ardmore bed is about 45
inches thick and is separated by thin shale seams from
ofther thick bentonite beds above. KExact measurements
arae difficult to cbtain because of slumping, but the
section seems to be very similar to the one in Sec. 15,
T.11 S., R.1 E. (described on page 4). HNear the end of
the hill on which these exposures occur a bench 100 feet
wide by 300 feet long occurs, and this is underlain by
bentonite with little cover. For the most part, however,
the surface slope is about 15 degrees and the bentonite
has a thick cover within a few feet of the outcrop.

.% Sec. 18, T.9 8., R.1 E. The surface slopes are too
steep for strippi-y onerations except for one small
area, 400 feet lo.,, where the bentonite underlies a dip
slope.

.3 Sec., 19, T.9 S., R.1 E. The exposure is about 800
feet long, the dip 6 degrees toward the southwest, and
the surface slope abcut 6 degrees. A strip about 90
feet wide has a cover less than 20 feet thick. The
following measurements of the exposed beds were taken:

Feet Inches

50 shale

bentonite

shale, with gray limestone concretions
bentonite

shale

bentonite

shale

bentonite

shale

bentonite, with abundant selenite crystals
shale

bentonite

shale

bentonite

shale

bentonite

shale

bentecnite

shale

bentonite

9
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shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonite
shale
bentonite A
shale, bottom not exposed

[4v)

LMW ON

y

, Rl B. The surface slopes are too
operations.

Secs., 90, 31, T.9 S,
steep for stripping

ct i@

N. central Sec. &4, T.10 S., R.1 E. Exposures are poor,
and tlie bentonite seems to have been partially reworked.

In sections west of here outcrops of limestone con-
cretions mark the approximate position of the Ardmore
bentonite, but no thick bentonites could be located.

This might be explained by 1) thinning of the bentonite
beds to less than 8 inches, or 2) the Ardmore bed being
separated from the concretions by thicker shale beds than
usual so that it is either covered by gravel on the top
of the escarpment or by alluvium at the foot of the
escarpment.

SW +. Sec., 15, T.11 S., R.1 E. Detailed measurements of

the lower Pierre of this area are given on page 4. The
exposure here is over a mile long, the surface slopes up
gently (3 degrees) from the bentonite, and the dip is not
steep. DBentonite could be produced from an ares about
200 feet wide, 2nd this would be an excellent exposure
for stripping ope:wvions except for the fact that there
are no roads within 6 or 7 miles of the area.

Similar exposures also occur to the southwest in
sections 27 and 28, but there the surface slopes are
steeper.

NW £, Sec. 1 and adijacent part of Sec.2, T.1l1] S., R.1 E.
The Ardmore bentonlits here has a thickness of about 438
inches, but contains 5 to 10 per cent of calciun carbonate

—S4-



CUTC. OPS OF BENTONITE ZONE
at the BASE OF THE PIERRE FORMATION

Upper Part of Zone near Buffalo Gap
Sec, 8, Tc 7 Ses Re 7 Eo
Bentonite beds (light) separated by shale (dark).
Pieces of partially disintegrated limestone concretions
are strewn over the outcrop.

Ardmore Bentonite Pits
SE’%‘ SeC6 32, Ta 9 lSo, R. 6 Eo
Fall River County



in irregular beds. The dip of the strata is about 8
degrees and the slepe of the surface above the Ardmore
hed is about 2 degrees. It would be possibvle to strip
an area 115 or 120 feet wide by 1000 feet long, and it
is quite possible that the length of the producing area
could be extended a considerable distance to the north-
east and southwest by a few test holes.

Sec. 20, T.10 S., R.2 E. The Ardmore bentonite bed has
a thickness of 38 to 41 inches in this section. The

dip is 4 or 5 degrees, but the surface slope above the
Avrdmore bentonite averages 10 or 12 degrees. It would
he possible to strip an area about 75 feet wide on the
average, but locally stripping could be carried down dip
Tor pessibly 100 feet. A complete measured section from
this area is giver o page 6 and 7.

NE corner Sec., 29, 7.10 S., R.2 E. This is a long
exposure with similar characteristics throughout. The
dip of the beds is ftoward the south except at the west-
ern end of the expcsure where the dip swings around
toward the southeast. The amount of dip varies from ©
to 9 degrees but averages about 7. The surface slope
above the Ardmore bentonite is about 5 degrees. It
would probably be possible to produce bentonite from an
area about 100 feet wide and over a mile long. The
Ardmore bed is 38 inches thick.

Sec. 35, T,10 S., R,2 E. Exposures of the bentonite
zone are too small to be of any importance. Here, as at
most places where the zone 1s covered, it might be
possible to dig test holes and outline fairly large
areas where production from the thicker beds of benton-
ite would be possible.

SW %, Sec. 25, T.10 S., R.2 E. The Ardmore bed is ex-
posed in a gully where it is about 35 inches thick and
occurs, with the overlying beds, over an area of about
400 by 100 feet with a cover of 4 to 12 feet in thick-
ness.

Seecs. 19, 20, 21, 30, T,10 5,, R.2 E. The dips here
are comparatively gentle, about 4 to 6 degrees, toward
the soutnwest. The exposures are mostly on the side of

—9OF~



an escarpment that I tooc steep to pernit coummercial
production of bentonite. The thickness of the Ardmore
bed is 46 dinches.

35, T,10 5., R.,5 E. In the southeastern part of
sgction an exposure about 300 feet long has a sur-
slope of 10 degrees immediately above the outcrop
but within a few feet this flattens out to about 4
degrees. The dip is about 6 degrees, so it would be
possible to produce hentonite from an area about 100
Teet wide.

‘I-

At about the middle of the section an exposure
occurs with a length of about 600 feet, but with a con-
siderable area toward the northwest which probably has
the bentonite zone a short distance below the surface.
The dip is & or 4 degrees, and the surface slope
averages & degrees. It would probably be possible to
strip an area from 150 to 200 feet wide, depending on
local variations in the slope of the surface.

Throughout most of this area the Ardmore bentonite
bed has a thickness of 36 inches, but in one gully in
the northwest quarter of the section the bed is 50
inches thick.

NW %, Sec.l, T.11 S., R.3 E. The dip here is 7 or 8
degrees, 5.85 degrees W., and the surface slope is about
12 degrees. Because of this steep surface slope, ben-
tonite could be produced only from an area 55 or 60 feet
wide; the length of the exposure is a little over one-
fourth mile. A map and cross section of this exposure
are given on Plate 5.

NE L, Sec. 13, T.11 S., R.3 E. The dip here, as at most
Pierre outcrops, is variable but averages about 8 degrees.
The surface slope 1s only 1 or £ degrees and it should

be possible to strip an area 120 feet wide by 600 feet
long. For an additional 6C0 feet to the south of the
actual exposure the bentonite zone appears to lie near
the surface, and a few test holes might extend the work-
able length to 1200 feet or more. A measured section of
the bentonite zone is as follows:




Feet Inches

20 shale., with gray limestone concretions
bentonite

shalie

bentonite .
shale, with nugerous limestone concretions
bentonite S
shale

1 bentonite

8 shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite
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51 Total section

Sec, 17, 18, 20, 29, 32, T, 11 5., R, 4 BE. The bentonite
zone 18 covered by terrace gravels and alluvium across
these sections, but the beds can be folliowea and mapped
by assuming them to maintain a constant interval below
the cone-in-cone rosettes which are exposed.

