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Dr. F. H. Snow, Chancellor of the University of Kansas:

Sir—1 have the honor of submitting to you herewith the fol-
lowing report on the stratigraphy and general geology of western
Kansas, including the Upper Permiam, the Cretaceous, and the
Tertiary. This will constitute volume II of the reports of the
University Geological Survey of Kansas.

Yours most respectfully, Erasmus HaworrH.

DEPARTMENT OF PHYSICAL GEOLOGY AND MINERALOGY,
UNIVERSITY OF KANuas, NOVEMBER, 1896,
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PREFACE.

Volume II of the University Geological Survey follows close
upon the appearance of volume I. Those unacquainted with
the work already done may wonder how such can be possible
when so small an amount of funds has been used by the Survey.
It may be stated, therefore, that material for this volume has
been accumulating for years, so that it by no means represen ts
the work of the past year only. ’

In the preparation of volume II the writer has been assisted
by the following workers, each of whom volunteered his serv-
ices, and consequently cost the state nothing but his actual
expenses: Prof. C. S. Prosser, of Union College, Schenectady,
N. Y., with his two assistants, Mr. J. W. Beede, of Topeka,
and Mr. C. N. Gould, of Winfield; Mr. W. N. Logan, a grad -
uate of the University, and now principal of public schools,
Pleasanton; and Prof. S. W. Williston, professor of palaeon-
tology in the University, and regularly a member of the Survey
staff. The state has consequently been greatly benefited by
their gratuitous contributions of service.

The drawings for the five etchings forming the figures in the
text, and all the plates excepting the half-tone reproduction of
photographs, were made, excepting 'ﬁgures 12 and 13, by Miss
Harriet M. Huntsman, of Lawrence, the same artist who con-
tributed so largely to volume I. Her work needs no comment.
The engraving was all done by Blomgren Bros. & Co., of Chi-
cago, whose work likewise speaks for itself. E. H.

UNIVERSITY OF KAN8AS, NOVEMBER, 1396.
(xi)
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ORGANIZATION AND OBJECTS.

In organizing a University Geological Survey of Kansas a full
and complete geological survey of the state was contemplated.
The work will necessarily have to be done with relative slowness,
which may not prove to be a disadvantage. It is expected that it
will be done by the members of the University faculty, their ad-
vanced students, and other individuals, citizens of the state or
otherwise, who are willing to give their time and energies to the
state & few months of the year in assisting to carry out investi-
gations interesting and scientific in character, and valuable in
many ways in their results, the compensation for which is to be
an increase in the knowledge of nature, an opportunity to study
geology in the field, a medium of publication by means of which
they may have their labors brought before the world, and the con-
sciousness of having added a mite to the “increase and dissemina-
tion of knowledge among men.” Since the University has opened
a graduuate department in geology and paleontology it may not be a:
vain hope that the survey will help to build up these departments,.
and thereby produce a reactionary good in addition to those above:
named.

It is contemplated by the Board of Regents that the interested
departments in the University will severally be responsible, not
only for the work accomplished under the departments, but for the
degree of energy and zeal with which it is prosecuted. Each will
therefore be expected to issue reports from time to time on the
work done, reports covering greater or lesser subjects, or natural
divisions, of the great science of geology. At the outset it was
agreed by all that the investigations in general stratigraphy, areal
boundaries, and allied subjects should be taken up first, after which
other divisions should follow in natural order.

The present volume, Volume II of the series, is prepared prin-
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2 University of Kansas (eological Survey.

cipally by the department of physical geology, although the de-
partment of paleontology has added a brief description of the
paleontology of the Cretaceous and later formations of the state.
It is a companion to Volume I and covers the western part of the
state similarly to the way Volume I covered the east. It deals
principally with the stratigraphic properties of the Cretaceous and
younger formations, paying but little attention to the economic
phases of the state.

A report is now in preparation by this department to the state
board of irrigation on work done for them during the past two
summers. A plan of cooperation was effected by means of which
the departmment of physical geology of the University combined
with the State Board of Irrigation in making investigations in the
western part of the state. .\ large proportion of the data presented
in this volume was gathered in that way. This portion of the re-
port of the State Board of Irrigation is practically a report of the
University.

Other volumes are in preparation. This department has two
volumes more than half completed devoted entirely to economic
subjects, which will cover the topics of lead and zinc ores, the mining
and metallurgy of the same; coal; oil and gas; salt; and gypsum.
The report on these subjects will constitute Volumes III and IV.
The department of paleontology likewise is preparing a monograph
on the vertebrate paleontology of the state which it is hoped will
be published during the next two years. Likewise the department
of chemistry is preparing a report on the mineral waters of the
state which may be expected within a year or two.

For the present at least the octavo volume will be the style of
publication adopted. DBulletins, the recent form of overflow pub-
lications so gencrally adopted in America, are unnecessary, because
our University Quarterly, a regular publication, meets such require-
ments.

It should be remembered by the scientific reader that these re-
ports are intended primarily for the masses of the citizens 'of
Kansas, and that therefore an elementary character must be pre-
served, not however, it is hoped, at the expense of scientific accuracy.
Divers elementary explanations must be given, and rudimentary
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Organization end Objects. 3

principles, however well known to the scientist, must be elucidated,
even to the frequent repetition of long used illustrations. But
it is earnestly hoped this will not result in unnecessary repetitions,
or in any other act which may give them a “padded” appearance.
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INTRODUCTION TO KANSAS GEOLOGY.

Kansas is a part of the great plain stretching from the Mississippi
river on the east to the Rocky mountains on the west. It is approxi-
mately 200 by 400 miles in extent, and should be looked upon as a
block in the great plain, constituting an essential part of it, but
not specially different from other portions lying on either side of it.
The elevation above sea level of the castern end averages about
850 fect, with Bonita 1,075 feet, about the highest point, and Kansas
City 750 feet at the Union depot the lowest. The north and south
boundaries have approximately the same elevation, although the
increase in hight is more rapid along the northern side from the
Missouri river westward, while on the southern side the rapid in-
crease in hight does not begin until farther west. The lowest part
of the state is the Verdigris river valley where it crosses the south-
ern line. .\t the Missouri Pacitic depot in Coffeyville the elevation
is 734 feet, 16 feet below the Union depot at Kansas City. The
southern line crosses the great ridge west of Independence, the
Flint Hills, which lifts the elevation to over 1700 feet, but it again
declines westward toward the Arkansas river to an elevation of
only 1066 feet at the Santa Ife depot in Arkansas City. From here
to the southwest corner of the state the ascent is gradual, increasing
slightly with the distance, so that for the western hundred miles
across the whole of the state the eastern descent is from seven to
twelve feet to the mile. The western boundary line varies slightly
from north to south, but is between 3500 and 4000 feet above sea
level.

The drainage of the state is therefore to the east. Here and
there an irregularity of surface will defleet the stream southeast
or south, as the Verdigris river and the Blue river, or northeast, as
with the Republican river through a part of its course, and the
lesser tributaries to the Missouri in the northeastern part of the

14
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state. The streams usually have a considerable current due to the
great incline of the surface as a whole, which, from west to east,
averages nearly eight feet to the mile for the whole state. Toward
the east part of the state they have broad and level valleys filled in
for from 20 to 60 feet with alluvial material, while in the far west
some of them have scarcely reached base level.

The general physiographic conditions of the state are not as
regular as is usually supposed. Although the surface is a great
plain sloping eastward, its minuter topography is often varied and
rugged; valleys 200 feet deep, bluffs and mounds with precipitous
walls 300 feet high, overhanging rocky ledges, and remnants of
cataracts and falls in numerous streams, giving a variety of scenery,
are to be observed almost all over the eastern part the state, and
to even a greater extent in some parts of the west. The physi-
ography of a country is dependent upon its geologic structure, so
that we may begin physiography by a study of structural geology.

The rocky portions of the earth accessible to the student of
geology are confined to the surface of the sphere. Mountain chains
are elevated, deep gorges and river channels are worn, and vast
faults, or dislocations, are made in various places, whereby the
rocky strata are exposed so that an accurate knowledge can be
gained of the surface to considerable depth provided the field of
observation is sufliciently extended. [t is now generally under-
stood that the oldest rocks of the globe are massive in form and
crystalline in structure. It is probable they represent the oldest
parts of the earth which is exposed to view anywhere upon its
surface. Itislikewise probable there was a time in the early history
of the earth when the ocean waters entirely covered the whole
surface of the sphere. Subsequent irregularities of the surface were
produced by a contraction of the volume of the earth and portions
of the ocean bottoms were lifted into dry land. No sooner was
this accomplished than the ordinary agents of destruction and de-
cay everywhere present in the atmosphere began acting upon these
freshly exposed surfaces and resulted in wearing vast quantities
of themn away and carrying them back into the ocean by the drain-
age which resulted from the rainfall. In this way sedimentary
material was produced which, added to the various forms of sedi-
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6 University of Kansas Geological Survey.

ment already existing in the ocean bottom produced layer upon layer
of material over different parts of the ocean bottom which ultimately
became changed into one kind or another of rock.

As the contraction of the diameter of the earth continued, and
probably is in progress even at the present time, the irregularities
in the surface were correspondingly intensified. The valleys in
the ocean bottom were made lower and lower and the valleys
between the dry land uplands were likewise made more intense, so
that the difference in elevation betwen the land areas and the water
areas was constantly increasing. But the destructive agencies of
the atmospliere were likewise active upon all the dry land as fast
as it appeared above the ocean water and constantly larger quan-
tities of sediment were carried from the dry land back into the
ocean. In this way the superficial portions of the globe were con-
stantly being worked over and spread out over the ocean bottom
in the form of relatively thin coverings of stratified rock in which
layer upon layer of first one kind of material and then another was
produced.

At the present time the greater portion of all of the dry land of
the globe is covered with stratified rocks thus produced. The re-
miining part is covered with rocks resulting from one form or
another of volcanic action or, in rare cases, possible of a portion of
the original dry land inaterials is preserved.

The stratified rock, therefore, should be looked upon as relatively
thin layers of sediments that have been accumulated and which have
as great diversity of character as corresponds with the different
conditions under which they were formed. Some of them are com-
posed principally of grains of sand weakly or strongly cemented
together, producing the different kinds of sandstone. Others are
products of the finer sediments, the material which was carried
in such large quantities into the ocean from the dry lands. These
are usually designated by the one term shale, with explanatory
terms prefixed as occasion may require, such as clay, or argillaceous
shales, sandy, or arenaceous shales, bituminous, or carbonaceous
shales, ete. A third kind of stratified rock which is everywhere
present is produced by the accumulation of the shells of the va-
rious forms of marine invertebrates and is known by the general
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Introduction to Kansas Geology. 7

term of limestone. Here likewise various explanatory terms are
employed to specify in greater detail the particular character of
the limestone. In this way the whole of the stratified rocks of the
earth may be classed under the three ‘general heads of sandstone,
shale, and limestone.

These various forms of material are interbedded with each other,
sometimes in a very intricate manner, but usually in such forms
that their relations to each other can be easily understood by those
who are trained in field work in geology. The surface of the globe
in any one particular place rarely exhibits more than one or two or
possibly three of the various forms of rock just described, but by
traveling some distance in any direction others are usually reached
which overlie or underlie the ones first examined. The different
strata in this way are brought to the surface so that they can be ex-
amined. Passing under each other in whatever direction is neces-
sary for a particular place, the strata are found in positions some-
what similar to the position occupied by the shingles on a roof.

The time occupied in the formation of each of these stratified
rocks has been very long, has included almost all the time gener-
ally understood as geologic history. For convenience and sim-
plicity of expression it is desirable to refer to the various time
epochs during which different rock strata were being formed, and
correspondingly refer to the rocks produced during such time epoch.

In the history of the rise of the science of geology we find that
different customs have been followed at different times and by
different people, so that there has not been a perfect uniformity in
the choosing of names for time periods or for rock formations. But
as the science grows older this disparagement of usage will grad-
ually grow less. In 1889 the United States Geological Survey! de-
cided upon a certain series of names to be given to the great time
periods, which in general correspond with the usages of standard
text book makers, but which, in a few particulars, differ somewhat
from that usually observed in other publications. They divided
all geologic time into eleven periods and gave the following names
and limitations:

“The first {the latest] period shall cover the time beginning

1 Tenth Annual Report Director U. 8. Geological Survey, p. 65, Washington, 1890.
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8 University of Kansas Geological Survey.

with the first ice invasion and continuing until the present, or
that which is commonly called the ‘Quaternary.” This was called
the Pleistocene.” .

“The second period shall include the time divisions sometimes
called P'liocene and Miocene. Its earlier limitations shall be that
indicated by paleontology, and its latter the first ice invasion of
the P’leistocene; and its designation shall be the Neocene.”

“The third period shall be the Eocene. * * * Its definition
shall be that commonly accepted by paleontologists and geologists
as determined by fossil remains.”

*“The fourth period shall be the Cretaceous. Its definition shall
be that indicated by paleontology and usually accepted.”

“The fifth period shall include the time divisions known as
Jurassic and Triassic, and shall be designated as Jura-Trias. Its
definiition shall be by paleontology.”

“The sixth period shall be Carboniferous, including the subdivi-
sion sometimes called Permian. Its definition shall be by palcon-
tology.’

“The seventh period shall be the Devonian. Its definition shall
be that indicated by paleontology and usually accepted.”

“The eighth period shall include the time divisions sometimes
styled Upper Silurian and Lower Silurian, and otherwise styled
Silurian and Ordoviecian. Its definition shall be by paleontology, and
its designation shall be Silurian.”

“The ninth period shall be designated the Cambrian. The defi-
nitions of its upper limit shall be by paleontology. * * * Its
lower delimitation shall be the time of deposition of the lowest
rocks thus far known to yield a well defined fauna.”

“The tenth period shall be the time of deposition of plastic rocks
older than the Cambrian. * * * The term Algonquin was men-
tioned and agreed to as the designation of the period.”

“The eleventh: The oldest time division shall cover the time of
formation of the ancient crystalline rocks, and its designation shall
be Archaean.”

From what has already becen said the reader will understand
that it is impossible at any one place to find all the geologie hor-
izons. There are different points in Amerviea from which one may
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Introduction to Kansas (Geology. 9

start and travel over the exposed edges of the successive formations
throughout a considerable portion of the entire column.

Of the above-mentioned geological column Kansas geology deals
only with the Carboniferous and younger rocks, excepting as we
may penetrate far below the surface of the earth by drill or imagi-
nation to consider those which lie beneath the surface. The por-
tion of the column above the Devonian is well represented in our
state.

The geologic structure of Kansas, when counsidered on a grand
scale, is simple, but in detail often becomes complex and difficult.
In the extreme southeast part of the state over an area not exceed-
ing thirty square miles, dense limestones and interbedded chert
rocks, with the residual products produced by their superficial
decay, constitute all that is to be scen of the geologic formation.
These limestones and cherts extend westward as far as prospecting
with the drill has yet shown their presence or absence, constituting
the loor upon which rest all the remaining parts of the rock forma.
tions of the state. Could we examine below this floor we would
find that it in turn rests on other rocky layers and they on others,
for a distance of about 2000 feet, at which place the drill would
reach the solid granite or gneiss or shist below which no limestones
or sandstones or shales could be found. But the limestone and flint
beds above mentioned are the floor for the Kansas formations, and
may well serve as a limit to our present investigations. In the
eastern part of the state this floor universally dips to the west,
the southwest or northwest, varying in places to a considerable
extent, but being moderately uniform, and the superimposed strata
one above the other follow this inclination. This westward dip of
the strata and the eastward dip of the surface serve to bring the
succeeding sirata individually to the surface like the ends of shingles
on the house roof. As we pass westward the surface rises from
the horizon but rises doubly fast from the limestone and cherty
floor, so that could we dig a trench from the castern line of the
state westward following the surface of the floor, it would rapidly
become deeper, and in its walls would be exposed the successive
layers of rock one above the other as they actually occur. But the
westward sloping of the strata is not continued throughout the

Google



10 ' University of Kansas Geological Sureey.

whole state. Scarcely has one-third the distance been passed until
the order is reversed. The eastern part has been influenced by the
great inland swell of the Mississippi valley, the Ozark hills, while
the western part has been more mightily influenced by the great
Rocky mountain uplift. Could we continue our trench westward
to the western side of the state we might find that the limestone
and cherty floor extended that far, but most probably long before
that distance was reached it would pass into rocks of other char-
acter. Of this, however, we are in total ignorance, as no boring
has yet been put down deep enough to throw any light on the sub-
ject; but the lines of stratification marked on the walls of our trench
would change their direction and incline eastward instead of west-
ward. '
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PHYSIOGRAPHY OF WESTERN KANSAS.
BY ERASMUS HAWORTH.

