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STRATIGRAPHY AND STRUCTURE OF THE CHAMBERLAIN SECTION

OF THE MISSOURI RIVER VALLEY

INDEX MAP

Area covered by this survey.

INTRODUCTION

The fcllowing report is concerned with the strati-
graphic and structural conditions existing in the
‘Chamberlain section of the Missouri River valley. The
area lies in the three counties of Buffalo, Lyman, and
Brule. (Figure 1)



It extends from the Big Bend of the Missouri in
northeastern Lyman County to the Iona-Bijou Hills
near the socuthern edge of Brule County. The survey
was limited principally to the bluffs along the
Missouri and to the short tributaries leading into
this stream. However, due to favorable conditions,
the survey was extended many miles up the White
River from the point where it enters the Missouri.

This report is concerned primarily with
structures and the possibility that these may have
been favorable for the accumulation of oil. It is
an outgrowth, however, of a survey which was under-
taken in this region primarily to map and sample
manganese deposits occurring in the Pierre shale.
These had long attracted attention but had been
considered too low-grade to be worked economically.
Because of conditions which have developed in tThe
world during the last few years--conditions which
have made it necessary for this country to produce
its manganese within this country--attention was again
focussed on the extensive deposits of the Chamberlain
area. The South Dakota State Geological Survey, in
keeping with its policy of furthering the development
of the statels resources, decided to conduct an
appraisal of these deposits. The results of this
survey are inc}uded in a separate report published
by the survey.

Soon after the manganese survey was undertaken,
it was discovered that conditions would justify a
separate report on the stratigraphy, structure, and
0il possibilities of the area. This was besed on a
numoer of considerations. Preliminary investigation
showed that there was a prominent anticline in the
area~-the type of structure that has yielded
petroleum and gas elsewhere, Secondly, it was
discovered that conditions were very favorable for
conducting a survey. There was a key bed on which
elevations could be based in determining the structure,
and there was only a slight amount of slumping, a
condition which makes it difficult to determine the
exact structure elsewhere along the Missouri River.

1. Gries, J. P. and Rothrock, E. P., Manganese
Deposits in the T.ower Missouri Valley in
South Dakota, S. Dak. State Geological
Survey Report of Investigations # 38,
January, 1941.
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Third, it was discovered that .a number of artesian
weils southwest of Chamberlain had .and were still
vielding small quantities of natural gas. Gas and
~0il occur under the same geologic conditions and the
presence of gas in even small quantities is always
of interest to those lntereSued in prospecting for
oil.

This decision was influenced, also, by the
general policy of the State Geological Survey to do
everything possible to encourage prospecting for oil
and gas within the state--a policy that seems
justified from the generally favorable geological
conditions existing in the state.

Nature of the Survey

The survey was the same type as that made in the
0il fields, where an indication of the structure of
01l producing beds some distance beneath the surface
is obtained from a determination of the structure of
beds at the surface. Briefly, numerous elevations
were obtained on a key bed by means of the plane-table
and telescopic alidade. These were plotted on a base
map and structural contours drawn. The key bed was
the thin but persistent brown sandstone at the base of
the Crow Creek zone of the Sully member of the Pierre -
shale. Elevations obtained and used on the accompany-
ing map were sea-level elevations. All traverses were
run from and checked into control points consisting of
bench marks established by the Missouri River
Commission, the Coast and Geodetic Survey, and the
United States Geclogical Survey.

The survey was conducted by the same parties
concerned with the manganese survey. There were three
units in all, each consisting of a geologist and an
engineer. Dro E. P. Rothrock headed the survey and
with Mr. D. P. Rothrock as engineer, did all of the
mapping east of the Missouri River with the exception
of an area in Crow Creek Valley approximately ten
miles north of Chamberlain. Dr. J. P. Gries, with
Mr. Harold Brookman as engineer, mapped the White
River valley, a relatively small area on the west side
of the Missouri near the southern edge of the area,
and an area previously mentioned in Crow Creek east
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of the River. Dr. M. E. Wing with Mr. Ray Maloney

as engineer, mapped all of the area west of the Missouri
River with the exception of the White River valley and
the area near the southern edge of the White River
valley and the area near the southern edge of the

survey already credited to the party headed by Dr. Gries.

The work was done from a central camp set up on
American Island located just west of the River at
Chamberlain., While the survey provided its own
sleeping and eating dquarters and food, the survey
members were given free use of the very excellent
facilities of the Chamberlain municipal tourist camp
at the west end of the bridge on American Island by
the Chamberlain Chamber of Commerce. This courtesy
is hereby gratefully acknowledged.

The writers wish to acknowledge their indebtedness
to the other members of the party for their part in
the survey, and to Dr. Rothrock and his staff at
Vermillion, who have given muech aid to date and who
will see this report to its final conclusion.
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STRATIGRAPHY-FORMATIONS EXPOSED AT THE SURFACE

INTRODUCTION

General-Desgrdiption of the Area

The formatlons 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 hiils 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,
depositied by the glaciers during the Pleistocene or Ice
Age. 1In 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 detailed
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, Gregory County, and north
to the vicinity of DeGrey, Hughes County. ©Similarity
of the DeGrey and Ft. Pierre sections makes it possible
to connec+ the stratlgraphy of this area with thaf

Previons 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 publlcatlon,2 and will not be repeated
hereg

. See Reports of Tnvestlgatlon Nos. 27, 31, and
345 South Dakota State Geological Survey

2. Searight, W. V., "Lithologic Stratigraphy of the
Pierre Formation of the Missouri Valley in
South Dakcta," Report of Investigations No. 27,
S. Dak Staue Geol Survey, 19370
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The first detailed study of the stratigraphy in
this particular area was made in 1929 by D. F. Hewittd
of the United -States Geological Survey, during the
course of an investigation of the iron-manganese con-
cretion beds in the vicinty of Chamberlain. A
comprehensive study and subdivision of the Pierre
formation in the Missouri Valley of South Dakota was
made by Searight? in 1937. This classification opened
the way for further detailed studies within the state.
The present report summarizes the results of the fourth
of a series of stratigraphic and structural surveys
undertaken by the State Geological Survey since that
time. Fach covers the stratigraphy and economic
possibilities of a limited area along the Missouri
va]leya

DETATILED DESCRIPTIONS

Niobrapa Formation

The impure chalk which comprises the Niobrara
formation is typically gray on fresh exposures.
After long weathering, the formation usually 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 conspicuous 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 Thompson, Buffalo County, where it
dips beneath the river level. Approximately 100 feet
of the nidbrara is exposed in the vicinity of Chamberlain,
and this decreases gradually to about 20 feet at the
Rosebud bridge. '

-Fossils are not conspicuous in the Niobrara in this
area, although careful search will usuallg reveal masses
of the typical Ostrea congesta. Searight< has correlated
the exposures in this area with the Smoky Hill member of
the Niobrara in Kansas.

Pierre.Formation

.The Pierre formation consists of a thick series

1. D. F. Hewitt, Memo- for the Press, February, 1930.
2. Moxon, A.L. Olson, 0.E., Searight, W.V.
Selenium in- Rocks, Soils, and Plants, Technlcal
Bull. No. 2, Agr. Exp. Sta., S. Dak. State
College Agre and Mech. Arts, May, 1939.
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of gray “hPJesj some zomnes of which are suffic ently
calcareous to e termed marl or even chalk. T.ese
shales overliie <he Niobirara with apparent conf.rmity,
and form the bedrock over most of the area undsar
consideration. Because of the abrupt nature oi the
river valiey, and the scarcity of vegetation on the
gteeper slopes, gcod outcerops of the various members
are found throughout the Missouri wvalley 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 basis 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-
ticn, together with all subsequent changes, is shown

_1n Taole I r__ TABLE 1

ClASSlFILAIIOW AND NOMENC LATURE O TI PIERRE FORMATION

lover ; marl
; qnaron Sprlngs

Sear gh+ g Searight i rlght ? This Report‘
(1937) (1938) %'1 19'*'9) © 0 (1940)
Elk Butte  FBlk Butte . Elk Butte ! Elk Butte
Mobridge . Mobridge g Tuterior . Mobridge
] i
Virgin Creek Virgin Creek = Virgin Creek : Virgin Creek
upper .} upper : upper : upper
lower : Lower ; lower : lower
Sully © Sully ' Bully ~ Sully |
Verendrye : Verendrye ; Verendrye Verendrye
Qacoma ; Oacoma : Qacoma ! Oacoma
Agency ‘ Agency ; Agency : Agency
¢ Gregory marl! Gregory f Crow Creek
; 3 ’ :
Gregory , Sharon Springs: Sharon Spr 1gs Gregory :
upper 1 : upper shale i
lower .§ :

2. Searight, W.V., Lithologic Stratigraphy of the
Pierre Formation of the Missouri Valley in S. Dak.,op cit.
2. Moxon, A.L.; Olson, O.E.; Searight,W.V.; and Sandals,
K.M., The Stratigraphic Dlatrlburlon of Selenium in
_uue Creuaceoab_wormacwow of South Dakota and the
elenuim Content of Some Ao5001ated Vegetation,
Ameru Jdu_ Botany, Vol. 25, No. 10, pp.794-809,
December, 1938‘

%3, Méxon, A.L.; Olson, E.O.; and Searight, W.V.; Selenium
in Rocks, Soils, and Plants, ov. glt
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Sharon Surings Member

Name and .Description: . The Sharon Springo, as:
described in 1931 from the type locality in Kansas,
consists of dark gray to black, 11ghtly bituminous
shale with abundant fish remalnsa Similarity of the
basal Pierre in Kansas and South Dakota was noted at
that time, and Searight (1938) abandoned his term
"lower Grngory“ in favor of Sharon Sprlﬁgs, (See
Table I) The same writer (1939, p. 20) subdivided
the Sharon prLngb of South Dakata into a lower and
an’ wpper mémber 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 tyre for the original Gregory member of
Searight . é¢937g the restricted Gregory zone of
Searight {1938), and the redefined Gregory member of
the present report.

