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MANGANESE DEPOSITS OF THE LOWER MISSOURI
VALLEY IN SOUTH DAKOTA

by
J. P. Gries
and

E. P. Rothrock

INTRODUCTION

The presence of low grade manganese deposits in
the bluffs of the Missouri Valley has been known for
many years. Attempts to develop this material, how-
ever, have met with little success. Events connected
with the European and Asiatic Wars, however, have
focused attention on the possibility of using domestic
supplies of manganese to offset a real or possible
shortage of this material from foreign sources.

- Enough information on the South Dakota deposits
has been made pubiic through the work of the U. S.
Geological Survey~ to show that the South Dakota
deposits contain a large amount of potential manganese
ore which could be put on the market easily if needed.
This information, however, was not sufficient to answer
the questions which were raised by the increased
publicity given these deposits by the war. The State
Geological Survey, therefore, attempted to supplement
and enlarge the work of the federal survey by careful
mapping and systematic sampling of the deposits,
not only in the area previously covered but the entire
length of the deposits in the Missouri Valley. The
following report, therefore, covers the findings of the
first iield work on this project.

1. D. F. Hewitt, Manganese-Iron Carbonate Near

Chamberlain, South Dakota, Memorandum for_ the
Press, U. S. Geol. Survey, February 5, 1930.
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Location ard Area

The manganese deposits have been traced from a
point a few miles east of Pierre down the Missouri
Valley to the Rosebud bridge near the Nebraska line,

a total distance cf 150 river miles. Since 1t was
impossible to cover so large an area in one season's
work, the city of Chamberlain was taken as the central
point of the first survey. From this city the survey
was carried northward to the Big Bend of the Missouri
and southwest along the Missouri Valley to the Iona-
Bifou Hills.

Thus the deposits were studied in a region where
access to markets was easiest by way of the Chicago,
Milwaukee, St. Paul and Pacific Railroad which crosses
the river at Chamberlain. This survey covers the
deposits in Buffalo, Brule, northern Charles Mix,
northern Gregory, and part of Lyman County, including
an area of 811l square niles.

Methods of Work

In order to obtain the detail desired, the outcrops
of the manganese zone were mapped with plane table on
the gcale of 2 inches to the mile. Three plane table
parties were used, each mapping in units of one township.
These township maps were then assembled into the composite
map which accompanies this report.  Thus an accurate
horizontal control was obtained which gives the location
of the outcrops within plane table accuracy. To the
horizontal control was added a vertical control by
carrying elevations to the outcrops from precise level
bench marks of the U. S. Coast and Geodetic Survey, ana
the survey of the Missouri River Commission. This
coritrol disclosed the structural features of the deposits.

Sample collections were spaced so that there would
be at least one in each township surveyed. An attempt
was made to space them about six miles apart. This
spacing could not be rigidly adhered to, however, because
the method of sampling demanded good exposures on steep
slopes. The sampling previously done by the General
Manganese Corporation and reported by the U. S. Geological
Survey~ was also a determining factor in picking sample

1. D. F. Hewitt, op. cit.
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bampling was done by trenching across the e
manganese ouucrog on a steep hill where the zone

well exposed and SlUﬂpng would not interfere.
t renches were dug to a sufficient depth to insure
exposure of fresh rock with the layers of manganese
bearing nodules in place. The thickness of each nodular
layer and the intervals between them were careifully
Wemsuredj using & level rod and either an alidade or

vunpy level. DSeparate clean sawmples of each layer were
taken for anaiysis T es were cleaned with
2 W;“e brush to wealhered material from
the outside befor

The samples were then analyzed 1In the State
Cheminal Laborauory an } 1at tories of the Chemistry
Deparbment ol the State O The procedure used
o1 the determination of was the standard
sodi bismuthate m@t%od was put in solution

“tion w;th drogen pe“ouade,
TE mixture of
uollc, nvtrlc After suit-
satment to destroy organic aliquot parts
solution were chilled and shaken with an excess
sodiun bluuaiaateﬁ filtered on asbestos, and the
rmanganate reduce . g Ly of ferrous
smoniun sulfate. Tk; L Ce3s 7,ﬁ1 5 ammonium sulfate
titrated with 1

U] e

iy

dcknowledgments

The State Geologist ‘ to acknowiccygs the work
of the members of this survey party, to whici the
success ol the project is « irely due. The contributions
of Dr. J. 2. Gries and Dr. M. E. Wing to the geclogy of
the ﬂeuosits set forth in this and another report spe'k
for themselves.Z T : uglnstqﬂkﬂﬂ mappling and instrument

)

work difected o) ssor H. E. Brookman with the
assistance of Ray wcloqey and David Rothrock is reflected
in the map and detailed sections accompanying this report

1. Scott, W.W., "Standard Methods of Chemical
Analysis," Fifth Ed., D. Van Nostrand Co., N.Y¥.,
op. 562-DH65H, 1838.

. Wing, M. E., and Gries, J. P., "Structures in

Eastern Lyman County," 5. Dak. State Geol. Survay,
R. I. # 239, 1941.

Jav]



The assistance of Mr. Richard Aroner in both the geolegic
mapping and sectioning was an important factor in the
successful completion of the survey. Appreciation is
also extended to Mr. Guy G. Frary, State Chemist, under
whose direction many of the chemical analyses were made,
and to Dr. Ernest Griswold of the Department of Chemistry
at the State University for his careful analytical work
winile the field survey was in progress. Thanks are also
due Dr. A. M. Pardee, Head of the Department of

Chemistry at the State University for the use of
laboratory space and equipment.

Special mention should also be made of the part
played by the Chamberlain Chamber of Commerce and by
the citizens of Chamberlain and the surrounding country,
who went to considerable trouble to assist members of
the party, giving information, locating comfortable
camp grounds, and many other courtesies., which contributed
much to the success of the survey. '



@NA% SECTION

MATION
THICK-
NESS
MEDIUM GRAY SHALE,FLAKY, FEW FERRUGINOUS 70~
COMCRETIONS, MOSTLY SMALL 290
SHALE AND CHALK WHICH 90 -
/% TO SHADES OF BUFF ON OUTCROP 230
%
= ) FORMING SHALE. ZONE OF LIME - a5 -
Li5 8 STOME CONCRETIONS NEAR TOP, MANY 224
[Py THIN BENTONITES IN LOWER PART.
S ow
= gf‘é':ﬁ:s“", e *”-;—‘_’-g
;:; T e r;‘;’%
=2 e —% VERENDRYE BEDS
g =
= e —\ GRAY SHALE WITH ABUNDANT FLAT
TEr T—.| SIDERITIC CONCRETIONS |
24 - iy =) _— i
L <=2 -
2 = — OACOMA ZONE 126
e T e Ty gl *| BANDED SHALES, BENTONITIC, WITH 385
wl = = IRON -MANGANESE GCONCRETIONS
€ — -JE AGENCY SHALE
W= “‘j% LIGHT GRAY MORE OR LESS
@ 2 —| SILICEOUS SHALE.
W= - iy
e CROW CREEK SAND AND MARL
—_— & X —x ol A »‘r—-—
== <~ — T LIGHT GRAY TO BUFF SHALE WITH
= = =g =2
R < == | MANY CONCRETIONS AND CALCAR- | ...
Q o) e = —— R EOUS LAYERS. =
2 e T MARL AT BASE IN GREGORY COUNTY
"z 9
g % T ST TO T T T T Y DARK BITUMINOUS  SHALE WITH 5
- - \ \ -4 ABUNDANT FISH SCALES. 35
% % S e, A e Ko R W e K e r\;%
NIOBRARA == y : g 2\
i i X 2
] 1 i

ot Bod Lo fut

FORMATIOM —— CHaLK

A
)

4 R




STRATIGRAPHY - FORMATIONS EXPOSED AT THE SURFACE

INTRODUCTION

General Description of the Area

The formations exposed along the valley of the
Missouri River in the area under consideration are the
Niobrara chalk and the various subdivisions of the Pierre
shale. These are of Upper Cretaceous age. Some of the
higher hills adjacent to the area are capped with
Tertiary clays and sandstones, but these were not in-
vestigated during the course of the present study. East
of the river, the bedrock is generally overlain by a
mantle of clay and boulders known as glacial till,
deposited by the glaciers during the Pleistocene or Ice
Age. In addition, terrace gravels of late Tertiary and
Quaternary age overlie the bedrock in many places, par-
ticularly west of the Missouri. The glacial till and
gravels were of interest in this survey only in that
they frequently obscured the bedrock, so no detailled
study of them was attempted.

Detailed mapping of the area covered by this
report extended from the Iona-Bijou line of hills on
the south to the Great Bend of the Missouri on the
north. In order that the stratigraphic study might
cover as large an area as possible, however, detailed
sections of the Pierre formation were measured as far
south as the Rosebud bridge, Gregery County, and north
to the vicinity of DeGrey, Hughes County. Similarity
of the DeGrey and Ft. Pierre sections makes it possible
to connect the stratigraphy of this area with that
previously studied in and north of Stanley County.l

Previous Work

The rocks exposed along the Missouri River in
South Dakota, and their fossil content, have been a
matter for scientific discussion for over 100 years.

A concise review of this early work has been given
in a previous publication,” and will not be repeated
here.
1. See Reports of Investigation Nos. 27, 31 and 54,
South Dakota State Geological Survey.

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. :

-6-
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Nioorara Formation

The impure chalk +which comprises the Niobrara
formation in typicaelly gray on fresh exposures.

After long weathering, the formation us ually presents
a yellowish appearance, although some members remain
gray, or become nearly white under these conditions.
Numerous thin bentonite beds are characteristic of the
formation, but are consnicuous only on relatively
fresh outcrops.

This chalk, the lowest formation exposed within
the area, occurs in bluffs along the river's edge as
far north as Fort Thomrson, Buffalo Couaty, where it

e
e

{

U]

dips beneath the river level. A)pr0f1:abely 100 fe
of the Niobrara is exposed in the vicinity of Chamb
and this decreases gracdually to about 20 feet at the
Rosebud bridge.

T
rlain,

Fossils are not conspicuous in the Nioprara in this
area, although careful search will usually reveal masses
of the typical Ostrea Congesta. ©Searignt™ has correlated
the exmosures in this area with the Smoky Hill member of

the Niobrara in Kansas.

Pierre Formation

1. D. F. Hewi
2 Moxon

N,

- &

Bul». uO. 2,
Coll ge Avr.
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of gray shales, some zones of which are sufficiently
calcareous to be termed marl or even chalk. The<e
shales overlie the Niobrara with apparent conformity,
and form the bedrock over most of the area under
consideration. Because of the abrupt nature of the
river valley, and the scarcity of vegetation on the
steeper slones, good outcrops of the various members
are found throughout the Missouri valley and its
major tributaries.

Searight in 19371 divided the Pierre shale of
the upper Missouri valley of South Dakota into five
members, several of which were in turn subdivided.
Minor changes in nogenclature were introduced by the
same writer in 1938% and 1939-. On the bases of the
work outlined in this report, a further slight change
is suggested resulting in an increase in the number
of members from five to six. The original classifica-
tion, together with all subseouent changes, is shown

Table TI.
TABLE I
CLASSTIFICATION AND NOMENCLATURE OF THE PIERRE FORMATION
Searight Searight Searight ' This Report
(1937) (1938) (1939) (1940)
Elk Butte Elk Butte Elk Butte Elk Butte
Mobridge Mobridge Interior Mobridge
Virgin Creek Virgin Creek . Virgin Creek Virgin Creek
upper upper . upper upper
lower lowver : lower lower
Sully Sully Sully Sully
Verendrye Verendrye ‘ Verendrye- Verendrye
Oacoma Oacoma ~ Oacoma Oacoma
Agency Agency Agency Agency
Gregory marl Gregory Crown Creek
Gregory Sharon Springs Sharon SpringsGregory shale
upper ‘ upper ! shale
lowver : lower marl

Sharon Srrings

1. Searight, W. V., Lithologic Stratigraphy of the
Pierre Formutlon of the Missouri Valley in n S.Dak. ,O0p.cit.

2. Moxon, A. L.,Olson 0.E., Searight,W.V., and Sandals,
K.M., The Stratigraphic DlSuPlbublon of Selenium in
The Cretaceous Formation of South Dakota and the
Selenium Content of Some Associated Vegetation,
Amer. Jour. Botany, Vol. 25, No. 10, pp. 794-809,
December, 1938.

3. Moxon; A.L.; Olson, E.O.; and Searight,W.V., Selenium
in Rocks, Soils, and Plants, op. cit.

8-
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Sharon Springs Member

Name and Description: The Sharon Springs, as
described in 1931 from the type locality in Kansas,
cons*:ts of dark gray to black, slightly bituminous
shale with abundant fish remains.l Similarity of the
basal Plerre in Kansas and South Dakota was noted at
that time, and Searight (1938) abandoned his term
"lower (regory" in favor of Sharon Springs. (See
Table I) The same writer (1939, p. 20) subdivided
the Sharon Springs of South Dakota into a lower and
an upper member on the basis of lithology, and on
the same page states that "In South Dakota all beds
above the Niobrara formation and below the Gregory
marl are included in the Sharon Springs member."
Detailed work during the past summer 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 of Searight, and the "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 (19573, the restricted Gregory zone of
Searight (1938), and the redefined Gregory member of
the present report.

Subdivision: As may be noted in Table I1II, the
shale between the Niobrara chalk and the Gregory marl
is divisible in this locality into two zones on the
presence or absence of fish remains.

Figsh Scale Zone

Description: The lower part-of the Sharon Springs
consists of a dark gray, fissile, somewhat bituminous
shale containing on close examination an abundance of

scales and other fragmentary remains of fish.

A bed of dimpure, 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 have been
found in every exposure examined. Other concretions are
typically absent in these beds.

1. Elias, Maxim K., The Geology of Wallace County,
Kansas, State Geological Survey of Kansas, Bull. 18,
page 58, 1931.

-9.



On steep slopes, outcrops of the fissile shale
stand out in sharp, buttress-like forms, and appear
nearly black from a distance. Exposures on gentle
slopes appear as patches of loose, light gray shale
flakes. The surface of all exposures is characterized
by many small fragments of selenite, and a yellow,
ochrous "bloom" which runs in veinlets through the
joint and bedding planes.

Numerous bentonite beds are a conspicuous feature
of the outcrop. They are usually thin, though one-foot
beds are not unusual, and one measuring over two feet
was observed. In a 14 foot section near the mouth of
Crow Creek, Buffalo County, a total of 44 inches of
bentonite was recorded. 1In outcrops where the basal
bentonites are particularly well developed, it was noted
that the asscciated shale was earthy in texture, quite
unlike the overlying fissile beds. Details of the zone
may be noted in Tables 11, I1XI, IV, V, and VIII.

Small areas of burned shale testify to the
bituminous nature of this zone. Normally gray outcrops
have become light pink to brick red on baking, and the
individual shale fragments are quite hard and have a
harsh feel. Three such patches were observed along the
lower part of White River. The smallest occurs on the
south side of State Highway 47, about a mile south of
the White River bridge, and the largest lies on the
north side of the same stream in section 32, T.104N.,
R, 72 W.

Thicknéess: The fish scale is 34 feet thick at the
Rosebud bridge, 27 feet near Iona, 28 feet near the
mouth of White River, 22 feet 8 miles up that stream,
25 tfeet 5 miles north of Chamberlain, and 14 feet at
the mouth of Crow Creek in Buffalo County. This rather
uniform thinning toward the north is believed due
entirely to variation 1in original deposition, and not
to removal after being laid down. Comparison with the
Black Hills section suggests a thickening of the zone
in that direction, though there is no evidence in this
area to bear this out.

Paleontology: Aside from fish remains, the only
fossils observed in this zone were the bone$S of a large
reptile 1lying about six feet below the top of the beds,
in section 11, T. 103 N., R. 72 W,

-10-




Upper Shale Zone

Description: Abeove the fish scale zone lies =z
thin bed of soft, bluish-gray shale devoid of fish
remains. It 1s characterized by occasional specks
of red hematite, the presence of numerous, very fine,
fukelike holes, and the almost complete absence of
concretions. It lies immediately over the small
white concretions at the top of the fish scale zone,
and is bounded at the top by the concretionary or
calcareocus beds of the Lower Gregory ber. The
zone 1is lcss resistant to weathering than the under-

Y

::2'

lying fissile shale, and usually presents a gentle
f“arv slope marked by selenite and ‘eTlOW ochre bloom.
(for details of this zone, see sarticularly Table V).
Thickness: Unly one foot of this shale was

otserved py the writer at the Rosebud bridge section,
but a few feet more may have been concealed by

slumping of the Gregory chalk at the point measured.
Nire feet were noted near Iona, and 14 feet near the
mouth of White River. Farther north the upper contact
‘iz not consplilcuous, and tne zone was not measured.

This upper shale zone does not fit
the Sharon Q,L~n"% in the type
entatively included with that member
7 because it a aears more closely
scale zone than to the overlying

ication and correlation
sen because the thin
5 the Cacoma shale
A section was first
studied.l ;angble“* i r shows that the
chalk or rl zone conspicuous ¢ pase of the Oacoma
e Chamberlain area should be correlated with
is overlooked upper recus zonhe of the Gregory

Co ’nt area, rather 1 o the lower, Gregory narl.

1u)oLt} with Table I,
)




Name: The name Gregory member is resurrected
in this report, and used to include all beds between
the base of the Gregory marl and the base of the
upper calcareous zone. These intervening beds form
a distinct lithologic unit in the type locality,
and as far north as Hughes County, where they pass
beneath the river level.