Drainage.
Drainage in Tertiary Time. White Woman Creek.
Character of the Materials Eroded. Walnut Creek.
Methods of Erosion. Smoky Hill River.
Individual Streams. Saline River.
Cimarron River. Solomon River.
Bear Creek. Republican River.
Arkansas River. In General.
Pawnee Creek. The Uplands.

In Volume T of these Reports a short description was given of the
more important physiographic features of the eastern part of the
state. A like description for the remainder of the state is now con-
templated.

DRAINAGE.

The surface drainage over eastern Kansas throughout earlier
geologic times was westward, as the great body of dry land lay to
the east. At the close of Cretaceous time the continent was
elevated sufficiently to destroy the great inland arm of the sea
reaching northward from the then Gulf of Mexico and connecting
probably with the Arctic ocean on the north. The whole of the
area lying between the dry land on the east and the mountainous
ridge on the west thus became a dry land area, and its surface was
subject to the erosive agents of the atmosphere.

It was at this time that the direction of the drainage was re-
versed. The great mountainous area was lifted sufficiently to
produce a water shed to the east. The drainage from this crossed
the great plains and entered the Mississippi river or the Gulf. In
fact, it was about this time that the Mississippi, in the true sense
of the term, became a river. The greatest of these drainage chan-
nels at present carrying waters from the Rocky mountains is the
Missouri, into which numerous tributaries enter, so that more than

(11)
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half of the great plains area drains into the Missouri. In the north-
eastern part of Wyoming, and in Montana, the drainage is to the
northeast. South from this in Nebraska and Kansas the drainage
at present is almost straight east, while still further south it be-
comes deviated more towurd the southeast. The waters from this
part of the plains arca enter the Mississippi directly through the
Canadian and other channels without entering the Missouri. Still
further south the drainage is into the Gulf of Mexico, either through
the Rio Grande, or through lesser streams which enter the Gulf at
different places in Texas. Comparatively few of these different
streams rise in the mountainous country. The Missouri river with
its more important tributaries, the Big Ilorn, the Yellowstone, the
Powder, on the north, rise in the mountains; as do also the Platte
river and the Arkansas in the central area; and the Canadian, the
Pecos, and the Rio Grande farther south. The whole plains area,
however, is covered with drainage channels, the most of which
originate east of the foothills of the mountains. The ordinary map
of the United States will show that the ditferent streams are about
as abundant over the great plains as elsewhere through the United
States.

Of the Kansas streams as they now exist only one rises in the
Rocky mountains—the Arkansas. Of the upper branches of the
Kansas river the Republican rises farthest west.  Different branches
of this stream originate on the plains about one hundred miles west
of the western boundary of Kansas. The tributaries of the Smoky
Hill likewise originate across the line in Colorado, but not so far
away. South of the Arkansas river the Cimarron river exists,
which takes its rise from near Raton in New Mexico. In fact this
streamn almost micht be called a mountainous stream, as its head-
witers are away up on the highlands of the mountains.  Lying be-
tween the Arkansas and the Cimarron is a little stream called Bear
creek, which originates fifty miles or more west of the Kansas line.

At the present time many of these plains streams do not enter
larger drainage channels. Having their rise in places where the
inclination is relatively great, they frequently form channels from
20 to 50 feet deep, and prominent flood-plains, implying that they
have a considerable age, but farther eastward simply spread out
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on the plains or into the sandhills. Bear creek, just mentioned, is a
good example of this. In places its bluffs are 50 feet high and its
flood plain valley is half a mile wide. Crossing the state line from
Colorado into Kansas it reaches eastward to a point not more than
eight or ten miles distant from the Arkansas river, where all traces
of it gradually disappear. Not only this, but in times of freshets
the water of Bear creek, instead of entering the Arkansas river as
is so frequently represented on different maps, is spread out on the
highlands area, none of which gets into the Arkansas excepting pos
sibly an inconsiderable proportion which may work its way north-
ward through the sandhills.

Other streams both north and south of the Arkansas have similar
properties. The White Woman on the north is another good ex-
ample. Rising a few miles west of the boundary of Kansas, it flows
eastward for about seventy five miles. In places its channel is
eroded to a depth of nearly 100 feet below the general level of the
uplands, and a flood plain nearly a mile wide has been produced.
In the vicinity of Scott City it gradually disappears, the bluffs and
banks on either side gradually becoming less prominent, and finally
no trace of the stream whatever can be found. In times of heavy
rains large quantities of water are found in the stream which are
emptied into a broad level basin near Scott City. The total number
of such streams, big and little, has not been determined, but it is
safe to say they would reach near a hundred were they all enumer-
ated.

Drainage in Tertiary Time.

During early Tertiary time the drainage seems to have been
similac to that of the present. It is probable the climatic
conditions were very different then from those now existing
over the great plains. The vast amount of material carried
eastward from the mountains and deposited in the plains
from the Gulf of Mexico northward into Canada implies a
correspondingly greater precipitation. There are good reasons
for believing the mountainous elevation occurred with rela-
tive slowness, but with considerable irregularity. The evidence of
this on the great plains is confined principally to the character of
the materials transported. In some places heavy coarse gravel
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beds were formed, the individual gravels in which frequently have a
diameter as great as four or five inches, requiring a great velocity
of water to transport them throughout the distance they have been
carried. Above and below such gravel beds the material is fre-
quently composed almost entirely of the finest sand, and clay. and
silt, which strongly implies that the movement of the water at that
time was not rapid, but rather that it was slow and sluggish.

As is shown later in an article on the physical properties of the
Tertiary these heavy gravel beds and the beds of fine sand and clay
alternate with each other showing conclusively that there have been
recurrences of conditions, a rapid movement of the water being
followed by a slow one, which in turn was followed by another period
of greater velocities. It therefore seems that the terrestrial move-
ments were such, either in the mountains or the eastern part of
the plains area, that the velocities of the mountain streams were
changing alternately from slow to rapid, and again from rapid to
slow and sluggish. Evidence on this subject is reached outside of
the great plains area, as has been shown by various authors in de-
scribing the drainage and general geologic conditions of the great
west. It is well established that the main mountainous area had a
gradual elevation rather than a rapid one; gradual upon the average
but one irregular in character, with different periods of rapid eleva-
tion intervening between long periods of slow upraising, or possible
entire cessation in upward movements.

It is somewhat difficult to decide the exact geologic date of the
accumulation of the Tertiary materials in Kansas. From paleonto-
logic evidence it would seem that the oldest Tertiary horizon in the
state belongs to a later Miocene period. Similar evidence gathered
from the paleontologic history of the great plains to the north in
the Dakotas shows that Tertiary material began accumulating there
considerably earlier, in the Oligocene, or possibly in the latter part
of the Eocene. We have corroborative evidence of this in Kansas.
The upper surface of the Cretaceous has been gradually eroded and
subsequently covered with Tertiary material. It appears that after
the elevation of the mountainous area sufficiently to produce dry
land through the western part of the state, and probably over the
whole plains area, a sufficient time elapsed before the deposition of
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Tertiary material began to admit of erosion of the Cretaceous sur-
face almost as extensively as that which is now observed on the
surface of the Tertiafy. Streams of different sizes existed in many
places cutting their channels sometimes wide and deep, elsewhere
to a milder degree, leaving a corrugated Cretaceous surface to be
covered later by Tertiary materials.

If we accept the view, which seems to be established for the
Dakotas, of the former existence of a northern Tertiary lake, the
Sioux lake of Kingl, it might seen reasonable to suppose that like-
wise the greater part of the Tertiary materials in Kansas were
accumulated at the bottom of fresh water lakes. It is almost cer-
tain, however, that at least a considerable part of this material was
deposited in place by rivers rather than in the bottom of lakes, and
that therefore the different drainage channels which have existed
since the beginning of Tertiary time in Kansas have migrated back
and forth across the great plains, depositing different kinds of
material in the irregular form in which we now find them.

It would be interesting to study the life history of these different
streawms, and to determine whether or not they were originally at
all similar to the various streams crossing Kansas from the west
at the present time. With the evidence already alluded to regard-
ing the probable condition of drainage in the earlier Tertiary there
is no special reason for not believing that the migration of the dif-
ferent streams has been sufficient in the aggregate to accomplish
the main part of the results as we now see them. Should this be the
case it is probable some of the erosion in the Cretaceous has taken
place very recently. 1In fact, different ones of the lesser tributaries
at the present time are cutting their channels into the Cretaceous
throughout a part of their course and having their valleys filled in
with Tertiary material from the adjacent bluffs in other places. It
seems quite possible that some, at least, of the erosion of the Creta-
ceous may have occurred during Pleistocene and recent times.

’ Character of the Materials Eroded.

The character of the materials in western Kansas into which the
different drainage channels have been eroded differs greatly in

1 Clarence King, U. 8. Geological Exploration of the Fortieth Parallel, Vol. I.,
p. 461. Washington, 1878.
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different parts of the state. Throughout the western part over the
areas covered with the Tertiary erosion could be produced very
rapidly were the precipitation suflicient. Much more than half of
the Tertiary material is in the form of loose beds of silt, or clays, or
sand, or gravel, materials which would yield most readily to the
corrasive action of running water.

Elsewhere the Cretaceous rocks are exposed to the surface, or
have been so exposed. These in general would resist corrasion more
vigorously than the Tertiary materials. In places, it is true,
they are composed principally of shales which would yield quite
readily. DBut elsewhere the limestone beds are so frequently inter-
spersed with the shale that a relatively strong resistance to all forms
of erosion would occur. It is quite probable that such formations
have had a strong influence in producing the particular physiog-
raphy of the country wherever they are exposed to the surface.

Eastward from the Benton and Niobrara exposures we find the
Dakota covering the surface. In most places the materials of the
Dakota are quite easily worn away. Consisting as they do of sand-
stone and shales, with the sandstone weakly cemented together,
they offer but little resistance to the vigorous action of running
water. Ina few horizons the cementing material of the sands seems
to be sufficiently strong to produce a tolerably strong sandstone,
and therefore a material which will resist decay. It is a noticeable
fact that the character of the river channels vary from place to
place through their course, depending to a great extent upon the
character of the material through which the channel is worn.

The residual materials found here and there through the drainage
area corresponds in character quite closely with the materials into
which the channel has been produced. Through the Tertiary area
the most common rexidual products are sand and gravel. It is by no
means unus<ual to find a small stream, or an arroyo, of only a few
miles in length, in the Tertiary area which has carried away the
clay and finer silt and has left behind as a complete mantle for its
flood plain the sand which constitutes a portion of the original
materials.  Such sand washes are seen particularly in the southern
part of the state through Meade and Clark counties, where the
inclination of the surface to the south ix so great that the streams
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have a correspondingly high velocity. Scarcely a creek can be
found in this part of the state as much as five miles long, which
rises in the main uplands of the Tertiary plains, that has not pro-
duced a channel from a quarter to a half mile in width in the lower
part of its course. with the greater part of the channel floor
entirely covered by these residual sands, sometimes to a depth of
10 or 20 feet. The evidence regarding the origin of the sands in such
a case is so apparent that little doubt can be entertained regarding
it. On the higher uplands away from the drainage channels sand
dune areas often are found miles in extent, the accumulation of the
sands of which probably being of this same nature. Likewise gravel
beds are frequently produced in the valleys of the arroyos and larger
streams—beds composed of the residual materials left behind after
the clayx and finer sands have been carried away by the water of the
streams. In many such cases it is easily seen that the gravels have
been moved but a short distance from their previous home in the
Tertiary formations.

Streams cutting their channels into the Niobrara and Benton
limestones and shales leave but little residual materials in their
course. The character of the limestones and shales is such that the
erosive processes consume almost everything that is worn loose.
Occasionally limestone boulders of various sizes are produced which
are left behind along the valleys of the streams, but they are by no
means common.

Eastward in the Dakota areas we have a condition similar to
that in the Tertiary. The weathering action of the atmosphere
and the abrasive action of running water have produced a large
amount of loose Dakota sands, which are blown here and there
over the valleys and flood plains of the different streams. In places
oun the high uplands where it appears the Dakota sandstone pre-
viously existed, it seems that it is largely crumbled to a loose sand
which is scattered over the general surface, and blown by the
winds into sand dunes and sandhills similar to those in the far west.

Methods of Erosion.

Some of the present peculiar features of the erosive channels in

the western part of the state are undoubtedly quite recent in origin.
-2
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The climatic conditions are such that precipitation is greatly limited,
and the ground is usually so thoroughly desiccated that but little
moisture is found near the surface. The general shape, or appear-
ance, of the immediate source of the various arroyos are in many
respects different from any heretofore observed in other parts of
the state. However, they are most nearly approached in the eastern
part by the little ravines the immediate source of which is on a
hillside where a relatively thin mass of limestone protects a heavy
bed of shale. Under such conditions, even in a humid climate, the
peculiar shape of the arroyos is similar to the commonly occurring
forms in the western part of the state.

The main peculiarities referred to consist in the great width’ of
the channel at its immediate source, and in the unusual abruptness
of its banks. 1t is by no means rare to find an arroyo carrying a
width of a hundred feet or more to its immediate source, so that
the very uppermost part of it will simply be the upper somewhat
rounded end of a plat a hundred feet wide. The banks on either side
of such arroyos frequently are so abrupt that one can with difficulty
ride across them. Dlate I is made from a photograph representing
the peculiar shape of such a bluff-line along an arroyo in Meade
county, while plate 1I likewise represents the side of an arroyo in
Meude county. This peculiar shape prevails everywhere in the
west, not a single instance having been found of the ordinary
V-shaped ravine so common in humid climates where soft materials
are eroded.

The upper tributaries of the drainage channels in the west
rarely have water in them more than a few weeks in the year.
Therefore they evidently have not been eroded by the ordinary
corrasive action of running water. This is further indicated by the
fact that in nearly all cases the mat of grass covers the entire floor
of the arroyo, the same as it does on the plains above. Such a cover-
ing of grass could not exist did erosion occur in the bottom of the
arroyos at the present time.

The question may then well be asked: How were such channels
formed? It has appeared to the writer that probably we have here
an origin of drainage channels differing from that ordinarily pro-
duced elsewhere. It is certain that large quantities of material
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have been removed and carried downward by some process, so that
ultimnately they were carried away by the waters down stream
where the currents are of some consequence. The vertical walls
of the arroyos already alluded to seem to stand as indicators of the
process nature has employed. May it not be that the principal part
of erosion in the uppermost part of the arroyos has been accom-
plished largely by a slow creeping of the underground clays and
soils immediately under the sod covered surface of the arroyo it-
self? During the rainy season the subsurface materials are satu-
rated to a higher degree than on the main uplands. The inclina-
tion of the surface in such places is relatively great, frequently as
much as thirty or forty feet to the mile. The sod of the buffalo
grass on the surface is not broken through by what little water
may flow during the rainy season, and consequently it will hold
itself together and will not pass downward with any appreciable
velocity. But immediately under the roots of the grass where the
soil and the clay are kept moist during a considerable part of the
year conditions are favorable for a rapid creeping of the materials
in this particular part of the arroyo. Such a creeping would allow
the mantle of sod gradually to settle downward, a settling extend-
ing itself finally to the outermost limits of the arroyo. The re-
sult would be that this blanket of sod would have an almost ver-
tical movement and the steep and precipitous walls of the arroyo,
frequently measuring from 3 to 6 or more feet in hight, would be a
natural result.

If this explanation is correct, it is readily understood why the
various arroyos should uniformly have so great a width at their
source. The creeping process could be extended over the width of
a hundred feet as readily as over five, and therefore the abruptness
of the walls which is noted on the sides would also be produced at
the immediate source, exactly as is shown in the plates already re-
ferred to.