Subdivision: As may be noted .in Table II, 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.

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

1. Ellasy-MaX1m Ku The<Geologz of Wallace Countv,
Kansas, State Geologlca1 Survey of Kansas, Bull.
18, page 58, 1931.
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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 unusudl, 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. In outcrops where  the basal
beritonites™are particularly well develodped, it was noted
that the ‘associated:rshale was earthy in texture, quite
unlike the overlying fissile beds, Details of the zone
nay be noted in Tables II III 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. 72W;

. Thickhesg: 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 feet 5 miles north of Chamberlain, and 14 feet at
the mouth of Crow Creek in Buffalo County. - This rather
uniform, thinnlng toward the'north is believed due
entirely to variation in original deposition, and not
to. removal after being laid down. Comparison with the
Black Hills section suggests a thickening of the zone
in that dlrection, though there 1s no evidence in this
area to bear this out. :

Paleontologys. . Aside from fish. remains, the only
fossils observed in this zZone were the bones of a large
reptile lying about gix feet- below the top of the beds,
in section 11, T. lQB N., R. 72 V.

-10-



Upper Shale Zone

Description: Above the fish scale zone lies a
thin bed of soft, bluish-gray shale devoid of fish
remains. It is-characterized by occasional specks
of red hematite, the presence of numerous, very fine,
tubelike 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 1s bounded at the top by the concretionary or
calcareous beds of the lower Gregory member. The
zone is less resistant to weathering than the under-
lying fissile shale, and usually presents a gentle
flaky slope marked by selenite and yellow ochre bloom.
(For details of this zone, .see particularly Table V).

Thickness: Only one foot of this shale was
observed by 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.
Nine feet were noted near Iona, and 14 feet near the
mouth of White River. Farther north the upper contact
is not conspicuous, and the zone was not measured.

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

Gregory Member

Discrepancies in the classification and correlation

of this part of the Pierre have arisen because the thin

sand and marl zone lying at the base of the Oacoma shale

was over%ooked when the Rosebud bridge section was first
studied.

Investigation this past summer shows that the

chalk or marl zone conspicuous at the base of the Oacoma

beds in the Chamberlain area should be correlated with
this overlooked upper calcareous zone of the Gregory
County area, rather than with the lower, Gregory marl.

1. Compare Table II, this report, with Table I,
page 14, Searight (1937) .
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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 distinect 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. In the vicinity of Tona, 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 just 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 to
buff calcareous layers.

~12-



These calcareous layers range from slightly calcareous
shale to impure chalk and limestone in composition,
and from a few inches to several feet in thickmess.
Of particular interest is an intermittent chalky bed
which occurs a few feel below the top of the member
near and opposite the mouth of Crow Creek, in Buffalo
and 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 is 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 (195/, p. 12, and Table IV,
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 T 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, &6 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 not 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 under
consideration no evidence of a break has been seen.
Further study is needed south of this area, and especially
south of the type area before the extent and importance
of this suggested unconformity can be determined.

13-



Paleontology: .The shale zone is relatively
fossiliferous. The-flat brown concretions contain
numerous large specimens of Inggeramus and Baculites.
In one of the chalky layers of the detailed section
studied north of Chamberlain (Table VII) an extensive
fauna was observed. In addition to the numerous
Inoceramus and Baeculites, 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
already been noted.

Sully Member. . .

Name and Description:. The Sully member was
named by Searight (1937, p 21) from typical exposures
along the Missouri River in and opposite the western
part of-Sully County, South Dakota. As originally
defined, it included all beds lying above what will
here be 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.

Distribution: =~ 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 iIs 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 study of this area, a separate
discussion of each is given below. Special emphasis
is placed on the unique manganlferous’Oacoma beds.

Crow Creek Zone

Name and Description: The basal sand and associated
chalky beds of the Sully member have previously been

14—




correlated with the Gregory chalk of the Rosebud bridge
sectlonu As pointed out under the discussion of that
chalk, there are actually two calcareous zocnes in the
Gregory County section, and the Sully marl is to be
correlated with the upper one, rather than with the
lower or Gregory chalk., Since the name Gregory does
not apply, the sand and marl at the base of the Sully
member is here called the Crow Creek zone, from
characteristic exposures.at.and.south of the mouth of -
Crow Creek, southwestern Biyffale County. (Tables VIII,
VIII-A)

Basal Sandstone:.. This bed was first observed by
Searight (1937, p. 13), who noted its persistence
throughout the area of outcrop. In an unweathered
condition, the sandstonme is probably nearly" white, but:
it appears even in relatively fresh exposures as brown,
laminated blocks, and on further weathering these break
dewn into numerous gently curved pLates one-eighth inch
or more in thickness. :

The cementing material is calcium carbonate. In
parts of this area the cement is missing, so that the
unconsolidated sand does not stand out conspicuously
on the outecrop but is concealed by the overlying marl.
By dissolving two random samples in dilute hydrochloric
acid, it was determined that in each instance the
"sandstone" consisted of sand and silt, 37%; and
cementing material (Ca03), 63%. Partial sieve analyses
of the insoluble residue are as follows:

Sample I Sample II
Oacoma De Grey
Retained on 100 mesh (.147
mm.) sieve trace 1.7%
Passed 100, but retained on
150 mesh (. 104 mm.) sieve 3.5% 7.7%
Passed 150, but retained omn-
200 mesh (.074 mm.) sieve  41.7 37.6
Passed 200 mesh sieve 54,7 52.9

If the dividing line between sand and silt be taken
at 1/16 mm. (.0625), it is apparent that the residue
consists of almost equal amounts of very fine sand and
silt. Under the microscope, the sand and silt particles
are shown to be sub-angular quartz grains heavily
coated with iron oxide and clay. Considering the high
percentage of cementing material, this bed might more
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properly be called a sandy or silty limestone, but
because of its appearance and mode of weathering it
will be referred to in this report only as a sandstone.
Pebbles of the underlying shale were noted in this bed
by Searight (1937, p.13), but were rarely seen during
this study. The line of demarcation between the sand
and the overlying marl 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 feet were recorded. Because
of the persistence and uniform thickness of this bed,
it makes the best key horizon in the area for
structural mapping.

Mar]l Bed: The calcareous phase of the Crow Creek
zone may be described as a marl, although in many
places 1t appears more as an impure chalk. A random
sample of marl from west of Oacoma (Table V) proved to
be 5990%“Ca0033 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, it becomes more ragged because of
the tendency of the overlying gumbo to creep down over
the exposure. On very gentle, 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 present
at Rosebud bridge, the zpne is locally absent at the
mouth of Medicine Creek,.Lyman 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 dips
beneath the level of the stream. It finally passes
beneath the level 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
outside the area of outcrops.

~16-



FIGURE I

NW | 3 SE
PIERRE CHAMBERLAIN
AREA . ' AREA

VERENDRYE ZONE

qeTs - 3 oy A o " . o~ o eeadean

OACOMA ZONE L. M.B. OACOMA
ZONE

r-w-nv:—«» ‘ o o 8 famuTn APEDEINT SRR SWE e e o

AGENCY ZONE

- :;5;“"ﬁow CREEK L=
;::::

OEE-wwggy:p»ﬁzaif»uwQ

GREGORY MEMBER

T

o _.»J.,..-a-r-
A A e e

Figure 1. Ideal cross section showing the probable relation
between the Oacoma zone in the Chamberlain area,
and the Oacoma and Agency zones north and west of -
the Great Bend. The Lower Micaceous Bentonite,
which 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
south of there it may be only occasionally recog-
nized. _
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Stratigravhic relaticn: The uni Lformity of the
thin basal sandstone, and the evenness of the line
of outcrop both indicate that the Crow Creek beds
were laid down over a smooth or gently undulating
surface. At only one place, near lona, was a variation
noticeable over a short distance. There the maril
varied from four to nine feet in thickness within
about 100 feet. The Crow Creek was evidently laid
down over a gentle ridge, for the upper contact of the
zone forms a straight line. It was also noted that
the sandstone was much thinner over the crest of the
ridge than in the adjacent trougas

- There is no evidence of a break between the marl
and the overlying shale, although the line of contact
is quite sharp.

Agency Zone

. The Agency shale was named by Russelll for exX—~
posures of hard, light gray siliceous shale occurring
along the Missouri River in the viecinity of Cheyenne
Agency, Dewey County, South Dakcta. Searight subse-
gquently traced the zone as far north as the mouth of
the Moreau River, and south as far as Crow Creek,
Buffalo County, where he considered it to thin. out and
disappear. South of Crow Creek, it was presumed that
the overlylng Qacoma zone lay dlrectly upon the Crow
Creek marl

Subsequent fleld studies south of the type area-
(Gries, 1939, 1940) have shown that the Agency becomes
less 51llceous tc the south, and resembles the Oacoma
zone except for having relatively few black iron-
carbonate concretions and bentonite beds. The possibility
that previously unrecognized Agency beds may be present
in the area. under consideration will be discussed in
connection with the details of the Oacoma zone.

Qacoma Zone

Name and Description: The Oacoma zone was named
by Searight (1937, p. 23) for exposures along the

1. Russel, William L., The Possibilities of 0il
and Gas in Western Potter County, R. I. No. 7,
S. Dak. Geol. and Nat. Hist. Survey, Dec., 1930.
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Missouril River, particularly those in the vicinity

of Oacoma, Lyman County, Jjust west of Chamberlain.