SEx, Sec, 32, T. 11 S., R. 4 E. Two small exposures occur
here with too much cover to be of commercial importance.

SWi, Sec. 5, T. 12 5., R, 4 E. The thicknesses of the
bentonite beds here are essentially like those in the
Kefinite company pit & short distance to the south. The
surface slope averages about 5 degrees and the dip is
about 7 degrees. Thus, an area about 100 feet wide has
less than 20 feet of overburden. This exposure is only
about 300 feet long, but to the north the bentonite is
covered by alluvium and a few test holes would reveal
whether the cover is thick or whether the bentonite
occurs near the surface. For about 200 yards to the
south the Ardmore hed is exposed on the west bank of Hat
Creek, but the cover is too thick for stripping.

=l



NW £, Ssc. 8, T.o0 ©  R.4 &. Un the north
road running west irvcm Ardmore is located
now being operated Uy the Refinite Company.

south of the road has apparently been abandoned.

|
&

The dip is about 7 degrees, and the slope of the
surface 10 degrees, so that the bentonite can be strip-
7

ped for about 85 to 70 feet before a cover of 20 feet is
reached. The total length of the exposure is about 850
feet.

A measured section of the lower Pierre, including
the main bentonite-besaring part of the formation 1s
given on page 7.

NE 2, Seco9, T.12 S., R.4 E. The Ardmore bentonite has
& thick cover because it 1s exposed at the base of an
escarpment From section 9 northeastward through the
ezstern part of section 4 and northwest part of section

3 the Ardmore bed is covered by soil. Some of the over-
lying bentonite beds are exposed, however, and they
indicate that the thicker Ardmore bed is not far below
the surface.

E.X, Sec.34 and SE %, Sec.27, T.11 S., R.4 E. The dip
here 1s about 12 degrees toward the east. For the
most part the surface slope is 5 or 6 degrees but near
the east central part of Sec. 34 the surface slope is
only 2 degrees. Thus it would be possible to strip an
area from 60 to 80 feet wide before encountering an
overburden of 20 feet.

A complete section through the bentonite-bearing
zone 1is given on page 8.

NE %, Sec.14, T.11 S., R.4 E. The dip here is toward
the southeast and averages about 11 degrees. The sur-
face slope is only about £ degrees at the outcrop of the
Ardmore bed, but increases to 4 or 5 degrees about 75
feet from the outcrop. It would be possible to produce
bentonite from an area 80 or 90 feet wide by about 600
feet long. The thickness of the Ardmore bed is &6 to 40

inches.

An exposure similar to this one occurs in the south

~-28-



central part of seoi.on 25, and between these two ex-

posures are several maller exposures--mostly in gullies.
W.%,8ec, 1, T.11 S.. R.4 E. This is a long exposure in
which the beds have rather gentle dips toward the east.
The surface is irregular and cut by several gullies, but
in general the slicne 2bove the Ardmore bed is not more
than 6 or 7 degrees. Thus 1t should be possible to pro-
duce hentonite from an area nearly a mile long and about
1060 feet wide. Thie Ardmore bentonite is 3 feet thick.

E.%2, Secs. 25, 24, 7.10 8., R.4 E.; W.%, Sec. 20, 19, 18,
SEx, Sec.7, and SV ec. T.10 S., R.5 E., This ex-
posure is over & miles long. The average dip is about €
degrees and toward the east. The surface slope varies
from 1 to 6 degrees and averages about 4 degrees. An
area 3 miles long by 100 to 160 feet wide nas an over-
burden less than =0 Ifeget thick

@

A section measured at the northwest corner of sectlion
T.10 S., R.5 E. 1s as follows:

\o

Feet Inches

100 shele, with numerous limestone, cone-in-
cone, and dark ferruginous concretions.

7 bentonite

& shale

bentonite

4 shale
10 bentonite

shale

bentnnite

shal«

Dot e

shale

bentonite

shale
ventonite

shale

bentonite

hale

bentonite, Ardmore

hale

bentonite
40 shale, bottom not exposed

163 g Total section
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ngv Sec, 32, T. @ 5., K, 5 I, The Ardwmore bentonite is
4% inches thick at this exposure. The dip is about &
degrees and toward the southeast. The surface slope
averages about 7 degrees and it would be possible to
nroduce bentonite from an asrea 9C to 1CC feet wide by 1%
ailes long. There are numerous gullies cutting across
tne exposure and the surface is irregular so the width
of the possible producing area would vary from place to
place.

A section zmeasured at this locality is described on

N o)
Jﬂdge ‘:jo

,

Sec. 4, southeastward to Sec. 26, T. 16 b., B. 5 E. The
frduore bentonite is 25 to 3C inches thick and dips
steepry toward the west. 1In Sec. 4 the dip is about 40
degrees and to the south it gradually decreases to about
15 degrees in Sec. £0, In this area the ventonite has a
cover oi more than £0 feet within 30 to 50 feet of the
ocutcrop.

¢}
¢}
°

<5, T. 10 8., E. 5 B., northezstward to Zec, 4, T, 10
R, 6 & This 1s a ilong and almost continuous exposure,
ng interrupted only where gullies cut through the es-
arpuent qlone wnich the bentonite crops out.

O injla
T §o
|2 bs

5

In the southwesterr part of fthe exposure the dip is
lE degrees toward the southeast. To the norta the dip
decreases to 8 degrees in Sec. 17 and to 7 degrees in
Sec. 4, T. 1C S., R. 8 kL. The surface slope above the
bentonite beds varies frow 4 to 8 degrees, but averages
about 5 degrees. The width of the area with less than 20
feet of cover would thus vary from 70 to about 100 fe=t.

Measurements ade on the beds in Sec. 25, T. 1C 5.,
R. 5 E. are typical of the entire exposure.

Feet Inches

50 shale, with nunercus thin streaks of
bentonite, and with dark ferruginous
and cone-in-ccne concretions in the
upper part.

6 bentonte

~50~



shaie, with gray limestone concretions
bentonite

shale, with gray limestone concretions
bentonite

shale, with gray limestone concretions
bentonite

shale

pentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

st

beniuiice, Ardmore

shale

bentcnite

shale, with gray limestone concretions

[AVIRRTS N o

=
._I
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2

77

@3]

Total section

SEz, Sec. 32, T.9 8., R.6 E. A map and cross section of
this exposure are given on Plate 5. This is one of the
most favorable localitilies found for producing the Pilerre
bentonite because the Ardmore bed underlies a dip slope
and has a minimum of cover over a fairly large area. A
section of the bentonite zone was measured as follows:

Feet Inches

90 shale, with ferruginous and calcareous
concretions

bentonite

shale

bentonite

shale, with numerous gray limestone
concretions

bentonite

shale

bentonite

shale

bentonite

shale

bentonite
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1 6 limestone concretions
1 s
4 shaie
5} berntonlite
3 ghale
s bentonite
1 11 shalie
B bentonite
1 shale
8 bentonite
115 Total section

Secs. 27, 28, T.8 5., R.6 E. The dip is 20 to 25 ,
degrees, and the surface slope is 6 degrees. The over-
burden is too thick To permit commercial production of

bentonite.

m s AN !
Sec, 26, T.9 S., A4.8 K, The

exposure is about one-Ifourth
mile long, the Lrdmore bed is & feet thick, the dip is
12 degrees and the surface slope 1s 3 degrees. It would
be possible to produce bentonite from an area about 75

feet wide.

