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I. INTRODUCTION

'he Pievre formation has been defined as the series of
gray shales lying above the Niobrara Chalk and. below the-Fox
Hills Sandstone. It lies at the surface over about 20,000
square miles of the state of South Dakotay and is present
under younger deposits in much of the remaining area. Because
it 1s the formation out of which much of the present topogra-
phy 1is carved, the thickness is highly variables It ranges
from at least 1700 feet where the sequence is complete; to
nothing where it has been entirely removed by erosior.

T

Purpose of the vresent study. Because of the widespread
ocecurrence of the Pierre shale, it has seemed advisable to
investigate the economic pessibilities of the formatiori. This
paper presents the conclusions of such an investigation,
conducted by the State Geological Survey during the months
of July and August, 1941i. The present uses and regdources of
the Pierre are described, and several potential economic
aspects discussed.

Nature and scope of the work. This survey was made by
a two man party, consisting of Mr., R. P. Maloney as instrument
man, and the writer as geologist. Because instrument work was
limited, Mr. Maloney actually served as an assistant geologist
much of the time,

The first aim of the investigation was to thoroughly
sample the Plerre formation. Because the different members
into which the formation may be subdivided have different
properties, and because these members themselves vary from
place to place, the problem soon resolved itself into a stra-
tigraphic study. That is, it became necessary to recognize
these various zones, and to measure their thickness in each
locality before sampling could be done on a scientific basis.

The survey was started south of the Rosebud Bridge, and
worked up the Missouri River to the North Dakecta line. Then,
because of limited time, a Jjump was made to the oulcrop area
south ¢f the Black Hills, and thzn to the Pierre outcrops
north of the Hills., Along the Mizzouri River, where the
stratigraphy has been well worked out during previous surveys,
progress was rapid, but farther west, where the formation has
not been so thoroughly studied,progress was of necessity slow,



Method. EFach section to be sampled was first carefully
studied, then measured with a plane table and telescopic
alidade. Outcrops were trenched where details were obscured
by weathered material at the surface. ©Samples of each shale
zone were taken from pits or trenches dug sufficiently deep
to encounter fresh material. These were put in cloth sacks
and forwarded to Vermillion, for subsequent study by the
State Geological Survey and State Chemical Laboratory.



IT. STRATIGRAPHY

THE PIEREE FORMATION OF THE MISSOURI VALLEY

Introduction

Name and Stratigraphizc Relations: The Pierre formation
was first described by Hall and Meek in 1855 from @Xposures
along the Missouri River valley in South Dskota.” It was
described as a lithologic unit, consisting of gray plastic
clays lying between what are now called the Niobrara Chalk
and the Fox Hills sandstcne. In 1881 Meekx and Hayden named
these beds the Ft. Pierre Group and subdivided the group into
four zones on lithologic and paleontclogic evidsnce. In 1876
the same writers outlined the distribution of the Ft. Pierre
in the northern great plains states.

Meek and Hayden considered that the Niobrars surface was
channeled before the first Pierre shale was deposited, but
subsequent studies have indicated that no brezk in deposition
cccurred, even though the transition from chalk or chalky marl
to black fissile shale is sharp.

The contact between the Pierre shale and the Fox Hills
sandstone is also one of gradation, formed as the muds of
the retreating Pierre sea gave way to near shore sand de-
posits. DBecause of the sliow retreat of the sea to the south,
this transition occurred somewhat later in the south than in
the north, a point which will be discussed in more detail
later.

Previcus Work: This has been described in other reports
and will be only obriefly summarized here. The first compre-~
hensive study of the Plerre shale of the Missouri River areg,
made for the State Geological Survey by Searight in 1937<;
resulted in the subdivision of the formation into five mem-
bers, several of which were in turn subdivided. Minor
changes in nomenclature were introduced by the same writer

1., For a summary of work on the Pierre prior to 1876,
see Meek, F.B., and Hayden, F.V., U.5. Geol. Survey
of the Territories, Vol, IX, 1876,

2. Searight, W.V., Lithologic Stratigraphy of the Pierre
Formation, of the Missouri Valley in South Dakota,
Report of Investigations No., 27, S. Dak. State Geol.
Survey, 1937,

Lo
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in 19381 and 1939%. A series of detailed stratigraphic and
structural studies have been made by the State Geological
Survey since 1938,3 Fach has added to the understanding of
the stratigraphic details, resulting in some Turther modifica-
tions of the classification and nomenclature as shown in
Table 1.

The contribution of the present study is primarily inte-~
grating this data by investigation of the intervening areas.
Several new sections were measured, and some of the earlier
sections restudied, or remeasured if the original measurement
had been made by aneroid barometer. It is now possible to
present a fairly complete and accurate picture of the Pierre
formation along the Misscuri River within South Dakota.

1. Moxon, A.L.; Olson, 0.E.; Searight, W.V.; and Sanddls,
K.Moy; The Stratigraphic Distribution of Selenium in
the Crebtaceous Formations of South Dakota and the
Selenium Content of Some Associated Vegetation, Amer.

Jour. Botany, Vol. 25, No., 10, pp. .794-809, December,
1938,

_ 4in Rocks, Soils, and Plants, Technical Bull. No, 2.,
Agr. Exp. Sta., South Dakota State College Agr. and
Mech. Arts, May, 1939.

3. See Reports of Investigation, Nos. 29, 31, 34, 38, 39,
S. Dak. State Geol. Survey. Also Bibliography.

 Note: Subsequent referenceés to any of the above 8 papers
will be made by author's name, date, and page
number in the text.
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GENERALTZED COLUMNAR SECTION
PIERRE FORMATION
Missourl Valley Area

Figure 2
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Medium gray shale, flaky, few ferruginous 100-
concretions, mostly small, G
===
Chalky shale and chalk which weathers 20—
; to shades of buff on outcrop. 241
—A Upper Virgin Creek. Yellowish gray 85—
::% shale which weathers to gumbo. 142
E% = =\ Lower Vi?g}n Creek. Shale, bluish- 26—
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haron Springs Memher

U2

Name and Description: The Sharon Springs, as described
dn 1931 from the type locality in Kanmsas, consists of dark
gray to black, slightly bituminous shale with abundant fish
remains.=~ Similarity of the basal Pierre in Kansas and South
Dakota was noted at that time, and Searight {1938) abandoned
his term "lower Gregory® in favor of Sharon Springs. {See
Table 1). The same writer (1939, p.20) subdivided the Sharon
Springs of South Dakota into a lower and an upper member on
the basis of the lithology, and on the same page states that
"In South Dakota all beds above the Nicbrara formation and
below the Gregory marl are included in the Sharon Springs
member.® Subsequent work {Gries and Rothrcck, 1941, p. 9)
has shown that the beds comprising the "upper¥ member actually
lie above the Gregory marl, and are characterized by a general
absence of fish remains. For that reason the Sharon Springs
formation is now limited tc the lower Sharon Springs of
Searight, and the M"upper™ beds are included in the redefined
Gregory member., The section at the west end of the Rosebud
Bridge, Gregory County, is the type for the original Gregory
member of Searight (1937), the restricted Gregory of Searight
(1938), and the redefined Gregory of the 1941 report. ‘

Subdivision: As explained below, the shale between the
Niobrara chalk and the base of the Gregory formation is div-
isible south of Qacoma into two zones on the presence Or

absence of fish remains.
Fish Scale Zone

Description: The lower part of the Sharon Springs con-
sists of a dark gray, fissile, somewhat bituminous shale con-
taining on close examination an abundance of scales and other
fragmentary remains of fish.

A bed of impure, rusty-colored selenite, varying from
less than an inch to over a foot in thickness, is usually
present at the contact with the Niobrara. The top of the fish
scale zone is marked by a layer of small, 1 x 2 inch, white
concretions which bave been found in every exposure examined.
Other concretions are typically absent.

1. Elias, M. K., The Geology of Wsllace County, Kansas
State Geological Survey of Kansas, Bull. 18, p. 58,
1931,




0. steep slopes,ocutcrops of the figssile shale stand out
@, buttress-like forms which appear nearly black from
. Exposures on gentle slopes appear as patches of
>, light gray shale flakes. The surface of all outcrops
“ﬂa“dCTeflz d by many small fragments of selenite; and a
r ochrous "bloom" which runs in veinlets through the
and bedding planes.

Nuonmercus bentenite beds are a conspicuous feature of the
'ops. These are usually thin, though one-foot seams are
tou nal, In a 14 foot section near the mouth of Crow
pulla]o County, a total of 44 inches qf bentonite has
orded. In outcrops where the basal bentonites are
arly well developed, it has been noted that the assoc-
ed shale is earthy in texture, in sharp contrast to the
lving fissile beds.

mall areas ¢f burned shale testify to the bituminous

of this zone. (See Gries and Rothrock, p. 10) Where
ing has. occurred, normally gray outcrops have become light
to prick red, and the individual shale fragments are
site hard and have a harsh feel.

QR T

> only fossils seen in this zone are the numerous small
ary fish remains, and occasional bones of large marine

icknesss The fish scale zone is 34 feet thick at the
1d bridge, 14 feet southwest of Academy (See Section IV),
et near Iona, 28 feet near the mouth ‘of White River, 22
g miles up that stream, 25 feet 5 miles north of Chan

and 14 feet at the mouth of Crow Creek in Buffalo
The zone passes beneath the level of the river a few
ove this place. Searight (1937, p. 16) reports 7 feet
inous shale overlying the Niobrara at the old cement
Yankton} Sputh Dakota.

Upper Shale Zone

Degsecription: Above the fish scale zone lies a thin bedcef
5 bluish~gray shale devoid of fish remains, It is char-
a ized by occaslional specks of red hematite, the presence
e ¢$erousq very fine, tubelike holes, and the almost com-

¢

J

b= o
e

o)
I—J (@)
Lds UJ

sence of concretlons° It lies immediately over the

11 ite concretions at the top of the fish scale zone,

and i: bouﬂded at the top by the concretionary or calcareous
! the lower Gregory member. The zone is less resistant

8.
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to weathering than the underlying fissile shale, and usually
presents a gentle flaky slope marked by selenite and yellow
ochre "bloom."

Thickness: Only one foot of this shale was observed
by the writer at the Rosebud bridge section, but a few feet
mere may have been concealed by slumping of the Gregory Chalk
at the point measured. Nine feet have been noted at Iona,
and 14 feet near the mouth of White River. Farther north the
upper contact is not conspicuous, and the zone, if present,
has been included in the Gregory.

Correlation: This upper shale zone does not fit the
description of the Sharon Springs of the type locality. It
is tentatively included with that member only because it
appears more closely related to the fish scale zone than to
the overlying Gregory member.




(1_,ego”
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Discrepancies in the classification and correlation of
this part of the Pierre have arisen because the thin sand and
marl zone lying at the base of the manganese zone was cver-
icoked when the Rosebud ﬂrﬂqgo section was first studied.
InvestigO*lol in 1940 {Gries and Rethrock, p. 11) showed that
the Crow Creek chalk of the Chamverlain area should bs cor-
related wwtn This overlooked sand and marl zone, and not dluh
the conspicuous calcareous zone at the base of the Gregory.

]

Name: Thes name Gregory member 1s now used to include
21l beds between the base of the Gregory marl or calcarecus
zone, and the base of the overlying Crow Creek sand and chalk
zone. These interverning beds form a distincet litheologic unit
in the type locality, and as far north as Hughes County vwhere
they pass beneath the river level.

Subdivisionss: At the Rosebud bridge, the Gregory memkber
consists of two distinct lithologic units; a lower chalk bed
and a thicker shale zone, To the north the chalk loses its
identity and the shale increases in thickness.

Chalk Zone

Dezcriptions At the type locality this ved consists of
about eight feet of impure light gray chalk, with smail shale
peblbles and scattered sand grains 1in the 1owef part. South-
gast of Wheeler this Lontact was seen in cnly one placej near
Rising Hill Colony in scuthern Charles Mix county. There,
ghove the f .1Le ghale, there appears a 2-3 foot layer of
ey limestone overlain by a thin calcareous shale,
A5 fboc impure chalk overlying the Sharon Springs in the old
cement plant quarry west of Yankton has been correlated with
this basal Gregory chalk (Searight, 1937, p. 18).

zoncretion

North from Wheeler, a poar exposure southwest of Academy
showed 3-4 faet of Impure chalk and concretionary limestone
2t this horizon. TIn the vicinity of Iona, Lyman County. the
base of the Gregory is marked by a ~ne to two foot layer of
puff limestone overlain by a similar thickness of very cal-
careous shale, Near the mouth ¢of White River, this horizon
is characterized only by an intermitisnt zone of large one
to two foot concretions, and farther north even this marker is
generally absent.




Shale Zone

Descript This shale varies in color from light

buff to dark v when fresh, and from light brown tc gray

when weathere Outcrops are tynlcal ¥y banded with alternats

beds of dark gray, non-calcareous shale containing brown
i

2
ironstione cont thions and light gray to buff calcareous lay-
ers

atter range from slightliy calcareous shale to im-
pure chalk and limestone in composition, and from a few inches
te several feet in thickness. O particular interest is an
intermittent chalky bed which occurs a few feet beiow the top
c¢f the member near and opposite the mouth of Crow Creek, in
Puffalc and Lyman counties, This bed varies from nothing to
six feet or more in thickness over short distances, and is
consequently very patchy in its distribution. Where well
developed it closely resembles the basal Crow Creek zone of
the overlying Sully member.