Subdivisions: At the Rosebud bridge, the
Gregory member consists of two distinct lithologic
zones; 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

Description: This bed has been observed by the
writer only at the type locality, where it consists
of about eight feet of impure, light gray chalk. Small
shale pebbles and scattered sand grains are characteristic
of the basal part. 1In the vicinity of Iona, southeastern
Lyman County, the base of the Gregory shale is marked by
a one to two foot layer of buff limestone overlain by a
similar thickness of very calcareous shale. In the area
around the mouth of White River, this horizon is
characterized only by an intermittent zone of large, one
to two foot, limestone concretions, and farther north
even this marker is generally absent. No outcrops were
studied in the 35 mile interval between Rosebud Bridge
and the Bijou Hills, so it is not known whether the
Gregory chalk thins into the basal limestone and concretion
zone Jjust described, or whether it becomes increasingly
shaly and thickens greatly to the north. In the latter
case, it may be represented in the Chamberlain area by the
dominant calcareous phase of the Gregory shale. (See Table VII.)

Shale Zone

Description: This shale varied in color from light
buff to dark gray when fresh, and from light brown to
gray when weathered. Outcrops are typically banded with
alternate beds of dark gray, non-calcareous shale con-
taining brown ironstone concretions, and light gray te
buff calcareous layers.
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These calcareous layers range from slightly calcareous
shaie to impure chalk and limestone in composition,
and from a few inches to several feet in thickness.
Of particular interest is an intermittent chalky bed
whi'eh ocecurs a few feet below the top of the member
near and opposite the mouth of Crow Creek, in Buffalo
apd Lyman counties. This bed carries 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
marl zone of the overlying Sully member.

A conspicuous feature of all exposures of Gregory
shale 1is an abundance of brown, fossiliferous concre-
tions. These range from two to six or more inches in
thickness, and may be small and intermittent, or may
form nearly continuous ledges. Zones of large, one to
two foot, gray limestone concretions are also present
in some exposures. Searight (1937, p. 12, and Table 1V,
p. 18) has noted an outcrop on Cedar Creek, west of the
Great Bend, in which this latter type is particularly
well developed. The details of that outcrop may be
noted in Table XII.

At the type locality the basal 18 inches of the
zone contains abundant fish remains, but these have not
been observed within the area covered by this report.

Thickness: The thickness of the shale zone varies
greatly. 27 feet were noted at the Rosebud bridge, 68
feet above the basal limestone east of Iona, 125 feet
8 miles up White River, 77 feet including the upper
shale of the Sharon Springs near Bad Hand Bottom north
of Chamberlain, 86 feet for the same interval at the
mouth of Crow Creek, and about 40 feet still exposed
below the overlying chalk as far north as DeGrey;
Hughes County.

Stratigraphic Relation: The relation of the
Gregory member to the underlying beds has ngt yet been
thoroughly investigated. At the type locality, the
base of the chalk contains sand grains and small ’
fragments of the underlying shale, but in the area ungder
consideration no evidence of a break has been seen.
Further study is needed south of this area, agd especially
south of the type area before the extent and.lmportance
of this suggested unconformity can be determined.
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Paleontology: The shale zone is relatively
fossiliferous. The flat brown concretions contain
numerous large specimens of Inoceramus and Baculites.
In one of the chalky lavers of the detailed section
studied north of Chamberlain (Table VII) an extensive
fauna was observed. In addition to the numerous
Incceramus and Baculites, many smaller types were
found, most notable of which were young specimens of
Pachydiscus complexus. The presence of fish remains
in the basal 18 inches at the type locality has
alreedy been noted.

%

Sully Member

Name and Description: The Sully member was
named by Searight (1937, p. 21) from typical exposures
along the Missouri BRiver in and opposite the western
part of Sully County, South Dakota. As originally
defined, it included all beds lying above what will
nere pe called the Crow Creek marl, and below the
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.

Digtribution: This member is exposed continuously
along *the Missouri and the lower parts of its
tributaries from northern Nebraska as far north as
Mobridge, . Walworth County, South Dakota, where the
uppermost zone passes beneath the level of the river.
It forms a conspicuous part of the Pierre shale outcrop
in the area under consideration.

Subdivisions: The Sully is divided into four
distinct lithologic units, which are, in ascending order,
the basal sand and marl, and the Oacoma, Agency,
and Verendrye shale zones. Because of their importance
in any detailed stuly of this area, a sebparate
discussion of each is given below. Special emphasis
is placed on the unique manganiferous Oacoma beds.

Crow Creek Zone

Name and Description: The basal sand and associated
chalky beds of the Sully member have previously been
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The cementing material ig calcium carbonate. 1In
parts of this area the cement 1s missing, so that the
unconsolidated sand does not stand out conspicuously
on the outcrop but is concealed by the overlying marl,
By dissolving two random samples in dilute hydrochnloric
acid, it was determined that in each
"sandstone" consisted ol sa
cementing material (CaO"E, 83%.
of the insoluble residue are as
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consists of almost ecusl amounts ol very 1ne

o
silt. Under the microscope, the sand and silt
are shown to be sub-anguler guartz grains heavi
coated with iron oxide and clay. Considering the
percentage of cementing material, this bed might



properly bpe called a sandy or silty limestcne, but
because of its appearance and mocde of weathering it
will be referred tc in this report only as a sandstone.
Pebbles of tThe underliying shale were ncted in this bed
by Searight (1937, =. 13), but were rarely seen during
thiis study. The line of demarcation between the sand
and the overlying merl is typically sharp, although
the contact is apparently one of gradation.

The thickness of the sandstone averages between
eight inches and one foot, although thicknesses from
four inches to nearly two feel were recorded. Because
of the persistence and uniform thickness of this bed,
it makes the best key horizon in the area for
structural mapping.

Marl Bed: The calcarecus phase of the Crow Creek
zone may be described as a marl, although in many
places it appears more as an impure chalk. A random
sample of marl from west of Oacoma (Table V) proved to

be 59.0% CaC0,, and 41.0% fine clay resembling bentonite.

This bed, because of its very light gray color,
forms a conspicuous horizon throughout the area. Where
outcrops are steep, it forms a sharp band, but where
slopes are gentle, 1t becomes mecre ragged becaucze of
the tendency of the overlying gumbo to creep down over
the exposure. On very centle, or grassed over slopes,
it shows only as a band of yellow soil supporting an
abundant growth of wild yucca plants. The thickness of
the marl averages between six and eight feet, with a
maximum of 10 and a minimum of four feet observed in the
area under consideration. Less than two feet are precent
at Rosebud bridge, the zone is locally absent at the
mouth of Medicine Creek, Lymen County, and 14 feet of
marl is present southeast of DeGrey, Hughes County.

Distribution: The Crow Creek zone has been
identified only in the Missouri valley and its tribu-
taries. It is 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 divs
heneath the level of the stream. It finally passes
beneath the 1level of the Missouri in the vicinity of
Rousseau, about 12 miles east of Pierre. It seems likely
that the sandstone might be identified in well cuttings
cutside the area of outcrops.
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FIGURE I

NW SE
PIERRE CHAMBERL AIN
AREA AREA

VERENDRYE ZONE
OACOMA ZONE

LMB. _  OACOMA
""ZONE

AGENCY ZONE

3

ROW CREER == LT ——

GREGORY MEMBER

Figure 1. Ideal cross section showing the probable relation
between the Oacoma zone in the Chamberlain area,
and the Oacoma and Agency 2zones north and west of
the Great Bend. The Lower Micaceous Bentonite,
wnich has been taken as the dividing line in the
Pierre area, lies essentially at the base of the
concentration of concretions and bentonites. It
may be traced continuously from the mouth of the
Cheyenne River, south well into Lyman County, and
soutn of there it may be only occasionally recog-
nized.
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Stratigras
thin basal sand

of outcrop both incicate e Crow Creek beds
were laid down over a smooth or gently unduleting
surfzce. At only cne plazce, nesr Lona, was a variation
notviceable over a short distance. There the mari

varied from four to nine feet in thickness within

bout 100 feet. 2 Crow Creek was evidently laid

o Pjige, f'or the upper contact of the
n L It was alsgo noted that
the sandstone was 7uch thinmner over the crest of the

ridge than in the adjacent troughs.

There is no evidence of a break between the ma
and the overlying =shale, slthough the line of contact
is quite sharp.

Agency Zone

The Agency shale was named by Ruquell - for ex-
posures of hard, light gray SLllC@OUS shale occurring
a long the Missouri River in the vicinity of Cheyenne
Agency, Dewey County, South Dakota. Searight subse-
quently ftraced the zone as far north as the mouth of
the Moreau River, znd south as far as Crow Creek,
Buffalio County, whe ‘e he considered 1t to thin out and
disappear. South of Crow Creesk, it was precumed that
the overlying Oacoma zone lay directly upon the Crow
Creek marl. '

Subsequent field studiss south of the type area
(Gries, 1939, 1940) have shown that the AgenL/ beccmes
le=ss siliceous to the south, and resembles The (Qacoma
zone except for having relatively few black iron-

carbonate concretions znd bentonits veds. The possibvility
that previously unrecognized Age ncy beds may be present
in the arca under consideration will be lecussed in

connection with the details of fthe Ozcome zone.

Oacoma .Zone

nd Description: The Oacoma 320
(1937, v. 23) for exposures al

- [Ty e ~ 3
rne wag named
C

1. Russell, William L., ”ne Possibilities ¢f Qi1

and Gas in Western Po ter Countv, R.I. No. 7
S. Dak. Geol. and Nat. Hist. Survey, Dec., 19




Yissouri River, particularly those in the vicinity

of Oacoma, Lyman County, just west of Chamberlain.

The zone consists of gray shale, and is characterized
by the presence of abundant black ircn-manganese
carbonate concretions and numerous thin bentonite beds.

In the Chamberlain area, this zone forms the most
conspicuous part of the Pierre outcrop. The shale
weathers to gumbo which is less favorable to vegeiction
than the adjacent beds. As the outcrops are eroded,
the iron-manganese concretions weather out into relief,
and accunulate on the surface sc that exposures appear
nearly covered with the black fragments. As a result,
the outcrep appears as a bare black band running
parallel to the river, and about half,wa¥ ug from
viver level to the uplands. Fapther:-north the
concretions become less abundant, and the shale becones
lighter in color, so that the outcrop as a whole
appears less distinctive.

Regarding the bentonites, Searight (1937, p. 24)
has wiritten:

"The Qacoma zone consists of beds of gray shale
varying from a few inches to a few feet in
thickness, alternating with very thin beds of
bentonite and bentonitic c¢lay. HNear Oacoma and
northward to the Great Bend and southward 3i=nto
Charles Mix County, it may be that bentonite is
more or less disseminated through the shale as
well as being concentrated into thin beds of
relatively pure bentonite because the outcrops
in this arez weather down to bentonitic gumbo.
This gumbo is very sticky and plastic when wet
but dries to exceptionally hard clods of very
upeven agh irregular shape. North of the Great
Bend the Oacoma zone is composed of beds of
light gray, flaky shale with thin dark clays
interbedded as elsewhere. Here, however, the
flaky, light gray shales are notably more
resistant than the thin, bentonitic, darker beds
and the zone accordingly is conspicuously banded
in the outcrop. Weathering and erosion of these
beds produces a stair-step effect in the outcrop;
the position of the treads being determined by
the position of the thin bentonitic clays and
that of the 1lifts apparently by the distance
into the outcrop to which the bentonitic clay
has been weathered."
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In the course of the present study it was found
that the gradual change to a lighter, more fleky shale
appeared to start in the vicinity of Crow Creek,
rather than at the Great Bend. The bentcnites are
all thin, usually less than two inches, althcugh an
-occasionai eight or ten inch bed was measured. Because
of the extreme thinness of many of these bentonites,
“rney were frequently disseminated into the adjacent
siiale at the time of deposition, so that the number
winich now appear as distinct beds varies widely in
different sections. In carefully trenched cutcrops,
the number counted varied between 15 and 36.

The concretions which characterize the Oacoma 1
beds were first descrived in detail ty D. F. Hewitt
as follows:

"The manganiferous iron nodules commonly
range from 2 to 3 inchec in thickness and 3 to 8
inches in diameter and form persistent layers in
the shale; where the quantity is low the nodules
are separated, but where the quantity is high
many nodules have coalesced to form continouous
layers 3, 4, or even 5 feet long. The color of
the fresh nodules ranges from pale gray to
olive-green; under the iniluence of weathering
the carbonates change to oxides and become black..
Oxidation is complete to a depth of only a foot
or two, but films of oxides are found to a depth
of 6 or 8 feet. Even the unweathered nodules
separate readily from the shalej; with exposure
to air the shale dries, cracks, and falls away
from the nodules. Invertebrate marine fossils
are very common in the concretions, and the
organic matter which these srhells once contained
has probably caucsed the development of concretions.
Fragments of bones, especilally vertebrae, of both
terrestrial and marine vertebrate animels are
common in the concretion bed.

"Many geclogic problems arise’ in the study
of such concretion zones, but it will be
sufficient to state here that the concretions
appear to have developed in the sediments of a
shallow sea shortly after burial. They are not
related to processes of recent weathering that
have produced the present surface otut without
doubt persist under the upland plains many miles
east and west beyond the outcrop along the
Missouri Valley."

1. D. F. Hewitt, Memo for Press, February 5, 1930.
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As noted by Hewitt, many of the nodules, par-
icularly in the upper few feet of the zone, contain
ammiant feossil fragments, particulariy the shells
of ¢ ‘jarge, clam-like Inoceramus. These shells
hullt up of minute prisms of calcite, arranged
right angles to the surface of the shell; the
HE s c¢can be recognized by this prismatic

structure.

The minerslogy of these concretions has not been
thoroughly investigated. Because of the fine-grained
nature of the nodules, microscopic study of the
minerals is difficult. Deductions from-a study of
the chemical analyses indicate that the concretions
censist essentially of the carbonates of dron,
manganese and calcium in varying proportions.

The small, gray barite rosettes noted by Searight
(1937, p. 25) were observed in an exposure along State
Highway 47 north of Chamberlain, at the south end of
- Bad Hand Bottom, and in the vicinity of Elm Creek..
Those at the northern area were one-half inch or less
in diameter, but those near Elm Creek reached 5 or 6
inches in diameter. All occurred in a distinct zone.

Near the top of the Qacoma zone a one-half to
two inch layer of fibrous calcite is frequently found,
in which the slender calcite prisms are oriented ,
‘perpendicular to the bedding plane. Similar material
i3 abundant in the higher members of the Pierre in
Haskon County, and has also been described in Elias
{p. 102 and P1. XVIII D) from the Pierre of Kansas.

Subdivisions: For the purposes of the present
study, the Oacoma zone has been divided into an upper
and a lower division. The lower beds have relatively
few concretions and few bentonites, whereas both are
sbundant in the upper division. The line between the

two is sharp in some area, but indistinct in others.

Lower Oacoma beds: In most exposures of the
Dacoma zone it may be seen that the iron-manganese
concretions are less abundant in the basal 10 to 20
feet., Three or four ledges may occur in this phase,
or several small scattered concretions may be present.
but in either case the concentration is notably less
than in the overlying beds. ' '
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Further investigation reveals that the bentonites
are less numerous in this phase of the zone. In the
southern part of this area, a few small bentonites are
usually found, but north of Crow Creek every exposure
shows three prominent, four to six-inch beds with or
without additional thin bentonites. In most sections
these appear as an upper pair, and a single bed
somewhat lower. (See Tables VIII, XII, XIII) 1In the
Lower Brule and Medicine Creek sections however, the
three appear crowded together at the base of the zone.

The lower subdivision thickens rapidly north and
west from this area. 30 feet were measured on Cedar
and Medicine Creeks, and approximately 50 feet were
noted at DeGrey. The latter section is of particular
note for the upper 12 feet of the 50-foot lower phase
contains no concretions whereas the lower 38 feet
persistently carries a few nodules or thin ledges.

UOpper Qacoma beds: This phase includes the beds
of the Qacoma zone which contain abundant iron-manganese
concretions and numerous bentonites. Most of the
bentonites are too thin to be followed from one exposure
to the next, but in the northern part of the area, two
beds could be traced with a reasonable degree of
certainty. The lower of these is a one to six-inch
yellow bentonite carrying abundant flakes of biotite
mica. There is no question but that this is the bed
upon which the structure of northeastern Stanley County
was mapped. (Gries, 1940) This bed was considered to
lie at the base of the Oacoma zone in that area, and
was designated as the lower micaceous bentonite (LMB).
In the outcrops between DeGrey and Lower Brule, this
LMB consistently occurs at the base of the concentration
of the iron-manganese concretions; that is, at the base
of the so-called upper phase of the Oacoma zone.
Although this key bed appears to lose its identity
south of Lower Brule, a prominent bentonite bed usually
occurs at this horizon in exposures to the south, and
in isolated cases it contains mica flakes.

A second persistent zone which appears at DeGrey
consists of an eight inch bentonite separated from an
underlying one inch bed by two inches of shale. This
appears to be the big bentonite bed (BBB) of the Stanley
County report, and can be traced with reasonable
certainty as far south as Oacoma.

>
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The concretions of this upper zone ‘occur in closely
spaced layers. Individual layers mey vary Irvom nearly
continuous ledges two to six inches thick, to one inch
zones of scattered purpllsh nodules no 1Qrver than
?3Tblesa Some of these layers seem to alternate with
bentonite beds. This 'shale, bentonite, shale, concretion,
seguence is particularly clearly shown in Table VIII-A, -
Whether the bentonites, by ‘their impervious nature,
have restrieted circulation and thus influenced the
distribution of the nodules is not knowne.

Possible significance of the two phases: The .
details of thesge subdivisions of the Cacoma zone were '
worked oubt not only because of the possible use of
“these beds as a source of menganese, bul in the hope
that they might shed some light om the manner in which

the siliceous Agency shale zone wedges out as it
aporoaches this area. With the present data, two
poseibilities present themselves:

a. The Agency shale wedges out between the
upper and lower phases of the Oacoma zone.

b. The Agency shale is represented in this
-area by the entire lower phase of the
Oacoma zone.

