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ABSTRACT

Field work undertaken primarily to determine the occurrence and ceramic
properties of clay deposits in the pre -Greenhorn Cretaceous beds of central
and north -central Kansas has resulted in much detailed stratigraphic in-
formation . The newly acquired data indicate needs for reclassification of
these beds .

Numerous classifications have been proposed , for the Cretaceous rocks of
Kansas , by various workers during the past 75 years . For the most part , the
proposed formations have been either inadequately defined or have been of
such non -persistent nature that they were not useful outside of the type area .
The classification proposed in this paper is as follows : The oldest Cre-

taceous rocks known in Kansas , which are of continental origin , are classed
as the Cheyenne sandstone . Dark marine shale and sandstone above the
Cheyenne sandstone are assigned to the Kiowa shale . These two stratigraphic
units , named from Kiowa county , Kansas , have been recognized by workers
for many years and can be correlated with beds in the north -central Kansas
region .

Nonmarine clay and sandstone deposits that overlie the Kiowa shale are
here designated as the Dakota formation . The Dakota is limited upward by the
base of the Graneros shale . The formation is here subdivided into two mem-
bers : the Terra Cotta clay member at the bottom and the Janssen clay mem-
ber at the top . The marine shale above the Dakota formation and below the
Greenhorn limestone is classified as the Graneros shale .

The continental or near -shore Cheyenne sandstone is thought to represent
deposits made near the strand line of the northward -advancing Cretaceous
sea . The Kiowa shale was deposited in a relatively shallow sea . The Dakota
formation comprises clay and sand deposited on flats not far above sea level .
Deposition of the Dakota beds was terminated by a re -advance of the sea,
and in this sea the marine shale and sandstone of the Graneros formation
accumulated .

INTRODUCTION

Rocks of Cretaceous age are exposed over large areas in central
and north-central Kansas , in Kiowa , Clark , and Comanche coun-
ties of south -central Kansas , and at many places in the western
part of the state (fig . 1 ) . The stratigraphy of these deposits has
been given considerable attention during the past 75 years , and
nearly as many classifications of the beds have been proposed as
the number of geologists who have investigated them . For themost
part these studies have been rather superficial , although Twen-
hofel ( 1920 , 1924 ) and others have described the marine fauna of
the Kiowa shale in some detail . Many of the formations that have
been named are either inadequately defined or they are of such
lenticular or local nature that they have little value outside of the
type areas . It is the purpose of this paper to present new data con-
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FIGURE 1. Outline map showing outcrop area of pre -Greenhorn Cretaceous
beds .

cerning the lithology and lateral extent of these beds , and to re-
classify them in stratigraphic units that can be correlated over all
of central Kansas .

Field work was started by us in central and north -central Kan-
sas in June 1938 ; and , since that time , 24 months have been spent
in the field in this area . During this time the Cretaceous strata of
eleven counties were studied in detail , and preliminary observa-
tions were made in three others (fig . 2 ) . The original study was
planned primarily as an investigation of the ceramic materials in
the lower part of the Cretaceous system . In such an investigation

it was necessary to obtain unweathered samples of the clay and
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FIGURE 2. Index map of Kansas showing area covered by investigation .
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shale deposits , and this was possible only in pits dug especially
for that purpose . To facilitate such a sampling program , a W.P.A.
project was set up and about 1,400 pits were dug . The samples

were taken from these pits and the thickness of beds was measured
in freshly made exposures . The pits were placed in off -setting
position along selected slopes and were approximately 11 feet
deep (fig . 3 ) .

0
-9 Stake

Sand

Pit 3

Stake 21

Pit 2 Clay Bed 41
Stake

Pit I

Sand Bed 3

+Clay Bed : 2

Sand Bed

FIGURE 3
. Diagram showing method of excavating the pits from which samples
were obtained .

A sufficient number of samples were taken to obtain an adequate
representation o

f all Cretaceous strata exposed below the base of

the Greenhorn limestone . These samples were taken to the labora-
tory where ceremic tests and chemical analyses were made . The
investigation of ceramic materials has furnished valuable strati-
graphic information which is derived from accurately measured
sections in areas where the beds are inadequately exposed by
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ordinary erosion agencies and from detailed studies in the field
and laboratory on the lithology of the deposits . Basic stratigraphic

data will be presented in considerable detail in a subsequent re-
port on the ceramic properties of the clay .

The literature on the stratigraphy of the Cretaceous beds below
the Greenhorn limestone in Kansas has been reviewed adequately
by Tester ( 1931 , pp . 204-230 ) .
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STRATIGRAPHY

In order to classify the Cretaceous beds below the Greenhorn
limestone in stratigraphic units that can be correlated over all of
central Kansas , it has been deemed necessary to re -define the
Cheyenne sandstone , the Kiowa shale , and the Dakota formation .

The Cheyenne sandstone , which is exposed only in south -central

Kansas , is accepted in the same sense as used by Cragin (1890 ,

1891 , 1895 ) , Hill (1895 ) , Gould ( 1900 ) , and Twenhofel (1924 ) . As
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defined by them , this formation includes sandstone strata of con-
tinental origin that lie unconformably on Permian rocks and that
conformably underlie the Kiowa shale .

The name Kiowa shale is retained to designate the dark -colored
marine shale , sandstone , and fossiliferous limestone , which occur
above the Cheyenne sandstone and below the beds here included
within the Dakota formation . This definition does not accord
strictly with past usage , and reasons for the modification proposed
by us will be given later .

The Dakota formation is restricted to include only the con-
tinental and littoral beds that occur above the Kiowa shale and be-

low the Graneros shale . The upper and lower boundaries of the
Dakota formation are not everywhere sharply defined , but they

can be drawn within the limits of a 5- or 6-foot zone . Numerous

sandstone layers and lentils are found in this part of the section .
Despite the fact that these are mostly channel sandstones , possess-
ing little continuity , some of them have been designated previously

as individual stratigraphic units . Contrary to the general opinion

of geologists , the Dakota deposits of central and north-central

Kansas do not consist predominantly of sandstone . Sandstone is
present and locally very prominent , but clay is quantitatively the

most important type of sedimentary material in the formation .

The Dakota formation is divided into parts , the lower of which

is named the "Terra Cotta clay member " and the upper , the "Jans-
sen clay member ." The Terra Cotta member is defined to include

massive clay , silt , and sandstone comprising approximately the
lower two-thirds of the Dakota formation . The most conspicuous
lithological feature of the Terra Cotta member is the widespread

distribution of gray -and -red -mottled massive clay . The Janssen
member includes beds of lignite , gray to dark -gray massive clay ,

silt, and some shale above the Terra Cotta member and below the

Graneros shale . The Janssen -Terra Cotta contact is not a sharp

one , but in most places it can be drawn within a 5-foot zone . This
contact is arbitrarily placed by us at the top of a zone of concen-
trated concretionary siderite , limonite , or hematite , which is over-
lain by a bed of gray massive clay containing varying amounts of
siderite (possibly ankerite , in some cases ) pellets and with yellow
to yellow -orange coloring along oblique joints ,
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THE PRE -CRETACEOUS SURFACE

Where the base of the Cretaceous is exposed in Kansas , it lies
unconformably upon a mature erosional surface that is developed
on various Permian rocks . As much as 50 feet of relief has been

noted on this unconformable surface . Differential compaction of
the Cretaceous beds over the Permian hills and valleys is evident
in some places , and this may produce rather pronounced local
structure that is not found in the older beds .