A conspicuous feature of all exposures of Gregory shale
is an abu 1d4nce of brown, fossiliferous concretions. These
range from two to six or more inches in thickness, and may be
small and intermittent, or may form nearly continuocus ledges.
Zones of large, one to two foot, gray limestone concretions
are also present in some exposures.

At the type locality the basal 18 inches of the zone
containsg abundant fish remains; but these have not been ob-
served elsevwhere in spite of careful search.

Thickness: The thickness of the Gregory member varies
greatly. Thirty four feet were noted at the Rosebud bridge;
830 feet southwest of Academy (see Section IV), 72 feet east
of Iona, 125 feet & miles up White River, 77 feet including
the upper shale of the Sharon Springs neatr Bad Hand Bottom
north of Chamberlain, 88 feet for the same interval at the
mouth of Crow Creek, and about 40 faet still exposed beneath
the Crow Creek chalk as far north as ; DeGrey, Hughes County.

Stratigraphic relation: GSearignt has suggested the
pOSS¢b111tV of "ar unrconformity at the base of the present
Gregory formation tc explain variations in thickness of the
underlying Sharon Springs. FPFurther study is needed between

Wheeler and Yankton, and also around the Black Hills before
che validity of this suggestion can be checked.

11



Paleontology: The shale zone is relatively fossilifer-
cias. The flat brown concretions contain numerous large speci-
uens of Inoceramus and Baculites. 1In one of the chalky layers
north of Chamberlain (Gries and Rothrock, p. 14, and Table
VII) an extensive fauna was found, including young specimens
of Pachydiscus complexus. The fish remaing in the basal
beds at the type locality have already been noted.
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Name and Descriptiocn: The Sully member was named by
right (1937, p. 21} from typical exposures along the Mi-

ssouri River Lﬂ and opposite the western part of Sully County,
Sounth Daketa. As originally defined, it included all beds
ing above what 1s now called the Crow Creek marl and below
?ne bentonitic beds of the lower Virgin Creek member. Subse-
quently (Searight, 1938, p. 796) this sand and marl zone was
included as a basal part of the Sully member.

Distributicn: This member is exposed continuously
alcng the Missouri and the logﬂn parts of its tributaries
from northern N 2 far north as Mobridge, Walworth
County, Souti whers tha i C permost zone passes beneath
the level ¢©

Subdivisions: The Sully has been divided into four

lithiogic units, which are., in ascending order, the Crow

Creek sand and marl, and the Agency, Oacoma and Verendrye
shale zones. It will Dbe suggested in this paper that the
Agency and the Oacoma be combined, thus reducing the number
of units to three.

Descriptionz The basal sand and associated

the Sully member were originally correlated
Wit 1 g P} Chalk of the Rosebud bridge section. Subse-
quent bfui s {Gries and Rothrock, 1941, pp. 11,14) showed
that this Lypc’ chalk was distinct from the Gregory chalk,
annd the basal Sully marl was then named the Crow Creek zone
from characteristic exposures at and south of the mouth of
Crew Creek, Buffaloc County.

Basal SandsL0u9n This bed was first observed by Searight
(1937, p. 13) who noted its per sistence throughout the area of
outclopk In an unwveathered co dlflGﬂﬁ the sandstone is proba~
bly nearly white, but it appears even in relatively fresh ex-
pcsures ag brown, laminated blocks, and on further weathering
thiese eak down into numerous gently curved plates one eighth
inch or more in thickness.

This sandstone has been shown to consist of fine sand and
gilt, cemented by calecium carbonate. Pebbles of the underly-

{,- ]
s



ing shale were noted in this bed by Searight \1937 Do 13) but
have been seen by the present writer only very’ varelvﬁ The
line of demarcation between the sand and the overlyiflg’ marl is
typically sharp, although the contact is apparently one of
gradation- :

The thickness of the sandstone averages between elght
inches and one foot, although thicknesses from four inche
fo nearly twe feet have been recorded. Because. of the pmr

stence and unlform_fblckness of this Dea, it makes an ex-
cellent key horizon for structurdl maptlnﬁ,

Mari Bed: The calcareous phase’of the Crow Jreek zone
may be described as a marl, although in many places it appears
more as an impure chalk. This bed, because of its very light
gray color, forms a conspicuous horizon throughout its area of
outcrop. Jhefe outcrops are steep, it forms a sharp band but
where slopes are gentle, it becomes more ragged bécause of the
tendency c¢f the overlying gumbo to creep down over\the,ex—
nosure. On very gentle, or grassed cver slopés, it ‘shows only
as a band of yellow so0il frequently supporting an abundant
growth of wild yucca plants. The thickness of the marl aver-
ages between six and eight feet, with a maxinam: of* 14 feet
noted southeast of DeGrey5 Hughes County, and z minimum ' of two
feet at the Rosebud bridge. The marl is locally absent at'the
mouth of Medicine Creek in Lyman County.

Distribution: The Crow Creek zone has been identified
only in the Missouri valley and its tributaries. It #s:in-
conspicuous in Gregory county, but becomes more prominent
northward. It has been traced about 12 miles west along White
River to the point where it dips beneath:the level of the
stream. It finally passes beneath the lewvel of the Missouri
in the vicinity of Rousseau, about 12 miles east of Pierre.
It seems likely that the sandstone might be 1dent111ed in wel1
cuttings outside the area of outcrops.

Stratigraphic relation: The uniformity of the thin basal
sandstone and the evenness of the line of cutcroep both indi=
cate that the Crow Cred¢k beds were laid down over a smooth or
gently undulating surface. The relation with the underlv1 ng
Gregory appears to be one of conformlp,ﬁ SRS '

1. Winga M.E. and Gries, J.P., Stratigraphy and Structure
of the Chamberlain Section of the Missouri River

Valley, S. Dak., State Geol. Survey Rbport 6f Investi-
gations No. 39, Aprii, 1941.
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There is ho evidence of a break between the marl and the
overlying shale, although the line of contact is quite sharp.

Agency-Oacoma Zone

The Agency shale was originally named by Russell1 for
exposures Of hard, light gray, siliceous shale occurring
along the Mlsscurl River in the vieinity of Cheyenne Agency,
Dewey County, South Dakota. He traced the zone south to
beyond the mouth of the Cheyenne, and north to where it passed
beneath the level of the Migssouri, just south of the junction
of the Moreau River. The top of the member is characterized
by a zone of large, graylsh white limestone concretions; the
bottom lies below river level; with an intervening thickness
at the type locality of 115- 120 feet.

Overlying the Agency in that area, Russell distinguished

a 30 foot zone of alternating light and dark shale layers

which weathered into stair-like Qquterops. He referred to
these beds as the LD (light-dark) member.

Searight (1937, p. 22) traced the Agency zone south to
the vicinity of Crow Creek, Buffalo County, where he consider-
ed it to wedge out and disappear.

The Oacoma zone was named by Searight (1937, p. 23) for
exposures along the Missouri River, particularly those in the
vicinity of Oacoma, Lyman County. In the type locality the
zone consists of gray shale containing an abundance of black
iron-manganese carbonate concretions and numerous thin benton-
ite beds. Beceause of the alternating hard and soft layers,
the outerops weather with a stair-like effect. Searight con-
sidered these manganese bearing beds to lie on the Crow Creek
chalk from Crow Creek south to beyond the Wheeler bridge, but
north of Crow Creek he considered them to lie on the increas-
ingly thick wedge of siliceous Agency shale. North of the
Great Bend the manganese nodules become much less conspicuous.
At Cheyenne Agency, the Oacoma of Searight comprised the LD
beds of Russell.

In subseguent areal studles made by the State Geological
Survey, the term Oacoma zone was limited to the stepped zone
containing many bernitonites which lay above the siliceous zone
containing but few widely separated bentonites.

1. Russell, W.L., The Pogsibilities of 0il and Gas idn
Pot , ¥ S Dak. Geol. Survey hepovm

of Iﬂyestigﬁtionﬂ N6, 7, 1930, p. 5.
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In Potter and Dewey counties,; careful trenchin
stepped zone above the typical Agency showed a pe
zone of 10-13 hentonites within an interval of 5 to
This was taken as the Oacoma zone in that area.

Studles in northeastern Stanley County {Gries, 1940)
revealed a scmewhat thicker section, containing from 17 to 2
bentonites, lying above typical Agency shale. The lowest of
these, a 6 inch bed containing abundant mica, and designated
the lover micaceous bentonite (LMB), was chosen arbitrarily
as the base of The zone and used as a key bed for structural
mapping. Measurements within that area indicated that the
bentonitic zone thickens tc the north and west, from 36 feet
at Fort Pierre to 46 feet near the mouth of the Cheyenne
River.

An dinvestigation of the manganese possibilities of the
concretions in the Oacoma zone in the Chamberlain area was
made by the State Geological Survey in 1940. This included
detziled measurements of The concretion and bentonite beds
of the manganese zone at intervals along the Missouri River
from Gregory County to Hughes County. It was recognized that
the manganese zone included beds below the lower micaceous
bentonite of the Ft. Pierre area, and the suggestion was made
that the lower beds of the Oacomal zone in the southern part
of the Misscuri Valley probably grade laterally into the much
thicker siliceous Agency beds farther north. During the
presen® survey, the lower micaceous bentonite, which was
previously known to extend from Crow Creek to the Cheyenne,
wag traced northward across Armstrong County and was recog-
nized 72 feet below the top of the Agency shale at Cheyenne
Agency. See Plate 1L,

It is Tthus shown that the Oacoma zone as defined by
Searight included not only the light and dark banded beds of
Russell, but alsc part, if not all, of the Agency zone. The
term Oacoma, however, cannot be entirely discarded in favor
of the previously defined Agency, because it includes the
upper banded beds (LD} which were separsted from the Agency
by Russell. Inasmuch as it is not possible to draw the line
between the true Agency and the banded beds in the type local-
ity of Searight's Oacoma zone, it is here suggested that both
terms be retained, and that all beds 1lying between the Crow
Creek chalk and the base of the Vereundrye zone be hereafter
referred tc as the Agency-Qacoma zone.

This would follow Searight's’concept of the Agency &s a

TPy
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Verendry Zone

- Name and Description: The uppermost subdivision of the
Sully member has heen called the Verendrye zone by Searight
{1937, p. 25) from exposures near the Verendrye monument at
Ft. Pierre, Stanley County. It includes all beds between the
top of the Agency-Oacoma zone and the base of the bentonitic
lower Virgin Creek member,

The Verendrye typically consists of light to medium dark
shale which contains large, flat, lron-manganese carbonate
concretions in more or less well defined layers. These may
reach a dlameter of several feet, but are generally six inches
or less in thickness. They are usually gray or greenish gray
on the interior, but weather to purplish black on the surface,
Socuth of the type area, the concretions are much less numerous
in the lower third of the Verendrye. This basal, more or less
concretion~-free phase consists of alternate beds of light
gray, somewhat flaky shale, and typical dark gray gummy shale,
thus giving rise to the term "banded beds®, The only con-
creticns in this phasce zre zones of large gray to rusty lime-
stone concretions, and occasional scattered but'f iime nodules
in the lowest few feet., Above the banded beds lies typical:
gray, gumbo-forming shale studded with large bvlack iron-~
manganese concretions.

Distribution: The Verendrye zone is exposed along the
Missouri River and its tributaries from south of the Nebraska
line, north neariy to Mobridge, northwestern Walworth County.

Thickness: The contact of the Verendrye with the over-
lying Virgin Creek member is frequently difficult to locate,
particularly on high areas away from the rivers. For that
reason relatively few measurements of the zone have been made,
and some of these.are subject to error. Searight gives the
thickness of the zone as 88 feet at Wheeler, 130 feet at
Qacomay 170 feet on Crow Creek, Buffalo County; 170-180 feet
at Ft. Pierre, and 200 feet at Wendt. Subsequent measurements
by the writer include 177-196 feet in the vicinity of the
Bijou-Iona Hills, 122 feet at Fort Bennett, and 100-110 feet
in Dewey and Potter Counties. Measurements of the hasal:
banded beds show an interval of from 11 to 48 feet between
the highest Agency-Oacoma beds ar.c the lowest persistent
laver of typical Verendrye congretions,

-~ Stratigraphic Belations: There seems to be complete
gradation between the Agency-Qacoma and Verendrye zones,

~19-



so that the contact must be more or less arbitrarily chosen
at the top of the concentration of manganese concretions
and/or bentonites. The contact between the Verendrye and
the Virgin Creek is not usually well exposed. It lies some-
where in the few feet between the highest ironstone concre.
tions in the Verendrye and the lowest bentonites in the Virgin
Creek. In a general way, 1t 1s marked by springs and the
appearance cof selenite fragments on the surface. The contact
is probably one of gradation from the grayish-brown bentonitic
shale of the lower zone to the blue-gray, flaky shale of the
upper member. For field purposes the contact 1s placed at
the base of the lowest visible bentonite in the lower Virgin
Creek.
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Virgin Creek Member

Name and Distribution: The Virgin Creek member was
wamed by Searight (1937, p. 35 from exposures on Virgin
u:vehs a tributary of the Moreau River, in ncrtheastern Dewey
County. It includes all beds l1ying between the Verendrye
zone of the 5Sully member and the highly calcareous, chalky
beds of the overlying Mobridge. The outcrop of the Virgin
Creek has wide distribution along the Missocuri Valley from
Charles Mix and Gregory Counties north nearly %o the North
Dazkota line.,

Throughout much of the Missouri Valley area, the Virgin

ek cccurs high on the valley sides, and forms the bedrock

ver much of the adjacent upland Good out01ops of the entire

formation are few, although the complete section is apparently
present 1in many placebo

Description: The Virgin Creek member is divisible on
the basis of lithology into a lover and an upper zone., Fach
will be described but briefly here; for details the reader is
referred to Searight (1937) and eres (1939) .