The first hypothe51s is suggested by the zone -of
light gray shale containing no concretions which lies
between the LMB and the lower concretion bearing beds
in the DeGrey section (Table XIII, Bed 10). This shale
appears identical with the shale below the lower
micaceous bed in Stanley County which is considered
to be Agency, although less siliceous than in the type
locality in Dewey Coumty. The general absence of iron-
-manganese concretions in the Agency zone lends further
support to this contention.

.

The second hypothesis is based on two lines of
evidence. First is recognition of the fact that the
gomplete Stanley County section of the Oacoma zone
represents only the upper phase of the Oacoma of the
type locality.

There is no evidence of an unconformity below the
L¥B, so if the shale below this horizon in and north of
Stanley County 1s definitely the Agency, it may be
assumed that the shale immediately beneath the LUB
wherever found will be the equivalent of the Agency.
Secondly, it 1s believed, though not yet proved by
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sufficient work, that the neir of thi

bentonites = lower wvart of the Ozcoma zZcne of
this area is the samne palr noted in the Agency
shale in Stanloy County (Gries, 1940, v». 15) 1In
that arez, the 1 conzists of Lwo 4 tce 8 inch
bentonites sep h

¢b“d by from 7 to 0 feel of shale,
but in thi“ ar the individual Dbads are from 4 to 6
inches thick, and less than one foot apart. This
spreading wnuxd pe expected if the Agency shale
thickens as & uvnit frem less than 20 feet in this

arcza toc well cver 100 Teet in ncortheastern Stanley
County. This pair lies 8 feet below the LMB at

Crow Creek and at Lower Brule, X8 feet below at
Medicine Creek, znd 34 feet below tThat horizon at
DeGrey. TIn Stanley County the conspicucus pair was
believed to lie 50 tc 70 Teel below the same micaceous
bentonite.

It is the belief cof the writer that this second
hypothesis will prove correct; that is, that the
lower part of the Oacoma zone in the Chamberlain area
is equlvalent tce part or all of the Agency shale to
the north. This follows Searight’'s concept of the
Agency as a great wedge of giliceous shale, thinning
to the scuth, but differs in adding that the scale
becomes much less siliceous as it thins, and that the
zone extends much farther south than previously
supposed but finally loses its identity. The fact
that south of Crow Creek a definite line cannot be
drawn between the Agency and the Oacoma shales
emphasizes .the close relationship between them. This
probably relationship is shown diagrammatvically in
Figure 1.

Distribution: The Oacoma zone has been recognized
in the Missouri valley as far south as Gregory County,
and has been traced north to the mouth of the Moreau
River where 1t disappears beneath the level of tThe
river.

Thickness: In the type locality 47 feet of shale
are pre:ent petween the Crow Creek marl and the top of
the iron manganese concretion zone. This same
stratigraphic interval measures 23 feet at Wheeler, 32
feet just north of Bijou Hills, 42 ieet on Crow Creek,
38 feet at Lower Brule, 60 feet on Medicine Creek, 063
feet on Cedar Creek, and 84 feet at DeGrey. This is a
persistent increase toward the north and west.

24



|11}
" e« 3 : < SE
v « o % & « g B 5 z U x
< O g o - © % 2 2 8 % 3
|4 < ) d « 2 O ] F4 ' [
3 3 5 $ s 2 9 S L 5 3 :
§ 3] $ 3 & O © o 3 @ e =
. \ /’/‘b’\\-\\\ "’J"—//\\ ‘
\ T~ ~N VERENDRYE (UPPER )
\ — _— ;
~. _ ~—~
\\\\ \\ e P \\ —
~tones | + VERENDRYE (BANDED BEDS)
T Bericace |
NTQN"TE_O\U_ !
\\_B\.—‘\ . \\‘ _____________~__\
i~ ~ Ipp—— .
\\\p = o]
—_— g L 1 leowes OACOMA ZONE
BASE ~ CROW s 2
e oD ‘CROW CREEK ZONE
LEGEND
R THICK N£$S ME,A%URED GREGORY MEMBER «':“-::»A’f’
s P p._.,‘!:j i 58 %ﬁ, E byl w ] . . ,«»ﬂ’:"”m
NITE BEDS » /
_ % SHARON SPRINGS
- AT MUPPE% SHALE
CROSS MISSOUR] T T~ A FISH SCALE ZONE
g " s . \"‘\ /9’4 /ME
S s RS ““ﬁt@-@@% N | T NIOBRARA FM.
COUNTEES S, SOUTH DAKOTA S 7
L/ VERTICAL SCALE
™~ 910 25 50 75 I00FEET
HORIZONTAL SCALE
0 19 20 30 MILES
[ s s vt et 4 & ]

PLATE I




if only the upper part of the zone is considered
a2bove the horizon of the IMB), the thickness

¢35 followe: Crow Creek 2C feet,; Lower Brule
L, Medicine Creek 30 feet; DeGrey 34 feet;

erre 36 feet; Cheyenne River 42 to 60 feet; and
and Dewey counties, 5 to 14 feet.

OV 4

p‘"“uigraphic relations: The Qacoma zone as
~ibad in the type area overlies the Crcw Creek
[ with conformity, though the contact is shary.
i north, where the lower micaceous bentonite
s consil idered to be the base of the zone, the
ith the underlying Agency is also one of

Ti

'he upper 1imit of the zone is more difficult to

csely. Generally speaking, the top of the
zone may be taken as the top of the concentra-
iron-manganese concretions and bentonite beds,
overlying banded beds of the Verendry zcne
few of either. At or near the base of the
b >ds in this area there is usually found one
e thin streaks of rusty . shale containing
red wnite or rusty brown limestone concretions.
may be the equivalent of the rusty concretions
the tos of the QOacoma beds in the Stanley
he actual change frcom the Oacoma to
Terendrye beds 1s apparently one of transition,
so that no hard and fast contact line can be chosen.

©
[
O b
£
8

and 6@5011 tlcf: The uppersost subdivision
ly menber has been called tne Verendrye zone
t (1827, p. £25) from exposures near the
monument at FU. Plerre, Staniey County. It
11 beds between the top of the Oazcoma zone
se of the bentonitic lower Virgin Creek

light to

fiat, iron-

or less well

eter of several

255 1n thickness.

ay on the intericr,
urface. South of




the type area, the concretions are much less numerous
in the lower third of the Verendrye. In the area
under consideration, this basal 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 concretions
therein are zones of large gray to rusty limestone
concretions, and occasional scattered buff lime
nodules in the lowest few feet. (See Tables VI, VIII,
and XII B) Above the banded beds lies typical gray
gumbo  forming shale studded with large black iron-
manganese concretion layers.

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

Thicknesss Searight gives the thickness of this
zone as 88 feet at Wheeler; 130 feet at Oacoma; 170
feet on Crow Creek, Buffalo County; 170-180 feet at
Ft. Pierre, 200 feet at Wendt. Subsequent measurements
(Gries 1939, 1940) give 122 feet at Fort Bennett,
Stanley County, and 100-110 feet in Dewey and Potter
counties. The formation seems to thicken toward the
west.

Measurement of the basal banded beds during this
investigation show 25 feet at Rosebud Bridge; 40 feet
in T. 102 N., R.71 W., 48 feet at Oaccma; 47 feel at
Crow Creek; 21 feet at Medicine Creek; and 30 feet at
Cedar Creek, Lyman County.

Stratigraphic relations: There seems to be
complete gradation between the Oacoma and Verendrye
zones, so that the contact must be more or less
arbitrarily chosen at the top of the concentration
of manganese concretions and bentonites. The contact
between the Verendrye and the Virgin Creek member 1is
not usually well exposed. It lies somewhere in the
few feet between the highest irconstone concretions in
the Verendrye and the lowest bentonites in the Virgin
Creek. In a general way, it is marked by springs,
and the appearance of selenite fragments on the
surface. The contact is probhably one of gradation
from the grayish brown bentonitic shale of the lower
zone to the blue gray, flaky shale of the upper member.
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For field purposes, the contact is placed at the base
of the lowest visible bentonite in the lower Virgin
Creek.

Virgin Creek Member

, Name and distribution: The Virgin Creek member
was named by Searight (1937, p. 35) from exposures on
Virgin Creek, a tributary of the Moreau River, in
northeastern Dewey County. It includes all beds lying
between the Verendrye zone of the Sully member and the
highly calcareous, chalky beds of the overlying Mobridge
member. The outcrop of the Virgin Creek has wide
distribution along the Missouri valley from Charles Mix
and Gregory counties north nearly to the North Dakota
line. Searight has also identified the member in parts
of HNebraska, North Dakota, Montana, and around the Black
Hills. '

" In the area under consideration, the Virgin Creek
occurs high on the valley sides, and forms the bedrock
over much of the adjacent upland. Outcrops are not
conspicuous, and the member was not particularly studied
in this investigation. The character of the beds
appeared to be similar to the development farther north.

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

The lower Virgin Creek consists of medium hard,
gray shale which weathers to small silvery flakes, and
is characterized by the presence of a large number of
thin bentonite beds. In this area, the zone may
frequently be seen in creeks and road cuts on the upland
west of the river. The zone appears to thin southward
from 145 feet in Dewey County to 26 feet in Charles Mix
County.

The upper Virgin Creek is composed of gray shale
which weathers to gumbo. It is characterized by several
types of concretions. One consists of small, gray or
brown concretions which weather nearly white, and are
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perforated by many small holeg which give them a
"wormeaten" appearance. A second type includes small
cylindrical concretions, gray or buff in color, with

a soft core which weathers out, leaving hollow

cylinders often termed "Indian bezds" (Serpula?
wallacensis Elias). Somewhat higher, in some localities,
small, bluish-gravy limestone nodules sre found contain-
ing the fossil remains of crabs. Large septarian
limestone concretions are characteristic of the zone.
Few thicknesses for the upper Virgin Creek are available.
100-140 feet are present al the type area, 142 feet

Wwere measured in northeastern Stanley County, and 25-30
feet have been recordsd in Gregory County.

Mobridge Member

‘This member of the Pierre shale was named by
Searignt (1937, p. 44) from bads exposed in Walworth
and Corson counties, near the town of Mobridge, South
Dzkota. As originally defined, the member includes
beds of chalk, chalky shale, sandy shale, and perhaps
some sandstone beds, lying between the Virgin Creek and
Elik Butte members. It is said to extend northward into
North Dakota, southward into Nebraska, and westward
under the Great Plains.

In this area, it occurs only on the highest parts
of the upland, and appears only as a yellow, well
weathered belt of calcareous shale. It was noticed
by the writer around Medicine Butte in northeastern
Lyman County, and around the Iona-Bijou Hills in
southeastern Lyman, Brule, and Charles Mix counties.
The outcrop lies close to the Missouri River south of
the above hills area, and is particularly well exposed
in the vicinity of Mulehead and the Rosebud Bridge.

The formetion varies from about 100 feet in
thickness in Gregory and Charles Mix counties, to over
200 feet in Ziebach and Haakon counties (Searight, 1937,

p. 49).

Elk Butte Member

The Elk Butte member was named (Searight, 1937),
p. 50) from exposures at Elk Butte, Corson County,
South Dakota. It includes a thick series of dark gray
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mberlain area, unless it
in the Iona-Bijou Hills.

Tertiary Deposits

Tertiary sands and clays are found high on
Medicine Butte and on the Iona and Bijou hills. The
‘¢clays are either Oligocene or lMiocene in age, and the
conspicuous green quartzite which caps the Iona and
Bijou hills is considered to be of Arikaree (Miocene)
age.

Glacial and Terrace Deposits

During the Pleistocene epoch; the ice sheet
advanced over this area from the east; burying the old
topography and greatly modifying the drainage. An
early ice advance apparently extended west of the
present line of the Missouri, though the -only evidences
which remain are the isolated glacial boulders which
are scattered over the area for several miles west of
the river. Much later the ice advanced approximately
to the present location of the river, and upon retreat-
ing, left the surface covered with its present mantle
of glacial drift. This has been 1itile modified on
the uplands, but has been partially removed in the
valleys of the numerocus swmall post glacial tributaries,
80 that the Pierre shale is coiten well exposed for
considerable distances back from the river.

Gravels of both late Tertiary and Quatern§r¥
age are present in the area, especially west of tne
Missouri, but they are not considered in the present
report.
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Succession of beds, lower part of Pierre shale,
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of Rosebud Bridge, Gregory Ccunty, South Dakota
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28, shal@ "rﬂy with numerous large iron
carpbonate concretions;not measured--
27 . sh~le, banded, light and derk gray, no
CONCrelionNsg———smm e e 25
Oecoma zone
26. shale, dark gray, with numerous ban
of iron- 4anFaneQe concretions end
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‘ Feet Inches
Fish Scale zomne

19. concretions, small, white, in persistent

ZOYYE = e e e e e 1
18. shele, dark gray, more or less fissile,

stands up in buttress-iike outcrops;

strewn with selenite and yellow

ochrous "bloom.® Fish remains abundant 6
17. bentonite-——wmmmm e e mme e ‘
16. shsle, as above-——-——mmmrmomr e 13
15, bentonite-————cmmm e e
i4. shale, as above-wemr—rm e e ' 1 1
13. bentonite--—--——cmmmmmm e
12. shale, as above-—-—-—~mommmm e
1l. bentonite----—rmwmmmr e
10. shale, as above-——com—mommmm oo
9. bentonite, with two thin shale partings-
8. shale, as aboVg-—m-r—mre——mem e
7. bentonite-~—-mrmmmm e
6. shale, as above--—mrrmme s e
5. bentonite--v-mmmmmmrmr e
4, shale, as above~——-—-—--m———m—ommo—mo oo -
4. bentonite---—-r-corrm
2. shale, a8 above-———m—mmrmrm—m e 4

o
=
O3 2 =T T O) B (O | o b D $5 T
N N

29 -

Total, Sharon Springs member 35

NIOBRARA FORMATION
1. chalk, gray, impure, to rivers edge, ‘
approximately-——===~mem——— R et TP 20

TABLE TI1I1 A

Detail of Niobrara-Pierre contact,
in nearby outcrop, :
NW%, Section 9, T. 102 N., R.71 W.
PIERRE FORMATION
Sharon Springs member .
23. shale, dark gray, weathers with formation
of yellow veins; fish fragments. 5 thin
streaks may be bentonites; exposed----- 17
22, bentonite----—---—-—r—mmm e
21. shale, as above---———-—————-———-——-=—-———-—~—=~
20. bentonite--~--------m-rrm—mm e :
19. shale, as above-==—--—---m---—ommmm—— o
18. bentonite-----w----c-mmmomomm— o mm e m 1
17. shale, same, with 33" bentonites--------- 1
16. bentonite--~-=-------------m——mrm oo
15. shale, ag above--——--—-—m-——m-—-———————o- 1
14, bentonite----~--- e 1
13, shale-———r-—-—mm e
12. bentonite------r-—-mrrmo s
11. shale~--=--omem e
10. selenite layer—------—-——=——womo——ms—om—oe &

<
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NIOBRARA FORMATION

A W AUt ON =1 080

‘e s 0 e "o

CNA LK = = oo

bentonite-- -
chalk, exposed---—~-———

TABLE III B

Succession of beds, Pierre formation, Swanson

Brule County, South Dakota
Detailed Section, Oacoma zone
NWf, Sectien 9, T. 102 N., R. 71 W.

PIERRE #FORMATION
Sully member

Verendrye zone

90. shale, grav, weathers to gumbo;
numerous large black sideritic
concretvions; to top of exposure,
not measured---—-——-—--—-—-mmmm o

89. shale, gray to yellowish gray,banded-

88. shale, as above; larze white concre-
tion zone at top-—-—--——=——mmmemeoo

Qacoma zone

7. shale, gray, somevhat flaky--------—--
86. concretior zone, intermittent, flat--
85. shale, as above---————————————————_
84. concretion zone, nodules flat, inter-

mittent------—mmmm e
83. bentonite--———-ommmmmm
82. shale, as above---———-—————————— -~
81l. bentonite----—mmmmmm
80. shale, as above——-—-———cmmmmm =
79. bentonite—-----—momm e
78. shale, as a2bove--—--————————
77. concretion zone, fossiliferous, per-

sistent-———---v oo
76. shale, as above--———-——————— -
75. concretion zone, persistent-----—--——-
74. shale, as above---——-——---mm——momm
73. bentonite------————
72. shale, as above----—---——————-mm——————

71. concretion zone, nodules intermittent
70. shale, as above---—————————— -
69. concretion zone, nodules intermittent

68. shale, as above----———————————c—
67. bentonite~— e
66. shale, as abhOVe-~——————m m——mmmm
65. concretion :one, fossiliferous, inter-

mittent---- -~

Farm,

35
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bentonjte—««~~~n~—w»m_———--w~m——~f4~m

shale, as above-———--
concretion zono, i

mittent--———--—-———-
shale, as above———w o m e
concretion zone, persist

b ‘ue:ﬂ U e e e e e

shale, as above-——r—mmm e

concretion zone, intermittent--------
shale, as above-—~—--mom ————
concretion zocne, nodules it
shale, as above-——————-—ommmmm
concretion zone, fossilifercus, inter

ﬂifbent ———————————————————————————————————
shale, as above-——-—m——mmm— o
concretion layer, persistent nodules-
shale, as above-——--———cm——mmm oo
bentonite- -
shale, as

above-———-—mm e

concretion zone------——-mmm oo

shale, as above----r---mommmmmmre

bentonite-—---—mmmmmm e

shale, as above--————-—~——-—- e
bentonite-——--————--cmmm e
shale,
bentonite-————— e
shale, ahovVe———~
concretion zcne )Qislsnvgb"____mﬂm~
shale, as oovo————————u
bentonite, white--——-----—----— .
shale, as above-—-——————-
concrevion zone, persistent
shale, as above-——————m—-—mmmmm e m e
concretion zZone,nodular--———-——-—-——---
shale, APOVEe - —mm e
concretion zoaoe, 1od r

shale, as above-————-v--roommmmom— oo

- P d- L S e
bentonite-————-r—mmmmm e

a S

as

as above————-m e m e

[




16. shale, & above—: - -——cmmmmm
15. bentonit e mmm s e
14. shale, =" ahoVve-————omomm e
13. bentonite —wemmmm
12. shale, 27 above-————m—-—mmmmmm e
11l. concretion zone, continuous ledge--——-~-———o—
10. shale, a3 above--——-—mmmmmmm e
9. concretion zone, nodules kidney-shaped-——---
8. shale, az above—————mmmmmmm e
7. bentonite -~
6. shale, as above-——————mmmmm

Crow Creek zone
5. marl, light gray--———---=—o-——mmmm
4. sandstone, brown, calcareous, slabby---—--—-
Gregory member
‘ 3. shale, gray; brown to hlack when wet. Scat-
tered brown concretions; no fish fragments;
several calcareous zones in lower part,
and 1.3 foot limestone or concretionary
layer 8T base—mmm oo
rings member
2. shale, dark gray, numercus bentonites and
fish remains-----------——=-—-mmm
NIOBRARA [FORMATION
1. chalk, impure, several bentonites—-——-——-—-——-

Sharon S

e}

TABLE TV

SBuccession of beds, Pierre formetion,

exposed along west bank of the Missouri River,

4 miles gouth of Oecoma, Lyman County.
Deteiled section
Section 11, T. 103 N., R. 72 W.

