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GEOLOGY OF ¥YHE MISSOURI VALLEY
IN SOUTH DAKOQTA

by
‘Bruno C. Petsch’

I INTRODUCTION

Location and Area

The Missouri river in South Dakota is 54" miles long as
measured along the channel from the mouth of Big Sioux river to
the North Dakota state line; the distance was measured by the
Missouri River Commission engineers in 1892 and the channel is
from one-quarter to one mile wide.

The state of South Dakota 1s 378 miles long at tThe 44in
degree parallel and 203 miles wide at the 100th degree meridian,.
The Missouri river enters the state from North Dakota about one-
half way between Montana and Minnesota at longitude 100° 0" &0L"
and latitude 45° 56° 31+". Its course meanders generally south-
ward to Pierre, a latitude of 107 miles; thence it swings east
and south; a departure of 200 miles to Sioux City, Iowa, leaving
the state at longitude 296° 28' 30«" and latitude 42° 29', Fiz-
ure 1. :

Every county in South Dakota is drained by the Missouril
river with the exception of the eastern part of Deuel, most of
Roberts and Grant, and the eastern half of Marshall, all of which
are in the extreme northeastern part of the state.

Although the state of South Dakota contains approximately
80,000 square miles, tributaries leading to the South Dakota por-
tion of the river drain more than 100,300 sguare miles.



BEfgnt rivers eater the Migdotiri on its cours: through South
Dakots. They are in order as follows from mérth to-south: Crasid;
Moreau, Cheyenne, Bad Whlte, James. Verm;ﬁllon, and Blg Slouxs

The Clieyenne 1s the ongest ths 788, the setond longss$; and
tae Rad River, the shortest. :

Purpose of Investigation

The purpose of this investigation is to outline the position
of the various geological formations that are in the valley and
to fill in gaps that were not covered by other in vest1ga+1ons, in
order that an areal geologic map of the Missouri valley and
adjacent areas could be made.

The State Geological Survey has carried on investigations on
- different p.rts of the Missouri river valley and adjacent areas,
on problems that were related to the trend of times and on prob-
lems that are going to effect future development of the valley.

The Survey has mapped three portions of the valley to show
the types of structure that are present and their relation to oil
and gas accumulation.l

. A detailed study of the enormous manganese deposits in the
Big Bend-Chamberlain area was made. This investigation congisted
of a huge sampling and mapping program which determined the con-
tent and extent of the manganese ore.<

For many Years it was thought impracticable to carry on a
mapping program in areas where the Pierre formation was the pre-
dominant surface outcrop. For this reason a lithologic study of

1. Monta E. Wing, A Structural Survey o:f the Pierre Gas
Field, S. Dak., R.I. 29, S. Dak. Geodl. Survey, 1938;
J.P. Gries, A Str1ctura1 Survey of Part of the UDDeP
Migsouri Valley in 8. Dak., R.1. 51, ©. Dak. Geol. survey,
1939; J.P. Gries, A Structural Survel of Northeastern
Stanley County, S. Dak., R.1. 34, S. Dak. Geol. Survey,
1940,

2. J.P. Gries and E.P. ROuhrOCK, Manganese Deposits of the
Lower Missouri Valley in S. Dak., R.I1. 38, S. Dak. Geol.
Survey, 1941; E.P. RoLhrocK, Missouri Vallev Manganese
Deposits Between Lewer Brule and Dth_X, R.I. 46, S. Dak.

Geol. Survey, 1943.




the Pierre formation was carried on.l It was broken down into
recognizable members; later this work was continued and eniarged.

Method of Investigation

This survey was made by a two-man party, consisting of H.R.
Fossler as surveyor and the writer as geclogist.

The primary aim of the survey was to determine the altitude
above sea level of all key beds and contacts of horizons at all
points in the valley where one could approach the river, either
via automobile or hiking down into the breaks after leaving the
vehicle at the edge of the upland or the rim of the valley.

At many places where one could get to the river there was
no available bench mark from which an altitude could be taken.
In such places the surface of the water in the river was used as
a bench--the rise and fall of the water during the season having
been corrected from stream gaging records to give a uniform slope
to the water surface. Wherever a bench mark was found, an alti-
tude was carried to the water. By this method the gradient of
the river was profiled. In other words, the river water was used
as an altitude base, SdbSuitUthg for an established bench mark.
(See section on relief and elevations.)

The process of putting an altitude on the key beds involved
the use of a stadia rod, plane table and alidade. A line of
levels was run from the water acrcss the flood plain to the out-
crops in the bluffs; here the key beds and contacts were located
and their altitudes taken, This profile of the bluffs was made
at points along the river from the water to the rim of the vallewn

From a composite of these a longitudinal profile of the Mis-
souri valley from North Dakota state line to Sioux City, Iowa,
was made which shows the structure of the sedimentary formations
forming the bluffs of the valley. (See geclogic profile in back
of report.)

1) WLV, Searlgnt lethOgWC Stlatlg"anhz of the Plerre Form
mation of ths Missouri Valley in S. Dak., R.I. 27, S.
Dak., Geol. Survey, 19%7; J.P. Gries, Economic POS”lbl‘l—
tles of the Pierre Jhale R.I. 43, S. Dak. Geoi. Survey,
1942,



The various valley profiles were applied in drafting an
,araal geology map of thc valley so as to show the horizontal
position and occurrenue of the rock formatlonu in which the
valley has been cubt. - : -

The altitudes that were taken at the water and the highest
elevations of the land surface are aiso to be used for making a
topographic map of the valley from aerial photographs.
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Exceeding in size the combined aréas of Germany, France, and
Italy, the Missouri basin has 43% of the land in the Mississippl
drainage area, but only a little more than 15% of the population.
It drains parts of four major pbysical divisioms of the United
States: the Ozark Platesu, the Central Lowland, the Great Plains,
and the Rocky Mountains. Figure 2. :

"The Missouri valiey may be divided into.
two parts. The upper section runs from the
North Dakota line to Yankton and is charac-
terized by its steep rugged bluffs and narrow
flood piain, . This is known as the gorge of
the Missouri. Along most of its length it
averages about 400 feet in depth. Toward its
southern end, however, the Missouri cuts
through a highland where the valley. reaches a
depth of 7“0C feet. This-is in the vicinity
of the Bijou-Iouna hills, the Bijou hills being
that part of the highland on the east side of
the valley and the Tona hills the part on the
west. South of these hills the valley becomes
less deep until at Yanktoun it is little more
than 300 feet.

"Tn most of the gorge the valley does
not exceed a mile and a half in width. Near
Mobridge it averages a mile in width; near
Pierre and Chamberlain, a mile and a half.
Myriads of small streams cutting back into
the bluffs in a labyrinth of gullies form
fringes on both sides of the valley locally
known as ‘bresks' which extend from one to
five miles back of the valley proper.

"The mouth of the gorge lies six miles
above Yankton and is known as Gavin's Point.
Below this point the valley widens rapidly
until at Yenkton 1t meets an ancient valley
of the Nicbrara river which swings into it
from the North. From there teo Sioux City,
Towa, the lower valley is characterized by
very wide flood plains, four miles across at
Vermiliion and eight miies across atv Elk
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Point. The bluffs are still steer, but
breaks such as are known alcng the gerge of
the Missouri are wanting. In this wide flat
valley the river loops back and forth chang-
ing its course with every big flood. Farm
land in this valley, though of excellent
quality, is mnever entirely safe from the
river. As much as 180 acres bhave been taken
from a single farm by one spring flood."l

The course of the Missouri river seems to have been set by
glacial ice which blocked the eastward flowing streams of the
Great Plains. There was no Missouri river during pre-glacial
times, according to various geologists.< From the directions
these streams now take, it appears thet the Grand, Moreau, and
Cheyenne rivers flowed east and north into Hudson Bay. The
Rad river joined the Cheyenne somewhere between Pierre and Aber-
deen., The White and Niobrara rivers fiowed eastward; thence
entered a master stream east of Springfield or the present James
- river, which flowed southward into the Gulf of Mexico. Figure 3.

The gradient of the river water is less than one foot per
mile drop with the current. From North Dakota to the Big Bend
the drop is .81 of a foot per mile over the Pierre shale bed
rock. From the Big Bend to Vermillion it is .94 of a foot over
the Niobrara chalk bed rock. The following table shows the
‘gradient of the river in feetl per mile where it crosseg the vari-
ous formations of the valley from Montana down stream:d

Tocation Formation Feet Per Mile
Mont. & N. Dak. Fort Union 77
Mont. & N. Dak. Lance .73

N. Dak. Fox Hills .63
S. Dak. © Pierre .81
S. Dak. Niobrara .94

Average .81

i. E.P. Rothrock, A Geology of South Dakota, Bulletin 13,
S. Dak. Geol. Survey, 1943.

2. J.E. Todd, Geol. Soc. of Am., 1902 and 1923; A.G. Leo-
nard, Geol. Soc. of Am., 1916; C.M. Bauer, Journal of
Geol., 1915; N.H. Darton, U.S.G.S. Prof. Paper No. 32;
E.P. Rothrock, op. cit.

3. R.M. Leggette, Dam Sites on the Missouri River inNorth
Dakota and South Dakota, U.S. Geol. Survey, Corps of En-
gineers, U.S. Army, February, 1931. o
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The stream flows about eight miles per hour and carries an
grormous load of fine clay (bentonite) to silt and fine sand
which gives the water a yellow—brown'muddy appearance which has
glven it the well-deserved nickname "The Big Muddy." The word
"missouri" is an Indian word meaning muddy water.

The meanders in the rivers are caused both by glaciation and
‘structure of the sedimentary rocks. The eastward trend of the
river from the Big Bend to Chamberlain is possibly due to the
river flowing around the Medicine Butte anticline. From Chamber—
}ain to Sioux City the river seems to flow around the south side
of the Sioux quartzite ridge of Sioux Falls and Parker; thence
from Sioux City it flows generally southward.

Relief and Elevations

The Corps of Engineers, U. S. Army, and a federal organiza-
tion known as the Missouri River Commission conducted a survey of
the Missouri river in 1889 from St. Louis to Fort Benton. This
survey consisted of both geodetic and plane surveying and included
mapping of the shoreline, flood plains, islands, sand bars and
topography, leveling and triarigulation. The results were pub-
lished from 1891 to 1895 ag a3 series of charts. These included
maps covering the valley from Sioux City, Iowa, to the North
Dakota state line.

The topography was originally shown by contours which were
later redrafted into hachure maps. Two hundred thirty-two bench
marks were permanently established in South . Dakota and are used
today. County lines ang many section corners were located. A1l
creeks and dry washes were shown. Towns, forts, ranches, Indian
villages, roads and the water stage were plotted.

The bench marks established on this survey were located with
a great deal of forethought and understanding and most of them
are as well preserved and as usable today as they were in the
90's. Each bench mark consists of a A" or 6" iron pipe and a
cast iron cover bolted to the pipe. The pipe sets on. a rock
which is from 2 to 3 feet in the ground and over a crass mark on
the rock. At the time the bench mark was "planted" g note was
put in the pipe showing the altitude and describing the point.
In"South Dakota the bench marks are in series starting at McCook
in Union county as No. 2/260 and ending as No. 2/208 at the North
Dakota line. In the series they are listed as the number 2 or 3
«n the left, or east, bank and the number of 1 on the right bank

-9-



or west side of the river. The bench mark labeled 2 1s near the
river, and the bench mark labeled 3 is back cor away from the
e
it .

river, sometimes as much as 3 mi

In rugged countryv Ltong the river there is only one bench
mark of the 2 series and where there is fiat land or room border-
ing the river therc are two bench marks, In all, the Corps es-
tablished 232 bench marks spaced < to 3 miles apart.

ations of the bench marks were described with resnobv
roads and land forms as they existed then. ay,
f the buildings and roads have ceased to ex*" ,
ult to Tind Some of the bench marksa of +ho 9%9

S

; .sm, othérs by the river’ s Llalmln“ the 1ano *hat thwy were on.
To find these bencn.mark, it is best to consult some person wino
is at Jeast 55 years oid and who hag spent most of his life in
the piver valley

Aside from the Corps of Engineers® bench marks, the U.S.
Coast and Geodetic Survey has established many bench marks. These
are found along all the modern highways that cross the river.