Secs, 14, 11, T.9 S., R.86 E. Several small exposures,
usualily not more than 300 feet long, have a dip of 9
degrees toward the southeast and surface slopes of 5 to

8 degrees. Thus, at each exposure an area about 80 feet
wide would have a cover of less than 20 feet. A small
exposure in the north central part of Sec. 11 is partially
covered by a hard iron-cemented sandstone.

NW corner Sec. 2, T.9 S., R.8 E. across E.%3, Sec. 34,

T.8 S., R.6 E. This exposure 1s over a mile long and

the Ardmore bed is 40 inches thick. The dip is 8 degrees
toward the east, and the surface slope is 1 to & degrees.
An area 100 to 130 f=set wide would have & cover less
than 20 feet thick.

Secs. 31, %2, T.7 5., R.7 E. This exposure 1is on the

banks of the Cheyenne River, and the overburden is too
thick to allow comnercial quarrying of the bentonite.

The Ardmore bed is £ feet 8 inches thick.
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SWz, Sec, 29, T. 7 5., R, 7 E. Thne Ardmore bentonite is
under a din slope of 5 degrees and has an average over-
burdaen of less chan 7 feet throughout the area 250 feet
wide and 700 feet long. The thickness of the Ardmore is
considerably less than usual, being only 30 to 32 inches,
and except for this fact the locality would be a good

one for commercial production of bentonite.

Secs, 20, 17, 8, T, 7 5., R. 7 E. 1In the north central
part of Sec., 20 the dip is 10 degrees toward the east.
The surface sivpe 1s about 8 degrees, and this means an
area 80 to 65 feet wide would have less than 20 feet of
cover over the bentonite. In the southern part of Sec.
17 the dip remains tine same, but the surface slope is
about 4 degrees. 1n the northern part of Sec. 17 the
surface slope has decreased to an average of 3 degrees,
although it 1s rather irregular due to gullies which cut
through the shale. ‘Tie Ardmore bed here is 40 inches
thick. Slightly south of the center of Sec. 8 the dip
is still 1C degrees and the average surface slope is 3
degrees, which would allow bentonite to be produced from
an area about 20 feet wide. The thicknesses of the
bentonite zone strata were measured as follows:

Feet Inches

50 shale, with gray limestone, dark
ferruginous, and yellow cone-in-cone
concretions

bentonite

shale

bentonite, with abundant selenite crystals

shale, with numerous gray limestone
concretions

bentonite, with abundant selenite crystals,
often in large aggregates.

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale
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3 berncoiiite, Ardmore

9 shale
7 bentonite
70 3 Total section

SE%, Sec. 168, 7.6 S., R.7 E. The dip of the beds is
about 10 degrees and the surface is irregular but
essentially horizontal. Thus, above any of the benton-
ite beds present there would be a cover 20 feet thick
about 100 to 115 feet from the outcrop. The exposure
extends for 1 mile to the northeast and there are in-
termittent exposures for another 14 miles. The strata
exposed were measured as follows:

Feet Inches

100 shale, with concretions

2 bentonite

shale, with cone-in-cone concretions

shale

bentenite

shale

bentonite

shale, with gray limestone concretions

bentonite

shale

“bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shals

bentonite

shale, with gray limestone concretions

bentonite

50 shale, bottom not exposed; with gray
limestone concretions 30 feet from top.

173 7 Total section
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[aoRAVE g
R OOk Ok OOOOH

Secs, 31, 29, 20, T.5 S., R.8 E. The Pierre bentonite
zone outcrops alcong a discontinuous belt extending from
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the southwestern part of Sec. 31 to the southwestern part
of Sec. 20. A bentonite ted about 36 inches thick is
probably the Ardmore bentonite.

i, center Sec. &, T.4 8., R.8 E. Part of the Pierre
bentonite zone 1s exposed for about 100 feet in a gully
that has been cut through the gravels which cover most of
this area.

bec, 23, T.3 8., R.8 E. Pierre bentonite 1is exposed in
the southeastern and north central parts of this section,
but it is doubtful iif the bentonite is sufficiently thick
to justify any attempts to quarry it. The thicknesses of
the exposed beds are as follows:

i

Feet Inches

20 shale. containing gray limestcne concretions
near hottom :

bentonite

shale

1 bentonite

sheale

bentonite

shale

bentonite, with very large proportion of
calcite in small crystals

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite, with shale streak near top.

shale, bottom not exposed

Total section

O
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92

28

SW2, Sec. 6, T.3 S., R.9 E. This is a small exposure of
the Pierre bentonite zone on the north valley well of
Battle Creek. Except for this small area the bentonite
is covered by gravel.

NWZ, Sec. 7, T.2 S., R.9 E. The surface slope is rather
steep, but an area about 700 feet long by 40 feet wide
would have less than 20 feet of overburden covering the
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bentonite. The indii

ividual beds are not very thick, as
shown by the following m

measured section:

Feet Inches

50 shale, with gray limestone concretions 18
feet above bottom
1 bentonite

bentonite

shale

bentonite

shale '

bentonite, with nuierous dikes and irregu-
iar =asses of calcite and gypsum crystals
that sre partially cemented by iron oxide.

shole

bentoiite

shale

bentonite

shalie

bentonite

shale

bentonite

shale

[
HOWOHOW

0

DO O = O U1k 0N i

2 bentonite
shale
bentonite
shale
bentconite
L shale
bentonite
shale
bentonite
shale
bentonite
5 shale

oo

Mo @i

3
T
fav]

Total Section

NE. part of Sec. 1Z& southwestward across NWz, Sec. 24,

T. 1 5., K. 8 E. For the most part the exposure is on the
side of a steen slope of 15 to 20 degrees, but in the
nortawest quarter of tec. Z4 there are two benches, each
about 400 feet long, vwhere the slope is 5 or 6 dﬂgrees.
Because the slopes are relatively steep and individusl
bentonite beds are rathier thin, it does not seem probable
that bentonite could be produced commercially from this
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exposure.

as follows:

Feet Inches

1

5

9

3

5!

2

1 P

2

3

1

5

3

4

2

3

4

1

2 1

2

5
3

1l 1

1

1

5

1

4

3

14 4

A section of the bentonite zone was measured

shale, with concretions

bentonite

shale

bentonite

shale

bentonite

Shale

bentonite, with large proportion of
calcite and gypsum crystals

shale

bentonite

shele

bentonite

shale

bentonite

shale

bentonite

calcite, unconsolidated; small, even-sized
crystals

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

shale

bentonite

Total section

N.L., Sec. 34, T.2 N., R.8 E. The Pierre bentonite zone

is exposed for about 400 feet. No measurements of the
beds were taken because the strata are poorly exposed on
a grassy slope.