The lower Virgin Creek consists of medium hard gray shale
whiclh weathers to small silvery flakes, and 1s characterized
vy the presence of a large number of thin bentonite beds.
Smalil selenite fragments are common on the outcrop. Very few
mlmretlons are present. The zone appears to thin southward
om 145 feet in Dewey County to 28 feet or legs in Charles
Mixz County.

3

The upper Virgin Creek is composed of gray shale which
weathers to gumbo. The higher beds frequently consist of
zlternating calcareous and non-calcareous bands. Several
types of concretions are characteristic of this upper Virgin
Creek. One consists of small gray or buff concretions which
weather nearly white, and are perforated by many small holes
which give them a "wormeaten™ asppearance. A second type in-
cludes small cylindrical concretions, gray cr buff in color,
with a soft core which weathers out, leaving hollow cyllndero
often termed "Indian Beads® (Sernula9 wallacensis Elias).
Somewhat higher, in some localities, small, bluish-gray lime-
stone nodules are found whith contain the f0551l remains o f
small crabs. Large septarian limestone concretions, frequent-
ly containing yellcw calcite, are characteristic of the zome.

W)
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- Thickness of the upper Virgin Creek is hard to measure
because the outcrops weather to gentle slopes which are wususi-
1y slumped, znd czusa the contacts to he hard to locate.
Searight gives the thickness at the type locality as 100-140
feet. The writer has observed the following: 65 feet at
Wheeler, 142 feet in northeastern Stanley county, and 86 feet
at Mobridge.

w
=~

Total thicknesses of the Virgin Creek member have been
recorded as follows: &7 feet at Wheeler, €7 feet near the
Bijou Hills, 228 feet in Stanley Ccunty, and 2445-285 feet at
the type locality near Promise, Dewey County. About 1268 feet
is still exposed above the river level at Mobridge.

~Stratigraphic relations: The contact between the Veren-
drye and the Virgin Creek is one of gradation. In the field
it is chosen above the highest black concretiocns of the Ver-
endrye, or at the base of the lowest outcrop of flaky blue-
gray, typical lower Virgin Creek shale containing thin benton-
ites. 1In a general way, this contact 1s marked by springs and
the presence of selenite flakes on the surface. Recognizable
entonites or concretions which have occurred near the contact
in one locality hawve not been found in adjacent areas.

The upper contact is distinct south of Bijou Hills where
there is a sharp line between the gumbo forming beds of the
Virgin Creek and the overlying impure chalk of the Mobridge
member. In the vicinity of Mobridge, the contact has been
taken at the lowest of the abundant rusty concretions which
characterize the lower part of the Mobridge member. Between
these areas, along the Missouri, considerable difficulty was
encountered in choosing a division line. There the contact
appears to be gradational,and has been taken above the highest
typical septarian concretions, at the top of the gumbo-forming
beds, or at the place where the lowest baculite casts are
found. These criteria are of local use only.

It is possible thnat some of the irregularities in thick-
ness of the Verendrye and lower and upper Virgin Creek members
may be due to difficulty in picking the same contacts in
different arezs. During the present study, special point was
made to determine the total interval between the top of the
Agency-Oacoma and the base of the Motridge wherever possible.
The following intervals are illustrative: Wheeler, 174 feet;
southwest of Academy, 192 feet; Bijou Hills, 244 feet; Iona,
just across the river from Bijou Hills, 242 Tfeet; Stanley
County, 370 feet; and Dewey County (composite) ,345- 275 feet.
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The uniform increase in <¢his total interval, compared with
the less regular thicknesses of .the individual zones suggests
the possibility that slight variations in lithology cause
the Verendrye-Virgin Creek contact to be chosen at different
stratigraphic horizons in different localities. If this is
true, there is some doubt whether this contact should be used
to separate the Sully and Virgin Creek members.



Mobridge Member

Name and Distribution: This member of the Pierre shale
wa's named by Searight (p. 44) from beds exposed in Walworth
and Corson counties, near the town of Mobridge. As originally
defined, the member includes beds of chalk, chalky shale,
sandy shale, and perhaps some sandstone beds lying between
the Virgin Creek and Elk Butte members.

Searight subsequently suggested that his Mobridge may
be correlated with the Interior beds described by Ward* from
near Interior, Jackson County, and that the name Interior
should take precedence over the term Mobridge (Moxon, Olson,
Searight, p. 22). Because of the possibility that the Inter-
ior beds are the result of weathering ©f an old erosion sur-=
face of Pierre shale befcore the deposition of the “Badlands”,2
the complete equivalence of all the Interior beds to the
Mobridge appears to be in doubt. Pending further work, the
teérm Mobridge is retained by the State Geological Survey,
and used as originally defined.

Searight (1937, following p. 43, and 1939, p. 49, fig.
14) shows the Mobridge persistently occupying the high areas
adjacent to the Missouri south of the Bijou Hills and north
of the Moreau. Between, it occupies high areas back from the
river, with only occasional outliers on high buttes near the
river,

Desgscription: Because the Mobridge varies so greatly in
lithology from place to place, particular effort was made dur-
ing the course of this investigation to measure detailed sec-
tiong in the hope of finding scme persistent zone which might
carry over considerable arezs regardless of gradual change in
lithology. Following is a brief description of each of the
sections studied,

Near cthe Wheeler Bridge, in Charles Mix and Gregory’
counties, the formation ccnsists of 90-96 feet of dark gray

L. Ward, freeman, The Geology of a Portion of the Bad-
lands, S. Dak. Geol. Survey Bulletin 11, pp. 17-18,
1922,

2. Wanless, H. R., Lithology of the White River Sedi-
ments, Prcc. Amer. Philos. Soc., Vol. LXI, No. 3,
1922, pr. 184-289, esp. pp. 194-202.
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impure chalk which weathers to wvaricus shades of gray and
yellow, The contact with the Virgin Creek is marked v a
definite change in lithology, and the upper part of the Virgi
Cresk is non-calcareous., A sharp contact may alsoe be dr:
between the calcareous Mobridge dnd the non-calcarecus
Butte members.

Southwest of Academy, near the northern esdge of Charles
Mix County, (see Section IV), 8 feet of gray, impure chalk
wvas measured between the Virgin Creek member and the gl: ’
drift which covers the upland.

oy

Due west of Bijou Hills, (Section VI), 241 feet of gray
chalky shale lies betveen tvch i Virgin CrceA and the Ter-
tiary clay which caps the higher hills. The lower contact
is marked by a half inch sand stﬁcak and the unde”ldh g
shale contains numerous thin bent oniteb suggestive of the
lower Virgin Creek farther north.

Northeast of TIona, (Section V), weathered exposures W
about 20 feet of gray calcareous shaleg overlain by an un-
measured thickness of the yellow, weathered chalky shale
which forms the upland surface.

Yellow-weathering shale characteristic of the Mobridge
was noted on Medicine Butte; Lyman County, and on Ft. Gmo?ge
Butte in eastern Stanley Couunty.

Corresponding beds in northeastern Stanley County have
already been described in as much detail as the section would
permit. ({(Gries, 1940, pp. 33-34.) In that area the upper-
most Upper Virgin Creek is calcareous, and the contact with
the Mobridge tentatively chosen at a layer of rusty brown
baculite casts at the base of the yellow weathering calcareous
shale which forms the higher parts of the upland surface

The Mobridge beds change in lithology even more rapidiy
to the west, A random sectiaon measured on Plum Creek, Haazkon
County, abaut 40 miles west of the Stanley County LKpO%uwf
is included here with the Missouri River sections. ({See
Section XII).

The Mobridge dces not appear close to the Missouri be-
tween Stanley County and the type arez in Corson and Walworth

wik
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counties. At Mobedge the beds originally defined as the
type section may be ¢ % ded into two units. The lower 82-88

feet is a dominantly calearsous g“ay shale contalnlnz abundant

small rusty concretions {(up to 2 x 8 inches) and many bacu-
liteso Above this section lies about 70 feet of shale con-
taining numerous large gray septarian limestone concretious
and scme thin discontinuous ledges of limestone. The upper
part includes alternating calcareous and non-calecareous

beds, so that a contact must be chosen more or less arbitrari-
1y at the plzce where the non-calcareous beds become dominant.

At Waknala; east of Elk Butte, 86 feet of gray calcareous

hale containirn g a2 few gray limestorie septaria appears in a
cut bank along Elm Creekf These beds are assigned to the
upper Mobridge:; the oveviy*ng beds are dominantly non-calcar-
eous and are considered by the writer to be basal Elk Butte.
(see Section x)

Southeast of Kenel, near the North Dakota line, 78 feet
of gray, dominantly caicareous shale with septarian concre-
tions is assigned to the upper Mobridge. (S ee Searight, 1937,
p. 48, Table 18, and Section XI of this report.)

From these sections certain generalizations may be drawn
concerning the beds assigned to the Mobridge along the Mis-
souri River. South from the Bijou Hills these beds, ranging
in thickness from 20 to over 243 feet, consist of chalky shale
containing neither abundant fossils nor concretions. In the
northern area, the member consists of about 150 feet of gray
shale, typically calcareous. but containing many beds which
are not calcareous. Small rusty concretions and numerous
baculites are characteristic of the lower part in the vicinity
of Mobridge; large gray limestone septaria with cracks filled
with yellow calcite appear in the upper beds throughout the
northern area,

Stratigraphic relations: As already pointed out, the
lower and upper contacts of the chalky Mobridge zone are sharp
and easily found in the southern part of the state. But to
the north, where the underlying Virgin Creek contains numerous
calcareous zones, both contacts are hard to locate., The lower
contact has been taken at the place where the lowest rusty
concretions and abundant baculites appears The upper contact
is not sharp, but has been taken where the septarian concre-
tions disappear and the non-calcareous beds predominate.
Details of this phase will be described in connection with
the Elk Butte Member.

27
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It is obvious that the limits of the Mobridge member
are based primarily upon lithology, and it is quite probable,
rzequently, that the beds fthus limited in one area are not
the precise equivalents of those in another region.

Elk Butte Member

Name and Distribution: Searight {1957, p. 50) gave the
name Elk Butte {0 those beds of chale at the top of the Pierre
which lie between the calcareous Mobridge beds and the over-
lying Fox Hills sandstone. The type section lies along U. S.
Highway 12 (o0ld route) between Wakpala and Elk Butte, in
eastern Corson County. Searight has noted the meamber in many
places within the central part of the state, from Gregory and
Charles Mix Counties, north to Corson. Fresh exposures are
rare,

Description: The Elk Buite member consists of fine
fextured, medium gray shale, which breaks into thin polygonal
chips, and ultimately weathers to gumbo. Several types of
concretiocns are found in the member, but none is abundant nor
typical. The present workers found bentonite beds to be
abundant, particularly in the lower part. These may be seen
either in fresh cuts, cr recognized by the characteristic dark
gumbo streaks on weathered slopes.

Three complete sections were measured during the present
survey; two of these have been previously described, and were
remeasured only to cerrect earlier aneroid figures.

The type area was restudied in an attempt to find a
satisfactory division point between the Mobridge and Elk Butte
members. There is an apparent zone of transition comsisting

an alternating series of calcareous and non-calcareous
ds, each ranging frcem a few inches T9 several feet in thick-
ss., Even after detailed measurement of several exposures,
was not found pcssible to correlate thess beds. In three
widely separated exposures small white nodules were noted
within a few inches of the base of the first thick non-calcar-
eous shale bed. If these ccrncretions represent a persistent
zone, they may perhaps be useful as a horizon marker, and the
bage of the non-calcareous shale whnich encloses them may be
arbitrarily chosen as the base of the Elk Butte member.

)
)

2
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Somewhere near the top of this alternating series is a
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thick bentonite (6-18") containing many. one-half to three inch
gray barite rosettes. Although this bed wig seen in nuaercous
places, it was invariably slumped and on a grassed surface, so
that its relationship to the banded beds could not be ascer-
tained. ©Several thinner bentonites, some carrying barite
rosettes, occur above the larger one., BSome of these may be
seen in fresh road cuts along the new route of U, S. Highway
12, extending west from the Sakakaveaz monument across the
river from Mobridge. The big bentonite and all those above
it are tentatively placed in the lower part of the Elk Butte.

The upper contact in the type area is taken where the
increasingly sandy shale at the top of the member gives way
to the sand of the Fox Hills formation. The latter is prone
to slump down over the Pierre, so that this contact is hard
td find in place, and would consequently not make an ideal
horizon for structural mapping.

Along the southern edge of the state, the shale lying
above the Mobridge is similar in appearance to the Elk Butte
farther north. Searight (1937, p. 50) noted a Fox Hills
fauna in the upper part of this shale, and limited the Elk
Butte to the shale below the fossiliferous zone, although
admitting the inconsistency of choosing contacts on lithology
in one area and paleontology in another. The writer agrees
that paleontologic divisions must be used if the Missouri
River subdivisions of the Pierre are to be correlated with
other areas wvhere conditions of sedimentation were different.

- Thickness: The true thickness in the type area depends
upon the choice of the base of the member, and upon the allow-
anice made for slumping in tying together sections XXa and XXb.
The measured thickness may be either 202 feet if only the
non-calcareous beds are included; or 243 if the contact is
placed at the base of the lowest thick non-calcareous zone.
The latter figure appears more logical.