The zone consists of gray shale, and is characterized
by the presence of abundant black iron-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 vegetation
than the adjacent beds. As the outcrops are eroded, '
the iron manganese concretions weather out into relief,
and accumulate on the surface so that exposures appear
nearly covered with the black fragments. As a result,
the outcrop appears as a bare black band running
parallel to the uplands. Farther north the
concretions become less abundant, and the shale becomes
lighter in color, so that the outcrop as a whole
appears less distinctive.

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

"The Oacoma zone consists of beds of gray shale
varying from a few inches to a few fegt in
thickness, alternating with very thin beds of
bentonite and bentonitic clay. Near Oacoma and
northward to the Great Bend and southward into
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 area weather down to bentonitic gumbo.
This gumbo is very sticky and plastic when wet
but dries to exceptionally hard clods of very
meven and irregular shape. North of the Great
Bend the Odcoma 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 1ifts apparently by the distance
into the outcrop to which the bentonitic clay
has been weathered."
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In the ccurse of the present study it was found
that the gradual change to a lighter, more flaky shale
appeared to start in the vicinity of Crow Creek,
rather than at the Great Bend. The bentonites are
all thin, usually less than two inches, although an.
occasional eight or ten inch bed was measured. Because
of the extreme thinness of many of these bentonites,
they were frequently disseminated into the adjacent
shale ‘at the time of deposition, so that the number
which now appear as distinct beds varies widely in
different sections. In carefully trenched outcrops,
the number counted varied between 15 and 36.

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

"The manganiferous iron nodules commonly :
range from 2 to 3 inches in thickness and 3 to 8
inches in diameter and form persistent layers in
the shale; where the quantity 1s low the nodules
are separated, but where the quantity is high

\ many nodules have coalesced to form continuous
layers 3,4, or even 5 feet long. The color of
the fresn nodules ranges from pale gray to
olive-green; under the influence of weathering
the carbonates change to oxides and become black.
Odeatlon 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 shale; with exposure
£o air the shale dries, cracks, and falls avay
from the nodules. Invertebrate marine fossils
are very common in the concretions, and the
arganic matter which these shells once contained

Has probably caused the development of concretions.

Fragments of bones, especially vertebrae, of both
terrestrial and marine vertebrate animals are
common: in the concretion bed.

"™any geologic 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 but without
doubt persist under the upland plains many miles
east and west beyond the outcrop along the
Missouri Valley."

T, D. F. Hewitt, Memo for Press, February 5, 1930.
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As noted by Hewitt, many of the nodules, par-
ticularly in the upper few feet of the zone, contain
abundant fossil fragments, particularly the shells
of the large, clam-like Inoceramus. These shells
are built up of minute prisms of calgite, arranged
at right angies to the surface of the shell; the
smallest fragments can bBe recognized by this prismatic
structure.

The mineralogy 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
consist essentially of the carbonates of iron,
manganese and calecium 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 Oacoma 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
is abundant in the higher members of the Pierre in
Haakon County, and has also been described in Elias
(p. 102 and P1. XVIII D) from the Pierre of Kansas.

Subdivision: . For. the purpose of the present
study, the Cacoma zone has been divided into an upper
and. a lower division. The lower beds have relatively
few concretions and rew bentonites, whereas both are
abundant in the upper division. The line between the
two is sharp in scme area, but indistinct in others.

Lower Cacoma beds: In most exposures of the
Oacima 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.



Further investigation reveals that the bentonites
are less numerous in this phase of the zone. In the
socuthern 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 Table VIII, XII, XIII) In 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. Thirty feet were measured on
Cedar and Medicine Crecks, and approximately 50 feet
was noted at Delrey. The latter section is of
particular note fcr the upper 12 feet of the 50-foot
lower phase contains no concretions whereas the lower
38 feet persistently carries =2 few nodules or thin
ledges.

Upper Oacoma beds: This phase includes the- beds
of the Oacoma- 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 readonable degree of
certainty. The lower of these is a one to six-inch
yellow bentonite carrying abundant flakes of biotite
mica. There 1s no question but that this is the bed
upon which the struecture 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
IMB 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 conecretions of this upper zone occur in closely
spaced layers. Individual layers may vary from nearly
continuous ledges two to six inches thick, to one inch
zones of scattered purplish nodules no larger than
marbles. ©Some of these layers seem to alternate with
bentonite beds. .This shale, bentonite, shale, concretion,
sequence .is particularly clearly shown in Table VIII-A.
Whether the bentopites, by their impervious nature,
have restricted circulation and thus influenced the
distribution of the nodules is not - 'known.

,possiblejsignifacance of the two phases: The
details of these subdivisions of the Oacoma zone were
worked out not only because of thejpossible use of
these beds as g source of manganese, but in the hope
that they might shed some light on'the manner in which
the siliceous Agency shale zone Wedges out as it
approaches this area. ' With the present data, two
p0b51b111t1es pveqent 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
Qacoma zone. .

The first hypothesis is suggested by the zone of
light gray shale containing noe concretions which lies
between the LMB and the lower concretion bearlng beds
in the DeGrey sec¢tion (Table XIII, Bed 10). This shale
appears 1dent1cal with the shile below the lower
micaceous bed infStanley County which is considered
to be Agency, although less siliceous than in the type
locality in Dewey County. The general absence of iron-
manganese concretions in the Agency zone lends further
support to thls contentlono

The secend hypothesis is based on two lines of
evidence., irst i¢ recognition of the fact that the
complete Stanley .County section of the Oacoma zone
represents only the upper phase of the Oacoma of the
type locallty.

. There i1s no evidence ®f an unconformity below the
ILMB, so if the shale below this horizon in and north of
Stanley County is definitely the Agency, it may be
assumed that the shale 1mmed1ately beneath the LMB
wherever found will be the equivalent of the Agency.
Secondly, it is helieved, though not yet proved by
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sufficient field work, that the pair of thick
bentonites in the lower part of the Oacoma zone of
this area is the same pair noted in the Agene

shale in Stanley County. (Gries, 1940, p. 15) 1In
that area, the pair consists of two 4 to 8 inch
bentonites separated by from 7 to 0 feet of shale,
but in this area the individual beds are from 4 to 6
inches thick, and less than one foot apart. This
spreading would be expected if the Agency shale
thickens as a unit from less than 20 feet in this
area to well over 100 feet in northeastern Stanley
County. This pair lies 8 feet below the LMB at

Crow Creek and at Lower Brule, 28 feet below at
Medicine Creek, and 34 feet below that horizon at
DeGrey. In Stanley County the conspicuous pair was
believed tec lie 50 to 70 feet below the same micaceous
bentonite.

it is the belief of fthe writer that this second
hypothesis will prove correct; that is, that the
lower part of the Oacoma zone in the Chamberlain area
is equivalent to part or all of the Agency shale to
the north. This follows Searight's concept of the
Agency as a great wedge of siliceous shale, thinning
to the south, 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 camnot be
dravn between the Agency and the Oacoma shales
emphasizes the close relationship between them. This
probable relationship is shown diagrammatically in
Figure 1.

Distribution: The QOacoma zone has been recognized
in the Missouri valley as far south as Gregory County,
and has been traced north tc the mouth of the Moreau
River where it disappears beneath the level of the
river.

<§Q;g§g655' In the type locality 47 feet of shale
are present between the Crow Creek marl and the top of
the iron-mangawese concretion zone. This same
stratigraphic interval measures 23 feet at Wheeler, 322
feet just morth of Bijou Hills, 42 feet on Crow Creek,
38 feet at Lower Brule, 60 feet on Medicine Creek, 63
feet on Cedar Creek, and 84 feet at DeGrey. This is a

persistent increase toward the north and west.
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If only the upper part of “the zone is ‘considered
(that above the horizon of the LMB), the thickness
varies as follows: Crow Creek 20 feet; Lower Brule
29 feet; Medicine Creek 30 feét; DeGrey 34 feet;
Ft. Plerre 36 feet; Cheyenne River 42 to 60 feet, and

Potter and Dewey countles, 5 to 14 feet.

Stratlgraghl relations: The Oacoma zone as.
described in the type area overlies the.Crow Creek
marl with conformity, though the contact is sharp.
Farther north, where the lower micaceous bentonite
(IMB) is considered to be the base of the zone, the
contact with the underlylng Agency is also one of
conformity.

The upper limit of the zone is more difficult to
define closely. Generally sveaking, the top of the"
Qacoma zone may be taken as the top of the concentra--
tion of iron-manganese concretions and bentonite beds,
for the overlying banded beds of the Verendrye zone
gontain few of either. At or near the base of the
‘banded beds in this area there is usually found one
or more thin streaks of rusty shale containing
Scattered white or rusty brown limestone concretions.
These may be the equivalent of the rusty concretions
found at the top of the Oacoma beds in the Stanley
County area. The actual change from the Oacoma to-
the Verendrye beds is apparently one of transition,
so that no hard and fast.contaet line ean be chosen.-

Verendrye.Zone

Name and description: . The uppermost subdivision
of .the.!/Sully member has. been called the Verendrye zone
by Searight (1937, p. 25) from exposures near the
Verendrye monument at Ft. Pierre, Stanley County. It
includes all beds between the top of the Oaeoma zone
and the base of - the bentonltic lower Vlrgln Creek
member.l:

The Verendrye-typically consists of light to -~
medium dark shale which contains large, flat, iron- "'
manganese carbonate concretionms in more or less well
defined layers. These may reach a diameter of several
feet, but are- generally six  inches or less in thickness.
-They are usually gray or greénish gray on the irterior,
but. weather to purplish black on the surface. . South of
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the type area,. the concretlons -are much lLess numerous
in the lewer third of the Verendrye.: In the area
under consideration, this bdsal phase consists of -
alternate beds of light gray, somewhat flaky shale,
and typical dark gray gummy:shale, thus givimg rise
to the term "banded beds,"  The only concretions
 therein are zones of large gray to rusty limestone
conceretions, and occasional scatt?red buff lime-
nodules in the lowest few fest. See Tables VI, VIII,
and XII B) Above the banded beds lies typlcal gray
gumbo-forming shale studded with 1arge black iron-
manganese Canretlon layers,

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

+hicknegs: .Searight..gives.the thickness of this
zore-a8.-88.feet.at. Wheeler;..130 .feet at Qacoma; 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 Bemnett,
S8tanley County, and 100-110 feet in Dewey and Potter
counties. The formation seens . 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 Oacoma; 47 feet at
Crow Creek; 21 feet at Medicine Creek; and 30 feet at
Cedar Greek, Lyman Oounty.-- -

‘ Stratigraphic relatjoms; There seems to be
complete gradation between the Oacoma and Verendrye
zones, s$0 that the.coniaet mis{ be mere or less
arbitrarily chosén 4t the top of the concentration ..
of manganese concretions and bentornites. The contact
between the Verendrye and the Virgin Oreek member is’
not usually well exposed. It lies somewhere in the
few feet between the highest ironstone coneretions .in
the Verendrye and. tbé»lewest bentonites in the Virgin
Creek. In a general way, it is marked by springs,
and the appéarance of selenite fragments on the
surface. The contact is probably one of gradation.
from the grayish—brown bentonitic shale of the lower
zone to the blue- gray, flaky shale.. of the. upper member.
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For field purposes, the contact is placed at the base
of the lewest visible bentonite in the lower Virgin
745 . oo . - g
Creek. .