Exposures of upper Graneros Bentonite

7 8. R 1 E. The bentonite about 130
Greenhorn limestone has a thickness of
inches., 1t is exposed on the edge of a bench so that
the surface slope is only about £ degrees above it, and
probably an area from 200 to 3C0 feet wide has less than
£C feet of cover. Commercial production would probably
not be possible, however, because of the thinness of the
bed,

Secs, 6 and 7, T
feet below the G

[3X]
P

) 4 de

From this exposure southeastward to Section 27, T.
5., K. & b this vertonite bed could not be identifieq,
ithough several ex_.osures of the upper Graneros were
tudied. It 1s probuble thiat this bed is thin through-

t this area, and 11 s likely that one of the bentonite
5 fcund in Sec. Lo, T. 2 5., R. 2 B,, is 1ts eguivalent.
pege 2C and Pizte 4, Fig. 2.)

SEx, Sec. 22, T. 9 8., R. & i, Details of this exposure
are given in Plate 6. The length 1s nearly ZCCO feet,
the dip is 4 degrees, and the surface slope is 5 to 7
degrees. The bentcenite bed 1s 38 to 40 inches thick,
and it would be impossible to produce bentonite from an
area anhout 125 feet wide.

Nod, Sec., 13, 1, 10 S., R. 3 E. The Upper Graneros
ueﬁuOWlte is exposed near the bottom of a gully cutting
nrough the Greenhorn hO?baCﬁc Although the bentonite
15 38 inches thick it is not of much commercial impor-
tance because of the thick cover of shale and limestone

overiying it.

SWe, Sec, 4 and Sbf, Sec, B, T. 11 ©., H, 4 E, The upper
Graperos bentonite .s exzosed on the vwest bank of Hat
Creek, and althcugh 54 inches thick here, it is covered
by too much shale and soil te allow mining at present
day prices. To the west, howzver, the bed is exposed in
roed cuts and on the surfasce in the southesastern part of
scetion B, 1t seexns probable that ¢ few test holes

;. reveal 2 large rez wherce tnis bentonite might be
juced cownerclaliy. If so, tals would bte a favorable
atd since it is cnly three =iles to Bumford and
ven wiles to Ardsore over cusmparsztively good roads.
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NW z, Sec.22, Upper (raneros bentonite
1s exposed on 5y slopes below the Greenhorn escarp-
ment.

the beds is about 16 degrees and the surface
degrees so that an overburden of 20 feet

ncounterced about B0 feet from the outcrop.

0, T.9 S.. BE.5 E. southeastward to Sec. 15, T.10 S.
v, Upper Graneros bentonite exposed only along banks

Creek, always with from 15 to 20 feet of alluvium
overlying 1it.

—

SE %, Sec, 18, T.9 8., R.5 E. A 45 inch bed of benton-
ite about 130 feet below the Greenhorn limestone is

well exposed in a gully. The bed can be traced for

about 1 mile to the south and two miles to the northeast,
although it is poorly exposed in most places. OCn the
divides between guliies which radiate out from the Green-
horn escarpment the bentonite bed underlies a few inches
of soll. For the most part the dip is less than © degrees
and the surface slopes up from the bentonite at about 3
or 4 degrees. It would probably be possible to produce
bentonite from an area 115 to 125 feet wide and, with a
few breaks where there are deep gullies, & miles long.
Since the exposures are poor in most places, it would be
necessary to dig a2 few test holes fto confirm surface
evidence before attemplting to develop this exposure. A
measured section ig described on page 2%,

Secs., 3, 10, T.10 5., BR.5 E. In the southeast guarter
of Sec., 3 a nearly ilat bench 600 feet long and 300 feet
wide nas the upper Graneros bentonite just a little be-
low the surface. Another good exposure is along a
divide in the north central part of Sec. 10. The area
uncderlain by bentonite with less than 20 feel of over-
burden is about 600 feet long by 200 feet wide. The
bentonite in this area is about 40 inches thick. The
principal disadvantage here is that there are no roads
closer than three or four miles.

)

E.2, Sec, 35, N.%, Sec. &6, Sec. 25. 7.9 S.,
these sections & few bentonite exposures can
in gullies but cannot be traced across the g
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of the divides. A few test holes would probably out-
line deposits from 400 to 800 feet long which would
have an overburden less than 20 feet thick in areas
100 to 150 feet wide.

SEx, Sec. 4, T, 9 8., R. 6 E. The upper Graneros benton-
ite is exposed on the banks of the Cheyenne River. The
thickness is %= inches.

Secs, 33, 28, T. 8 5., R. 6 E. The upper Graneros benton-
ite with a thickness of 33 inches, is exposed on a series
cf small penches pelow the ureeunhorn escarpment. The dip
is 12 degrees and the surface slope 4 to 6 degrees, so
that an area about 60 feet wide would have an overburden
of less than 20 feet.

Sec., 3, T. 8 3., R. 8 E. The upper Graneros bentonite is
exposed on high hasks of the Cheyenne River where it is
40 incnes thick,

Fastern parts of Sec. 34, 27 western part of Sec. 22,

T. 7 S., R. 6 E. The upper Graneros bentonite is about
4G inches thick in this area, the dip is 6 or 7 degrees,
and tne surface slope 4 or 5 degrees. Throughout much
of the area the bentonite cannot actually be seen, but
its position across the grassy slopes below the Green-
horn escarpment can be traced by means of a row of gray
limestone concretions which occur above it. An area 20
to 115 feet wide has an overburden less than 20 feet
thick.,

Sec, 12, 13, T, 7 S,, R, 6 E, In the northern half of
Sec. 13 and the southeastern quarter of Sec. 12 two
bentonite beds can be seen. Each bed is &6 to 40

inches thick and they are separated by 4 or 5 feet of
shale. The dip is 7 degrees and the surface slope about
3 degrees, so that an area about 115 feet wide has an
overburden of less than 20 feet. Although the outcrop
of these bentonites is on a grassy slope, the position
cf the beds can easily be determined because of layers
of gray limestone concretions above each bed.

Center Sec. 18 and north across SEz Sec, 7, T, 8 S.
R. 7 E. Concretions above the upper Graneros bentonite
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mark the position of that bed, although tne ventonit: it-
self 1s poorly exposed. No exposures were found where
accurate measurements could be made, but the bed appear-
ed to he about 3 feet thick.

SW.%, Sec. 30. 7.4 S., R.8 E. Bentonite in the upper
Graneros formation 1z exposed for & short distance in a
small gully. Neither the bentonite nor the overlying
concretions can be traced for more than & hundred feet
or so, but the bentonite evidently underlies a rather
large arca and a few tTest holes might reveal deposits of
commercial impertance. The minimum thickness at the ex-
posure 1s & feet.