PIERRE FORMATTION
Sully member
Crow Creek zone
19. marl, light gray to hufif, not measured------
18. sandstorie, brown, calcareous, slabby-----—--
Gregory member
+ 17. shele, brown to gray, abundant brown
concretions and a few large white
limestone concretion zones———————————————-—
Sharon Springs member
Upper shale zone
16. Shale, gray, flaky, no concretions, estimsted
Fish Scale zone
15. zone of small white concretions-——————-—-—-———-
14. shale, dark gray, fissile, contains
numerous fish remains; yellow '"bloom"
and selenite in joints and on surface—--—--

_?5_

s

1 2
3 4
4
P
2 3
1
2 g
1
4
3 0
%9 112
7 5
1 Q
69 4
34 5
1 0)
94 10
9 0
2
4



13. bentonite-—————=~-ommmm A
12. shale, as above-—~——————-—-—cmmec— 2 1
11. bentonite--———--—--———-————— 1
10. shale, a5 above-—————mmmmmm o 14 Q
9. bentonite————————mmmm 1%
8. shale, 28 above———c—mommmmm 1 0
7. bentonite, creamy white-————————- 6
6. shale, 2s 2bOVe—————m—mmmmm 2
5. pentonite-—————mmmmmmme i
L. shale, as gbove-——-—-———— 4
3. bentonite, creamy white--~-—————- 1 24
2. shale, earthy, selenitic at bace 1 3
Total, [ish scale 28 22
NIOBRARA FORMATION zone

1. chalk, gray, impure; to river's

o

TABLE V

Succession of beds, Plerre formation,

exposed in bluff along north bank of White River,
8 miles above its mouth, Lyman County, South Dakota.

Detailed composite section
fection 31, T. 104 N., R. 72 W.

PIERRE FORMATION
Sully member

Qacoma zone

8.

shale, gray, with iron-manganese

concretions, to top of bluff,
not measured------—---—-—————————-

Crow Creek zone
7. marl or impure chalk, grayish

6.

white, hard---——--———mm o ——

sandstone, brown, calcareous,

slabby-—————— =

Gregory member

5.

shale, gray, weathers brownish,

banded, contains several calcar-
eous zones, numerous flat brown
concreticns, and a few zones of
large, white limestone concre-

tions; few bentonites near top--

Sharon Springs member

Upper shale zone

k.

shale, bluish to brownish gray,

flaky, weathers to gentle slope;
layer of larze white lime concre-
tions at top-———-————————————————
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3. Shal to brownish gray, flaky,
sta intermediste glope; benton-
iti with small concretions &
LoD

Fish scale zone
. shale, grayish brown, contains abundant

fish remains: 1' bentonite 27 above
base, and many thinner bentonites,
zone of 1" light gray concretions zt
top; stands in steep outcrop which
appe » nearly black with distance---

FORMATION (elev. of top 1287)

chalk

@)k, impure, several bentonites, to
river's edge, base not exposed------—-

TABLE VI

Succession of beds, Plerre formation
b bl

22

10

2

10

exposed along state route 47 (old route U.S. highway 16),

two miles west of Oacome, Lyman County,South Dakots.

Composite section
S.E. #, Section 22, T. 104 N., R. 72 W.

PIERRE FORMATION
Sully member
‘Verendrye zone

10. shale, gray, weathers to gumbo;
numerous pbrown to black gideritic
concretions, to top of hill, not
measured-—————————m e

9. shale, gray to yellowish-gray,banded,
with 6" micaceous bentonite at bace
and zone of white lime concretions
near top-—-—————-m———mm

8. shale, gray to yellowish-gray, banded,
wlth local white to brown concretions

near middle-—————--————--——-———————
7. shale, rusty, calcareous, with lime

concretions————————v———————————————
6. shale, gray to yellow-gray, banded,

with many very ithin bentonites——-——-

Qacoma zone
5. shale, gray to yellowish-gray, non-
calcareous, with msny bentonites
and zones of lron-menganese
carbonate——————r—mmmmmmmm —
4. shale, gray, non-calcareous, few
bentonites or concretion zones—-----
Crow Creek zone
3. marl, gray, soft with conchoidal
fracture-———----————— - -
2. sandstone, brown, calcereous, slabby-
Gregory membper
1. shale, gray, with numerous bentonites
and brown concretions; bpase not
exXposed———-——— e

37~
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M, LIACOHA Zoue
2, T, 104 N., R.72 W,

rye ione

cshalce bAR
llmests

areous, witn white

2
el tiong—-— e 5

yellowish gray . bandzd o 1§
-1

e 13
e e e e e 2] Q

persistent - -.- -~

s T
snatLe -

bentoni

shaio, 7o- SR :
CONCTEtion ZOMNE— === mm e o )
shale, as above--------mmcmcme o 5
bentonitE— e 1
shale, as above-————---ommu-no - 10
concretion zong--—~~—--—mmmomme I
shale, as aboves———————mmm o o 0
concretion zone---—-————-———--- ———— — )|
shale, as above-——=—-—m—mrmmmmn o e 1
conereticon zZonE«w——-——-——scen vmim e
shale, as above-——————wmmmoom oo oo o
concretion zone————-v o ‘ .
49, shale, as above-—————- —-=c oo Y
48. bentonite————ccmmmmm oo

47. shale, as above-——=-womomoocnmn oo 1.
46. concretion zZonE~———em e 1
45, shale, as above~-———rm o 11
A4, DeNtONitE = m s
43, shale, as above-—=——momemm i
42, concretion zZome————e— o e e
41, shale, as above-—--mrmmemo o oo
40, bentonite————mmmmm e
%9. shale, as above-———=-——m—mvn - o
38, concretion zZonEe—eemee——cme e o
37. shale, as above--—w—eeeommmmm

26, DEeNtoNihe—————mmm—m o e
45. shale, as above-—=—ww—memevn oo

%4, bentonite-——~-——mmmm e e
33. shale, as above-——————mmmmmm o e oo
_32. bentonite-——---=m-—m-mmmmo e Ce e :
3). shale, as above--—-- . - -m—- - /
%0, bentonite——————mrommme s e S 1
99, shale, as aboVE—=—=—m - = - 7
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Feet 1Inches

28 . concretvion zone, persistent------——---- b
27. shale, as above----—=————-—m— oo 3 1
26 . concretion ZOone--—--————————— e 3
25. shale, as above-———--———mmmm e 1.
24 . concration zone-—-—-——————-—-—— — 1
23. shale, as above————————mmmm o 1 10
2. Cconcretion ZONe-————————mm 3
21. shale, &8 abOVe-————mm e 3
20. bentonite---—————mmmmmm 1
19. shale, gray to dzrk gray-————-—---m-ooe- 5
18. bentonite-—~-—mmm 1
17 hale, as above-——---———————mmm 5
16, bentonive———--——mrmm 1
15. shale, as apove-——————— e 2z
4. ventonite-—--—mmmmmm e 1
13. shale, as above--———mcm—mmmm 2
2. concretion zone, intermittent--———————-- 1
11. shale, as above-————m——mmmmmm o 3
10. pentoni 14
9. shals 9
g. concretion zone, intermittent-———----——- 4
7. shale, &8 aDOVe —m——mm o m -1 2
6. bentonite———m— e 2
5. Sbmﬂe, with two zones of intermittent
concretiong—-—mmmmm e m e D 10
Lo CONCretiOn ZONEe——-—=———m = e 2
2. shale, as above, with few bentonites
anG iron-manganese concretvions,
not vrenched-——-——mmmmm e 19 9 __
Total Oacoma 46 G
Crow CreeX zone
2. marl, light gray--———--—-r-——eeeewel . 6 L,
1. sandstone, brown, czlcareous, slabby--- 1 0
TABLE VII
Succession of beds, Pierre formation,
exposad along highway 47 at south end cof Bad Hand Bottom,
Buffalo County, South Dakota.
Detailed section
NW%, Sec. 25, T. 105 N., R. 71 N.
PIERRE FORMATTON
Sully member
Crow Creck zone
55. chalky shale, not measurcd-—--—-———----—
54. sandstone, brown, calcarecus, slabby-- 1 0
Gregory member
52. shale, dark gray--——— -~ ------~~ 1 G
52. Dentonite-————ommm e 2
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46 .
45 .

bl
43 .
42 .
41.
40.
29.
38.
37.
36.

partly covered interval; shale exposed
is dark, 1non-calcareous---—————————-
shale, dari, non-calcareous-—------————-
shale, calcareous--—-—————=—--——cmec—o
shale, slightly calcareous--—-——-—---—-—--—~
shale, calcareous; top 6" is chalky,
very fossiliferous-———-—-—---coeeeeao
shale, non-calcareous----—--—=————————~
calcareous layer, hard, becoming lime-
stone in places; sticks out zs
prominent ledge in road cut---—----
shale, gray, non-calcareous-—---—----—--
shale, calcareous - == v -ocmmmmmmoo o
shale, gray, non-calcareous——--——-—-——--
shale, calcarecus—--——--———--——coo-—
shale, non calcareous-—-—-——-—=--—————~=-
shale, calcareous-----—--—=--———cc--w—-
shale, black, non-cslcarecus------———-
shale, calcareous—-----—--———ocooo--
covered interval; available exposures
show shale with no fish remeins.
Includes upper Sharon Springs shale-

Sharon Springs member

35.

34.
23.
32.
31.
30.
29.
28.
27.
26 .
25.
2.
23,
22,
21.
20.
19.
18.
17.
16.
15.
1.

13.
12.
11.
10.

concretionary layer; pavement of small
white nodules--—-------—--ccme -
shale, with abundant fish remains-----
bentonite - -~
shale, nearly black, with fish remains
ventonite--—---—------—-~-——————————
shale, same-~—-~-—---~——~—~-ccom———
bentonite--————--—--—---—--m—
shale, same----———-~—-—-~——~—— -
bentonite--———-~--———-—m
shale, same-——————~-—m-——m— o
bentonite- -+~
shale, same---—---~--------~—————————~
bentonite- ----ommm e e
shale, same - --—-—-——---mmmmmcm -
bentonite- - -
shale, same-—-----—----—+-—=---om——
bentonite- ----— - -——- e
shale, same------- e
bentonite- ---———- e -
shale, same---—=—---—-c-~-- e -
bentonite -
shale, black, soil-like, with fish
remains - ---m - i
bentonite -----mommmrm e

hard layer, volcanic ash----- ——————
shale, black —--vmmomoe oo e
ash layer, nard-----—=——--————-——m-muc——--

Feoet

26
10
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Inches

9
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(ES IS AN Ko BVe)

sadae

Feet

, mich yellow-colored

n cracks

In

O ~INL G

RIS

O
&l

Total Fish Sczle zone-

N
U

NIOBRAZRA FORMATION

chalk, impure, to pottom of ewposure-.

TABLE VIII-A

Succeszsion of bedsz, Pierre formztion

expose

d two miles =zouth of mouth of Crow Creek,
Buffalo County, South Dakota
Detailed section,Caccma zone

NFL,SW: Section 34, T. 106 N., R. 71 W.

PIERRE FORMATICN
Sully member

Verendrye zone

85.
84.

shale, gray, weathers to gumbo; not
measured-—————-— ——————————————————
shale, light gray, banded, few
scattered concretions at base,
rusty white limestone concretions
at top--——-————————_—— 9

Qacoma zone

83.
82.
81.

80.
79.
78.
7.
76 .
75.
T4 .
73.
72.
71.
70.
69.
68.
67.
66 .

concretion zone, heavy 2V ledge—----
shale, light yellowish gray------——- 1
concretion zone, intermittent purple
nodules————=—-—mmm— e
shale, as above--——-——mmmmomm - ———
concretion zone, persisient ledre---
shale, as above-—————-——mm-m-——— -
bentonite---——-----m--mmm
shale, as above-—————--—— oo ——
bentonite——-——--mrmmm e
shale, as above-———--—————-mmo—muu
concretion zone, intermittent-------
shale, 235 abhove-——=---———— oo —— 1
bentonite--———---——mmmm
shale, 25 above-———=vommmmmme oo
concretion layer---—-—————-——-———-———--—
shale, 23 aD0OVEe-——————————— oo —— 1
concretion layer, intermitten
shale, c¢ above-——-————-————————————
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65.
64.
63.
62.
61.
60.
59.
58.
57,

55
54.
53.
52.
51.
50.

48

41
40

26

23.
R22.
21.
20.
19.
18.
17.
16.
15.

hentonite e .

shale, as above-—————ceoeo—______ A

concretion layer, persistent---———-----
shale, as above---—-nommmm
bentonite-------——— -
shale, as above —————————o e _
concretion layer, persistent----———--—-
shale, as above-———————oomeme e __
bentonite-—-------—m————
shale, as above-—-——-———— -~
concretion layer, persistent—--~---—--—--
shale, as above ———-—- e
bentonite- - -
shale, as above-——~-———mmm o
concretion layer, intermittent--------
shale, as above-—----ooee
bentonite-----------mmm
shale, as above-- - —moommo e
concretion layer (1"-4"), intermittent
shale, as z2bove------ommmmm o
bentonite - - =« oo e
shale, as above-————-—--——————————————
concretion layer, intermittent--------
shale, as above-—~+r—mmmmmm o
concretion layer, persistent------——--
shale, as above -—=-—- -
bentonite- --——-——- -
concretion layer, persistent--—---—-—---—-
shale, as above-—v--mmm—mmm oo
concretion layer, persistent--- —————-

. bentonite--cccem e L

shale, as above---c-mm——— e
bentonite---—--- oo
shale, as above-—---—c—mmmm—m .

. bentonite--—---—mm——_——— .

shale, as above-- -————-~ - ————mmm
concretion layer, percistent- --—-----
shale, dark gray, gummy—---- - -=———=—=--
bentonite-—————— e~
shale, as above--——-——-—mmmmmmmm -

. bentonite---- e

shale, as aboVe-————————mmmmm e
bentonite-—-~w-mmm
shale, as above- ———mm—mmmm
concreticon layer, persistent---—-------
shale, as above-———-m———m oo mm
concretion layer, per51stenc ——————————
shale, as 2bOVEe-—----—mm—mmmmmm
concretion layer, persistent----—-----
shale, as above- ———~mw———m———
bentonite—-—————

Feet

Inches
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, : Feet Inches
14. shale, as above-———-——memme—— e 6
13. bentonite-—--——mmmmmm e 6
12. shale, as above————————mmmme 5 6
1l. bentonite-—-—-——mmmmm—m 4
10. shale, as above- -~ __ 3
9. concretion laver, intermittent-———-- 1
8. shale, as above-————mo—mmmmm 1 0
7. concretion layer, intermittent--——-- 1
6. shale, as above-——————cmmmeo— 6 1
Total Oacoma 42 3 3/4
Crow Creek zomne
5. marl, light gray---———-----——-——n L 10
4. sandstone, brown, calcarecus,slabby- 1 0
Gregory nember
3. shale, gray, gumuy---—-—————————————— 13 6
2. bentonite - 6
1. shale, as above, to bottom of gully;
not measured--—-—————————-=—————— -
TABLE VIII
Succession of beds, Pierre formation,
exposed at and south of the mouth of Crow Creek,
Buffalo County, South Dakota
Composite section,
Secs. 23 end 34, T. 106 N., R. 71 W.
PIERRE FORMATION
Sully member
Verendrye zone
12. shale, gray, weathers to gumbo; con-
tains large black sideritic concre -
tionsg; not measured----—————=—————~
11. shele, light gray, flaky---—-—-————~ 7 0
10. shale, light gray---———-—---———-omon 2 0
9. shale, light gray, with rusty zone zat
top and 2 intermittent zones cof
white, rusty lime concretions in
lower 15 feet--mmet e 22 A
8. shale, light gray, with zone of white,
rusty lime concretions at top, and
two similar, intermittent zones
near base—————-—— oo mm e 9 0
Oacoma zone
upper
7. shale, gray to yellow gray, flaky;
numerous iron mangsnese concretions
and many bentonites--—--———————- -— 20 1

_43 -



lower (Agency?)

