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PREFACE.

THE preparation of the following report on the Coals of
Kansas has been done chiefly by the writer and Mr. W. R.
CRANE, although in the true sense of the term almost all the in-
vestigations conducted in the Coal Measures of Kansas during
the last five years have contributed directly or indirectly to the
information herein expressed.

Such a report on the Coals of the state could not be made
until the detailed stratigraphy was well worked out. A large
part of our time has therefore been devoted to the detailed
~ stratigraphy of the eastern part of the state. This was partly
described in Volume I, published early in 1896. The following
descriptions of the general stratigraphy of the Coal Measures
are based necessarily on the similar descriptions in Volume I.

During the summer of 1897 the writer was again assisted by
Dr. GeorcE I. Apams, by the Rev. Jorx BeExnETT, and by Mr.
W. E. RincLE, all of whom devoted their entire time to strati-
graphic work. Doctor Adams confined his labors to the Coal
Measures in the southern part of the state, reaching north ap-
proximately to a line trending east and west through Fort Scott
and Iola. Mr. Bennett traced in detail the outcroppings of
the several limestone systems northward of this line and south
of the Kansas river. Mr. Ringle assisted Doctor Adams.

After the field season closed Doctor Adams likewise was of
great assistance in the drafting room in reducing the substance of
his summer’s work to drawings, in the preparation of geologic
sections, geologic maps, etc. It was with regret on the part of



6 University of Kansas Geological Survey.

the writer that he did not prepare the manuscript in full for
the stratigraphy of the part of the state covered by his field work,
but at his own request he was excused from the same.

It is a matter of great satisfaction, and at the same time of
no little surprise, to be able to state that the outlines of the
stratigraphy of eastern Kansas, as given in Volume I, are sub-
sﬁantially correct. The work for that volume was done hur-
riedlyba,nd the report was looked upan as a mere reconnaissance.
We are now able to make a more detailed report, and one which
may carry with it greater authority, on account of its Heing
based upon more detailed and accurate field work. The only
- positive errors found in previous work are two: The Altamont
limestone given in Volume I as the lower member of the Erie
system is now known to be the eight-foot limestone mentioned
by Bennett on page 94 of Volume I, and shown in Plate IV ;
and the Carlyle of Volume I, according to the conclusions
reached by Mr. Bennett, is the same as the Garnett limestone.
These two errors are of little importance excepting from the
perturbations they cause in nomenclature. The name Altamont
can be retained, as Bennett gave no name to the eight-foot sys-
tem in his description, but either the name Carlyle or Garnett
must be discontinued as they refer to the same article. On ac-
count of the name Garnett having been used so much more ex-
tensively than Carlyle the latter will be dropped, as explained
in detail in the proper place in this report.

Mr. Crane’s work in connection with this report has been
confined principally to an investigation of the chemical and
physical properties of the coals, and to a detailed study of min-
ing machinery and mining methods. All the analyses and de-
terminations of heating properties given in the following tables
were made by him, excepting the small number which are prop-
erly credited to others. Likewise the pen and ink drawings used
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in his part of the report to illustrate machinery and methods
are all the work of his hand. The character of his work can be,
judged of by the readers. It may not be out of place, however,
to add that the greater part of his analytical work was done
wholly without any expense of any kind to the state, and that
the remainder was done at such nominal expense that it is
almost without a parallel in the history of pubhc investigations
of this kind for state purposes.

ErasmMmus HAWORTH.
University of Kansas, Lawrence, July 1, 1898.






PART I

STRATIGRAPHY OF THE KANSAS COAL MEASURES.
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STRATIGRAPHY OF THE KANSAS COAL
MEASURES.

THE stratigraphy of the Kansas Ceal Measures has been
partly described in many publications. Volume I of this Sur- -
vey contains the longest connected description thus far pub-
lished. That description was based principally upon field work
done by this Survey, but was looked upon as being elementary
in character. For that reason, and in.order that the reader
might the better judge of the correctness of conclusions subse-
quently drawn, a number of geologic sections trending mainly
east and west were, in the early chapters of the discussion, de-
scribed in detail by the parties making them. Field work in
stratigraphy has been carried on to a considerable extent for
each of the past five seasons. This has enabled us at present
to give a tolerably detailed and connected description of the
stratigraphy of the Kansas Coal Measures. While it will
largely be a reproduction of that already published in Volume
I it will also be a correction and confirmation of the same.

The Kansas Coal Measures rest on a floor of the Subcarbon-
iferous limestone. This has been observed to be true through-
out the whole of the eastern limit of the Coal Measures and has

- been proved to be true throughout all of the western part wher-
ever wells have been drilled deep enough to penetrate the Coal
Measures. The description of the Coal Measures proper may,
therefore, begin with a description of the Subcarboniferous
floor, after which the various subdivisions of the Coal Measures
will be taken up in the order in which they are found in the
ascending scale. While studying the descriptions of them the
reader should refer constantly to the generalized section, Plate
VI, and to the various other maps and sections illustrating

them.
(13)
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I.—THE MISSISSIPPIAN OR SUBCARBONIFEROUS.

Areal Extent.

The area in Kansas covered by the Mississippian rocks is con-
fined to the southeastern corner of the southeastern county. It
is bounded on the south by the south line of the state; on the
east by the east line of the state; and on the northwest by an
irregular line trending northeast and southwest, crossing the
south line of the state near Baxter Springs about six miles from
the Missouri line, and the east line of the state about ten miles
from the southeast corner, forming a triangle of about forty-five
square miles, with the northwestern boundary approximately
marked by Spring river.

In different places the western limit is carried beyond Spring
river, particularly where tributaries enter from the northwest.
These streams have worn their channels down through the
overlying Coal Measures and have exposed the Mississippian
for some distance further to the northwest. Along Cow creek,
for example, the Mississippian rocks may be observed more
than five miles above the general limit; along Shawnee creek
they may be observed almost to opposite Crestline, three or four
miles beyond the general boundary; along Brush creek the
westward dentation is not so marked ; while along Wall creek
the western limit is two or three miles beyond the boundary.
A few places are known beyond this limit where erosion has
worn away the overlying Coal Measures exposing the Mississip-
pian to the surface. This is particularly marked in what is now
called Quaker Valley, to the northwest of the country postoffice
Tehama. Here within five miles of the center of the county an
area of several acres is covered principally with the Mississip-
pian limestone and flint rocks, existing as an isolated outlying
area, separated from the main body of the Mississippian by
four or five miles.
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Beyond the limits of Kansas the Mississippian occupies the
surface over a large part of Missouri on the east, Arkansas on
the southeast, and Indian Territory on the south. It forms, in
Missouri, an irregular area extending east about thirty-five
miles to beyond Springfield; to the northeast by way of Car-
‘thage, Stockton, Osceola, Sibley, Boonville, and Keatsville to
beyond the Missouri river, from which point it veers eastward
to the vicinity of Saint Louis, thence northwestward along the
Mississippi river into Iowa. It occupies all of the northwestern
part of Arkansas and the northeastern part of the Indian Terri-
tory, constituting a large area of well defined rocks of great
thickness which must always be looked upon as one of the most
important terranes of the great Mississippi Valley.

Surface of the Mississippian.

The surface of the Mississippian limestone in some places
was greatly eroded during the pre-Coal Measure time. This
has been commented upon by various geologists, has been illus-
trated by drawings and photographs by different authors, and
varied and important conclusions have been drawn from such
effects. The writer has already described' various irregulari-
ties of surface in southeastern Cherokee county, which are
probably due to this surface erosion. The extent of such ero-
sion farther to the northwest can only be conjectured, as the
surface of the Mississippian soon becomes covered to a great
depth with the overlying Coal Measures. The records of the
various oil and gas wells in Kansas which have been carefully
kept and accurately tabulated fail to show any marked irregu-
larity of surface. This of itself is not conclusive, for the wells
are not close enough together to disprove the existence of val-
leys of erosion in the surface of the Mississippian; however,
with so many of them reaching the Mississippian limestones
and at so nearly uniform and regular distances below the sur-

1. Haworth: * The Coal Fields of Cherokee County,” Trans. Kas. Acad. Sci., vol. viii, ?5 7-11,
Topeka, 1882; “A Contribution to the Geology of the Lead and Zinc Mining Districts of Chero-
kee County Kansas,” p. 13, Oskaloosa, Ia., 1884; Kans. Univ., Quarterly, vol. ii, p. 126, Lawrence,
1894 ; Univ, @eol. Sar., vol. i, p. 147, Lawrence, 1896.

ay: ‘““Geological and Mineralogical Resources of Kansas,” p. 5, Topeka, 1893,
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face it is moderately certain no very gréat irregularity can ex-
ist on the upper surface of these limestones.

The importance of this question is connected principally with
a study of shore lines during geologic time. The Mississippian
rocks were formed under ocean water.. Where the surfaces are
eroded they were of course subsequently elevated above the
ocean water and thereby the ocean shores receded to the west.
Later, when the Coal Measures were laid down, covering eroded
surfaces, the shore lines again migrated eastward. If, during
the erosion period, the shore line migrated very far to the west

‘the eroded area likewise will extend farther west. But if, on
the other hand, the eroded area forms a narrow stretch extend-
ing along the southeastern limit of the Coal Measures as we
now find them, then the shore line immediately previous to
Coal Measure time did not progress very far to the west. This
latter condition seems to have prevailed.