Virgin Creek Menber

Name snd 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
nighly 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 Nebraska, 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
appéared to be similar to the development farther north.

Description: The Virgin Creek member is divisible
onn the basis of lithology into a lower and an upper
‘zoné. 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 uppér Virgin Creek is composed of gray shale
which wedthers 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 holes whﬁch give tiem a
"wormeaten" sppesrance. A SD”QEd Ttype includes small
cylindrical concretions, gray or buff in colior, with

a soft core which wecathers outlt, leaving hollow

cylinders often termed “lnd’“m Leeus Serpula?
wallacensis Elias). Somewhat higher, in some iocalities,
small, bluish-gray 1im‘ftgle rodule are found contain-

ing the I remains of a? Large septarian
limestene Wretlovs ore °na CuePlSElC of the zone.
Few Thicknesses for the upper Virgin Creek are available.
100-140 feet are present at the type area, 142 feet

Were measured in northeastern Stanley County, and 25-30
feet have been recorded in Gregoery County.

Mcbridege Me

er

This member of the Pierre shale wos named by
Searight (1937, v. 44) from beds exposed in Walworth
and Corson counties, near the town of Mobridge, South
Dakota. As 0“101ﬁa11y deifined, the member includes
beds of chalk, chalky shale, sandy shale, and perhaps
some sandstone beqs, lying between the Virgin Creek and
Elk Butte members. It is said to extend northward into
North Dakota, southward into Nebraska, and westward

nder the Great®t Plains.

In this area, it ocours only on the highest parts
of the upland, and appears only as a V‘77OW well
weathered belt of calcareous shale. 1% was noticed
by the writer around Medicine Butte in northeastern
Lyman County, aunud around the Iona-Bijou Hills in
southeastern Lywman, Brule, and Charles Mix counties.
The outcrop lies close to the Missouri River south of
the abovD hil] area, and is particularly well exposed
in the viecinity of Mulehead and the Recsebud Bridge.

The formation varies irom ab\ub 100 feet in
thickness in Gregory and Cnurlec Mix counties, to over
200 feet in Ziebach and Haakon counties (Se earight, 1937,

P 49).

The Flk Butte member was named (Searigh%t, 1937,
p. 50) from exposures at Elk Butte, Corson County.
South Dakota. It includes a thick series of dark gray
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STERATIGRAPHIC SECTIONS

In the pages immediately following are presented
twelve detailed sections taken at various places in the
area where the formations were typically exposed. These
sections were carefully measured in order to determine
the exact thicknesses of the various divisions of the
Pierre formation and the position of bentonites and
layers of nodules and other significant features of the
formation. While they may not be of interest to the
layman they are inserted there for the benefit of
stratigraphers and other technicians who may be interested
in studying the details of this interesting formation.

TABLE II

Succession of beds, lower part of Pierre shale,
~exposed in river bank and road cut, south end
of Rosebud Bridge, Gregory County, South Dakota

PIERRE FORMATION ‘
Sully Member Feet Inches
Verendrye zone
28. shale, gray, with numerous large iron
carbonate concretions; not measured
27. shale, banded, light and dark gray, no
concretions ~m—mmmmmmm——— o __ 25 6
Oacoma zone
26. shale, dark gray, with numerous bands
of iron-manganese concretions and
many bentonite beds ----———e——— 23 0
Crow Creek zone :
25. marl, light gray to rusty; sandy at
ba8SEe —— e e 2 0
Gregory member .
24- shale, gray to brown, with numerous
flat brown concretions. Abundant
fish remains in basal 18"; none

apbove that point -—----eemmee ———= 26 9
23. marl, light gray, with shale pebbles
and scattered sand grains at base —- 7 9

Sharon Springs member
~ Upper shale zone*

22. shale, soft, bluish gray, characterized
by few fine, tubelike holes; and
occasional specks of red hematite; no
fish remainsg ————c e

2l. bentonite ~————m——

20. shale, as above ————m—mmmmm

0\

* partly obscured?
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Feét 1Inches
Fish.Seale.zone
19. concretions, -small, -white, in persistent
ZUOEAE o v s e s e e s e e et e e i o i e s 1
18. shale, dark gray, ‘more or less f1551le,
stands up in buttress-like. outcrops;
strewn with selenite and yellow
ochrous "bloom." Fish remains abundant
17. bentonite -~ e e e
16. shale, as above =————e e
15. bentonite ~==m—we—m e e
14. shale, as above ———mmmm e
13. bentonite =~—-mrrmmm e
12. shale, as above —mm——mmmmm e
11. bentonite —=m—mmemom e ——
10. shale, as above —~s—vromm e
bentonite, with two thin shale partings-
shale, as above ~=e——mmwmmm 2
. bentonite e
shale, as above ——m—cromm
. bentonite -~-rrmmrrm e o e e o
shale, as above —memoom i c e
. bentonite —rrermm e

V- o I TP
shale, 88 alive «mmm— s 4

o

wl

Cof

l_l
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—
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s 0
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Total, Sharon Springs member 35

NIOBRARA FORMATION
1. chalk, gray, impure, to rivers edge,
approximately ——-—ee——mmmm oo 20

TABLE TIIT A

Detail of Vlobrara—Plerre contact,
in nearby outcrop,
NW43 Section 9, T. 102 1 N., R.71 W.

PIERRE FORMATION
Sharon Springs member

23. shale, dark gray, weathers with formation
ef vellnw veins; fish fragmeats. 5 thin
streaks may be bentonltes, exposed —---- 17

2. bentonite ~———mm e

21. shale, as above —————mr—meme ——————————

20. bentonite —wrme—m e e

19. shale, as aboVe —=—mm e e

18. bentonite ——memmm e 1

17. shale, same, Wlth 3;L n bentonltes e 1

16. bentonite —mm o e e e

15. shale, as above ~-——-rmmmcm e e 1

14. bentonite -—remmorm e 1

13. Shale e e e e e

» bentonite ———mm—

1%- ggiénlig“ig&;;”::::::i::::::::::t::;:::::
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NIOBRARA FORMATION

LSRRG, B NN Recite]

L CRALK  — e m e i e o e e e
° bentonite o e e e o £ T A T Y T T e e
Chn‘rl 1k e et e U ) o g o o S Ay S T s G T O ey o o ot
. bentonite - e e o
CRATI  mr e oo o rem m o e v e e e e 1 e o
. bentonite —~emmmemm o e e
CRA LI e o o oo o ot ot o e o e e o
. bentonite -~ mmmmmm———— e

1. chalk, exposed --———=m—==————m—-sm— oo

Succession of beds, Pierre formation, Swanson Farm,

TABLE ITI B

Brule County, South Dakota
Detailed Section, Oacoma zone

NH4, Section 9, T. 102 N., R. 71 W.

PIERRE FORMATION
Sully membelP

Verendrye zone

20.

89.
88.

shale, gray,. weathers to gumbo;
- numerous large black sideritic
concretions; to top of exposure,

NOot MEASUTEd ~—m—mm i o et e o
shale, gray to yellOW1sh gray, banded—
shale, as above; large white concre-

tion zone at top +-—v—mmmmmm e ————

Qacoma zone

87.
86 .

85.
84.