6. shale, dark gray, gummy, contain-
ing 3 thick bentonifes and few
layers of concretions—--w-——ew-ee-

Crow Creek zone
5. marl, light gray-----—-—-—=-——--—-——=
4. sandstone, brown, calcareous, slabby
Gregory member

3. shale, gray to brown, containing
numerous flat, rusty-brown concre-
tions. ©Some calcareous layers,
including an intermittent 5"-6°
impure marl lying 7-10 feet bvelow
the Crow Creek sand in some ex-
posures on each side of the river
in this immediate area-----------

Sharon Springs member
Upper zone (included with Gregory shale)
Fish scale zone

2. shale, dzark gray to black fissile,:
contains fish fragments and numer-
ous bentonite beds; selenitic at
base--- —cmrmmrm e e

NIOBRARA FORMATION

1. chalk, impure, weathers yellow on

outerop- -- e oo

TABLE IX

Succession of beds, Pierre formation

exposed along the Lower Brule-Reliance road,
2 miles south of Lower Brule, Lyman County, S.

Detailed section, Oacoma zone
Section SW %, T. 107 N., R. 73 W.

PIERRE FORMATION
Sully member
Verendrye zone

107. Shale, gray, with numerous black
concretions, to top of exposure,
not measured----------- wsmomeo-

106. Shale, gray, weathers to gumbo----

105. Shale, gray to yellowish gray----- ,

104. Shale, light gray, flaky, few
small buff concretions, and zone
of large rusty to black concre-
tions at top----~----cmcocece--

103. Shale, light gray, flaky; rusty
shale streak with black-rusty
concretions at top and similar
zone 1' 4" below top------------

-44-

Feet

22

84

14

Dak.

28

Inches

00



Oacoma
102.

101.
100.
99.
a8.
Q7.

9¢6.
9;)-

94.
95,
92.
91,

90.
89.
86.
87.

86.
85.

84.
85.
82.
81l.
- 8C.
73.
78.
7.
76.
75.
74.
75.

12
oo

71.
-70.
69.
68.
67.
66.
65.
64.
63.
62,

el.

one :
Shale, light gray, flaky, few
ttered concretions in lower

18", and zone df brown-black
concretions at top---—--—-——----
bentonite——— e
shale, light gray, flaky--------=-
bentonite, powdery-----——-—-—-—-—--—--~

shals, as above-—-=---eeeouon—- _

concretion zone, intermittent
nodules-———-- - mmmrm e o
shale, as above-—-—sc-mmmoccene-—=
concretion zone, intermittent
nodules———-—-—-—cmmme e -
shale, as above--~--—-n-ccvmvmem
bentonite———*————-—————e —————————
shale, as above--——~-——s—eououu——o
ccncretion zone, intermittent
nodules--———--————~———e

shale, as above-——-somoom o

concretion zone, intermittent
Nnodules————————c

shale, as above----~--- ———— ————

bentonite--—=---—e oo
shale, as above-———come—mmccmmnn
concretion zone, nodules fossil-
iferous-=-----=-v~-~~ - —————
shale, as above-——+~—-cmmmcmcemne
bentonite-~---vemmmm s m e e
shale, as above----~ —————————————
concretion. zone, per31stent ______
shale, as above-——-——=svomec—cmeua
concretion zone, intermittent----
shale; as above--—----cmcmcmemeo :
bentonite--—---——-- e
shale, as above~—-—----m—mmwem——m
concretion zone----~-----—-———m—-
shale, as above---=---—memm——ee——
bentonite, impure----------—---—-
shale, as above-=—w——mm—wmmmem——
bentonite---------—mm—mm e
shale, as above-—————~-mcm—v
bentonite--—-—----mommm o -
shale, as above--——-emcccc—veeeam
bentonite---~---—m-mommm
shale, as above-—------o-mmcoronn
bentonite---—--------—----———-—-———-
shale, as above--------=m=———-———=
concretion zone, intermittent----
shale, as above---—-————-==—=——=-—=
concretion zone, persistent------

-45-
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; ) ) Feet I'OL‘,~
6U. shale, as ¢bOVe———cm oo e

7

S58. concretion sone, persistepnb--—-———-—- . o
58. shale, as abovVe-=——coo—m e 3 0
57. bpentonite-——————— .. e _ 1
56. shale, as above—--—-- U, %
LE. concretion zone, lztent 2
©4. zhale, as‘atove ------ e —————— 3
55. bentonite- -~ %
Z. shale, as above ——————————— LTS %
5L. bentonite-—--v—mmomm e b
50, shale, as above-———rormm o e £
A9, bentonite---——--—-e v e ———— 2
48. concretion zone——-——=wcreommmmm e 1l
47, shale, as above-—---——-r—momom e 1 0
4€, concretion zone, brown, persistent-- 3
45. shale, as above-——-—=sm—mmmm e~ 7
44, bpentonite---—-—=——mmm e 13
43, shale; as above--—————vmmomomm e 1 C
2. bentonite-———m—mm e 1%
41, shale, as above——=r—memmmmmm e - 45
40, bentonite--——mmmommmr e %
32. shale, as above-——=r—m—oem—ean e &
&8. bentonite, with mica flakesr-—---—--- 4
37. shaléy 2as above————rm—mom oo mem e . <
36. bentonite-————m—mmm e 5
35, shale, as zhove-————imm oo £
34, concretion zZone-—----- e 2
83, shale, as ahove--—=—~——memmmmmm e 8

2+ bentonite, micaceous, yellow--—-—-== &

21l. shale, as above-———me—mmmmmmonm e 7
30, CONCretion ZONEe—w—mmr——m—m—mm e B
29. shale, as above-—r—vmrmrmmmw e 9
28. concretion zone, per51stent~~~~~—~—~ 2
27. shale, as above-——r-—mmmrm oo 1
2€. concretion zone, persistent---------~ 2
25. shale, as abhove-——vr—rmm e 5
24. ‘bentonite, micaceous (LiB) ~----mm-m 1
23, shale, as above-——-—-m—mmm oo 1 1
22. concretion zone, nodules soft,eartny 1
21. shale, as above-—--mmmmmmmrmm o 11
20. concretion zone, nodules soft,eartiy 1
19. shale, as above--——-——--mmmmmmm—w—— 9
18. concretion zone, nodules soft,carthy 1
17. shale, as above-————wr—mmmmmmmm e 1 1
16. concretion zone, nodules soft,earthy 1
15, shale, AS GLOVE- - ——o—~ommmommomm o 11
14. concretion zone, hard, persistent--- 1
13. shale, nc n%ove-—-—~»~~-—~«—-—~—~«~— 1 4
12. concre ne, r 8 1
11. shale, Le
10. concre i




Wt V-0 WO

Feet
shale, s above-— -
bentonite——- o - o
shale, as above-———m—meommm
bentonite, mica flakes———————————-
shale, as 2bove-————————m e
hentonite-————
shale, as above-——————mm oo

=
o]
(@]

[ON SISV s iny
®
6]

|_I

Total, Oacoma and Agency?
zones 40

Crow Creek zone

2.
1.

marl, light gray————--————memee o 3
sandstone, brown, calcareous,slabby 1

3/ 4

10
0

Note: Basal parwv of section =somewhat foreshortened as beds

are somewn
to 6.

TABLE X

Succegsion of beds, Pierre formation,
neer artesian well on Short Creek,
Lyman County, South Dakota.
Detailed section, Oacoma zone

Section 12, T. 106 N., R. 72 W.

PTIERRE FORMATION
Sully member

Verendrye zone

141.

140.

Oacoma

139.

128.

137.

136.
135.
134.
133.
132.
131.
130.
129.
128.
127.

shele, gray to yellowish gray, not
measured--——————————————————— -
shale, gray to yellowish gray,zone
of large white concretions at
top, few scattered black concre-
tions in lower part--—------—-—-- 7
zone .
concretion zone, fossiliferous,
persistent---———————-——————
shale, light gray, papery--—-——----
concretion zone, blue nodulecg,
intermittent------ ————cmom——
shale, as above-——----————c—————
concretion zone, intermittent-----
shale, as above-——-—-——-~—~——— ——
concretion zone, DIOWN~-~————————-
shale, as anove--—————===—-————m— o
bentonite---v-rmmm
shale, as apove-—————=-—————mc———- 1
bentonite - ---mmmm s e -
shale, as anpove~-—————————~———~ -~ -
concretion zecne, nodular------——--

L7

at tilted by slumping; particularly beds 1
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126.
125.
124.
123.
122.
121.
120.
119.
118.
117.
116.
115.
114.
113.
112.
111.
110.
109.
108.
107.
106.
105.
104.
103.

21024

101.
100.
99.
98.

97.
96.

95.
9.
’2.
92.
91.
90.
g9.
£3 .
87.
86 .
85.
gl,.

83.
82.
g1l.
80.
79.
78.

shale, as above------- -
concretion zone, nodular----—---.
shale, as above--—-—————coemwm o .

bentonite-—--—-—-——mmmm— -

concrevion zone,

shale, as above--~———=~-ccevv—o

concretion zone-———————-————————_

shale, as above-——-—-—-——---—c—~

concretion zone,

shale, as above--————---mon—o
bentonite-—-———— e

shale, 2s above--——————v-omo o

concretion zone,

shale, as agbove-————-—-como oo -

bentonite----—m—cc e~

shale, as above---——--v-cmu--—-

bentonite-----—---——--—o -~
shele, as above-—---——mmoeomoo—- -
bentonite--—--------—----—m-—--
shale, as above----—-—-—ooo-——-

concretion zone,

shale, as above---—--7------om--
bentonite---------oom-o-m—- S
shale, as above--~--------m----
bentonite---------mmomo o

shale, as above-———————wmsmm -~ -

concretion zone,

shale, as above---———————-- -
nodules flat,

concretion zone,

persistent- - smmm e

shale, as above--—————-————s- - -
concretion zone, nodules flav,
yellowish-—~==--c—mmnmoomo o - -

shale, as above--
concretion zone, yellow, persis-

tent--————--——--— - f———-

shale, as above---—--—--c-—--—- -

bentonite-———~--—m-m———m-———— -
shale, as above-——----—————————- -
bentonite - —=-———m oo e oo

shale, as above--------

bentonite--------ocmmmmmm e - -
shale, as above---——---——-————~ -~
bentonite----v-—-—=--—-mom o — - - -
shale, as above---—-—--———-——--—~--
concretion zone, nodules flat,
persistent--————-—--- oo -
shale, as above--~----cmcoc-mm--
bentonite-——------~----—------—~-
shale, as above--~--—-----—-—--~-

bentonite- ~~---

shale, as above----——---—--—~ -
bentonite----v-—mmmmmmm o o -

Feet

Inches
11 ‘
14
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YL, Snale, as apove-————————- ———
70. concretion zone, nodular, persis-

W O

W
L N

I_I

tenf--oe i
69. shale, as above-——————cmemmme
68. concretion zone, nodular, persis-
tent———~ oo
67. shale, as aDOVe-———w-——————— o
66. concretion zone, nodular, persis-
tent- e
65. shale, @s apOVe————comm oo
6. bentonite———=-—memmm e
63. shale, as ahoVe-————o—emmmmm
62. concretion zone, nodular, fossil-
iferous—-=——————v-—mmm o
61. shale, 8s avOVe————m—————mm
60. concretlion zone———————=———ee——
59. shale, as abovVe——————mmmm
58. concretion zone-——————————em o
57. shale, as above-—————c———mo———
56. concretion zZone-—-——-——-————————o———
55. shale, as above-——=—-———mmom——
5L. bentonite-—---—————mmmm———
53. shale, as gbove--—----mmmme———
52. bentonite-—--——-—-mrmmmmmmm
51. shale, as above--—-———m—c————mmm
50. bentonite--———--mmmmmm
49. shale, as above- -—~——————————————
48. bentonite----—-———-r—mmm -
47. shale, as above-—=—r—m—mmmmme e o
46 . bentonite--——-—-commmmmm e
45. shale, as above--———-———vmoommm -
44 . bentonite-———---mmoemmmmm
3. shale, as above--—————--—---mmmm—-
L2 . bentonite--—---vrmmmmm e -
41. shale, as above-—————————-cceo———~
40. concretion zone, brown-----——-—-—-
39. shale, as above-————-———mmmmmmmm
38. concretion zone, flat yellow
nodules———-————-——-————————— ——- -
37. shale, as above-—————————mm-—m—~
36. concretion zone, persistent------
35. shale, as abhove-—————cmmmm - —————
34. concretion zone, nodules inter-
mittent----—---——----rc -
33, shale, as ahove-——-—-meome————mm— -

NHHMDOMNDRWON
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32,
&l.
50,
29,

28,

27.
26.
25,
2 4,
3.

22

21
20,
19.
18.

17.
16.

1%.
14,
lSD

12.

110

10,
95

8.
7.
6.
5,
4.
3.

bentonite--- oo __
shale, as above—————eome——____
bentonite-—-eemmmmm
shale, as above-———mcmmmmm
bentonite-————cmmm
shale, as above-——————c—cm—n
bentonite—————mmmmm e
shale, as aboVe———me—mmmmmm
bentonite-=-———- e
shale, as above-----omoemonmn

concretion zone, nodules- inter-.
mittent—— e

~shale, as above-————mmmmmm o~

concretion zone, persistent—----
shale, as above-——-————cmme~
concretion zone, nodules rounded,
persistent——mecm
shale, as above—~——rm——mmmmmem o
concreticon zone, nodules inter-
mittent-- - -—————— e~
bentonite~- ~—————mmmmmm .
shale, as ahove——————me—mmm—memm
concretion zone, nodules flat,
persistent-——————————mm e
shale, as ahove~———————— e men
concretion zone, nodules flat,
persistent-———---—-v oo -
shale, as above~-————r-—omomen——-
concretion zone, nodules flat,
intermittent-~—mmmmmrmmmm e -
shale, as above~—————-————vee——-—
bentonite----——-————mmm——m -
concretion zone, intermittent---
shale, as above-——-=--—-———v———-
bentonite-——-—wmermm o oo
shale, as above-—---- -——————————
Total Oacoma

Crow Creek zone

2]
s a

1

—- o

marl, light gray------ e
sandstone, brown, calcareous,
siappv-———w———m—————— e

jrepory member

cshale. n¢ . measured--—--—~--——---=

-50-

Feet Inches
1
3
1
4
5
4
6z
7
1
-3
6
1
9
1 10
2
e
1
4
oL
<32
1
7
13
1l 1
1
6
1
2
1l 5
1
8
46 3
4 G
1 7



TABLE XI

Succession of beds, Pilerre formation,
exposed near mouth of Medicine Creek,
Lyman County, South Dakota
Detailed section
Sec. 4, T. 107 N., R.74 W.

Feet Inches

PIERRE FORMATION

Sully Member

Verendrye zone
26 . shale, gray, with large, black typical

concretions beginning about 6' above base,

not measured--——-———————— o
shale, banded gray and yellowish gray, with

rusty sbtreak about 30" above base, with

few small broken pbuff concretions, and

bones of reptile------eee 11

24 . concretion zone, large white to black nodules

23. shale, banded gray and yellowish gray------- 2
Oacoma zone

25.

0 O~Ww

22.
21.
20.
19.
18.
17.

16.
15.
1.
13.
12.
11.
10.

9.

W RO ) O AT ¢ !

Crow Creek
2. sandstone, brown calcarecus, slabby.

bentonite
shale, gr
bentonite
shale, gr
bentonite

Ay e

QY ———mm e S m e — o

shale, gray, with numerous black iron-

mangane
bentonite
shale, as
bentonite
shale, as
bentonite
shale, as
bentonite
shale, as
bentonite
shale, as
bentonite
shale, as
bentonite

bentoni
shale, ¢r

Contains few white and black

three 2
of whic

zone

se concretions-————-—-—rom——m— oo

, micaceous (the Lower Micaceous

te of Gries, 1940)-—————mmemmmmomec
ay, weathers to gumbo (Agency?).
concretions;
-4 inch bentonites in
h are micaceous————————————————————

basal 18", two

WAl

~J

.
9

0 A

}._'

}__l
TNV OFOFNDON

(@A

[

L[

Total Oacoma

The

overlying marl is completely missing at

this 1o

Gregory member

1. shale, gray to brown,
retions

cality-—-————— -

Wwith many brown con-

to base of exposure, not measured

~5]1-
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TABLE X11 A

Succession of beds, Pierre formation
exposed near mouth of Cedar Creek,
Lyman County, South Dakota
Detailed. section
Sec. 22, T.108 N., R. 76 W.