Another feature of the Tertiary plains in the west which has
attracted considerable attention is the frequent sinkholes, or swales,
or lagoons, sometimes filled with water. The various topographic
sheets issued by the United States Geological Survey have the
greater number of these pools marked in blue lines, implying that
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they contain water intermittantly. It has now been five years or
mor« since any of them have held water for any continuous time.
During July and \ugust of 18095 they were nearly filled from the
north side of the state to the south. But the water soon sank away,
or was evaporated, =o that they were entirely dry for perhaps
eleven months out of the yvear.

In some parts of the state there seems to be no relation between
these swales of various xize and shape and the drainage channels, In
other places there is an undoubted relation.  Frequently an arroyo
has been found heading toward a row of such swales. When we
come to ask the question regarding the source of the swales we find
it hard to answer. Different views have been expressed by different
individuals.  The one which the writer deems most probable is
that they are located in places where the Tertiary materials were
not quite as =olid and lirm as e¢lsewhere, consequently, by the
natural settling process, a difference in the surface was produced.
As soon as such a depression was formed the rain waters from the
higher grounds around would drain into it, and consequently a
greater movement of water immediately under it would take place.
This accumulation of water would dissolve and carry away by down-
ward percolation a greater amount of matter than would be dis-
solved elsewhere, It is reasonable to suppose that in the deposition
of the Tertiary sands and clays a somewhat heterogencous character
would be produced and that here and there would be streaks where
the material would not be quite so firm as the average, and would
consequently settle more irregularly. In this way would be formed
a string of little swales which would become deeper and more pro-
nounced as the solvent action was continued.  An arroyo is only
one step further. The continuons dissolving of the material under
the swales would draw them nearer together and ultimately the
barriers between them would be broken down and the arroya would
result,

Such a relation between the swales and arroyos is frequently
noticeable in southwestern Meade county, perhaps more so than
anywhere else in the state. It is frequently noticed that immedi-
ately above onc of the upper branches of an arroyo a chain of
swales is found reaching backward for a distance varying from a
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hundred yards to as much as half a mile. In such a case the re-
lation is so apparent that it can not be doubted. The character of
the walls of these swales is similar to that of the arroyos already
deseribed. .\ pond no more than thirty feet in diameter, with a
buflalo-grass sod covering the whole of its bottom, frequently has a
vertical wall from 6 to 12 or 18 inches high. .\t other times the
wall is more ronnded, but such a vertical condition is sufficient to
recall the similarity between their character and that of the arroyos.
It the explanation of the origin of the vertical arroyo walls is cor-
rect, this wounld be additional evidence in favor of the solvent ac-
tion of the water in the swales being one of (he causes in their pro-
duction.  The butiilo grass would be held in place on the surface
of the bottom of the swale and of the arroyo, and as the material was
dissolved from below the whole of the sod mantle would settle
downward in a manner similar to the mantle of butlalo grass in the
AITOY 08,

The swales are most abundant on the high uplands where the
Tertiary materials are the heaviest. Usnally there scems to be no
relation between their respective positions. but not always so.

INDIVIDUAL STREAMS.

We will now give a short discussion of the individual streams of
western Kansas:

The Cimarron River.

The Cimarron river rises near Raton, N. M., and flows eastward
through southern Colorado and the southwest part of Kansas, ulti-
mately emptying into the Arkansas river. Tn Kansas it has water
in it throughout the greater part of the year in most of its course.
It usually has a rise during the summer scason at about the same
time the Arkansas rises from melting snows. A considerable por-
tion of the water in the river during the dry parts of the year is
obtained from seeps and springs fed by the general underground
watev of the Tertiary areas.

The valley of the Cimarron where it enters Kansas on the west
is not very pretentions. The bluffs on ecither side of the stream
are rounded rather than abrupt, and rise to a hight of from 100
to 150 feet. The valley itself will average perhaps no more than a
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mile in width throughout Morton, Stevens, and Grant counties.
Farther east it widens somewhat, so that in southwestern Meade
county it isi nearly two miles wide. The general character of the
bluffs likewise changes, becoming more abrupt. This is probably
due to the greater hardening of the “mortar beds” near the surface
throughout the greater part of Seward county. At Arkalon and a
few miles above and below the bluffs are exceptionally abrupt and
the valley is entirely cut down into the broad, flat Tertiary plains.
The “mortar bed” rocks are prominent along the bluffs near the
smnmit, producing a very picturesque appearance. I’erhaps no
river valley in the state, or in the world, as for that matter, is more
nearly a channel cut downwards with almost vertical walls into a
broad flat plain. The “mortar beds” near the surface serve as a pro-
tection which prevents the bluff-lines from assuming the customary
rounded form of erosion.

The Little Cimarron river is a tributary to the Cimarron river,
rising a short distance across the state line in Colorado. Through-
out Morton and Grant counties its course is almost parallel with that
of the Cimarron river. It rarely has water in it during any con-
siderable portion of the year, and is entirely unaffected by melt-
ing snows in the mountainous regions. It has a wider valley than
the Cimarron does throughout the part of its course where the two
are parallel. In Grant county its valley will average about two
miles wide, while in Morton county it is but little less. The bluff
lines along this tributary correspond very well with the bluff lines
along the Cimarron in Morton and Grant counties, but possess none
of the abruptness so prominent along the Cimarron river in Seward
and Meade counties.

Bear Crecle.

The general characteristics of this little strcam have already
been given. Tts peculiarities consist in the deep channel it possesses
in the western part of its course, and the absence of any channel
whatever in the northern part of Grant county. It is an excellent
example of the short streams so common in western Kansas which
have a well defined channel and valley through their upper course
but which reach eastward to a plain of less inclination through
which they have no channel whatever.
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During times of heavy rains in eastern Colorado and western
Kansas Bear creek carries a large volume of water, which it pours
out upon the high plains of northern Grant county, and into the
sandhills along the south side of the Arkansas river. In order to
give the reader a fair idea of the character of this little stream
during such freshets, and of its disposition of the water it carries,
quotation will be made from a letter received from Judge W. E.
Hutchinson, descriptive of the time of high water in July 18951

“During the night of the 19th of July 1895 the water raised in
“Bear creek about the line between Grant and Stanton counties
“and proceeded slowly towards the end of the channel in the edge
“of the sandhills near the Arkansas river south of Hartland. The
“amount of water was such as could be retained within the channel
“of the stream and not more than has often been seen in the chan-
“nel of this creek once every two or three years. By the morning
“of the 21st of July the water had almost subsided, but it was re-
“inforced by the heavy rains in Colorado, and commenced to rise
“again on the 21st of July and continued to run until the 25th of
“July. From the places where it broke out from the channel, most
“particularly which were near the Grant and Stanton county line,
“the water flowed in northeasterly and southeasterly directions out
“gpon the highlands. The average depth in the bed of the stream
“was about 6 or 7 feet; that on the highlands would average
“about 12 inches. It spread out on each side of the stream one
“and one half to three miles, carrying with it drift of all kinds that
“passed down the channel, particularly grass, weeds, sage brush, etc.
“It secmed to run over the highlands as if in a newly made channel.
“The overflow in a southeasterly direction near Shockeyville, Grant
“county, continued as in a channel in which the current was very
“apparent for eight or ten miles, spreading out on either side of the
“well defined and recognized center, or channel. The velocity in
“these channels out on the highlands was nearly equal to that in the
“main channel for a distance,—it was at least on an average from
“4 mile and a half to two miles an hour; the velocity of the water in
“the main channel was probably three miles an hour. Bear creek

1 This letter was written for a preliminary Report to the State Board of Irri-
gatien, and will appear in their final Report.
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“hasa well defined channel from the state line to the sunk well at the
“south side of the sandhills, seven miles south of Hartland. This
“well, which is simply a depression in the sandhills, and in coarse
“sand, was never known to have been dry until about two years
“ago.  The level of the water. however, in this depression is usually
“about 6 feet below the bottom of the channel at that place.
“From the sunk well on through the sandhills is a winding channel
“which one would scarcely think was intended for a channel of a
“stream until he should see water conrsing through it, as we did this
“summer.  The water ran past the sunk well, the usual terminus of
“the stream in times of ordinary floods, clear through the sandhills
“to the last ridge of them next to the Arkansas river, through which
“ridge there seems to be no opening whatever for its escape. It
espread out east and west in irregular shapes, as it conld fing
“openings between the ridges of the hills, for probably a mile and «
“half or twoe miles wide, and it isx =afe to gay was in <ome places
“15 to 20 feet deep, as is now made very apparent by the
“marks washed out and the drifis left on the sides of the hills. Not
*“a drop of the water escaped into the Nrkansas, and after the 25th
“of July when the flow down the channel ceaxed. the water stood
“and remained in the channel and elsewhere in the sandhills, the
“xame as it did in the baxins and lagoons on the uplanas. Tt was not
“long, however, in drying up in the main channel of the stream.
“Out on the uplands, especially in baxins, the water stood for several
“weeks, In the sandhills there is water standing now (Dee. 27th
+1:95) in xome places.  Eleven yvears ago there was a similar over-
“flow of Dear ereek which spread over the uplands, we are told by
“the caitlemen who were then in the country, and ran past the sunk
“well into and nearly through the sandhills as at this time”
The Arkansas Bicor.

Thisx stream rises in the mountainous areas of Colorado, flows
castward through a portion of Kansas, and finally reaches the
Mississippi. It crosses the western line of Kansas at Coolidge
near the middle of the Hamilton county line, or about seventy two
or seventy three miles north of the south line of the state. Here
it flows east southeast to Hartland, thirty five miles within the
state, at which place it bends considerably to the north to the cast
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line of Kearney county, twenty miles away. From here it travels
east southeast about eighty miles to near the eastern line of Ford
county. At this point it is within forty five miles of the south line
of the state. Here it bends decidedly to the north and travels in a
northeasterly course to Great Bend, about forty miles east and
forty miles north. Making a bold curve at Great Bend it bears to
the southeast and finally more to the south, passing out of the state
at Avkansas ity about one hundred and twenty five miles west of
the southeast corner of the state,

Throughout its course from Coolidge to the eastern side of Ford
county the river has a valley or flood plain which will average
about three miles in width. See plate IIL  The valley is limited on
the north by a telerably abrupt blult line, which is very pronounced
throughout this whole distance, excepting for a few miles in the
vicinity of Garden City. Trom Coolidge to ncar Hartland the north
blutl is composed of Denton limestones and shales. Below Hart-
land it is composed of Tertiary materials.  The “mortar beds” are
so pronounced throughout the greater part of this distance that
they oder a strong resistance to crosion, and result in the produc-
tion of unusually abrupt blufis.  See plate TV. Frequently the
“mortar beds™ are most prominent near the top of the blnff's, but it
ix not unusual to find them well cemented throughout almost the
entive hight of the blufl. In such cases they do not constitute the
whole of the bluit, but two or three or four strata of coarse sand or
gravel exist with elay partings between varyving from 5 to 20 feet
in thickness, The coarse sand and gravel is almost invariably
cemented by caleium carbonate so that a tolerably firm rock mass
is produced which resists decay and helps to produce the abrupt
character of the blafls

I the vicinity of Garden City there seems to be an old drainage
channel entering from the north, a channel which is popularly be-
liecved to conneet with the White Woman arvea in the vicinity of
Neott City, s this part of the country north of the Dodge sheet
area has not yet been covered by the UL 8. G, 8. topographie survey
we are in doubt regarding the exact conditions of elevation. It can
be seen, however, by riding across the country that there is at leass
an approach to an old valley, and in certain parts of the distance it
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looks as though little doubt could be entertained regarding the
former existence of an old channel from the north into the Arkansas
near Garden City. '

From the eastern part of Ford county to the vicinity of Larned
but few if any bluff lines are noticeable on the north side of the
river. Here the Dakota sandstone caps a hill of sufficient promi-
nence to be noticed in the landscape which has received the name
of Pawnee Rock, in commemoration of an important historical
event in connection with the Pawnee Indians said to have occurred at
this place. From Larned to beyond Great Bend the Dakota sandstone
and the Benton which overlies the Dakota form considerable bluffs
some distance back from the river. As the river bears to the east
and finally to the southeast near Great Bend, the width of the valley
between the river and the Cretaceous bluffs greatly increases. For
some distance below Great Bend to the vicinity of Wichita, and in
fact throughout the remainder of the state, there is but little de-
marcation of the river valley or flood plain, the whole area being
one great expanse of level country on both sides of the river,
scarccly relieved by any upland areas of noticeable prominence.

On the south side of the river from Coolidge to Great Bend the
conditions in the main are quite different from those on the north.
A row of sandhills limits the river valley on this side throughout
the entire distance. The actual elevation of the sandhills and the
plains beyond is as great upon the average as the high uplands to
the north of the river. In fact, the sandhills themselves are usually
a little higher than the plains to the south of them, as though in
some way they had been elevated above the surrounding country.
The width of the sandhills is variable, in some places being no more
than three or four miles, while elsewhere they stretch away to the
south fiftcen or twenty miles. Such an unusual southern extension
occurs in the southern part of Finney and the northwestern part of
Haskell counties where the sandhills reach almost to the Cimarron
river. Again in the eastern part of Haskell county another long
southern extension may be noticed, which extends from ten to
twelve miles south of the river. DBeyond the eastern limit of Ford
county the sandhills become less prominent, but are very notice-
able all the way from near Bucklin to almost opposite Great Bend,
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where they gradually disappear. or become less pronounced in ele-
vation above the surrounding country. From Great Bend to
Wichita, and from Wichita to Arkansas City, the whole area on
the right bank of the river is covered with an exceedingly sandy
silt which here and there is blown into a series of sand dunes some-
what approaching in character the sandhills further to the west,
but no where equaling them in magnitude. .

The Arkansas river valley has been much deeper at one time
than it is at the present. The filling in process has been in opera-
tion for a sufficient length of time to fill the channel of the stream
to a level with its flood plain, and doubtless raised the general level
of the flood plain very appreciably. So few wells have been sunk
in the valley entirely through the river sands that we are almost
entirely uninformed regarding the character of this earlier river
channel. At Coolidge the artesian wells which have been drilled
showed that the river valley was probably less than 50 feet in
depth. Great effort was made to obtain an accurate record of one
of the wells, but no such record could be found. It is currently re-
ported by the citizens of Coolidge that the stratified material is
generally found in the valley at that place at a depth not exceeding
35 to 50 feet. Eastward from Coolidge and Syracuse no information
is obtainable on the subject until Garden City is reached. At this
place in the summer of 1888 a deep well was bored nearly half a
mile northwest of town to a depth of 1000 feet or more. No resi-
dent of the place could be found who had kept an accurate log of the
well. By an examination of the old files of the “Garden City
Sentinel,” however, it was learned that that paper published on
April 18, 1888, a log of the well to a depth of 550 feet, as follows:

Soil ... 12 feet.
Quicksand ................... 299 «
Black slate .................. 150 «
Nandstone ............. ... 5 ¢
White slate ................. 10 ¢
Black sand .................. 5 o«
Noapstone ................... 69 «

550 feet.
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IFrom this it would appear that the river sands were reached at
the surprising depth of 311 feet. It is difticult to understand how
such a great depth could exist here with so shallow a covering of
sand in the valley at Coolidge less than seventy five miles above.

Below Garden City no further evidence is available until Great
Biend is reached. Some years ago a deep well was put down three
or four miles to the northeast of town, but still within the river
valley, in search for fuel. No absolutely accurate log of this well
was kept, but it is tolerably certain the river sands at this place
are no more than S0 or 90 feet thick. .As the well was located
some distance back from the present river channel it is quite
possible they were shallower there than in the deepest part of the
river valley. From Great Dend castward nothing more is obtainable
until the salt wells of Nterling, Nickerson, and Hutchinson are
reached. The logs of varions wells in these localities have been ex-
amined, not one of which showed a thickness of sand more than
100 feet, and the greater portion of them showed the sand to be
from 70 to 90 feet in thickness, At the present time a deep well is
in process of construction at Wichita. Samples of material from it
have been preserved in glass bottles and are open for examination.
They have been partially stadied and seem to show that the strati-
fied material was reached at the depth of about 150 feet.