Upper lMowrv-lower Oligonite zone
Bentonite Exposures

NE. corner Sec. 17, across S.% Sec. 16 and E.2 Sec. 21,
T.6 5., R.1 BE. A section showing the thickness of the
various bentonites exposed here is given on Plate 3. In
section 21 the upper pentonite in the exposure occurs
just below the top of small spurs with areas too slight
to be of any importance. The lower bentonites are on
the sides of steep slopes. In section 17 the Mowry ben-
tonites are mostly covered by alluvium, but in the SE.g

£ this section the two lower bentonites of the lowry
have thicknesses of £5 and 20 inches respectively,
gseparated by 1 foot of shale. The surface is nearly
horizontal and the dip about 4 degrees. Although the
actual exposure of these beds is only about 75 feet
long, it seems likely that test holes might reveal a
‘large area where they might be quarried on a commercial
scale. In this same area the upper (40 inch) bentonite
is exposed for a distance of about half a mile. The dip
is 4 degrees and surface slope about 4 degrees, so an
area about 150 feet wide would have a cover less tnan 20
feet thick over the bhentonite. There are many small
outliers of this bentonite, also, which have a cover of
from 1 to 3 or 4 feet, although on many of these part of
the bentonite has been eroded away. The upper bentonite
of this area contains 12 to 15 per cent of grit consist-
ing of hematite and feldspar with wminor amounts of
chlorite and zircon.
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NE.Z, Sec. 33, T. 6 5., R. 1 E. The upper bentonite of
the oligonite zone iz about 3 feet thick and the rest of
the beds exposed are siszilar to those described in sec—~
tion 21. The exposure here is partly covered by

eposits of coarse gravel.

oecs, 4, 9, T. 7 5., R. 1 E. The upper bentonites of the
oligonite zone are exposed with thicknesses comparable

to those in section £1 in the township to the north.

The exposures are small because they are found only in
railway and highway cuts.

SW;, Sec. 16, T. 7 8., R. 1 E. A section measured on the
west bank of Beaver Creek is as follows:

Cewy inchesg
3 bentonite
20 shale
1 bentonite
10 shale, with oligonite concretions
17 shale, lowry
] bentonite
i S shale, Mowry
3 bentoni te
1 -6 shale, iHowry
8 bentonite
1 shale
1C bentonite
8 : snale, Howry, bottom not exposed
71 Total section

The top bentonite has very little cover over an
area 400 by 100 feet, but the lower bentonites are ex-
posed on the valley walls and have a thick cover, as do
all the bentonite beds in a continuation of the expos-
ure to the northwest.

E. center Sec, 12, T. 8 S., R. 1 E, This is part of an
unusually long exposure of the oligonite zone-Mowry
bentonite, since it extends about 1 mile to the south-
east and an equal distance to the northwest. Measure-
ments of the bentonite and shale beds are as follows:

45



Feet Inches

Tertiary gravels

25 shale, with oligonite concretions
2 bentonite
15 shale, with oligonite concretions
2 bentonite (this bed varies in thickness
up to & Teet in some parts of the ex-
posure)
14 shale, with oligonite concretions
g shale, silvery gray. Mowry
3 bentonite
6 shale; Mowry
2 9 bentonite, with small masses of dark gray
shalie included near the middle.
20 shale, Mowry, bottom not exposed.
93 Total section

The surface slope 1s 2 to 4 degrees above the upper
bentonite in the section, but 1s about 8 degrees above
the lower beds. The dip is 4 degrees. Thus an area 140
feet wide would have less than 20 Teet of cover over the
top bentonite, but the area would be only 80 or 20 feet
wide in which the lower bentonites would have less than
this amount of overburden.

SE.23, Sec. 18, to S&.x Sec. 34, T.8 S., R.2 E. The
bentonite bearing parts of the oligonite zone and the
Mowry shale are covered by alluvium in the Cheyenne
River valley.

NW.%, Sec. 2, T.9 3., R.2 E. The bentonite beds here

are irregular both in thickness and in dip. Consicer-
able eamounts of bentonite have been forced on to the sur-
face while in a plastic condition, but measurements of
the beds were made by digging through the bentonite and
the overlying shale a few feet from the outcrop.

Feet Inches

20 shale, with oligonite concretions
2 8 bentonite
16 shale, with oligonite concretions
1 8 bentonite
16 shale, with oligonite concretions

A5G-



1 7 bentoni te
0

1 shale, with oligonite concretions in
the upper part
g DCY“(.MF\'? te
10 shale, dowry
73 7 Total section

A wap and cross section of this exposure are given
)

4
L
on Plate 7. A columnar section is given on Plate &.

UWs, Sec. 7, T. © 5., R. 3 BE. In the north central part
of this section a 15 inch bentonite bed occurs near the
base of the oligonite zone, and this is separated by 23
feet of shale from = Z0 inch bentonite above. A few
hundred feet to +the southwest the lower bed directly
overlies an irregular layer of concretions and varies
from 21 to 28 inches in thickness within a few feet
laterally. In local areas the bentonite beds have little
cover, put because of the variable thickness it would be
necessary to dig test holes to cutline the deposits be-
fore attemptling to exploit them.

E. central part Sec. 8, T. @ 5., B, 3 E,. The bentonite
bearing beds of this area occur omn the side of a hill
with steep slopes. A columnar section on Plate 3 shows
he thickness of the beds.

T

West center Sec. 9, T. 9 5., K. 3 E. The beds exposed here
sre shown in & columnar section on Plate &é. There are

long exposures of bentonite in this areas but the beds are
too thin and general’y occur under slopes too steep to
permit commercial production.

Sec, o, T. 9 5., K, 3 B, A 25 inch bentonite bed occurs
in the lower part of the oligonite zone.

E. center Sec. 35, T. 9 5., B. 3 E. A 26 inch bentonite
bed occurs in the upper part of the Mowry shale. The
exposure 1s small, and the bentonite cannot be traced
far from the banks of Flum Creek where the exposure 1is
located.
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Secs. 20, 21, T, 1. o R. 4 FE. Two thin benicnite beds
occcur in the upper vy shale, and a £3 inch bed occurs
in the Llower part of uhe oligonite zone,

Western part Sec. 16, T. 9 5., R. 5 E. In the upper Howry:
5 =4 inch bentonite occurs 12 to 15 feet above the sand-
stonedike zone. The dip is 35 degrees.

Sec. &4, T, 9 5., B. 5 K. The lower oligonite zone has
two bentonites, the lower 7 inches thick and the other,
5 feet above it, 23 inches thick.

sec, 23, 24, 26, T, 9 5., R. 5 K. Two bentonite beds,
Separated by 4 feef of shale, occur near the bottom of
the oligonite zone. The lower bed is 20 to 28 inches
thick and the upper 8 to 10 inches thick. The oligonite
zone and the Mowry skale are heavily timbered with
western yellow pine and exposures are poor. The dip was
deterained as approximately © degrees.

Sec, 19, T. 9 5., R, 6 B. No bentonite could be found in
the upoer Mowry in spite of the fact tnat the Mowry is
exposed from the sandstone dike zone to the bottom of

the oligonite zone.

In the oligonite zone a 22 inch bentonite bed occurs
about 5 feet above the base and this 1s separated by 16
inches of shale from an overlying 28 inch bed. The dip
is difficult to determine but is approximately 5 degrees
and the surface slope averages about & degrees. An
area about 140 feet wide would have less than 20 feet of
overburden., This exposure 1is not covered by timber as
are most of the exposures in areas west of here. This
exposure 1is about three-fourths of a mile long.