At several places , a zone of weathering or leaching was noted
in the upper few feet of the Permian shale . Normally , the Permian
shale in the areas studied ranges from dark brownish -red to green-

ish-gray . In the leached zone the colors are lighter buff or yellow in
some places . Where observed on single exposures the depth of
this leached zone is uniform , and its base cuts across bedding
planes .

At many places the Permian -Kiowa or Permian -Dakota contact
is a smooth shale -on -shale contact , and no trace of coarse material
is present . Elsewhere , a narrow zone is found that contains well-

rounded and , in some places , polished pebbles or cobbles up to 3
inches in diameter . The pebbles consist of quartzite , chert , and ,
rarely , limestone . Generally , they are found imbedded in friable
sand , which may contain some lignite particles , but they are also
enclosed by shale where sand is absent . Although this zone is most-
ly quite thin , a thickness of three or four feet was observed in Clay
county (pl. 1B ) . This zone is not confined to areas showing the
Permian -Kiowa contact , since it has been found under the Dako-
ta formation in northern Clay county; and , according to Frye
(personal communication ) , the same zone occurs under the Chey-

enne sandstone formation in southern Kansas . This material may

have been residual on the Permian surface prior to the invasion of
the Cretaceous sea . More probably , however , it represents the
earliest continental deposits of Cretaceous age . This unnamed bed
warrants careful future study.

CHEYENNE Sandstone

The Cheyenne sandstone was described by Cragin ( 1889 , from
exposure at Cheyenne rock , near Belvidere in southeastern Kiowa
county, Kansas ) . The type exposure consists of 40 feet of cross-
bedded , loosely cemented sandstone interbedded with shale , rest-
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ing on red beds of Permian age . The overlying strata consist of
dark shale of marine origin classed as Kiowa shale .
The Cheyenne sandstone is extensively distributed in the sub-
surface of western Kansas , as indicated by study of well samples ;

and it occurs also in central Kansas but does not crop out in the
area studied . The Cheyenne formation is considered to be of con-
tinental origin . Plant remains , particularly leaves of dicotyle-

dons , occur in the sandstone , but no marine fossils have been

A

B
PLATE 1. A. Typical ellipoidal concretion of "quartzite " in the Dakota forma-
tion . Sec . 30, T. 15 S., R. 6 W. , Ellsworth county . B. Pebble zone at base of
Cretaceous beds . SE4 , sec . 9, T. 10 S. , R. 1 E. , Clay county .
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found . The Cheyenne has been described in some detail in several
previous reports . (Cragin , 1890 , 1891 , 1894 , 1895 ; Hill , 1895 ;
Gould , 1900 ; Twenhofel , 1920 , 1924 ; Latta , 1941. )

KIOWA SHALE

The Kiowa shale was named in 1894 by F. W. Cragin (p.49 ) and
described as those dark and light colored fossiliferous shales over-
lying the Cheyenne sandstone or the Permian " redbeds " and over-
lain by brown sandstone , of middle Cretaceous age , or by Tertiary

or Pleistocene deposits . The name was derived from Kiowa county
southwestern Kansas .

In the area investigated , the Kiowa shale crops out as far south
as McPherson and Rice counties and as far north as Clay county.
It thins toward the northeast and disappears entirely in Clay
county . From there , north to the Nebraska line , the Dakota forma-
tion immediately overlies Permian shale and limestone . The Kiowa
shale consists of dark gray fissile clay -shale containing selenite
crystals , bands of " ironstone ," and cone-in-cone , and nearly white
to brown sandstone . The beds of sandstone commonly consist of
fine -grained and horizontally thin -bedded quartz sand . Some of
them contain glauconite , pyrite , and lignitized logs or sticks . Molds
of marine shells have been observed in the sandstone in the north-

east corner of Rice county and in Saline county. Fossiliferous
limestone beds also occur in the Kiowa . The Champion shell bed
occurs at the base of the Kiowa shale in the type locality . This is
the only limestone in the Kiowa shale that has been assigned a
definite stratigraphic name .
The Kiowa shale closely resembles the Graneros shale in ap-
pearance and in ceramic and chemical properties . Like most mar-
ine shales that have not been subjected to prolonged weathering

and leaching subsequent to deposition , the dominant clay mineral
is illite . The illite is associated with varying amounts of mont-
morillonite . Iron is commonly found to be an integral constituent
of the clay molecule in the minerals of these groups . Finely divided
carbonaceous material and a considerable amount of pyrite in-
dicate that reducing , rather than oxidizing , conditions prevailed

subsequent to the deposition of the muds that formed the Kiowa

shale . The significance of this fact in connection with the forma-
tion of clay minerals is that the movement of fresh water at or
near the surface , which is essential to the formation of kaolinite ,
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could not occur under reducing conditions . The dark -gray Kiowa
shale , when fired in the kiln for ceramic tests , turns brown or red-
brown , whereas the kaolinitic clay from the Dakota formation ,
which has the same natural color and appearance as that from the
Kiowa , fires to a cream or buff color . The shale is further char-
acterized by a high absorption of water , high shrinkage from dry-
ing and firing , and a comparatively low fusion point . A comparison
of the ceramic properties in relationship to the lithology of the
marine and nonmarine clay and shale will be treated more fully in
the discussion of the Dakota formation .

The maximum thickness of Kiowa shale , measured on the out-
crop in the north-central Kansas area , is 60 feet . No outcrops of
this formation were found , however , where the entire thickness ,
including the Permian and Dakota contacts , was exposed . It is
estimated from composite sections that the maximum thickness
of the Kiowa, in the region studied , is 100 to 125 feet . In a water
well drilled on the Sherman ranch in Ellsworth county, in the
NE cor. sec . 15 , T. 17 S. , R. 7 W. , the Kiowa -Dakota contact was
reached at 35 feet below the surface . The well was drilled through

113 feet of Kiowa shale before reaching the top of the Permian .

The following section was measured from a fresh exposure at
the west portal of the Kanapolis dam , NW sec . 2 , T. 17 S. , R. 6 W. ,
in southeast Ellsworth county. The Kiowa-Dakota contact is not
included in this measured section , but was observed on the hills
to the west and northwest .

SECTION MEASURED FROM A FRESH EXCAVATION AT THE WEST PORTAL

OF THE KANOPOLIS DAM (NW SEC. 2, T. 17 S. , R. 6 W. ) Ellsworth CounTY

Cretaceous system
Kiowa Shale

8. Sandstone , fine -grained , yellow , thin -bedded

Thickness

(feet )
5.0

7. Shale , shaly silt, and sandstone , gray , with some gypsum cry-
stals 8.8

3.86. Shale , fissile , dark gray , a thin cone - in-cone bed near middle
5. Limestone , gypsiferous , fossiliferous , overlain by cone - in -cone .. 0.4
4. Shale , fissile , dark gray , selenite and a thin cone - in - cone layer
in the lower half, a band of concretionary "ironstone " at the
bottom .11.8

3. Shale , fissile , dark gray , with a small amount of gypsum , and a
few very thin , irregular sandstones

Total thickness exposed

.18.1

47.9
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UNCONFORMITY

Permian system
(?) Ninnescah shale
2. Silt , clayey , light gray , massive to imperfectly laminated . This
light-colored shale is uniform in thickness at this exposure
but it cuts across bedding planes at the bottom , indicating that
this is a pre -Kiowa weathered zone in the Permian
1. Silt and shale , banded red and gray

2.0

16.0

South of Kanopolis the following section was measured from
below water level in Thompson creek to the top of a steep hill
south of the creek . This is in the S½ NW sec . 28 , T. 16 S. , R 7 W. ,
Ellsworth county . The section was measured in pits excavated to
obtain samples for ceramic tests . Measurements were checked by

instrumental elevation at the top of each pit .