The U.S. Geological Survey has issued several topographic
suz2drangles covering portions of the valley. These have been de-
sienated as follows: the Ozhe, Plerre, Camning, Chamberlain, and
peint quadrangles. Additional bench marks were established

Eo)

i and sbout the valley in making tThese maps.

Roads

A

‘There are seven paved highways which cross the Missouri
river over bridges, asg follows:

U.S. Highway No. 12 through.Mobriage (x;
S f mo21r " Gettysburg (1:(2)
+ o w m 14 v pierre (1)

Figure 4A
U,5. Highway No. 16 through Chamberiain (1)
A T B " Lake Andes (1)(3)



" Figure 4B

U. S. Highway No. 81 through Yankton (4) -
nom noa7 n Sioux City (4)

Figure A4C

(1) Bridges are owned by the State of South Dakota and are
toll free._ )

2) Whitlock's Crossing or Forest Clty bridge

-3% Wheeler-Rosebud bridge

(4) Toll bridges

State Highway No. 37 leads to Burning Water where the river
xcan be crossed on a toll ferry to points in Nebraska. A toll
ferry used to be in operation riear the North Dakota-South Dakota
porder, known as the Kenel-Pollock ferry. This crossing was
#bandoned during the war because it was not a highway crossing
and is located in a very thinly populated part of South Dakota.

There is no continuous road following the entire length of
the river on either sides however, many follow the river for
short distances. There are many roads and trails that lead to
the water's edge. A few are graded primarily for hunting, fish-
ing, and logging. Many lead to ranch and farm homes that are
situated in the valley. Good and poor trails on the upland lead
1o the valley's edge via pastures and fields, but from there to
the river is anywhere from 3 miles to less than one-fourth of a
mile. All roads that are not surfaced are on gumbo soil and are
-émite impassable in rainy weather.

Since the State Geological Survey has carried on photogram-
metry using aeérial photographs of the Missouri river valley, it
was found that there are many more trails to the river than had
been supposed. Roads and trails of the Missouri valley are shown
on the following maps: Figures 44, 4B, 4C.

The country on the east side of the valley is well section-
ized throughout the course of the river; however, section lines
can seldom be seen in the breaks. In the early days most roads
were graded; in recent years many were graveled through the
farm-to-market road program. Many section line roads are graded
but not surfaced. sually where no fence blocks the road, it
ean be traveled in dry weather, if there is no creek to cross.

“11-:
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West of the Missouri valley few roads follow section lines;
hence they are cross—country thoroughfares. Graveled or graded
roads are scarce, but usually well maintained. At one time during
the homestead era many trails were developed. Some of these still
remain; many are dim but can be used.

The following maps show three types of roads that are in
existence today: first are the hard surfaced all-weather roads
‘which are the U.S. Highway trunk lines; second are the graveled
" and graded roads which are usually county and state roads; and

third are the trails and dim trails which are mainly short cuts
to ranches and farms in and about the valley..
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III STRATIGRAPHY

The rock formations which are exposed in the Mlssouri valley
belong to three geologic systems: namely, the Guaternary, Terti-
ary and Cretaceous. Figure 5.

The Quaternary sediments, the youngest in the valley, are of
glacial origin, gumbo clay, loess, sand and gravel, They are -
mostly unconsolidated materials and are primarily located east
and north of the river. '

The Tertiary sediments, the next older, are ancient stream
deposits of stratified clays, sands and quartzite. They are fo
be found on the highest elevations bordering the valley uplands.

The Cretaceous sediments, the oldest exposed, are all of
marine origin, and were deposited in the last great ocean to cross
South Dakota. They include shales, chalk rock, with g little
sand and limestone, and are divided inteo two groups. The lower
members of the system are in the Colorado group, named for ex-
~posures at the east base of the Front Range in Colorado, which is
composed in ascending order of the Graneros, Greenhorn, Carlile,
and Niobrara formations. The Graneros, Greenhorn, and Carlile
are sometimes grouped as the Benton, ‘

The upper members of the Cretaceous system are in the Mon~
tana group and include the Pierre and the Fox Hillg formatlons.
It was pamed for extensive development in Montana, especlally in
the upper Missouri river region.

The Dakota is the oldest formation in the valley. It lies
below the Graneros and is exposed only in the lower end of the
valley near Sioux City. Its outcrops are limited and it is not
exposed on the South Dakota side of the valley. However, it is
found on both the Iowa and Nebraska sides.

The geologic maps of the Missouri valley accompanylng thls
report show the position of the formations as they occur in the
valley. The outcrop width of the formations i1s exaggerated on
the maps so that they could be clearly shown on a horlzontal grid
of that size.

-16-



TABLE CF FORMATIGNS EXPOSED -

IN THE MISSGURI VALLEY, SOUTH DAKOL1A

Alluvium
Quaternary { Pleistocene formations Loess -
Glacial Drift
Arikaree formation
Tertiary o
Fhite River formation
Fox Hills Timber Lake member
formation -
Trail City member
M Elk Butte member
o)
% obridge member Chalk
a Virgin Creek Upper zone
C n manber Lower zone
A a
e Verendrye zone :
v G | Upper Mica, Bent..
a r | Pierre Qacomy zone[ Big Bent. Bed
¢ o | formation | Sully member Lower lica, Bent.!
2 u Agency zone '
c p Crow Creek | chalk
u - zZoneg Sandstone
Gregory member
Sharon Springs member 0il Shale
¢ | Niobrara Smokey Hill member ]
? formation Fort Hayes merber
o.| B | cariile formation
_ "]
¢ | t ]| Greenhorn formation
0
Pr1n | graneros formation

Dakota formation

Figure 5



During the recent years increaseda rainfall ocourred in Scuth
Dakota and as a result the Missouri valley is very much more
grassed over then it was 1n f raerT years. For this reason con--
tacts in many places caunnot e found, especialiy in the upper
Pierre section. However, gooed shale exposures caun be feound atb

.

various places along the valley.

The stratigrapghy of the Missouri valley was first studied %y
F.V, Wayaen and F.B. Meek whe were employed by Professor Jame
Ball, 1853 to 1857. Their parity, aquipped with boats and meu,
left St. Louis on tThe twen*ymflrst of May and arrived at Fort
Pierre the nineteenth of June In spite of the difficulty of
holding the party together, throughAfear of hostile Indians, they
remained in the field for 2 period of several weeks, returning to
Fort Pierre on July 18. They brought with thcm a large and
valuable collection, including mammalian remains which were in-
vestigated by Joseph Leidy.

The Cretaceous invertsbrate fossils were studied by Hall and

Meek and described by them in a memoir published by the American

Society of Arts and Sciences of Boston in 1834. This paper was

‘”omrQWLG& by a brief vertical section by Meek showing the order

of supe”posLt*on of the Cretacecus., As this is believed to be

the first section measured in this region, it is here reproduced
in fuli.+

USani;ion of the Members of the Cretacecus
Formation as observed on the WMisscuri River,
and thence westward to the Wauvaises Terres.

"Bocene Tertiary Formabtion:
"Clays, Sandstonss, etc, Feet
containing remains of
Mammalia. The entire
thickness of this for—

mation in the Bad Lands
is from 25250

"Cretaceous Formatio
5. Arenacecus blay pass-
ing into aﬂg’]Womcaln
caresus sandstone. &80

4. Plastic clay with cal-

carecys concretions con-

tain’ng numerons fossils. 250~-350
. First Opne Hundred Years of A
niversity Press, | <
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Feet

&. Celcarecous marli, contain~-

ing Ostrca congesta, scales

of fishes, eta. 100-150
2. Clay containing a few

fossils. : 80
1. Sandstone and clay. o0

Meek and Hayden™

The pre ent day nomeraziarvre of this early section is:
5. Fox Hitls, 4. Plefre, 3. Nicbrara, 2, Benton group, 1., Dakcta.

Guaternary Srstem
PLEISTOCENE

Alluvium

Alluvial deposits composed of clay, silt, sand and some
gravel make up the floor of the WMissouri valley on which the
river flows and include flcod plain deposits, making the so-
called "bottems® covered only in flood times, bars, islands,
and other features ia the river channel itself. As has been
pointed out, the age of the river dates back to the Pleistccene
epoch; comse quenthy, a thick deposit of alluvium hss been laid
down in the valley since that time, which varies from about 70
to 185 feet.l The age of the alluvium is both Pleistocene and
recent, The lower part was deposited by melt waters from the
ice and the upper part, from action of the present streams. This
deposit has been called valley fill or flood plain. ILevel areas
of the same material but higher in elevation are bench lands or
terraces, The alluvium was deposited by the Missouri river and
its tributary streaws. The river from time to time reclaims part
of its floed plain during pericds when the chapnel changes.
Almost every intermittent tributary stream enters the river by
way of a deep perpendicular walled gorge or canyon in the allu-
vium.

The alluvial deposits are generally on the inside of mean--
ders, either on ocne or both zides of the channel. They are a few
TV TE VRS Condra, Missouri River Valley in Northeastern Neb-

raska, Water Sunply Dapev No. 215, U.S.G.S. Pub., 1808,
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rods to ten miles wide and range from a few to several thousand
acres in area,. Thers are over 200, 000 acres of 1rr1gqb e land - in
the valley on alluvial 50¢1a;m~ : C

-

The surface of the allﬂVLal aep051ts is generally flat,
although sometimes fthe topsgraphy: is'dune-like, such as inside of
the Big Bend and sout heast of Velm1lllon, and escarpments, ter-
races or swamps are comaon. The islands and sand bars in the
river are alluvial deposits. On the whole, the alluvium in the
valley supports abundant vegetation and crops.

In aerial photographs of the valley the alluvium is the more
cbvious of the sediments because the dense vegetation of willows
and cottonwocd trees which grows on it is black on the photo-

graphs. Additions to the flood plains and islands are shown by

rows of trees; cutoffs show the tree rows ending abruptly. The
recent islands and bars are white or pale gray. No matter how.
spall, they are clear against the water background,

Loess

The loess is a wind-blown deposit of fine clay. It is buff
colared wherever 1+ is exposed in the valley. The material is
soft and unconsolidated but well packed and settled. Where
erosion is acting on i%t, the outcrops are always guite vertical
and the face of the ouchop generally shows a columnar structure.
The loess can be nearly 100 fect thick, especially on the Neb-
raska side of the river, It is only from less than 2 to 10 feet -

-hick on the South Dakota side and can be found frowm Yankton

eastward lying on glacial drift. Its extent up the valley is not
KNOwW,

Drift

Glacial drift borders the Missourli valley throughout its
course in Scuth Dakota. (See geologic maps in back of report.)
It can always be found on the ieft, or east, side of the valley

he Missouri river is not always the western boundary or th
iimit of the advance of €the glaCﬂp’e which formed the drlft
however, glacial boulders can be seen in many places across uhc
valley-- for instance, in Lyman, Stanley and Dewey counties. But
the valley is the boundary of the drift which can be recognized
as such.

The drift is composed of irregular masses of boulder cla
‘and of sand and gravel depcsits., .It is brown to light buff in
color and so cam be identified while driving past outcropw. it
is usually present at the upper rim of the valley where the flat

20~



‘upland terminated at the valley breaks. The drift is sometimes
over 200 feet thick; dits thickness is never consistent in any two
places. In some localities--at Pierre, for instance--the drift
is full of all sizes of boulders and in other places few are
present.

The drift covers the Cretaceous shales on the east side of
the river and is usually the upland formation. There are places
where it has been removed and Cretaceous outcrops are exposed,
sometimes many miles from the valley, as at Stephan in southern
Hyde county, or south of Lake Andes in Charles Mix county. There
are localities where the drift is at the river level such as at
the mouth of Platte Creek in Charles Mix county and in southern
Bon Homme county.

_Tertiarv Svstem

There is no doubt that at one time the Tertiary formations
covered. much. of South Dakota, at least as far north as the Big
"Bend ‘of the Missouri river, because there are remnants of Ter-
tiary on top of Medicine Butte in northern Lyman county.

The Tertiary is also on the top of the Iona-Bijou hills line
of high buttes that lies across the valley in southern Brule-
Lyman county. In Gregory county the higher elevations that are
not composed of Cretaceous formations are overspread with the
Tertiary. This condition is also present eastward to at least
Santee in Nebraska.