The extent of erosion in Kansas, as far as is known, is not
very great, and therefore does not imply a very long period be-
tween Subcarboniferous and Coal Measure time. There is a
perfect conformity between the Coal Measure strata and the
upper surface of the Mississippian in Kansas when viewed over
wide .areas, as is clearly shown by the geologic sections pub-
lished in Volume I, and those which accompany this report. If,

“therefore, there were any considerable oscillations after the Mis-
sissippian limestones were formed and previous to Coal Measure
time it is remarkable that the final state of equilibrium reached
and maintained during the earlier part of Coal Measure time
should place the surface of the Mississippian in a position so
that no broad nonconformities should be produced. These con-
ditions indicate, therefore, that the oscillations which resulted
in leaving the Mississippian rocks above the sea and in again
depressing them so they could be covered by Coal Measure
strata were confined to slight vertical movements and to narrow
limits along the coastal area, movements which did not mate-
rially affect the same rocks further oceanward.
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Inclination of Surface.—The upper surface of the Mississip-
pian floor dips to the west and northwest. Along the southern
line of the state from Galena to Coffeyville the maximum dip
* is not known, as no well at Coffeyville has thus far reached the
Mississippian. Wells have been drilled from 550 to 600 feet
and have not reached it. As the elevation of Coffeyville is 728
feet above sea level and the hill tops at Galena something over
1,000 feet and the distance between the two points fifty-three
miles, we know that the inclination westward is at least 17 feet
to the mile. By an examination of the geologic section from Ga-
lena westward by way of Cherryvale, Plate I, it will be seen that
we have the surface of the Mississippian at Oswego about 400 feet
above sea level, which would give the inclination fromsGalena
to Oswego at about 20 feet to the mile. Wells at Stover and
Mound Valley do not reach the Mississippian, but at Cherry-
vale, fifty miles away, it was reached at 1,008 feet below the
surface, or 180 feet below sea level, which gives the decline of
the surface from the hill tops at Galena at about 22 feet to the
mile, or but a little over 20 feet to the mile if reckoned from the
valleys about Galena. The deep well at Neodesha shows sub-
stantially the same results. The deep wells farther west in the
vicinity of Fall river, Fredonia, Wichita, and other places throw
little light on the subject as they do not reach the Mississippian,
but their great depth without reaching it shows that it must oc-
cupy a position similar to that indicated from the dip further
east. : _ ' .

In a direction northwest from Galena the inclination of the
surface of the Mississippian is not so great. A well made with
a diamond drill, producing a core, at Saint Paul — Osage Mis-
sion —thirty-nine miles northwest from Galena, went to a depth
of 700 feet without reaching the Mississippian. The elevation of
Saint Paul above sea level is 873 feet, showing that the Missis-
sippian is at-least within 173 feet of sea level and that its sur-
face has a dip from Galena of not less than 21 feet to the mile.
At Chanute, fifty-eight miles away, it was reached 36 feet below
sea level, and at a few other points in that vicinity at similar
2—111
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depths. The decline from Galena to Chanute towards the north-
west is therefore between 17 and 18 feet to the mile.

Northward, along the east line of Kansas, the inclination is
much less. The Mississippian is reached at Girard at 493 feet -
above the sea level, at Fort Scott at 385, at Pleasanton at 206
feet above sea level, and at Kansas City at sea level. The incli-
nation from Galena to Girard therefore is about 16 feet to the
mile ; from Galena to Fort Scott between 11 and 12 feet to the
mile ; the inclination from Galena to Pleasanton between 10
and 11 feet to the mile; and from Galena to Kansas City
between 7 and 8 feet to the mile. The direction from Galena
to Kansas City, by way of Girard, Fort Scott, and Pleasanton,
makes a sharp angle with the-line of the southeastern limit of
the Coal Measures or the northwestern margin of the Missis-
sippian area. ’ o

Lines in a direction more nearly at right angles with this
northeastern and southwestern trend would probably show a
greater dip to the apparent surface of the Mississippian. East
of Fort Scott the Mississippian is reached about twelve miles
beyond Nevada, Mo., or thirty-one miles from Fort Scott. Along
this line the ppper surface of the Mississippian dips westward
between 14 and.15 feet to the mile. Fifty-four miles eastward
from Pleasanton the Mississippian comes to the surface a little
beyond Brownington, at an elevation of about 760 feet above
sea level, which gives a dip of between 10 and 11 feet to the
mile. Sixty-three miles to the southeast of Kansas City the
Mississippian appears at the surface in the vicinity of Sweet
Springs, which would give it an inclination towards Kansas City
of about 15 feet to the mile. Westward from Kansas City it has
not been reached in any of the deep wells. The well at Topeka
reached a depth of over 1,600 feet; which shows that the Mis-
sissippian inclines not less than fourteen feet to the mile for
that distance. The' McFarland well, of over 2,000 feet, like-
wise shows that the inclination must be as great as 13 feet to
the mile to that point.

We may conclutle, therefore, from the above data, that along
the southern line of Kansas the Mississippian floor declines
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more rapidly to the west than in any other direction, where it
has an inclination of more than 20 feet to the mile ; that to the
northwest from Galena, by way of Saint Paul and Chanute, the
inclination is considerable less, reaching but 17 feet; and that
the westward inclination from other points further north is less
than the westward inclination from Galena. These conclusions
are important and are in accord with the detailed stratigraphy
of the Coal Measures which overlie themn, all of which show that
there was an extraordinary thickening of deposits along the
southern line of Kansas which thinned both eastward and north-
ward to near the middle line of the state, and which again
thickened northward. There seems to be a slight ridge in the
Mississippian floor trending east and west and passing through
the middle part of the state, probably by way of Pleasanton,
and reaching to an unknown distance to the west.
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II.—THE COAL MEASURES.

The Coal Measures proper of Kansas constitute a heavy mass
of rocks aggregating almost 3,000 feet in thickness, composed
of alternating beds of limestones, sandstones, and shales. In
general character the limestones have a strong resemblance
from the lowest to the highest, with sufficient differences in
detail to make a discrimination between them possible by a
minate examination. The lower and older limestones are a
little more dense in appearance, finer in texture, and are more
highly crystalline than those higher up in the geologic scale.
Their color is a stronger, richer, bluish brown and buff, and in
general appearance they are more substantial, and apparently
will resist decay more strongly. The higher and younger ones
are lighter in color, approaching a delicate light buff, some-
times even an almost pure white, and have an inferior, younger,
and more delicate and friable appearance.

The shales likewise are similar in general character from top
to bottom of the Coal Measures. In detail there are certain
differences, which may be noticed by the experienced eye,
sufficiently marked to enable one to discriminate in a general
way between the older and the younger, yet these differences
are such that they can hardly be described. We find black
shales at the base of the Coal Measures and near the top; we
find light colored shales at the base of the Coal Measures and
near the top; we find greenish colored shales at the base of the
Coal Measures and near the top, with all other varieties recur-
ring irregularly at intermediate positions. Apparently it is im-
possible to decide that this shale is an old shale because it is
black or any other color, or that the other shale is a young
shale for similar reasons. The Cherokee shales lying at the
base of the Coal Measures have beds jet black-in color, but
likewise shales equally black may be found here and there in
the Upper Coal Measures. They haye beds a pale ashen gray in
color which are duplicated in almost every detail in the Upper
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Coal ‘Measures. In general the younger shales, particularly
near the top of the Coal Measures, are a little more inclined to
a reddish hue, with streaks of clay shale here and there decid-
edly red in color. Greenish tinges are also more common in

the younger shales than in the older. The names of the colors
~ found at one place may be practically the same as those at the
other, the principal differences being in the particular run of
degrees of greens or browns or grays, with different degrees of
intensity of these same runs of color. A

In texture the same conditions prevail. The older shales
contain clay shales free from sand, and also argillaceous shales
which gradually grade over into sandstone. Likewise the
shales of middle age and of younger ages have beds of clay
shales within them, and of arenaceous shales which grade into
sandstones, in every respect similar to those of greater age. It
is only by regarding a few details, therefore, that one may be
able to recognize the differences between various shale beds as
regards age.

- With the sandstones there is perhaps a greater difference
than with either the limestones or shales. The Lower Coal
Measure sandstones are more firmly cemented and produce
much more valuable building stone than any sandstones yet
discovered in the Upper Coal Measures. Aside from this fact
but little difference can be noted regarding the geologic age of
the sandstone in question.

CHEROKEE SHALES.?

At the base of the Coal Measures lies a heavy bed of shale,
averaging from 400 to 500 feet in thickness, which here and
there carries a considerable amount of sandstone. This shale
bed is the heaviest and the most extensive of any one constitut-
ing a part of the Kansas Coal Measures. '

Areal Extent of the Cherokee Shales.

The Cherokee shales cover the surface of the greater part of
Cherokee county, and the southeastern: corners of both Craw-

2. Haworth and Kirk, Kansas University Quarterly, vol. ii, p. 105, Lawrence, 1894.
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ford and Labette counties, representing an area approximately
540 square miles in Cherokee county, 200 square miles in Craw-
ford county, and 100 square miles in Labette county. In addi-
tion, at different places in southeastern Bourbon county streams
have cut through the overlying formations and exposed narrow
strips of Cherokee shales aggregating at least twenty-five square
miles.