NWz, Sec. 28, T. 8 S., R, 8 E. A 44 inch bentonite bed
at the bottom of the cligonite zone is exposed for a
distance of about 200 yards. The exposure 1s in a
wooded area and the slopes are too steep for stripping.

Sec, 34, T, 7 S., H. & E. The upper Mowry does not con-
tain thick bentonites so far as could be seen. There

is a 6 aincn bed in the lower part of the oligonite zone
and a 28 inch bed 5 feet above ik.
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W. central part Sec, &7, T, 7 S., ki, 6 E. The bottom of
the oligonite zone has an 8 inch bentonite bed and 9
feet above it another bed that is 9 inches thick. At
this locality the sandstone dikes of the Mowry come up
to within 15 feet of the top of the member, and the
upper Mowry contains a few oentonltes, all less than 6
inehes in thickness.

s

SiEx, Sec, 15, T, 7 S., R. 6 E. A 37 inch bentonite
accurs in the lower part of the oligonite zone, about

4 feet above the lowest concretions visible. A 10 inch
bentonite occurs in the Mowry, but is poorly exposed so
that its exact position is not determinable although it
appears to be about 20 feet below the lowermost concre-
tions of the oligonite zone. The dip is about 8 degrees
toward the east, the surface is rough but essentially
horizontal, and the region is timbered.

S. central Sec. 14, T, 7 S., R. 6 E. The following beds
were measured in a road cut:

Feet Inches

5 shale, with oligonite concretions
12 shale, Mowry

sandstone

bentonite

shale

bentonite

shale

bentonite

Total section

W Wik 2I®

26

A few hundred feet to the southeast a 49 inch
bentonite in the lower oligonite zone is exposed in a
gully.

NW:, Sec., 13, T. 7 S.. R. 6 E. A small exposure has 35
to 40 inches of bentonite in the lower part of the
oligonite zone.

Sec., 20, T. 5 S., R. 7 E. Bentonite in the lower
oligonite zone is exposed in a few very small areas but
is mostly covered by alluvium and gravel. Only one bed
is well enough exposed to be measured without consider-
able digging and it has a minimun thickness of 25 inches.
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Sec. 3C, T. 2 S., K., o B, The Mowry and part of the
oligonite zone are wall exposed one half mile west of
Hermosa, but no bentonite could be located. The Mowry
contains large dark colored concretions as well as
sandstone dikes and sills.

§. center Sec, 17, T. 1 S., R. 8 E. A section through the
upper Mowry was measured as follows:

Feet Inches

shale, with oligonite concretions the low-
est of which vary from 5 to 10 feet
above the underlying bentonite.

1 bentonite
3 shale
2 bentonite
10 shale
4 bentoni e
1 shale
B bentonite
15 shale
shale with thin sandstone dikes
28 Total section

S. center Sec., &1, T. 1 N., B. 8 E. A one foot bentonite
occurs in the upper part of the Mowry, and a 392 inch bed
occurs about 2 feet above the bottom of the oligonite
zone., The bentonite is poorly exposed except for one
good exposure on the banks of a creek.

TRANSPORTATION FACILITIES

The map showing the location of bentonite deposits
in Fall River County (Plate 8) shows also the location of
railroads and some of the main travelled highways.
Although not shown on the map, there are roads near all
of the bentonite exposures south of Buffalo Gap in T. 7 S.,
R. 6 and 7 E.

The principal deposits with no roads nearby are
those located in T. 11 S., R. 1 E.; T. 1C 8., R. £ E.;
T. 10 S., R. 5 E.; and T. 10 S., Rs 6 E. All of these areas
may be reached over trails which cars can travel except
in wet w=ather.
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MINERAL AND CHEMICAL COMPOSITION OF BENTONITE

Bentonite has been defined by Ross and Shannon+

s rock composed essentially oi a clay-like mineral
rmed by devitrification and the accompanying altera-
ion of a glassy igreous wmaterial, usually a tuff or
lcanic ash; and it often contains variable proportions
f accessory crystal grains that were originally pheno-
'ysts in the volcanic g1li38S....1lie characteristic clay-
1ike mineral has & micaceous habit and facile cleavage,
high birefringence, and usually a texture inherited
from volcanic tuff or ash, and it is usually the mineral

montmorillonite, but iess oiften beidellite.™

»
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The essential constituent of all the bentonites
studled in southwestern bSouth Dakota was found to be

Lhne ciny aineral uiooorillonite, though beidcliliite

also appears to be or sent in some of the Graneros beds.
Optical, cnesmical, and x-ray methods were used in the
identification of the zineral. Nunu?ous samples from
the outcrops of the Pierre, Upper U“”HQFOS, and Mowry-
oligonitz zone cf the Graneros were studied under a
netrographic micreoscope and the birefringence was deter-
sined as appsroximately €.08. The indices of refraction
of the various saxzples were determined by the use of
immersion liquids, and the samples were. prepared for
study by allowing the clay to setilie on glass slides
susgended in water into which a small amount of benton-
ite had been vigorously stirred. The individual crystals
of montmorillonite are too smalil for ordinary petro-
graghic study but because of the micaceous type of
cleavage possessed by the clay, the thin plate-like
crystals assume a more or less uniform orientation on
the slide. When dry the aggregates of crystals can be
studied like ordinary zmineral grains. In this way the
indices of refraction of all the aggregates of clay on
the slide are of about the same value except for a few
that are lower or higher than the average because the
aggregate has been rotated so that it has a different
orientation from the others. ©Since in montmorillonite
the axis of greatest ease of vibration cf 1ight rays

is nearly perpendicular to the bise of the crystals or
cleavage fragments, the index of refraction of the

1. Ross, C.S5., and Shannon, E.V., The minerals of
bentonite and related clays and their physical
properties, <our. Am. Ceramic Soc., Y0l.9,p.79,

19826,
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average aggregat te 15 essentially the least index of re-
fraction. The index of refraction of most of the
aggregates in every zample of Pierre and Upper Graneros
bentonlueg studied was within the range of 1.5C0 to
1.510. ¥From this winimun value the indices of a few
agzregates varied up To 1.5285. The clays from bentonite
of the Mowry-oligonite zone show an average index of re-
fraction of 1.520 to 1.535, while some aggregates range
up to 1.550. It seems probable that these clays in
which the index of refraction is especially high contain
beidellite in addition to montmorilionite. This is by

no means proved, however, since there is a possibility
that some of the exchangeable bases of the clay have been
effected by the immersion liquids used. Regardless of
this, the index of refraction of clay from all the Pierre
and Upper Graneros tentonites and most of the Mowry-
oligonite zone bentonites are within the limits for
montmorillonite reported by Grim.+- Additional evidence
that the clay nineral present in the bentonite is
”Oﬂbﬂﬂrlllﬂnl,b ccres from ?-ray studies made by Kerr on
e samples from Fa 11 River County, South Dakota.
1ples studied came Tfrom the Plerre formation
Sec.18, T.9 S., R.5 E.) and oligonite zone of
Granerog formation (NW.} Sec. 2, T.9 S., R.2 E.). Kerr
roportckthab the x-ray diffraction patterns agree within
reasonable limits wi x-ray diffraction patterns of
montmorilionite on fi

(S'E 2

Che

icel analyses of siz bentconite sample from the
Pierre and GLanLru~ formations are given in Table 1.