'The Tertiary formations are composed bf sands and sandy
clays, local beds of quartzite and conglomerate, sometimes local
beds of volcanic ash.

The Tertiary system is divided as follows:

System Series - Formation
Tertiary ~ Miocene Arikareel
' Oligocene Brule

Chadron

1. J.E, Condra, Misdouri River Valley in Northeastern
Nebraska. - o -
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Cretaceous System:
FOX HILLS FORMATION

The Fox Hills formation can be observed in two localities
along the walley: first.in the area of the Wheeler-Rosebud bridge
where 1t forms the upland adjacent to the valley in Gregory
county; second, it is present in Dewey and Corson counties west
of Mobridge where 1t also forms the upland. The formation was
named for exposures in Fox Ridge, N.W. Armstrong and S.W. Dewey
counties, Soutlq Dakota. : : :

Tre Fox Hills is divided into two distinct lithological
units: the lewer part is the Trail City member and lies on the
Pierre shale and the upper part is the Timber Lake member.it

.

TRAIL CITY MEMBER: The Trail City member is a sandy brown to
buff clay and brownish sandy shale making a color contrast from
the gray to black Pierre shales. It contains three to five
layers of very fossiliferous concretions, These layers are
locally persistent and in many areas maintain constant intervals
for sufficien’r distances to enable them to be used for structural
mapping purvoses. The member is from 50 to 9C feet thick.

TIMBER LAKE MEMBER: The Timber Lake member lies on the Trail
City member and i: usually found on the upland west of the valley.
”The lower part is ususlly a greenish-yellow medium-grained soft
or uncemented quartz sand. The upper portion contains thin bands
of fine--grained orangs to brown well-cemented limonite claystone
which alsc appears as isclated pleces or pebbles. The limonitic
claystone occurs most abundantly toward the base of a series of
lens-1like masses formed by concretionary cementation of otherwise
soft. sand. The cement is calcite and the concretionary lenses,
being relatively hara, weather out as resistant brownish ledges
in- exposures of the upper Timber Lake member. The soft sand be--
tween the concretions 15 often marked or mottled in a vermi:ular
pattern.”

"1, R.E. Mdrgan and B.C. Petsch, A Geolog!
Dewey and Corson Counties, Soutb DaKOhJ
Geol. Survey, 1944.



PIERRE FORMATION

The Pierre formation crops out over a great part of the cen~
tral Great Plains or the Misscuri river drainage basin from Canada
to Colorado to Kansas, and from the Rocky Mountains to western
Minnesota, Figure 6. The formation is made pP1n01paliy of _nales
and marls in the east and ~».,dc.ones and shales in the west and
ranges from less than 10¢ feet thick in eastern South Dakota to
at least 3000 feet in western Nebraskal and 8000 feet in east
central Colorado.? It was first studied in 1854 by F.B. Meek of
the U.S. Geological Survey of the Territories at Fort Pierre,
South Dakota, which apparently was the type locality and where
the name of the formation was applied. Since that time much work
kas been done on the formation and as a result it has been divided
and subdivided into members which can be traced long distances;
hence the original term "Pierre! is almost in disuse. Figure 7.
Descriptions of the Pierre formation in various parts of the
country can be found in the foliowing publications:

iX; F.H. Hayden, 1876.

1. Uni States Ceological Survey of the Territories,
v .

2. ;nae tQ the Stratigraphy of North America, U.S5.G.S.
onal Paper No. 71, Bailey Willis, 1912,
3. The Genlogy of Wallace County, Kansas, M.K. Elias, Bul-
letin 18, State Geol. Survey of Kansas, Lawrence, 1931.

4. The ucﬂlogjcal Section of Nebraska, G.E. Condra and E.C.
Reed, Bulletin 14, Nebraska State Geol. Survey, Lincoln,
lg‘tdu

51‘Se4e01um in Rocks, Soils and Plants, A.L. Moxon, O0.H.
Olson and W.V. Searight, Agricultural Experiment Statlon
Brookings, S. Dak., 19239,

6. Missourl River Valley im Nrvtheastern Nebraska, G.E.

Condra, U.S.G.S. Water Suppl, Paper No. 215, Washington,
1208.

7. YUpper Cretaceous of the Rocky Mountain Area,* John G.
Bartram, American A55001at10n of Petroleum GLOWOglsts,
July, 1937.

8. Reports of Investigations, South Dakota State Geological
Survey.

ra%ka, Bulletin ¢4 Nebras&a State Geol Survey, 1943.
2. M.K. Elias, The beologv of Wallace County, Kansags, Bul-
letin 18, State Geol. burvey of Kansas, Lawrence, 1931.
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PIERRE SHALE EQUIVALENTS

in

MISSOURI RIVER BASIN

oo, . S.
WYOMINGL HOHTAITAR ALBARTAS S. DAKOTA% | HEBRASKAD KANGASS
Bearpaw Bearpaw Elk Butte
Lewis
Mobridge
Undiffer-
' entiated
Judith River
Mesaverde Virgin Creek [Salt Grass
Belly River
Lake Creek
Sully
Weskan
Claggett .
Gregory Gregory Up. Sharon
Steel ' Springs
Fagle Sharon Sharon Sharon
_ Springs Springs | Springs
1. V.H. Helmes, W.

Names,

2.
3. .M
4,
5' G'El
6.

U.5.G.S.

Dawson.

J.B. Hatcher and T.W. Stanton.

South Dakota Geological Survey

Cross aad A.C. Spencer, Committee on Geological

Condra and E.C. Reed, The Geological Section of Nebraska.

M.K. Elias, Geology of Wallace County, Kansas.

Figure 7




_ In the Missouri valley in South Dakota the Pierre formation:
has been divided into six members which can easily be recognized

and are convenient in geologic field work.l The e members have
been given the following names:

6. Elk Butte

5. Mobridge

4, Virgin Creek
3. Sully

2. Gregory

1. Sharon Springs

The Pierrve formation as a whole consists of stratified gray,
dark gray to black clays and shales, concretions, marls and
chalks, interbedded with many layers of bentonite. Two persis-
tent marls are present and a thick horizon of chalk. Many layers
of councretions of various sizes and composed of iron, carbonate
limestone and sometimes carrying manganese are present throughout
- the formation.

Bentonitic clays form the greater portion of the formation.
The only true shale in the Pierre is the Sharon Springs member at
the base.

The clay, where at or near the surface, expands and pulver-
izes under the influence of atmosphere and surface moisture and
siakes into a fine, powdery dust which is easily blown away or
carried away by water moving at the surface; however, when the
disintegrated clay is thoroughly moistened by water the particles
adhere and form the well-known sticky gumbo. In prolonged periods
of dryness, shrinkage cracks form in the surface soil or disinte-
grated clay, which cracks will close upon the occasion of suffi-
cient moisture. Alternate drying and wetting causes swelling,
heaving and contraction which on steeper surface slopes induces
creep, slumpage, flowage and many times land sliding. Owing to
the impermeability to water ordinarily characteristic of the
clays and shales, its content of moisture available to plants is
too low to permit the growth of trees and larger shrubs and
therefore the chief characteristic vegetation of Pierre outcrops
is grasses., However, cedar trees grow in many sheltered places
if calcareous soil is present. The calcareous soil comes from
the bed rock itself or lime concretions in the bed rock,.

1. W.V. Searight, Lithologic Stratigraphy of the Pierre For-
mation of the Missouri Valley in 9. Dak., R.I. 27, S.
Dak. Geol. Survey, 1957 J.Pu Grleo, FEconomic PossLb1~
lities of the Pierre §hale, R.I. 43, S. Dak. Geol. Survey,
1942,




A complete section of the Pierre is exposed =zlong the high-
way that traverses up the hill from the Rosebud-Wheeler bridge.
Going from one road outcrop to the next higher, the entire sec--
tion can be seen; however, a few of the contacts are not too
clear, but upon close examination the section can be measured.
Figure 8. j

Here the total formation measures 423 feet thick. At the
Ozhe Dam site and at the mouth of Chantier Creek in Stanley
county a composite section both underground and at the surface
measures B26 feet thick to the top of the Virgin Creek member.
Since outcrops of the complete secticn of the Mobridge and the
Eik Butte members, the remaining upper part of the Pierre, are
toc far away to afford a practicable measurement, it is inad-
visable to complete the full Pierre section in this area. How-
ever, the thickness of the Mobridge in its type locality at
Mobridge is 150 feet and ths Elk Butte is 242 feet thick at Kenel-
Pollock ferry crossing. It is therefore apparent that the Plerre
thickens northward to about 1400 feet near tne North Dakota state
line. The Pierre is 1541 feet thick in the Irish Creek Welli core
S.BE. %, Sec. 17, T, 15 N.. R, 20 E., Ziebach county, South Dakota.

Bentonite

Bentonite is an important factor in the Plerre formation be -
cause it can be found most anywhere throughout the formation
either in defizmite .arcrs from 1/8 to 12 inches in thickuess,
thin laminations or interspersed in the shale itself. It is
common to find from 10 to 30 bentonite layers in an outcrop of as
many feel in height.

The bentonite is a fine smocth massive material tha cuts
like cheese, lard, butter or soap. It is usuvally soft and meist
and can be molded in the hand and has a soapy feel and a greasy
luster. It is a rock consisting essentially of crystalline,
clay--1like material, usvally the mineral montmorillonite, less
commonly, beidellite, which was Tormed by the devitrification and

attendant chemical alteration of glassy igneous material, usually

“voloarie tuff or ash. (Wentworth--Williams) It was named *ben-
tonite” by W.C. Knight from its occurrence in the Fort Benton
foarmation of Upper Cretaceous age in Wyoming. Layers of it can
easily be recognized in fresh exposures because it is so differ-
nt from the shales with which it is interstratifiled.

@

Bentonites in the Missouri valley have various colors caused
by impurities as yellow, white, browr green, olive green and
tan. PFach color itseif ranges from pale te dark. Some of the
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- SUCCESSION OF BEDS AT WEST END

OF ROSEBUD WHEELER BRIDGE

JUX BILLS FORMATION

Shrle, brownish gray with few brownish concretions.
(S andstone and sandy shele in the north. )

1700 4= 1699
PIBRRE FORMATION
Elk Butte Member
Shale, brownish gray, few concretions or fossils.
16504
il
1 1 .
T Mobridge Member
Chalk, impure, gray, weathers to buff.
1550=F l l l
|
I
1504 '
1500~ Virgin Creek member--Upper
— Shale gray, weathers to gumbo.
R Lower
““’ Shale gray, weathers to gray flakes with sev. benton.
™ rFi464
14504 <

1400+

Sully Member
Verendrye
Shale, dark gray, weathers to gumbo with numerous
layers of black, iron manganese concretions.

Shale, light gray, banded, no concretions.

Qacoma-—-Agency
Sh., gray, with numerous benton. and mangan. iron
1349 Crow Creek, chalk and sand. concretions.

Gragory Member
Shale, gray to brown, limestone concretions.

33T Sharoa glengs Member, oil shale, marl, llght gray to buff.
13004=zzC Uppei, gray, no fish remains.

=z3Is Lower, shale, dark gray, fissile, with fish scales

3T and numerous bentonites.

. | 1276

T Top Niobrara

1260 Missourl River Water.
Bietire 8



SE.

TRISH CREEK WELL CORE
15 N., R. 20 E.

%, Sec. 17, T.
Ziebach County,

Isabel, S.D.

Depth Thickness Formation
0 - 139 Fox Hillsl
139 - 335 Pierred
335 -- 670 335 Mobridge
670 - 959 289 Virgin Creek
959 - 1017 58 Sully Verendrye
1042 -~ 1130 88 Qacoma
1130 -~ 1372 242 Agency
1377 - 1445 73 Gregory
1445 -- 1680 235 Sharon Springs
1680 - 1950 270 Niobrara<
1950 ~ 2334. 384 Carlile<
iv2554 — 2680 346 Greenhorn?

‘I, W.L. Russell and T.W. Stanton, Well Log in Northern Zie-

- bach County, S.D., Geol. and Natural History Survey, 1925,
2. Alvin L. Moxom, Oscar I. Olson and Walter V. Searight,
Selenium in Rocks, Soils and Plants, Tech, Bulletin No.