Beyond the limits of the state on the south the Cherokee
shales are known to cover a wide area in the Indian Territory
and quite probably bear eastward and across into Arkansas,
south of the Boston mountains, forming the principal coal fields
of that state. This, however, has not been fully demonstrated.
To the northeast of Kansas they pass into Missouri. The writer
has traced them across the northeastern part of Jasper county
and into Barton county. There are many reasons for believing
the same general shale beds, with probably slight variations in
character, extend far into Missouri and possibly even across
into Jowa, constituting a part of the Lower Coal Measures of the
Des Moines formation of that state. While this has never been
established by complete mapping in the field, yet the heavy
shale beds at the bottom of the Coal Measures of Missouri and
Towa seem to be continuous with the Lower Coal Measure shales
of Vernon and Barton counties, Missouri, and if so then they
are continuous with the Cherokee shales of Kansas.

The westward extension of the Cherokee shales is great.
This is conclusively shown from the records of the various oil
and gas wells drilled in the southeastern part of the state.
~ Every one of them, if carried deep enough, strikes the Chero-
kee shales and shows something of their thickness. The To-
ronto well is about seventy-five miles west of the eastern side
of Kansas, or a hundred miles west from the easternmost ex-
tension of the Cherokee shales. This well penetrated the shales
about 372 feet, showing that their thickness is maintained west-
ward to a remarkable degree. Likewise wells at Fall River,
Howard, and other western points reveal the same general con-
ditions. With this positive evidence before us it may well be
assumed that the Cherokee shales extend westward at least a
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hundred miles further before they are very seriously altered in
general character. Deep wells now in operation beyond the
Flint Hills, in the vicinity of Wichita, Hutchinson, etc., if car-
ried to a sufficient depth, doubtless would find the same bed of
shales. .

Thickness of the Cherokee Shales.

In thickness the Cherokee shales have the following measure-
ments : At Oswego, 500 feet; at Cherryvale, 425 feet; at Neo-
desha, 425 feet; at Saint Paul, 416 feet, with an undeter-
mined remainder at the bottom of the well; at Chanute, 410
feet; at Girard, 446 feet; at Fort Scott, 410 feet; at Pleas-
anton, 440 feet; at Kansas City, 420 feet; at Leavenworth,
540 feet. Further west few wells have passed through them.
The Topeka well implies that the Cherokee shales have a much
greater thickness at that place, apparently being 700 feet with
an undetermined amount below the bottom of the well. At
McFarland the well seems to have struck the Cherokee shales
at a depth of 1,832 feet and continued in them to 2,006 feet, at
which point drilling was discontinued. At Toronto the well
seems to have reached the Cherokee shales at a depth of about
1,000 feet.and passed into them 350 feet ‘to the bottom of the well,
leaving an undetermined remainder below. What their thick-
ness is further west is wholly conjectural as no well has thus
far been drilled into them of which a record has been kept.

Various wells have been drilled to the northeast of Leaven-
worth at different points in Missouri, the records of some of
which are on file in the office of this Survey. Such wells show
conclusively that the general thickness of the Cherokee shales is
maintained to the northeast for a considerable distance beyond
the limits of Kansas.

General Characteristics of Cherokee Shales.

The character of the Cherokee shales varies materially both
vertically and longitudinally. Shale of almost all descriptions
may be found. With reference to color, portions of them are
as black as coal and at a short distance cannot be distinguished
from coal. These carbonaceous shales are abundant in various



24 University of Kansas Geological Survey.

places. At the immediate summit of the shales, just underlying
the Oswego limestone, such a bed is found from ten to twenty feet
in thickness. It is in this black carbonaceous shale that the Fort
Scott coal occurs. Likewise at other points lower down promi-
nent beds of jet black carbonaceous shale are found which so
strongly resemble coal in color that numerous instances are
known of people who were badly disappointed in not being able
to use such masses for fuel. '

From this extreme many variations may be noted through
different degrees of black and gray and greenish gray into a
very light colored ashen gray shale. Sometimes, too, such a
iight colored shale is close to the heaviest coal beds. An in-
stance of tlris is at the Nesch brick faétory at Pittsburg. Here
the shale which overlies the coal is used for brick making. In
color it is a light leaden gray, although taken from but a few
feet above the heaviest bed of the Pittsburg coal. As far as
observed the Cherokee shales furnish no example of a red color,
and therefore do not thus imply a concentrated ocean water.

Sandstone in the Cherokee Shales.—A careful study of the
Cherokee shales with reference to their composition likewise
shows a great variation, ranging from a fairly good clay shale,
composed almost entirely of clay, into a perfect sandstone, with
all intervening grades. The records of every well studied show
that a relatively large proportion of arenaceous shale and sand-
stone is found. Where they come to the surface the sandstone
is irregular in position. At the base of the shales a mass of
sand\tone is found along the west bank of Spring river which
in places is from 20 to 30 feet thick. This is noticeable from
south of Baxter Springs far into Missouri on the northeast.
Frequently the sandstones are highly indurated, producing a
firm and solid rock, the boulders from which are prominent.
A few hundred yards northwest from the border, sandstone may
or may not be found. In the vicinity of Lowell station, on the
Kansas City, Fort Scott and Memphis railway, and northeast,
just outside 4he timber line along Spring river, many wells were
examined which showed a great variation in the character of the
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matérial they passed through. Some of them found sandstone
" extending down to the surface of the Mississippian limestone,
while others found shale resting directly on the Mississippian.
The deep wells show a similar variation; some of them find
sandstone lying immediately at the base of the shales, and
others do not.

. The amount and position of the sandstone beds throughout
the Cherokee shales justify the conclusion that at no time were
the conditions favorable for the production of a large and con-
tinuous sandstone area. In Cherokee county the most noted
sand rocks are those capping the hills in the vicinity of Tehama
postoffice, the Columbus sandstone,® a mass of rock which lies
about 150 feet above the base of the shales, and which are ex-
posed for miles to the northeast and southwest, passing near
Crestline, Tehama, Neutral, and Baxter Springs. Wherever
the cementing material has been extraordinarily abundant,
producing an unusually firm rock, hills and escarpments result
from the protection afforded by such sandstone. Generally but
a shert distance on either side the absence of escarpments shows
plainly that the sandstone was less durable and therefore more
easily eroded. Likewise observations made in the coal mining
districts from near Columbus northeast to Arcadia reveal the
same general variations. Here the coal is covered by a firm
arenaceous shale which might almost be called a sand rock, pro-
ducing a firm and durable roof so desirable in coal mining;
there, possibly less than a mile away, the arenaceous character
-of the shale has disappeared and the roof is ‘‘rotten,’”’ and the
mine dangerous from caving ; while beyond, the same conditions
recur in stencil-like repetitions.

Coal in the Cherokee Shales.— The Cherokee shales carry the
largest beds of coal known in Kansas, the Weir-Pittsburg coal.
A coal of but little importance lies immediately at the base of
the shales which is found here and there in the southeastern part
of Cherokee county. It has never been mined to any extent,
except locally in a few instances more than twenty years ago.

8. Haworth and Kirk: Kansas University Quarterly, vol. ii, p. 106, Lawrence, January, 1894.
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Above this and immediately under the Columbus sandstone
a bed of coal occurs with a thickness varying from twelve to
eighteen inches. This coal has been mined by the strip pit
process at scores of places to the northeast, east, and southeast
of Columbus. It is fair in quality and is easily mined. It out-
crops along the sinuous line of the Columbus sandstone escarp-
ment. During recent years, since the price of coal has become
so low, it has not been found profitable in that part of the state
to operate so thin a bed of coal, but during the coal miners’
strike in 1893 many little mines sprang into existence along
the outcropping of this bed which furnished a good supply of
coal for neighboring towns and rural districts, thereby prevent-
ing any serious lack of fuel throughout the strike period. This
Columbus coal lies at about 150 feet above the base of the Cher-
okee shales, but westward and northwestward it either disap-
pears or occupies a lower position. The record of the Weir
City water well shows that at 64 feet above the base of the shales
a 2-foot bed of coal appears, with another 14-inch bed 168 feet
above the base. It isimpossible to say which one of these two
coals corresponds to the Columbus coal, if either. '

Above the Columbus coal the next coal of importance found
at the suvface is the 'Weir-Pittsburg heavy bed, that averages
nearly 40 inches in thickness, and which lies about 250 feet .
above the base of the shales. Still above the Weir-Pittsburg
lower bed is the so-called ‘‘upper’’ bed that will average about
27 to 30 inches in thickness. Westward from the outcropping
of these two still other small beds of coal are found and are
mined at various places.