SECTION ON THOMPSON CREEK , NEAR KANOPOLIS , KANSAS

Dakota formation Thickness

(feet )
17. Clay , massive , very light gray to cream 1.9

16. Clay , massive , silty , yellow and gray , with abundant pellets
of limonite and hematite 3.2

15. Clay, silty , massive , gray and yellow 2.5

14. Sandstone , fine -grained , yellow , buff and brown , horizontally
bedded and cross -bedded ; contains imprints of dicotyledon
leaves . Top of sandstone dips to west and a little north .13.5

Total thickness of Dakota formation exposed 21.1

Kiowa shale

13. Clay and clayey shale , gray ; like bed 12, but lighter in color , and
may represent a pre -Dakota zone of weathering

12. Clay- shale , dark gray and yellow ; a band of concretionary
"ironstone " near bottom ; scattered ellipsoidal discs of “iron-
stone , and an unusually large amount of gypsum

5.6

5.4

11. Silt and sandstone , yellow to gray , thin -bedded , contains lim-
onitic sandy concretions , pyrite , and selenite crystals ; a con-
cretionary "ironstone " band at top 6.6

10. Clay, massive , dark gray ; contains powdery sulphur ( ? ) and
small selenite crystals in joints 1.4

9. Shale , clayey , and gray and white silt alternating in paper - thin
laminations ; contains some gypsum 1.3

8. Shale , clayey , dark gray , bearing thin streaks of yellow and gray
sand and silt; contains large crystals of gypsum and some sul-
phur (? ) along joints 8.7

7. Shale , clayey , dark gray , containing a small amount of gypsum .. 1.2
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6. Silt , shale , and sandstone , thin-bedded to fissile , gray , buff , and
yellow ; contains pyrite zones ; uppermost one foot irregularly
bedded ..12.3

5.7
5. Shale , clayey , dark gray ; cone - in - cone and concretionary “iron-
stone" beds near middle
4. Silt , gypsiferous , having cone - in - cone structure ; a thin fossilif-
erous limestone at the base 0.7

3. Shale , clayey , dark gray ; contains " ironstone " concretions and
imprints of marine shells 5.1

2. Silt , gray , with clay streaks , cone - in - cone at top , and pyrite near
middle ; contains marine fossil imprints 1.8

1. Shale , clayey , dark gray ; contains a lignitized log having pyrite
in cracks 1.4

Total thickness of Kiowa shale exposed ..57.2

The Kiowa-Dakota contact as here exposed is not typical . The
contact can usually be identified by a gray silt or fine sandstone at
the base of the Dakota formation ; this layer is evenly bedded , at
least in the lower portion ; and , commonly , it contains large ellip-
soidal concretions of “quartzite" and some pyrite (pl . 1A ) . It is
probable that bed 14 of the Thompson creek section is a local
channel filling that has replaced the original material partly or
wholly ; the strata at this horizon , if not “quartzitic ," are friable or
clayey and, therefore , easily eroded . Bed 15 and bed 16 of the
Dakota formation are useful key beds in determining the Kiowa-
Dakota contact . This relationship of a gray massive clay , below a
strongly colored , generally red , yellow , and gray , mottled clay ,
bearing concretionary iron pellets , is a fairly constant one .
About a half-mile north-northwest of the location of the Thomp-

son creek exposure , several feet of Kiowa shale is exposed in a road
cut between the SW cor . sec . 21 and the SE cor . sec . 20 , T. 16 S. ,
R 7W. The shale is overlain by the Dakota and the beds are folded
and faulted . A well -defined overthrust fault is exposed on the
west side of this cut. A brown and yellow sandstone , which is the
lowermost Dakota bed at this place , lies unconformably on folded
and truncated strata of the Kiowa. The contact is nearly horizon-
tal but shows minor pre -Dakota erosional inequalities . This is one
of two instances known to us in which an erosional unconformity

is identifiable at the Kiowa-Dakota contact . Here , the irregularity
of the surface of the Kiowa is probably due to stream erosion prior

to the deposition of a local channel sandstone at the base of the
Dakota .
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The Kiowa shale becomes thinner to the northeast along the
outcrop . It is absent in parts of Ottawa and Clay counties , and
probably entirely missing in Washington county (fig . 4) . Owing
to irregularities of the Permain surface , formed by erosion before
Kiowa and Dakota deposition , the thinning of the Kiowa shale is
equally uneven . For example , in the SW sec . 34 , T. 11 S. , R. 1 W. ,
Ottawa county , the Dakota formation immediately overlies Per-
mian shales ; whereas , four miles farther north , in the SW sec . 10,

T. 11 S. , R. 1 W. , a thickness of 40 feet of Kiowa shale was meas-
ured . Although the Permian -Kiowa contact is not exposed at the
latter outcrop , it is likely that it is only a few feet below the bot-
tom of the measured section . The Kiowa -Dakota contact is seen

here , and , therefore , the 40 feet of Kiowa shale probably repre-

sents nearly the maximum thickness at this place .

DAKOTA FORMATION

The methods of study which must be used on the Dakota for-
mation are different from those that have been employed success-
fully in study of marine Cretaceous sediments . The resistant , con-
spicious beds of the Dakota formation are sandstone which is not
horizontally continuous and , therefore , is not useful in strati-
graphic studies . Futhermore , the persistent beds of clay are com-
monly weathered or covered ; they are notably inconspicuous .
The general lack of fossils in the continental beds is a handicap
to detailed stratigraphic work . The uniformity in characters of
clay and silt beds of the Dakota formation is not the same type of
uniformity that is found in many marine sedimentary rocks . Strik-
ing lateral variations of the Dakota strata , in thickness , color , and
texture of the beds , may be observed even on a single exposure .
It is only ofter study of many exposures and acquisition of a cer-
tain familiarity with the Dakota sediments that an orderly cyclic

succession of beds can be detected . This orderly succession is
chiefly expressed by the distribution of beds having a concentra-
tion of siderite , limonite , or hematite pellets .

The Dakota formation of Kansas , as here defined , has been called ,
variously , "Dakota group" (Meek and Hayden , 1862 ; " Dakota '
formation" (Twenhofel , 1924 ) ; "Ellsworth and Solomon forma-
tions " in a classification by Tester which was published in Rock
Formations of Kansas , by Moore ; "Rocktown channel sandstone
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member " (Rubey and Bass , 1925 ) ; "Dakota sandstone ," (Prosser ,
1897 ) , and many others . The Dakota group (Meek and Hayden ,
1862 ) was defined to include the sandstones , various colored clays ,

and lignite beds which underly the Benton group in eastern Neb-
raska . The beds were named from exposures near Dakota City ,
in Dakota county , Nebraska . These beds were believed by Meek
and Hayden to extend into northeastern Kansas .

The Dakota formation is here defined to include the Cretaceous

strata from the top of the Kiowa shale formation , below, to the
base of the Graneros shale , above . At no place in the region studied
is the entire thickness of the Dakota continuously exposed . In the
area within a radius of a mile from Terra Cotta station , in eastern
Ellsworth county, however , almost the entire thickness of the
Dakota formation can be seen . Also , the Kiowa -Dakota contact ,
with several feet of the underlying Kiowa shale , is well exposed
near the Salina -Ellsworth county line .