2, Agricultural Experiment Station, Zrcokings, S. Dak.,
90

1
A
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thicker bentonite layvers are characteristically ounly one color
such as the Big BGALU”7L~ BPQ of the Oacoma zone, which is always
yellow, There is generally a distinct contact line both above
and below a bentonite layer in the shale,

J(’)

A few benitonite layers copntain abundant flakes of biotit
mica ranging up Lo one mlilimeter in diameter,

The dmportant bentonite layers such as the Big Bentonite Bed
and the micaceous bentonites can be traced leong distances and
their intervals and positions remain guite econstant. Filgure 10.
The thin Iayers are aiffzﬂu?+ to tface individually, but groups
of then 2an be recognized in successive oubLcrops.

Mest outcrops of shale which contain several bentonite layers
have a stair-step effect. This is caused by weathering; the
bentonite lavers make the treads and the shales, the risers.
Qutecrops of shalie in which Ehe bentenite i1s interspersed or is
more or iess disseminated are usually rounded and appear as
Yelephant backs.,” On toese the Weathered surface is rough and
extremely cracked and spongy. It is usually several inches
thick, and by digging into it the chuynks obtained are like pop~
corn balls. o

.fon product produced largely by
canic dust or giass flakes blown
noes geperally ﬂlghﬂlﬁ the air
and thence carried inm in the direction of prevailing
winds, The finer part to the ground only when they
become heavy cwing to Lhe condensaticn Qf an adhering film of
moisture. It settles GJVwahere on the earth, both land and sea.
If it settles on land it may be transported by running water to
bodies of still water whereupon 1t again settles to the bottom.
i4a Ly dirha bodies of water may permanently
lodge cn the bebtem or be carried elsewrere and deposited by the
ction of currents. Velecanic explosions are seldom continuous
buz internmittent and therefore layers of pure bentonlte will ac-
cumulate among those which are impure or cousist of other types
of sedimerts. If the volcanic material accumuiates on dry land
surfaces and is not further transport ea, such layers are parallel
and conformable to the surface reli eJ of the rand aund in such
cases they are useless for structural determimation or they may
accugulate on a sloping bobttom under water and therefore have the
form of delta lcbes or the bebtom slope. This, of course, ac-
counts for their being present in the shales today.

The bentonite 13
the addition of water Lo
from tne vents of explc




CHART SHOWING CORRELATION
OF BENTONITE KEY BEDS
IN THE OACOMA ZONE

. Verendrye :
1 — Uppe hy
r . ,
ﬁ- ! . Micag +_Bentop ite 5 ‘,__—-1
10°% 10! ' —~—— 10"

Big Bentonite Bed , ?' 3 l

28" 24 0acoma | 27 - 220

" 1, Nor*h of Kennebec, Sec. 33, T. 108 N., R. 76 W,

2, DeGrey, Sec. 6, T, 109 N., R, 76 W,
3, Giddings Flat, = Sec, 33, T. 6 N., R, 30 E.

4; Shack Creek Sec. 29, T. 114 N., R, 61 E.

Figure 10



e g S ey

Occasionally there are beds.of. unaltered material which is
the original voleanic ashjy if such deposits are large enough they
have commercial value. -

The bentonlte whlch is 1n the water of the‘Mlssourl rlver is

.....

uand therefore. settles very.. slowly. In the contlnual stlrrlng of .

river currents, eddles, boils,’ ete., it may. never settle to the

“stream bed.s

ELK BUTTE MEMBER: THe Elk Butte is the yeungest and topmost mem-

ber of the Paerre.formation.” It is present in Gregory county and
outliers of %t occur on the higher:; hills -south ofilake Andés. ™It

is alsc” present in the north part: .of the valley west of Mobrldge

in Dewey and Corson counties.

""The Elk Butte member cons1sts of fine textured medlum gray
shale which breaks into thin polygonal chips and ultimately
weathers to gumbo. Several types of concretions are found ir the .
member, but none is abundant or typical. Bentonlte beds are

‘abundant, particularly in the lower part. ‘These may be seen
either in fresh cuts or recognized Ey the characterlstlc darg

gumbo streaks on weathered slopes."

Aﬁ"‘ ."“‘> Co W ?‘ e Sy a "4-‘)} & . " .
A number of Wery”thln layers of bentonlte are exposed at or_,

~near-the top of the Elk Butte member. This materlal is bright

yellow on- exposures, probably from contained limonite. :On, wea-
thered surfaces it is formed as yellow nodular limenite pebbles«
The top of the member is chosen at a.color change from the dark
Elk Butte shales tp the more sandy shales of a light brown color
of the basal Fox Hills. This color change is quite apparent
while looking at distant outcrops. But on close examination it
is difficult to Spet the exact color change contact. The upper
part of the member also c¢ontains calcareous concretions many of
them arranged 1n nearly horlzontal llnes ‘and ‘others scattered at

random.

3

"The Elk Butte member has a thickness of from 100 feet in
Gregory county - and from 202 to 243 feet in Dewey and Corson
counties., nl Tt lies on the Mobrldge chalk member of the Pierré

and this basal contact should"be chosen aft. the lowest non-cal-

. careous shale,. assumlng all beds in the upper Mobrldge are cal-

careous. -

's

1s J P. Grles, Economlc P0351b111t1es of the Plerre Shale°
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Toe member wmakes the higher elevation of the upland and
is generally grassed aver.

MOBRIDGE MEMBER: The Mobridge member lies above the Virgin Creek
and below the Elk Buite member oy the Pierre formation. The mem-
ber wvaries in lithology along the Missouri but is composed mainly
of chalk, caljcarecus clays and shales and some non-calcareous
beds and sandstones. Generally, however, the member is calecareous
and this is a distinguishing feature that enables one to locate
either the top of the base with the acid reaction test The
Mobridge can be spotted by its light buff color and pale bliue
colored horizons. Many tiwes an outcrop is nearly vertical and
high.

The Mobridge member is well described by Griesd for various
localities aleng the valley sc 1t is not deemed necessary to re-
peat the lecal descriptions in this report.

VIRGIN CREEK MEMBER: The Virgin Creek member of the Pierre for--

mation is p0551b1y the thickest mewmber of the Pierre section,
being from 87 feet at Wheeler to 278 feet thick near Promise imn
waey county. The member was first studied and named by Sea-
right? from exposures on Virgin Creek in northeastern Dewey
countyn In 1939 Griesd studied the member in detail throughout
the Missouri valley.

The Virgin Creek member is divided on the basis of lithology
into the Lower and Upper zone. It is a wide outcrop, the lower
contact being in the breaks and the upper contact being well back
in the uplanc country, especially on the west side of the valley.
The upper contact with the base of the Mobridge is defined as the
spot where the acid reaction begins and a color change generally
occurs there between the dark non-calcareous Virgin Creek shales
below and the yellow or light buff weathering calcareous shales
of the Mobridge above. The Virgin Creek lies high up in the
breaks of the valley. This 1s one reason for the lack of out-
crops, ag erosion does not leave ledges or vertical outerops.
The member is generally moisht and springs can be found at the
base, Sometimes shale feels spongy under foot due to the mois-
ture within. Small lakes and ponds are present on the upland
where the Virgin Creek is the bed rock.

“5

1. J.P. Gries, Economlc Possibilities of the Pierre

W.V. Searight, Li o} 3 tjgraphy of the Plorre borw

mation of the MlSqOUPl Valléy in Scuth Dakota.

3. J.P. Gries. A Structural Survey of Part of the Upper Mis--
sourl Val]ey in South Dakota, R.I. 31, S. Dak. Geol.,
Survey, 1939; Gries, op. cit.

N

Dy



nating caicar
Several ftypes

weathers to g
r

of the Uppe“

Virgin > ¥ of Ll gray o or‘f ”OWPTpuloﬂS
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which give them a ‘worp eaten: aprearance, A se‘omd type includes
small cylindrical, connretin | gray ov buff %P ol ¥e with a soft
core which weathers o reilow oyl ‘.deW” often termed
"Indian Beads (S@rpuia? Ejiap,g Somewhat higher,
in some localities. swmall. : Limestone nodules are
found which contain the fosss re majnr of small crabs., Large
septarian limestone concrets s rmﬂwen+1y containing yellow
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SULLY MEMBER: The Sully member is the mosh lmportant division of
the “ierre formation, botn.;frau¢grapblca 11y and economi icaily in
the Missouri vailey. The Sully is divided, on tke basis of
Ehology. ipha the basal Orew Creek, the Agency-Oacoma and the
Verendrye zones, Sully mewmber conktains °evera¢ key beds
which can be traced for many mwiles in the river va}fdyo

Th zone 1s composed of a sandsto >ne about one
feot or ckness above which is a marl bed of from four
te ten f L Tre Crow Creek zone can be traced from the
Rosebud-T eeier bridges up the valley to DeGrey, a distance of 152
river miles., Threre it goes under the river. Below the bridge it
Loses 1r~ identity. The zone appears as a light band on any out-
crop which can he aeen from a distance. Where it 1s cbscure or
grassed over tH port yucca plants. The marl is a smooth,
creamy, very “amcar‘ ) e sandstone 1s partly unconsoli.
dated in newiry dug EXPOA: : ﬂzd exposures it is wusually o

the surface as slabe te Gike flakes which can atways be
found. 1t is an idea: Kev bed for surface structire mapping.

, ne of the Suiiv e an easily
bed. Tirst be ident ' R S1ng His

: the Rosebud Wheeler bridge and cap be traced up the
¥ ?70‘9 the Whiticek bridge in Pother oo ¥. Below Rising
the zone loses its 4 18y. ‘The Caccma of this zone is a
> gray shale that conbains many iron. manganese noduless whic
= the ) & sack band in the hrea?s
carries wmany thin lave benfonite and 3
' & feet at the |

o +ke va Jey
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1. J.P sibilities of the Pierre Shale,
2. J.P, ek, Manganese Deposits of the
Lower i v in Scoth Dakota.




Potter county. A layer of bentcnite about four inches thick that
has much biotite mica flakes in it marks the base of the Oaconma
and 1s called the Lower WMizaceous Bentonite (LMB); at the top is
also a micaceous bentonite called the Upper Micaceous Bentonite
(UMB). About 5 to 10 feet below the Upper Micaceous Bentonite is
a thick layer of bentonite known as the Big Bentonite Bed. It is
from 4 to 10 inches thick. Below it is a § to 1% inch shale,
then another layer of bentonite usually about an inch thick; this
sequence- -bentonite, shale, bentonite--~is the Big Bent on1+e Bed.

The Upper Micaceous Bentonite, Big Bentonite and the Lower
Micaceous Bentonite are key beds of the Oacoma; each can be traced
many miles in outcreps. It is seldom that two or all three of
the key beds are not present. It is questionable whether or not
these bentonites can be used in mapping structure.

From about Elm Creek just north of the BlJOU Hills up the
river to Medicine C“@ek at the Big Bend a bed of dark gray shale
void of wanganese rnodules lies between the Lower Micaceous Ben-
tonite and Crow Creek marl. This is the barren zone and becomes
the Agency zone northward., Figure 11. The Agency zone is a
silicious llghL gray shale. In fresh exposures it is a blocky
jointed shale---weathering breaks it down to thin flakes and chips
which do not make gumbo when wet. From the barren zone in the

south where it is 18 feet thick, the Agency thickens to 157 feetl
at the Oahe Dam site north of Pierre; paralleling this the Oacoma
thins to 8 feet at the Whitlock bridge in Potter county.

The Qacoma--Agency zone of the Sully member is important
economically because 1t contains abundance of ferro-manganese
carbonate nodules. The nodules orcur in layers in the shale;
sometimes a layer has enough nodules to form a pavement. There
are at least twelve to as many as thirty-one layers of nodules in
the zone and their manganese content will average at least 18%
Mn. Detailed information on the manganese problem can be found
in reports of investigations by the State GeologlcaJ bUTVL ‘
U.S. Bureau of Mines,3 and U.S. Geological ourvey

1.°G.R. Golder, GeOIoglsaJ U.S. Army Englneero, CorLeSDon~
dence, January 18, 1248,

2. J.P. Gries and E. P Rothrock, Manganese Deposits of the

rer Missouri Valley in South Dakota; E.P, Rothroc&,

Mlgyourl Valley Manganese Deposits Between Lower Brule

and Dpnreys ’

3. L.W. Dupuy, W.A. Calhoun and T.C. Rasmussen, R.I. 3839,
Bureau of Mines, February, 1946; F.D. DeVaney, S.M. Shel-
ton aznd F.D. Lamb, R.I. 3613, U.S. Bureau of Mines, 1948,

4, D.F. Hewi tu, ManganQSQ«Iron Carbonate Near ﬂhambev'alg

S. Dak., memorandum for the press, U.S. Geodl. Survey,
February 5, 1830.
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BETWEEN THE QACOMA AND AGENCY ZONES
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290 M!LES.