In Gregory County an even 100 feet of shale was measured
below the beds correlated as Fox Hills,
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Section 1

Succession of beds along U. 8. Highway 18, west of Wheeler
Bridge, extending from river's edge to top of Hill. (See also
Searight, Table I, 22;and Gries and Rothrock, 1941, Table II1).
Gregory County, S. Dak.

Feet Inches
Fox Hills Formation

ohale, brownish gray, with few brownish
concretions and Fox Hills f0858ilScceccas 79 10

Pierre Formation

Elk Butte Member
6haL,j brownish gray, few concretions or
FOSSELS e+ o v anonenerocacoanoscnsoscaconns Q9 8

Mobridge Member
Chall, impure, gray; weathers to buff..... 96 2

Member

[N

T2 g Ay s
irgin Cre

Ny
. —d ‘{.,v;

gray, Weathers t0 gumbOeooocssoasass 31 2

Lower Virgin Creek
Shale, gray, weathers to gray flakes; with
SEVEral DENTONILES s s o ooonoosanassrnnsss 9 3

vle, dark gray, weathers to gumbo; with

numerous layers of black, ircn-manganese ,
ConCTell0NScooooccooossosonoonocasancosso 69 4
Shmle, 1ight gray, banded; no concretions. 25 G

Shaley grav; with numerous bentonites and
manganese iron ConcretitnScocosccococeoccos 23 0
Crow Creek zone
Chalk, I1DUT@cccsconcocsononarossasacssssao

[AS)
o

Y

-3
[N INe]

vuo ‘Ul"\)w.(lootu)mecoooooouaauoono
gray to buffoccccscoccsoqnaoao

Sharon Springs Member
Upper shale, gray, no fish rem2inSecccccso
Lower shale, dark gray, fissile, with fish
scales and numerous bentonites..aococsosoo 3 0

ot
o

Niobrars Formation

Chalk, with several bentonites, to river,
approximatelyaooooooonoooaongnoooeooqoaa 20 0]
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Section II

Succession of beds exposed along U. S. Highway 18, and north
- of highway in bare hill, at least partly in Sec. 3, T, 96 N.,
R. 67 W., Charles Mix County, 8. Dak. {(See also Searignht,
Tables 16 and 19

feet Inches

Elk Butte Member
Shale, rusty brown, weathered, non-
calcareous with small gones of iron con-

cretions. Belemniftella on toOPsccoccoons 7 8
Shale, gray tc rusty brown, non-calcareous
N0 CONCTretiOnScooocososooovosocoooossooas O 0

Mobridge Member
Chalk, shaly, and shale, celcareous,
DlUe~Erayocvsoasnsescsossososscsnsacosnnsso S0 7

Upper Virgin Creek Member
Shale, blue-gray, crunbly in fresh
exposures, weathers to gumbo..csssacco.. 64 2

Lower Virgin Creek Member
Shale, gray, weathers to silvery flakes;
contains at least & bentonites ranging
Trom 2 0 2. .. oouevoncocnacanceenncecas 22 4

Sully Member
Verendrye zone
Shale, dark gray, weathers to gumbo, with
numerous gzones of large dark iron-mangan-
ese concretionsS.ocecsocccocnonoacocssonas OO 8
Agency-Oacoma zone
Shale, light gray, with many smell man-
ganese~iron concretions, and numerous
thin bentonites which may contain small
gray barite rosettes; not measured.
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Section TII

Succession of beds in Missouri River breaks, due west of
Platte, Charles Mix County, South Dakota.

Feet Inches

Agency-QOacoma and Gregory
Shale, manganese-iron concretion zone at
top, rest obscured..ccococsscecscscascos 92 e

Sharon Springs
Shale, dark gray, fissile, with numerous
bentonites in lower thirdsccoccocecsssoso 24 6

Niobrara Formation
Chalk, not neasured

Section IV

Succession of beds exposed in river breaks about 2%°miles
west and 3 miles south of Academy, Charles Mix County, S. D.
South of old Eaton? placge.

Feet Inches

Glacial Drift
Boulder clay, not measured, approx. 25 - 30
Pierre formation
Mobridge Member
.Chalk, gray, weathers to buff soil; top
ETOAEA 0 o s oneoooncoononsnnss ceoooson ceo 85 10

Virgin Creek and Verendrye
Shales, not well exposed; bentonites near
topcloccoo'eooonuene-..uun-nnnon-.s..uaq 191 8

Sully Member
Agency-Qacoma zone
Shale, gray, with numerous bentonites and
manganese~iron concretionsS.c.ccsceeccco 41 2
Crow Creek zone
Chalk, impure, light gray; basal 6 inches
rusty and slightly sandycoccoonsoceosocsssce 10 2

Gregory Member
Shale, gray to buffj thin calcareous zone
at basecuecocoesencos Wesececsaccessseeen 50 6

Sharon Springs Member
Shale, dark gray, fissile, with bentonites,
and small white nodules near tOp.coeseo 14 2

Niobrara Formation
Chalk, gray, not measured, to river's edge
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Succession of beds, along road descending to Missouri River
T

Bottoms, about 2 miles north, then cas , from Iona, Lyman

County, S. Dak.
Feet Inches

¢ Formation

ridge Member

Shale, gray, calcareous, weathers yellow;
not measuredosocoonsonusscooosoccnsooaao

Shale, gray, calcareous;, apparently

remalins EraVoronoosauvuscocnooecocasnosaacoso B0
Virgin Creek and Verendrye
Shales, not well eXp0seQesscsocovassoccaos 4= g

Agency-Qzaco zone
Shale, gra with zbundant bentonites and
mangane iron concretions;not measured

Section VI

Succession of beds measured on high butte, due west of Bijou
Hills, Brule County. At least part in south %, Sec. 31,
T. 101 N.; R 70 W.

Feet Inches

11;!
ic*

lary
Eulfg calcareous sands and clays, over-
lain by heavy quartzite, to MRC

benchmark on top of butte€cecoecoossoocosoen 95 6

Pierre Formation
Mobridge Member
Shale, blue-gray, chalky, 2 inch bentonite
at PESScovcocncaovonannsosoonscoossoasoso 30 10
Shale, gray, very calcareous, & inch
sand at baS€ccoeovcvscsvovosoooooosoocoosoodll 0

Virgin Creek Member
Shdleﬁ gray, .Wwith numerous thin benton~
LLveS nea? TQE)Q()QQO/ c\:noé)gwnn(\r\(xo')coooo 67 O

Sully Member
Verendrye zone
bhﬂlx gray, weathers to gumbo; with
zones of large dark iron-mangsnese con-
cretions, and few baculites near Lop.,...177 0
Agency-Oacoma zone
Shale, gray, with numerous bentonites and
small bl.ﬂmeanganesewiron concretions;
not measureédooccsocoooasocvoosososacacsoda
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Section VII

Succession of beds exposed in cut bank on west side of Ante-
lope Creek, near its mouth, Stanley County, South Dakota.

Pierre Formation

Sully Member
Verendrye zone

Shale, yellowish gray, with large iron-
manganese concretions; weathers

gumbo;
Bentonite....cec..
Shale, as above..
Bentoniteoosoos ..
Shale, as above..
Bentonitecososooa
Shale, as above..

°

°

o

a

°

Bentonite, impure,
Shale, a5 abOVeoeeooaoncoosscos
Bentonite..oosconcncvscsoosssan
Shale, as above, browner toward base...

Agency-Oacoma zone
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Bentoniteoeiocecoaoococacososannsss

Shale, gray,

Bentonite.ccccocoona

Shale, as above..
Bentonite.ocooooo
Shale, as above..
Bentonite..coo000s
Shale, as above..
Bentonite.coocosno
Shale, as above.,
Bentonite..coooso
Shale, as above..
Bentonite.saososeo
Shale, as above..
Bentonitecoowooao
Shale, as above..
Bentoniteooososwso
Shale, as above..,
Bentonite.coeccooo
Shale, as above..
Bentonite.oooecvo
Shale, as above..
Bentonite.ocooags
Shale, as above..
Bentonite.oscoc-
Shale, as above..
Bentoniteosoooewoo
Shale, as above..
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Section VII, contid.

Bentonite {lower micaceous bentonites ... 8
Shale, as above, concretions 9 feet below
top, manganese concretions above it.... 36
Bentonite..coiooooocosvoovosossoaososanssooo
Shale, to creek leveloccosooosocooonossoso 10
Total Agency-Oacoma exposed. 78

Section VIII

Succession of beds, type section of Agency shale, west end
of Bridge at Whitlock'!s Crossing, Dewey County, S. Dak,

Feet Inches

Pierre Formation
Sully Member
Verendrye zone
Shale, dark gray, weathers to gumbo; with
zones of large, black, iron-manganese
concretions, not measured..coocooccosooooo
Agency-Oacoma zone
iQacoma®™ of R.I. 31, Table 1II. Shale,
more or less siliceous, containing
several bentonites; covered with gumbo
£rom abOVeoooaooosoaocnnsosasnooosososonssoso 8
Shale, gray, siliceous, typical Agency,
with bentonites up to 3 incheés.cvoocoocav. 69
Bentonite (lower micaceous ventonite).:...
Shale; as above, tO rivel.ccoccconooasocoo _ddy

O DM W

Total Agency-Oacoma exposed.... 122°



Section IX

Bueccession of beds at west end of highway bridge across Mig-
souri River at Mobridge, in Qorson County, S. D. Section

beginning at river's edge and extending along. highway to

Sa?akawea Monument at top of hill. (See also Searight, Table
17

Fget Inches

Pierre Formation
. Elk Butte Member
Covered interval, mostly buff loess?, to

base of monumenti.ocoscnosscosasasoonas . 5 0
Shale, blue-gray, non-calcareous, with a

layer of white non-ecalcareous concretions

about 30 inches above baSE...ccovcssccos 5 8

Mobridge Member

Shale; buff to gray; calcareous above,

non-calcareous PeloW.ssmcaoosssssoasaase 3 7
Shale, more Or less calcCareOUS..cocasansecs 7 0
Limestone layerccococacsoososoossonccsascansss 1 0
Shale, gray, calcareOUS:vecnvosccssososass 3 8
Shale, mostly non-calcareous, poorly eXx-

POSEGcoococcosnoocsoscocsonoassossasso oo g 7

Shale, mostly calcareous, several layers

of large septarian limestone concretions

with yellow calcite in crackScesoocsceoss 45 5
Shale, gray, mostly calcareous, with many

small rusty concretions and numerous

baculites.?nFo)?anpanou»pnoa‘ae nnnnn a8 ® ¢ 0 0 9 81 . 5
Total Mobridge 150 g"

Virgin Creek Member
Upper Virgin Creek
Shale, gray, non-calcareous, weathers to
gumbo; crab, serpula, worm-eaten concre-
tions on adjacent OULCrOPeccocscncconsss 86 5
Lower Virgin Creek
Shale, dark gray to nearly black; filssile;
weathers to steep buttresses. Contains
several ¥ to 1 inch bentonites; to river 40 0
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Section X

Succession of beds extending from cu
onn northwest edge cf Wakpala, along
te top of Elk Butte, ezstern Corson Co
right, Table 20.) Type Section of Elk I

g Elm Creek
14 0.8, 12,
e also Sea~
mber.

Traverse from road fork west of town, where CCC-ID road bran-
cheg off to northwest, on along main highway to top of Butte.

o Xa Feet Inches
Fox Hills and Tertiary {?)
L5 Sandstone, greenish gray, coherent.c-.oo-00. 10 0
1/, Buff to white sandstone, and sandy shale,
Wwith several types of concretions........ 300 0

Pierre Formation
- Elk Butte Member
13 Shale, gray, bloaky? sandy in upper part.
Contains some gray limestone concretions

near tOpooauaq,QUOQQOOQWH“OUnoncunwoognoo 94 2
12 Shele, gray, crumbly, some gypsum; rusty
to black limestone concretions at tope... R0 0
11 Shale, btecoming more silvery and flaky above 52 10
10 Bentonite, with many small gray barite
rosetieg.covsoovoovvonnncovcononsocsasnaoo 2
9 Shale, non-calcareOUScosoocosonossosossosos LA 2
8 Shale; calcareous; mostly grassed OVeT..... 33 2
7 Bentonite, slumped, with numerous barite
rosetfes up to 2 inches acrossce-ccoonooe 1l 0

Xb., Cut bank at Wakpala
6 Shale, gray, calcareous-grading into &
toot calcareous soil zone; to top of
bluffoooovwoovooooesooscooosoooonsosoanso Ll 2
Shale, blue-gray, non-calcareous; yellow
blossom and gypsum in joints and bedding
PLlaneSoeoosseonoconsonoascnsaassnonasoons 1O
4 Bentonite,..ocoocuocoasonnooanocessocoannocos
3 Shale, blue-gray, non-calcareous, with
small white calcareous concretions..o.o.- 6
Mobridge Member
2 Shale, blue-gray, calcareous, with small
concretions as above, possibly from above
ZOTLC o o 0 40 00005 060a0naaoscososasssosoasac 8 5
1 Shale, blue-gray, mostly talus covered. Prob-
ably contains more than one zone of gray
limestone septarian concretions with yellow
calcite near top, To creek..ccvvonvcooncs 69 0

\JT

W b~

Note: The actual interval between these two sections could
not be determined. Bed 7 2and those immediately above
it are obviously slumped, and actually lie about 18
feet lower than the top of Bed 6. Total interval
between Mobridge and upper zones of Elk Butte probably
nearly right.
4O



Section X1

Succession of beds along itraverse running from cut bank north
or Kenel~Pollock ferry, along road to top of hill west of
ferry. North Eastern Corson County. (Ffor lower part, see
also Searight, Table 18.)