Taking all these facts into consideration, it makes it seem ex-
ceedingly doubtful about the river channel ever having been as
nich as 300 feet deeper than it is now in the vieinity of Garden
City, althongh one cannot positively dispute this record. We have
ample evidence, however, for stating that the river valley at one
time was from 50 to 100 feet deeper than it now i<, and that at the
present time a filling-in process is in operation.

Within the jast fifteen years a very noticeable filling in of the
river channel has occurred.  The various bridges which are built
across the viver at different places when constructed from eight to
twelve years ago were usually built high enough so that a man on
horseback could easily ride under them while sitting erect. At
every bridge along the river the sands have acceumulated until the
moxt of them are not more than from 3 to 6 feet above the top of
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the sands. Such an accumulation of sand is in no way due to the
presence of the bridge, as the sand level under the bridge is the
same as that both above and below.

Throughout the greater part of its course in western Kansas it
seems that the recent filling in process has been principally on the
south side. A typical illustration may be taken from the river at
Ingalls. The bridge there was built in 1886, twelve hundred feet
long. At that time the main current of the stream was just to
the south of the present (1596) south end of the bridge. Southernly
winds and the river currents during times of overflow have filled
in the bottom to the south of the bridge so that the bottom land has
been carried far to the north. Several hundred feet of the south
end of the bridge have been taken up, and the area occupied by the
main river channel in 1886 is now a cultivated field.

The viver valley throughout its entire course has marks of many
old channels in it similar to the conditions so frequently noticeable
elsewhere after a river has reached its base level. The strecam has
shifted from bluff to bluff along its channel many times, during
which time it has been gradually bhuilding its flood plain higher.

Throughout a portion of its course the Arkansas river scems to
flow on the summit of a ridge. The general elevation of the country
at Coolidge is perhaps a little lower than the surface either north
or south. In the absence of topographie surveys, however, one is
liable to err in his estimates. The elevation of no point south of
(oolidge has yet been determined. while to the north we must go to
the Missouri Pacific railway in Greeley county twenty five miles
away. The elevation of Horace, a point fifteen miles farther cast
than Coolidge, is 3643 feet, while that of Coolidge is only 3341 feet,
making Coolidee, or the Arkansas river valley, about 300 feet be-
low these uplands. The bluff's at Coolidge are no more than 100 feet
high, and probably less, making the general elevation of the uplands
at Horace nearly 200 feet above those just north of the river. At
Garden City the elevation in the river valley is 2827 feet, while thirty
five miles to the north Scott City is 2771 feet above sea level, show-
ing the decline of the surface eastward along the Missouri Pacific
railway is more rapid than that along the Arkansas. The old river
valley at Garden City is therefore higher than the main uplands
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at Scott City. As we move east this difference is still more notice-
able. The elevation of the river valley at Dodge City is about 2440
feet, while the high bluffs to the north are 2600 feet high. Imme-
diately north, at Ness City, the elevation is only a little more than
2200 feet, making the river valley at Dodge City more than 200 feet
above the Walnut valley at Ness City, fifty miles to the north. The
elevation of the Buckner a little west of Jetmore is about 2300, show-
ing the decline from Dodge to Ness is gradual. It would therefore
seem that the Arkansas river from Garden City to Dodge at least
is occupying much higher ground than that which lies to the north.
South of the river, however, the general elevation is about the same,
or a little greater, than the river until the central part of Haskell
and the southern part of Gray and Ford counties is reached, from
which line the sarface drops rapidly towards the southeast. Below
Dodge City there is not so much difference in elevation between
the river and the adjacent country.

These conditions can be tolerably well determined by an examina-
tion of the ordinary map of the state. It will be seen that from
Coolidge to near Garden City the general drainage of the country
is towards the Arkansas river from both sides, although but few of
these lesser tributaries actually enter the river, as the most of them
simply spread out in the broad valleys. Below Garden City almost
no drainage from the south enters the river, while from the north
the upper tributaries of the Sawlog and the Buckner rise within a
few miles of the bluffs of the Arkansas. By an examination of the
country itself one will be surprised to find that many of these lesser
arrovas have their source within less than a mile of the brink of
the bluffs on the north side of the river from Dodge City towards
Garden City. Below the bend in eastern Ford county the drainage
again becomes more natural, and the Arkansas has tributaries
entering it from both sides, showing that it no longer flows along a
ridge.

One of the most noticeable features in connection with the Arkan-
sas river is the great and unusual bend it makes in passing from
eastern Ford county so far to the north to Great Bend, and back
so far to the south. By an examination of the geologic map it will
be seen that in eastern Ford county the Dakota is exposed at the
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surface, and that a strip of it extends eastward from this place con-
tinuously to below Great Bend. The country to the south of Great
Bend in Edwards, Pratt, Stafford and Reno counties is covered with
a sandy accumulation strongly resembling the general river sands.
1t would seem that when the river reached the Dakota formation, a
formation so easily corraded, it immediately began acting upon it
with great vigor. As the general inclination of the strata of the
Dakota is to the northeast it follows that a given geologic horizon
is considerably higher in eastern Ford county than the same one
in southern Barton county at or near Great Bend. The evidence
is so striking that it would seem the cause of the river’s great bend
to the north is the existence of the easily corraded Dakota sand-
stone. We may therefore believe that at an earlier period in the
history of the river it passed eastward from Ford county across
the north of Kiowa, Pratt and Kingman counties, probably passing
out of the state not far from its present location.

If this explanation is correct, one can not help inquiring why
the river did not break through the uplands in the vicinity of Mc-
Pherson county and ultimately join the Cottonwood river through
Marion and Chase counties. To answer this clearly we only have
to look at the general geologic character of the southern part of the
Permian in Butler and Cowley counties to find an adequate reason.
The great Flint-Hills area described in Volume I of these Reports
has its surface rising to points considerably higher than the main
uplands of Sumner and Sedzwick counties. FEvidently these high
elevations in the early Tertiary times deflected the river southward
and prevented it from crossing the Flint-Hills region when the
drainage was first changed to an easterly direction by the elevation
of the mountainous area. The same Flint-Hills area has con-
tinuously remained higher than the uplands in Sumner, Sedgwick
and adjoining counties. Therefore, with the river once flowing
out of the state near where it now does it would be impossible for
it to pass eastward across the Flint-Hills so long as the elevations
remain as they now are. In the course of its corrasion when it
finally reached the Dakota sandstone the cutting away of the Dakota
material would be a natural consequence, and the great bend in the
river would thus be produced.
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Along the western part of its course the stream is held in place
by the relatively firm Benton limestones and shales from Coolidge
to near Garden City, so that the migration of the stream northward
down the gentle inclination of the bhedding plains of the Benton
is an exceedingly slow process, and therefore not very prominent.
Likewise the unusually strong cementation of the “mortar beds”
in Finney, Gray, and Ford counties on the north side of the river
have served as a check to the northern migration of the stream in
this part of the country. What has likewise helped in this matter
is a relatively high ridge of the Benlon extending westward from
Jetmore up the Buckner and the Sawlog, so that we have a ridge
of Benton limestone which strongly resists decay, which has prob-
ably served to assist in preventing the river from migrating north-
ward in Gray and Ford counties. But when the eastern limit of
Ford county is reached no further obstruction was placed to the
northward migration of the river. The upper channel being held in
place from Coolidge to Dodge City, and the lower channel being
held in place in the vicinity of Arkansas City and Winfield, and no
restraints being placed upon the river throughout the interval it
would follow in the process of its corrasive actions the path of least
resistance, and would therefore migrate northward with the gentle
inclination of the bedding plains of the Dakota sandstone. This
northward migration probably continued until the condition of baxe
level was reached and the filling in processes began, after which the
siream was unable to corrade the Dakota bluffs from Larned to be-
vond Great Bend, and consequently its northward migration has
ceased.

Pawnee Creck.

The Pawnee is a small stream draining the country north and
northeast of Dodge City, and south of the Walnut. It enters the
Arkansas river at Larned. It has an unusually large number of
tributaries which cover an area of fifty or sixty townships to the
north of Dodge City. Its upper branches rise in the Tertiary, but
they soon cut their channels through the Tertiary to the Benton
limestones and shales. In this way they drain the Tertiary ground

rater and are supplied with running water almost the entire year.
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The Pawnee in this respect is much more fortunate than many
larger streams.

Another peculiarity of this stream is that its uppermost tribu-
. taries on the south drain the country to within a mile or two of the
Arkansas river, as already explained when discussing the Arkansas.
The larger tributaries, the Sawlog, the Buckner, and Pawnee fork
itself, have worn channels from 50 to 100 feet deep, and in most
places have valleys which are from half a mile to a mile in width.
The Buckner is particularly noted throughout the upper portion of
its course above Jetmore. It has very abrupt bluffs on either side,
capped with unusually firm “mortar beds” material of the Tertiary
formation. In this respect it simulates in general appearance the
larger streams.

Farther east, beyond the junction of the Pawnee fork and the
Buckner in Pawnee county, the bluffs are less abrupt and the val-
leys less distinct from the uplands. In this respect it corresponds
to the valley of the Arkansas as already described. The country
occupied by Pawnee and Edwards counties is a broad, almost level
sandy plain with only a gentle inclination to the east, while farther
west along the headwaters of the Pawnee the inclination is sufficient
to cause decided erosion. .

The White Woman.

The White Woman is a stream which rises in Colorado twenty
miles or more beyond the state line and flows eastward to Scott
City, at which place it entirely disappears, not emptying into any
other stream. Throughout its course in Greeley county and the
western part of Wichita county it has a decided channel, often with
bluffs from 40 to 75 feet high, and a valley from a quarter of a
mile to nearly a mile in width. The general inclination of the sur-
face of the country towards the east is fully ten feet to the mile,
and probably more. As Scott county is approached, however, the
inclination of the surface declines until the vicinity of Scott City
is reached, at which place it is almost entirely level. There seems
to be a ridge, a sort of underground Cretaceous swell, to the east of
Scott City, which has probably affected the action of this stream.

At any rate its bluffs and banks disappear, and it empties its
-3
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water in tlmes of flood into a broad flat area called the Basin. This
basin in reéality in dry times seems to be only a broad flat part of
the country with no special boundaries that one would notice, ex-
cepting when it is covered with water.

There are a few smaller streams lying between the White Woman
and the Arkansas, most of which are locally known as Sand creek.
They occupy the uplands in the north of Kearney and Hamilton
counties, one of which rises across in Greeley county. They are

similar to the White Woman in that they have no connection with
other streams, but simply pour their water in times of flood out

upon the broad plains of northern Finney and northeastern Kearney
counties.
Walnut Creek.

Walnut creek is a stream rising in Lane county near Dighton
and flowing east through Ness and Rush counties and entering the
Arkansas river three or four miles below Great Bend. It drains a
strip of country about twenty five miles wide through nearly all
this distance. It rises in the Tertiary area of Lane county, but
soon reaches the Niobrara chalk beds in Ness county, into which it
and its tributaries cut deep channels. Farther down in Rush
county it passes over the Benton, and finally reaches the Dakota
in Barton.

One of the most remarkable features of the Walnut is its sur-
prisingly wide valley. Throughout all its course from the eastern
part of Ness county it has a valley that will average nearly as wide
as that of the Arkansas. The bluff lines on either side are exceed-
ingly varied, depending upon the character of the material into
which the valley is cut. Eastward in the Dakota area the bluff
lines are rounded and relatively mild. In fact, the valleys of the
Walnut and Arkansas coalesce several miles above Great Bend, so
ihat throughout at least ten or more miles of its course the Walnut
has no bluff lines, but simply follows its little channel through the
general valley o its confluence with the larger stream. In Rush
county and eastern Ness county where the Benton material is ex-
posed along the bluffs the valley is limited by the relatively high
and abrupt bluffs. Frequently they will reach the hight of from
75 to 100 feet in the western part of Ness county and the eastern
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part of Lane county. \Where the various tributaries of the Walnut
have cut their channels in the Niobrara chalk the “valleys are
narrower and the bluff lines very abrupt, often almost precipitous,
producing thereby a picturesqueness scarcely surpassed by any
one of the streams in western Kansas.

Smoky Hill River.

The Smoky Hill river is one of the principal tributaries producing
the Kansas river. By its junction with the Republican at Junction
City the Kansas is formed. '

The Smoky Hill rises in Colorado only a short distance beyond
the western Kansas line. From the west side of the state to as
far east as Salina it has a great many lesser tributaries, none of
which are of particular importance. At Salina the Saline river
enters from the north, and at Solomon the Solomon river likewise
enters from the north. Each of these will be considered separately.
Through the western part of the course of the Smoky Hill its lesser
tributaries rise in the Tertiary formation. The larger ones, however,
and the main channel itself, have cut through the Tertiary to the
Cretaceous, so that the main part of the Smoky Hill flows on a
cretaceous floor continuously from the western part of the state to
Salina, from which place it rests on a Permian floor throughout the
remainder of its course to Junction City.

This series of geologic strata through which it has cut its channel
gives a variety of conditions regarding the water content of the
stream. Invariably where a stream rises in the Tertiary and has
just cut its channel to the Cretaceous floor below, or almost to the
Cretaceous floor, it is supplied with seeps and springs so that it
carries never failing water. The upper tributaries of the Smoky
Hill therefore in most cases have water in them throughout the en-
tire year. They are fed by seeps and sometimes by springs which
never fail. Such geographic terms as Russell Springs and Sharon
Springs imply the presence of springs of considerable importance.
But farther east where the channel is worn a considerable distance
into the Cretaceous, a formation which produces no water whatever
of any consequence, the evaporative forces of the air and sun’s rays
generally have evaporated all the water in such streams. We have

Google



36 University of Kansas Geological Survey.

the anomalous condition, therefore, particularly along the Smoky
Hill river and its tributaries, of a stream which is well supplied
with living water in the upper part of its course having little water
in it farther below, they being entirely dry throughout a consider-
able part of the year, but still farther down being rarely without
water. East of Russell county a new condition is met with, the
presence of the Dakota sandstone. The tributaries in this area
likewise are moderately well supplied with springs and conse-
quently pour considerable water into the Smoky Hill river, so that
throughout its lower course it is rarely if ever dry.

The channel of the Smoky is perhaps the deepest of that of any
stream in the state. Through a large part of its course in Gove,
Trego and Ellis counties the main uplands on either side are from
300 to 400 feet above the valley of the stream itself. The bluff
lines are generally not as abrupt as those already described for
the Cimarron river in the vicinity of Arkalon, or those for some other
streams, but have been somewhat more eroded and have the rounded
form so common in old age. The great depth of the channel, how-
ever, has caused all the lateral tributaries likewise to cut deep
channels, 8o that the country on either side of the river for from two
to four miles back is 80 hilly that it is difficult to travel in directions
parallel with the stream.

Farther west, in places where the main part of the bluffs is com-
posed of Tertiary materials they are correspondingly less rugged
and the channel to the west gradually becomes shallower. In Gove
and Trego counties and the western part of Ellis county the rocks
through which the channel is cut are the Niobrara chalk beds. These
have yielded to erosion apparently with great ease, but being rel-
atively uniform throughout the general character of the hills and
hillocks produced is different from that commonly observed where
hard and soft materials are in alternating strata.

The valley, or tflood plain of the Smoky Hill river is not very
wide throughout the greater part of its course. But few places west
of Ellsworth can be found where the flood plain is more than 'a
mile in width, while in many localities it is narrower. Neither is
the river valley extensively filled with fluviatile debris, as has been
seen to be the case in the Arkansas river valley. In most places
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over the flood plains of the Smoky one can dig in the river sand
only a few feet, rarely over 20, until the solid Cretaceous floor is
reached. The river channel itself in many places exposes the Cre-
taceous. These conditions show that the river has scarcely yet
reached its base level. Probably in a considerable part of its course
it is still deepening its channel. From the vicinity of Salipa east-
ward, the condition of base level has doubtless been reached for
some time. The unusually wide valley at Salina and the relatively
wide valley from Salina eastward imply a much longer period for
widening the channel than has existed farther to the west.