At the very summit of the Cherokee shales we find the Fort
Scott coal lying but a few feet beneath the Oswego limestone.
It averages from 15 to 20 inches in thickness, and has been
mined extensively by stripping at many places in the vicinity
of Fort Scott. The Oswego limestones have produced greater
or lesser ‘escarpments with numerous indentations made by
drainage channels, producing an exceedingly sinuous outline.
The coal mining has been confined to a strip of from 10 to 50
feet in width, following these outlines.
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The northwestern extension of these various coal beds is a
matter of great economic and scientific interest. How wide was
the coal forming zone? And how much of that zone yet remains
intact from erosion? Those interested in the question finan-
cially have devoted-considerable time and money to prospect-
ing to the west and northwest from Weir City and Pittsburg. It
seems that the northwestern limit of the heavy Pittsburg coal
is only a few miles away, and that the workable coal forms an
irregular, elliptical area trending northeast and southwest, and is
a little less than ten miles in width. The other coal beds like-
wise have a limited westward extension. It is probable that
they formerly reached farther to the southeast and have been
destroyed by erosion.

But the Cherokee shales as a whole contain large quantities
of coal. Almost every deep well throughout the southeast part
of the state shows a considerable quantity of coal, which, if
combined in one horizon, would be exceedingly rich. The
furthest western workable deposit thus far known is at Leaveu-
worth, seventy-five miles to the northwest from the Mississip-
pian exposures. Here at a depth of 720 feet a 2-foot bed of coal
is found which is about 100 feet below the top of the Cherokee
shales: Above it, 28 and 42 feet respectively, are two other
beds of coal, 6 inches and 12 inches each, while below, at a depth
of 747 feet and at 988 feet, are two beds of coal each of which
is 2 feet in thickness, aggregating 7 feet 6 inches of coal in the
Cherokee shales at Leavenworth. ‘

Whether the same amount of coal could be found at other
points equally distant from the eastern limits is not known, but
there are no geologic reasons for doubting it. Such a line
.would pass from Leavenworth through Lawrence, Ottawa, Bur-
lington, Yates Center, Fredonia, and Sedan, forming an area
aggregating over 12,000 square miles, under any portion of
which coal is liable to be found in as great abundance as at
Leavenworth. The drill records, however, show that in many
places it does not occur in such great abundance. The wells at
Girard and Fort Scott and other places near by the heavy coal
beds show that these particular coal beds do not extend very
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far to the northwest. But all of them show that coal forming
conditions obtained to a great extent throughout the whole
period of formation of the Cherokee shales. The well at Oswego,
for example, passed through eleven distinct beds of coal, and
the one at Cherryvale passed through nearly as many, with
a 27-inch bed within ten feet of the bottom of the shales.
Whether future prospecting will develop other deeply buried
coal beds as valuable as the Leavenworth ones are no one can
tell in advance, but from every consideration of the geologic
conditions there is no reason to doubt the occurrence of simi-
lar and equally valuable deposits. It is tolerably well estab-
lished that the Cherokee shales, over the above-mentioned area
of 12,000 square miles, will average nearly one per cent. of its
aggregate thickness in coal.

Limestone in the Cherokee Shales.—Here and there throughout
the extent of the Cherokee shales varying amounts of calcareous
matter appear. In some places
a limestone of considerable im-
portance is found, such as the
one just west of Cherokee, a
limestone reaching 4or 5 feet in
thickness and covering many
square miles in area. Else-
where a finer and more impure
bed of calcareous matter may
be found from 6 inches to 24
inches in thickness. Some-
times concretionary masses,
largely calcareous in character,
are abundant, producing odd
shaped forms round or irreg-
ular and varied as concretion- FIGURE 1.
ary masses usually are. They S otions tn the Shale ‘Xﬁ“jigeﬁ{i?‘éﬁf Fors
are occasionally found at many Scott Coal. (After Bennett's Fig. 4, Vol. I.)
places within the Cherokee shales but most abundantly at the
upper part, immediately over and under the Fort Scott coal.
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Some of them are semi-spherical in shape, reaching diameters
of 15 or 20 inches; others are exceedingly irregular, elongated
vertically, and producing most peculiar forms. Figure 1is a
diagrammatic illustration of them. Frequently these lesser
bodies are so intermingled with shale material that they are
dark in color, and would yield upon analysis perhaps not more
- than 50 per cent. of calcium carbonate. The heavier beds of
limestone, as the one near Chgrokee already referred to, are good

grades of limestone and frequently are well filled with remains
" of marine invertebrates. It is difficult to estimate the total
amount of such calcareous material in the Cherokee shales, but
it might not be far amiss to put the aggregate at from 5 to 10
feet in thickness.

Origin of the Cherokee Shales.

From the descriptions already given it is evident to the geol-
ogist that the Cherokee shales were, in the main, coastal de-
posits. The various sandstone horizons and the arenaceous
shales with wave marks and ripple marks so abundant within
them admit of no other explanation. The extensive accumula-
tions of carbonaceous material in the greater and lesser coal
beds likewise show that the shales were formed near shore and
probably in shallow water. The thin beds of limestone and
othér calcareous material which are so frequently found imply
that the water under which the shales accumulated was ocean
water. Another evidence of the latter is the frequent occurrence
of salt water obtained from the Cherokee shales in many drilled
wells. Some of the drillers even report finding beds of rock
salt. Whether the latter is true or not it is abundantly demon-
strated that the Cherokee shales produce vast quantities of salt
water, the salt from which came originally from ocean water.

Attempts were made to locate the heaviest and most extensive
sandstone beds to throw light upon the question of coastal bound-
aries during the period of the deposition of the Cherokee shales.
The irregular occurrences of the sandstone made such a task
difficult. ' In general there are indications that the coastal lines
extended far to the southwest, and that the conditions favor-
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able for sandstone production were more prominent than farther
north. Yet it must be confessed that the heavy gas-bearing
sandstones in the vicinity of La Harpe and Iola militate against
these views. The great variation of materials and lack of con-
tinuity in the sandstone beds imply a large number of small
streams carrying sand from the dry land areas into the western
ocean and the rapid deposition of the Cherokee shales, rather
than a smaller number of streams gnd a slow deposition thereby
permitting the ocean waves more nearly to equalize the strata
by long continued wave movements. The sandstones and coal
at the very base of the Cherokee shales at Cherryvale imply as
strongly a coastal origin as do the sandstones and coals at the
base of the shales fifty miles further east. Could we repro-
duce the scenes of those carboniferous times they would repre-
sent low coastal plains over which the tidal waves were carried
and to which the land drainage was continually adding sedi-
ment, while the luxuriant growth of coal-forming plants was
producing material for coal.

OSWEGO LIMESTONES.*

Immediately above the Cherokee shales lie two distinct beds
of limestone separated from each other by an unusually black
shale varying from 4 to 12 feet in thickness, being in most
places about 7 or 8 feet. This places the two limestone beds
so close together that they practically have the same southeast-
ern extension and may be considered as one limestone system.
In his report on Kansas Geology of 1866 Professor Swallow
named the lower one Fort Scott Cement Rock, and the upper
one Fort Scott Limestone. In 1894, on account of the intimate
association of the two limestone horizons Haworth and Kirk
suggested that they might be grouped into one system and of-
ferred the name Oswego limestones for the group.

Areal Extent of the Oswego Limestones,

The Oslwego limestones outcrop to the southeast along an ex-
ceedingly irregular line crossing the south side of the state about

’ 4.4 Haworth and Kirk: Kansas University Quarterly, vol. ii, p. 105, Lawrence, January, 1894.
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five miles west of the southeast corner of Labette county. From
here -the line of outcropping passes to the north always follow-
ing up stream along each drainage line, no matter how small,
and is found in the Neosho river bluffs at Oswego. They oc-
cupy the high bluffs on the west bank of the river almost as far
north as Laneville, from which place they cross over to the
south, forming a line of bluffs on the west side of Lightning
creek to beyond the north line of Cherokee county. At a few
places northeast of Sherman the limestones are still left on out-
lying mounds and high bluffs on the east side of Lightning
creek. They finally cross to the east side of Lightning creek
in the southern part of Crawford county, reach southward at a
point or two into Cherokee county, then veer again to the north-
east passing about three miles east of Girard and finally almost
reach the state line at Mulberry, from which point they again
veer to the northwest on the western side of Drywood, and
thence north to about three miles of Fort Scott, from which
place they extend eastward into Missouri. ’

The Oswego limestones do not cover the surface of a very wide
area of territory, but soon pass beneath the overlying strata to
the west. The deep well records at various places in the state
show that they are continuous westward and northwestward
for many miles. The wells at Mound Valley, Cherryvale, In-
dependence, La Harpe, Iola, Toronto, and many others all give
the same evidence. An inspection of ‘the geologic sections,
Plates T and II, illustrates this better than can be told by words.
Their thickness gradully increases westward. At Cherryvale
they probably represent 30 or 40 feet of limestone, but are every-
where separated by a thin bed of shale corresponding to the one
observable along their outcroppings.

~ Fort Scott Cement Rock.

The lower member of the Oswego system is the limestone
~ from which the Fort Scott hydraulic cement is manufactured.
It consists in most places of but one layer, being in appearance
_ of alight lead-gray color, forming a compact and fine grained
texture, with a conchoidal fracture. Whether it retains these
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qualities far to the west cannot now be determined, as the cut-
tings from the drill do not show its characters in detail.

The chemical composition of the cement rock is interesting.
A few published analyses may be found here and there, made
years ago, with the authority for the analyses rarely given.
Recently this Survey has had a number of analyses made from
specimens very carefully chosen and located by Mr. Bennett,
with the results as given in the table on opposite page.