Feet Inches

Fox Hills Formation
Sandstone, to top of hill,
Sandstone, containing lime
layers; heavy layer of 1

not measured
concretion
268y, rusty

limestcnes at tOPssvwweooncconsssosnsas - 49 7
Sandstone, zone of very fossiliferous
iimestone concretions at toOP.vsooacaas 33 7

Sandstone and sandy shale, more or less
slumped, sandy limestone concretions
AL LOPooocooccosoconocascoaacsonnnsansancs 21 - 0

Total Fox Hills measured 104 2

Pierre Formation
Elk Butte Member
Shale, gray, poorly exposed, no bloon... 24 3
More or less covered interval back from
river; shale in blowouts and gullies
gray, non-calcareous, with ochrous

ThloomM in JoinTsS.cecoaoocscooacsosacnss 193 5

Shale, non-calcareous, yellow-gray, _
blocky; to top of cut bank..secoocoenn 24 1
Total Elk Butte 242 2

Mobridge Member

‘Shale, gray, calcareous, more or less

papery, with occasional barite rosette 27 8
Bentoniternoooooscosoonsocnasaasiascansass 2
Shale, blue-gray, calcareous, more or

less talus covered. Contains scome large

gray septarian limestone concretions not

seen in place; to river's edgesoaoosss 30 0




Section XTI

Succession of beds measured near mouth of Plum Creek, Haakon
County. The following intervals were picked up along a tra-
verse eXtending over more than 2 mile and contain inaccuracies
due to rather extensive slumping. They are included here only
to show the nature of the beds lying above typical Lower
Virgin Creek shale.

Feet Inches

Pierre Formation

10 Shale, gray, calcarcecous, with thin
sandstone at base. to top of outcrop. 24 6
9 Shale, yellowish gray, calcareouS...... 14 3
8 Shale, bluish gray above to yellowish
gray helew; at base iz 8 . 10% buff
chalky zone overlain by a 29 - 17
gandstone bedooessscsovcvconnoavooocono 8 3
Shale, bluish gray, non-calcareolScooo. 21 0
Shale, gray, mostly non--calcareous,
with many septarian concretions,
jargest of which is a 2 x 6°' rusty
limestone concretion zone at base.
Numerous baculiftesc.ooveococoocoaovacooo 22 0
5 ©Shale, mostly calcareous, sandy zone
at base; some f08811S.ccvuvsovonovsooan 61 6
4 Shale, more or less calcareous, gray to
vellowish gray, crumbly; with zone of
light limestone concretions near
middle and abundant purplish brown

o -3

concretions in lover part....cooovovoe 8, 6
3 Shale, bluish gray, weathers to crumbly

gumbo, fibrous calcite zone at base.. 13 0
2 Shale, weathers to gray gumbo.ccoceovooos 20 0
1 Shale, with many typical lower Virgin

Creek bentonites, occasional light
limestone concretlono and abundant
large rusty to purplish brown con-

cretions in lower part - to creek
level, approximately.oocoscconocoocooo 60 0
Approximate length of section... 329¢ on



I1T., STRATIGRAPEY
THE PIERRE FORMATION NORTH OF THE BLACK HILLS

spent in Butte
County and adwacenu :rea s where a tentative subdivisicn of
the Pierre was made and samples taken of the principal mem-
bers,

Generalized descriptions of the Pierre shale have been
published in the several foliocs of fthUajuﬁg States Geologi-
cal Survey which deal with this area. More recently, Rubey
has made a seven fold subdivision of the Plerre formation in
adjacent parts of Montana and wyomln?mg The writer has not
visited the sections described by Rubey, but from the des-
criptions pelieves that the members may be recognized in this
area.

One of the purposes of the present study was to investi-
gate the possibility of corrslating the Black Hills section
with that of the Wlbsoufl Va 1ley. BExposures in the Butte
County area are limited to isolated buttes so that building
up a complete section is much mo*e difficult than along the

Missouri where the outcrops are essentially continuous. The
criteria which have proved valid in the central part of the
state were apvlied to the present area. AV"ll ble outcrops
were measured in detail, the poorly exposed intervals studied
along roadcuts, streams, and even on grassed cver slopes:
A preliminary section built up by tying together the data
cbtained is given in Table II1. The place where each member
was measured is indicated by reference to the accompanying
detailed sections.

As may be seen, the section 1s fairly complete except
for an estimated 500 foot interval in the middle part of the
formation which is apparently without resistant members, so
weathers to gentle slopes. The beds in the uppermost part
of the section apparently are highly variable, and the exact
relationship between the Pierre, Fox Hills and Lance forma-
tions 1s not clear.

1. The folios which cover this area include the Belle
Fourche (164), Newell (209}, Aladdin (128) and Cen-
tral Black Hills (219). _

2. Rubey, W. W., Lithologic Studies of Fine-Grained
Upper Cretaceous Sedimentary Rocks of the:Blagk
Hills Region, U. S. Geol. Survey, Prof. Paper 165,
page 4, 1931.

W)



1 the Migsouri Val section, the Pilerre
ig ¢haracte 1zed by a more uniform

i.—l

-
15
ey

ithology correlation betwsen the twe regions
aprears to be 1 sible without detailed lithologic and
naleontologic studies carried continuously from one area to
the other

Certain similarities and dsze*ehres may be pointed out
without making direct correlations The basal black fissile
shale of the Missouri Valley and boubﬁbin Hills areas appears
to be missing, and the basal peds in the northern area appear
s%milax lithclogically o the Gregory member in the central

rt of the state.

There is & possibility thet the Crow Creek sandstone
may be an sastward extension of the Groat sandstone, though
from the rapidity with which the latter thins in this area
is not considered likely that it would be so persistent
in the lower Missouri Valley aresz.

The calcareous zones of the central section are missing
in the western cutcrop areas, though they are probably repre-
sented by beds cf different 11th010g10 character

The zone of Serpula (?} walﬁasen31sg Awormeaten™ concre-
tions, and associated bentcnites, conspicuous in Butte and
Meads counties probably borresponds to a similar zone in the
irgin Creek member of the Missouri Valley sectlon.

Probably some of the basal "Fox Hills" sa
area is the time equivalent of the Elk Buf
members farther east.

rndstone of this
¢ and Mobridge

Study of the invertebrate fossils ccllected during the
present survey may make some of these relaticnships clear.
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GENERALIZED, COMPOSITE SECTION OF Dlu ?E FORMATION
BUTTE UNTY SIUTH DAKOT/
Feet
Sandstone, slabby a ase, loose to massive abové.
with some zoneg of sandy shale., Probably in part
equivalent of upper Pierre of Missouri Valley
section. See Sectiong XVII snd XVIII....coeu0.
Shale, gray, with many gray septarian limestone
concretions and sandy stresks near top. Some
shale gray with much yellicw Y"bloom". See Sec-
tions XVIT and XVIII ... rouncnosononossvsanane 200
Shale, gray, with gray limestcne concretions.
Locally, masses of tough porous limestone
with fossils in upper part of zone form the
upper horizon c¢f tepee buttes. See Sections
AVI and XVIla.ooevovonooconosoaccanoacaanuvasssss 100
Bentonite, with much fibrous calcite and gray
barite rosettes; rosettes locally may form
nearly continuous layers Z or more inchesgs
thick. Bentonite up o 30¥ thick. This zone
is exposed 1inm many places, but may be most
easily seen along Highway 85 at Rothford,
in Section 19, T. 11 N,, B. 6 E, What is
believed to be the same vted has been seen
along Elm Creek in Meade County, and along
The Cheyenne River in Custer and Washington
Cowbl.e\)ovunouo:oooouaueoeaoanun-uu--unfs=eunou° 1
Shale, dark gray, contains many large brownish
black concretions; some covered with buff cone-
in-cone. See Sections XV, XVI, XVIasioooséosoon 75
Shale, gray, weathers tc gumbo. Contains Serp-
ula wallacensis (?), Wormeateh concretions,
and at least one thick bentonite containing
numerous small barite rosettes. See Sections
XV, XVa, and XVI...oocosoccsancoooonnoanscacscsss 50
Shale, gray, with gray and rusty limestone con-
cretions and some with buff cone-in-cone.
See Sections XV and XV&@oooooooceoscsosoacnsoscosas 50
Shale, gray, containing at different levels,
masses of tough, gray limestone with abund-
ant fossils locally, wnich form the main
tepee butte zone. See Sections XV and XVa..... 100
Shale, gray, poorly exposed thrcughout the
ATCA cosoossaoacooncsansssoanscssosssansosascnns 00
Shale, gray, not well exposed, masses of tough
gray porous limestone may locally form the
lower tepee butte zone. Buttes well exposed
in Sections 3% and 38, T. 9 N., R. 6 E., and

in Section2, T. 8 N.. R. 6 Eoevevooooonnanoosos 150
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Table II

DIAGRAMMATIC SECTION PIERRE FORMATION

=
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1

N

10

NGl O 2 <]

AN

BUTTE COUNTY, SOUTH DAKOTA

Feet
Sandstone and sandy shale
Shale, gray, with bloom and septarian
concretions 200
Shale, gray, with tepee butte zone at
top ‘ 100
Bentonite with fib.,calcite and barite 1
Shale with dark concretions 75
Shale, with Serpula and WE concretions 50
Shale with dark concretions 50
Shale, gray with main tepee buttes 100
Shale, gray, poorly exposed 500
Shale, with lower tepee butte zone at
top 150
Shale with septarian concretions 20
Shale, white, with cone-in-cone 1
Shale, with dark conc, and baculites 100
Groat sandstone, thins to east 0 - 30

Shale, light gray, silty to sandy concretions 25
Shale, light gray, silty, with rusty

concretions and cons-in-cone 100
Shale, light gray, with small rusty concre-

tions, below, larger above. Numerous

baculite fragments 200

Niobrara calcareous shale
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Section XIII

Succession of beds, Pilerre Formation, Mud Butte, Section 36,
T. 31 N., R. 2 E.,, Butte County, South Dakota.
Feet inches

5 ©Shale, gray, sandy, grading upward to shaly
sandstone. Contains layers and concretions

of cemented sandstcne--to top of butte..... 26 4
4 Shale, gray, silty, with numerous gray silty
concretions up to 1 fool adré&SScevocooionos 14 5

N

Shale, bluish-gray, non-calcarecuys, with

small rusty concratlons, some gray rusty

concretions in upper 10 feet.voocoovooooos oo A5 8
Shale, gray, with large conoreuloms some

times cecated with heavy buff cone-in-cone;

partly grassed OVeTr.ioococoosonocssncscosocsaccoo B
Same grassed cver, to base of butte,

NOT Measuledoesvonsssvososanssoasasosnnoosoooa ‘

Total section measured 151 5

]

5»..]

Sectionm XIV

Successicn of beds northwest of Mud Butte, probably in Section
26, 1. 11 N., R. 2 E. This section apparently lies immedi-
ately above the preceding one,

2 PSand, argillaceous, mostly loose, but with

5 inch to 5 foot spherical sandstone con-

cretions., 2 foot calcareous layer at top 30 7
1 Shale, sandy; zone of sandy limestone

concretions at top; not measurede.oocosoos

Section XI1Va

A section extending from the top of this sandstone zone to
above the conspicuous one foot white shale, was measured in
sections 2 and 11, T. 11 N., R. 2 E. Because the traverse
extended down dip for over half a mile, the section was con-
siderably foreshortened, and the intervals are not recorded
here.

Section XV

Succession of beds, Antelcope Butte, Section 20, T. 12 N.,
R. 3 &.,, Butte County, South Dakcta,

7 Shale, medium to dark gray, weathers to gumbo
crust but is powdery heneath. Contains
large rusty septarian concretions with
yellow calcite; some coated with heavy

48



Section XV, cont'd.
feet Inches

buff cone-in-cone. 0On tep of butte are
large blocks of residual guartzite, let
gown from the "Fox Hills"™. To top of
BUlteoocoseoncaccsonsscovocossoonaocosacoo 28 0
6 Shale, grassed interval; rusty concretions
nunmerous, including one at bsse with
CONe~In-CON&.ssocoosnoscoannsnoscoscoacsoo
5 Shale, weathers to bare gumbo, containg one
or more bentonite streaks..cvvooccoocanon
4 Shale, as above, Wwith Serpula, small "worm
caten? concretions, and several benton-
ites, one of which is apparently at least
1l feoot thicks; large cone-in~-cone concre-
tion at
Shale, s
@ateh’

0
-
O

s
[

0

G Lase 500 aen s s enacaoasoseen e see s
imilar but no Serpula or "worm-
cone letjonsauﬂaﬂyaxbah,o,u°=uanqnuo
ray Wwith gray limestone concre-
ontaining veliow and dark brown

calcite: some very fossgiliferous. Appear

to represent the main ftepee butte horizon 30 0]
1 Shale slope, grassed ovear, to base of butte

Not Measured. cseeosassnasconosocaoanananso

Total rection measured.. 175 9

W
(U N
I
M~

Section XVa

A section extending from the main tepee butte zone up through
the Serpula and "Wermeaten” concretion zone was measured in
Sections 20, 29 a~x 30, T. 10 Noa R. 6 E. Because this tra-
verse extended dowu dip, the intervals were foreshortened,

and are not given here.