In most of the literature describing the Dakota formation , great
emphasis has been placed on the channel sandstone , which is a
minor , although conspicuous , feature of the formation . This is
understandable , inasmuch as the clay , silt , and fine , thin -bedded
sandstone are mostly non -resistant , and , unless exposed by recent
erosion or in artificial cuts , are covered by soil and overgrown

with vegetation ; whereas , the more resistant sandstone caps the
hills and covers the slopes with residual sand and slumped frag-

ments . It is only from pits or other artificial exposures that ade-
quate data concerning the Dakota formation as a whole can be
obtained . It seems certain that the channel sandstones are in no
case confined to any particular horizon within the formation ; and ,

if they are given stratigraphic names , they should be described as
lentils . Thin, persistent beds of very fine -grained clayey sandstone
and silt are commonly found in the Dakota . These beds are usually
light -colored and should be considered as coarser facies of the
clays . In fact , such beds of silt and fine sand which have been
sampled are sufficiently argillaceous to permit their being molded
into bricks and tested like a clay.
In some places the coarser sandstone has the appearance of
being relatively thin and horizontally persistent . This seems partic-
ularly true of sandstone that caps a series of hills . Where such
occurrences have been studied in detail , it was found that the
capping sandstone occupies different stratigraphic positions , al-
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though the dark , case -hardened sandstone on the hill top has the
appearance of being thin , horizontally persistent "sheets ."
Despite expressed qualifications and warnings , the geologist is
prone is fix his eye on resistant beds in a published columnar sec-
ion . For this reason no channel sandstone is described in the
following generalized section of the Dakota formation . Any one
desirous of doing so may insert a lenticular sandstone in any por-

tion of the section and be reasonably assured that such a sandstone
occurs at that stratigrahic position somewhere in the area of the
outcrop .

GENERALIZED SECTION OF THE DAKOTA FORMATION IN NORTHCENTRAL

Graneros shale
KANSAS

Range of thickness
in area discussed
(feet)

Shale ; dark, fissile ; contains rusty, yellow to brown partings ,
selenite crystals , and , locally, chanel sandstones ; marine fossils
present

Dakota formation
Janssen clay member

.21.0 to 40.0

17. Limonite , siderite , or hematite , concretionary , associated with
some silt or fine sand ; may be a difficultly discernible bed , or
a part of a transitional bed grading from typical Dakota to
typical Graneros 0.1 to 5.0

16. Siltstone , gray to light gray , commonly fairly resistant ; contains
fragments of lignitized wood , some fossil leaves , and small verti-
cal channels , some of which look like worm borings and others
like molds of stems or roots . This zone generally contains much
limonite or siderite , and , in a few cases , lignitized stems or roots .

In some small areas a channel sandstone occupies this hor-
izon 0.5 to 4.0

15. Lignite and black lignitic clay ; this bed may be massive or
shaly 0.1 to 4.0

14. Clay , silty , gray , plastic , and some silt ; typically medium gray
in color ; contains lignite particles and an abundance of fossil
leaves . Locally , this zone is occupied by rather uniform dark
to medium gray silty shale . All samples taken from this bed
are fireclays 15.0 to 30.0

13. Clay , mottled , gray and light red , lithologically similar to
overlying bed except for greater percentage of ferric iron . This
bed is missing in many places , or , locally , it is lenticular .. 0.0 to 10.0

12. Clay, silty to plastic , gray , stained yellow or orange yellow ,
especially on and adjoining irregular oblique joints . The clay
is massive and breaks with a conchoidal fracture . One or two
zones of limonite or siderite pellets are commonly found in this
clay 15.0 to 30.0
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Terra Cotta clay member

11. Clay or silt containing an abundance of concretionary iron
in the form of siderite , limonite or hermatite "shot ." The iron is
sufficiently concentrated in many places to form a resistant
bed 0.1 to 4.0

10. Clay , massive , locally silty ; this zone may or may not be stained
yellow or mottled red 0.0 to 10.0

9. Silt and sandstone , very fine , gray or yellow, generally thin-
bedded and containing lignite particles . In many places this bed
is “quartzitic ," or contains ellipsoidal concretions of “quartizite ,"
but it may be missing entirely , bed no . 11 of the Janssen member
occurring immediately above it 0.0 to 10.0

8. Clay , massive , gray , of fireclay type ; commonly contains some
fossil leaves and lignite particles 1.0 to 5.0

0.1 to 3.07. Clay , massive , lignitic , dark gray ; contains fossil leaves
6. Clay , mottled gray and red , massive , of the fireclay type ob-
liquely jointed irregularly and breaking out with a conchoidal
fracture . This zone contains economically important beds of gray
fireclay having a high alumina and low iron content . Some seem-
ingly persistent zones of concretionary iron in the form of
of limonite , siderite , or hematite pellets , or of granular hema-
tite , occur in this division . There are also some thin beds of sand-
stone and silt, not channels or bars , in which "quartzite " con-
cretions are commonly found 100.0 to 150.0

5. Clay to clayey silt, mottled gray , red , and yellow, having an
abundance of limonite , siderite , or hematite pellets , or granu-
lar hematite ; the granular hematite is most common ......... 1.0 to 6.0

4. Clay , mottled light gray and red , kaolinitic , gradational contact
at top and bottom 1.0 to 5.0

3. Kaolin , white ; does not slake readily , and appears as a band of
white fragments on weathered surface . At some places this bed
is not evident on exposures , but generally it can be identified
by ceramic tests and chemical analyses 0.1 to 1.5

2. Clay with silt, gray to dark gray , or fine sandstone bands ,
lignite and fossil leaves common . In some sections portions of
this bed are shale or thin -bedded clay . A highly lignitic, darker
band commonly occurs toward the bottom , and pyrite , also . This
bed is mostly a refractory fireclay ; and , unless yellow stain is
marked , samples fire to ivory or cream colors 5.0 to 30.0

1. Siltstone and fine sandstone , mostly thin-bedded , but locally

cross -bedded ; this zone characteristically contains “quartzite "
concretions , which , if not quartzitic , are likely to be very fri-
able . Fossil leaves , fragments of lignite , and nodules are com-

mon . This zone is missing in places , in which case Dakota clay
(bed 2) rests directly on Kiowa shale or older rocks up to 20.0

Kiowa shale

Shale , dark gray , in some cases indistinguishable from the Dakota
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clay or shale except by ceramic or other tests that show the min-
eralogical characteristics of the two .

Beds 1 to 5 , as described in the generalized section of the Dakota
formation , constitute a valuable series to aid in locating the Kiowa-
Dakota contact in the field . Bed 5 is commonly conspicuous , even
from a distance , particularly if the iron in the bed weathers out
as granular hematite . The base of the Dakota is placed arbitrarily

at the base of the "quartzite" -bearing siltstone or sandstone des-
cribed as bed 1. In many cases a few feet of light -colored clay
that occurs below this bed on a lithological basis possibly should
be classed with the Dakota . Such an inconspicuous contact would
be difficult to find on the usual weathered exposures , however . The
"quartzite" concretions (pl . 1A) , on the other hand, are easily de-
tected even on weathered exposures . The contact cannot be
identified positively unless the dark fissile shale of the Kiowa can
be found below the "quartzitic " bed 1 , inasmuch as a series of beds
resembling those from 1 to 5 occurs somewhat higher in the Terra
Cotta member .