Rosebud-Wheeler Bridge

Qacoma

DeGrey

12 miles south of Cheyenne River
Whitlock Bridge

*LMB ~ Lower Micacecus Bentonite
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The Verendryve zone is the name given the tv.oopermost division
of the Sully member.l t lies on the Oacoma-Aganey zone. It is
exposed in the Missouri valley and its tributaries from the Neb-
raska line northward nearly to Mobridge. The Verendrye is a
light to dark shale making an outcrop appear ta be banded. It
has no calcareous layers but contains many large flat iron-man-
ganese carbonate coneretions. The upper part of the Verendrye is
dark shale and has layers of rusty concretions thail seem to. form
large steps.

The Verendrye zone does not have traceable key beds The
base of the zone, in. contact wlth the Oacoma-Agency, lies a few
feet above the upper Micaceous Bentonite where a color change
from the llght gray shale of the Qacoma to the darker shaleg of
the Verendrye shale beglnsm The Virgin Creek- Verendrye contact
is not distinct and is usually npot exposed. However, on grassed—
over slopes an active spring may be present because the Virgin
Creek is g moist formation whereas the Verendrye 15 dry

Thicknesgs of the Verendrye

Authority . Thickness _Lgcality
Searight 88 feet Wheeler
’ 130 Oacoma.
170 Crow Creek
170-180 Ft. Pierre
58 Irish Creek Core
Gries 177-196 Bijou-Iung Hills
122 I't. Bepnet
142 Chantler Creek
100-110 Dewey-Potter Co.

GREGORY MEMBER: The Gregory member of the Pierre formation lies
Petween the Sharon Springs oil shale and the Crow Creek sand
zones of the Sully member. The Gregory is the second division
upward from the base of the Pierre. The member can be traced
from the old cement plant at Yankton to DeGrey, which is west of
the Big Bohd. It does not have key beds which can be traced;
however, at some outcrops, a lense of hard lime sometimes two
feet thlck is present at the contact of the Sharon Springs.
There is one on Elm Creek in Brule county, and two of these
limestone lenses at the Rising Hill cclony, and one at Iona,
Lyman county. These limestone lenses are probably large flat
llmestone concretions becauqe none was observed that was more

1. W.V. Searlght Lithologic Stratigraphy of the Pierre
,Formatjon of the Missouri Valley in S. Dak.
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than 30 feet long,

about -mile apart.

gray
many
They

such as the two at Rising Jiil which are

The Gregory member is made up of altermate light buff to

shale; the light bands are calcareous.
brown concretions of all sizes and scattered at random.

are not usable as key horizoms.

Wheelsr-Rosebud Bridge

Thickness of Gregory Member
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SHARON = EZ:  Trhe Sharon Springs member is the lower-
most horizon of the Pierre formation, It was studied and mapped
at and around Sharon Springs., Wallace county, Kaasas,l where _t
~is 155.feet thick and divided into the lower 70 feet and the
upper 65 feet. Tt has been traced to the Missouri valley? where
it is exposed from Yankton to the Big Berd. It apparently thins
eastward from the Rosebud-Wheeler bridge to Yankton, which is
abont the easternmost limit of the member.

Thickness of Sharon Springs Member

Feet
CIrish Creek Well Core.esecececacscossnonsss e R3DE
Oa—-}‘le Da-m.ﬁilﬂoeaodc'«ﬁ'\OGU'DQODOHOQGEQQHQIGDBQGI 5—“;‘—7\":

9
Mouth of Crow Crt:Kacesesevenosocssssccscocooassl
Chamberlain..ccecoassnoncid
2
2
2

Five miles north of 5
Two miles soubth of D2COMA.escoosoroosooscscnssld?
MOU t h Q f ‘:N}Jj_ —:_.—1 e R j. T.r’ - i e N ©& 9 8 0 @ A 09 5 00 B G S DO S 0 C O N8 DA 2_2"‘_\":—;.“/‘

Ionanoneonaaneaenu-;auurn‘Jﬁ‘uormoaannmbhonsrlmsa..."

Blm Creck.euweccovosonosvesansososcscocscossssesOl
Soubhwest of Augd&mvg.uau.n,n.h,n...o.a.ﬁecgcl4
Rosebud-Wheeler BridE€.ssccocoviceanscacocoss &l
Rising Hill Loionjae.gu.g.a.a.o.s.a.u.@.o.u.e56
Running Water Ferryeossecessoosossecsssossesncacd
Verdel, Knox Co., Nebraska..seaeoeoosoosasescld
Santee, Knox Co., Nebraska..sseeecr-nceovesnnesbd
01d Cement Plant, YantoN.ieeeesecosvosoosonsoas !
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Moxcn, Oscar,E. Ol-on and Walter V.
ght, Selenium in Rock , Soils and Plants.
Golder, ueologist U. S. Army Engineers.
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The Sharon Dprng is predouminently an o0il shale; itv is a
brownish-gray fissile shale speckled with fish .-scales, various
twig-1like particles and bone bD¢lﬂEQTS, the scales beinga marker.
It is very bituminous and will yield 2% falloms of crude petro-
leum per ton of shale by distillation.d

M.K. Elias, Tuo GeoWOgy of Wallace Pounty, Kansas, Bul-

letin 18, Kans. Geol. Survey 1934 .

2. AL, Moxon 0.%. Olson, W.V. Searight and K.M. Sandals,
"The Stratigraphic Distribution of Selenium in the Cre-
taceous Formations of South Dakota and the Selenium Con-
tent of Some Associated Vegetation," Amer. Journ. Botany,
vol. 25, No. 10, Descember, 1238.

3. G.G. Frary, State Chemis®, Correspondence.
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The member lies on the Niobrara chalk and at the contact is
a bed of impure rusty selenite and an inch or so of a red hema-—
tite=like material. This bed at the contact is sometimes a foot
thick. The lower portion of the Sharon Springs has many bentonite
layers that range from less than 2 inch to 1 foot thick. They
are separated by dark gray and black shales,

At an outcrop, the member is never grassed over and is
usually vertical or canycn-like with deeply grooved buttress
forms which seem to hold the outcrop. This tendency of the shale
to stand vertical is due to a system of cross joints that are
filled with dry yellow bentonite and minute layers of bentonite
which seem to give the shale a cross-bedded appearance.

At the south aporoach of She Rosebud-Wheeler uridgs is an
foot bed of light grey chalk. It contains tiny shale psbbles
and sand grainsg which c¢an be seen with & lins. Tnis chalk bed
has been placed at the base of the Gregory meubar which lies
divectly over the Sharog Springs.l Ahove this chaelk iz an 18-
inch bea of oll shasle that reszubles c¢le uil shale in the Sharon
Sprirgs. The chalk luses its identity up the river vallev but it
can be traced down the river. The sand gralns and tiny pebbles
persist in the cnalk frowm the Rosebud-Theeler bridge to the old
cement plant a2t Yankton. However, the 18-inch oil shzle above
was uot observed down the valley.

The base of vhe member is uswally moist and many times
springs are presant. Thers sre not many good exposures of “he
Sharcn Springs on the north side of the river from Yangton to
the Rosebud-Wheeier bridge; from the brlage northward, however,
.there are gocd exposures. The base of the member is usually
present where the Niobrara has a vertical outcrop.

The farthest outcrop northward is at the mouth of Camel
Creek, Lyman county, avbout 3 miles southeast of Lcwer Brule. A
vood oufcrcn is &% the road level of Highway Ro. 16, cbOut 2 mile
acrihwest of Cacouwa where The highwey first starts the upgrade
out of the valley.

The member was named at Sharor Springs, Kansas,

ITTF R Gries, EuOﬂOﬂlC Poqu”
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~NIOBRARA FORMATIOWN

The Niobwara formation is the upper wmember of tihe Colorado -

roup in the Cretaceous system.._ It lies between the Pierre and. . ..
he Carlile formations. It bhas been divided into two members:
the lower pa?t, the Fort Hayes mewberl and the upper part, th

moky Hill member.<

The Niobrara can be seen at the base of the breaks at thgf'
river level almost anywnere from Lower Brule at the Biﬂ Bend , -
southward to Vermillion, and always outcrops as a vertical cliff.
Figure 12, The formation 1s composed of a dark gray chalk; 1%
igs a form of soft limestone made paft ly from shells or tests of

micro-organisms and flocculen®t material. The impurities in the -

rock are clayw, organic matter and a small awmount of iron sul-
phlde in the form of pyrite pellets. In The outcrop the chalk is-
white to yclTOW. It becomas tan to brown where it has been ex-
posad to weathering for a long time. In subsurface and in fresh
exposures it is gray to black. The rock itself is tough and has
a3 rubber-like feel when a pick is driven into it. During weather-
g and erosion it breaks off the outcrop in semi-dimension

~ -0

chunks~-one side is flat.

The Niobrara formation is about 200 feet thick and very ex-
tensive and can pro bably'be found enywhere in the Misscouril river
basin. It was named [or exposures along the Missouri river near
the moubb of Niobrara river in Xnox county, Nebraska

T iston, Kansas Acad. Sci. Transactions, 1893,
II, pp. 108, 109,
2, agin, Colorado College Studies, 1896, vel. VI,
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1ABLE SHOWING POSITION OF THE NIOBRARA F)RMATION

ALONG THE MISSOURI RIVER

Elev, Elev. of Height
Top River of cliff#s
Milea® Location Niobrara Water above water
22 01d Yankton Cement Plant 1830 ©t. ! 1187 ft. 163 f4 %%
129 Running Water 1290 1206 84
144 Verdel, Nebraska 1300 1220 80
161 Rising Hill 1317 1237 80
183 Wheeler Bridge 1276 1280 16
209 Snake Creek 1358 1285 73
211 SW. Academy 1340 1286 54
230 Elm Creek 1819 1303 16
245 White River 13564 1318 38
254 2 Ai. S. Chamberliain 1382 1327 55
255 S. of Oacoma 1372 1328 51
260 3 mi. N. Chamberlain 1416 1331 85
264 Ft. Lookout 1418 1336 82
280 Camel Creck 1376 1350 26
371 Oahe Dam Site (undergrcund) 1144 1430

# Hiles from Big Sioux
“#& Qutcrop of Niobrara,
®*#% The top of the level

river, up the channel of Missouri river,

generally a vertical cliff.

flood plain is 37 feet above water.

Figure 12




Benton Group

The Benton group of formations lies beneath the Niobrara
chalk and above the Dakota formation. The group includes the
Gransros shale at the base, the Greenhorn limestone and the
Carlile shale. :

The Benton group is expcsed along the Missouri river from
St. Helena in Cedar county, Nebraska,”to Ponca State Park in
Nebraska. Exposures are alsc present in Iowa along the bluffs
of the Big Sioux river from Akron to Sioux City and along tribu-
taries to the Big Sioux in Union county, South Dakota. (See
gaologic map at the back of this report.)

Since. the ferries ceased to operate many years ago, the
roads to the river have not been-well maintained. Hence, it is
difficult to reach the river today. To visit some of these out-
crops along the base of the bluffs that border the river requires
- considerable hiking.

An investigator is 4551sted by u51ng the- E3k Point Quaarangle g
and Geologic Folio (See Figure 13) and Water Supply Paper 215 of
northeastern Nebraska in studying the Benton group.

The formation was named Fort Benton oua the Missouri river in.
Montana, but the sfratigrdpnic limits are basgsed largely on sec-
tions alcng the Missouri in northeastern Nebraska. The word
"fort" has been dropped for many years.