The particular direction of the river in places is of great interest.
Nothing of special importance is noticed in this connection above
Ellsworth. But from Ellsworth to Salina the course of the stream
is quite remarkable. At Kanopolis a great ox-bow form reaches
to the south a distance of three miles, while just east of Kanopolis
a similar ox-bow carries the river to the north. Such ox-bow forms
are repeated to the eastern side of Ellsworth county. As best one
can judge from examining them on the map these forms are in
every way similar to the ox-bow forms produced by a stream
meandering across its flood plain after it has reached base level.

The cause of such forms has not yet been determined. Possibly
they are due to the shape having been assumed in earlier times when
the elevation of the western part of the great plains area was so
limited that the stream had a sluggish movement and meandered
as though it had reached base level. Possibly it is due to the
peculiar variation of the hardness of the formations through which
the channel is cut, and its consequent variable ability to resist decay.

From the eastern line of Ellsworth county the river bears still
further to the south until a point near Lindsborg is reached where,
with a bold curve, it passes to the northeast and north by way of
Salina. From the Ellsworth county line eastward the valley grad-
ually becomes wider. At Marquette it is about two miles wide, at
Lindsborg it is nearly four miles wide, at Bridgeport it is approxi-
mately six miles wide, while still further down in the vicinity of
Mentor and Salina it is eight or nine miles wide. The peculiarity
of direction from Kanopolis to Lindsborg may possibly be due to
the extraordinary thickness and hardness of the Dakota sandstone
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immediately east of Kanopolis for a distance of twelve or fifteen
miles. The general conditions of the country imply that for some
reason the sandstone was less resistant to erosion southward than
in the vicinity of Terra Cotta, and that consequently the river
worked its way eastward where the resistance was less marked.
Reaching the vicinity of Lindsborg we find Dakota sandstone im-
mediately east of the direction of the river. As the whole of the
Dakota is swept away from the broad valley between Lindsborg
and Salina, it is impossible to conjecture what the character of it
was. Possibly here it was less resistant than farther to the east.
This explanation is assuming unusual variations in a mass of sand-
stone covering the country from twenty to thirty miles. Still it
is possible. Aside from this possibility at the present time no
observations have been made which throw any light on the question
of the peculiar direction of the Smoky Hill river between Ellsworth
and Salina. v

Later in this report is a discussion by Mr. Beede of the old river
channel now occupied by the McPherson Equus beds. In that con-
nection will be found a discussion of the probability of the Smoky
Hill river formerly having flowed southward from near Lindsborg
connecting with the Arkansas rather than to have flowed north-
ward and ultimately become a part of the Kansas river. It is there
shown that great obstacles are encountered on such a supposition,
but that the true explanation of the existence of the Equus beds
has not yet been discovered.

From Salina to Junction City the direction of the Smoky Hill is
apparently normal. The valley from Salina to Solomon is from
three to four miles wide. Beyond Salina the bluffs are relatively
unimportant to below Abilene, from which point they begin to ap-
pear on either side of the stream, and are quite prominent down-
ward to Junction City. The probable cause of the absence of pro-
nounced bluff lines from Salina to below Abilene is the particular
character of the material into which the channel is cut. Here we
have the last remnants of the Permian exposed to the surface at the
eastern part of the lowermost portions of the Dakota, a kind of
material which is relatively soft and comparatively uniform through-
out, so that the conditions are most favorable for the rapid erosion
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and the gradual wearing away of the bluff lines until they are un-
important.

The river from Salina downward has an unusually larger num-
ber of bends as it meanders from side to side of the flood plain.
The curves are such that in many places typical ox-bow forms are
produced, and frequently more angular curves than those are notice-
able. As these curves are confined to the flood plain area it is prob-
able they have been produced since the river has reached base level
through this part of its course.

The most striking feature in connection with the Smoky Hill
iy its extraordinary deep channel and the narrowness of its valley.
Compared with the Arkansas, the Saline, the Solomon, or the Re-
publican, the narrowness of its valley is most remarkable. By an
examination of the U. 8. topographic sheets it will be seen that
other streams, such as the Saline and the Solomon, which are much
smaller, have valleys nearly twice as wide. The extraordinary
depth of the channel which, as before stated, is between 300 and
400 feet, implies an elevation of the land throughout the upper part
of its course. It is probably true that the high uplands on each
side of the Smoky Hill river are as high as any other parts of the
state. Aside from the character of this stream there has not yet
been observed any indications of such an uplifting. If in the earlier
history of the stream it should chance to have been located on the
summit of a ridge trending east and west, the general explanation
of its somewhat anomalous characters could be explained.

Saline River.

The Saline rises in the southwestern part of Thomas county, or
possibly across the line in Sherman county, and flows almost
straight east to its junction with the Smoky Hill river near Salina.
Its general direction is nearly straight east, its mouth being not
more than twenty miles south of its source, while were a straight
line drawn from the mouth to the source, the stream would no where
miss this line more than ten miles. Its source is in the Tertiary
material. For some distance along its uppermost course it is dry
almost all the year, as its channel is not deep enough to be within
reach of the Tertiary underground water. In Sheridan and Trego
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and part of Ellis county, however, its channel is deep enough to
reach the Tertiary waters, and it is constantly supplied with seeps
and springs, so that never failing water occurs throughout almost
all the remainder of its course.

The valley of the Saline in the western part of the state is narrow,
practically amounting to nothing. Eastward in Ellis county the
valley widens to a mile or more, while below it gradually widens to
from two to four miles. '

The bluff lines of the Saline are almost inconspicuous at its im-
mediate source. But a short distance is passed, however, until
the channel has reached a depth of from 20 to 40 feet, a depth which
gradually increases eastward until the Cretaceous formations are
reached in Ellis and Russell counties, where the bluffs frequently
are 100 feet or more in hight. Below these localities the bluffs
maintain their great hight. In the vicinity of Salina the Dakota
hills some distance back from the stream rise nearly 200 feet from
the level of the water in the Saline.

There are no features of this stream which are in any way dif-
ferent from the ordinary. It is remarkably straight in its course,
has worn a valley through the lower part of its length commen-
surate with the valleys of other streams in the state, and has a
depth of channel about the same as those of other streams in this
part of the state.

Solomon River.

This river rises in the northwestern part of the state in Sherman
and Thomas counties. From here to Downs in Osborne county there
are two forks, the north and the south. These two branches rise
within less than ten miles of each other, but separate in Graham
and Rooks counties to a distance of about twenty five miles. In
the upper part of their course each stream is very like the Saline
river, so much so indeed that little can be said of one which is not
applicable to the other. As they pass eastward their channels grad-
ually become deeper and their valleys wider. At Stockton in
Rooks county the valley of the South fork is about a mile wide, while
at Marvin, immediately north, in Phillips county, the North fork
has a valley of about the same width. In this area the high upland
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between the two streams is nearly 300 feet above the valley of
either stream. Farther east the relative hight of the bluffs per-
haps decreases a little, while the width of the valley correspondingly
increases. From their junction at Downs to the mouth of the Sol-
omon the valley will average more than two miles wide, reaching
more than three miles in different places. This stream has nothing
remarkable about it, every feature as thus far observed conforming
to the general characteristics of the western Kansas streams.

Republican River.

This stream rises in Colorado opposite the northwest corner of
Kansas. It flows to the northeast across Cheyenne county, passing
into Nebraska on the north, through which state it travels
for about two hundred miles. It again passes back into Kansas
at the northwest corner of Republic county and flows in a south-
easterly direction to its junction with the Smoky Hill at Junction
City, about eighty five miles away. We therefore have but little of
the stream in Kansas excepting this one space of eighty five miles.
The upper tributaries which are formed in Cheyenne county are
small and of but little interest. They lie wholly within the Ter-
tiary formations, but have cut channels near to the base of the
Tertiary, so that the most of them are supplied with living water.
East from Cheyenne county a number of tributaries pass from Kan-
sas to the northeast, entering the Republican. These tributaries
are in most respects similar to the upper tributaries of the different
streams in western Kansas. The Tertiary formations in the north-
western part of the state seem to be so thin that the different
streams have cut their channels almost to the base of the Tertiary,
so that they draw upon the underground Tertiary water. In this
way the Republican through the greater part of its course is un-
usually well supplied with water, but few places being known from
Cheyenne county to Junction City where water is not available in
greater or less quantity throughout the year.

From Republic county to Geary the stream has a wide valley or
flood plain with prominent bluffs on either side. The valley will
average more than two miles wide through this distance and the
bluffs are from 100 to 150 feet in height.
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IN GENERAL.

The different drainage channels of western Kansas have many
similarities. If we except the period of Tertiary time during
which the Tertiary materials were being carried from the moun-
tainous areas, we are forced to the conclusion that none of the
streams of western Kansas show marked indications of variation of
level. No stream has been studied which seems to bear evidence
of a former condition of base level having been reached and a subse-
quent elevation to the west, causing it to deepen its channel and
form a new flood plain. This fact would imply a condition of
stability in this part of the great plains area dating from the close
of the Tertiary period.

In addition to the streams already described a number of smaller
ones of considerable local interest occur. A few of them have
peculiarly shaped valleys of erosion which are different in some re-
spects from any features connected with those described, in that
wide, short valleys of the “fry-pan” form are produced. The best
developed instance of this kind is in the Blood creek vall.ey near
Great Bend, locally known as Cheyenne Bottoms. Mr. Benj. L.
Miller, one of the assistants on this survey, has written a tolerably
complete description of this valley!, from which the following quota-
tion is made:

“Even to the ordinary observer, these bottoms are of great in-
“terest. They consist of an area of land about six miles in width
“and eight in length, and include over thirty thousand acres. Over
“this large scope of country there is scarcely to be found an eleva-
“tion or depression of more than five or six feet. Even where such
“do occur the slopes are so gradual that they are not noticeable to
“the eye. While the basin is inclined slightly towards the east, the
“inclination is very gentle, as is shown by the fact that on the gov-
“ernment topographic survey sheets, with 20-foot contour.intervals,
“no contour crosses any portion of the basin.

“Surrounding and enclosing this whole area is a line of hills the
“slopes of which are quite steep on all sides except the east. In

1 Benj. L. Miller, The Cheycnne Bottoms, a paper read before the Kansas
Academy of Sciences, December 1596,
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“this enclosing wall there are but four breaks—three, at the north
“and northwest, caused by entering streams, the fourth, at the
“southeast, a partial outlet, the elevation of the base of which is
“considerably less than that of the adjoining parts of the enclosing
“wall, but greater than the general level of the basin. Hence it
“does not prevent the flooding of the entire bottoms with water to
“the depth of several feet in the rainy season. Nearly every spring
“this basin is converted into a large lake by the drainage water of
“the surrounding country being poured into it. A poor variety of
“salt grass is the main vegetation which grows in the basin, which
“furnishes a small amount of pasturage.

“By reference to the map, figure 1, it will be seen, that on all but
“the east side the walls are composed of the Dakota formation, with
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Fig. 1.
A map of Cheyenne Bottoms, near Great Bend.
By Benj. L. Miller.
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“an irregular capping of Benton limestone on the north and west
“gides. The east wall seems to be entirely sand. Wells sunk on
“this ridge go through continuous sand until they strike the Dakota,
“sandstone at some distance below the surface level of the basin.
“At the northeast corner of the bottoms there are several sandhills
“gimilar in form to those on the south side of the Arkansas river.

“In the region of this basin we find the upper part of the Dakota
“formation, consisting of a layer of sandstone underlain by a thick
“gtratum of soft shales. Owing to the presence of considerable
“quantities of salt and gypsum in these shales, Mr. W. N. Logan has
“named them Saliferous Shales. He estimated their thickness at
“about 30 feet. '

“In past time the two streams, Blood creek and Deception
“creek, which are the only streams of importance entering the
“basin, probably iowed about as they do now. We suppose at one
“time their channels were cut into the Benton and the Dakota sand-
“gtone. These materials resisting erosion quite well necessarily
“made the deepening of their channels and the widening of their
“valleys slow processes. But finally, having cut through these
“harder strata to the softer stratum of saliferous shales beneath,
“the processes of erosion were greatly increased, and it was there-
“fore a comparatively short tine until the streams had cut their

" “channels entirely through this stratum of shales to the harder layer
“of sandstone beneath. They now began to widen their valleys, or
“their valley; for the two streams probably united in one when this
“shale was first encountered. This widening was likewise rapid,
“go that a wide valley was soon formed. Had the sandstone over-
“lying this shale bed been very hard we should doubtless have had
“falls produced of about 30 feet in hight, which would have slowly
“retreated up stream. There are good reasons for believing that
“the point where the stream first encountered the shale bed was
“considerably farther east than the present limits of the basin.
“Evidence of this is furnished by the fact that river sands cover
“the surface for some distance in this direction. Thus the valley has
“been extending up stream as well as widening on either side. The
“upper courses of the two streams mentioned have not even yet
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“reached the soft, saliferous shales, and consequently have narrow
“valleys.

“But while this was going on, the Arkansas river was slowly
“working its way northward by wearing away the soft Dakota sand-
‘“stones and shales along its northern bank. As the course of the
“river to this point was northeast and the course of the creek to
“the southeast, their valleys finally met. A long, wedge-shaped
“ridge remains, which separates the upper courses of their valleys.

“The breaking down of so much sandstone necessarily left be-
“hind great quantities of sand. In the great quantity of sand lying
“to the south of this wedge-shaped mass of land and in frequent
“southerly winds, we have the conditions requisite for producing the
“present basin. The sand blown by the wind across the mouth of
“this valley formed a drift back of the point of this wedge between
“the valleys. The drift gradually increased in length and hight
“until it became a barrier entirely across the valley of the small
“creek and formed a great basin. The drifting of snow often pro-
“duces similar results, though on a smaller scale. Could the stream
“have had considerable water flowing in it continually, it might have
“been able to keep its channel clear; but probably there was not
“water enough or current strong enough to carry away the sand
“that drifted into the channel.

“Nearly all the wells that have been sunk in this basin produce
“very strongly mineralized water, much of it so strong that cattle
“will not drink it. The water is commonly spoken of as salty,
“but no analysis of the water has yet been made. The mineralized
“condition of the water is doubtless due to two causes, the evapora-
“tion of 8o much water over the surface and the leaving behind of
“mineral constituents in the wearing away of the saliferous shales.”

THE UPLANDS.

The general physiographic features of the uplands of Kansas
have already been hinted at while discussing the different streams.
Throughout the greater part of the whole western half of the state
there is an approach to a level peneplain condition covering the
whole of the territory. This is particularly true over the Tertiary
areas of the west. The dip of the strata of the Cretaceous lime-
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stones and shales and sandstones is east, approximating an angle
the same as the inclination of the surface. In a north and south
line there is perhaps a general inclination of the strata to the north-
east, but the north dip is so slight that it is scarcely perceptible
in most places. We therefore have the most favorable conditions
for the production of broad level plains by the general weathering
of the uplands. In most cases the valleys are simply channels cut
into this great peneplain.

There are irregularities in the uplands, however, which are due to
the geologic structure and which produce very prominent features
in the landscape. Near the eastern limit of the Dakota sandstone
we have escarpments facing the east reaching more or less all the
way from the north line of the state to the Arkansas river. Such
escarpments are produced by the Dakota shales and probably the
underlying Permian shales wearing away and the strongly cemented
brown Dakota sandstone serving as a protection to the upper sur-
face. In this way a somewhat mountainous appearance is fre-
quenily produced, especially where various streams cut their way
through the hard sandstone into the softer materials below. Plates
V. and VL represent two such scenes along the Union Pacific rail-
way a few miles west of Brookville, and also Plate XXIV. at Top of
Soldier Cap mound. Here the hard Dakota sandstone only a few
feet thick has served as a protection to the upper part of the bluffs.
The weatherinz agents have gradually removed the softer sand-
stone and shales from beneath leaving the harder material above
and producing a precipitous escarpment, as shown.

The hight of such escarpments is therefore dependent upon the
thickness of the softer material which underlies the protecting
sandstone. If this should be 100 or 200 feet thick the escarpments
usually have a corresponding hight. As the sandstone is traced
towards the Arkansas river it is found that the hight of the escarp-
ment gradually declines, until at Pawnee rock it is less than 30 feet,
while at the north boundary of the state the hills are from 200 to
250 feet above the surrounding plains.