Because of the possible presence of two or more different
clay minerals or of mineral impurities in the bentonite,
it would not be cafe to attempt an identification of the
clay mineral based on chemical analysis alone. Hcwever,
used as confirming evidence to support other data, the
chemical analyses precented in Table I are guite signifi-
cant in that they agree within reasonably close limits
with analyses of mentmorillonite-bearing bentonites from
other localities. It can be secen from the analyses that
the chemical composition as presented satisfied the
formula for =montmorillonite given by Grim.d

The two different colors of bentconite from the
Pierre which occur at nany exposures have been explained

1. Grim, Ralph E., Properties of Clay in Recent
darine Sediments, A Symposium, edited by Parker D.
Trask, publizhed by American Asscc.Petroleum
Geologlsts, op. 466-495, 1939,

2. Kerr, Paul F., perconal communication, Oct.30,1939.

3., Gria, Ralph E., op.cit., pp.456~495.
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as being dve to different conditions of the iron oxide
content.t Presunably the unweathered bluish gray
material contains ferrous iron while the yellow color
¢f parts of the bed is due to weathering and the con-
sequent oxidaticen of iron to the ferric condition.

Clay minerals have the ability to carry bases
(Cationsg which can be exchanged for other bases. Thus,
if a sample of clay containing sodium as an exchangeable
base is mixed with water containing a strong calcium

salt, the calcium will go into the clay and the sodium
will come out into the solution. It is this property of
the clay mineral in bentonite which permits the exploita-
tion of the Ardmore bentonite for use as a water softener.

Different clay minerals vary considerably in their
capacity to carry exchangeable bases. Grim? reports that
montmorillonite has a base-exchange capaclty of 60 to
100 millequivalents per 100 grams and _that the capacity
of kaolinite is only & to 15. Kelley* states that
bentonites of the Wyoming types have a base-exchange
power of about 90 millequivalents per 10C grams, while
certain bentonites from California and Nevada have a
capacity of 100 to 110 millequivalents per 100 grams.

The base-exchange capacities of eleven samples of
bentonite from southwestern South Dakota are shown in
Table II. It will be seen from this table that the
capacities of bentonites from each of the wain bentonite
zones of the area equal and in many cases exceed the
base-exchange values reported for montmorillonite and
montmorillonite-bearing bhentonites from other areas.
Although the base-exchange values of the samples given
in Table IT show considerable variation, the Pierre
bentonite shows the highest average capacity and the
Mowry-oligonite zone bentonite has the lowest average
capacity. It is doubtful, however, if enough measure-

1. Connolly, J.P., and O%Harra, C.C., The Mineral
Wealth of the Black Hills, S. Dak. School of
Mines, Bull. 16, p. 327, 13929.

2. Grim, Ralph k., Ibid., p. 472.

5. Kelley, W. P., Base Exchange in Relation to
Sediments, in Recent Marine Sediments, A
Symposium, edited by Parker D. Trask,
published %y American Association Petroleum
Geologis®t, pp.454-465 (456), 1939.

-50-



JHALYSES OF BENTONITE

§ 12 5 4 5 6
84,00 25&075 56.42 155,18 (55,52 |5&.77
19.20 20,74 123.62 21.88 121.85 {22.70

?e_ 3 OB 2,70 l.64 2 .36 1.91 4,05

e 0.18 0.62

MH:Oj 0.04 0.06

Cal 1.9% 1.00 C.62 2,16 0.55 1.23

Meg0 4,47 4,20 4,24 4.206 &.43 3.25

KgO 0.01 ¢.l14

N320 1.38 0.76 0.07 2.58 5.32 2.46

S0z Tr. Tr,

Woisturs

at 1100 C 8,18 .08

Loss on

Ignition 16.91 118.48 7.18 5,90 [13.28 112.17

Bluish gray bentonite from Ardmore bed of Pierre
formaetion about 14 miles south of Hot Springs, Fall

River County, £. Dak., SEf, Sec.32, T.9 S., R.6 E.

\Analyqjs made at S.Dak. State Chemical Laboratory,
Guy G. Frary, State Chemist, 1939.)

Light wellow colored bentonite from Ardmore bed,

same location zs above. (Analysis at S. Dak. S*ate
Chemical Laboratory, Guy G. Frary,State Chemist,1939.)
Light colored sample from groporfy of the Rez1n1te
Company, Ardmore, S. Dak. sAnalyS¢s by Charles

Bentley in Connoily and O'Harra, S.Dak.Scheol of Mines
Bulletin No.1d, page 331, 1929. )

Dark colored (bl Jish gray) sample, locality and
analyst as No., 3.

Bentonite from Jpper part Gruneros Tormctﬂua, about

14 ﬂWiOS south of Hot Springs,S.Dak.,SE:,Sec.18,T7.9 S.,
R.5 E. {Analysis at S.Dak. State Chemical Laboratory )
,*,un¢be from oligonite zone of Graneros formetion,
mile west ol Edgemont, S.Dak. (Analysis at S.Dak.

¢ Cheﬁ.c;l Lahoratory.
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TABLE IX

Base-Exchange Capacity and pH. of Bentonite from
QOQuhwestern South Dakota

Base exchange value expressed in
milleguivslents per 100 grams

Stratigraphic position and location Basevaﬁggange pH
Dark, bluish- gray bentonite from

Ar dmore bed, Pierre formation,

SE %, Sec. 52, 7.8 9., R.6 E. 119 8.1
Light yellow bentonite from Ardmore

bed, Pierre formaticn, SE z, Sec. 32,

1.9 8., R.8 E, 1382 4.2
Light vellow bentonite Lrom Ardmore

bed, PJerre formau;u;) SW %, Sec. 15,

T.,1i S., R.1 E, 119 3.0
Dark, bluish-gray bentonite from

Ardmore bed, Pierre formation, north

pit of Refinite Co., Ardmore, S.D. 92 6.9
Mixture of bluish-gray and yellow

bentonlte} Ardmore bed, Pierre forma-

tion, SW.z,S8ec.22, 7.7 S,, R.7 E. 11C

Upper Graneros bentonite,

NW.%, Sec.?2, T.10 S., R.4 E. 02 5.9
Upper Graneros bentonite,

SE.2, Sec.18, T.9 S., R.5 E. 126 4.3
Upper part of Mowry member, Graneros

formation, SW.z, Sec.16, T.7 S.,R.1 E. 112

Upper Graneros benton;te, SE.x,5ec.12,

T.7 S., R.6 E. 87

Oligonite zone, Graneros formation

NW.z, Sec.19, 7.9 S., R.6 E. 99

Oligonlte zone, Graneros formation,

NW:, Sec.2, T.9 S., R.2 E. 86 9.3
1. Base exchange and pH determinations made at S. Dak.

State Chemical Laboratory, Guy G. Frary, State
Chemist, using the method descrited by Bray in Soil

Science, Vol.45, page 487, 1938.
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ments of the capacity were made to Jjustify a statement
that these averages are characteristic of the bentonites
of these zones.