83.
82,
81.
80.
79.
78,
77,

7 .
75.
Th
73.
72.
71.
70,
69.
68.
67.
66.
65.

shale, gray, somewhat flaky ------w-—-
concretion zone, nodules flat, 1nterﬂ
mittent —mmomamm e i e
shale, 8s above ———mmmem—ro—m e o
coneretion zone, nodules flat, inter-
mlttent e e o i e e e vy e [ T Y T e T T RS Ty e WY Sy P o e S
bentonlte T A g SR S A L S S — "“"""‘""'"“T""""""""' -
shale, as above —~=mw—r—mwe———m—— e e
bentonite ———memeeoime e o e e
shale, as abovVe =~ meimemrd o e
DENtonite e amm e i e et s e e
ghale, 88 8DOVE i o o ooty s o s e
concretion zone, fossiliferous, per-
Sigtent —mmmm o e e e
shale, a5 abOVe —mmmm—mr—mm e e
coricretion zone, persistent -~----—mo-
shale, as above ~m—mmmmmeomm oo
Dentonite = mmm s e o e
shale, as aboOvVe =w—rm e mmm i o e oo o e e
concretion zone, nodules intermittent-
shale, as aDOVE ~m= -mme s e
concretion zone, nodules intermittent~
shale, as above m———m—emeeme————- o e e
DENTONITE o imm i o o o i m
shale, 88 abOVE wmmmwmmmmm mm e oo i
concretion zone, fossiliferous, inter-
MITEGNT  eom o s e s o o e

~33 .-

Feet Inches

2

35

16

-
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Feet TInches

- Br. . Shale, .88 ADOVE —mmwmem e i
€3. concretion zone, intermittent —-—————--

62. shale as abhove ————m e = 1

61. bentonite

60. shale, a5 aboVe ——me—mm o

59. concretion zone, nodular ——————mm—eeoo

58. shale, as above ————e—mmmm——rn e e e i

57. bentonite — - %
56. shale, as above =we—mm—imm e 1 z

55. concretion zone, fossillferous, inter-

mithbent «w—emom e e
54. shale, as above ~w=—wsmrrmemmme e 1
53. concretion zone, pers¢stent e
52. shale, as above —wmwmsmm e
51. concretion zone, intermittent ~————wn-
50, shale, as above ———eamemmee e
49. concretion zone, nodules intermittent-
48. shale, as abovVe —m—emsm e
LT ¢ concrecwon zone, fOSSllLaeTOuS, inter-

mittent -~=r—memm
46. shale, as above —=rwmm o
45. conecretion layer, persistent nodules -
L4 . shale as above ~—w- i o e
43, bentonite ~wemmmm e
42. shale, as above —wo—memmemmm e
41. concretion ZOMe —————mm o e e
40. shale, as aboVe ~——mmmommSm e
39. bentonite =
38. shale, as BDOVE = o e e
37. bentonite « e e
36. shale, as aboOvVe —m—m—emmeme e e

20j

CHRBVOADONOR™NN  BFHOMOMHE Ut WH QWA

"35. bentonite ~mwwmmm e ——— e 1
34. shale, as above —————rmmm e me o 7
33. concretion zone, persistent ——--eeeeee 4
32. shale, as above —m———mmmmbmmmmte e 2 9
31. bentonite, White -——-———crmemmem e i 1
3C. shale, as above --- o e e e 11
29. concretion zone, persistent ---——-—-ms 3
28, srhale, 98 AHOVE —mmm—————ee it 11
27. concretion zone, nodular -—————e-eoiom L
26. shale, as above ~—-—--—mmmmm—m o L 6
25. concretion zone, nodular, —-==-—----ssoo 1
2. shale, as above —-—-mmom—m———mmm—mee s ] 4
23. bentonite o S
22 . bentonite _W,.w,_..._-—v._...---‘-_.7.__----~n-—-‘—---—~—~-—-~—;_~-— 3
21. concretion zZone =~-—-—-=emSeono oo 3
20. shale, as above ——mmm—omommme s 3
19. concretion zone, intermittent----—---- 2
18. shale, as above -wre——m—mm—mmmo e ] >
17. conecretion zone, intermittent -------- R

B



16.. shale, as ahove —————emmem = S |

2
15. bentonite —-—+-——mmm 6
14. shale, as above ————cm——e ot 3 A
13. bentonite —————mmmmm 3
12. shale, as abov€ ——e——mmmmm 4
11. concretion. zoney contlnuous ledge ~————-- 2
10. shale, as above ——meme—mmom—mm 2 3
9. concretion zone, nodules kldney shaped -- 1
8. shale, as above ————m oo 2 8
7. bentonite —————mmmmmmmm i vy
6. shale, as aboVe —————mmmmmmme 3 0
_ . Total Oacoma 49 11/4
Crow Creek zone ’
5. marl, light gray --——-——- . 7 5
4. sandstone, brown, calcareous, slabby —— 1 0
Gregory. memher
3. shale, gray; brown to black when wet.
Scattered brown concretions; no fish
fragments; several calcareous zones in
lower part, and 1.3 foot limestone or
concretionary layer at base ———-m—em——v 69 4
Sharon Springs member

2. shale, dark gray, numerous bentonites and

fish remains —————-~——mccmmmmm 34 5
NIOBRARA FORMATION
1. chalk, impure, several bentonites —------
TABLE IV

Succession of beds, Pierre formation,

exposed along west bank of the Missouri. River,

4 miles south of Oacoma, Lyman County.
Detailed section
Section 11, T. 103 N., R. 72 W.

PIFRRE FORMATION.
Sully member
- Crow Creek zone
19. marl, light gray to buff, not measured --
18. sandstone, brown, calcareous, slabby ---- 1
Gregory member
- 17. shale, brown to gray, abundant brown
" concretions and a few large white
limestone concretion zones -——————————- 9.
Sharon Springs member
Upper shale zone
16. shale, gray, flaky, no concretions,
estimated ---————-—————————————— 9
Fish Scale zone
15. zone of small white concretlons —————————
14. shale, dark gray, f13311e, contains
numerous fish remains; yellow "bloomn"
and selenite in joints and on surface - 5

~-35-
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. . bentonite -----mmmmmmm

12. shale, as above ————mommmme 2
-bentonite ~—-mm—rmmm e —————

. .shale; as -above ———e—mommmme 14
bentonite -~
shale,.as above -———ceommmmmmeo 1
bentonite, creamy white -—————s--
shale, as above ~m——memeee—o ————— .
bentonite ——-c—mmm e
ghale, 2s above —e—rmemmmrm e
bentonite, creamy white ———rmomonn
shale, earthy, selenitic at base

-
(WY
[

g
O
DWWV~ NOOHOH D

O

1/2

° ©

1/2

< o

1/2

DDWI~ AT

L
1
_ 28 1/2
: Total,Fish Scale
NICBRARA FORMATION zone
1. <chalk, gray, impure; to river's
gdge ~m-mr

TABLE V

Succession of beds, Pierre formation,
exposed in bluff along north bank of White River,
8 miles above its mouth, Lyman County, South Dakota.
Detailed composite section
Section 31, T. 104 N., R. 72 W.

PIERRE . -FORMATION
Sully member.
Oacoma zone
8. shale, gray, with iron-manganese
concretions, to top of bluff,
not measured —-----—rmmmmm— - ———
Crow Creek zone .
7. marl or impure chalk, grayish

white, hard -—--v-ememm e 6 3
é. sandstonsz, brown, calcareous,
BLADDY s v o vim o om e m a re &

Gregory member :
5. shale, gray, weathers brownish,
banded, contains several calcar-
eous zores, numerous flat brown
concretions, and a few zones of
large, white limestone concre-
, tions; few bentonites near top-- 125 4
Sharon Springs menber :
4. shale, bluish tc brownish gray,
flaky, weathers to gentle slope;
- layer of large white lime concre-
tions at top —-w——m———- e 6 5




Feet Inches
3. shale, bluish to brownish gray, flaky,
stands in intermediate slope; benton-
itic zome with small concretions at top 7 10
Fish scale zone
2. shale, grayish brown, contains abundant
fish remains; 1' bentonite 2' above
base, and many thinner bentonites,
zone of 1" light gray concretions at
top; stands in- steep outcrop which
appears nearly biack with distance --122 3
NIOBRARA FORMATION {elev. of top 1387)
\ 1. chalk, impure, several bentonites, to
?ivervs’edge, base not exposed ~--~-- 20 10

TABLE VI

Sucne§b10£ of beds, Pierre IOFmatlon,
exposed along state route 47 (0ld route U.S.highway 16),
two miles west of Cacoma, Lyman County, oouth Dakota.
Ccmposite section
S.E. 7, Seetion 22, T, 104 N., R. 72 W.

PIERRE FORMATION
Ssully member
Verendrye zore

10. shale, gray, weathers to gumbo;
numerous brown to black sideritic
concretions, to bop of hill, not
MO SIITL AL o oomimeme m i omeai s o o e e o e o e

9. shale, gray to ye]lowlsh gray, banded
with 6" micaceous bentonite at base
and zone of White lime concretions
near Lop - R I = 0

8. shale, gray to yellow1sh ray, banded

ith loeal white to brown concretlons

near middle - rememee e 16 10

7. shale, rusty, calcareous, with lime
coneretions ——- cwmimm s i 6

6. shale, gray to yellow-gray, banded
- with many very thin bentonites -w-—nau- 12 7

OQacoma zone
5. shale, gray tc yellowish-gray, non-
calcareocus with many bentonites and

zones ¢f iron-manganese carbonate ---- 27 1
4. shale, gray, non-calcareous, few
bentonites or concretion zones ~------ 19 9

Crow Creek zone
3. marl, gray, 30ft with conchoidal
fracture -~ e o e s _— 6
2. sandstone, brown, calcareous, abby e 1
Gregory member
1. shale, gray, with numerous bentonites
and brown concretions; base not exposed 16 10

O~
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TABLE VI-A

De

iled se. 1on) Oacoma zone
SE 7., Section

Sully member

Verendrve

70.

69.
68.
67.

zone :
shale, rusty, calcareous, Wlth white
limestone concretions ——-wesmomaea

shale, gray to yellowish gray,banded
bentonite - emom e e

shale, as abOVe w—wme e

Odcoma zone

66 .
6jo

concretion zone, persistent —--—- ————
shale, gray - i e e e
FONTOTNI I HE o o e v e e e o e e oo e
shale, as ahbove -w-- e e e o e e
CONCTetion ZOMe — e c e e e e i
shale, as above ~mwwemccmm e e L
concretion Zone ——w—mec e e —————
shale, 38 above —emrcoc e e
DeNTOILTE v e e e
shale, as above '
concretion zone
shale, as above
concretion zone
shale, as above
concereticn zone
shale, as above
corieretion zone
shale, as above
benftonite ~-weeue
shale, as ahove
concretion zone
shaie, as above

DENTONETE i m b o o e

shale, as above w-rewmeewe- o
coneretion zone ~rmeemmm oo e
shale, as above —-memom oo e
bentonite o

shale, as above —weocevommm e
concretion Zone ——r-mes o s e
shale, as aboOVe ——erm oo e
bentonite --- e e .

shale, a3 above —oemroomm
bentonite —ww- _
shale, as ahovs e e s e e e e

bentonite - ——m oo
shale, as above -—weemeecowa—o e ———

bentonite i s EEe e cm wEe s e S e 4SS e <k vm A e ke e e e o e

shale, as above ———wommmmem e

22, T. 104 N., R. 72W.