Terra cotta clay member . The entire section of the Terra Cotta
clay member is exposed in the school district of Terra Cotta , com-
prising part of T. 15 S. , R. 6 W. , in the east -central part of Ellsworth
county, Kansas . Practically the entire section was uncovered by
pits dug on the side of a steep hill (SW sec . 14 , T. 15 S. , R. 6 W. ) ,
north of the abandoned village of Terra Cotta , which is now only a
cattle -loading siding on the Union Pacific railroad . The main street
of the once thriving village probably marked the base of the Terra
Cotta member . Several good exposures of the Terra Cotta clay can
be seen on both sides of Highway U.S. 40 , from the Saline -Ells-
worth county line to Carneiro . On the slope to the west side of a
pond on the Vanier Ranch (SW sec . 18 , T. 15 S. , R. 5 W. ) , one mile
south of highway U.S. 40 on the Saline -Ellsworth county line , the
Kiowa-Dakota contact is fairly well exposed . Also , the lower 120
feet of the Terra Cotta member is fairly well exposed on the west
side of "Needle's Eye " hill just south of U.S. 40 , in the center of the
east line , NE sec . 15 ,T. 15 S. , R. 6 W. The upper 34 feet of this sec-
tion , however , is a typical channel sandstone , which has its maxi-
mum thickness near the Vanier pond . South of highway U.S. 40 ,

the axis of this channel trends southwestward ; but , north of the
highway , the channel curves to the northwest , or a tributary enters
it near this point . A good exposure of typical Dakota strata , con-
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sisting of gray and red mottled , massive clay , may be observed two
miles west of the "Needle's Eye ," along the road cuts of highway
U.S. 40 where it turns southwestward toward Carneiro .

The largest and most interesting exposure of the Dakota-Kiowa
beds can be observed in the north bluffs of the Smoky Hill river
valley , near cen . SW sec . 1 , T. 16 S. , R. 7 W. Here , about 50 feet of
Kiowa shale and 140 feet of the Terra Cotta clay member of the
Dakota formation are exposed . This exposure is somewhat con-
fusing , however , owing to extensive slumping of the cliff . Many
good outcrops of both the Kiowa shale and the Dakota formation
were found in central and north -central Kansas .

The upper 100 to 125 feet of the Dakota formation is well ex-
posed along the Saline river escarpments from north of Russell to
the point where this river enters Lincoln county, southwest of the
town of Sylvan Grove . The western bluffs of the river valley ,

from near the mouth of Hell creek to the Lincoln county line , af-
ford an opportunity to study a characteristic channel sandstone at
the top of the Dakota . This channel sandstone becomes thinner
and disappears at the southwest and northwest extremes of this
series of exposures , but reaches a maximum thickness of about 30
feet near the center .

The greatest development of the "quartzitic " facies of the sand-
stone occurs near Lincoln , where the " quartzite " is extensively
quarried . The “quartzite” occurs in the Terra Cotta member . Ex-
posures along Kansas highway 14 , from Lincoln north , to the top

of the valley escarpment , reveal a section comprising beds from
below the Terra Cotta-Janssen contact to the Lincoln limestone
member of the Greenhorn limestone .

Comparison of the upper 140 feet of the Dakota formation in

two other Lincoln county exposures is of interest . At "Hell's Half
Acre ," 2 miles north of Kansas highway no . 18 , in the NW sec . 36 ,
T. 11 S. , R. 7 W. , an abnormal amount of red mottling occurs both
in the Terra Cotta and Janssen members ; whereas , in the SW sec .
33 , T. 13 S. , R. 7 W. , as shown by several exposures , the Janssen
consists almost entirely of silt and very silty clay. One 40 -foot bed
of lithologically uniform silty clay was sampled in this area .

About 60 feet of beds belonging to the middle part of the Terra
Cotta member are exposed on the south bank of a creek in the
SW sec . 1 , T. 11 S. , R. 6 W. These beds are tentatively correlated
with those reported in tables 1 and 2 (p . 335 ) .
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The upper 135 feet of the Dakota formation is partially exposed
along the county road crossing Boyer's hill , west of Delphos (SE
sec . 14, T. 9 S. , R. 5 W. ) . The Dakota -Graneros contact and the
Greenhorn limestone are shown here . Covered portions of the Da-
kota section along the road are represented by exposures on hill
slopes a quarter to half a mile north of the road , in the NW sec . 14 ,
T. 9 S. , R. 5 W. , Ottawa county.

A composite section showing nearly the entire thickness of the
Dakota formation can be measured from the numerous exposures
on hills a short distance west and northwest of Miltonvale , Cloud
county . A good example of extreme irregularity in bedding may
be seen in outcrops of Dakota strata along U.S. highway 24 , near
the cen . S line , sec . 14 , T. 8 S. , R. 2 W. This area has been described
briefly by Wing (1930 , pp . 31-34 ) .

The Dakota formation is well exposed in Washington county,
north of the city of Washington , particularly in T. 1 S. , R. 3 E. and
westward from Morrowville to the county line . The Janssen mem-
ber and the upper portion of the Terra Cotta member are clearly
exposed at several places south of Haddam in the S½ sec . 27 , and
N2 sec . 34 , T. 2 S. , R. 1 E. In the E2 sec . 14 , T. 1 S. , R. 3 E. , the
greater part of the lower half of the Dakota formation is exposed .
The W-5 beds , to which reference is made on p . 335 , make up a por-
tion of this section .

The Kiowa shale has not been found on any outcrops observed
in Washington county. The Permian -Dakota contact is well ex-
posed near the west end of the bridge across the Little Blue river
at Hollenberg . The Permian strata that occur here , next below the
Dakota formation , are considerably older than the red beds of
Permian age that underlie the Cretaceous in Ellsworth and Rice
counties . The youngest Permian of the Little Blue river outcrops
belongs in the lower part of the Wellington formation , about 1,000
feet stratigraphically below the youngest exposed Permian in
Ellsworth county . A much thicker section of Permian and
Dakota beds is exposed near the cen . 12 sec . 35 , T. 2 S. , R 4 E.
Irregularities in elevation of the Permian -Dakota contact , which
are found along U.S. highway 36 , 2 to 3 miles east of Washington ,

are interpreted to define the topographic unevenness of the original
Permian surface .

Future study may justify subdivision of the Terra Cotta clay
member of the Dakota , as here defined . Relatively few of the de-
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tailed sections which were measured in pits excavated for the col-
lection of clay samples have been studied and compared closely .
Judging from those already studied , however , we may recognize

two or three beds marked by strong concentration of concretionary

iron that occur at regular stratigraphic intervals . The succession
of strata occurring below or above these ferruginous beds is
similar to beds 1 to 5 of the generalized section of the Dakota
formation (p.329 ) . This succession of beds possibly represents
depositional cycles which can be used in determining more exactly

the environment of sedimentation of the Dakota formation . The
concretionary iron beds were attentively noted in the field , both

because they are relatively conspicuous in the outcrops and be-
cause high grade fireclay commonly underlies the iron -bearing

beds . The fireclay samples have a high content of alumina , and
many of them contain thin streaks of kaolin and lignite . In our
opinion we have been able to identify one fireclay bed of this type

from outcrops as far apart as north-central Washington county

and east-central Lincoln county . Tables 1 and 2 show the nearly

identical ceramic and chemical properties of samples of this fire-
clay bed taken from outcrops separated by a distance of over 50
miles . Location W-5 is in the SE sec . 14 , T. 1 S. , R. 3 E. , Washing-
ton county ; location C -27 is near the cen . S½ sec . 32 , T. 8 S. , R. 2
W., Cloud county.

Table 1-Ceramic data on two samples of the Terra Cotta clay member
from Cloud and Washington counties , Kansas .

Sample Volume shrinkage
no . on drying (per cent )

Volume shrinkage

on firing to 2200 ° F.
Specific gravity
at same temperature

(per cent )

W-5
C-27

26.6

26.5

24.1

25.3

2.41

2.40

Table 2-Chemical analyses of two clay samples of the Terra Cotta clay
member from Cloud and Washington counties , Kansas .