No. 4 is a sample which Mr. Thomas, superintendent of one
of the cement works, calls the best cement rock in the district.
The other samples are all taken from the quarries furmshmg
material for the cement factories.

- A few points of special interest in the composition of the rock
as above given may be mentioned. First, the comparatively
low per cent. of magnesium carbonate in the rocks at the fac-
tory north of the city as compared with those taken from the
city limits. The average of the five analyses made from the
northern rock is but 5.36, while the aver age of the six analyses
made from rocks gathered within the city limits is 15.86. This
difference in the amount of magnesium carbonate the limestone
contains with the specimens gathered less than three miles
apart is quite unusual. But the most surprising feature of the
whole composition is the variation of the amount of magnesia
in the vertical range. For example, sample ‘“1a’’ from the top
of the layer has but 2.26 magnesium carbonate while “1b"’’
from the middle of the layer has 12.21, and ‘“1c¢’’ from the
bottom has 20.92, although the rock here is not over 5 feet in
thickness. Samples ¢“2a,” “2b’”’ and ‘“2c¢’’ show a similar
condition. Sample ‘“2a’’ is taken from the top of the layer,
“2b” from the middle, and ‘“2¢’’ from the bottom, with
amounts respectively, 17.33, 26.62, and 15.88. Why we should .
find this great difference in the amount of magnesium carbon-
ate is difficult to explain, and particularly so as the largest
amount in ‘“2’’ and ‘“3’’ is in the middle of the layer where the
weathering agents and the metamorphic agents of any descrip-
tion ‘have had no influence whatever as far as can be judged
from the appearance of the rock. Usually it is considered that



33

Oswego Limestones.

HaworrH.]

0y} POIOPISU0d JOOI ST§ ‘ON
-q3nos oYy woay St [ ‘ON ¥o0y

*£310 ©Y3 JO 310U £1090€) JUOWSD O3 WOJ} ST & ‘ON
‘1ofe[ JO W03j0q woJy sejdweg ‘0 ‘I9L®[ Jo o[pplw woiy sedweg ‘q

*OWI[YONW 00F UTBIUOD 0F PIBS YOOI ST ¢ 'ON *1§3q

*£319 JOo jaed 3s®6Y)IOoU WOy ST 7 "ON

*£310 93 jo 3aed UIesBQ

«10ie[ jo doj worj ueyv} se[dweg ‘v

m ﬁ 8.O°ﬂ ..... mm.o ........... mmw ------------ N@.HH ....... ww.m m®¢wh ............ dm awwmh%mwmm
m A No.oo.ﬂ ............ mm.ﬂ NN.O ...... Ahdﬁ.mw om..ﬂ o.ﬂ.mm ....... 8-NN 8*”“ ...... e “mm-moow aﬁgeawo
..M-lmA AVO-OOH .............................. H*-H M.v-o.m wAlw.N_H ...... ww-mm ﬂm.mﬁ ---------- mmg aOW&ﬁ&B—ME
mm S.OOH ..... @V.N N.O..H ...... NH..H ............ NH.HW ....... @@..—m mw.mﬁ tee e saac s e .:H ~60m0D
m S-S.H OW.H ................. wm..ﬁﬁ .o .. ......... N;M“.mﬂ ....... ﬂ.—”.wm H@.mv ..M.Z ».OO h@um~D nwnﬁcgowom
& || oooor | 770 2 ERRRRR] CEEETE IROTEE 9cF | 1@er | “Legor | 18309 | —)
ﬁ 00001 |7 0870 |t 1 leor | 80'TT | ze'e FEI8 | G 'ON
00001 | 380 |t 152 | 80T | “Isger | Lae 06'LL | "% ON
: 0000T | 1670 |“tr el 66 | opg | 10 | L1 0873 |08 "ON
..M 0000 |77 10°T F O A [ 163 18 | 9% 91 10°TT €659 | "ag ‘ON
g 00001 |- Z50 | 550 | R O cH8l | &5 9°CO |""BE ON |, )
.m A 00°00T |7 080 | €900 |- | 8ee | voe [ g8 | 88°CI | BIIG | 98 ON et aey] ‘}300§ 3104
,w 00000 | 65T | geo |l 090G | 6F | o1t | 2998 | o1'ge |''qoN
8 00091 | 10T | 180 |5 ] e lseg | grer | og'LT | 12709 |'"e3'oN
m 8.8.H ...... N‘@..H mm.o ............. ﬁm..ﬂ bm.w ....... *MW.MWH N@.ON ovmm . -O.H .oz
00001 | 7 zeo |ogo | ol goe | € | $ooT | Tzl | c0'e9 |qI'oN
| o000t |- 020 | 160-] e vz |zeg | e el R
A I 0 - I A A O I N IS
Sl A R B E S el el ] L] SR Rk
mm ,m.m “m M. Mm .nm.m m .nm a ,m...m” m. mw MM Wodd M00Y LNIRID
s 2 58 H e 2 3 oQ e « ¥ 59
<5 | ¢ S5 | 2 | 8 | 83| B2 | B | EE | 23 £ 88 | =2
g g || B8 | & |& | & 2 | & |5 | & | & | 8°

‘§M00Y LNHWE)) LIOOG 180 J0 SESATIVNY —'T HIIV.L

3—I111



34 University of Kansas Geological Survey.

the high per cent. of magnesium carbonate in limestones is at
least partially due to a process of dolomization. But here we
have the middle part of the limestone carrying by far the lar-
gest amount of magnesia and at the same time showing no indi-
cation whatever of having been dolomized to any appreciable
extent. It would seem that the magnesium carbonate is an
original constituent of the rock mass, yet one cannob well make
such a statement unconditionally.

Beyond the Fort Scott district no hydraulic cement has been
made from this rock, excepting, perhaps, a few trial quantities
at Oswego and elsewhere. Neither have analyses of the rock
been made. From general appearances, however, one might
think that the properties of the limestone were equally favora-
able for cement either north or south of Fort Scott.

Fort Scott, or Upper Oswego Limestone.

The Upper Oswego or Fort Scott limestone differs in many
particulars from the lower one. It is co-extensive with it
wherever observed, and, being above, is more frequently ex-
posed to the surface than the Lower or Cement rock. The oc-
currence of the two in the vicinity of Fort Scott has been
sketched by Bennett, and the following quotation is from his
description :°

¢“Immediately above this interesting shale bed [ Cherokes shales] lies the first
important limestone of our section. It consists of a single stratum which is 414
feet thick, the vertical seams in which cut it into large blocks. These blocks are
flat at their base, although they do not lie directly on the shales, for a few inches
of argillaceous limestone comes between. This little seam grades from a pure
buff clay to a firm rock structure, the firmer portions on some little exposure be-
ing easily split into very thin horizontal sections. The upper portions of the
rocks are rounded, giving the surface, where some time exposed, a rough appear-
ance. Where recently exposed this rough surface is leveled up by hard calcifer-
ous clays, the effect of which is to take away the rough appearance of the upper
surface. The local name given to the limestone is the ‘cement rock,’ from the
fact that the Fort Scott hydraulic cement is made from it. At the cement mill,
north of the Marmaton, on the Kansas City, Springfield & Memphis railway, it
is quarried extensively and burned by the underlying coal. On long exposure
the limestone breaks into angular fragments of all dimensions, and it weathers
buff, although originally of a light gray color. It is noted for its large crinoid
remains — the calcareous columns of these plant-like animals reaching a diame-

5. University Geological Survey of Kansas, vol. i, pp. 83-90, Lawrence, 1896.
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ter of 114 inches. They occur all the way through it, but more frequently in the
clays immediately below. Exceedingly large varieties of Meekella striato-
costata, Productus punétatus, Athyris subtilita, and other organic remains
are to be fond in it. A coral mentioned in the system of limestones- above this
has an existence here, (Chwtetes milliporaceous), also another coral, Syr-
ingopora.

‘“Between the ‘cement’ limestone and the system immediately associated
with it above, is a stratum of clay and bituminous shales. The latter form the
greater part, and at their middle lies a thin coal vein, nowhere over an inch thick
along the Marmaton where seen,-and frequently in the same region altogether
wanting. At the summit of thisshale is a yellow clay streak varying from 4
inches to a foot which yields a minute form of the characteristic coal fossil Cho-
notes mesoloba, also many of the dorsal valves of Spirifer plano-convexus.
The concretions found so abundant, in the bituminous shales below, are found
in like quantities and peculiar forms, in these shales above.

“In our upward course we have now reached one of the most remarkable
limestones in our whole series. It runs from 10 to 14 feet in thickness. ‘The
lower layers are somewhat evenly bedded, with frequent vertical seams, making

_ it easily quarried. This part of it is fairly good building stone, as can be seen in
many houses made of it in Fort Scott and the neighboring country. The upper
section of it, however, is unevenly bedded, and tells the story of its origin, so full
of interest to the paleontologist. It takes him far back into the dim and misty
past, when innumerable polyp life built up their stony abodes, and left a coral
reef for the citizens of Fort Scott to erect their homes upon. Vast quantities of
this coral has been crystallized until scarcely a trace has been left of its original
condition, but much of it is yet found with its cells as plainly visible as 6n the
day the coral builder put his filmy parting in the honeycombed apartments which
he builded so well. In geology his house is known by the name of Chetetes
milliporaceous.® Everywhere skirting the hills of eastern Bourbon county this
;ock is to be found, and in Crawford county to the south are numerous and in-
teresting exposures of it with its abundance of Chwtetes milliporaceous. This
limestone extends east of Fort Scott into Missouri, and to the west is seen for the
last time near the bed of the Marmaton three miles west and two miles south of
the city. The Fort Scott, Springfield & Memphis railway rests upon it from Fort
Scott to Fulton, a distance of 13 miles. . . . Itsgeneral dip, like all the rocks
of the country, is to the northwest, but locally its position is quite horizontal.
Sometimes it even rises towards the west and again dips very rapidly, forming
anticlinals and corresponding synclinals.