Feet Inches

|_l
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Feet Inches

28. concretion zone, persistent —-——————o__ 4
27. shale, as above ~————cemmem 3 1
26 . concretion zone —————emmmm— o ___. 3
25. shale, as above ——-emmmmmmm 1
R4. caoncretion zone ~~————mmm______ 1
23. shale, as above —weecmmemm 1 10
22. concretion zone ————— 3
21l. shale, as above —————emmmm 3
20. bentonite -wwemmemmm . 1
19. shale; gray to dark gray --——————————- 5
18. bentonite -—=-—rommm— 1
17. shale, as above ——=—~—memmmmm 5
16. bentonite -=—-~-——-~ e 1
15. shale, as above ————————c— ———————— 2%
14. bentonite - 1
13. shale, as above ———mmmmmmmm 3
12. concretion zone, intermittent -————--- 1
11. shale, as above e 3
~10. bentonite ~m——mmmmm o 1%
9. shale r———m—mm e 9
- 8. coneretion zone, intermittent -----———- A
7. shale, as above ————me—mmmmm—— 1 2
6. bentonite ————memmmm 2
5. shale, .with two zones of intermittent
. concretions -+—————m———— 2 10
4+ eoncretion zome ———————mmmm 2
3. shale, as above, with few bentonites

and iron-manganese" concretlons,

not trenched ———————————————————————— 19 9.
Total Oacoma 46 9%~
Crow Creek zone _
2. marl, light gray ———————cmmmme - 6 4
1. sandstone, brown, calcareous, slabby - 1 0
© TABLE VII

- Succession of beds, Plerre formatlon
exposed along hlghwag 47 at south end of Bad Hand Bottomn,
~Buffalo County, South Dakota. :
' Detailed section -
NW4, Sec. 25, T. 105 N., R. 71 N.

PIERRE FORMATION
Sully member .
Crow. Creek LCreek zone : '
" 55 chalky.shale, notcmeasured ——————————————

' .

5k. sandstone, brown, calcareous, slabby --- 1 0O
- Gregory member .-
- 53, shale, dark gray —=——----------- oo e 1 O1
2

52. bentonlte ——————— T_____,___;___;; ——————



5%.

50.
49.
48.
47 .

46 .
45.

e
43,
42
L1
40.
39.
38,
37.
36.

partly covered ;nterval;.shale_e;posed

is dark, non-calcareous ————---- ———
shale, dark, non-calcareous —-———w-m—mw—-
shale, calcareous ———————————————————————
shale, slightly calcareous ---~—--—-e--
shale, calcareous; top 6" in chalky,
very fossiliferous --=-—mem—m—mmo—mao—
shale, non-calcareous =——mwm——eommmme—o
calcareous layer, hard, becoming lime-
stone in places; sticks out as
prominent ledge in road cut —--—--——-
shale, gray, non-calcareous —-—-——-——--——--—

shale, calcareous ---—wme e e '

shale, gray, non-calcareous -—-----———-———
shale, calcareous —-—---—cmmmmoeme o~
shale, non-calcareous -—-w—mm—m—ocmeee—
shale, calcarecus ——-=-wmom—mommeee
shale, black, non-calcareous ----——-——--—-
shale, calcarecus --———vem—mmmmmoe o
covered interval; available exposures
show shale w1uh no fish remains.
Lucluaeo upper Sharon Springs shale-

Sharon Springs member

35.

34.
33.
32.
31.
30.
29 .
28.
27 .
26 .
25.
Rl
R3.
R2 .
21.
20.
19.

18.

17.
16.
15.
14. s
13.

12.
11.

10.

concretionary layer; pavement of small

vhite nodules —~memmmmm e
shale, with abundant fish remains ----
bentonite ~-vmmmre e
shale, nearly black with fish remains
bentonite ~—v - vrrmm e
shale, same -~---r-veme e e
bentonite ——wommmr e e
shale, Same ~~ e -rocme e e
bentonite —-ememmm e e e e
shale, same ----rroemvom e

" bentonite - -rmmrmmm e

shale, same -————-—vmmmomm e

bentonite -Fememmmn

shale, SAME — = wem o cm o
bentonite ~~--rmemm e m e
shale, same --- e ————————
bentonite -——mwmmem e
shale, Same -=-—-co o e
Dentonite - e s e
shale, same ---- i e o
beﬁtoni+e e e
shale, black, soil-like, with fish
TEMAINS ~mcwmmmr = m e e e
ben SoNite mr e e

hard layer, volcanlc ash ———=ecmmemeeae

shale, bWack e
ash layer, hard -—~-=comoermrr oo

- 40~
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10
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Feet Inches

9. shale, as above ———— oo 4
8. ash layer,hard ——————emmm o 2
7. shale, a8-8POVEe —r—— e 7
6. bentonite wme—memmme o __ 4
5. shale, as above —memmmmme 10
4. bentonite ———mmmm _ 1
3. shale, gray, felt-like feel, fish
remaing. meme—— e e ] 4
2. bentonite -ww———m—mmm——— 2
1. shale, brown, much yellow—colored
: material in cracks —————mmmm 7
Total Fish Scale zone - 25 6

NIOBRARA FORMATION _ .
Chalk, impure, to bottom of exposure -

TABLE VIII-A
Succession of beds, Pierre formation
exposed two miles south of mouth of Crow Creek,
Buffalo County, South Dakota
‘Detailed sectlon, Oacoma zone
NEz, SW% Section 34, T. 106N., R. 71W.

PIERRE FORMATION
Sully member.
" Verendrye zone
85. .shale, gray, weathers to gumbo, not
' measured — = — e
8. shale, light gray, banded, few -
scattered concretions at base,
rusty white limestone concretions

at top ~-emm 9 0
Qacoma zone
83. concretion zone, heavy 2" ledge —-————- 2
82. shale, light yellowish gray —————————e- 1 11
8l. concretion zone, intermittent purple
nodules - 1
80. shale, as above —————— e 6
79. concretion zone, per31stent ledge ———-- 11
78. shale, as above ——=——m—m—mmmmm e 6
77. bentonite ———mm—m e 1%
76 . shale, as above =———m——mmmmmmm A
75. bentonite ———wmemmmm e - 3
74. shale, as above —=———mmmmmm 2
73. concretion zone, intermittent --------- 1
72. shale, as above —~———r—m——mmmmme 1 9
71. bentonite ————mmmmm e %
70. shale, as above ~————mmmmmm e 2
69. concretion layer ————e-emmemmmmm 12
68. shale, as above ————mm e 1 5
67. concretion layer, intermittent --——e-—- 1
66. shale, as above =——w—memm e 3



65.
6/ .
63.
62.
61.
60.
59.
58.
57,
56.
55.
54.
53,
52,
51.
50.
49 .
A8.
i7.
46 .
45,
Ldy o
43.
4.
41,
40.
39,
38,
37.
36.
35.
34.
33.
22,
31.
30.
29,
28.
27.
26.
25.
24 .
23.
22.
21.
20.
19.
18.
17.
16.
15.

bentonite e S e e e
shale, 85 2DOVE w= i im e
concretion layer, persistent --————-———-
shale, as aDOVE e e
bentonite wmrcm e
shale, as above —w———wrrm e
concretion layer, pe?51sfent ___________
shale, as above -
bentol T - rim o enm i s o e m eem e o e e e o e e o et e e 2
shale, as above e oo
cencretion layer, persistent ——-—wwe—o
Shaleq'as BDOTVE  armroms o im oo oo m e
bent on,ue 1k i o v e e s i+ e s 1 o . s et s 2 o e e e s e i i T
shale, a8 aboVe e i

coreretion layer, intermittent —--w=—-=
shale, 48 abOve w e e
bentonite e o e s e e it o e e

shale, a8 above —ermrcocm e
concretion layer (1"-4"), intermittent
shale, asg ADOVE ~m e e e e
DENLONIEE o mim o mir em r e ern  e

shale, as above —cemom o
gconcretion layer, intermittent -—-=——m-
shale, as above —wmmeerecm oo
concretion layer, persistent -w-————--

shale, as above ~—wcmomm e e 1
bentonite o e

concretion layer, pero;stent —————————
shale, as above —=—w~- A
coneretion )ayera ber51stent mmmmmmmmm
DENTONLTE —m e e e e e e e e e e
shale, as above —-meeeec e 1
DENEOTIT T @ wr o oo e e o e com i cor e s i m 2 e o e
shale, as above e e e s e o e e e e
heritonite «——wmmemm. e e e o e i o i o o 2 e e e e
shale, as BDOVE e e i e o ot e e o e
conicretion layer, persistent ——---ee—-
shale, dark gray, UMY ———=—-———m——————
bentqﬁite e s e e e s i o e e i
shale, as above —wmmmemcmmo e ————
bentonlte i v e 2 e et 5 e £ o o e o o o e e
shale, A BDOVE —rmm o e e im e o s e e

bentonite — - o i e
shale, as above o e e e 2

concretion layer persistent -——=——--——--
shale, as above —meremerm e e -
concretion layer, per51stent —————————
shale, a3 abOVe ————wome o 1
concretion layer, per51suenu e e e
shale, as above ---—- e o o e e e e o e e 3

bentonite — e e

=
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Feet Inches

14. shale, .as above —«——mmmmmoo 6
13. bentonite ——----mmmmm 6
12. shale, as dabovVe ————soommmmmmmm 5 6
11. bentonite —=-— oo A
10. shale, as above ————=—eu-- ———— e 3
9. concretion layer, intermittent ---—-—- 1
8. shale, as ahove =———m—mmmmmmm——— 1 0
7. coneretion layer, intermittent ----—- 1
6. shale, as above ——-w———mmmmmmm 6 1
Total Oacoma 42 3 3/,
Crow Creek zone v
5. marl, light gray --——----cmmm——— 10
4. sandstone, brown, calcareous, slabby- 1 0
Gregory member .
3. shale, gray, gummy ——————————————————————— 13 6
2. bentonite —m——m e 6
1. shale, as above, to bottom of gully;
not measured ——---— e
TABLE VIII
Succession of beds, Pierre formation,
exposed at and south of the mouth of Crow Creek,
Buffalo County, South Dakota
Comp051te section,
Secs. 23 and 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-
tions; not measured ---—--——-~-vnm--
11. shale, light gray,. flaky —---——----- ——— 7 0
10. shale, light gray ----—--mmmmomcoee o 2 0
9. shale, light gray, with rusty zone at
top and 2 intermittent zones of
white, rusty lime concretions in
lower 15 feet —--———momm 29 4