Constituents Sample W-5 Sample C-27

Silica (SiO2) .59.88 % 59.94 %

Alumina (Al ,O₁ ) .30.90 29.38

Iron Oxide (FeO3 ) 1.69 1.20

Calcium oxide (CaO ) 0.24 1.10

Loss on ignition 7.26 8.40
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Clay samples W-5 and C -27 are very similar in appearance at
the outcrop and in freshly excavated pits . Both are platy or thin-
bedded in part , and contain well -preserved imprints of dicotyle-
donous leaves ; both are overlain by light gray and red mottled
clay that grades upward into a highly hematitic clay , and they are
underlain by gray silty , lignitic clay. We believe that this bed is
stratigraphically continuous across the entire outcrop area . Tenta-
tive correlations of outcrops in several localities have been made
by the methods briefly described .

The physical and chemical properties , as indicated by ceramic
tests and chemical analyses , have been used in stratigraphic
investigation of the Dakota strata because they reveal lithological

characters of the clay and shale that have value for correlation .
Lithologic differences in beds or parts of beds reflect variations in
the environment of deposition , and these differences provide the
primary basis for stratigraphic subdivisions proposed in this study .

Janssen clay member . The Janssen clay member of the Dakota
formation , as here classified , includes the 30 to 80 feet of beds lying

next below the Graneros shale . The type area of the member is near
Janssen Station (cen . S line sec . 3 , T. 16 S. , R. 9 W. ) , Ellsworth
county . As described in the generalized section of the Dakota for-
mation , the Janssen member consists largely of gray to dark gray
clay and silt , some beds of fissile shale , and commonly a bed of lig-

nite or highly lignitic clay. The gray clay in the lower half of the
member , as shown in the section , is generally stained yellow or
orange -yellow , and it contains zones of siderite or limonite pellets ,
but no hematite . The contact between the Terra Cotta and Janssen

members is drawn at the top of a marked concentration of concre-
tionary "iron ." Inmany places a "quartzitic " silt or fine sand under-
lies the concretionary " iron " bed . It is believed that the presence of
the "quartzite" is due to the fact that the conditions favorable to
cementation are distributed at definite horizons and that ,whenever

a sufficiently permeable bed occurs , a "quartzite" is formed at
this horizon .

In the type area of the Janssen clay, the member approaches
the minimum observed thickness . The Janssen member differs in
appearance from the Terra Cotta member , owing to prevalence

of gray -and -red mottled clays in the latter ; but , for the difference
in color , the two members are lithologically very similar . Shaly
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structure is more commonly found in the Janssen than in the Terra
Cotta clay member , but , in both , the clays are generally massive .
Oblique joints intersect the clayey beds at random , and in excava-
tions below the surface the clay breaks out with a conspicuously

conchoidal fracture (pl . 2B ) . The dominant clay mineral is kaoli-
nite ; very finely divided quartz is also common . As much as 95 per

cent of many of the silt beds , which are 85 to 95 per cent silica , will
pass through a 200 -mesh sieve . The gray to dark gray silts and silty
clays , especially the thin -bedded ones , are more characteristic of
the Janssen clay member than of the Terra Cotta clay member .
The essential difference between the Janssen and the Terra Cotta
clay members is a dissimilarity in bedding , the stratification of
clayey material being definitely more regular in the Janssen mem-
ber . This indicates that the conditions of sedimentation were more

stable at the time of deposition of the Janssen beds . Inasmuch as
the change from somewhat unstable conditions of sedimentation
during the time of Terra Cotta deposition to more stable conditions
in Janssen time was gradual rather than abrupt , the line of demar-
cation between the two members must be drawn arbitrarily . The
following section is exposed in the SW sec . 2 , T. 16 S. , R. 9 W. , one-
half to three-fourths mile east and northeast of Janssen Station .

SECTION IN THE TYPE AREA OF THE JANSSEN CLAY Member , Sec . 2,

T. 16 S. , R. 9 W. , ELLSWORTH COUNTY

Graneros shale Thickness

(feet )
Shale , dark , fissile , unusually free from
thin sandstone .

Dakota formation
Janssen clay member

10. Silt , clayey , gray , containing some irregular yellow bands
9. Clay , gray , silty , alternating with thin bands of yellow and
gray silt

12. Siltstone , clayey , gray , bearing vertical worm borings or root
molds

11. Clay , lignitic , black

.0.8

.0.2

.3.0

.7.7

8. Clay , gray , plastic , in thin beds approximately one inch thick ;

contains a few small limonite concretions on bedding planes , and

some fossil leaves . This is a bed of plastic fire clay .5.0

7. Clay, gray , some yellow on bedding planes and oblique joints ,
massive , slightly silty .3.9

6. Clay , gray , and yellow , plastic ; contains fossil leaves , lignite
particles , and some concretionary limonite .5.6



A

B

C
PLATE 2. A. Outcrop of Janssen clay member of the Dakota formation . Shows-
resistant upper siltstone (black line indicates top ) , underlain by massive
clay . Graneros shale and Tertiary beds crop out on the slope above the silt-
stone . Cemented Tertiary conglomerate caps the hill. B. Freshly excavated
massive clay from the Janssen clay member . Shows conchoidal fracture .
C. Contact of the upper Janssen siltstone and Graneros shale . Dark line
indicates contact .
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5. Clay , yellow, smooth , strongly orange - stained in large patches ;
contains some pellets of hematite (probably altered from
limonite ) and limonite

4. Clay , yellow and gray , with a small amount of red mottling
3. Sandstone to silt , buff , fine - grained , containing thin streaks of
gray clay ; a thin band of concretionary limonite at the top

.3.0

..
.

6.0

.1.5

2
. Clay , gray , massive , plastic .1.7

1
. Clay , creamy gray and red mottled , a considerable amount of

yellow in the upper 2 feet , silty .7.8

This is nearly a complete section o
f

the Janssen member . The
Terra Cotta -Janssen contract , however , is a few feet below the
bottom of this measured section . The missing portion of the Jans-
sen member is shown below , as measured on an exposure about one
mile south o

f Janssen Station , near cen . S line sec . 10 , T
.

16 S
.
, R.

9W.

SECTION IN THE TYPE AREA OF THE JANSSEN CLAY MEMBER ,

SEC . 10 , T. 16 S. , R. 9 W.

Janssen clay member

3
. Clay , gray , plastic (correlated with bed 2 o
f

the preceding

section ) ..1.0

2
. Clay , light gray and red , mottled .2.5

1
. Clay , bright yellow , slightly silty ; contains pellets of limonite

or siderite 2.3

Terra Cotta clay member

Sandstone , clayey , fine -grained alternating with thin beds of silty
clay . This zone is mostly gray but contains some yellow . A concre-
tionary limonitic band occurs near the bottom .4.0

The upper gray siltstone (bed 12 of the section just east of Jans-
sen ) of the Janssen member has been found at nearly all o

f

the
exposures examined . In some localities , particularly near the type
area of the Janssen member and in Ford and Hodgeman counties ,

this bed is resistant and forms a well -defined bench on the hills

( p
l
. 2A ) . Its most characteristic feature is the presence of vertical

holes or channels , some of which are branched ; some of these re-
semble worm borings , and some seem to be root or stem molds

( p
l
. 2C ) . Lignite particles have been found in this silt at many

places .