PiERRE FORMATION Feett Inches
Sully member
Oacoma zone
38. shale, to top of hill; not measured--—-————-
37. bentonite--—----—— 1
%6. shale, gray tc yellow-gray, blocky, hard,
non-siliceonus with 2-4%" layers of brown
iron-manganese concretiéns----——————-—-———--
35. bentonite-———--mmmm e
24. shale, as above-——~—————mmm o
33. bentonite-—-----~-mmmmm e~
32. shale, as above-————————
3l. bentonite-—---rmmmmm ——————— e
30. shale, as above--——-———-———
29. bentonite-—-----om—m
28. shale, as above-~—-—mmrmmmmm e
27. bentonite-———----———
26. shale, as above - —————— e
Crow.Creek zone
25, marl - ————-—- e
24. sandstone, brown, calcareous, slabby-------
Gregory member
Upper zone
23. shale, gray,(with brown streaks) soft;
numerous flat, rusty brown concretions-—-- 1
22. bentonite--——----ror
21. shale, as above-———————mmmmm 9
20. bentonite--——--——-—r————
19. shale-——-—-- e
18. bentonite-——---+--rrrr
17, shale-——— e 1
16. bentonite----—--v-oorrmmm
15. shale—————-—mmmm e 1
14. shale, brownish gray, with yellow "bloom";

: some beds black on edges. Small gypsum
concretions one foot below color change;
scattered small buff "worm-eaten" concre-
tions and large septarian concretions with
yellow calcite below this point--—--——-—

12. limestone concretion zone (highest)----——-—-
12. shale, as above—-———--mmoommoomo o ———————
11. bentonite, creamy white-~~---—---mmmmee—ne
10. limestone ledge~———-—--rmmmmmmmmm e —

9. shale-———-——--+ —=—m =
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: Feet 1Inches
bentonite, creamy white---—----———————- z
shale— e e 3 7
bentonite— == —————————
shale~————-—r——-c
bentonite—————————

e
W Wi

O

bentonite------—-———-—---

shale, with abundant septarian concre-
tions, to creek bottom; base not
exposed—-—-——=——m—m e 16 6

20 L U O <2

TABLE X11 B

Succession of beds, Pierre formation,
exposed near mouth of Cedar Creek,
Lyman County, South Dakota
Detailed section § mile up stream from Table XII-A
Sec. 22, T. 108 N., R. 76 W.

ot

PIERRE FORMATION
Sully member
Verendrye zone
26. shale, gray, with numerous large black
concretions, to top of hill, not
measured----—-~——————————mm———m————————
shale, banded, gray to yellowish gray;
few scattered small buff concretions
in lower half---———--——--—-——-—-———- 15
24. shale, banded, gray to yellowish gray;
almost continuous ledge of &" black
concretions at top, and "rusty"
shale zone 5' below top---—-—--~—————~ 7 9
23, shale, banded, gray to yellowish gray;
at top and at one foot intervals
below, are 3 zones of rusty shale
containing scattered flat white to
rusty brown limestone concretions,
and a few thin black concretions—---- 7
Qacoma zone
22, bentonite, hard--————------—---mmm—m—=
81. shale, gray, with black iron-manganese
concretions----————————————-———————- 1
20. bentonite---——----—---------——-———————m
19. shale, as above----—————-————=———-—~—— 1
18. bentonite-~-——-—---—--=-—-———s-————————~
17. shale, same---—-—-——-—-—===-———-—--—-< m———
16. bentonite----—--------—--—-—————-——————"
15. shale, as above---——-————-————-———=——=-= 8
14. bentonite-----——-——————————————————~=
13. shale, as above-~--—-—-=—————————-—T——"
12. bentonite--—--------—-=-———————=——————
11. shale, as above ~----—----—————-="7=-~

]
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10. bentonite--—-- e e e e
9. shale, as above———m——m—m e
8. bentonite-———commm o
7. shale, as above-—=mm— e
6. bentonite--——----—----—--"——— — ——
5. snale, as above——————m e
4, bentonite-———--—-mmm
3. covered interval, consists of gray shale

with numerous bentonites and black iron-
manganese concretions---——--———— v

Feet Inches

Crow Creek zone : )
2. marl--—--—rm e e
1. sandstone, brown, slabby------—---~ e

13
4 4
13
8
1
4 2
2
40
64 3
9 0
1 0

Note: Tables XII-A and XII1-B may be tied together on the Crow
‘ Creek sand, giving a section complete except for a short

interval in the lower part of the Oacoma zone.

" As noted

previously, the lower Oacoma may represent the Agency

shale farther north.

TABLE X111

S8uccession of beds, Pierre formation,
exposed along De Grey-Joe Creek road,

one and one-half miles southeast of De Grey,

Hughes County, South Dakota

PIERRE FORMATION
_gl;z member

Verendrye zone
14. shale, gray, weathers to gumbo; numerous
black sideritic concretions; not
meas ured_ e e e e e e e e s ey e s e et e 2 e
13. shale, yellowish-gray, flaky,‘with large
“black concretion zone at top---—--—----—--
Oacoma zone
Upper
12. shale, gray, hard, platy, with blue stained
joints; many bentonites and iron-manganese
concretions---——————-——---—-——------m——————-
11. bentonite, yellow, with biotite flakes(LMB).
Lower (Agency°5
10. shale, light gray, somewhat papery, no
visible bentonites or concretions; stands
in steep outcrop-—————----—-mommo———— =
9. shale, gray, weathers to gunbo; contains
few bentonites and scattered iron-
manganese concretions-----—----—-----—----—

_B4-

Feetl

35

Inches
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, Feet 1Inches
8. bentonite--——---———— 6
7. shale, as above-——--—————mm - 1 0
6. bentonite-—-- e 6
5. shale, as above-—-----——ormmmmmm 8 8
4. bentonite, slightly micaceous—-—————————- 6
3., shale, as above———m— o 8 2
Oacoma-Agency,Total 84 9
Crow Creek zone

2. marl, light gray, with brown slabby sand-

stone at base-—--——m e 14 1

Gregory member

1. shale, brown to gray, many rusty-brown

concretions; layer of one-foot gray

septarian concretions about 37 feet

below top; to level of road (hand

leveled) ——-m—mm 48 0
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STRUCTURE

Structural features will play little part in the
development of the manganese deposits because the beds
are nearly horizontal. Mapping on a key bed has
shown that though the rocks are folded into gentle
undulations, these are not of sufficient magnitude to
distort the beds locally. Mining operations, therefore,
do not have to take into consideration dips or folded
structures.

No major faults cut the zone though a few small
ones, with displacements of 10 to 15 feet, were noted.

The most troublesome dislocations are the slumps
found all along the outcrops. These are blocks of
* shale which have s.iipped off the face of the hills as
stream erosion has undermined them. Such blocks are
usually wedge shaged with the thin edge downward and
vary all the way from chunks a few feet across to large
blocks covering several acres. Such slides occur on
both the ends and sides of the topographic shoulders on
which the manganese zone is exposed. Some have moved
but a couple of feet from their original position while
otliers have slid a score or two. In general, the more
gentle slopes are more likely to have large slumped
blocks on their flanks than are the very steep slopes.
Probably this is because, in the latter case, rapid
erosion in the sharp gullies removes the slumped
material leaving the faces of the c¢liffs clean. Such
slumps are confusing since the sliding of the block
usually leaves the Crow Creek beds and the layers of
nodules in a horizontal position, making them appear
to be in place. 1In some places it is possible to be
misguided into thinking there are two zones of
manganese bearing nodules instead of the one which
actually exists. 1If mining is attempted in such slumped
blocks, ‘considerable quantities of nodules may be
excavated. Within a few feet, however, the zone of
nodules will be replaced by barren shale.

Slumps of the beds overlying the QJacoma zone are
also common, especially on the gentler.slopes. These
can cause considerable difficulty by covering the
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upper portion .7 even zll of the mangane-e zone,
it difficult to determine the true thickness of
zone, and necessitating the stripping of this (OTe
excavation.

-

OCCURRENCE OF MANGANESE

In The Oacoma Zone

As has peen shown uoo/e, the manganese bearing
nodules occur in layers scattered through a zone of
shale. This zone averages about forty feet in thickness,
varying from 20 to 64 feet in the area marnped. Its lower
limit is quite sharp, being designated as the top of the
chalky, Crow Creek shale, lying immediately beneath the
non calcareous shale of the Oacoma zone. The upper limit
is not so easily placed. Menganese bearing concreticns
in some sections are scattered spaeringly high up in the
shales of the Verendrye which overlie the Oacome zone.
In all good sections, however, the concentration of
nodules thick enough to be of poscible commercial interest
ends rather abrupbtly at the base of or in the lower few
feet of the light colored shale, designated as the
"banded beds", five to ten feet below, a layer of large
rusty concretions. In this survey tlhe highest manganifer
our layer was assumed to be the top of the zone.

3

The outcrop of this zone can be followed along
both bluffq of the Misscuri and up its tributeries
for a distance of several miles. 1t is known to
underlle tﬂe uplands on both sides of The Miszouri
valley, also, at a depth of zbout two hundred feet.
Judging from the location of the outcrops it is fairly
sale to assume that it underlies about one-eighth
of the area of the state. For the purposes cf this
report, however, only that part of the zone which
outcrops is being considered, as it is the only rpart
which can be profitably exploited under present,
conditions.

Thick The thickness oi the zone so
designated s considerably, but there seems to
be no order 1in this variation, in the ¢
In the two socubthernmcst tomﬂqkjna, e T
sections showed a thickness of thirty t 4 thir
four feet. The thickest section measured S T
the nmouth of tihr White River and gave 65 feet. One
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section lying be
forty-five feet,
and Fort Thompson
eight feet. The x
measured near the i
feet.

just mentioned gave

s between Chamberlain
cm forty-three to forty-
herly section, which was
e Agency, measured 38

It might be pointed out that the thickest section
1s in the vicinity of the mouth of the White River
wnile the most northerly and southerly sections are
the thinnest. There may be some thinning both up and
down the valley. A section measured at the Rosebud
pridge in Gregory oounty, %5 miles down river from
the Bijou Hills, zhowed a thickness of 23 Teet for
this zone, whil other measured at DeGrey, 30 miles
up river from 1¢ Brule., showed 34 feet. In the
area mapped, how , one 1s struck with the uniformity
rather than the variations in thickness. The average
ickness of the onae in this area is 44 feet.

<

Nodules: The distribution of the
these sections 1s not uniform

Early testing in Oacoma and
Uuanberlaln disclos a barren zone ten to fifteen

feet thick at the nase of the section, immediately
uhove the chalky =znale. In this zone, though the

nales and bentonites were exactly like those higher
ugp, only one or two layers of nodules appeared.
%ertlons in the scuthern and eastern parts of the area,

cwever, did not show this barren zone, concretions

being as abundant in the bottom of the sections as
nigher up.

layvers of noduies
throughout the -

Towards the top of most sections the distance
between nodular lavers increases, but in no place 1is
there a distinct, barren zone. As has been mentioned,
it is usually a relatively simple matter to pick out
the last manganese bearing layer and it 1s seldom
far above the zone in which there is a maximum
concentration.

On the average the layers of nodules are
separated by ab OUT a foot of shale. Some concentra-
tions occur in which the layers are but a few 1nches
apart. In other narts of the section they are
separated by threz or four feet of barren shale. Each
area has its own c¢hiaracteristics and therefore should
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be carefully inve.tigated before mining operations

are undertaken. 1In general, however, it is safe to
state that if the extreme top and the extreme base

of the section is avoided, the concentrations of
nodules is fairly uniform. The following sections will
serve as illustrations of the spacing and size of the
nodules. A typicel section in the northern area
measured on Short Creek gave the following:

TABLE XIV
Spacing of Nodules in Section

Measured on Short Creek
Sec. 12, T.106 N.,R. 72W., Lyman Co.

Thickness Height above
Sample The Description of nodules top Crow Creek
Designation of Concretions in inches Sand in feet

Lower rusty concretionary
bed;non -manganiferous.
Scattered nubbins not

worth sampling. 58
XVIII Z-K Concretionary layer with
many fossil shells 2 50.1

XVIII Z-J Small rounded nodules 1 49.1
XVIII Z-I Scattered round nodules 1 48 .35
XVIII Z-H Layer of brown nodules 13 47.9
XVIII Z-G Nodular layer 1 45.35
XVIII Z-F ‘Layer of nodules 1% 4l .3
XVIII Z-E Concretionary layer, very

fossiliferous 1 , 43.6
XVIII Z-D Concretionary layer 1-14 42.8
XVIII 7 C Very fossiliferous layer 1 LR .2
XVII1 Z-B Fossiliferous layer 12 41.5
XVITII Z-A Brown concretionary layer 2 39.25
XVIII Z Layer of blocky concretions 2 37.30
XVIII Y Layver of flat concretions 2 36 .65
XVIITI X Layer of flat yellow

concretions 1% 35.9
XVIIT W Large round, unconnected

nodules, yellow 2 35.5
XVIII V Flat, unconnected

concretions 1% 32.65
XVIII U Layer of large, round

bluish nodules 2 x 2 x 1% 1% 28.00
XVIII T Spherical blue disconnected

concretions 1 R7.85
XVIII S Like 7 1 27 .64
XVIII R Potatoe-1like nodules 1 26 .04
XVIII Q Potatoe -like concretions 1 26 .70
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AVIIT P Reigh, nodular layer;

s.ziliferous 2 26 .10
XVIII O Laver 2%-3 25.10
XVIII N Laver : 2 24 .50
XVIITI M Layer of round, fossil-
iferous concretions 2-3 23.78
XVIII L. Layer of brown concretions 1 18.85
XVIIT K Large, flat, yellow
concretions 1 18.64
XVIITI J Large, round concreticns
2 KX A 2 18.20
XVIIT I Round nodules 1% x 2 1% 17.10
XVIIT H Small rouna nedules 1 12.9
XVIII G Large round nodules 2 12.00
XVIIT F Large, round, yellow
nodules 2 10.20
ZVIIT E atftered round concreticns 1 9.42
XVIII D , circular concretions
1 8.8
XVIIT C , 14 x 2 nodules 1% 8.1
XVIII B . 12t - 3 x 1 concretions 1 6.9
IVITIT A Potatoe+like concretions
2 x2 2 6.13

The spacing in the scuthern part of the area is
illustrated by a section measured on Elm Creek.
TABLE XV
Spacing of Nodules in Section
Measured on Elm Creek

Sec. 2, T. 101 N., R. 71 W., Brule Co.

Large, rusty concretions

non-manganese bearing 46 .5
XI1I Z-A Layer cof concretions 1 41.0
XII1 Z Scattered nubbins 1 29.82
XITI Y 1 " 1 39.32
XIT1I X H i 1 29.10
XIIT W " " 1 20 .45
XIIT V Scattered, Tossiliferous
concretions 1 35.65
X111 U Pavement of concretions 2 2. 48
X111 T Heavy pavement of
cencretions 2 D432
XI1I S Nedular, fossiliferous
concretions 2 24012
XIII R Psvement A 23,85
XIIT Q Noduler, potatoe-like
‘ voncretions : 2 22.78
XIII P 120, circular concretions
VA 13 22.15
XIII O oncreticns 1 30.95
XITI N r of flat concretvions
X 4 1 28.17



Pavement 1 26.27
Layer of flat concretions 5-4 25,782
Large, potatoe-like
concretions 4 25.1
g Flat, nodular concretions 12 24.54
I Flat, nodular concretions 1 R5.75
i H Large, flat concretions
in short layers 4 22.94
PG Round, nodular concretions 2 22.09
F Pavement 1 17,52
B Nodular layer 4 15.28
. D Large, flat concretions 2 14.42
C Scattered nodules 1 13.27
B Large nodular concretions S 11.87
A Flat concretions 1 9.6

Placer Deposits

The major portion of this report and all previous
cincussions have confined themselves to the nodules
"in place" in the marine shales. No discussion, however,
#ouUld be complete without calling attention to the
008sibility of obtaining a large amount of material from
slacer deposits in the bars of the Missouri and the
vributary streams of this area.

The nodules tend to shatter on weathering and soon
e plieces become so small that they are carried away
1nd lost in the other sediments of the river. In the
ger valleys they are seldom found below the shale
horizon except as tiny bars in the channels of the small

atreams.

In many of the steep gulches wnich border the
iissouri, however, erosion has taken place faster than
wezathering can disintegrate the nodules and as a
consequence these have settled in considerable
‘mantities in the bottoms of the gulches and also in
“ne deltas formed where tney debouch into the Missouri
“iver. Such deposits are usually found in considerable
rundance where the Missouri is undercutting the banks
z0 that cliffs stand precipitously above the water.
e steep bluffs and steep gradients of the tributary
dtreams permit a very rapld erosion of the manganese

zaring zone and a concentration of the nodules in the
toms of tributary valleys, deltas at their mouths,
bars in the Missouri.




No effort was
material available ysom such dep051ts and it is, of
coursa, much less than that which can be .obtained
from the manganese zone of the Pierre shale. Deltas
covering from one to two or three acres, however, are
L uncommon and if mining is undertaken in thplr
inity should yield an added tonnage worth the
offort of extraction.

The placers have the advantage of being
rtizlly concentrated and therefore hold much more
nganese per volume of meterial that has to be
1dled. The shale and mud has been very largely
Shed from them so that the manganecse nodules
constitute a major portion of the delta and bar
aterial.

ma
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No sampling was done on these placers since they
Wwere a relatively small part of the available
manganese and most of them lay at the river level
where it was impossible to get accurate data on the
thickness and area of the placers. Since they are
washed down from the menganese zone higher up the
valley, however, and are concentrates of the nodular
layers in this zone, they should contain approximately
the same percentage of metal ac do the nodules which
are in place in that locality. The concentration was
affected only in the volume of nodules and not in the
per cent of manganese which can be extracted from them.
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CHARACTER OF NODULES

Size and Amount of Nodules

An inspection of the foregoing sections (Tables XIV
& XV will show that there is considerable difference
in the size of the nodules in different layers. At one
extreme are 1little, round nubbins one-half to one inch
in diameter, while at the other are solid layers extend-
ing a score or more feet horizontally and four to six
inches in thickness.

In some layers rounded concretions are scattered
along the beading plains of the shdle while in others
flat kidney shaped concretions zre lined up like pancakes
on a griddle. The average thickness of the nodules
is about twe inches. Those in the Short Creek section
averaged 1.45 inches; in the Chamberlain section, 2.3
inches; and the Elm Creek section, 1.85 inches.

Comparison of the total thicknesses of the
concretionary layers with the thickness of the
manganese bearing zone shows that abont ten per
cent of the total is made up of the carbonate nodules.
Variations from the above average amount to only a few
per cent. The following table of thicknesses from
carefully measured sections will illu strate.

TABLE XVI

CONCRETIONARY CONTENT OF OACOMA
IN TEN MEASURED SECTIONS
Total  Thick- % of Sec.

Section No. of Thickness ness QOccupied
Nos. Location Beds of Nodules of Zone Nodules

I  Oacoma Section 214, 24.5 in. 29 feet 9.9 %
Sec.22, T.104 N.,R.72 W. ‘

T N. of Chamberlain 17 32.5 39 8.4
Sec. 2, T.104 N.,R.71 W.

1IT White River Section 17 22.7 26 10.5
Sec. 37, T.104 N.,R.74 W.