This traverse sterted from the top of the Two Top o0il test.
The writer has ex~mined cuttings from this test to a depth
of 1180 feet, at ~*ich depth the hole was still in the Pierre
shale. This means that the main ftepee butte zone is at least
1200 feet above *t*»e base of the Pierre, rather than 1000 feet
as estimated by Darton {Newell folio, No. 209, page 3).

Secticon V1L

Succession of beds, Pierre Forma
south of Belle Fourche River, Se
Meade County. This Section is considerab 31y east of the area
included by the o*her sections, 't affords the best Tie
between the Serpula zone and the base of the upper tepee
butte zone. The intervals appear to be about the same in
the area under comnsideration.

.. exposed in bare hills
6, T. 4 N, Ro 11 E.g

“
O-JUE
o



Section XVI
Thick-

Belle Fourche River nass

ADE COUNTY

L BB
Wit

4

N

Fn IS S
SR

H OF BELLE FOURCHE RIVER,SECTION S, T.4 N.

N

PIERRE FORMATION

-r

ou

<
)

Shale, blue-gray, weathers to gumbo. Some
small rusty concretions and small white
nodules near top, as well as some thin a0ron
bentonite streaks; lowest upper tepee
butte limestones lie at top.

Shale, gray, flaky, with rusty con-
, cretions. One two foot bentonite
at top contains layers of fibrous
calcite and some barite.

B3 g

\
A

— —= ——1 Shale, gray with rusty concre-
—— Tt = = /I tions; larger ones may have
- layer of buff cone-in-cone
around them; some serpula-—
like tubes up to 6 inches
long. Probably a heavy ben-
tonite at top.

DO
(W
)]

—| Shale, gray with numerous pur-
] plish-Dblack concretions.

16YOH

— ) o a 7 %Shale, gray, weatners to gum-
» < () o ”% bo., Many large rusty or
— - —| purplish-black concretions;

36¢ 50

Q I, small "wormeaten!" concre-
(@] 1 - - 1
7 tions and serpula. Probably
— a heavy bentonite near top.,




feet Inches

thers to
xretions and sn:a]i
p., as well as
ks; lowest u
g iie at t@pgoovcm«ooaoooo 40 0]
4 Sha vy, Wwith rusty concretions.
1 ite at top = i layers
o 21t 07 53 g

=
b
o w D

ceoovcocas o oo 25 g
2 roplish-black
el
B T I T N G 10 G
1 L to gumbo. Mzny large
1Sty e 7’}" r. _Laynk cone "ne-f—-;of, e
small ?Jziﬁe?tenf COG““ebthw and Serm
pula. FProbably a heavy bentonite near
TO0 .

o

Fp. 6
A, ©Oe D 0D LAY D0 Y e Ed00 60D U0 0o e 2D 200000 00

‘otal section measureds.. 171 7
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Section XVlia

A section extendi

and barite,

northwest of £ in Sec. ¢8 T. 11 N., R. 6 E., Butte

County. The traverse extended for a considerable distance

down dip, so that the >tion is foreshortened. For that
red intervals are not recorded here.

g from the bentonite with fibrous calcite
o] upper tepee butte zone was measured

Uz

reason the measu

Partial succession cof beds exposed on southeast side of Castle
Rock, probably in Section 24, T. 12 N.y R. 5 E., Butte County.
The lower beds were [sle} gf@Soed over; the upper beds obviously
Tertiary,

Feet Inches

& Li P £ 6 I 0
5 San well exposedecooccces T4 o
4 Sar coveocoonne oo 1 0
3 Shale Lo
i G G0 0000000460 8 7
2 Shale gfay WLth some bloom. Zone of
3

i

slabbty sandy limestone at top; zone
rge gray fossiliferous concretions

O

3
te
1la
ba

o

,.
=
j

chﬂﬁSFW%d&Q*

[
5]
jmy
s

]

Total section measured..coooosos L4G 7




Section XVIII

Figure 8
Thick-
ness
. :wgéﬁg%{;ﬁiﬁfﬁi Sandstone, bufi, some compact, some 141Qn
O e’ ® ar e’ st incoherént; forms top of butte.
U = ___:j Shale, brown to gray, carbanaceous. 12tan
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t ®l tions, poorly exposed.
- — .
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i
q-
o
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- buff to pink; contains cemented 73Ton
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Section XVIIL

Succession of beds, Pierre and "Fox Hills"™, exposed on south
side of Two Top Pezk, Section 35, T. 12 N., R, 4 E. Butte
County, South Dakota.

Feet Inches

10 ©Sandstone, buff, some cqQmpact, some in-

coherent; forms top of butte...e-0.. e o 14 0
9 ©Shale, brown to gray, carbonaceduS...... . 12 6
8 Sand, buff, with some rusty concretions,

poorly expo0sedss oo G o s e s oseoon 22 6
7 Shale, purplish-brown, ca“bonaceous oooooo . 33 0
6 Sandstone, massive, fine; weathers buff to

pink; contains cemented nodules; some

shale in lower part..cccecocass copaasass s 73 0
5 ©Sandstone, buff to brown or gray, massive

to s1labby.occesconoonaes casseaceane abes e 20 6
4 Shale, gray, sandy, with layers of saﬁdv

calcareous concretion8.,cooccosos beescans 29 6
3 Limestone, rusty outside, gray 1nswae,

no fossils or calcite veinS.:..vooocosooo 6
2 ©Shale, gray, some bentonite and seleniteaa 91 8
1 Shale, gray, with zone of large gray

fossiliferous concretions near top; to

base Of S1lOpEosccsccososoccooccsccsconcsos 129 Q

Total measured section 426 2

Section XVIila

The nature of the beds lying between the upper tepee buttes
in Sections 5 and 6, T. 11 N., R. 4 E., and the base of the
above section may be seen along the track and in the gullies
in the intervening area, but the interval represented can
only be estimated.



V. OSTRATIGRAPHY

THE PIERRE FORMATION BOUTH OF THE BLACK HILLS

During the present surv bout 10 days were spent
I3 the Biack Hills, ily L River and Custer
Samples were ervalg from the vi-
] Ardlnvp 0o as \ 24 sast ag thz Plerre out-
rear Rapid City. geveral secilons were measured.

Eaftani has described
isting of about 1200 to 130
of which 1s black and
ne of limestone masses i

taed abont 1000 feet abs

the present anQSungdtﬂcnq it was found that nearly
the good outcrops for detailied gtudy lie along the Chey-
ﬂune RivelﬁD and these upbeaf to bm Llnhted to the lower and
sart of the Plerre formation. The attention of the
presemu workers was therefore confined to this lower part,
and ne effort was made to measure inter s in the higher
members,

<

it & Q:}

Bxcept for the black fissile Leds of the Sharon Springs

member, there appear o be few key horizons which can be
traced from one cutcrop to another. HExposures are generally
smaller Than those north of the Hiils, and much less contin-

uous than those along the Missouri, s¢ the secarcity of trac-

eavie beds i1s a serious handicap to build&nw up a composite
section of the Plerre formation.

)

five detailed sections are includsed here to show
nature of the formafioaﬁ even though fthey 4o not form one
continuous se

£

o b

gal beds of the Pisrre this area are correlatsd
ron Springs member of Missouri Valley and the
7 oin Kansasg. This menher conglsts cf dark gray

5 Geui
as follow
entral Bldck

, @elwiéhs‘FolioQ iF [
wurVPvﬂ A1%02. See alse subseguent £

Newcastle 7), Edgemont
H¢li@ ;EAC
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to black fissile shale containing abundant fish remains,
It weathers toc steep buttresses along drainage lines, and to-
a low, bare ridge where the relief is iess. The beds are
characterized by many bentonites, ranging in thickness from
2 fraction of an inch to over three’ and one-half feet. As
many as 35 beds, most of them less than two inches thick,
have been counted in a single exposure. Several zones of
large biscuit shaped concretions averaging perhaps 1 x 3 feet
characterize the upper part of the member. The details of
the zone in this area have been worked out by Spiveyl, so only
one detailed section is included here.

The Sharon Springs lies conformably upon the Niobrara,
and in many places the exact contact can be located only by
use of acid. The upper 1limit of the zone is sharp, but ap-
pears to be gradational,

The thickness in Fall River County is approximately 150
feet. In Section XIX, an easily accessible outcrop of this
member is described in detail. There i1s some doubt as to the
Niobrara-Pierre contact because of a covered interval, but
from nearby outcrops it is evident that at least 175 feet,
and perhaps over 200 feet may be assigned to the Sharon
Springs in this exposure,

This outcrop of fissile shale with contrasting beds of
bentonite is a conspicuous feature around the southern edge
of the Black Hills. As previously pointed out, this member
appears to be lacking north of the Hills. ©Spivey followed the
zone northeastward as far as the vicinity of Rapid City {Sec.
34, T. 2 N., R. 8 E.), and it has not been noted north of that
point. The beds are apparently greatly reduced in thickness,
but whether this is due to thinning of the entire zone, or to
erosion of the upper beds is not clear. The writer does not
know how far north these beds may be traced on the west side
of the Hills, but they are probably represented in northeast-
ern Wyoming by the Pedro bentgnitic zone at the base of the
Gammon Ferry member of Rubey.

The beds immediately overlying the Sharon Springs consist
of flaky, brownish-gray shale, which contains many small con-

1. Spivey, R. C., Bentonite in Southwestern South Dakota,
Report of Investigations No. 3¢, S. Dak. Geol. Survey,
April, 1940,

2. Rubey, W. W., op. cit., p. 165.
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Inis clilosely resembles the basal
¢ Hills, and proba hly is to be corre-
lated with the C“egory member of the Mi
These in turn grade upward to gra yer9 pentonitic shales with
abundant concretions of severali types. N¢ detailed section
of the beds immediately overlying the Sharon Springs was
measured.

cretions and bhaculites.
0

Pierre beds norinh of ih
sgcurd River szection

FLa

Sections X and XXI shovy the aeta ils of & 200 fooi se

guence which liles perhaps two or thr hﬂi@f@d feet above tThe
fissile shale member. Bentonites seem to offer the only gocd

ral

kKey horizons in the area. Thick bentonites, especially if
associated with considerable light colored fibrous calcite,
stand out charply on gumbo slopes and may be traced for con-

siderable distances where the beds do¢ not dip too steeply.
It seems likelir that one of these bentonites is the one noted
in several sections north of the Black Hills.,

Sections XXIT and XXIII show the naturs of the beds in
the middle part of the Plerre, probabl; ' se f r above the
previcus two sections. Eoth oufcr ops
offer cpportunity for later palecntolo

The tepee buttes which are =20 numercus cn the upland
ground Celrichs and Smithwick were examined, but no attempt
was made o determine the interval between them and the lower

beds.

Limited time p“evented an effort to trace the outcrops
gown the (Deyenﬁ@ River to tie up with the Sage Creek area, or
the exposures of Interior beds in the Badlands area.



Section XIX

Succession of beds exposed in cut bank on north side of the
Cheyenne River, in Section 2, T. 8 S., R. & E., Fall River
County, South Dakota.

Feet Inches

Pierre PFormation

57 Shale, brownish gray, with many small
rusty concretions and baculite casts.,
Usually supports vegetatioNooccoosos o

Sharon Springs Member
56 Shale, breaks down to blue-gray flakes,
but stands up in steep faces which
appear nearly black from a distance.
Fish scales abundznt in some beds.

No vegetation cover below here....... 3. 0
55 Shale, as =2bove, with zone of cone-in-

cone concretions-up to 1 x 2 feet ,

A0 LOPoosccosasnosasncaasoosoacsassosca L 5

54 Shale, as above, grading laterally

into intermittent lenses of limestone

up to 3 x 30 feetoooooooscesonsonscasa 3 1
53 ©Shale, as above, with zone of lime-

stone concretions from 67 to 1 x 5

feet; 2% rusty streak at tODscceovosoo 2 0
52 Bentonite.eceeoceaccccsococceocanaanans 1%
51 ©Shale, 2s a8bOVE.oossssccosonsconsansssss L 2
50 Bentonit€.cooosesscosooonasssnanssssaccsas 1
49 Shale, 8S AaDOVEe.coscoccossocnoascsconsae 4 ]
48 Bentonite; in and above is a zone of

cone-in--cone from 1 to 18" thick..s.. 1
47 Shale, 8S 2DOVEocasosoosscanesasosnososso 4
/% Limestone, weathers rusty-purple....... 1
45 Shale, with one thin bentonite. One

foot above base 1s an occasional

6-8" x 18" limestone, sometimes with

dark coatingeocesecococseacocoosacansocoo 4 5
L, Bentonite.cooeceocoasascscceosccannancaos 1
43 Shale, with zone of small purple-brown

concretions one foot below topPsecaces 11 5
42 Bentonite, with occasional 18" x 5-61

cone~-in-cone concreltlonS. . n.ecieocoss 6
L1 Shale, 29 2DOVE.eeeveonerrticnvonncccoane 3 6
AOQ Bentonite........ e e et e e 1
39 Shele, Tisn bunes solad 47 Lelow L00... 10
38 Shale, with persistent zone of 10 x 187

gray to buff limestone concretions 2t

tup and smeller ones DeloW...:oow oo 27 G

BT



Section XIX,
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GENERALIZED SECTION OF PIERRE FORMATION

Zone of large limestone masses

SCUTH OF THE BLACK HILLS

Figure 9

which give

rise to conspicious zone of tepee buttes.

Shale,

gray.,

weathers buff.