8. shale, light gray, with zone of white,
rusty lime concretions at top, and
two similar, intermittent zones
near hase —v——mv s 9
Oacoma zone
upper
7. shale, gray to yellow gray, flaky;
numerous iron-manganese concretions
and many bentonites —-—----——e 20

_.43_



Feet

lower {Agency?)
&. shale, dark gray, .gumny , contain-
ing. 3 thi?k ben® onites and few
layers of . unﬂfcuﬂyns,<w—~e-r~—rm— 22
Crod Qeeek: zoneg
5. marl, ‘igbf,gray i o o ]
Lo e, . brown, calcareous, slabby

37

".4 Lo brewn, contalning
dat, -rusty-brown concre-
uume !uLPaPQOUS layers,
ing an intermittent 5% 6“
marl lying 7-10 feet below
Crow Creek sand in some ex-
posures on each side of the river
in this immediate area -——m—emmm——- 84
Sharon. Springs member
“Upper zone (inciuded with Gregory shale)
Fish scale zonz
2. shale} dark gray %o black fissile,
contains ilbh Pﬂﬁﬂmou s and numer-
ous bentonite beds; selenitic at
v haose wummmwm”m,nwgpmmm_,mwnmm-P_,d 14
NIOBRARA FORMATION

1. chalk, impure, weathers yellow on
oqtcrop v o e e

T B AT s A0 ST e S T e Y e S > e e s —

TABLE IX

Succession of beds, Plerre formation
exposed along the Lo wer Brule-Reliance road,
2 miles south o“ Lower Brule, Lyman County, S. Daku
Detailed section, Oacoma zone
Section OW %, T. 107 N., R. 73 W.

PIERRE FORMATION
Sully member.
 Verendrye . zond :
107. Shalie, gray, with numerous black
concretions, to top of exposure,
10T Measurad ——mare s o i e
106. Shale, gray, weathers to gumbo —-=-- 13
105, ha_Lw gray To yellowlish gray -———-—- 2
104. bhaLeﬁ iight gray, flaky, few
' smail buff conecretions, and zone
of large rusty Tto black concre-
L oLOp e e e 28
103. Shale, light gray, flaky; rusty
shale streak with black-rusty
concretions at top and similar
PAM helow t0p ~——me——mm———— 2

Inches

HO W

[

00



Qacoma
102.

101.
100.
99.
98.
97.

96 .
95.
94..
93.

92.
91.

90.
89.

88.

66 .

63.
62.
61.

. bentonite

zone

shale, light gray, flaky, few

scattered conc
18", and zone
concretlons at
bentonite
shale, light gra
bentonite, powde
shale, as above
concretion zone,
nodules
shale, as above
concretion zone,
nodules
shale, as above
bentonite
‘shale, as above
concretion zone,
nodules
shale, as above
concretion zone,
nodules
shale, as above

shale, as above
concretion zone,
iferous
shale, as above
bentonite
shale, as above
concretion zone,
shale, as above
concretion zone,
shale, as above
bentonite
shale, as ahove
concretion zone
shale as above -
bentonite,_impur
shale, as above
bentonite -~----
shale, as
bentonite
shale, as
bentonite
shale, as
bentonite
shale, as

above

concretion zomne, 1n+erm1ttent ———

shale, as above
concretion zomne,

retions in lower
of brown- black
top

At — s v s o e .~ — ot - . o —— —— — —

y flaky
ry

intermittent

T e e — o o Y . = S o — o e — e

—— - — e o ———— — ——

e ________________

e e e e - —— i ———

persistent

-45-

Feet 1Inches

3 4
1
3
4
2
1
10
1
4
1
2
-1
7
1
3
1
2
1
2
1 0
X1
2
3
3
6
6.
L
1
3
1
8
. 2
1 0
38
1
1
4;
81
1
1 1
‘ 3
11
12



Feet Inches

60. shale, as 8bOVEe —mwmme o 2
5%9. conecretion zone, DGLSlSteDt o 2
58. shale; as above ~——reemmcm e 3 0
57. pentonite i o e 1
56. shale, as ahOVe =me oo e 3
55, concretion zone, persistent ——-e—e—eme 2
54. shaley as above —eme—mmm 3
53. bentonite e o 2
52. shale, as above e 2
51, bentonilte e o 2
50. shale., as abﬁve e e 2
49. bentonite e 2
48. coneoretion zoNe -wemreeeme e ——— - 1
47, shale, as above ~—-mmwommmm——. R 1 0
46. concretion zone, brown, persistent - 3
45, shale, as abovVe ~~m—emm e 7
Lt . bentonite wrm o 13
43, shale, as above —wem—mm e 1 0
L. bentonite ——meom 1%
41. shale, 88 abOVEe —rememc oo 4;
4O. bentonite —emmmmmm o .
39. shale, as above e 3
38. bentonite, with mica flakes ———-e—e-- 4
37. shale, a5 above —mm—mem— e 6
36. bentonite e m o %

35, shale, aS ADOVE mrmme o e e
34, concretion ZONeE =w—meeecee e e '

33. Shale, a8 above ———eemme e

32. bentonite, micaceous, ynllow e ———

31, shale, as above ~—mmmeeee——. ——————

30. conceretion ZONE —wereemcmemce oo ————

29. shale, as above —meommrmcomc e

28. concretion zone, persistent —w-————-

27. shale, as above =—em—me e 1
26 . concretion zone, persistent —w—-w- —

25, shale, as 2bOVe —memem oo

2. bentonite, micaceous (LMB) -----------

23. shale., as above ———eemmcm e e 1

22. concretion zone, nodules soft,earthy

21, shale, as above —mrer o m o

20. concretion zone, nodules soft,earthy

19. shale, as above ——cererwommme— e e -

18. concretion zone, nodules soft,earthy

17. shale, as above ——wrmermmrmm e 1
16. concvenlon zone, nodules soft, earthy

=
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15, shale, a3 above —rmoermmmm e 1
4. GOﬂFfbuLOH zone, hard, persistent --

13. shale; a3z above —wmeomcmm e e = 1

12. concretion zone, nodules soft,earthy

11. shale, as above ~———cremcmroc v 1

10. concretion zone, nodules soft,earthy

.



9. shals 5 e e e e 7 e o o
8. ben RE e e e
7. shale, a3 above ~cmeem e ————
{:’\ Ty iy vy < % - A T i \,k. s o -

3. DENTCHLTE, mica -fiakes ~eemceceoos
( < t‘\"l oAy r‘\'I

5. shale, a5 8DOVEe = e
] R e

b ben=01.Le e 1 e
4. shale, ag above e i o e

Inches

QPN

Total, Oup ma and Agency?
zones 40
Crow Creek mon

2. marl, "ignw GraY e v i e e 3
1. sandstone, btrown, calcareocus,slabby 1

Note: Basal part %f S e
are somewhat Tilt
to 6.

TABLE X

SUGCGSJLOH of beds, Pierre formation,
near artesian well on Short Creek,

s uvnty, Scuth Dakota.
ailed o 1, Uacoma zone
Fion 12, T. 106 N., R. 72 W.

PIERRE FORMATION
Sully member
Verendrye zonsz
141. shale, gray to yellcwish gray, not
measured - - e e i
14C. shale, gray to yellowish gray,zone
of large white concretions at
top, few scattered black concre-
ticns in lover part c-ee e e 7
Qacoma zone

!__l

je)

:

&
oot
o
.':l,g

139. concretion fessiliferous,
rersister o o o e e
138. shale, ligl ; DAQSTY e wm i
137. <oneretion e, blue nodules,
int i
136, 28 e e o e o e e
135. L e, intermittent ----
134. a: e e e o e s e e e
133, i o e e e
132.
13* R - cnit ot e o e e 4 T AN <1 o e i B st e e ot amt o i A £ern e e
130. 87 a8 e e e 1 it o e 1
l{ G, be ithe e s o s v e i = 1 im s ot e wEe o e o e
128. shale, as above ot s e e

127. concretion zone, nodular ~me—e—eae——

e dT -

3/4

10
0

wha t foresheortened as beds
mping; 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
102,
100,
9.
98.

97.
3.

95.
94%.
93,
B
91,
90,
89,
88.
87,
86 .
85.
84.