West of the Dakota sandstone area a prominent row of hills is
found trending northeast and southwest, passing over the area
covered by the Benton limestone. This range of hills has been
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called the Blue hills, in allusion to the bluish haze the atmosphere
frequently presents when looking at the hills from a distance. These
hills are composed principally of the Benton shales, the Blue Hill
shales, with a protecting cap of Fort Hays limestone in places. It
is a prominent feature of the landscape and can be seen from the
east for a distance of from 20 to 40 miles. West of this still is
another escarpment likewise trending northeast and 'southwest,
produced by the eastern limits of the Niobrara chalk formations.
It passes southwest from Jewell county, reaching almost to the
Arkansas river, gradually growing less prominent in the southern
direction on account of the thickness of the Niobrara formation
correspondingly decreasing. Frequently along these escarpments
outstanding mounds or columns are left after erosion has removed
ail surrounding materials. Plate VIL., Castle Rock, is a good illus-
tration of this. It is situated on the north side of the Hackberry,
near its mouth in Gove county. Plate VIIL represents such a mound
in the process of formation.

Beyond the Niobrara limits north of the Arkansas river the
Tertiary formations are reached. The general character of the
uplands throughout the whole of the Tertiary area is that of a broad
level plain excepting where it has been cut into by a drainage
channel. One of the peculiar features of this part of the state is,
that no matter where one may be standing or in what direction
one may be looking, it seems as though one is surrounded by higher
ground on all sides. This is a feature of the landscape in all prairie
countries where the surface is so nearly level. The general east-
ward inclination of from five to fifteen feet to the mile which ob-
tains throughout the whole of this western country is nowhere
noticeable.

South of the Arkansas river the character of the uplands is
waterially different from that to the north. The broad plains area
south of Great Bend is almost level, few streams having cut their
channels exceeding 50 to 75 feet deep. One can travel by train
across this area on the Santa Fe or the Rock Island, and can hardly
notice any variation in the grades until Barber county is reached.
Fromn this locality westward the surface is very rugged, due to
the great southern inclination. In the vicinity of Medicine Lodge
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we have a series of conditions similar to that just described for the
Dakota sandstone area, excepting that the protecting rock here is
gypsum rather than sandstone, the so-called “Mansard beds” south
of Medicine river being exceedingly picturesque. See Plates XIIL.,
XIV., XV, XVII., XVIIL, XXI, and XXIL. Such hills rise to an
altitude of more than 500 feet above the valley of the river, and fre-
quently to the altitude of 300 feet above the surrounding valleys.
The broad layers of gypsum from 5 to 15 feet thick which occur
on the tops of the hills have a regular stratified position and extend
for many miles east and west. The general feature of the country
is therefore similar to that of the Kearney hills west of Salina, in
the Dakota sandstone area. Passing westward still from Barber
county the general features of the country in Comanche and Clark
counties aré similar. The surface of the country drops southeast-
ward in some places at the rate of 30 feet to the mile, producing a
large number of drainage channels which have been worn out to an
unusual depth resulting in the production of an exceedingly varied
topography for the whole surface. See Plate IX. This rugged
area covers nearly all the south half of Barber, Comanche, Clark,
and Meade counties, beyond which both to the north and west high
level plains are again encountered. The general surface of the
country south of the Arkansas river and west of Meade county is
that of one high upland area smooth as a graded land except here
and there a drainage channel has been cut down into the plain like
a ditch in a meadow, and presents a monotonous appearance of
which the eye soon tires. )

This can not be said of the far west north of the Arkansas river.
The geologic formations being so different is the cause for the
different results. From the time the Smoky Hill river has entered
the state it has cut its channel through the Tertiary and into the
Cretaceous formations. Its various tributaries, which are numerous,
likewise have done the same, many of which have relatively broad
valleys. The result is that a varied and pleasing topography is
produced which consists of the flat topped upland areas and the
broad valleys from 50 to 200 feet below producing a general scenic
condition in many places similar to that of the Kearney hills al-
ready referred to. See Plate X.
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Taken as a whole the western part of Kansas is much more
varied in its scenery than one would think from its position in the
great plains area. The diversities of elevation are not great, rarely
exceeding 300 feet and averaging perhaps less than 200 feet. But
when one is near any of the drainage streams one almost invariably
finds a varied and pleasing landscape which in many respects is
rarely surpassed in America.
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THE UPPER PERMIAN.

THE UPPER LIMIT IN EASTERN OENTRAL KANSAS.

INTRODUCTION.

In central Kansas, particularly in Dickinson, Saline, McPherson
and Marion counties the line of separation between the Permian
and Cretaceous systems has been drawn quite differently on the
various geological maps of Kansas. The greatest variations are
found in the wide valley of the Smoky Hill river from the mouth
of Solomon river to above Lindsborg; and the high divide between
the Smoky Hill river and the branches of the Arkansas and the
Cottonwood rivers which extends across the northern part of
McPherson and Marion counties and north into the southern part
of Dickinson and Saline counties.

REVIEW OF FORMER MAPS.

Professor Mudge in 1878 published a “Map showing the super-
ficial strata of Kansas” on which the base of the Cretaceous is
represented as crossing the Smoky Hill river valley near the mouth
of the Solomon river, thence extending southerly along the Dick-
inson-Saline county line; next turning easterly and crossing the
southern part of Dickinson county and extending two thirds of the
distance across the central part of Morris county; finally turning
southwesterly across the southwesterly part of Morris, diagonally
across Marion and the southeastern corner of McPherson county.

On the “Geological Map of Kansas” by Professor St. John in
18832 the Cretaceous is represented as crossing the Smoky Hill
river near Bridgeport, about fifteen miles south of Salina, (all of
the river valley and Saline and Dickinson counties to the east be-

1 First Biennfal Report State Board Agriculture of Kansas, p. 47.
2 Third Biennial Report State Boaril Agriculture of Kansas, opposite p. 575.

(59)
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56 University of Kansas (eological Survey.

ing represented as belonging in the “Upper Coal Measures”), then
extending easterly across southern Saline and Dickinson counties
into the southwestern part of Morris, when it turns southwesterly
across the northwestern part of Marion and the southeastern and
southern part of McPherson.

The line just described on St. John's map was followed prac-
tically by Doctor Williston on his geological map of Kansas pub-
lished in 1892.

The “Geological and Topographical Map of Kansas” by Pro-
fessor Hay in 1893! represented the base of the Cretaceous system
in these counties more accurately than it had been given on the
former maps. The top of the river bluffs from northwest of Abilene
to the vicinity of S8alina were shown as the base of the Cretaceous,
then the line ran considerably to the west of the river across the
wide valley of the central part of Saline county, bending easterly
around the Smoky Hill buttes, crossing the Smoky Hill river near
Marquette, then following the bluffs south and east of the river
until opposite the city of Salina. The divide between the Smoky
Hill river and Gypsum creek, in the eastern part of Saline county,
was given as Dakota; the line turning easterly at the zoutheast
corner of Saline county and crossing the extreme southern part of
Dickinson county and the southwest corner of Morris county where
it made a loop turning westerly across the northern part of Marion
county to the northeast corner of McPherson which it crossed
diagonally in a southwesterly direction.

Finally in 1896 Professor Haworth published “A Reconnaissance
Geologic Map of Kansas”? on which so far as the geology of the
Smoky Hill valley is concerned, there is an approximate return to
the geological map of Mudge. The Dakota is represented as cover-
ing all of Saline county, except a very small area on the central
part of the Saline-Dickinson county line. The base of the Dakota
is shown as crossing the Smoky Hill river at the mouth of the Solo-
mon river, when it runs southeast about one third of the distance
across Dickinson county, then turns southwest and runs across the
Saline-Dickinson county line, turning southeast across the south-

1 Eighth Blennial Report 8tate Board of Agriculture.
2 The University Geological Surv. of Kansas, Vol. 1, P1. XXXI.
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Prosser. ] The Upper Permian. 57

western part of Dickinson county to about the middle of the Dick-
inson-Marion county line, when it turns southwest with a some-
what irregular line crossing the northwestern part of Marion county
and southeastern part of McPherson county.

MAP OF PROSSER AND BEEDE.

It was planned to accurately trace the line of separation between
the Permian and Cretaceous systems over all the area under con-
sideration; but it became necessary to bring the field work to a
close before this had been accomplished. However, the work as
far as it was finished showed conclusively that the broad
valley of the Smoky Hill river in the central part of Saline county
is underlain by the Permian which extends even farther up the
river valley than represented to do by Hay; that the upper part of
the divide in the eastern part of Saline county between the Smoky
Hill river and Gypsum creek is composed of Cretaceous rocks; and
finally that on the high divide between the headwaters of the Cotton-
wood and the southern branches of the Smoky Hill and northern
branches of the Arkansas, the Dakota does not enter the southern
part of Dickinson county, but only extends about six miles into
Marion county to a point about two miles southwest of Durham
village in Durham Park township.

Over a part of Saline county at or near the base of the Cretaceous,
as represented in that county, is an iron-brown sandstone that con-
tains, in places, abundant fossils. This zone has recently been
named “the Mentor beds” by Professor Cragin and referred to the
Comanche series.! The nonfossiliferous bluish-gray, greenish, and
reddish shales overlying the fossiliferous Marion formation of the
Permian, which are well represented west of the Smoky Hill river
in the central part of Saline county, have been mapped in the Per-
mian. For these shales, which may be regarded as constituting a
formation, Professor Cragin has proposed the name Wellington
shales? and mentioned their occurrence in Saline county ‘along “the
foot of the bluffs of Spring creek from Salina to a point in the south-
west vicinity of Bavaria.”?

1 F. W. Cragin, American Geologist, Vol. XVT, Sept. 1895, 162-166.
2 F. W. Cragin, Colorado College Studies, Vol. VI, pp. 3, 16-18.
3 Ibid., p. 17.
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58 University of Kansas Geological Survey.

On the northern bank of the Saline river in the northern part of
Saline county the Dakota (including the Mentor beds) forms the
upper part of the river blufls. Five miles north of the city of Sa-
lina, in the western part of Cambria township, the base of the Da-
kota is between 90 and 100 feet above the level of the Saline river,
or approximately 1300 feet above sea level. On the Salina sheet of
the U. 8. topographic map the 1300 foot line has been taken as the
approximate line of division between the Permian and Cretaceous
systems for that part of the sheet north of the Saline river. From
the south side of the Saline river to the ridge southeast of Brook-
ville the line on the map is only an approximation; but from that
point along the ridge south of Ravaria, east of Soldier Cap mound,
near Falun and around the northern, eastern, and southern flanks
of the Smoky Hill buttes the line was traced with some care. To
the south and east of Smoky Hill river in the northern part of
McPherson county, on the western side of the divide between the
Smoky Hill river and Gypsum creek, the line was traced by Mr.
Beede. In Saline county the writer traced the line down the western
and up the eastern sides of the divide between the Smoky Hill river
and Gypsum creek into the northeastern part of McPherson county,
in Delmore and BRattle Hill townships. The line around the divide
between the Smoky Hill, Cottonwood and Arkansas rivers in the
northeastern part of McI’herson and northwestern corner of Marion
county was mostly traced by Mr. Beede, as well as the line in the
western part of Marion county and the northern part of Harvey
between the Permian and Tertiary or Quarternary sand. Mr. Beede
also traced the greater part of the boundary of the deposit of sand
in Marion, Harvey, Reno, and McPherson counties.

THE UPPER PERMIAN FORMATIONS.
MARION.

The upper fossiliferous strata of the Permian consist of thin
buff limestones, shales and marls, containing in places beds of
gypsuimn and salt. These strata have been described by the writer
under the name Marion formation! for which I’rofessor Cragin,

1 Chas. 8. Prosser, Journal Geology, vol. I1I, November 1895, p. 786.
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PROSSER. | The Upper Permian. 59

later proposed the name Geuda salt measures,! but which, how-
ever, he subsequently withdrew in favor of the prior name of Ma-
rion.? This is the highest formation of the Kansas Permian in which
fossils have yet been found, and paleontologically the upper limit
of the formation may be considered as defined by the disappear-
ance of fossils. Only in the lower part of the formation have any
Brachiopods been found, and then simply the one species, Derbya
multistriata (M. & H.) Pros.,? the majority of the species being rather
small Lamellibranchs characteristic of the Permian. The most
abundant species are:

Pleurophorus subcuneatus M. & H.
~ Pseudomonotis Hawn: M. & H.

Myalina permiana (Swallow) M. & H.

Bakevellia parva M. & H.

all of which are typical Permian species. From this formation the
author has identified the following species:

1. Pleurophorus subcuneatus M. & H.
2. Pleurophorus subcostatus M. & W.
3. Bakevellia parvea M. & H.
4. Yoldia subscitula M. & H.
5. Macrochilina cf. angulifera White.
6. Nautilus eccentricus M. & H.
1. Schizodus curtus M. & W.
8. Schizodus ovatus M. & H.
9. Dentalium Meekianum Geinitz (?).
10. Aviculopecten occidentalis ( Sheem.) Meek.
11. Myalina permiana (Swal.) M. & H.
12, Pseudomonotis Hawni M. & H.
13. Pseudomonotis Hawni M. & H. var. ovata M. & H.
14. Pseudomonotis cf. variabilis Swal.
15. Nuculana bellistriata Stevens var. attenuata Meek.
16. Derbya multistriata M. & H. Pros. (?).
17. Septopora biserialis (Swal.) Waagen (?).

18. Edmondia Calhoun: M. & H.

1 F. W. Cragin, Colorado College Studies, vol. VI, March, 1896, pp, 3, 9.
8 American Geologist, vol. XVIII, August, 1896, p. 131.

8 Professor Cragin reports Athyris subtilita in the Marlon in southern Kansas
(see Colorado College Studies, vol. VI, p. 13).

~
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60 University of Kansas Geological Survey.

19. Nucula cf. Beyrichiv. Schauroth ; also cf. &. parva McChes-
ney.

20. Small Gastropod cf. Aclis Swalloviana (Geinitz) Meek.

From the buff limestones and shales in a small quarry on the
south bank of the Smoky Hill river, south of Abilene and not much
below a conglomerate exposed along Turkey creek which was first
described by Meek and Hayden in 18591, the writer collected the
following species:2

1. Pleurophorus subcuneatus M. & H........................ a
2. Bakevellia parva M. & H......... ... ... ... ... .... e
3. Edmondia Calhount M. & H. (?)........ccoiiiiiiia... c
4. Yoldia subscitula M. & H.............. ... il u
5. Schizodus curtus M. & W.(?)..... i, u
6. Nucula cf. Beyrichi v. Schauroth ; also cf. V. parva, Mc-
CheBney. ...t e a
g ge’;tc;ggf;c(’?; é:)) Sp- z Very imperfectly preserved......... 3

9. Small Gastropod cf. Aclis Swalloviana (Geinitz) Meek......r

The bluffs on the southern bank of the Smoky Hill river from
Abilene to Salina are comparatively low with but few outcrops. On
the east bank of Gypsum creek at its mouth twelve miles west of
Turkey creek, or eleven miles west of the fossiliferous limestone in
the quarry south of Abilene, is the Merrill gypsum quarry and mill.
The section of the bank of the creek bluff at the! Merrill quarry is as
follows:

Section of the Merrill Gypsum Quarry.

No. Feet.
6. Soil.
5. Yellowish and bluish shales alternating with thin
layers of gyprum. ..o, 14 —26
4. Thin layer of fibrous gyvpsum............ ..., —12
1 or 2 Inches.
3. Massive rnowy gyprum. ... .. ..o i, 5 —12
the principal quarry stratum,
2. Mainly shales. ... 33— 7
1. Gypsum to level of Gyprum ereel. ... .. ... 33— 3%
1 Proceedings Academy Natural Belence, PPhiladelphia, Vol, 1X, p. 16, No. 9.

2 See Journal Geology, Vol 11, p. 788,
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62 - University of Kansas Geological Survey.

distinctly laminated. Part of the shales are covered with dendritic
markings which are common on many of the Upper Permian shales.