“There are good exposures of this interesting rock at the military bridge, one
mile east and one mile north of Fort Scott, and at the Missouri Pacific cut near
the plaza in Fort Scott, where the whole series from 15 feet below the “rusty
coal’ up to this rock is exposed, as partly shown in Figure 1; again on the west
side of the city by the cutting for the Minden branch of the Missouri Pacific
railway, and again on the Missouri, Kansas & Texas railway to the southwest of
the city three miles. )

“¢In the lower section of thislimestone the abounding and characteristic fossil

6. According to Zittel, this is not a coral, but a mollusk of the order Bryozoa.
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is the Spirifera martinia, specimens of which can scarcely ever be taken out
of their firm matrix in good condition. The coral so abundant in this system is
nevertheless found in great quantities in the next limestone above, at its very
summit, but it has not the lateral extent, as far as observed, which'it has in this

one.”
LABETTE SHALES.”

First above the Oswego limestones is a bed of shale varying
from 30 to 60 feet in thickness for which the name Labette
shales is adopted. They are exposed along an irregular line
from the south side of the state to the east side north of Fort
Scott and constitute the whole of an escarpment here and there
visible throughout the whole distance, the upper limits being the
succeeding limestone which helps to produce the escarpment.

At Fort Scott they are 35 feet thick ; at Labette City they are
fully 60 feet. Southward they decrease in thickness until at the
state line one can hardly notice them. Westward the deep wells_

“show that they likewise decrease in thickness. The section at
Fort Scott gives them less than 30 feet thick ; the one at Cherry-
vale about 30 feet, where they carry a thin seam of coal; at
La Harpe, Iola, and Toronto they are hardly visible, the over-
lying limestone going down and almost coalescing with the
Oswego limestone below.

They have been so well described in the vicinity of Fort Scott
by Bennett that we will again copy from his publication :®

¢QOver this limestone is a heavy bed of aréenaceous and somewhat micaceous
shales, varying from 35 to 60 feet in thickness. At the state line it is 60} feet
thick, at Fort Scott. but 39, and at Rock school house, four miles southwest of
Fort Scott, it is 80 feet thick, made so probably by the rapid dip of the lime-
stone immediately below. The dip to the west here is 25 feet in 1,500 feet.

¢ Near the base of this shale bed and at its summit are everywhere to be seen
two bituminous layers, the lower one yielding some coal in one place southwest
of Fort Scott, where it is mined by stripping. Here it is an intensely black coal
and lies in a bed of blue clay shale, not a particle of bituminous shale being in
connection with it. This was a feature nowhere else seen in the coal deposits of
Bourbon county. _

¢Dividing this whole area of shale into nearly three equal parts there are
again two other streaks of bituminous deposits, which, in a few places, yield
small quantities of coal. One of these coals, the upper, is capped by a calcifer-
ous clay quite cemented in places, and largely made up of broken shells and
crinoids. There are many fossils in it unbroken, but so covered and cemented’

7. Suggested by Dr. George I. Adams. )
8. University Geological Survey of Kansas, vol. i, p. 91, Lawrence, 1896.
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in the clays that clean specimens cannot well be secured from it. The prevailing
types are Derbyi (hemipronites) crassus; Chonetes mesoloba,; (in abundance)

" Athyris subtilita; Lophophyllum proliferum; Campophyllum torquium;
Zeacrinus, and a small gasteropod.

“Near the top of this shale at the Missouri state line, but 16 feet from the
limestone above, is found 2 or 3 feet of gray limestone in thin layers from half an
inch to 3 inches in thickness, which may be called, for want of a better term,
shelly lime rock, on account of its laminated condition. This rock is not seen as
far west as Fort Scott, but has an equivalent in a calcareous clay of a few inches,
and containing fossils such in all respects as I have just described. These shales
carry sandstone in certain localities which are quite firm, but possibly not firm
enough for building purposes. Such a condition is found a couple of miles west
of the state line, in the road, directly east of Fort Scott.”

PAWNEE LIMESTONE.®

First above the Labette shales lies a bed of limestone known
as the Pawnee limestone, which is of sufficient extent and con-
tinuity to make it an important stratigraphic feature and there-
fore suitable for a distinct name.

Areal Extent of Pawnee Limestone.

The Pawnee limestone is most prominent in the vicinity of
Fort Scott. Here it covers the surface on all of the hills in every
direction from the city and extends southward at or.near the
surface to Farlington along the Kansas City, Fort Scott &
Memphis railway line. Eastward it outcrops on the hills east
of the city, and northward reaches to beyond Hammond.

Its line of outcropping may be described tolerably well by
saying that it occupies an escarpment prominent in some places
and elsewhere almost indistinct, which passes from two to five
miles to the west of the outcropping of the Oswego limestone
already described. Beginning on the north it may be located
as follows: It crosses the state line into Missouri at the ex-
treme northeastern corner of Bourbon county; it passes up-
wards along a small tributary of the Little Osage for a distance
of four or five miles into Linn county, thence veering to the
west it disappears under the water of the Little Osage between
nine and ten miles west from the state line. It follows the

~bluffs on the south side of the Little Osage eastward, again

9. Swallow: Geology of Kansa.s, p. 24, Lawrence, 1866.
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crossing into Missouri, but reappears in Kansas along the bluffs
north of the Marmaton, up which stream its outcropping bears
westward for a distance of seventeen miles. It again bears back
east on the south side of the Marmaton to the state line and
finally veers westward again in an exceedingly irregular line
passing just west of Girard, thence by McCune, Laneville, Par-
sons, and Stover into the Indian Territory, along the median
line of Labette county. Its outcropping is well represented on
the map, Plate VII.

To the west and northwest the Pawnee extends under the
surface for a distance as far as any of our drills have given us
data. At Stover, Mound Valley, and Cherryvale it is easily
recognized, gradually increasing in thickness to the west. At
La Harpe and Iola it is also easily recognized, although the
shales between it and the Oswego limestones have become quite
thin. At Toronto it has almost coalesced with the Oswego
limestone, the two together forming a mass of limestone, with
but little interbedded shale, aggregating 75 feet in thickness.
To the north it is continuous as far as Doniphan, as is plainly
shown by the wells at Paola, Iola, Olathe, Kansas City, Leav-
enworth, and Doniphan.

Characteristics and Thickness of Pawnee Limestone.

The thickness of the Pawnee limestone varies greatly in
places where it is exposed to the surface. At Fort Scott it is
about thirty feet thick. Both to the north and to the south, as
exposed to the surface, it perceptibly decreases in thickness.
Whether this is due entirely to surfaceeerosion or partially to
the normal condition of the rock is difficult to say, but probably
to the latter. The thickness which it possesses underground,
further to the north, likewise varies, but in general increases
to the westward until, as shown above at Toronto, it has a
thickness of 40 or 50 feet.

The general characteristics of the Pawnee limestone are quite
distinct from those of the Oswego limestone below it or from
.the Altamont limestone above it. These characteristics are
best represented in the vicinity of Fort Scott where it forms
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great boulders, covering the country, many of them being from
5 to 15 feet across and from 2 to 4 feet in thickness. Here the
individual beds are unusually thick and heavy, making such large
boulders possible. It i unusually white in color so that the
boulders produced from it, when seen at a distance, present a
beautiful appearance in the landscape. It more closely resem-
bles the massive and crystalline appearance of the Iola lime-
stone than does any other limestone in the Coal Measures of
Kansas. ' :

The following fossils have been found in the Pawnee lime-
stone : Cyanthazonia distorta, Lophophyllum proliferum, Chetetes
milleporaceus, Fistulipora nodulifera, Athyris subtilita, Productus
longispinus, Spirifera lineata, szmfemna kentuckiensis, Pleuroto-
marte spherulata.

PLEASANTON SHALES.!°

Immediately above the Pawnee limestone lies a heavy bed ‘of
shales, important in many particulars. It has already been
described' as occupying a position between the Pawnee lime-
stone below and the Erie limestone above. Bennett,'* however,
noted that midway between the two limestone boundaries was
another limestone which in his section from Fort Scott to Yates
Center he found to be 8 feet thick, but, as it was supposed that
- it did not extend very far laterally, it was not named. During
the summer of 1897 Doctor Adams discovered that this 8-foot
limestone of Bennett’s is continuous with the Altamont lime-
stone already described, and occupying a well known horizon
to the south. It therefore becomes advisable to give a distinct
name to the shale between the Pawnee and the Altamont lime-
stones. Adams traced the Altamont limestone from the south
side of the state northward to the section already run by Ben-
nett from Fort Scott to Yates Center. Here, the same season,
Mr. Bennett took it up and carried it beyond the divide north
of the Osage river, but it gradually grew thinner and entirely

10. Haworth: Kansas University Quarterly, vol. iii, p. 274, Lawrence, 1895,
11. University Geological Survey of Kansas, vol. i, pp. 22, 44, 74, 93, and 153, Lawrence, 1896.
12. Loc. cit., p. 94.
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disappeared before the high bluffs in the vicinity of Boicourt
and La Cygne were reached.