S AB—
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CENBRALIZED SECTION OF THE CRETPACEOUS RCCKS
IN THE ELK POINT GUADRANGLE

Jd.0. Todd
Nicbrara

Woive massive chalk rock and calcareous shale.

o0 Dark shale with concretions at two horizons
near centar,

15! Hard clay and a layer of white bentonite.

100" Dark calcareous shales with scattered concre-

tions, -

Greeunhorn

: Blue chalky limestone.
12 Fard thin bedded limestone.
12t Blue thin bedded chalky limestone,.
Graneros '
50--75" Dark bluish shale.
5* Dark carbonaceous shale.
25" Dark sandy shale, in places containing thin

seams of lilignite coal.
Aititude at top, 1110 feet, Ponca State Park, Neb.

Sandstone with
lignite coal.

concretions and some lenses of

Figure 13



CARLILE FORMATION

The Carlile shale is the uppermost member of The Benton
group. It cutcrops along the Missouri river for about 24 miles
from a point east of Newcastle, westward to St. Helena in Neb--
raska. :

At The old Meckling ferry landing an enormous landsliide
occurred in Aprii, 1945, and has destroyed what used to be a good
exposure of the Niobrara-Carlile contact. '

"The Carlile formation consists mainly of a dark gray and
bluish-gray shale and clay. Calcareous concretions are more or
less abundant throughout the deposit, occurring mainly at two
horizens, 50 and 60 feet below the top of the formation. Near
the middle of the formation there is a thin but widespread de-
posit of white bentonite clay. Considerable pyrite is present in
the shale, occurring as crystals arranged in thin bands and con-
cretions. Gypsum is abundant. The formation ranges in thickness
from 200 to 215 feet.”l

The Carlile shale 1s also exposed in Union county on Brule
Creek at the dam in Tnion County Park northeast of Vermillion on
U.8. Highway 77, Outcrops of it are also present between Vest-
field and Sioux City along the east bluffs of the Big Sioux river
in Plymouth and Woodbury counties in Iowa.

The formation was named at Carlile Station west of Pueblo,
Colorado. ’ ' '

chion at West End of Vermillion Ferry

Secii ‘
Sec. 29, T. 32 N., R, 4 E., Nebraska
Feet
Quaternary
Loess 30
Rust colored sand-granite boulders 3
Carlile Shale (upper half)
Drat shale 12
Irregular, coarse-grained, dark, limestone, con-
glomerate 1

1.73.E. Todd, ®lk Point Folio, No. Lo U.8.G.8.) T0a.
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GREENHORN FORMATION

Tre Greenhorn formation is the middle member of the Benton
grcoup and outcrops on the scuth side of the Missouri river in
the biluffes in Nebraska, on the east side of the Big Sioux river
north of Sioux City in Towa and at Richland in Union county,
South Dakota

"The formation comprises a thin but very distinctive series
of beds of hard impure limestone with a thickness of about 32
feet. It consists of a basal member 8 to 10 feet thick of bluish
chalky limestone; a medial member of hard, thin-bedded limestonc
about 12 feet thick which is well exposed just north of Richland,
Scuth Daketa, and containing fossils in great abundance and
interstratified with chalky shale; and a top member of bluish
limestone 4 to 8 feet thick. The lime commonly occurs in large
blocks divided by disztinct but irregwlar joints.wl

The formation was named at Gresnhorn Station south of Pueblo,
Colorado.

Section Ponca State Park, Nebraska

L.oess 1281

Greenhorn
Gransaros
Dakota Water

1. J.E. Todd, BElk Point Folio.
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GRANEROS FORMATION

The Graneros formation lies on the Dakota Sandstone forma- .

tion and is the lowest formation of the Benton group. The out-
crops are confined mainly to the blulffs of the larger streams.
~ It first occurs on the Nebraska side across from Elk Point in the
vicinity of Ponca, Nebraska.  Qutcrops of it are also found in.
the bluffs along the east side of the Big Sioux river in Iong
~betWeen‘We tllelﬂ and Sioux City.

"The Graneros formation 007315us malﬁl of fine-grained,
dark colored shale which is more or less Sandy at the base.
Coneretions of iron carbonate cccur at different horizons and
iron pyrite is more or less abundant throughout the shale. 1In
the vicinity of Ponca where the basal member of the formation
consists of Sandstone thers is a thin seam of lignite. The Gra-
neros shale varies considerably within short distances in both
character and thickness. It is from 65 to 105 feet thick.and
weathers into vertical cliffs.”

The formation was named for Graneros Creek, Colorado, in the
Walsenburg quadrangle, Pueblo county, Colorado.

DAKOTA FORMATION

The Dakota formation is the oldest sedimentary rock exposed
in the Missouri valley within the course of the river from north-
eastern Nebraska to North Dakota.

It is alsc exposed on the east side of the Big Sioux river
in Towa from Sioux City northward along the base of the bluffs to
a point due east of Jefferson, South Dakota.

The Dakota, formation is primarily sandstone and is usually
referred to as the Dakota sandstone. The sandstone is coarse,
sometimes loosely cemented, tan to rusty in color. It is lami-

nated with clay and iron- OAlde concretions Layers of shale are
common, especially in the upper part and an occasional lighite
hed can He found.

1. F.E. Todd, Elk Point Folio.
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The first outcrop of the Dakota down the valiey is at Pohca
State Park in Nebraska. There about 74 feet are exposed above
the river water and extend for about 1000 feet along the shore.

The contact with the overlying Graneros shale camnot be seen
because a terrace of alluvium 21 feet high above the water is
present.

The Dakota sandstone is present in the subsurface beneath
the entire Missouri valley and is estimated to be from 50 to 400
feet thick, according to the literature. It is the source of
much of the artesian water in central South Dakota.

- The formation was named in Dakota county, Nebraska;
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IV SUBSURFACE FORMATIONS

The cross-section, Figure 14, shows the general position of*
the formations in Figure 15 which underlie the Missouri valley
ag denermined by the correlation of well logs.

Two principle structures sktand out: the Forest City Basim
and the Dakota Basin. They are separated by a Sioux quartzite
ridge, The ridge is evident on the surface at Parker to the
unorth and trends southwest through Scotland; thence .south through
Tyndall, crossing beneath the valley between Yankton and Fort
Randall, possibly near Rumning Water.l This ridge is probably
related to, or connected to, the Nemaha Ridge of Nebraska and
Kansas. In South DaKota it divides the Forest City Basin from
the Dakota Basin.

Record of City Well at Yankton

Yellow clay 0-'25
Blue clay 25—~ 55
Chalk 55-115
Clays, Benton 115--415
Alternations of sandstone and clay, ,
the latter predominating 415-615
- Principal water bearing horizon 615-625
Alternations of sandstone and clay 625-553
"Granite” 898242

Record of Well at Fort Randall

Gumbo and clay 0-100
Soft stone 100-460
Sandstone, 600 gal. flow 460-~-520
Blue clay ' 520~-576
Very hard rock 576-810

The material recorded in the logs above the "granite!" or
very hard rock is assumed to belong to Cretaceous formations.
The overlap consicts of formations from the Daketa group upward
to glacial drift. These sediments comprise the bed rock of
practically the entire Missouri river basin. It covers the for-
mations of the Lower Mesozoilic and Paleozoic systems. The over~
lapping Cretaceous thickens from 300 feet in northeastern Neb-
raska to over 2000 feet at the North Dakota state line.

" 1. N.H. Darton, Undergloqna Wauel “of South Dakota “Water
Supply Paper 227, U.S.G.8., 1909.
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CROSS ~SECTION CF ‘FORMATIONS UNDERLYING MISSOUR! VALLEY
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TABLE OF FORMATIONS UNDERLYING THE MISSOURI VALLEY
IN SOUTH DAKOTA

Dakota Basin (Lemmon Syncline)

Fuson
Lower Cretaceous Lakota
Jurassic : Morrison
Sundance
Mneonfaorsi by
Triassic Spearfish
Opeche
Pennsylvanian Minnelusa
Unconformity
Charlesl
Lower Mississippian v Pahasapa

Strata of uncertain age

St. Peter-Chazy seriesg

Unconformity
: Shakopee i
Lower Ordovician? _ New Richmond | Beekmantown
Oneota » series
Upper Cambrian
Unconformity

Sioux quartzite, pluto-
Pre--Cambrian Inics and bhasement crys-
talline compilex

1. E.G8. Perry and L.i. oiuss, Depb. of Geology, Montana
School of Mines.
2. C.L. Baker, State Geclogical Survey, Vermillion, S. Dak.
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The Forest.City Bésin‘contaiHS’the'following Cambrian and
Ordovician formations:

Decoran

Ordovician Platteville
. St Petgr»
Franconia
Galesville

Cambrian Bauy Claire
- 7 Mt. Simon

These correlations were made from a study orf samples faken
from the LaFleur No. 1 in Sec. 18, T, 20 N+, R. 48 W.,.-4in Union.
eountﬁj“ﬁﬁfﬁﬁthohy"Folger, geologist, Gulf 01l Corporation.l
(See.log of well on geologic map of Missouri valley, Part 3 of.
3 parts.) o

The thickness of the Sioux quartzite is unknown as it lies
beneath the Missouri valley. It is useless to drill through the
formation in search of water; hence it has not been attempteqd.
‘An oil test in Sec. 15, T. 95" M., R. 65W., Charies Mix county,
is reported Lo have drilled into it over 3000 feet. The hori-
zontal extent of the formation is also unknown. It crops out in
the vicinity of Sioux Falls, Parker and Spencer and is struck in
wells as far west as central Stanley county.

- The quartzite high shown on the cross-section in the Cham-
berlain area is purely an inference; however, it is reported that
guartzite was struck at Kimball.

errm -

""The fold in the Cretaceous overlap at Chamberlain as shown
on the cross-section is the large Medicine Butte Anticline.<
From Pierre northward the profile is interpreted from the study .
of samples from the following welils: Phillips 0il Company, Lang
Ne. 1, Sec. 26, T. 5 N., R. 28 E., Stanley county; Carter 0il
Company No. 2, Sec, i2, T. 9 N., R, 27 E., Stanley county; andg
Carter No. 1, Sec. 54, T. 118 N., R. 78 W., Potter county, which
were studied and correlated oy C.L. Baker of the South Dakota
Geological Survey,

i]”CdfféS@bﬁdenée;”EeCéﬁbér”22;”1§3§1mm" _ ,
<. B.C. Petsch, The Medicine Butte Anticline, R.I. 45, S.°
Dak. Geol. Survey, 1942,
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There is a stratigraphic pinch-out of the Sioux quartzite on
the pre-~Cambrian plutonics between the Lang No. 1 and the Carter
No. 2. 1Its exact location is not known since the contact of the
Sioux quartzite on the plutonic rocks has never bzen penetrated.

The Paleozoic formations which lie between the Cretaceous
overlap and the pre-Cambrian surface in the Dakota Basin have
been folded. They are from approximately 200 Teet thick in the
Lang No. 1 to 1600 feet thick in the Carter No. <Z; apparently
there exists an enormous stratigraphic pinch-out of Paleozoic
formations from the axis of the basin eastward.

The pre-Cambrian plutonic rocks in the basement complex are
granite, grano-diorite, quartz monzonite, etc., according-to
samples from wells -which encountered it.
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V GEOLOGIC PROFILE OF THE MISSOURT VALLuv

The geclogic profile shows the position of the formations
of rock with respect to tre gradient of the Missouri river in the
valley. The diagram is analogous to looking at one wall of a
deep ditch but is a composite of sections taken on both sides of
the river. (See thre profile in back of report.) The distances
are taken from the Missouri River Commission and Corps of Engi- -
neers U.S5.A. charts of the river, as were measured along the
channel., On the profile the large meanders ang bends are straight--
ensd out, The positions of the formations are plotted with
respect to altitudes taken in the field on key beds and contact
horizons at the outerops.- '

The major ancmaly that presented itself in this survey is
the large anticlinal structure whose flanks are obvious in the
Wheeler ares to the south and in the Mobridge arsa to the north.
The north dip of the formations was also brought out in a struc-
ture survey at Trail City in Dewey county.+

)

The highest elevation observed on the Niobrara chalk is at
Fort Lookout nortn of Chamberiain at an altitude of 1418 feet
above sea levsl, which is on the Medicine Butte Anticline? and
the lowest altitude is 1276 feet at the Wheeler bridge. The
Niobrara chalk rises eastward to 1333 feet near the old cement
plant west of Yankton. From this point eastward down the river
all formations have west dip so as to expose the older rocks to
the Dakota formation. The gradient of the river can be said to
flow down the ages. At a glance the valley seems to be in an
area of folding.