IV Peterson Bottom 283 45 26 14.4
Sec.31, T.103 N.,R.71 W.
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X1
XIII
XTIV
XV
XVIII
XIX

Note:

Swanson Section 25 50 48
Sec.9, T.103 N.,R.71 W.

Elm Creek _7 51 32.2
Sec.3, T.10l N.,R.71 W.

East of Iona _7 77 26
Sec.15,T.101 N.,R.7l W.

Crow Creek Section 21 36.5 LR
Sec.34,T.106 N.,R.71 W.

Short Creek 37 50.5 46
Sec.12,T.106 N.,R.72 W.

Brule Agency 26 48 38

Sec.27,T.107 N.,R.73 W.

No.IV carried a barren zone at its base. If this is
eliminated the total percentage of nodules is
increased from 7.4 to 14.4. No. XIX also carries a
15 foot barren zone at its base. If this is
eliminated the percentage of nodules raises from ,
8.7 to 11.7. The Crow Creek section No. XV can also
be raised to 15.82 by eliminating barren zones at
the base and nesar the top.

From these thicknesses it would seem safe to assume

that ten per cent of the volume of the deposits is composed
of nodules and, since manganese has not been detected in the
shales, only this ten per cent can be counted on as a
producer of the metal.
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Mineralogy of the Ores

There has been considerable speculation as to
the form in which the manganese occurs in the
concretions. It is so intimately mixed or compounded
that it is impossible to separate it by ordinary methods.
A1l observers agree that the main constituent of the
nodules is the ircn carbonate, siderite (FeC0,). This
siderite belongs to the variety known popular%y as clay
ironstone. The form which the manganese takes, however,
is in considerable doubt.

Four possible combinations in which it might occur
are known to eéxist: 1) an oxide of manganese, (pyrolusite)
2) a manganese carbonate (rhodochrosite), 3) a carbonate
of combined iron and manganese (oligonite), and 4) a
carbonate of calcium and manganese (mangano-calcite).

As the black oxide of manganese had not been noted
in microscopic examination of the ore, there has been a
tendency to disregard the possibility of its presence.
Certain chemical reactions, however, seem to indicate
that it may be there. "Much of the brown material remains
undisolved by nitric acid alone, but disolves when
hydrogen peroxide is added. It disolves in hydrochloric
acid_liberating some chlorine. These zre properties of
MnO2+~. Microscopic examination showed tiny opaque, black
and blue-black specks with bright metallic lustre
scattered through many of the samples. These possess
the optical characteristics of pyrolusite and manganite.
In light colored unweathered specimens they were not
observed, but began to appear in the portions colored
brown by the first stages of weathering. In the black,
weathered parts they are much more abundant and in
those in which a metallic lustre appears, the pyrolusite
and manganite particles reach their greatest proportion.

Manganese carbonate occurs as the mineral
rhodochrosite. This mineral is pink in color and
cleaves into rhombic pieces. No such mineral is in
evidence in the specimens examined.

1. Ernest Griswold, personal communication.
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A compound of rhodochrosite and siderite has
been called mangano-siderite by Dana who writes:

.. the molecules of rhodochrosite and
siderite are apparently completely miscible
and they may,crystallize together in all
propor t¢onoul

Dana also describes a variety of manganiferous
siderite containing 25 per cent MnO under the name
oligonite. While onLy the highest percentages of
manganese in the analyses run for the Survey reach
this figure, the character of the Chamberlain
minerals might allow this interpretaticn.

A report on these ores issued by The Tennessee
Valley Authority, Department of Chemical Engineering
Research Division, states:

..Microscopic examination indicates the principal
minerals present in those samples are siderite,
(FeC04) and mangano-calcite (CaC03.MnC03)
toget%er with small quantities of dolomite and
magnetite.

The introduction of the third mineral, mangano-
calcite, is rather interesting since it means that
there must be an entirely different mineral, in
fairly large quantities, present as a physical mixture
with siderite. Mangano-calcite or spartite as it is
sometimes called, becomes black upon exposure. This
is characteristic of the Chamberlain nodules which
turn from a light gray or olive green through yellow
and brown to black.

From chemical analyses they conclude that

1. Dana, E. S. and Ford, W. E., A Textbook of
Mineralogy, Ath Edition, 1932, p. 520.

2. Tennessee Valley Authority, Department of
Chemical Engineering, Chemical EResearch
Division, South Dakota Manganese Ores.
April 26, 1940.
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Calculations based on the analyses given

above show thzt there is sufficient carbon
dioxide in the samples to form carbonates

of all of the calcium and magnesium, plus

more than enough to form carbonate with

either the iron or the menganese. This
confirms the fact indicated by the micro-
scopic examination that part of both the

iron and manganese must be in carbonate form.l

While the foregoing explains the information
which is now available, it must be remembered that
a great deal of 1t 1is derived from an interpretation
of the chemical znalyses. The chemical reactions
and microscopic observations show that at least part
of the manganese occurs as the oxide, and the
possibility of its presence in the intimate mixture
with iron carboenoate known as oligonite should be kept
clearly in mind. The identification of manganc-calcite
by the T.V.A. laboratories indicates that not all
the manganese is in the form of oxides. It is
certain that it occurs in different minerals in
fresh and weathered materials and may also vary in
different localities and in individual layers.

No thorough study of the mineralogy of these
nodules has been mede. A 1list of the minerals noted
during the course of the various investigations
includes:

Siderite FeCO13 Pyrolusite MnOp
Calcite CaCO3 Manganite Mn203.H20
Aragonite CaCOs3 Magnetite Fe304
Dolomite CaC05.MgCO3 Apatite (Cacl) Cay(P0y)s
Mangano F

calcite CaC03.MnCO4 Quartz 5i0p

The quartz occurs as very small grains and crystals of
clear rock crystal and as chalcedony pseudomorphs of
bits of fossil shell and other organic matter. Some
specimens contained small, bright red grains which have
the appearance and refractive index of apatite.

1. Tennesse= Valley Authority, op. cit.
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Chomical Composition

Chemical analyses disclosed a variety of materials
in the nodules. A gualitative analysis run on a
sample from Elm Creek showed the presence of the
Tollowing:
Manganese
iron
Aluminum
Calcium
Magnesium (small amount)
- Carbonate
Phosphate
Silicate (or Si0p)

From this and the partial guantitative analyses
which follow it is evident that the chief constituents
are iron, manganese and the carbonzte radical while
silica, aluminum, megnesium, and phosphorous play
minor roles.

The laboratocries of the Tennessee Valley Authority
published four analyses showing the presence of calcium,
magnesium and silicon besides the iron, manganese and
the carbonate radical. These, it will be noted, contain
a high percentage of calcium and make no mention of
aluminum and phosphorus.

The report of the U. S. Geological Survey does not
give complete chemical %nalyses but does give scme of
the minor constituents. The details of these
analyses are copied in the accompanying table (Table X).
The interesting part of the table from the chemical
point of view is the fact that the average phosphorous
content of thirteen samples was 0.407 per cent; of
silica, 12.39; of alumina, 2.65 per cent.

The presence c¢f alumina can be accounted for as
shale or clay which has been trapped in the concretion.
The amount of zlumina, however, is not sufficient to
take all of the silica as clay. Kaolin contains 46.5
per cent of silica and 39.5 per cent zluminum. In this
proportion the amount of alumina present in the average

Analysis by Dr. Ernest Griswold.

Tennessee Valley Authority, op. cit.

D. F. Hewitt, Manganese-Iron Carbonate Near
Chamberlain, 5. Dak. Memo for the Press,
February 5, 1930.
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of the thirteen ~amples would require only 2.12 per
cent of 12.39 of <ilica present in the nodules. There-
fore much of the silica must be in the form of some
variety of quartz. The hardness and toughness of =ome
of the concretions 1s doubtless due largely to the
high silica content.

Analyses made for the present survey were run
for obtaining the manganese content of the deposits.
Little attention was paid to other constituents,
therefore. FEnough were run for both manganese and
iron, however, to determine the relation between the
two. These figures represent the percentage of
material in individual layers in some cases and in
others the results of analyses on composite samples
taken vertically across the manganese bezring zone.
Sampling was done by trenching, as has been explained,
a representative sample being teken of each layer in
the zone. Where composite analyses were made the
samples from the individual layers were crushed and
quartered, to ths size needed for anelysis. No
samples were collected at random from surface pieces
and in all pieces the weathered outside of the con-

:rded as far as possible. These

cretions was di:
samples, thereflore, represent the menganese and iron
percentages in fresh concretions.
TABLE XVIT
MANGANESE AND IRON CONTENT OF SAMPLE SECTION&l

Section No. 1

Near Oacoma, Sec. 22, T. 104 N., R. 72 W.

Layer % Mn % Fe Layer % MN . % Fe
A 19.61  11.02 X 24,.18  5.27
B 18.41 12.39 L 22 .96 3,76
C 19.36 15.18 M 20.53 2.33
D 23.96 5.73 N 22 .12 4o R9
E 23.14  6.20 0 21.78  3.31
F 25.35 5.76 P 21.09 3.29
G 25.26 3.41 Q 21 .44 3.39
H 16 .92 17 A7 R 17.05 132.82
I 18.45 15.35 S 14,.99 15.84
J 21 .22 11.67

Average: 16.25 9.6

1. Analyses of samples T-X vwere made Dy
Dr. Ernest Griswold.
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Norti:i of Chamberizin
Sec. 2, T.104 N., R. 71 W.

section 1T

Laver % Mn % Fe Layer % Mn
A 25.31 4 .36 T 18.22
B 21.98 10.75 ) 21.55
C 18.90 13.563 K 22.16
D 12.92 20.22 L 17.62
) 18.69  14.98 M 21.60
I 20.75 3.07 N 21.59
G 20.18 9.2 0 20.61
H 15.63° 16.97 P 19.29

Q 20.25
Average: 16.98
Section ITT
On White River
Section 36, T. 164 N., R. 74 W.

Layer % Mn % Fe Laver % Mn
A 25.73 5.02 J 27 .52
B 15.83 17.83 K 22 .51
C 27 .99 4 .00 L 18.57
D 7 AT 5.56 M 21.40
E 26 .42 3.20 N 21.59
F 16 .09 18.76 0 25.02
G 24 .65 3.03 P 24,.20
H 27 .68 2.32 Q 1¢.01
I 21 .47 4 .96 Average: 21.30

Section IV
Peterson's Bottom
Sec. 31, T. 103 N., R. 71 W.

Layer % Mn % Fe Layer % Mn
A 15.73 19.06 0 23.15
B 23.21 2.09 P 12.09
C 19.39 12.45 q 12.64
D 17.93 13.99 R 20.40
E 12.50 21.68 5 16 .09
F 17.56 14.81 T 12.22
G 12.74 13.67 U 21.97
H 14.19 17.51 v 12.14
I 11.50 12.38 W 15.3
J 16.63 17.32 X 16.38
K 15.50 17 .46 Y 20.86
L 16 .87 16 .10 Z 22.46
M 12.38 19.00 ZA 16.22

ZB 11.89
Average: 16.00

~73-
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Section V

W. BE. of Qaconms
Sec. &, T.104 N., R. 71 W.

Layer % Mn % Fe Layer 9 Mn % Fe
A 20.58 6.69 T 20.27 4.78
B 18.44 13.50 J 18.69 12.88
C 13.22 19.28 K 21.05 7.30
D 19054 11.77 L 20.86 3.06
K 23.18  2.99 M 21.92 3.26
F 19.62 3.07 N 21.81 2.55
G 20.15 5.33 0 22.72 2.38
H 22.79 3.35 P 2243 4.72

Average 20.40 6.72
Section VI
Sec. 24, T.105 N., R. 71 W

Layer % Mn % Fe Layer % Mn , Fe
A 19.34 14.27 L 14.12 14.19
B 15.92 16.85 M 1/,.80 154,
C 17.13 15.14 N 14.70
D 15.79 17.37 0 21.31
E 20.00 12.64 P 20.74
P 17 .24 17.14 Q 21.35
G 19.36 13.77 R 20.77
o 21.84  2.34 S 18.75
I 19.91 L5 T 19.74
J 21.15 3.81 U 10.64
K 20.93 2.87 v 8.09

Average: 17.8
Section VII
North of Iona
Sec. 18, T.102 N., R. 71 W.

Layer % Mn Layer 4 Mn Layer % M
A 12.88 H Q.45 0 T.15
B 15.84 I 14.21 D 13.18
C 16.12 J 12 .44 Q 23.06
D 13.69 K 16 .61 R 24.05
B 10.92 L 17 .42 S 14,41
F 14.97 M 12.45 T . . 245.89
G 13.71 N 18.13 Averages La.75

T -



sample VITT

Section 11, T. 103 N., R.

Composite of samples
taken across the outcrop

Sample IX

Section 20, T. 103 N., R.

Composite of samples
taken across the outcrop

Sample X
Section 27, T. 107 N.,
Composite of samples
taken across outcrop

Section XITIT

R.

1

On Elm Creek

Section 3, T. 101 N., R. 71 W.

72 W.

72 W.

73 M.

Laver _ % Mn Layer % Mn
A 18.22 I 12.03
B 15.00 J 10.88
C 14.02 X 12.26
D 24 .37 L 15.88
B 17.20 M 18.90
F 13.81 N 14.11
G 14.39 0 9.70
H .9.39 P 19.00

Q 20.16
R 17.95

Sample XV

Near Crow Creek

Section 34, T. 106 N., R. 71 W.

Composite of samples
taken across the outcrop

% Mn
15.94
% Mn
14.77
% Mn
16.51
Layer % Mn
S 23.26
T 13.37
U 24 .80
v 14.60
W 18.96
X 24.17
Y 12.90
z 24.61
ZA 7.33
Average: 16.38

% Mn
18.00

1. Analyses of Samples XIII,XV, and XIX by South
Dakota State Chemical Labora

State Chemist.
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Section XIX

Lower Brule Indian Agency
Section 27, T.107 N., R.73 W.

Layer % Mn Layer % Mn Layer % Mn
A 22 .93 J 20.68 S 20.72
B 23.02 K 21.11 T 20.14
C 19.84 L 18.75 U 20.75
D 2J,.89 M 18,23 v 18.82
B 20.88 N 20.84 W 13.25
F 23.45 0 15.39 X 14.95
G 23.90 P 16 .58 Y 13.98
H 15.26 Q 21.96 Z 16.14
I 22 .09 R 21.87 ZA 14.61

Average: 19.4

A  study of the anealyses made during the course of
this survey indicates that the combined iron and
manganese in the nodules varied between 20 and 40 per
cent. By far the largest number of analyses showed
it lying between 25 and 35, the average being 30 rer
cent.

It is interesting to note that this percentage
remeins fairly constant in spite of the variations in
amount of either of these metals. In other words,
when the manganese contznt increases the iron
content decreases, and vice versa. This is well
illustrated in sample No. I, taken near Oaccma. In
layer H with the highest quantity of iron, the total iron was
17.7 per cent, while manganese was 15.71. In layer E
manganese had increased to 18.41, while iron decreased
to 11.2, and in layer G with 23.46 per cent manganese,
iron had been reduced to 3.41 per cent. It may be of
interest to note that in all analyses in which manganese
exceeded ftwenty per cent, the iron content was less than
six per cent. This may be significant since it suggests
a chemical relation between the two rather than a
mechanical mixfure of iron and manganese minerals.
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With the exception of the high manganese content
found up the White River, the highest percentages lie
north of Chamberlain and Oacoma where averages of 17%
18%, 19% and 20% prevail. In this region, however,
ome as low as 16% occur. 19% readings are found as
r north as the Lower Brule Agency and 17% readings

the soutternmost sample taken. The lowest reading
cturred at Test pit No. 10, and the average manganese
ontent for the section was 14.01 per cent.

Q O by B
S5 o0

There has been a general impression that the
manganese content diminished up and down river from
Chamberlain. In the zrea covered by this report
there is no indication of any significant dwindling
in the percentage. It would appear, therefore, before
any statement is made about manganese content of any
particular locelity, a careful sampling and analysis
of the nodules should be made on that property. :

Since the analyses presented here are fairly
evenly distributed over the territory, it is very
unlikely that high grade manganese ore can be enccuntered
in this deposit and prospectors will have to expect to
deal with ores of less than twenty-five per cent
manganese, averaging somewhere near seventeen per cent.
The only guide to the higher grade ores is careful
sampling znd analyses.

-9



AND MANGANESE CONT ol

VOL Ui

Any attempt to determine the available amounts
o1 either the nodules or their manganese content can
ve only an approximation, since the area involved is
so large and thwe sections and analyses vary ccnsider-
ably. By resorting to averages, however, a figure
can be arrived at which can be used as a guide in
the development of these deposits.

Two methods of arriving at some usable figure
for the volume of metal available have been employed.
The first was used by Dr. Hewittl and is the most
satisfactory, if sufficient locations can be sampled.
Hewitt's figures were based on the testing done by
the John A. Savage Company of Duluth, Minnesota, for
the General Manganese Corporation. Shafts, 4 x 4 feet,
were sunk througa the manganese bearing zoune and the
nodules from the excavated shale collected and weighed.
A depth of 5 feet was used as a unit, the weights of
nodules from each five foot section being recorded
separately. From these figures the amounts of nodules
per cubic yard of shale were computec.

This method gave figures ranging between 157%
and 4770 pounds of concretion from a single shaft.
Reduced to terms of nodular content per cubic yard,
these become 82 and 246 pounds. The average of the
12 shafts sunk in nine townships was computed to be
164 pounds per cubic yard, which would be equivalent
to about 5,556 short tons per acre. In the latter
terms the country near the leanest shaft, yielding
82 pounds per cubic yard, could produce 2779 tons of
nodules per acre and that near the richest, which
vielded 246 pounds per cubic yard, 8,334 tons per acre.