83,
82.
g1.
g0.
79,
78.

shale, as above —~—————ecmmrr e
concretion- zone, - n@dular-—b—————
shale, as above —=——eoomm——o
bentonite ---—-rmemo —————
coricretion zone, f055111ferous——
shale, as above —-———m—cmmmeen
concretion zone ——~——e—e——~+f—;-
shale, as above ———-—rmmmemmmm e
concretion zone, foss111ferous -
shale, as above —————cm———o
bentonite-—————-f~+————-~-f —————
shale, as above ———-erme—ee—qe——o
concretion zone, f053111ferous -
shale, as above -=-=srs-crmmm———re
bentonite -————woremre e
shale, ag above ———ro——ce—re—ema
bentonite ~——emer—mmmm——————————
shale, as abave T T T e o e e
bentonjte —m——r—wmm e
shale, as above T T e e e e e
concretior zone, brown -r-———-—-—-
shale, 88 above —wrescemmr———scew
bentonlte ——*—v**-nvv—w*fﬂf*‘~-4
shale, as above —r—-—=c-sic—aono

bentonite ———m—wemeen PR

shale, a8 ghove ~--—tirmrrmree——
coneretion zone, persistent —e
shale, as above —=——m=- ————te e
concretion zone, nodules flat,
- persistent —~—wmmrrremnae
shate, ag above —=-——c—rmm—mewe
concretion zone, nodules flat
yelloWlSh e ———— e —
shale, as above —-ew—coeemcme—n o
coricretion zone, yellow, persis-
tent»—————~—v ————— Salntel S intrindestd ated
shale, as above —we-rire—ecnee—-
bentonite ———---mrrr e
shale, as above ~w-rrowv—c——e——ee
bentonite ——+~=tmmmmrmver e
shale, as above —~w-e—cmmemmmre—m
bentonite ————-vmemcoeno- ————————
shale, as above —-=——meemmommemem
bentonite +—e¥—;-——~——-—————-+——
shale, as above —-micwmmre s
cqncretlon zone, nodules flat
per51sﬁent e ettt T
shale, as’ above ~——rm—mmm——————x
bentonite ———e—mctmmmm

.shale, as above —v---=-m——me——e——

bentonite~ée— —————— —_———————— e
shale, as above ————em———m—c—e——
bentonite:Jf‘?rﬁf;——*?’°ff———Tf—
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o Feet Inches:
77 . ha¢e, a5 ADOVE muwr i o oo
74 . bentonite —vrsromrmmmm————————
75. shale, as above —remrcmmo—m—————— 2
74. concretlion zone, nodular, _
persistent ——em e e
73. shale., as above srrmmmcemmemo e
72. concretion zone, nodules blue,.:
persistent e mic X
71. shale, as above — e oo e
70. concretion zone, nodular, persis-
‘ B OTIT v o oo o s o om e e o e e e e ome o e e e
69. shale, as above —wwm—rmm e
68. concretion zone, nodular, persis-
TEIIT = v v v e e o o e et e e e e e o
67. shale, as above —wwervmoceemmee e
“66. concretion zone, nodular, persis-
LoD ~ o e o e e o o e
65.:shale, as above «—wm—w oo e
6. berntonite —rr— e
63. shale, as above. wewreirmom o e
62. concretion zone, nodular, fossil-
AT DT OULE o oo e e s e e = e et e o e e e e e e
61. shale, as abovVe ~wm-wcwmmm -
60, concretion ZoNe —wew—mmmm————————
59. shale, as above —w~ecreemwmeo—e————
58. concretion zome «omm—mmmem oo
57. shale, as above -= wsemeemmeeccus
56. concretion zone ~w—mmemeooeimma— o
55. shale, as above ~=wwmr cmmemee—ne ]
54. hentonite - - cve ime e e ——
53. shale, as
52. bentonite
51. shale, as
50. bentonite
49. shale, as -
48, bentonite —mrercerroma e e
47. shale, as above -~m==-
46. pentonifte comecmmecmm
45. shale, as above —-reccmecora—ceee——
L. bentonite —wrew memmeeo i ——
43. shale, as above wwmememer e w1
42. bentonite - vmcmemmemm— e s
41. shale, ADOVE - oo
40. concretion zouwe, brown
3G. shales, as above -
38. concretion zone_e flat yellow
OAULEE  ovim o e o om g mr an om mmm ee e
37. shale, as abOVe. - mmmmm s moee
'3€&. concretion zone, persistent —---=
345. shale, as aboOVe .=z ommammmmm e —————— 1
3h- COﬁP“etl i zone, nodules. inter-
mittent ~rrewem e
33. shale, as above —-—r === mmimmeo o 1
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Feet Inclies
32. bentonite ———em—rm i
31. shale;-as-above --——w—mmmme— e
30. bentonite ~—m————mmm e
29. shale, as above —=—m—mo—mmeme
28. bentonite ———emmmemm———— ——————
27. shale, as abhove ———mmm—em————
26 . bentonite —mmeem e e
25. shale, ds above ————vmem—mmmm
4. pentonite —=me—ww- e
23. shale, as above ~———e—mm e
22, concretion-gzone, nodules inter-
: mittent ~=—memm e
21& shale, as above ——-—mcmmm—eree—
20, concretion zone, persistent —_——
19. shale, as above —————eem—Smme——o -1 1
18. concretion- zone, nodules rounded
© . plrsistent e e
17. shale, as above =—mmm—e e
16. concretion zone, nodules inter-
mittent ~—-memmm e
15, bentonite —=——m—m———e-— ——————————
14. shale, as above ——-—emmmmm e
13. concretion zone, nodules flat,
persistent ——=—————memm
12. shale, as above ——==——mmmmmme o
11. concretion zone, nodules flat
o ‘pensistent -~ e
10. shale, as above ~-——c—memmovemu—— 1
9. concretion zone, nodules flat,
~ intermittent --~----cmmmmmmmem
shale, as above =wm———- e e
. bentonite ~-veemecmrre
. concretion zone, intermittent --
shale, as above —-e—mecmeeer— —— 1
. bentonite -~-vrememe e
. shale, as above -—~—me—m—mmmee— o
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Crow Creek zone
2. marl, light gray --—--w-semee—a- 4
1. sandstone, brown, calcareous,
slabby —=-meemm— e
Gregory member

9 O W O RHBVNEORE HE K

~shale, not measured -—----——=w-=——=
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TABLE XI

Succession of beds, Pierre formation,
exposed near mouth of Medicine Creek,
Lyman County, South Dakota
Detailed section
Sec. 4, T. 107 N., R. 7} W.
‘ Feet Inches
PIFRRE FORMATION
- Sully Member
Verendrye zofe
26, shale, gray, with large, black-typkcal
concretions begimnning about 6' above base,
not measured
25. shale, banded gray and yellowish gray, with
rusty streak about 30" above base, with
few small broken buff concretions, and
bones of reptile
24. concretion zone, large white to black nodules
23. shale, banded gray and yellowish gray
Qacoma zone
22. bentoriite
21. shale, gray
"20. bentonite
19. shale, gray
18. bentonite
17. shale, gray, with numeréus black iron-
manganese concretions
16. bentonite
15,

G > 0 e s > o ot e ke e sy > e i e o o e o —

— > s D o o ——— S — o — o — — i — i s it o ey o e e e

| n s e s L G e et s ke D A e e e e S o ——_————_—

shale, as
14. bentonite
shale, as
bentonite
shale, as
bentonite
shale, as

13,
12.
11.
10.

9.

. bentonite

shale, as

bentonite

e D I D D e O I D e e e e e e e T T G G i e D oy e i — —
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. shale, as above
« bentonite, micaceous (the Lower Micaceous
bentonite of Gries, 1940)
. shale, gray, weathers to gumbo (Agency?).
Contains few white and black concretions;
three 2-4 inch bentonites in basal 18", two
of which are micaceous -—-—--eemmeemee————
Total Oacoma and Agency (?) 64 4

o v~

W NI

Crow Creek zone
2. sandstone, brown calcareous, slabby. The
overlying marl is completely m1331ng at
this locality
Gregory member
l. shale, gray to brown, with many brown -con-
cretions to base of exposure, not measured

-5]1-



 TABLE XTI A

Succession of beds, Plerre formation
exposed near mouth of Cedar Creek,
Lyman County, South Dakota

Detailed sectlon -
Sec. 22, T. 108N., . T6W.

PIERRE FORMATION ‘ : _ _ , Feet Inches
Sully member
Oacoma zone
38, shale, to top of hill; not measured —------
37. bentonite —————mmm e
36. shale, gray to yellow—gray, blocky, hard,
non-siliceous with 2 4" layers of brown
iron-manganese concretions -———-—-————c———- 2
35. bentonite -—---——————————EC——-—-§—-;—-’(——(——. —
34. shale, as above ~—————— 1
33. bentonite —~——wemmem—m e e '
32. shale, as aboOVe ——m e 2
31. bentonite - - - oo —_—
30. shale, as above ~———-—mmmmme 2.
29. bentonite ——— =
28, shale, as above ————mmmmmmee e 6
27. bentonite ——--————m——————.—— — —
26. shale, as abovVe —m—m e 1
Crow Creek zone
250 MATL mrm e mmom o e e e e e e 8 1
2. sandstone, brown, calcareous, slabby ~---—- 1
Gregory member
Upper zone o '
23. shale, gray, (with brown streaks) soft;
numerous flat, rusty brown concretions -- 1
22. bentonite —weomcmmmmr————
21l. shale, as abovVe ——ememmme e e 9
20. bentonite —--—-vmmmor
19, shale ———m e e e
18. bentonite ~——————mim o
17. shale ——————— 1
16. bentonite ————m e
15, shale —=— e e e e 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 Wlth
yellow calcite below this point ———————— 4
13. limestone concretion zone (highest) —-———— 1
12. shale, as above ~—-m-mom— w5
11. bentonite, creamy white --—-——- e
10. limestone ledge —-——-——--——mmmmmmmm e
90 shale T e e e e T ST T T R 6
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Feet Inches
bentonite, creamy white -