In areas other than those just indicated , the upper siltstone of
the Janssen member is friable . It it were not for the presence of
the "wormholes , " one could not distinguish this bed from underly-
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ing layers of silt and silty clay , unless the entire sequence of upper
Dakota and lower Graneros strata were well exposed . The upper

siltstone happens to be duplicated exactly by a bed that is observed ,

in a few sections , occurring a few feet below the top of the Janssen-
Graneros contact . When this duplication is found , the lignite or
dark lignitic clay, which normally underlies the upper siltstone , is
also duplicated .
The upper siltstone here described must not be confused with
the "Rock Town channel sandstone ." The latter is strictly a local
deposit which has a considerable maximum thickness and is much
darker than the siltstone . At many places the siltstone is little
more than a silty clay; in fact , bricks have been made successfully
from this material and were found to fire to a cream color . The

maximum observed thickness of the upper siltstone is 4 feet .

It will be noted in the section given for the type area that a
“quartzite" bed does not occur near the top of the Terra Cotta
member . It is possible that the occurence of a "quartzite" at this
horizon is only very local , and , accordingly , it may have little value
in correlations .

ENVIRONMENT OF SEDIMENTATION

The advance of the Cretaceous seas over the eroded surface of

the pre-Cretaceous rocks of the Kansas region ended a long de-
positional hiatus . Where the base of the Cretaceous beds is ex-
posed in Kansas , the system lies unconformably on an eroded sur-
face of Permian rocks that has little relief . Triassic , Jurassic , and
a considerable thickness of Permian rocks were either never de-
posited in this area or were removed by erosion prior to the be-
ginning of Cretaceous deposition . In our opinion, the Cretaceous
beds studied in the course of this investigation were deposited

under varying conditions of a nearly continuously rising sea level
or subsiding basement , the variable factor being the rate of de-
position .
The lowermost Cretaceous formation in Kansas , the Cheyenne

sandstone , is largely composed of sand that is inferred to have

been deposited near or on the strand line of the advancing sea .
The sediments are dominantly continental in character and local-
ly they contain plant remains in abundance .
The Kiowa shale was deposited after the advancing sea had
covered the land surface . A basal unit of the Kiowa at many out-
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crops is the Champion Shell Bed , which is composed mainly of
the hard parts of marine clams and which thus furnishes obvious
record of the presence of a sea in Kansas . The clayey and silty
sediments of the Kiowa formation are also largely marine in origin .
Occasional changes in the character of the sediments carried to
the Cretaceous sea from the not -far -distant land resulted in the
deposition of sand and silt , producing , on the whole , thin -bedded ,

fine -grained sandstone . The dark fissile shale of the Kiowa was
probably deposited as a black mud containing some organic ma-
terial . The very fine particle size of most of the clay minerals and
the paper -thin lamination of the shale indicate deposition in rela-
tively quiet water , which we infer to have been highly saline ,

inasmuch as gypsum occurs very abundantly in the form of sele-
nite crystals .
Reducing conditions , rather than an oxidizing environment ,
seemingly prevailed during the time of deposition of shale , silt ,

and sand of the Kiowa formation . This is indicated by the preval-

ence of pyrite in both the fine and coarse sediments , and also by the
presence of glauconite in the sands .

Illite is the dominant clay mineral in the dark -colored Kiowa
shale , but the shale probably contains appreciable amounts of
montmorillonite , also . It is reasonable to assume that the Kiowa
shale was at no time subject to prolonged weathering and leach-
ing near the surface . Such conditions have presumably been re-
sponsible for alteration of clay minerals to kaolinite in the Penn-
sylvanian underclays and in Dakota clays immediately overlying
the Kiowa shale .

A large percentage of the iron is tied up as a replacement of the
alumina in the molecules of the montmorillonite and illite clay

minerals of the Kiowa shale . The most plentiful accessory min-
erals are pyrite or marcasite and selenite . The iron sulphide occurs
in sizes ranging from microscopic crystals to fairly large concret-
ionary nodules , and it forms pyritized marine fossils several cent-
imeters in diameter . The selenite crystals range in size from tiny
needles to euhedral crystals 10 centimeters in length .
In the ceramic tests , the Kiowa shales are characterized by a
high percentage of water of plasticity , which is directly related to
their ability to absorb water . The drying and firing shrinkage is
high , and the fusion temperature comparatively low .
Although the sediments of the Dakota formation are non -marine
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in character , they were apparently deposited near sea -level . De-
spite the fact that the analogy is not complete , it has seemed to us
helpful to visualize the conditions of Dakota in Kansas sedimen-
tation as similar to those of the lower Mississippi "delta country .'
The maximum elevation of land along the lower Mississippi is
less than 5 feet above sea-level . Areas totaling hundreds of square

miles can be classified about equally well as land or water . After
prolonged rains , most of the area is covered by a few inches of
water . The streams , where such exist as more than a barely per-
ceptible flow of water through swamp grass , lagoon , and bayou ,

are braided and of slight competency . The Mississippi river itself
scarcely affects this picture , except that , in floods , it may leave
its channel and break over the natural or artificial levees .

Possibly there was less vegetation in central Kansas during the
time of Dakota deposition than in the Mississippi delta area at the
present time , but most of the lower Mississippi country has little
vegetation except grass and other low -growing plants . Well-
preserved imprints of the leaves of dicotyledons are fairly plenti-

ful throughout the Dakota formation ; but , with the exception of
the small root or stem cavities found in the siltstone at the top of
the Janssen member , evidence of the presence of the trunks , roots ,
or stems of these plants is seldom found , and , in the rare cases
when found , the trunks and stems were grouped as one would ex-
pect them to be if they had been deposited in stream drift . This is
substantiated by the fact that such remains are found only in the
coarser channel sandstones . It is possible that the leaves represent
wind- and water-borne debris carried a considerable distance ;
although the excellent state of preservation of the fossil imprints

contradicts this suggestion .
Indications of vertebrate life have been found in the Dakota
formation . Their rarity is indicated by the fact that the excellent
opportunities given us to examine large quantities of freshly ex-
cavated Dakota clay and sand led to no discoveries of vertebrate
remains . The meagerness of animal remains in the Dakota beds
indicates that the environment during deposition was either not
favorable to existence of vertebrates or that conditions of preser-
vation of Dakota organisms have been poor . If it is true that vege-
tation was sparse during Dakota time , conditions would have
been unfavorable for the existence of organisms that depended ,
either directly or indirectly , upon plants for food; and the low-
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lying , swampy land and shallow water which frequently shifted
in pattern and distribution would have provided a poor environ-
ment for both the existence and the preservation of life . Tester's
interpretation of the Dakota rocks (designated by him as the
Dakota stage ) of the type area is summarized as follows :
66"... the Dakota stage represents the sediments laid down in an environ-

ment at and near the shore line of a broad , relatively shallow ocean . The
material was derived from the north and northeast and was carried southward
by streams of small competency which may have had wide flood plains and
which when reaching the coast line built side and ramifying deltas . At times
these deltas extended themselves seaward with a development of barlike
fingers of relatively coarse material , with the minor distributaries of the
streams throwing off the finer silt and clays which were deposited on the
flank of the principal distributary " (1931, p . 280 ) .

The coarser sandstone deposits of the Dakota formation are
commonly typical channel fillings which interfinger with clay and
shale at their margins . Presumably , the interfingering was pro-
duced by shifts of the stream that deposited the sand . From time
to time many of the Dakota streams seem to have been shifted to
entirely new locations , adding further complications to a far -from-
simple depositional record . Relatively thin sandstone of consider-
able horizontal extent , which occurs in some places , may be in-
terpreted as deposits formed by streams migrating laterally so as
to deposit a more or less continuous sheet of relatively flat - lying
sediments .