Another set of figures was obtained from the
sections measured on this survey by using the thick-
nesses of the individual layers and taking into
account the distribution of the nodules in each
layer. The average thickness of nodular material
in the zone is 46.8 inches. The average specific
gravity of tfresh material is 3.1. The average welght
of a solid cubic foot of nodules, therefore, would
be 193.7 pounds. With these figures an average acre
of the deposit should produce 16,422 tons of nodules,

1. D.F. Hewitt, op. cit.
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TABLE XIY

Estimates of Volume of Nedules and
Metallic Manganese Per Acre

I. Computed from Sample Sections
, . Total Content of Manganese
- Sample No. of {Thickness Nodules Content
- Section Name Layers }of Nodules per acre
No. Short| Short Tons
Inches cu. yds. Tons| per acre
XVIIL Short Creek 37 58.5 7,740 (20,134 3,715
IV Peterson 28 55.5 7,260 118,876 3,020
Bottom
IT | Chamberlain 17 32.5 4,356 h1,325| 2,106
XI Swanson’s 25 50 6,969 {18,119 2,971
Ranch
XI1I Elm Creek 27 52 7,260 18,876 3,092
Average of
5 sections 26.8 49.7 6,717 13,466 2,289
) 1
II. Computed from Test Pit Data
Weight of Nodules Thickness | Weight of Nodules
per cu, yd. of shale | Av.Height Short Tons
Shaft of Zone per acre
pounds yards
1 218 14 7,385
2 246 i4 8,534
(highest nodular
content)
12 8% 14 2,778
(lowest nodular
content)
Average of 12 164 14 5,556
shafts
1. D. F. Hewitt, op. cit.




It will be noted that the computations from the
sample sections give greater tonnages than those from
the test pit figures. This may be due to the fact that
the sample sections included the upper layers which were
missing in the test shafts. This would hardly account
for the total difference, however, and it is possible
that the small concretions and small pieces caused by
the breaking up of the large concretions were overlooked
in the sampling. The material in the sample piles which
are still visible at these pits are broken pieces of
large concretions.

The smaller figures will doubtless be nearer the
amount that will be recovered in commercial extraction
unless care is taken to recover the small nodules and
broken pieces and to mine the entire zone. The larger
figures may be useful, however, in indicating the upper
limit of possible production.

It is impossible to make an accurate computation
of the total amount of either the nodules or the metallic
manganese which the deposit contains without much more
detailed work than has yet been possible. Since the most
accessible part of it lies on shoulders projecting 500
feet to a mile into the brakes of the Missouri valley, it
would be necessary to measure each portion of the outcrop
for area and determine how much of the manganese zone had
been eroded. Before mining is done in any part of the
outcrop such surveys should be carried out.

In this survey the location of the top and bottom
of the Oacoma zone was mapped so that it was possible
to obtain the area covered by the outcrops with a con-
siderable degree of accuracy. These areas are indicated
on the map accompanying this report. In general where
the outcrop follows the steep bluffs of the valley it is
narrow, but where tributaries cut the uplands and certain
freaks of erosion have stripped the cover or gentled the
slope of the bluffs, wide outcrops are available.
Planimeter measurements show that there is an area of
22,348.8 acres (34.92 square miles) of outcrop of the
OQacoma zone between the Big Bend and Bijou-Iona Hills.
Since, as will be shown later, the outcrops offer the
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only feasible mining areas under present conditions,
only the volume of manganese they contain will be of
immediate importance.

Using the average of 5556 tons per acre disclosed
by the figures from the test pits and assuming that
half the volume indicated by multiplying the area by
the thickness of the zone (14 yards) had been removed
by erosion, it is possible to arrive at a total of
31,042,483 short tons of nodules.

Using the average manganese content of 15.70
given by the test pit analyses, this volume of nodules
should yield 4,875,670 short tons of metallic manganese.
This is probably a minimum figure as it represents
about the lowest figures obtained for volume, nodule
content and manganese percentage.

In computing the total manganese content of
nine townships around Chamberlain, Hewitt arrived at
the figure 102,177,476 long tons. This figure
evidently included the portion of the deposit which
underlies the upland as well as that which outcrops.
Agzin using the averages from test pit figures there
should be 3,555,740 short tons of nodules and 558,266
short tcns of metallic manganese under each section
of the upland. In terms of townships this reaches a
figure of 127,920,240 short tons of nodules and
18,080,907 short tons of manganese.

By using higher averages, larger volumes can be
obtained. The average of the sample trench data,
giving 13,466 short tons of nodules per acre, allowed
a total of 300,998,611 short tons of nodules, which at
17% gives 51,169,763 short tons of manganese. The
average of all data available showing 8,596 short tons
of nodules per acre would give 192,112,004 short tons
of nodules and 32,552,040 short tons of metallic
wanganese for the entire outcrop.

The spread between the estimates 1s too great to
allow any of them to be used for more than an approxima-
tion, but the truth probably lies somewhere between the
low average of 5556 tons per acre and the high average
of 13,466 tons per acre. Thus there is somewhere
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between 124,171,044 and 300,948,611 short tons of
manganese nodules in the entire outcrop of the Oacoma
zone in the area surveyed. If these averages are
applied to the portion of the zone underground, the
thirty-two townships included in this survey could
supply something like five billion short tons of
nodules or 850,000,000 short tons of metallic manganese,

Rough and inaccurate as the foregoing estimates
may be, they all point to one fact; namely, that there
is a very large deposit of material which can furnish
manganese in commercial quantities. The problems
connected with its exploitation are those of mining
and metallurgy rather than of amount of available ore.
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GEOLOGIC FACTORS WHICH MAY
INFLUENCE MINNING

Topographic and geologic features which may have
considerable bezring on the feasibility of mining these
deposits deserve mention. Costs of extraction and
transportaticn must be reduced to a minimum if ores
of this low grade are to be successfully developed. In
the following paragraphs, therefore, the geologic
features which may be of advantage or disadvantage in
working these deposits are pointed out for such use as
may be made of them. E

Chasracter of the Shale

Of first importance will probably be the character
of the shale witich encloses the nodules since the first
step in any concentration will have fo be remcval of
nodules from thisz matrix. It has been pointed out
under the section on stratigraphy that the shale of the
manganese zone i~ Tlaky and gray. It is extremely easy
to remove the shale, so easy in fact that a great deal
of it was dug witi on ordinary hand shovel during the
process of sampling.

The surface of most outcrops is bare of vegetation
and contains a cover of dried gumbo rubble. During the
hot weather tnic conetimes gets as deep as a foot. The
loose lumps, an inch or less across, form a mulch
covering the entire outcrop. Beneath this mulch lies
a very wet, slippery clay which may be several inches
thick. At no time during the hottest part of the
summer was this clay dried. This gumbo cover is so
tough that frequently it is difficult to break through
it with a mattock and it has given an erroneous
impression of thes material that has to be moved.

Beneath this cover, the shales are rather fissile
and fall away from the nodules very readily. The
suggestion is made, therefore, that the simplest wa
of separating nodules from shale is to do it while ©
shales are fresh. In this condition the shale falls
from the nodules much as garden soil falls from votatoes
which are being dug. The suggestion that the material
be spread out to dry first, is hardly necessary except

Y
ne

-86 -



for nodules which a

have become wet. T

allowed to become wet through rain, snow, or other
causes, the bentonitic material they contain causes
them to break down to a gumbo which sticks to the
nodules and forms a mass much harder to separate
then the fresh material.

¢ found in the gumbo cover or
these shales, however, are

i o} (D Hy B

The bentonitic layers in the shale will form

.a considerable obstacle when wet. When fresh, how-
ever, though they are damp, they do not break down
to an objectionable clay. It is the weathering of
bentonite and bentonitic material scattered through
the shale which makes the gumbo cover of the outcrop.
Bentonite breaks down into a colloidal mud or clay
which is extremely sticky. For that reason all
mining operations should be carried on so as to work
in fresh shale as much as-possible.

The Topography

The topographic position of the outcrops should
be of considerable help in mining. The manganese
zone lies on long shoulders projecting from the bluffs
of the Missouri toward the river and forming divides
between steep gullies. These gullies offer excellent
dumping grounds for mine westes as there 1is plenty of
room in the valleys for all material that would have
to be removed. Moreover most of these operations
could be carried on by gravity, thus reducing handling
and transportation costs to a minimum.

Surface Concentration

The fourth feature to which attention should be
called is the surface concentration of nodules. There
has been considerable over-estimation of the amount
of "ore" present, due to the fact that the outcrop
makes a very noticeable black belt on the hillsides.
The nodules lie strewm over the surface of the outcrop,
in some places in great quantities. The amount of this
material on top, however, i1s no critericn of the amount
that may occur in pnlace in the shale. Tt must be
remembered that this surface material is & residuum,
left behind as the elements of erosion have taken the
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shales from around it. 1In nearly all cases it
represents the erosion of more than ten or fifteen
feet of shale.

Tnese concentrations are more noticeable on the
rounded tops of the outcrop than on steep faces. Many
of these latter which appear to be barren, actually
contain as many or more manganese layers than occur in
the higher, flatter parts of the outcrop where the
heavy concretions have not had a chance to roll down
into the intervening valleys.

The only safe method of prospecting or sampling,
therefore, is to use trenches or test shafts. The
presence of manganese on the surface is not always a
sign of manganese underground since there are locations
in which the surface concentrations occur on slopes
below the level of the Qacoma zone from which it has
been washed.

Slumping

One of the geologic features most confusing to
the professional geologist and engineer, as well as to
the layman, is the slumping which takes place in these
shales all along the Missouri valley. In some cases
the ends of the shoulders slide thirty or forty feet
below their original position, as the river 'mdercuts
the bluff. More frequently a block from a yard to a
score of feet thick will slide off the side of a
shoulder into the gulch below. The slides do not go
to the bottom in most cases but hang on the side of
the bluff giving the appearance of a second zone
identical with the true manganese horizon. Mining on
such slumps is sure to lead to disappointment since
they do not extend under the hills. Slump blocks
otften contain a large volume of nodules which can be
nined to advantage, however, and should not be ignored
in working individual properties. Such blocks,
however, should not be considered as extensive ore
bodinrn.
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Undarground Mining

n pointed out, the manganese bearing
ends an undetermined distance

2s bordering the Missouri river,

and there is no reason to believe that concentrations of
nenganese in this covered area are not approximately

the same in character as those exposed in the outcrop.
It should, therefore, be possible to mine in a large
area for from the outcrops if markets and mining
conditions warrant it. This type of mining, however,
will involve considerably greazter expense than

mining on the outcropr since it 13 a matter of sinking
shafts, driving drifvs and carrying on other ordinary
methods of underground operation.

As has bee
Jacoma zone XU

In this instance, however, the character of the
overlying rocks is not conducive to cheap mining.
The beds immediately overlying the Oacoma zone are
soft shales which will not support a rcof and for
the entire two hundred feet from the top of the
outcrop to the surface there are nc competent lavers
wnich could act as supports. All underground mining.
therefore, will involve expensive timbering or its
equivalent in other forms of protection.

The problem of mining forty or fifty feet of
shale under these conditions is no small engineering
project and under present conditions it is doubtful
whether the cost involved could be met by the price
which the metal would bring.
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METATLURGY

-~ L

Tt is evident that under conditions now existing
these nodules cannot be placed on the market without
concentration cf their manganese content. Most
specifications call for manganese ores containing 30
to 35 per cent manganese as a minimum, and foreign
competitors are able to furnish ore running as high

as 50 per cent manganese. The problem, therefore,

is to find a process of stepping up the 16-20 per cent
manganese ratio of the Chamberlain ores to a figure
which will compete with the sources mentioned above.
This reduces itself to a problem of cheaply concen-
trating carbonate ores so as to remove iron and other
impurities sufficiently to leave a combination of iron
and manganese with the required percentage of the
latter metal.

Several methods of doing this have been proposed
and tried out in the laboratory. None of themn,
however, have yet been put to the test of commercial
production. These methods depend primarily on ,
leaching the manganese from the ores and re-precipitat-
ing it as metallic manganese. Some precede the leach-
ing by roasting, producing an oxide and one employs
electrolitic refining. This last process produces a
product of nearly chemically pure manganese while the
others produce an alloy of manganese and iron.

The following descriptions of these processes
will serve as a guide to the type of beneficiation
to which these ores are amenable.

Sweet - McCarthy Processes

Two processes were patented by the General
Manganese Corporation known as Sweet and McCarthy
Process. These were designed specifically for treat-
ment of the Chamberlain ores. One, U. S. Patent
No. 2,070,496, depends on leaching the ore with
boiling ammonium chloride solution. Manganese is
then precipitated by treating with ammonia. The
precipitate is then sintered giving an oxide
compound containing about 70% manganese. The second,
U. S. Patent No. 2,070,497 is similar to the first
except that a solution of ammonium sulfate instead of
ammonium chloride is used for leaching.
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Fradley Process

A second wrocess is known as the Bradley process
(U.S. Patents No. 1,937,508 and 2,074,013). This

process oxidizes the ore by roasting it to MnO, which
is then extracted by treatment with an ammonium salt
gsolution. The advantage of this process is that it
is possible to digsoive the manganese oxide and leave
soluble iron oxides undissolved. The solution is

1))

D

5

taen treated with ammonia which precinitates relatively
nure manganese oxice.

Crystallization Process

The Tennessee Valley Authority developed a
crystallization process for low grade carbonate ores
in which "the ore is leached with sulfurous acid to
form a solution of manganese sulfate. The slurry of
ore residue and manganese sulfate solution is treated
with ground limestone to precipitate iron. The
manganese sulfate is recovered from the purified solution
by crystallization at an elevated tempersture. The
crystals are sintered to give a product containing
about sixty-five per cent manganese. e sulfur
dioxide from the sintering step is re-cycled. It has
been estimeted that on.the basis of certain assumptions,
a plant using this process should produce manganese in
the form of high grade_sinter at a cost of about $46
per ton of manganese.!

FElectrolitic Process

Thne U. S. Bureau of Mines has develcped an
electrolytic process by which nearly chemically pure
manganese metal can be produced. Analyses of the
finished DJOduCt showed 99.47 to 99.83 per cent
manganese.”

This process starts by roasting the ore in a
reducing atmosphere which delivers manganese in the
form of manganous oxide. The sinter thus formed is
then leached with 2 solution of ammonium sulfate and
sulfuric acid in the proportion of 200 to 44. After
filtering, the precipitate 1s used as an electrolite
from which manganese 'is plated onto sheet steel
cathodes. The proceszss as outlined by the Bureau of
Mines is reproduced in the accompanying flow sheet,
Plate IX. It is probabla that all stens on the
flow sheet would not be necessary in the case of the
Chamberlain ores since cobalt and nickel do not exist
as impurities.

1. Tennessee Valley Authority, op. cit., p. €.
2. S.M.Shelton, M.B.Royer, and A.P.Towme,
"Electrolitic Manganes e", R.I. 2406, U. S.
Bureau of Mines, July, 1928.
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CONCLUSIONS

The purnose o
survey wnich preceded it was to attempt to furnish
answers Lo =some 0i the problems about which there
has been consideravple discussion and which seem to
be holding up the development 0f the manganese :
deposits. While there is still much to be determined,
the following facts abott the deposits have been
established with considerable certainty.

f Tthe foregoing report and the
d

1. The mangarese originated zs a constituent of
concretions wnich were formed on the floor of the
Cretaceous Sea during one steg:» (the Oacoma) of the
devosition of the muds of the Pierre formaticn. The
number of concretionary layers varies considerably

shale. They constitute
cent of the volume of the shsle.

"ages about Twenty three, in an averarge thick-
fort ‘

2. The manganece content of the nodules is
not evenly distributed either vertically or horizon-
tally, but it averasges about 17% and runs as high as
27% in some analyses and as 1ow as 8% or 10% in
others. A4 satisfactory answver to the way it cccurs
has nol been given Some of 1t is known to occur

e T

as pyrolusite grzaing discseminated through the concre-
tion. In other caszes it seems toc be combined with

@ iron znd calcium carbonates. In all caseg 1t is
too finely divided or too intimately mixed to be
separated by the ordinary mechanical means.

3. Figures on the vclume of material in the
deposit reach huge proportions. The best estimates
indi;cto that more than fifty million tons of nodules
are casily svailable in the outcropns while the under-
groun” portions of the deposits could furnish something
like five Dbilliion tong. This would total some
850,000,000 tons of metallic manganese. Since this 1is
computed for only abcut half the area in which the
metal is ¥nown to ocecur the tetal for the deposit
would be 2T least double the amount.

4a Mining these deposits oifers very little
difficulty since the materials are soft end easily
excavatvd, and there 1s a great difference in gravity
between ihe shale and the nodules. Bither s dry



separation or some amethod of slucing is recommended
since the shale fzlls away readily before it is wet,
but once wet, it forms a sticky mud which is not
¢asy to clean from the nodules. Slucing, therefore,
#3111 entail the use of large volumes of water.

No metallurgical processes have been actually
put to the commercial test, but several possible
processes have been worked out which offer a solution
to the difficulty. These processes include roasting,
leaching, and electrolytic refining. Some of then
are very effective, and on paper, at least, offer
- commercial possibilities. The best means of export
at present is the Chicago, Milwaukee, St. Paul and
Pacific Reilroad which crosses the river at
Chamberlain. This road is within easy reach of all
parts of the deposit which were mapped during this
survey. These deposits can be reached by good roads
over the uplands and many parts of it by roads along
the Missouri bottoms. It is also possible to run
railroad spurs to reach many parts of the area.

River navigation has been suggested but its use and
possibilities at present are limited.

In conclusion, this survey has shown that there
is a huge deposit of low-grade manganese spread over
a very large area in the lower part of the Missouri
valley in South Dakota. It is not a bonanza, but
with expert mining and beneficiation, and good
business management, it could be made to produce
enough manganese to supply this country's need for
this metal for many generations.
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