The following is his note book description of its northern ex-
tension :

‘It is easily traced north as far as the divide north of the Osage river in Linn
county, but beyond that it is uncertain. Its northeast trend into Missouri could
not be found, but it probably passes as far northeast as Prescott. It dips under
the Little Osage near the Missouri Pacific railroad bridge a little below Mapleton.
It is the same everywhere in lithologic characteristics. Its equivalent is perhaps
the thin limestone found in the hills near Fort Scott, although I am inclined to
think the latter to be one of the thin limestones in the Upper Pleasanton shales.
There are patches of rock southeast of Pleasanton that might with safety be placed
as its equivalent. No limestone was found in any of the mounds, of which there
are so many in the neighborhood of the Marais des Cygnes, that would take its
place. Its stratigraphic position would be near the base of these mounds, but it
was nowhere seen.’’

It would appear, therefore, that should we give a distinct
designation to the lower shales in the south, differing from that
given to the upper, it would be difficult to decide which name
should apply to the shales lying north of the northern extension
of the Altamont limestone. Yet the shales lying between the
Pawnee and the Altamont are so important in many ways that
‘they deserve a distinct characterization. We will, therefore,
speak of them as the Lower Pleasanton shales, and the shale
bed lying between the Altamont and the Erie limestones as the,
Upper, leaving the original -and unqualified name, Pleasanton
shales, applicable to the whole bed north of the northern exten-
sion of the Altamont limestone.

Lower Pleasanton Shales.

This division of the Pleasanton shales is important from both
the theoretic and the economic standpoints. It carries a large
amount of coal and also flagging stone of great commercial im-
portance. Along the section west from Fort Scott—Plate II—
in the bluffs of the Marmaton near Redfield they are about a
hundred feet thick; at La Harpe they have dropped to but 75
feet; at Iola 50; and at Toronto they have increased to 72 feet.
Along this section and to the north they are not more than half
as thick as the Upper Pleasanton shales, and will average per-
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haps not more than one-third. Southward from this section
they increase in thickness. At Altamont they are fully a hun-
dred feet thick; at Mound Valley 111 feet; at Cherryvale 124
feet; while judging from the prominence of the divide, south
from Altamont their thickness appears to increase.

Coal in the Lower Pleasanton Shales.— The Lower Pleasanton
shales carry a large amount of coal. This is noted in many
places. At Redfield the coal lies but a short distance above
the Pawnee limestone and is from 6 to 10 inches in thickness.
Northward it increases in thickness and in areal extent. North
of Fort Scott and in the vicinity of Hammond, Fulton, and
Prescott coal has been mined in scores of places by the strip pit
process, all of which coal comes from the Lower Pleasanton
shales. At Pleasanton, Boicourt, Mound City, La Cygne, and
adjacent territory coal is likewise mined to a great extent from
the same shale beds, or from the lower part of the Pleasanton
shales north of the limits of the Altamont limestone. In some
localities this coal reaches a thickness of 3 feet, making it per-
haps the most important coal bearing shale bed above the
Cherokee shales.

Flagging Stones in the Lower Pleasanton Shales.—The Lower
Pleasanton shales also carry large quantities of excellent flag-
ging stone which is extensively quarried at many places to the
west of Fort Scott in the vicinity of Redfield, ‘Bandera, and
Gilfillan, and farther south near Farlington. The quality of
these flags is unsurpassed, in many places great quantities of*
them being available, of smooth surface and uniform thickness,
of any dimension desired. Their surfaces are covered with
wave marks and ripple marks, showing that they were formed
in shallow water where the tidal waves were spreading the
sands on the bottom of the ocean near the shores.

Upper Pleasanton Shales.

The shales lying above the Altamont limestone possess neither
coal nor flag stone of economic importance and but little of
special scientific interest. Northward they are heavier than
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the Pleasanton shales and southward lighter. Just west of
Uniontown, in the escarpment covered by the Erie limestone,
they are at least 130 feet thick; at La Harpe 150 feet; at Iola
160 ; and at Toronto 160 feet thick. Southward in the vicinity
of Mound Valley, Cherryvale, and Coffeyville they are again
divided into not less than four distinct shale beds separated by
individual limestone horizons which converge northward and
constitute the Erie limestone. At Cherryvale the uppermost
member of the Erie limestone, which in reality limits the upper
part of the Pleasanton shales, has been called the Independence
~limestone and will be described later in this report. Immedi-
ately below it there is a bed of shale at least a hundred feet
thick which forms the body of the mounds and escarpments in
the vicinity of Cherryvale, as -well as the Bender mounds to the
northeast. ‘

Pleasanton Shales North of the Altamont Limestone.

Northward beyond the limits of the Altamont limestone the
Lower and Upper Pleasanton shales coalesce, forming a heavy
shale bed which was first described’ as the Pleasanton shales.
At Boicourt they are fully 200 feet thick. Northward they de-
crease in thickness to the vicinity of Paola, beyond which they
again increase to about 200 feet at Kansas City. They consti-
tute the main shale bed which assists in producing the heavy
escarpment so prominent in the vicinity of Mound City, Pleas-
anton, Boicourt, La Cygne, and other places to the east in Mis-
. souri. To the west and southwest of Mound City they likewise
are prominent along the bluffs of Sugar creek and its tributa-
ries in the western part of Linn county, as well as the bluffs
along the Osage river and its tributaries below Paola. The ex-
traordinary amount of sandstone contained in the Lower Pleas-
anton shales in the vicinity of Redfield, Gilfillan, etc., has
already been described. The uppermost part of the shales in
many places carries heavy beds of sandstone. At Boicourt a
bed of sandstone 10 feet in thickness occupies a position almost
at the very summit of the shales. The lateral extent of this

13. Haworth: Kansas University Quarterly, vol. iii, p. 274, Lawrence, 1_895.
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sandstone is comparatively great as it can be found everywhere
throughout the entire extent of the heavy escarpment already
mentioned. The well records at La Harpe show 20 feet of
sandstone near the top of the shales. The well at Iola shows 60
feet of sandstone and sandy shales; the one at Toronto, about
35 feet of sandstone and sandy shales, all of which is located at
the summit of the Pleasanton shales and therefore corresponds
to the sandstone exposed along the bluffs of Sugar creek and
the Osage river. In many places wave marks and riffle marks
abound in the sandstone, showing the coastal character of the
deposit. ' '

Stratigraphically the Pleasanton shales are of great importance
as they constitute an unusually heavy bed of shales throughout
the whole of southeastern Kansas and therefore can usually be
recognized when reached with the drill or when observed at the
surface. In general character they are similar to the Cherokee
shales and stratigraphically are very important. They are the
third heaviest shale beds in the whole Coal Measures of Kansas.
They show a repetition of the general physical conditions which
obtained throughout the period during which the Cherokee shales
were deposited, both as to the extraordinary growth of vegetable
matter and the production of heavy beds of coal therefrom as
well as the extensive accumulation of coastal arenaceous de-
posits, implying shallow water conditions. Their great lateral
extent from north to south and from east to west, as shown by
their surface exposures and by the records of the scores of deep
wells in the state, likewise make them important stratigraphic
landmarks. :

As already explained at considerable length" the upper limit
of the Pleasanton shales has been made the division line between
the Lower and Upper Coal Measures of Kansas. Recent inves-
‘tigations in the stratigraphy confirm the desirability of this
location. From the stratigraphic and lithologic properties of
the different terranes no more favorable point could be found
for making a great division. This line of separation, therefore,
will be retained.

. 14, Haworth: University Geological Survey of Kansas, vol. i, p. 179, Lawrence, 1896.
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ERIE LIMESTONES,!5

At the close of the Pleasanton shales period a great limestone
forming period was ushered in. Conditions were favorable
for limestone production throughout a wide area reaching from
the southern part of Kansas northeastward to Kansas City, as
shown from investigations in this state, and probably continu-
ing northward and northeastward through Missouri and Iowa.
These limestones, following the heavy Pleasanton shale beds,
.are all the more prominent in their surface exposures. Pro-
ducing a protecting cap to the shale, they have assisted in form-
ing prominent escarpments which are noticeable entirely across
the state and which are particularly prominent throughout the
greater part of this distance. The limestone formed is not one
continuous layer a hundred or more feet in thickness, but a
number of layers separated from each other by shale beds and -
shale partings varying in thickness from each other and each
individual parting varying in thickness in different places
throughout this extent. Yet the limestones, as a whole, are
closely related and may, therefore, be referred to as one lime-
stone system which is everywhere in strong contrast with the
heavy shale beds underneath.