Commonly , an orderly sequence of clay beds can be correlated
from one side of a channel sandstone to another , which implies

that the conditions under which the sandstone was deposited did
not inferfere with the orderly deposition of clay .
Other sandstone deposits that are broadly arched at the top

have been found . Beds of clay and evenly bedded thin sandstone
adjoining or surrounding the arched -top sandstone can be cor-
related definitely . For example , in Washington county we ob-
served a horizontally bedded , 4 -inch sandstone which lies parallel

to the clay beds and touches the top of an arch of massive sand-

stone . Such arched -top sandstone could be deposited by a distribu-
tary stream , dropping sand on clay . A later shift of the distributary
would permit the orderly deposition of clay around and over the
sand . The axis of the channel sandstone in Washington county is
inferred to be parallel with the direction from which the sediments

were brought in .
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It is our opinion that the near sea - level condition of Dakota sed-
imentation existed over a wide area . Also , we conclude that this
condition persisted throughout Dakota time owing to the fact that
deposition kept pace with subsidence of the underlying rocks or the
rising sea level . (Lee , 1927 , p . 25 ) . The type of continental de-
position prevalant during Dakota time ended , and the deposition.
of the marine Graneros shales began when the rate of subsidence
became greater than the rate of deposition and the sea advanced
over the watery land . It is evident that conditions were somewhat
more stable near the close of Dakota time , when the sediments
comprising the Janssen clay member were deposited . It seems
probable that both deposition and subsistence proceeded at a
slower rate during this time , and that better conditions for the
growth of plants resulted . The increased amount of lignitized wood
particles and a greater variety of plant remains , near the top of the
formation , point in this direction . The bed of lignite or black lignitic
clay that occurs almost invariable in the upper few feet of the Jans-
sen clay member is interpreted to indicate the existence of swampy

conditions for a considerable period of time . Plant debris accumu-
lated , and extensive peat bogs resulted . The gray clay or clayey silt
that underlie this bed strongly confirm this conclusion inasmuch as
the clay minerals are even more characteristically kaolinitic than
those found lower in the formation . They exhibit a marked con-
choidal fracture (pl . 2B) , and in many instances the limonite- or
siderite-filled molds of roots are quite evident . It is probable that
these clays are lithologically nearly identical to the fireclays which
are mined from the upper Dakota west of Denver . They also close-
ly resemble , both in the sequence of beds above them and in min-
eralogical and ceramic characteristics , the ball clays and plastic
fireclays of the Ripley formation of the Upper Cretaceous section
in Western Tennessee (Whitlatch , 1940 , pp . 49-50 ) . The condi-
tions of sedimentation of these clays were probably analogous to
those that produced the underclays of the Pennsylvania rocks .
The alteration from other clay minerals to kaolinite takes place
very slowly . In general , therefore , clays which are the most dom-
inantly koalonitic may be considered as having been subjected

to leaching and weathering conditions favorable to the alteration

to kaolinite over a much longer period of time than was the case
with the illite or montmorillonite shales .
Immediately prior to the deposition of the Graneros sediments ,
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the surface of the swamp and the vegetation growing on it now
represented by the lignite beds , was covered with silt and silty
clay . This was a relatively thin deposit of material and is repre-

sented by the upper siltstone which is characterized by molds of
plant stems and roots or worm borings . The fact that worm - like
imprints are found at many places on top of the siltstone sub-
stantiates the hypothesis that the borings were made by worms .
Locally , the silt was not deposited , or it has been removed . At other
places the lignite beds were eroded and mixed with clay and silt .
According to the interpretation of origin of the Dakota formation
given by us , the swamp water that covered most of the surface
in Kansas , near the close of Dakota time , may have contained
enough organic acids to hold a considerable amount of iron in
solution . As the sea , which eventually reached north -central Kan-
sas in Graneros time , began to advance over the land, the water
became brackish and increasingly saline , causing precipitation

of much of the swamp water iron . This hypothesis explains the
deposition of the thin bed of limonite which is commonly present
at the base of the Graneros shale formation .

In many places the Dakota -Graneros contact cannot be exactly
determined . The change from nonmarine to marine conditions
was probably not abrupt . The gradual change was probably

marked by oscillatory covering of the land by very shallow sea
water . This is indicated by the common occurrence of alternating

dark shale , silty clay , yellow sandstone , concretionary iron , and
much gypsum in the form of selenite crystals in a zone sometimes
asmuch as 5 feet thick near the contact .We commonly include this
gradational bed with the Graneros shale because it occurs above
the limonitic bed , which , according to our interpretation , was
formed by the precipitation of iron caused by the brackish water
of the advancing Graneros sea.

The Graneros shale closely resembles the Kiowa shale both in
superficial appearance and in ceramic and chemical properties .
The thin beds of bentonite , which are common in the Graneros ,
however , have not been observed in the Kiowa shale . The Gran-
eros shale is essentially a marine deposit consisting of dark shale
and some thick sandstone . Neither the Graneros shale nor the

Kiowa shale was observed as carefully during our field work as
the Dakota formation , inasmuch as we discovered early in the
investigation that the Graneros and Kiowa shales were of slight
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value as ceramic raw materials . We continued , however , to take
samples from both of the marine shales to aid in correlations. As
previously stated in this paper , both the Graneros shale and the
Kiowa shale samples always fired to a brownish color and showed
excessive shrinkage both in drying and firing . Clays of the Da-
kota formation having an iron content equal to that of Graneros
and Kiowa samples was found to shrink only moderately on dry-
ing, and very little on firing . Also , the fired colors of ferruginous

Dakota clays are clear red , pink , or buff , not brown as are samples
of the Graneros and Kiowa shale .

The mineralogical distinction between the Dakota clay and the
marine shale , above and below , can be summarized by the general-

ization that continental Dakota clay is characteristically kaolin-
itic , whereas marine shale is composed dominantly of illite . Ac-
cording to Grim ( 1942 , p . 261 ) , illite is the dominant clay mineral
in most of the shales he has studied , and there is some reason to
believe that shaly structure is related to the presence of illite . The
clays of all the mineral groups except that of kaolinite are not
stable , owing partly to their greater capacity for base exchange ;

therefore , these clays respond readily to changing conditions . The
kaolinite group of minerals , on the other hand , is stable . It is safe
to assume that the kaolinite minerals of the Dakota formation

were deposited in that form or became altered to koalin shortly

after deposition . It is not likely that the source of the materials
deposited as Kiowa shale , Dakota clay , and Graneros shale changed

as abruptly as the sediments change in character . If this is true ,
the conditions of sedimentation during deposition of the Dakota
clay were necessarily favorable to the formation of kaolinite . In
general , it is believed that prolonged leaching by slightly acidic
soil water is favorable to the formation of kaolinite (Grim , 1939 ,
pp . 478-487 ) . The process of leaching would have been promoted

both by the reworking of the clays and by the continuous move-
ment of water near the surface of the sediments . In general , the
clays we have sampled tend to be slightly acidic . Although this
fact does not necessarilymean that the acid condition prevailed at
the time of deposition , it is favorable to the theory . Furthermore ,

the presence of organic material and of small amounts of sulphuric

acid in the clays indicate the processes of decay of vegetable matter
in the presence of abundant water in swamps , shallow lakes , or
in a similar environment where organic acids are readily formed .
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The hydrogen sulphide released by processes of decay would pro-

duce some sulphuric acid in the presence of water , and this acid
could account for the occasional selenite crystals which are found
in the Dakota clay into which ground water has penetrated .
Calcium bi-carbonate in the ground water would be converted to

calcium sulphate on contact with sulphuric acid .
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