Shale, gray to bluish-gray, with several con-
spicuous benconites carrying much fibrous

calcite,

Contains rusty concretions of all

sizes, plus large gray fossiliferous con-
cretions in upper part,

in lower part.

Large Inoceramus

Shale, medium gray, non-calcareous, with large

Shale,

Niobrara, blue-gray,
buff.

brownish-gray,

5

rusty concretions and occasional bentonite
up to 8% in thickness,

with small to medium
sized rusty concretions, and numerous bacu-
lites anc¢ Inoceramus.

] Shale, dark gray, fissile, with fish remains,
| Numerous bentonites.
! large, non-fossiliferous concretions at top
| sometimes weathers out to tepee buttes.

more zones of

chalky shale, weathers



Section XX

Succession of beds, Pierre formation, exposed in cut bank
along the south side of the Cheyenne Rlvor, in Section 9,
T, 7 8., R. 8 BE., Fall River County.

Gravel, not measured Feet Inches
Pierre Formation
12  Shale, medium gray, non calcareous,with
rusty concretionz up to 107 x 2V..... 12
11 Bentonite, pUr€csocvoccoscooccoocoooocosssosa ’
10 Shale, 88ME..o0scossosvcncososconocoansoos
9 Bentonite, pur€scoccsccoososssccsaonoonos
Shale, 88 3D0OVEouooosaconwossvosnoanassno L1
Bentonite, very calecareous, some fibrous
calcite; biotite flakes near topescoocoo
Shale, with abundant rusty concretions... 30
Bentonit@coosoosososcoocsssocnonosoooswssonous
Shale, a8 aDO0VE€sbo02v000v0o00000000naosoose A
Shale, with zone of light gray fossilifer-
ous limestone concretions 4 feet above
_ DaSC o ovvoonaascpscoonoccsassonsoooasnns 1o
2 Bentoniteoocooscsssvocosocosoocososesnsonso
1 BShale, gray, more or less calcareous,
with several thin bentonites, and Zone
of light gray limestone concretions 4z
feet above base (base at river's edgei A0 1

Total section measured 123 6

it
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Section XXI

Succession of beds, Plerre formation exposed in cut bank»
along north side of Cheyenne River, in Section 2?2, T. 7 8.,
R. 8 E., Fall River Countm

Feet Inches

Gravel, terrace, not measured
Pierre Fowna+1on
9 Shale, blue-gray, cvunmly to flaky,weathers
to gumbo, with rusty concretions. Upper
10 feet weathered to brownish gray.c.... 32  ©
g Shale, more abundant qoncret¢0ﬂs, including

zonie with cone-in-cone at t0Pevvossososs 9 O
7 Shale, with persistent zone of rusty concre-
tiong with InoceramisS..cccocosoasvonaonoe 19 6

& Shale, with intermittent zone of 1 x & foot
cone-in-cone concretions at top, and :
others without cae in-cone throughout... 1 G

5 ©Shale, with intermittent zone of large rusty
limestone concretions with cone-in-cone up
to 1 26 feel.ooovooonooononnncnnnsaosoo A& 9
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Section XXI, contid.
Feet Inches

L Bentonife..eosscoonsnonsccocssoe cdeesaeaus oo 4.

3 ©Shale, as abOVEeeeeasoosesenosacaooncsas s i y
2 Bentonite, with some prismatic calcite,

somewhat MicCacCeOUS . oorosconceccoanosncss 8

1l Shale, gray, to river's edge, not measured ,

Total Section Measured g3 1

Note: Beds 2, 3 and 4, Section XXI are believed to correspond
to beds 9, 10 and 11, Section XX. This gives a con-
tinuous measured section totaling 202 feet 3 inches.

Section XXII.

Succession of beds, Pierre formation along French Creek
Just above its mouth; just north of Bower, T. 5 S., R. 10 E.,
Custer County, S. Dak,

Feet Inches

Gravel, not measured
Pierre Formation

12 Shale, gray, non—calcareouso ooooooooooooooo ° o 5 3
11 Bentonlte, calcareOUS.eeooooanosssncsoso ceosen 3
10 Shale, non-calcareOUSccceeccscoscoscocsosoncsa 5 0
9 Bentoniteeececoeacssan feaccoaeanens ceccnaaas .o 1%
8 Shale, aS @DOVE.socoscssccoconcasssss ceeeeeen 2 6
7 Bentonite, overlain by up to 8" of ma551ve
and fibrous calciteccsnesococcoaascascascsas 2
6 Shale, brownish gray, slightly calcareous.... 7 7
5 Shale, bluish-gray, some zones calcareous,
few or no concretionScccccscococoacas caeeees 13 A
4 Shale, gray; with rusty concretions up to
1 x 3%, fossiliferous, some with cone-
In-con€oooccoecso 6o e o enccanecasesescsssanso oo 12 8
Bentonite, micaceous, overlain by up to
1t of fibrous calcitecsccoocccneosccscnncea 1
Shale, gray, few rusty concretions...ccc..c.. 10 7

N

Shale, bluish-gray to gray, non-calcareous,
with large fossiliferous rusty concretions
having small gray nodules on the surface;
tOo creeKoocoecsooosocsss ceonasdo e cesosaceneo 43

Total Section Measuredoa 100 10%

Note: Bed 7, Section XXII, is believed to correspond to
bed 2, Section XXIII. This gives a continuous meas-
ured section of 214 feet, 4 inches.
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Succession of beds, Pierre formation, in bluffs a short dis-
tance back from the Cheyenne River, opposite the previous sec-

ticn; in Washington County. Composite of two nearby sections,

Section XXIIT

Pierre Formation

12
11

10

W O a3 ;0

AL

Shale, gray, to top of bluff, nct
measured, approximatelyocococscococaccocos
Shale, maroon, with brick red, and
white nodules. (Interior beds?)c.c....
Shale, gray, with limestone concre-
LAONSc0soo0conoonoonoososcsoonsonnossesoos
Bentoniteo-.voasoosoaosasassconsonoosooanas
Shale, gray, scattered limestone con-
CcretionNSenosocaococsaosonsocccosocooasos
Shale, zone of very fossiliferous gray
limestone concretions at toOpeoceccosses
Shale, zone of very fossiliferous gray
limestone concretions at tOpPscoecosocaes
Shale, with intermittent zone of light
colored limestone concretions with
some cone-in-cone at toPeecosccccococs
Bentoniteocesooeooosncecoscoocoonooaonsos
Shale, grayoececocscccocoscoscssonsnoosonn
Bentonite with fibrous calcitecocccooosn
Shale, with large irregular rusty lime-
stone concretions in lower part; zone
of fibrous calcite near middle; to
base Of S1O0PE€oococsososconcssosonoosoa

Total Pierre Measured...-..

82

°

Feet Inches

6
5 9
21 0
1
4 7
14
38 9
15 6
2
19 0
1 0
86
212 9



V. ECONOMIC POSSIBILITIES
Aiuminum

Aluminum is one of the most abundant metals. The average
aluminum content of the jigneous rocks in the earth?s crust has
been estimated at 8.08%.% In the sedimentary rocks, it ranges
from a small fraction of one per cent, as in pure sandstones
or limestones, to as much as 45% in some clays.

Aluminum content of a rock or mineral, as reported in a
chemical analysis, may be given in terms of per cent of me-
tallic aluminum (A1), or in per cent of Alumina (A1203). The
latter is customary. Alumina contains 52.9% aluminum, and
47.1% oxygen. Thus an aluminum ore reported as containing 50%
alumina actually contains only 26.4% (.50 x 52.9) aluminum.
Both terms will be used in this discussion.

The following list indicates the aluminum content of the
most abundant aluminum bearing minerals:

Per Cent Al
Diaspore Al303.H50 45.0
Gibbsite A120363ﬁ20 34.6
Boehmite A1203.H20 - 45.0
Alunite K2A1g (0H) 12(804) 4 19.6
Kaolin A1203.28102.2H20 20,9
Sericite K20.3A1203.65102 .2H20 20.4
Nepheline NaA1510y, 17.6
Feldspars Al silicates of K,Ca,Na variable
Cryolite Na3AlFg S 12.8

As arranged above, these minerals fall into several
chemical groups. The first three contain aluminum as an
oxide, the fourth as a basic sulphate, the next four as alum-
inum silicates and the last one as a fluoride.

Bauxite 1s the principal ore of aluminum. It is not a
true mineral, but consists of a mixture of two or more hydrous
aluminum oxides in varying proportions. These include gibb-

1. Clarke, F. W., The Data of Geochemistry, 5th Ed,,
U, S. Geol. Survey Bull. 770, p. 29, 1916,
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site, boehmite, and diaspore. Bauxite is formed by extreme
weathering of sluminum rich rocks.

Cheap production of aluminum has always been a metallurg-
ical problem because of the difficulty of recovering the me-~
tallic aluminum from the various compounds in which 1t occurs

in the ores.

Cryolite was the first mineral from which it was pro-
duced, but deposits were small and the aluminum content low,
so that the practice ceased when metallurgical advances made
other ores available.

The Hall-Heroult method for recovering aluminum from
bauxite by an eleckrolytic process, using cryolite as a flux,
was established on a commercial basis in 1888. Since that
time, the world's supply of the metal has been recovered from
bauxite deposits in many countries, the most important of
which are France, United States, Russia, Duteh Guiana, British
Guiana, Hungary, Italy and Yugoslavia.

Two very recent developments are the recovery of aluminum
as a byproduct during the production of potash from alunite,
and the announcement by engineers of the Tennessee Valley
Author}ty of a commercial method of recovering aluminum from
clays.™ The actual process has not been made public, and it
is doubtful if the cost is low enough to compete with bauxite
production under normal conditions.

The question is often raised as to vwhy aluminum cannot be
made from aluminum bearing shales such as those of the Pilerre
formation. The answer lies first in the fact that this alum-
inum occurs in the form of silicates;, the hardest group from
which to recover the metal, and secondly in the fact that
these shales have a much lower aluminum content than other
deposits not yet developed.

The first cohjection can apparently soon be overcome by
adoption of the T.V.A. or some simiiar process for recovery
of aluminum from clays, still assuming cost to be no consider-
ation.

1. Minerals Yearbook, Review of 1940, U. S. Bureau ¢of
Mines,. p. 1235.
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The second point may be answered by comparing the alumi-
num content of the Pierre -ith the known reserves of higher
grade ores whose metallurgy is no more difficult or expensive.
Table II shows analyses of samples of Pierre shale collected
along the Missouri River during the present survey. The
highest alumina content observed is 22.3% (12.67% aluminum).
The average of 6 other miscellaneous samples of Pierre whose
horizon is not known, but collected around the Black Hills,
is 18.8 per cent alumina.

Among higher grade ores which are knmown in this country,
the bauxite reserves come first. Deposits occur in Arkansas,
Georgia, Alabama, Tennessee, and Mississippi, with about 90%
of the output coming from the first named. United States
bauxite deposits have not been c¢considered previously unless
they contained an alumina content of over 50%; and those mined
have usually run about 56-59%. FExtensive testing of deeply
buried and low grade deposits,; which could easily be developed
where cost is not the dominant factor, has boosted estimates
of the U. S. bauxite reserve to around 40,000,000 tons.

Current consumption of bauxite in the United States is
estimated at about one and one half million tons a year. This
has included a high percentage of imported ore, but even if it
becomes necessary to rely entirely upon our own reserves dur-
ing the current war, 1t is obvious that our reserves will last
for many years.

Limited deposits of alunite in several western states
could be developed for aluminum recovery under a war-time
econonmy. The total reserve is probably small, but because of
ease of treatment with the adaitional recovery of potash,
these will probably be worked before even the richest clays.
The small start along this line at Marysville, Utah, has
already been mentioned.

Finally, there are extensive deposits of clay containing
much higher alumina than the Pierre shale. Many kaolin-rich
residual deposits are known in tHe southeastern states. Pure
kaolin contains 39.8% alumina, and much material is known
which will run abave 36%. Deposits of diaspore clay in
Missouri are reported t¢ run as high as 70% alumina.
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Sample Nos

TABLE II

WHEELER BRIDGE SECTION

Section 3, T. 98 N., R, 68 ¥W., Gregory Co,

Member of Pierre Formation

Upper Virgin Creek

Lower Virgin Creek

ALUMINUM CONTENT OF THE PIERRE SHALES

Location
Stanley County
Stanley County

2 miles east of
Teton, Stanley Co,

Sec., 32 T, 9 8.,
R. 5 Es, Fall River
Co,

1. Elk Butte
2. Mobridge
3.
b o
5. Verendrye
6. Oacoma
7 Gregory chalk
} Member of
Sample No, ~Pierre Formation
8. Verendrye
9. Oacoma
10. Virgin Creek
11. Gregory Shale
12. Sharon Springs

Sec., 32, T. ¢ S,
R. 5§ E., Fall River
Co,

BB

Per Cent
Aluminugm

12.67
8.21
11.52
10.96
8.64
10.97
4 q52

Per Cent
L Aluminum

9.74
7,15

10.84

12.27

8.04



Barite (Barium sulphate, BaSOA) may be white, or wvarious
shades of gray, blue or brown in c¢clor, and has an unusually
high specific gravity (4.3 - 4.8) for a mineral with a non-
metallic Juster. 1t may appear in crystalized form either as
individual crystals or as cleavable masses. When it occurs
in very finely crystalline form it is described as massive.
Another occurrence is in irregular nodules having a fibrous,
radiating structure, and is known as barite "roses" or "ros-
ettes?,

Gray barite rosettes are frequently found in the Pilerre,
and range in size from léss than one-fourth inch in diameter
to nearly continuous ledges from two to four inches thick.
These are usually assoclated with ventonite. In a few local-
ities in Butte County, it would be possible to pick up several
hundred pounds of westhered rossttes by following a bentonite
outcrop less than half a mile.