The Medicine Butte Anticline west of Chemberlain is reflected
in the vallcy. At DeGrey is a structural high on the profile.
It is a continuation of the Medicine Butte Anticline northwest-
southeast through Medicine Butte and not a separate high as
- ¢hown. In cther words, the river crosses the anticline twice,
causing the structure to appear twice on the elongated profile.
The profils zlso shows approximately where each horizon disap-
pears beneath the river level.

) 1. R.E. Morgan and Bldf’ﬁé%éEﬁj”KTGE§i§gi§f1fEurﬁgy'ig
Dewey and Corson Counties, South Dakota.
2. B.C. Petsch, The Medicine Butte Anticline.
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It has been known that the Pierre formation thickens to the
north and west; this fact is well 1llustrated on the profile.
Although there is a thickening from the Wheeler bridge to the Big
Bend, the pronounced increase begins at the Big Bend and north-
ward where the Gregory member and Agency zone add greatly to the
“thickening of the section.

55—



B LI
.3

. COLDNNAR SEGTIONS ~

The following.sections of outcrops are on a scale of 0.1
inch to 5 feet, Fifty parts to an inch on an engineer's scale
was used for plotting the colummnar sections. The figures on the
right and left sides of the ceclumn are altitudes in feet above
sea level,

Kenel-Pollock Ferry, Mobridge Section,

Corson County

The flood plain of the Missouri river valley is from a mile
to three miles wide between Mobridge and the North Dakota state
line; there the channel does not strike the shale banks very
often in its meanders southward and the breaks are not as pro-
nounced as they are down the river., The valley is well grassed
over and at the outside of meander bends are low outcrops.

The only road cuts that have good exposures are at the west
end of the highway bridge which crosses the river at Mobridge and
the road leading away from the ferry crossing between the towns
of Kenel and Pollock.

With sea level elevations applied to the contacts of these
two sections, they show a decided north dip of the beds., Appar-
ently the base of the Mobridge passes beneath the river .about
midway between Mobridge and the ferry landing but this point
cannot be found due to the lack of outcrops and trails into the
valley.,

The surface formation on the upland at the ferry is the Fox
Hills; its base is at 1864 feet elevation. About eight miles
southwest of Mobridge on State Hignway 8, the base of the Fox
hills is at 2100 feet.l

1. R.E. Morgan and B.C. Petscn, 4 Geological burvey in Dewey
and Corson Countiles, South Dakoua.
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SUCCESSION OF BED AT KENEL--POLLOCK FERRY
NE. Corson County

1967  FOX HILLS ‘FORMATTON—

/4‘:? Sandstone, containing lime concreticn lu;
|950,|;Z.2 neavy layer of flaggy, rusty limestone at top
:‘:1{ Sandstone, zone of very fossiliferous limestone
L concretions at top
19004 %
NS Sandstone and sandy shale, more or less slumped;
LR : - ,
IR sandy limestone concretions at top
='®.] 1864 PIFRRE FORMATION--Elk Butte Member
Shale, gray, poorly exposed, no bloom
1850+
1800+ ‘
More or less covered interval back from river;
shale in blowouts and gullies, gray non-calcareous
with ocherous "bloom" in joints _
1750 4
1700+ i
1650+ Shale, non-calcareous, yellow-gray blocky; to top of
cut baunk .
1622  Mobridge Member
Shale, gray, -calcareous, more or less papery with
occasional barite rosette
1600- Bentonite 2"
Shale, blue gray, calcareous, more or less talus covered,
L some large gray septarian limestone concretions not
T;[;- l56%n place .

River Water Surface
Succession of beds along traverse running from cut bank north
along road to top of hill west of ferry., Measured by Gries and
Searight.

Figure 16



SUCCESSION OF BEDS 3 MILES NORTH
OF MOBRIDGE, SEC. 7, T. 124 N., R. 79 W.

1690 Glacial drift -

é Base of Mobridge
gLy 1670 Virgin Creeck Member
f/ Upper
16504 | (
( Dark gray gumbo soil, grassed over
o~ 1569 Lower
15504 ~— Derx gray shale exposed in a vertical outcrop,

~ contains several bentonite layers
h.l536 River water

Figure 17



822
(1811

1790

b1 722

1661

535

SOCCESSION OF BEDS A% THE WESL END OF
HIGHWAY BRIDGE, MOBRIDGE, SOULH DAKOLA

PIbRRE FORMALLQN
Elk Butte ljember
Shale, blue gray, non-calcarequs with a layer of white:
non-cal. concretions: 30 in, above base capped with
' Mobridge Member “buff loess

'Shale, gray to buff, upper 22 feet more or less cal.
v;and caprles a L ft Layer of limestone

" Lowep 45 feet cal. with seveval layers of large sep-

tarian limeatone concretions with yellqw calclte
in cracks :

Shale, gray; mostly caleareous with many small

rusty concretions and numerous baculites

. Upper v1rgin Creex Member o '
Shqle, gray, non-calcargous, weathers to gumbo, fossil
crabs, serpuxa, worm—eaten concretiqns are on adjacent

- quicrop

Lower Virgin Creek Member Coe
Shale, dark gray to nearly. black, several small ben-

tonites bfoo. in CL sep Quicrops

 Surfécéfdf‘River_water'

Section measured by Gries and»the'writer,_‘

_Figure 18



Fort Bennett

The area uetween Fort Bennett and the Whitlock bridge has

low outcrops of most of the Sully member, the Oacoma zone being

8 feet thick at the bridge. The three bentonite key beds that

« are so prowinent in the meoms zoge to the south lose their iden-
tity somewiere north ofihe Little Bend. :

Qutcrops of shale are. nurcrouq between the thtle Bend andV
Fairbanks on the east side of ‘the river, and the valley is well
grassed over from Fairbanks northward across Artichoke Creek to
Forest City. On the west side of the river, the shales are ex-
posed at river through Armstrong county but are very difficult to
reach because the trails are too dim or have disappeared. ‘

LS

The drea beginning in the flrst townshlp south of the bridge
and on up £o Akaska was mapped for structure during the summer of
1938 by members of the State Geologlcal Survey.l The top of the
Qacoma zone was used as the key horizon and upon it elevations:
were taken. The text of the report contains detailed sectlons
of outcrops measured in the area.

1. J.P. Gries, A Structural Survev_gi Part of the Upper Mis-
souri Vailey in South Dakota.

SUCCESSION OF BEDS NFAR MOUTH OF SHACK CREEK
Sec. 29, T. 114 N., R. 81 W., Sully County

1625 . PIERRE FORMATION
; - Sully Member
Verendrye zone

11596 - Yellowish gray shale
1588 Qacoma zone
PP | Upper micaceous bentonite
.= 11578 Big Dbentonite bed
- (ngnt gray shale) | Olive green bentonite 2"
:uuuosl556, Lower micaceous bentonite —] Rusty n "
1550 Agency zone | Micaceous (Biotite) " 1in

Gray siliceous shale Yellow bentonite in
Base of Outcrop :

150047 7 4 Alluvium

Surface of River Water

60—



SUCCESSION OF BEDS, 6 MILES NORTH OF CHANTIER CREEK
Sec. 21, T. 7 N., R. 29 E., Stanley County

-1 682 PIERRE FORMATION
/. Virgin Creek Member
i8so4 —_| .
o [+645  Sully Member
Verendrye zone
O
16004 <
o
Oacomsa zone
*Txund” -~ -pper micaceous bentonite
15804 © = Big bentonite bed
..-pF1543 Lower micaceous bentonite
- Agency zone
IS00« —_
P S
e Alluvium
7
l450-@_{(ﬂ£-&444 Surface of River Water
SUCCESSION OF BEDS INSIDE LIUTLE BEND
1681 Sec. 17, T. 115 N., R, 81 W,, Stanley County
PIERRE FORMATION
o Sully Member
Verendrye zone
(=
16004 <
o
Aty RSP Qacoma zone
el Upper micaceous bentonite
- » "o bentonite bed

15504 & ....k1 54 7 Lower micaceous bentonite

—_— Agency zone

'x'.-l
s
_:;‘

Surface of River Water

Figure 19



Crnantier Creek Section

Chantier Creek eunters the Missouri river at the Oahe Bend in
Stanley county. In this locality the breaks in the river valley
are not much grassed over; hence there are many good exposures of
shale. The section is in the NE. # of Sec. 27, T. 6 N., R. .29 E.,
and was measured in detail by Gries. The writer applied sea
level elevations to the contacts by running a traverse by plane
table from the U.S. Geological Survey bench mark which is located
a short distance north of the abandoned site of the Riverview
school, on the west side of the county graded road.

There is some question about the top of the Virgin Creek.
The buff calcareous shale beds resemble the Mobridge in the upper
7). feet of the section. These beds are conspicuous and can be
seen from the road.

About 1% miles up the county road a side road turns down
into the breaks. Along this road most of the section can be
examined., It can be followed for several miles through the
breaks to within about two miles south of Fort Bemmnett. However,
a better road to the Fort branches off the county road a few
miles north from the Chantier Creek road.

Shales are quite well exposed in the breaks from Fort Ben-
nett along the river southward to Giddings Flat which i1s across
the ‘river from Oahe, The three bentonite key beds in the Oacoma
member can be traced with ease along this part of the valley.
The Chantier Creek-Oahe Bend area is in a synclinal structure.

The area was mapped in detail for structure by members of
the State Geological Survey during the summer of 1959.1 ?he
Lower Micaceous Bentonite bed was used as the qu horizon. The
text of the report contains several detailed sections of outcrops

which were measured during the survey.

SUfTFR. Gries, A structural survey of Northeastern Stanley

County, South Dakota.
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M 5 OEEAR goutt OF CHaNTIER GREEK
NE. £, Sec. 27, T. 6 N., R, 29 E.

apacnrac by Gries.

-1 936 PIERRP FORMATION
Shale, gray, chalky, Wea+hers yvellow (Mobridege?). Contains
Belemnitella., DBase marked by a layer of small, ironstained
concretions and baculites
1960 | |
1 ] Upper Virgin Creek Member
JJ f1877 frale, gray, calcareous, contains "crab" Zone and some
(o) white limestone concretions
IGS@« j
j‘ﬂE&Q Shale, gray, non-calcarecus, contains several bentonites
j' W 526 Shale, gray, non-calcarsous; zone of large white concre~
J tions at base, one at top and one between; some benbtonite
IQ L d . A L]
1800~ J [1803 Shale, gray, non-calcareous, weathers to gumbo; contains
P worm-eaten coancretions and serpula; some bentonites in
5 S upper part
o
1750~ Ci/
~ 735 Lower Virgin Creek
- Shale, gray, flaky, weathers to silvery sheen; many ben-
—
i tonites, especlally at base
T ——
17001 —
— Sull y Member
haga g
1650 endrye zone '
o ey SllWCpOUS, bentonitic; weathers to yellow-
o to guambo; iron-manganese concreuions
VAN
>
eo oo . D0 Qacoma zone
1500 Shale, banded, with many bentonites
4 AgCP“y zone
— Shale, slig ﬂulj siliceous, light gray
14504 — —

rface of River Water

Figure 20



SUCCESSION COF BEDS BELOW GIDDINGS FLAT .

Sec, 22, T. 6 W., R. 30 E., Stanley County

Iaoor— 1801  PIERRE FORMATTION
1750+ Concealed under grassy slope

17504

Sully Member

7@ Zone

Ly

Dark gray shale; four concretion layers in

TR o upper part

- = 1505 Qacoma zone
15504, .7 L1546 Upper micaceous bentonite
XXX xxfs B.L{:, bentonite bed
L3
-
- . " -
creseena ] 514 Lower micaceous nentonite
1ISC04___ ___
- Agency zone
- Light gray silicious shale

440 Surrace of River Water

Figure 21



smcmszm OF B:Do AL JAHE DaM SITE

a Sev. 1, T. 111 N., R. 81 W,, Hughes Couniy
Underground date Iurnished by C.R. GOlder, Geologist

PIERHE FORMATION

1568 Sully Member
Qacoma zone

.- P1546 Upper micaceous bentonite.