About five miles west of the Benfield quarry, and perhaps a little
lower, Professor Cragin reports an abandoned quarry, the upper
stratum of which is a 10 inch “bastard limestone” that was used
in the early setilement of Salina for walling wells, etc. Upon this
limestone stratum it is reported that reptilian footprints were
noticed some years sincel, though there seems to be no well authenti-
cated record of the correctness of this determination.

On the east side of East Dry creek, in the southern part of section
21, Greeley township, three miles southeast of Salina is a small
gnarry, at the bottom of which, now nearly covered, are thin brown-
ish yellow limestones with blackish specks, which contain fossils
that are the typical small Lamellibranchs of the Marion, and the
following species were obtained:

1. Myalina perattenuata M. & H............................ T
2: Pleurophorus subcuneatus M. & H ........................ o
3. Bakevelliaparva M. & H................ ...t r
4. Small Lamellibranch ; somewhat like leurophorus, possibly
Edmondia or Schizodus............. ... ... ... .. a

Tn that vicinity a number of loose pieces of the Marion or a very,
similar limestone were noticed containing specimens of Bakevelliu
parra M. & H. Above the limestone are creamy to buff colored
shales with reticulated or dendritic markings, 6 feet thick, covered
by 3 feet of soil.

Three miles south and two miles east of Salina, on the eastern
bank of the Smoky Hill river, on the southwest quarter of section
29, Greeley township, is the Bacott quarry, in which a stratum of
limestone 14 feet thick has been worked to quite an extent for com-
mon building stone. The exposures along the bank of the river
show slight rolls, the rocks being folded inte gentle anticlines and
synclines. In ome place there is quite a sharp dip to the south
amounting to 8 feet in a short distance, when the dip turns to west
of north.

1 F. W. Cragin, Colorado College Studies, Vol. VI, p. 13.
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Section of Bacott Quarry.
No. Feet.

5. Soil.
4. Yellowish shales on top containing a layer of flint 1
inch thick. Blue shales in lower part........... 13 —243%
3. Massive limestone of quarry containing small frag-
ments of shells......................coiiiiis, 13—114%
. Drab hard limestones containing abundant speci-
mens of Myalina perattenuate M. & H. 1 inch thick. —10
1. Buff and bluish shales to the level of the Smoky Hill
- 10 —10
From this quarry the following species were collected:

34

Myalina perattenuata M. & H......................... aa
Myalina permiana (Swallow) M.&H.................. u
Pleurophorus subcuneatus M.&H...................... c
Bakevellia parva M.&H.......... ..ot u
Small Lamellibranch same as in the quarry on section 21,
Greeley township...... ... ... i c

According to Prof. A. W. Jones of Salina—to whom the writer
is indebted for many favors—at about the level of the river is a
stratum of gypsuin about 10 feet below the base of the limestone—
No. 3 of the above section. A shaft sent to the depth of 25 feet is
reported to have penetrated principally gypsum. Professor Cragin
has briefly described this locality, noting the layer with abundant
Myalinas, which he called 3. permiana, and named the gypsum
stratum the Greeley gypsum!. The writer agrees with Professor
Cragin in regarding the fossiliferous limestones in this quarry as
near the top of the Marion formation.

No other outcrops of the Marion were studied in the valley of the
Smoky Hill river, and these limestones according to Professor Jones
do not extend much farther up the river valley? the south-
eustern part of Saline county and southwestern portion of Dickin-
son below the base of the Cretaceous are variously colored argilla-
ceous shales which have been referred to the Wellington. Farther

1 F. W. Cragin, Colorado College Studies, Vol. VI, p. 10.

2 Ibid., p. 10, where Prof. Jones i8s the authority for the statement ‘‘that the
most southerly appearan:e of these limestones and shales on the Smoky i8 about
four and a half miles south of Sallna.”
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64 University of Kansas Geological Survey.

south in the western part of Marion county on the head waters of
the Cottonwood river occur the buff, thin limestones of the Marion
formation, containing specimens of Bakevellia parva M. & H. with
a few other fossils typical of the upper rocks of this formation.
They were noticed especially in Lehigh and West Branch town-
ships, and west of these limestones is the deposit of sand of varying
thickness, the eastern border of which crosses the western tier of
townships in Marion county.

The fauna and lithologic characters of the Marion formation in
Marion and Butler counties were described by the author in his
paper defining this formation, to which the reader interested in
the details is referred.! Farther south in Cowley county it was found
that, in general, the distinctive features of the formation as noted
in the eastern central part of the state remain constant. The base
of the formation is well shown along the bluffs of the Walnut river
in the western part of the county. Capping the bluffs along both
sides of the river in the vicinity of Winfield are numerous exposures
of a rough, heavy limestone which frequently contains large iron-
stained concretions in which are a few fossils, as Productus semi
reticulatus (Martimd de Koninck, and these concretions are termed in
that locality “sand bricks2” This is the same limestone that is
prominently exposed in the vicinity of the cities of Marion and
Burns in Marion county regarded by the writer as the top beds ot
the Chase formation. On account of its conspicuous occurrence in
the vicinity of the city of Marion, the writer first called it the
“Marion concretionary limestone.”® Although the name was never
intended in any sense as a formation name, objection has been made
to its use because it i8 not included in the Marion formation, conse-
quently, in order to avoid confusion, it is considered better to with-
draw the former name, and on account of the characteristic expo-
sures in the vicinity of Winfield to substitute the term Winfield con-
cretionary limestone. Again objection is made to the use of a name
for a bed, zone or any subdivision of a formation differing from the
name used for that formation. In respect to this criticism it is only

1 Chas. 8. Prosser, Journal Geology, Vol. III, p. T86.
2 On the authority of Mr. C. N. Gould.
3 Journal of Geology, Vol. 111, pp. 772, 797.
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PRrosskgR. | The Upper Permian. 65
necessary to say that such usage is well established in geolugical
classification and is of decided assistance in referring briefly to
ceriain local characters, or minor divisions of a formation to which
it would be undesirable to give the rank of a formation. The classic
state in American stratigraphic geology affords numerous illustra-
tions of this usage as, for example, the Moscoiw and Ludlowrille shales
of the Hamilton formation, and the Cashaqua and Gardrau shales of
the Portage formation. This custom seems to be su'ficiently sane-
tioned by its use in such standard works as Dana’s Manual and
Geikies’ Text-Book of Geology.

Five miles north of Winfield, in the southwest corner of Fair
View township at the head of a small arroyo is an excellent exposure
of this prominent Winfield limestone, in which the concretions are
numerous and exactly the same in character as in this stratum
farther north in Marion county. This limestone forms a marked
escarpment along the side of the blutf west of the Walnut river at
Wintield where it has a thickness of 13 feet. It caps the high points
to the east of the river at Winfield. as, for example, on the Asylum
reservoir and College hills, where the ledge is some 80 feet higher
than in the escarpment of the river, indicating a dip of about forty
feet per mile to the west across the valley of the Walnut river at
Winfield. The line of division between the Chase and Marion form-
ations in the western part of Cowley county, follows the Walnut
river valley for the greater part of the distance across the county.
Apparently this same limestone is quarried on the eastern bank of
the Walnut river cast of Arkansas City. though at this loecality
above the 11 feet of massive limestone are shaly layers containing
abundant fossils, but no concretions were seen.

On the eastern side of the Arkansas river and canal, two and one
half miles northwest of Arkansas City, is a buff soft limestone, 15
feet thick, covered by 7 feet of yellowish shales. In the limestonc
beds is a cellular layer containing specimens of Bakevellia parva,
M. & H.—typical thin-bedded Marion limnestone.

About Geuda Springs, seven and one half miles northwest of
Avrkansas City, are outcrops of yellowish shales and coarse, cellular

rock, some of it brownish-red to iron color—due probably to thd
-5
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66 University of Kansas Geological Survey.

presence of iron. No fossils were found in the rocks at this vicinity,
nor west of that town in the Marion. At this locality are mineral
springs, while along the valley of Salt Creek above and below the
springs is an incrustation of salt. The porous rocks in this part of
the Marion formation have been shown by other writers to contain
the thick beds of rock salt of southern and central Kansas!. This
has been recently very clearly stated by Professor Haworth as fol-
lows: “Well records have been obtained from many different parts
of the salt region which, when drawn to scale and compared, show
very conclusively that the salt beds lie above the heavy limestone
beds, and below a bed of blue shale which in turn is below the ‘Red-
beds.” As the blue shales so well developed in Sumner county and
adjacent territory underlie the ‘Red-beds,’ and as the latter are ad-
mitted to be -the first above the Permian, it follows that the blue
shales are Permian. But as the salt beds are below the blue shales,
which approximate 300 feet in thickness, they are well within the
Permian” For these salt and gypsum bearing rocks, evidently a
portion of the salt bearing beds being in the vicinity of Geuda
Springs, Professor Cragin proposed the name “Geuda salt-measures,”
which, later he withdrew in favor of the prior name Marion forma-
tion, as already stated.

In the Anthony well, in Harper county, 404 feet of rocks have
been referred to the “salt beds3,” though in the well section it would
probably be a difficult matter to determine the exact line of division
between the Marion and Chase formations. Professor Cragin has
estimated that “the thickness of the outcrops probably varies from
300 to 400 feet” and has concluded that the dip “in southern Kansas
is xouthward and westward."

No attempt was made to trace the line of division between the
Marion and Wellington formations across Sumner county which if
accurately done would be an undertaking of some difficulty on
account of the level nature of the county and the gradual transition
from the lower to the higher formation.

1 Robert Hay, Seventh Biennial Report Kansas State Board of Agriculture, 1891,
pt. 11, p. 83. Elgfﬂ.h ibid., pt. 1I, p. 105. F. W. Cragin, Colorado Ccllege Studies, Vol.
VI, 1896, p. 9.

2 University Geological Survey of Kansas, Vol. I, 1896, p. 191.

3 Ibid., Pt. XXI.

4 F. W. Cragin, Colorado College Studies, Vol. VI, p. 15.
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PROSSER. | The Upper Permian. 67

WELLINGTON.

It will be, perhaps, a somewhat difficult matter to draw a line of
separation sufficiently sharp for the purposes of areal geology be-
tween the Marion formation and the overlying gray, reddish and
greenish argillaceous shales. However, the two negative characters,
absence of fossils together with the general absence of limestones,
may serve as a means of identifying the formation. It is probable
that careful search will eventually reveal a few fossils, the number
probably always remaining small, in some part of these shales. On
the lithologic side, though the formation contains some calcareous
layers and a larger amount of red shales, perhaps Professor Cragin’s
characterization of these rocks as “essentially a thick body of blue-
gray and slate-colored shales” will serve as a satisfactory descrip-
tion of the formation. Professor Cragin has proposed the name
Wellington shales? for the above formation, upon which is located
the city of Wellington, the county seat of Sumner county. In Saline
county there are probably 200 feet of the Wellington shales;? but
in the southern part of the state they attain a thickness of more than
twice that amount. The greatest reported thickness of these shales
is in the well section at Caldwell in the southwestern part of Sum-
ner county, which according to Professor Cragin is 445 feet;* while
in the Anthony well in Harper county, twenty five miles northwest
of Caldwell, a mass of blue shales, referred to the Wellington by
Professor Cragin, has a thickness of 395 feet® The author first
studied the upper part of this Kansas Permian in Marion county
where these shales are much thinner, and in the description of that
part of the state included them in the Marion formation.®! However
after studying them as exposed in their typical region in Sumner
county, the writer is inclined to follow Professor Cragin and assign
to them the rank of a formation.

In Saline county the base of the Cretaceous, which is the Kiowa
shales, Mentor beds, or Dakota sandstone, rests on the Wellington

1 F. W. Cragin, Colorado College Studies, Vol. VI, p. 17.
2 Ibid., Vol. VI, pp. 3 and 16.

3 Professor Crafi ves 255 feet for the Welllngton beneath Ellsworth, in the
first county west Saline (ibid., Vol. VI, p.

4 Ibid., Vol. VI, p. 16,

5 Unlversléy Geological S8urvey of Kansas, Vol. I, pl. XXI. F. W. Cragin, Colo-
rado College Studies, Vol. VI, p. 17.

6 Journal Geology, Vol. 111, p. 786 and 797.
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whose uppcr surface is apparently irregular indicating a period of
elevation during which its surface underwent extensive erosion be-
fore the deposition of the Cretaceous. This is well shown by va-
rious sections in Saline county, a few of which will now be described.
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Fig. 4. Fig. 5.
Section at Smoky Hill Mill, one mile South- Section three and one-half miles East of
east of Salina. Mentor.

Section of the Bluff east of the Simoky Hill River, at the Upper Smoky Hill
Mill, one mile southeast of Salina. Feet
No. eet.

4. Capping the small buttes is a coarse-grained, mas- 9—64
sive brownish-gray sandstone, containing dark
brownish-red concretions. Thin sandstones and
arenaceous shales, partly brownish-gray in color.

At base a massive sandstone that rests directly on
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the shales, but apparently unconformably. Base
of the Cretaceous, probably Dakota.

3. Yellowish to brownish and buff soft argillaceous 29—565
shales.

2. Bluish to drab shales that weather to a buff color 15—26
—thin and somewhat laminated.

1. Covered. A little farther up the river the blue 11—11
shales show to the water level.

Level of the Smoky Hill river.!

No fossils were found in the rocks composing the above section,
although careful search was made for them. Nos. 1, 2 and 3 have
been referred provisionally to the Wellington, simply on account
of the absence of fossils and their lithologic characters. Two miles
farther up the river is the Bacott quarry with the Marion fossils,
and on the hill two and one half miles southeast of the river bluff
section, in section 21 Greeley township, buff limestones with
Bakerellias were found at an elevation near that of the shales in
No. 3 of the section. It seems probable that the small anticlinal
fold noted in the Bacott guarry has brought up the top of the
Marion at that locality, so that lower rocks are exposed than in
the section at the mill.

Six miles south of Salina and the Upper Mill section on the
Smoky Hill river is the small village of Mentor in Walnut town-
ship. A section east of Mentor was measured from the river level
past the Berwick school house to the top of ‘the ridge two and a
quarter miles east of the river. This is the typical locality of the
“Mentor beds” of Professor Cragin which will be discussed later.

The Mentor Section.
No. Feet.

3. Mostly covered; but apparently a brownish sandstone 10—140
similar to that below.

2. Iron brown sandstone exposed at intervals along the 70—130
roadside and in the field. Three quarters of a mile
east of Berwick school house. Partly covered. In
layers are abundant fossils. Apparently the base of
the Mentor.

1 Prof. Robt. Hay called this hill Dakota with Permo-Carboniferous shales at
the base (Transactions Kansas Academy Science, Vol. IX, 1885, p. 112).
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1. Yellowish and bluish argillaceous shales, with some 60—60
red streaks., Wellington.

Level of Smoky Hill river.

Two miles directly south of the four corners, one mile east of
the Berwick school house, is a most interesting exposure of the
Permian and Cretaceous line of contact. The rocks show along the
highway at the southwest corner of section 27 Walnut township, and
in the field in the southeast corner of section 28. The section is as
follows:

3. Brownish, iron stained sandstone containing Aentor fossils.

2. Blightly pinkish shell limestone 1 foot thick, containing abun-

dant specimens of Ostrea. Kiowa.

1. Yellowish argillaceous shales immediately below the limestone.
Similar blue, yellowish and slightly reddish shales continue
from 150 to 160 feet to the level of the Smoky Hill river.

' Wellington.

It will be noticed on comparing the two sections just given, that
in the Mentor, the base of the Mentor beds is approximately 60 feet
above the river level; while in the second section, only two miles
south, the base of the Kiowa is from 150 to 160 feet above the
river level, or from 90 to 100 feet higher than in the Mentor sec-
tion. The uncertainty as to the exact base of the Mentor beds in the
Mentor section may reduce this difference somewhat, still there will
be a decided discrepancy between them which is not explained by
folding or dip. The floor upon which the Cretaceous was deposited
was evidently a decidedly uneven one.