Other minerals in addition to the clays occur in
the bentonite samples studied. The presence of calcite
and gypsum crystals at many of the bentonite exposures
has already been noted, and sometimes one or both of
these make up & considerable portion of the exposed beds.
The gypsum crystals are usually large, and for commercial
production of bentonite would probably offer no serious
difficulty since they could be easily separated mechan-
ically from the bentonite. The calcite, however, some-
times occurs in smgil crystals disseminated through the
matrix of the Ardmcre bed, and this undoubtedly will de-
crease the value cof bentonite from certain localities
for some purposes. Fine grained calcite of this type
apparently is coo”! o d to parts of the bluisii gray
bentonite of the v...2sed beds, and was fcund to be
present in the Ardmore bed at Ardmore and at exposures in
Sec. 13, T.11 5., R.3 E., and Sec. 32, T.9 S., R.8 E.
Since all bentonite samples were ccllected near the
surface of the exposures of the various beds, it is not
possible for the writer to make any statement regarding
the amount of calcite in covered portions of the beds.

In addition to minerals already mentioned bentonite
of the area contains small quantities of minerals which
are typically igneocus or formed by alteration of igneocus
minerals. They were originally crystal grains which
occurred as phenocrysts in the volcanic glass. Presence
of these minerals in large quantities is objectionable
for many commercial uses of bentonite.

Tests were made to determine the amount of such
gritty material in the various bentonite samples by sus-
pending a weighed sample in water, allowing the grit to
settle. decanting the suspension and then weighing the
‘grit left behind. By this method the Pierre bentonites
were found to be nearly free from grit (1 to 6%). The
upper Graneros bentonite contains a larger percentage
but still not enough to be harmful (6-10%). Some of the
Mowry-oligonite zone bentonites, however, do contain an
objectionable amount of grit. Samples collected in
Sec. 33, T.9 S., R.4 E. and Sec. 19, T.2 5., R.6 E. con-
tain 65% and 40% respectively, but on the average benton-

ites from this zone do not contain more than 12% grit and
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this amount probably is not objectionable for wmest pur-
poses. At both of thie locations given above where the
percentage of grit in the bentonite is very high, the
most abundant mineral in the grit is hematite zF6203>,
This mineral occurs in small grains with perfect crystal
forms, and at these places 1is so abundant that it seems
iikely at least some of the iron was introduced after
deposition of the volcanic ash.

The mineral grains making up the gritty material in
the Pierre, Upper Graneros and most of the Mowry-
oligonite zone bentonite are as follows:

Mineral Average per cent
of the grit

Feldspar
Plagioclase {An 10-50) 45
Orthoclase . 35

Biotite 10

Chlorite

Zircon

Apatite 10

Quartz

Even though the clay mineral montmorillonite makes
up the major portion of nearly all the bentonites of the
area, the physical properties of the bentonites show
considerable variation. The Pierre bentonite, for
example, absorbs water very rapidly but absorbs a
relatively small total quantity and does not increase in
volume more than & to 5 times the original dry volume.
Also, this bentonite flocculates very quickly and when
suspended in water will settle out of the suspension
within an hour. ©Some of the Graneros bentonites, how-
ever, absorb water slowly but take up large quantities
of water and consequently swell to many times the origin-
al dry volume. These bentonites with the ability to
swell markedly in water also remain in suspension
indefinitely. One gram of this bentonite when mixed with
10 cc. of water makes a thick gel which is so viscous
that it will hold its form for several minutes (that is,
holes punched in the surface remain open). There is
considerable variation in the ability of the various
Graneros bentonites to absorb water and to remain in a
suspension. This variation occurs from hed to bed, and
also from place to place in the same bentonite bed.

Some of the physical properties of bentonite depend
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1 present and the amount and
the bentonites of this area

7 of the same clay mineral and
within a narrow range, other

roperties of bentonite must
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ropably the main cause of wvariations in physical
properties of nontmorillonite-bearing bentonite 1s re-
lated to the nature of the exchangesvle bases wnich are
is
a

held by the clay.l If the cation held locosely by
the flakss of ! water can form thick film zround
flake. 1 of water serves to segdrate the

i i reduce their attraction for each

as a lubricant bctween the flakes.
then, causes the flakes of clay

and because the flakes are of
settle ou+ cf a suspension. A
flake in this manner 1s sodium.

clally at Be 1Le Fourche,; South

compoaad of

the

t

d a sodium montmoril-
the idea presented above in that
orb large guantities of water and
\sion indefinitely.

lonite and
this bppto
it does

If the exchangeable base is held Tirmly and LWOSely
to the clay flske, water does not form a film around the
flake, the attraction the flakes have for each other is
not appreciably redi-ed in the SUS“GDSiOD, and aggregates
are formed which settle out of suspension. A cation
which effects the chv in this manner is hydrogen. The
pentonites from the Pierre formation have the properties
described above and it seems qulte probable that hydro-
gen is the replaceable base present, though Table 11X
shows that there is no evident correlation between the
concentration of free hydrogen ions and the stratigraphic
ncecurrence of the bentonite.
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Kelleya lists various cations in the )
power to replace ctiher bases as follows: I, Ca, Mg, K,

1. Grim, Ralph E., Ibid., pp. 466-495 (478).
2. Kelley, W. F., Base Exchange in Relation to
Sedi nentk,L_ Recent Marine Sediments, edited by
T published by American Assoc.

Parker D, Tz 5
Petroleum Geclogists, pp. 454-465 (455), 1939.
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Na. Thus the repiacing ability of
than calciwun, which in turn is gres .
etc. In e olalnln the varictions 1n the uhysical
properties of bent cnite, it seems probzble thot some of
thie cations with replacing power intermediate between Na
and X may be presrnm in those Graneros bentonites which
cbsorh more water than do the Plerre bentonites but not
as much as some of the other Graneros bentonites. The
Graneros bentonites with the greatest ability to absorb
water and remalin in suspensions which were studied were
found in the southeast z of Sec. 18, T.9 5., R.5 E,

k]
4,

(Upper Gruneros) and in the northwest 7 of Sec. 2, T.2 S.,
R.2 E. (oligonite zm1e) 0f these the sample from the
oligonite zone resembles very cleosely the Wyoming type of
bon onite and like iv has a pH of zabout ©2.3. Apparently
the clay mineral present in this bentonite is a sodium-
montmorillonite. The Upper Graneros sample, although

Torming just as strong a gel as the other, shows a high
concentration of hydrogen ions (pH 4.3 e Table II%

wnen SuCpcnded in distilled water. Tuus there 1s no
apparent correlation belween the oH and the phVFical

propertles of the bentonites studied. Kelley and Jenny
have shown that the base-exchange acity of kaolinite
is influenced by the size of ithe part ¢. Possibly
crystal size also inifluences the ability of tihe mont-
morillonite flakes to hold cationz and in some cases
even hydrogen may be held loosely enough to permit
significant nydrztionn

- 43 (“)“I‘i‘-df

1. Kelley, and Jenny  H: Hel .
Crystal ture to buse e and Ite DBearing
on Base Exchieunge in Soils, u@ll b01ence, Vol. 41,

pp. 367-382 1936.