Big bentonite bed
- Lower micaceous bentonite

Agency zone

1430 Surface of River Water

1 380 Crow Creek zone

Gregory Member

1239 Sharon Spring Member

41144 NIOBRARA FORMKTION

Figure 22



Plerre-Delrey Section

From Pierre eastward toward Rouseau on the north sided the

river the valley 1s glaciated and very much covered with all

sizes of glacial boulders ana grassed over, OQOccasionally a small
patch of the Sully member is exposed. Toward Rouseau more shale
is exposed and the Upper Micaceous Bentonite and the Big Bentonite
bed of the OQacoma zone are well developed and can easily be
traced. The flood plain covers the lower portion of the Oacoma.

From Rouseau to DeGrey there are no outcrops. The country
is rugged, grassed over and boulder strewn. Some shale is ex-
posed in road cuts. Above DeGrey, the country is flat but from
Chapelle Creek at DeGrey around the river bend to Dorian Island
the country bordering the river is rugged with many outcrops of
shale; the upper Gregory and nearly all of the Sully members are
present.

Bench marks of the Missouri River Commission, U0.S. Geolo-
gical Survey and the U.S. Coast and Geodetic Survey are numerous
along the highway and the river. Three topographic sheets by the
U.S. Geological Survey, the Oahe, Pierre and Canning guadrangles,
cover the area from Oahe to Rouseau.

On the west side of the river from Giddings Flat to the south
Stanley county line, a distance of 55 miles, shales are exposed
along the entire length of the valley. The shales of the breaks
belong to the Sully member and those of the upland country, to
the Virgin Creek member. Somewhere between Rouseau and Pilerre
the Crow Creek zone of the lower Sully disappears beneath the
river., This area is also the northern limit of the concentrates
of the manganese nodules of the Oacoma zone.

—66—



SUCCESSION OF BEDS AT MOUTH OF AN’.I.‘ELOPE CREEK
Sec, 29, T. 4 N., R. 83 E., Stanley County -

‘ : " PIERRE FORMATION
7 Sully Member
(=2 Verendrye zone
18804 ©
. (o) 3
o
ot , :
: ,.1502 - Oacoma zone
13009 s uxxf Big bentonite bed
[

eesreese1473 Lower micaceous bentonite -

—— , Agency zone

:;m):;-‘ .1428 AllUVium E

Eurlface of River Water

SUCCESSION OF BEDS 1% MILES SQUTH OF DEGREY
Sec. 7, T, 109 N., R. U5 W., Bughes County

PIERRE FORMATION
Sylly Member

" ‘Oacoma zone
/;g'lsﬂ Upper micaceous bentonite

> Big bentonite bed
15504 .. : _
e 1541 Lower micaceous bentonite
. Barren zone (Agency)
15004— — o
11487 Crow Creek zone
‘ 1473 Gregory Member
14504} "
S

1431 Road Level
| Figure 23
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That part of the Missouri valley from DeGrey to the White
river which contains the Big Bend of the river is described in
detail in preyious Reports of Investigations by the State Geolo- |
gical Survey.:L The purpose of those investigations was a study
of the manganese deposits and the structure of the region.

This area has many roads and trails on which the river can
be reached. Shales are exp®sed on both sides of the valley
throughout the area and for many miles up the larger creeks. The
last outecrops of the Niobrara chalk appear at Fort Thompson and
Camel Creek. There are no outcrops of the Pierre shale inside of
Lhe Big Bend and north of the river inside of the meander at Joe
Creek.

Many key beds to formations and contact horizons can be
found in the shale outcrops along this portion of the valley.

L. d.P. Gries and E.P. Rothrock, Manganese Deposits of the
Lower Missouri Valley in South Dakota; Monta E. Wing and
J.P. Gries, Stratigraphy and Structure of the Chamberlain
Section of the Missouri River Valley, R.I. 39, S. Dak..
Geol. Survey, 19459; E.P. Rothrock, Migsduri Valley Man-
ganese Deposits between Lower Brule and DeGrey; Bruno C.
Petsch, The Medicine Butte Anticline. o
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17007

1650+

16001

15504 _

15601

SUCCESSION OF BEDS NORTH OF KENNEBEC

Sec. 33, T. 108 N., R. 75 W., Lyman County

~1771.9 PIERRE FORMATION
gﬁggg . Mobridge Member
~ 1702 Virgin Creek Member
—~ Concealed under grassy slope
e
%W
Sully Member

Verendrye zone

1547 Qacoma zone

#1535 Upper micaceous bentonite
v xxx 1?1525 Big bentonite bed

..... 1457 Lower micaceous bentonite

" Barren zone (Agency)

o - Crow Creek zone
o -

1450+

14001

e 447 Marl, 8'; sandstone, 1!

e G.e 0 Membe
ray s

ry
Dark gra hale

’ hnl%B'? Surface of River Water

Figure 24



16001

1550+

I5C0-

C k1B

r1617

o2

6

veel? 1509

1450+

1400+

§52§51485

|

1350~

- = oew

——— o

Flsa73

L

1300

SUCCESSION OF BEDS AT ELM CREEK

Sec. 10, T, 101 N., R. 71 W., Brule County

PIERRE FORMATION
Concealed under grassy slope

Sully Member
Verendrye zone

Qacoma zone
Upper micaceous bentonite

Lower micaceous bentonite
Barren zone

Crow Creek zone
Warl, 8'; sandstone, 1'; very prominent in locality

Gregory Meuwber
Concealed under grassy glope

Two limestone lenses each 1' thick

Marl, smooth, soft, light buff

Rusty clay, 4" on fine thin bentonites
Sharon Springs Member

Bentonite, M
Dark gray shale, cross-bedded with bentonite

NIOBRARA FORMATION

‘Surface of River Water

Figure 25



Bijou Hills — Wheeler-Rosebud Bridge - Chotean Creek

The Niobrara chalk formation is the bed rock of the river,.
Outcrops of it can be seen almost anywhere at the low end of the
breaks and at the water where the outcrop is generally a high
vertical cliff. The upland country has the Mobridge member
but a veneer of glacial drift covers it on the east side of the
valley. The rim of the valley usually ends abruptly and the
Mobridge is exposed in steep vertical cliffs. Glacial drift is
almost down to the flood plain in the locality at the mouth of
Platte Creek in Charles Mix county.

In Gregory county the breaks are well grassed over with an
occasional outlier of Mobridge exposed. from the Wheeler-Rosebud
bridge along the river to Choteau Creek which is the Charles Mix-
Bon Homme county line, one can drive on the flood plain except
£or about seven miles northwest of Rising Hill colony. Once a
road existed here. West of Greenwood the Niobrara chalk ¢liffs
are at the water and the road is at the base of the cliff. The
flood plain is wide and the outcrops are back from the river.
They are grassed over and coverecd with glacial drift. Niobrara
chalk and sometimes Sharon Springs shales are exposed. Glacial
drift covers all the sedimentary rocks in the vicinity of Chotean
Creek.
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SECTION OF SHARON SPRINGS MEMBER

6 miles south of Lake Andes
Sec., 5, T. 95 N., R. 65 W,

Feet Inches

Glacial Drift to Top of Hill
Gregory Member
Trace of yellow to buff marl
Sharon Springs Member
Dark gray shale . -4
Yellow bentonite ‘
Dark gray shale ’ 28.3
Bentonite
Dark gray shale, cross-bedded with bentonite
Rentonite -
Black cross-bedded shale and bentonite 1
Yellow disseminated beatonite
Black shale
Yellow bentonite
Black shale
Bentonite
Black shale
Buff bentonite
Black shale
Yellow bentonite
Black Shale laminated with bentonite
Yellow bentonite
Black shale
Brown bentonite
Grey chalk
Hard iron laminated shale
Soft black bentonitic shale, moist
Rusty-yellow bentonite
NIOBRARA FORMATION
Black chalky shale and chalk in creek bed

N

I HRHMON I NI N
o

R O OA

> AR

ot

}-a

Figure 2%



Choteau Creek — Big Sioux River

The river cannot be reached with a car from Choteau Cresk to
within about 4 miles above Running Water. A4 good graveled high-
way leads to the Running Water ferry landing.

. High vertical cllffs of Niobrara chalk border the river in
the vicinity of Running Water and occasional exposures of Sharon
Springs outcrop below the drift which is the upland formation in
the area. From Running Water to Springfield railroad station,
which is west of Springfield, the chalk cliffs are over a mile
back from the river. A good road leads along the base of the
cliffs on the flood plain.

From the railroad station through Springfield and east for
several miles are:high vertical cliffs of the Niobrara chalk
covered with glacial drift. Sovth of Bon Homme townsite through
the army bombing range and eastward beyond the Mennonite colony
the pisacial drift obscures the formation. Three miles west of
the Mennonite colony the river has formed a high vertical cliff
of the drift. From Gavin's Point to Yankton the Niobrara chalk
cliff's are back from the river with a road on the flood plain:s at
the base of the cliffs. Roads on the upland are plentiful. The
countiry on the Nebraska side of the river is very rugged to a
pocint across from Sioux City and has outcrops of the Benton group
2. th2 Dakota formation, both along the river and tributary
streans. .

- The country from Yankton to the Big Sioux river on the north
is a wide flat flood plain and outcrops are several miles from
the Missouri river.
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REVZIEZW OF MINERAL RESOURCES
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It is not within the scope of this report to outline or
25QT 1be in detail eacn_mlneral but they are listed briefly as
review, Some of these ml aerals have been suvj=sct matter in
3 reports of the South Dakota State Geological Survey and
others a2gencies, '
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The mineral products are grouped under the following head-
ings:

Metals

Fuels

Structural Materials

Clays and Ceramic Products
Miscellaneous Minerals
Water Supplies

o Produet . Mineral . . .. .. Bst. Amcunt
Manganese Iron Carbonate Nodules 80,904,000 Tons
' 15,209,000 Tons Mn

Aluminum Pierre Shale Unlimited
Fuel Natural Gas Limited
Petroleum - Siiaron Springs 011 Shale 123,442 Tons per Acre
Petroleun Paleoczoic Formations Shows
Structural Materlal Sand and Gravel 846,591,000 cu. yds,
Clays Bentenite Limited
Pottery Clay - Pierre Shale . Limited
Brick and Tile Clay Pierre Shale Unlimited
Refractory Clay Pierre Shale Limited
Road Metal Pierre Shale Unlimited
Abrasive Volcanic Ash Limited
Water Supplies Unlimited
Whiting and Lime and

Rock Wool Niobrara Chalk 221,314 Tons per Acr
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Information on mineral resources of the Missouri valley may
be found in the following Reports of Investigatioans by the State
Geological Survey:

R.I. 2 A Preliminary Report on the Chalk of Eastern South
Dakota, E.P. Rothrock ,

R.I. 18 Water Supplies at Fort Thempson, E.P. Rothrock

R.I. 23 The Ceology of the Crow Creek Dam Site, E.P. Roth-
rock

R.I. 26 Artesian Conditions in West—Central South Dakota,
E.P. Rothrock and T.W. Robinson

R.I. 27 Lithologic Stratlgraphv of the Pierre Formation in
the Missouri Valley in South DaKoua W.V. Searight

R.I. 29 A Structiral Survey of the Plerre Gas Field, Monta
E. Wing, 19238

R.I. 31 A Structural Survey of the Upper Missouri Valley in
South Dakota, J.P. Gries, 1939

R.I. 32 Mineral Products and Missouri River Navigation in
South Dakota, E.P. Rothrock, 1939

R.I. 34 A Structural Survey of Northeastern Stanley County,
South Dakota, J.P. Gries, 1940

R.I. 38 Manganese Deposits of the Lower Missouri Valley,
E.P. Rothrock and J.P. Gries, 1941 :

R.I. 43 Fconomic Possibilities of the Pierre Shale, J.P.
Gries, 1942

R.I. 45 The Medicine Butte Anticline, Bruno C. Petsch, 13942

R.I. 46 Missouri Valley Manganese Deposits Between Lower
Brule and beJrov, E.P. Rothrock, 1943

R.I. 47 Sand and Gravel Deposits in the Missouri Valley Be-

tween thtle Bend and White Rlver, BE.P. Rothrock 1244
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