On the western side of the Smoky Hill river these shales are
developed to a greater thickness than on the eastern. Professor
Cragin has identified them as belonging to the Wellington, stating
that they occur at intervals in the foot of the bluffs of Spring creek
from Salina to a point in the southwest vicinity of Bavaria.l The
Wellington shales were noted at a number of exposures from Ba-
varia to the vicinity of the summit of the ridge three miles south,
but only a number of short sections were found. One mile southwest
of Bavaria on the Spring Creek bluff are yellowish shales similar
to those of No. 3 in the Upper Mill section southeast of Salina.

1 F. W. Cragin, Colorado College Studies, Vol. VI, p. 17.
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About one and one fourth miles southwest of the above locality
ix another fairly good exposure on the banks of a small pond, in
the scuthern part of scction 4 Washington township. This shows
some 135 feet of argillaceous, unfossiliferous shales, the lower and
greater portion of which are thin, yellowish and bluish, and above
these are rome harder and thicker layers capped by 2 feet of red
shales,

Near the summit of the ridge three miles south and one half
mile west of Bavaria, in the southwest corner of section 10, Wash-
ington township, Mentor fossils were found in the brown iron col-
ored rock on top of the yellowish Wellington shales. The base of
the Mentor at this locality is from 160 to 170 feet above the Smoky
Hill river level, nine and one half miles directly east. One mile
south of the locality just described, four miles west of Smolan and
eleven and three fourths miles west of the Berwick school house
Mentor beds. on the roadside at the northwest corner of section 22
Washington township, is an excellent exposure of the brownish-red
very fossiliferous Mentor beds. A little below are yellowish, ar-
gillaceous shales, which according to Mr. Beede are shown for
some 50 feet in the well in the draw just south. This exposure is
fully 150 feet above the Smoky *Hill river, 10 miles directly east.
Professor U'dden concluded that the Dakota in Saline county dipped
8 fet per mile to the east! A dip at this rate to the east would
carry the outerop of the Mentor beds four miles west of Smolan,
down 1o only 66 feet above the river level on the hill east of Ber-
wick schoolhouse. It will be remembered that in the section of
that hill the approximate base of the Mentor beds is given as 60 feet.

Six miles south of the above locality, at Falun, are two buttes
capped by brownish-red sandstone containing fragments of parallel
and netted veined leaves, apparently Dakota species. Below, from
wells and exposures by the roadside are bluish and yellowish shales,
some of which are rather coarse and contain gypsum of the Wel-
lington. The base of the Cretaceous on these buttes is about 1370
feet .A. T., or approximately the same as at the Mentor locality six
miles north. The Wellington shales are quite well shown around the

1 American Geologlst, Vol. VII, June 1891, p. 344.
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northern end of the Smoky Hill Buttes where their top is about
1360 feet A. T.

Professor Udden has indicated a Pleistocene deposit that covers
the central part of McPherson county and extends north along the
valley of the Smoky Hill river to the vicinity of Salina. This de-
posit contains hones of Myalonyx Leidyi Lindahl, Equers Major
De Kay and some fresh water shells.!

The streams and arroyos of the adjoining corners of Saline,
Dickinson, Marion and McPherson counties revealed numerous ex-
posures of bluish, yellowish and slightly reddish shales which
were generally regarded as belonging in the Wellington. These are
apparently the same as the shales noted by Doctor Sharpe as ex-
tending from the middle of Marion county to north of Smoky Hill
river, though I do not agree with the statement that they are
“principally red in color.”?

The vein of the Dakota sandstone on top of Twin Hill, Plate XII,
represents one of the Twin Hills in Delmore township, capped by
massive Dakota sandstone. The slope of the hill is covered with
large blocks of the sandstone which have fallen from a former larger
cap of the sandstone than the one that now remains on top of the
hill. )

In Sumner county, in the southern tier of counties these shales
attain their greatest known thickness and cover the greater part
of that county. On account of the very level nature of this county
there are no exposures of any considerable thickness, though small
outcrops along the streams and in the steeper parts of the low hills
are not of infrequent occurrence. Slate creek, which flows diagon-
ally across the county from the northwest corner to near the south.
east portion, atffords many small exposures of these shales. The
prevailing colors of these shales are yellowish to bluish and grayish
tints with greecish and reddish bands of some thickness. There
are also occusional thin layers of limestone not unlike some of the
thin Timestones in the upper Marion. They may be distinguished,
however, from the underlying Marion by the general absence of
limestones, being composed principally of argillaceous shales; and

1 American Geologist, Vol. VII, June, 1891, pp. 340-345. See especially the map on
p. 340.

2 University Geological Survey of Kansas, 1895, Vol. I, p. 191
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from the overlying Marion by their general grayish or bluish color
which is in strong contrast with the prevailing red color of that
formation.

I'rofessor Hay in ‘his paper on the “Geology of Kansas Salt”
noted the occurrence of “between one and two hundred feet of gray
shales, with an occasional limestone stratuml” However, as
already stated, Professor Cragin is the first one to accurately de+
scribe the lithologic characters of these rocks and to propose an
appropriate formation name for them.

By the roadside on the Oxford-Wellington road four miles east of
Wellington are yellowish thin limestones that alternate with yellow-
ish shales, the lithologic character of these rocks differing but
slightly from that of some of the Marion. Toward the top of the
ridge are greenish argillaceous shales, and with them are layers of
yellowish shales in which are layers of small, somewhat flattened
concretions. The concentric structure of some of these concretions
is nicely shown. I'rofessor Hay has described these layers as
similar ““to a pan of biscuits” and states that they will “separate intq
several thin concentric domes as would the layers of half an onion2.”
He apparently failed to recognize their concretionary character.

From the above locality along the road toward Wellington are
occarional outcrops of yellowish and bluish, soft argillaceous shales,
with an occasional layer of harder material an inch or so in thick-
ness.  Similar shales show in a branch of Slate creek just east of
the city, and along the side of the hill to the west of Slate creek
and the city. The blue shales are especially well shown in a small
creek on the upland west of Slate creek and 75 feet above it, along
the Southern Kansas railroad.

In the vicinity of Wellington is an extensive deposit of gravel and
sand which was referred to the Champlain period by J. P. West?

1 Robert Hay, Seventh Biennial Report Kansas State Board of Agriculture, Pt.
I1, p. 37, Topeka. See also Fig. 1 ““Generalized section from Geuda Springs to King-
man’ on p. §;, and Fig. IlI, “Generalized section across Kansas” on both of which
the ‘gray shales’’ are represented between the “Salt measures’ and the “red beds."

2 Robt, Hay, Bulletin U. 8. Geological Survey, No. 67, pp. 19, 20, Washington, 1890.
See Fig. 2, on p. 20.

3 Ibid., pp. 39, 40. See Fig. 19, p. 40, which gives a section of the Santa Fe railway
cut at Wellington. Sce Judge West's article in Kansas City Review of Science and
Industry, February 1895. This stratified deposit of sand and gravel was also referred
to the Champlain by Professor Cragin who mentioned the occurrence of Mastodon
Elephas and Bos latifrons in it (Bulletin Washburn (lollege Laboratory Natural
History, April 1895, p. 85, Topeka).
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and which Professor Cope calls “the Pleistocene sands.” This ident-
ification is not simply conjecture, for from an abandoned sand
quarry to the west of the city vertebrate fossils have been obtained
which Professor Cope identified as Elephas.primigeniugs and Bos
crampianus Cope? From the sand quarry on the eastern side of
Wellington, Professor Cope identified a posterior molar of Elephas
primigenius.

On the creek a short distance west of Mayfield is bluish sandy
shale in places, while the soil is decidedly red, probably colored by
leaching from the Red-Beds to the northwest. On a small branch
of Beaver creek, one mile north and three miles east of Milan (north-
west quarter section 14, Ryan township) is an exposure of a few
feet of the Wellington shales.

Section three miles east of Milan.

No. Feet.
4. Soil.

3. Grecenish argillaceous shales........................ 2 —5%
2. Maroon argillaceous shales......................... 2 —3%
1. Blue argillaceous shales.................... ... .... 13—13

to the creek level.
The shales of the lower part are thicker, light gray in color and contain
small quantitics of Malachite.

On the road one fourth mile west of Beaver creek are red some-
what sandy shales, similar to those seen on the ridge east of the
creek. Along Shore creek to the west of Milan are reddish, rather
sandy deposits regarded as in the lower part of the well known Red-
Beds, the lower part of which Professor Cragin has called the Harper
sandstone. This opinion agrees with an early one held by Professor
Cragin; for in 1885 he said that west of Wellington he first saw “the
red sandstone of the Dakota [as he then called the Red-beds] at
Milan. It also appears at certain points in the Chikaskia river.”
Mr. Adams also spoke of Argonia in the Chikaskia river as the east-
ern limit of the Red-Beds.! From this locality westward toward

lﬁPr&ceedings Academy Natural Sclence, Philadelphia, Pt. I, January-April 18%4,
pp. 67, €3,

2 Loc. cit.,, p. 68 and Journal Academy Natural Sclence, Philadelphia, Vol. IX,
pt. 4 , 1895, pp 453, 456.

3 W. Cragin, Bulletin Washburn College Laboratory Natural History, Vol. 1,
April 1895 p. 86, Topek

4 University Geological Survey, Kansas, Vol. I, p. 29.
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Argonia and the Chikaskia there are not infrequent outcrops of the
red rocks, though a large part of the country in the broad valley,
of the Chikaskia river and its branches is covered by beds of loosq
sand so that the underlying rocks are concealed. This loose sand
forms dunes along the banks of the streams, and is probably an
alluvial formation as suggested by Professor Hayl.

The red sandy rocks mentioned above are referred by the writer
to the overlying Red-Beds, consequently their appearance marks the
close and upper limit of the Wellington formation. This line was
determined at several localities by Mr. C. N. Gould and the writer,
but circumstances prevented tracing it accurately across the
country. From the above data an approximate line of division be-
tween the Wellington Red-Beds has been indicated as crossing Sum-
ner, Kingman and Reno counties.

THE CIMARRON SERIES OR THE RED-BEDS.
HISTORICAL REVIEW.

Succeeding the Wellington formation is a great mass of rocks
composed essentially of soft, friable, sandstones and argillaceous
shales. The prevailing color is red and this series of rocks has
generally been called the Red-Beds. The name refers of course to
the prevailing color similar to that of the rocks of northern Texas
and Oklahoma which are also known by the general name of Red-
Beds.

In Kansas in the upper part of the series are thin layers of
gypsum, and at one horizon is a deposit from 25 to 50 feet in thick-
ness of massive gypsum. Thin layers of gray to greenish gray
sandstone also occur occasionally, but are neither of sufficient
thickness nor frequency to affect the general descriptive term of
Red-Beds.

1 The Professor said ‘‘on the west line of Sumner Co. the Carboniferous (in
which he includes the Wellington) ¢ * * disappears under the extensive sands
of the Chikaskia, whose broad valley I8 a mere depression in the high prairie. This
concealmeant by alluvial deposits 18 very extensive both south and north’ (ibid., p.
20); also see p. 43 where he speaks of the “Immense beds of sand in the valleys of the
Chikaskia, the Medicine,” etc. As shown on his ‘‘Geologic Map of Southwestern
Kansas” quite a large area in the western part of Sumner county and eastern part
of Harper county to the south of the Chikaskia river is mapped as covered by
Pleistocene sand.
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On the Atchison, Topeka & Santa Fe railway running from Win-
fleld to Medicine Lodge this series is first seen in the vicinity of
Mayfield and Milan. So far as determined, the base of the Red-Beds
rests conformably on the Wellington formation. The line of sepa-
ration has been traced to some extent and indicated on the geo-
logical map as crossing irregularly the western part of Sumner,
castern Kingman, western Sedgwick and eastern Reno counties, to
the valley of the .\rkansas river. The top of the serics is determined
on the west and north by either the base of the Comanche series
or the Tertiary where the Comanche is wanting. The series has a
thickness of perhaps 1200 feet, determined partly from well secc-
tions and partly from surface exposures.

In correlating this mass of rocks investigators have referred
them to several systems and a brief review of such correlation may
be of interest.

On the geological map of Kansas published by Professor Mudge
in 18781 the greater part of the area south of the Arkansas river,
now known to belong to the Red Beds, is represented as of upper
Carboniferous age though it is stated in the text that west of
Harper the region has been little examined by himself or others
“but appears to be represented by the Fort Benton and Dakota
groups.”™* This does not agree with the map, for Barber, Comanche
and the southeastern part of Clark county, to the west of Harper,
are colored as belonging to the upper Carboniferous.

The next paper of importance bearing upon this region is the
“Sketch of the Geology of Kansas” by I'rofessor $t. John in 1883.
On the “Geological map of Kansas3” in this report, the line sepa-
rating the Cretaceous and Upper Coal Measures south of the Ar-
kansas river, is represented as crossing central Reno, eastern King-
man and Harper counties. In the text of this report, the Dakota
formition of the lower Cretaceous is fairly well described, and the
Red Beds are provisionally correlated with it. Prof. St. John says
“In the region south and west of the .Arkansas, the deep-red sand-
stones, presumably belonging to the same formation [Dakota], owing

1 First Biennial Report State Board of Agriculture of Kansas, 2nd ed, p. 47.
2 Ibid., p. 55.
3 Third Biennial Report State Board Agriculture of Kansas, op. p. 575.
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to their soft friable nature no longer afford prominent landmarks,
though they still impress their presence upon the soil to which
they have imparted its red color and loamy nature over a wide out-
lying belt immediately underlayed by the upper strata of the Upper
Coal-Measures.”!

In 1885 Professor Cragin accepted St. John’s correlation and gave
some account of the extent of the series. Professor Cragin followed
the line of the Atchison, Topeka and Santa Fe railroad from Wel-
lington to Medicine Lodge. “We come” he says “first upon the red
sandstone of the Dakota at Milan. It also appears at certain
points in the Chikaskia river. This is the main country rock west-
ward to Medicine Lodge.”? The Gypsum Hills to the southwest
of Medicine Lodge, were briefly described by Professor Cragin in
this paper, where he stated that “The Gypsum Hills have their base
of the Dakota sandstone. At their eastern outskirts, this formation
includes their bulk, though even here they are capped by the
Bentond.”

The following year Professor Cragin referred the great gypsum
bed of Barber and Comanche counties to the Dakota formation, the
upper part of which he regarded as probably formed by the va-
riegiated sandstone (Cheyenne sandstone) while “the overlying dark
shales, from which the ‘Black Hill’ takes its name, [are] the base
of the Benton'.”

In 1887 Professor St. John published his “Notes on the Geology
of Southwestern Kansas,” in which the Red Beds were referred with
a query to the Triassic, where they have generally been placed by
subsequent writers. DProfessor St. John's explanation for this cor-
relation is as follows: “The oldest geological deposits [of the dis-
trict described by St. John in this paper] appear in the eastern
portion of the district, and from their lithological appearance and
stratigraphical relations to well-determined formations between
which they occur, it is inferred they hold the position of the Triassic
Red-Beds which are so well developed along the eastern foot of
the Rocky mountains a few hundred miles to the west.

1 1bid., p. 5%9. '

2 Bulletin Washburn College Laboratory Natural History, vol. I, p. 86. Topeka.
3 Ibid., p. 87.

4 1bid., vol. I, May 1886, p. 166,
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These deposits form the basis of the uplands in which the Medicine
Lodge, in the vicinity of Lake City, . . . have eroded its bed
to the depth of at least 150 feet. They also extend westward as far
at least as Crooked creek, appearing lower and lower in the valley
slopes until they pass beneath their beds as the declivity rises in
that direction. East and south they compose the surface rocks in
Rarber and a large part of Harper county. The formation doubtless
attains a thickness of 200 to 300 feet at least in this region, and
its erosion by the numerous water-courses in the counties named
has produced some of the most picturesque scenic effects to be found
in the State.”! Professor St. John was not successful in finding any
fossils in the formation, which has been the experience of all sub-
sequent investigators.

In 1889 Professor Hay, who has since so fully described the
general appearance of the Red-Beds of southern Kansas, in a
lecture before the Kansas Academy of Science, dwelt upon the ex-
tent of the area of the Red-Beds, which he described as thinning
to the north, while the Dakota thins to the south. In reference to
the age Professor Hay stated “These Red-Beds we call Triassic, but
possibly the upper part may be Jurassic. As yet they have yielded