A second occurrence ¢of barite in the Pilierre is in the
large septarian limestone concretions, the cracks of which are
occasionally filled with light to medium brown barite, assoc-
iated with golden calcite. Although resembling amber in its
beauty, this so-called "golden harite" is too soft and too
brittle to be used as an ornamental stone in jewelryol Perfect
crystals have some small value as display pieces in mineral
collections.

Because of the abundance of large deposits of barite in
several of the southeastern states, scattered deposits of the
Pierre type would have no value, even 1f close to markets.
Barium compounds are used primarily as a filler in such pro-
ducts as rubber, paper, and plastics. It serves as a pigment
and extender in paint. A recent use is to increase the weight
of drilling muds used by the oil industry.

1. Connolly, J. P., and O'Harra, C. C., The Mineral

Wealth of the Black Hills, 5. Dak. School of Mines,
Bull. 16, p. 344, 1929.
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Bentonite

Bentonite is the name given tc¢ the fine-grained,; soapy
feeling, yellow clay sometimes found interbedded with shales
r other marine sediments. It has been formed by the altera-

ion of beds of wvolcanic ash which fell inte fthe sea when the
enciosing deposits were being laid down. Thickness of the
beds at any place is a measure cf the magnitude of the wvol-
canic eruption, the distance from the source, and the strength
and direction of the winds prevailing at the time.

The various grades of bentonite are in demand for many
giiferent uses, fczthhJB*JY as a bonding agent in molding
sand, as a thickener in drilling mud, and, in the case of the
Ardmore bentonite of South Da{otdg as a water softener.

Bentonite is common throughout the Pierre formation
wherever it crops out, but only locally are the beds thick
encugh to justify commercial development. Apparently the
scurce of this ash was to the west of this region, for in
general the bentonite beds are thicker around the Black Hills
than they are along the Missouri River valley,

In the central part of the state, the Pierre bentonites
1dom reach a thickness of more than one foot. The greatest
ncentration of beds is in the Sharon Spring member, a few
t above the contact with the Niobrara chalk. In one out-
rop near Chamberlain a total of 44 inches of bentonite was
tedxln an interval of 14 feet. (Gries and Rethrock, 1941,

10},
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Bentonites of the Sharon Springs member reach individual
thicknesses of over three feet south of the Black Hills.
These were first developed near Buffalo Gap, but since 1917
thp only mining operations have been near Ardmore. The nature

and distribution of the bentenite in this a*ea has been fully
covered in a recent report of this survey.

. Dak. State Geol, Survey, R.l. No. 36,

1. OSpivey, R. C,7 Benton te in South'e tern
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Cement

The Pierre shale has been used as an ingredient of the
Portland Cement manufactured at the State Cement Plant at
Rapid City since December, 1924. Investigations made vefcre
the erection of the plant showed that either the Graneros or
Pierre shale would be satisfactory when mixed in proper pro-

portions with the Minnekahta llmestoneg but that the "Pierre

shale mixture reguires less coal in burning than does the
Graneroslsha1,9 and that it mskes a ie et cter graap of
cement.m The shale, which is used i‘ ne approximate ratic

1. = s -

of one part shale to four parts 1+m

a quarry located along the Northwes

Highway 14-18, about $ miles east Of

horizon of the Pisrre from which the

been dete‘rmined‘9 but it is believed l1ie near the middle
of the formation.

The following is & typical analysis of the material
guarrie d.:::2
AlQQﬁ,, . 19 -8 3
FepO3 6,84
Cal 2.57
Mg@ 1 o 90
503 1.78
Ign. loss 9.60
N D A48
Total 100.0C

Equally satisfactory material could be obtained from the
Pierre shale throughout its area of outcrop. Particularly
favorable areas for cement manufacture would be around ths

Black Fills, or in the lower Missouri Valley;that is, adjacent
to a scurce of limestone or chalk.

1, J., P, Comnolly and C. C, C-darra, The Mineral Wealth
of the Black Hills; S.Dak. School of Mines Bull. 16,
19?9 s P 027)

2. Ibid., p. 275,
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nalk, or chalk rock, is a seft porous form of limestone.

halk may be used in the manufacture of whiting; the im-

3 ties are extensively used in the manufacture of

ement. Locally, where other building stone is not
) 7

k has been used with varying success.

occur in the Plerre in the basal Gregory
Nelel rs, and locally in the Mobridge member. These
range from nearly pure chalky fc marl and calcareous shals.
In general they are too impure, and in most cases;, too thin,
to have any economic value. The best of the Pierre chalk beds
ie along the lower Missouri River valley, in the same ares
where the Nicbrara chalk creps out. As a result; when chalk
R aaer needed for local use, the thicker, purer, and more
cceessible Nicbrara has consistently been chosen.

Clay may be defined as any earthy meterial which 1s suf-
ently plastic when wel to be molded, and which will harden
fire. Pure clay is made up of a group of closely re-
1 minerals,; the so-called clay minerals, which are hydrous
1 aten of aluminum. Impure clays and shales include in
' L many other minerals. 1including quartz, calecite,
pyrite, gypsum, micg, and organic matter.

These various impurities may change the plasticity,
gion point, color after firing, shri nkawea strength and
er physical properties, and hence limit che uses to which
v given deposit may be put. Reference tc¢ the analysis
veri under the discussion of cement shows the Plerre shale
be high in silica, iron, caleium and magnesium, and low in
alumina., Many zones are als¢ high in organic matter. This
material would, nevertheless, be satisfactory for the manu-
facture of common red brick and tile, and has probably been
ged locally for that purpose in several places within the
state.
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Manganese

About 14 pouqo

cn
of ordinary ste: oy
steels which a
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uced conly from high grade
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Fcrrommarganes

e proc ores,
that is, thos over » owanganese, Oniy very small
deposits of eh. re are known in i_s country. in
the past the Unit nas 30% of its high
grade ore, moOsy g zold Ceoast, India,

Brezil, and Cuba. it ustry working at
o 1t the 1,250,000 long
to % 4 the manufacture
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In the present emergency it is necessary to develop &
methed of concentrating some of our abunde nt low grade ocres
into a high grade product from which ferro-manganese can be
made., It is in this connection that the manganese—iron—
carbonate concretions of the Pilerre snale have received atten-~
tlon,

-

55}

These concretions, or nodules, may be seen covering
of the slopes and knolls alcng the river breaks in the vici
of Chamberlain and Qacoma. Tqav are typlcally about the si ze

and shape of a potato, but many are up to six inches in thick-
ness and a foot or m > in mLtmquPn Close examination will
algso reveal smalle: To almost microsccepic size,

but only those lar marbles are normally noticed.

reen on fresh
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surfaces, bu
outside, of tho
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3 T wariasply purplish black,
The depth of co nange is nt a function of length
of time of weathering fo o : nave weathered for a
long time are frequently black through,

1. DeVaney, F. C., Concentration
Dakota Manganese QOre, Black F
February, 1342.
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Figure 11

A\
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W, hrea of heavy concentration of manganese-—iron concretions
in the Agency-Oacoma zone,
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Superficielly a fresh concretion appears to be of homo-
geneous light gray material, often spotted with fragments of
fossil shelils. However, chemical and mineralogical studies
indicate that the compesition is very complex.

The relatively high manganese content of the concretions
in the Agency-QCacoma zone was first noticed by individuals
interested in hydro-elegctric development in the vicinity of
Chamberlain. ©Subsequently the General Manganese Corporation
became interested, and retained the John Savage Company of
Duluth, Minnesota, to conduct an investigation of the area
in which these nodules were_abundant. A report was made to
the company in January 192901_,In the summer of 1929, further
investigation was made by D. F. Hewett, of the U. S. Geologi-.
cal Survey, and the conclusions released to the public in
February 1930.2 The next detailed study of the area was _made
by the State Geclogical Survey in July and August, 1940.3

i

The results of these investigations have been summarized
in the above mentioned report, and only the conclusions are
tabulated here:

1. The nodules occur in a zone averaging between 45
and 50 feet in thickness,

2., The outcrops of this zomne parallel the Missouri
and 1ts tributaries in a narrow band extending from
the southern edge of the state up to the mouth of
the Moreau River, but the nodules are abundant only
in the area between the Bijou Hills and the Great
Bend.

3. The nodules make up from 6 to 10 per cent of the
shale.

1., See Scholl, L. K., A Reconnaissance of Manganese
Qccurrence in the Chamberlalin Digtrict, South Dakota,
unpukillshed report, June'lOi 1940. On file in library
of 8. D. School of Mines, Rapid City, S. D.

2. Hewett, D. F.; Manganese-lron Carbonate Near Chamber-
lain, 8. D., Memorandum for the Press, U. S. Geol.
Survey, February 5, 1930. ' ’

3. Gries, J. P. and Rothrock, E. P., Manganese Deposits
of the Lower Missouri Valley in South Dskota, S. D,
Geol. Survey, Report of Investigations No. 38, January
1941
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he nodules EVerage about 17% manganese; the shale
nd nodulesg together thus averaging about 1.8% man-
nese.

m o3
Q2

5. DBy utilizing only the shale exposed in outcrops, it
has been estimated that between 124 and 300 miliion
short tons of manganese are available beiween Bijou
Hills and the Great Bend.

Utilization of such a iow grade deposit brings up two
groups of problems: those comnected with mining and Oonceu+"Pw
tion of the ore, and those metallurgical problems concerned
with recovering the manganese from the nodules.

Beginning in the fall of 1940, the U. S. Bureau of Mines
began an investigation of the mining and separation methods,
and at the present time has a 750 ton pilot mill in operation
4% miles west of Oacoma. For description and results of this
experimentation,; tThe reader is referred to the paper by
DeVaney, previously mentioned.

Research on the metallurgy of these ores has been con-
ducted by several agenciesﬁ The outlines of this work have
been summarized elsewhere,” and need not be repeated here.

Reports of a new smelting process, and of one or more
large concentrating plants in the Chamberlain area, are cur-
rently being carried in the press;, but cannot be verified as
this goes to press.

It must again be borne in mind that operations in such
low grade deposits are feasible only under a war economy, and
appear likely to be restricted or terminated when internation-
al trade relations are restored.-

1. For metallurgical data, see:

South Dakota Manganese Ores, Tennessee Valley Author-
ity, Department of Chemical Engineering, Chemical
Research Division, April 26, 1940,

Scholl, L. K., A Reconnalssanbe of Manganese Og¢-
currence in the Chamberlain Dlstrlct South Dakora,
unpubllshed report, June 10, 1940.

Gries, J. P, and Rothrock, E. Po9 Manganese Deposits
of the Lower Missouri Va]ley in South deotag S5.. Dy
Geol. Survey Report of anestﬂgafiono No. 38, uanuary

1941,
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An 01l shale may be defined as a shaly or sandy material
from which petroleum may be obtained by distillation but not
by treatment with solvents. Using this definition, the Sharon
Springs Member of the Pierre may be described as a very low
grade o1l shale.

A sample of ¥o0il shale™ presumably from the Sharon
Springs, collected southeast of Hot Springs, Falil River County
is reported to have vielded 2% gallons of c"ude o1l per LO“uj
A sample of Sharon Springs, collccted along the Missouri River
during the present survey showed the following results as re-
ported by the State Chemical Laboratory:

0ix present
Moisture 2.92%
Loss on ignition 21, 96
Organic matter 19.G4

Although very little 0il has yet been produced from shale
in this ccuntry, great reserves =xist, and will undoubtedly
be of great importance in the future. At the present time,
only shales containing over 30 gallons to the ton are consid-
ered in estimating reserves, although the government, in leas-
ing oil shale lands, has indicated that it may consider 15
gallon-~to-the-ton shale as commercial grade.

Using the 30 gallon 1limit, it has been estimated that oil
shales in the United States are capable of producing a total
of 160 billion barrels of cil, 120 billion of which may come
from the Green River beds of Colorado and Utah.

1. Comnolly, J. P., and O'Harra, C. C., The Mineral
Wealth of the Black Hills, 5. D. School of Mines,
Bull. 16, 1929, p. 378,

2. McKee, Ra H., Oll Shale, p. 14, Chemical Catalogue

Company, New fork 1925,
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Water

The Pierre shale is too impervious to yield water, so
wells drilled into the formation are almost always dry. Oc-
casionally a small amount of water may be carried in Jjoints
and bedding plianes near the surface, but this water is usually
highly mineralized.

In areas where the Pierre is overlain by a thin mantle of
clay, sand, or gravel, water is frequently encountered at the
contact of the two formations. In the case of large diameter
dug wells, it is common practice to dig a few feet into the
shale to form a reservoir in which the water may accumulate.

Stock dams are frequently built on the Pierre. It was
originally common practice to scoop the weathered surface
material from the reservoir and use 1t to make the dam, thus
deepening the finished pond 2nd making the dam in one opera-~
tion. However, it was found that in many cases the unweath-
ered shale thus exposed in the bottom was so jointed that the
water seeped down through the shale and escaped, even though
the dam i1tself was tight. It is now customary tco bulld the
dam out of weathered material brought down from the hillsides
opposite the dam, and to leave the weathered material in the
basin undisturbed. In this way both the basin and the dam are
formed of clavey, impervious material; and the results have
been much more satisfactory.