The Erie limestones are well represented west of Fort Scott,
producing the heavy esearpments just west of Uniontown. Here,
as described by Bennett,' there are three distinct limestones,
which caused him to speak of the system as the ‘ triple lime-
stone system’’ when making his preliminary report, a term
which has crept into print, but which was used merely as a
local designation. His description of the detailed section west
of Marmaton may be inserted.

*‘In detail these limestones are as follows: Beginning at the bottom of the
series there is first a dark limestone 16 inches thick in two layers, and above it
3 feet of drab clay shale. Upon this lies 22 feet of unevenly and very heavily
bedded limestone, projecting from the sides of the ravines like unto turreted
walls. Immediately above this is 7 feet of clay shale, then again 3 feet of evenly
bedded limestone in two layers, above which lies 4 feet of clay and bituminous

15. Haworth and Kirk: Kansas University Quarterly, vol. ii, p. 188, Lawrence, January, 1894.
16. Bennett: University Geological Survey of Kansas, vol. i, p. 95, Lawrence, 1896,
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shales. Again we come to 16 feet of limestone—the lower portion somewhat
evenly bedded, the middle heavily bedded and near to the top brecciated, with
few vertical seams—then the top section a somewhat silicious limestone, diago-
nally laminated in places, like unto some of our sandstones, all standing out in
many localities in bold relief along the ravines. Above this is 9 feet of somewhat
argillaceous shale, and on these shale we again find a limestone 134 feet thick, in
two layers also evenly bedded. Above this again there is 3 feet of bituminous
shale, and superincumbent on this is our third limestone 25 feet in thickness.
The lower 20 feet of this last is evenly bedded white limestone with an occasional
chert concretion buried in it, but the upper 5 feet is a very cherty-rock, around the
cherts of which there is much chalky matter. This chert forms a coarse gravel
overlying the hills in the vicinity of its immediate outcrop.”

Southward from this section the shale partings increase in -
thickness and the limestones decrease correspondingly until in
the vicinity of Cherryvale the limestones are separated by a
hundred or more feet of shale, and some of them have become
so thin that they have lost much of their stratigraphic impor-
tance. Still further southward the decrease of the limestones
continues so that along the state line the uppermost one, the
Independence limestone, is the only one of much importance.
Northeastward from Uniontown, on the other hand, their thick-
ness is maintained and their importance-as well. They are
prominent in the vicinity of Pleasanton, Boicourt and LaCygne,
Osawatomie and Paola, and further northeast into Missouri and
are occasionally visible from Osawatomie to Kansas City along
the deep valleys of streams which have cut their channels
through them. At Kansas City the lowermost member of the
system is the Bethany Falls limestone of Broadhead,"” No. 78 of
his section. ~ Opposite Uniontown the whole system is nearly
125 feet in thickness; at La Harpe they have increased to about
175 feet; at Iola to 200 feet; and at Toronto to 225 feet in
thickness. Like the limestones below they increase in' thick-
ness and massiveness of character to the west, as is shown by
all the wells drilled through them.

The general physical characters of the Erie limestones are
not particularly different from those of other Coal Measure
limestones, except the upper bed which, as Bennett has shown,
is remarkable for the large amount of chert or flint rock it car-

17. Broadhead: Missouri Geological Survey, Report 1872, Part ii, p.97.
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ries. As the limestone wears away this chert is left behind,
forming great gravel beds which are abundant over the entire
surface of the country. Many pieces of the chert are from two
to four feet long, weighing hundreds of pounds, while other
masses are small and so full of fracture seams that when liber-
ated by the weathering of the limestones they form pebbles of
varying sizes even to small gravel. No other limestone in the
whole Kansas Coal Measures produces as much flint as this
one which, in this respect, resembles the Permian limestones of
the Flint Hills.

The Erie limestones abound in fossils from the list of which
the following may be selected as representatives : Fusulina cylin-
drica, Axophyllum rudis, Campophyllum torquium, Archiocidaris
mucronatus, Archiocidaris triserrata, Erisocrinus typus, Eupachy-
crinus tuberculatus, Scaphocrinus hemisphericus, Zeacrinus acan-
thophorus, Serpula incita, Spirorbis carbonaria, Fenestella ,
Polypora submarginata, Synocladia biserialis, Chonetes granulifera,
Chonetes smithi, Chonetes millipunctatus, Orthis precosi, Orthis ro-
busta, Orbiculoida ——, Productus americana, Productus pertenuis,
Productus symmetricus, Syntrialasma hemiplicata, Terebratula bo-
videns, Allorisma granosa, Allorisma reflexa, Allorisma subcuneata,
Aviculopecten carboniferus, Aviculopecten interlineatus, Aviculopec-
ten providencensis, Aviculopecten americana, Chenomya leavenworth-
ensis, Conocardiuwm obliquan (very rare), Edmondia aspinwallensis,
Edmondia ovata, Edmondia reflexa, Macrodon carbonarius, Monop-
teria  gibbosa, Myalina subquadrate, Myaline swallowi, Nucula
parva, Pinna paracute, Pleurophorus oblongus, Scizodus. wheelert,
Solenopsis solenoides, Bellerophon crassus, Loxonema rugosa, Nati-
copsis gigantia, Platyceras nebrascense, Pleurotomaria turbiniformia,
Pupa vitusta, Conularia cristula, Goneatites lyont, Nautilus oceiden-
talis, Nautilus ponderosus, etc.

The southern extension of the Erie limestones, where the in-
dividual members are separated by heavy shale beds, deserves
special attention. The lowermost member, which probably is
a continuation of the Bethany Falls limestone, outcrops along
an intermediate escarpment noticeable between Altamont and
Mound City. The limestone as such has little significance.
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Above this lies the heavy bed of shales which constitutes the
escarpment to the northwest of Mound Valley. These shales
may be called the Mound Valley shales.

Mound Valley Shales.

They are prominent throughout a distance of twenty to thirty
miles and form the mounds giving the name to Mound Valley.
In general character they are similar to the other shales of the
Upper Coal Measures, varying from a light ashy color to a jet
black. Along the bluffs of Hill creek, west of Mound Valley,
where a good section of the shales may be seen for miles in ex-
tent, it is noticed that some of them are light in color while
others are black. They also carry sandstone here and there
very like the Lower Coal Measure shales.

Mound Valley Limestone.!s

Overlying the Mound Valley shales is a limestone varying in
thickness from 5 to 10 feet, which corresponds to the middle
one of the Erie limestones. On account of its being so far sep-
arated vertically, and therefore horizontally, from the other
members of the Erie limestones in this vicinity it would not
be amiss to designate it by the term Mound Valley limestone,
as Adams has -done, as it constitutes the covering upon the
hills near Mound Valley. This limestone is particularly fossil-
iferous, many brachiopods and lamellibranchs occurring in, it,
excellent specimens of which may be obtained along the bluffs
of Hill creek. To the northwest well records show that this
limestone gradually thickens and approaches in vertical dis-
tance the other members of the Erie system. '

Cherryvale Shales.

Above the Mound Valley limestone lies a bed of shales 120
feet in thickness which is prominent from Coffeyville north al-
‘most to the Neosho river. ‘These are the shale beds separating
the middle and upper members of the Erie limestone. From
the Verdigris river northward by the way of Cherryvale and
Mortimer they produce an escarpment and a series of isolated

18, Adams: University Geological Survey of Kansas, vol. i, p. 23, Lawrence, 1896,
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bluffs which are as prominent as any escarpments and bluffs in
the state. This is particularly true in the vicinity of Cherry-
vale where the valley of Drum creek cuts off a row of mounds
on the east from the prominent escarpment along its western
bluffs. Northeast of Cherryvale the mounds are locally desig-
nated as the Bender mounds, an allusion to an important his-
torical event which occurred in their midst. These Cherryvale
shales have no special properties different from the Mound
Valley shales and could scarcely be distinguished from them by
physical or paleontological properties.

Independence Limestone.!®

The upper member of the Erie limestone system, on account
of its prominence in the vicinity of Independence, has been
named Independence limestone. Along the southern part of the
state this limestone occupies the summit of the hills and mounds
and caps the escarpments already described as being largely due
to the existence of the thick bed of Cherryvale shales. It has

‘lost the flint which the same horizon carries, in the vicinity of
Uniontown. Here its most characteristic properties are the
large number of invertebrate fossils it carries an unusually large
proportion of which belong to lamellibranchiata and gasteropoda,
the more important specimens of which have already been given
in the fossils common to the Erie limestone. In many places
the fossils are so abundant that the limestone when dressed pre-
sents a beautiful variegated appearance and probably could be
successfully worked into ornamental table tops and other simi-
lar-uses.

The Independence limestone dips rapidly to the west from
Cherryvale to beyond Independence, making one of the steepest
inclinations known in the state. At Cherryvale it is about 935
feet above sea level. From Cherryvale to Independence it dips
to about 800 feet, or 15 feet to the mile, while at Howard it was,
reached in a well at a depth of 75 feet below sea level. Howard
is 40 miles on an air line to the northwest of Cherryvale,
which would make the Independence limestone dip from the hill

19. Adams: University Geological Survey, vol. i, p. 23, Lawrence, 1898,
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MOUND VALLEY LIMESTONE.
Hill northwest of Mound Valley. (Photographed by Adams, 1894.)
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VERDIGRIS RIVER AND INDEPENDENCE LIMESTONE.
Independence. (Photographed by Adams, 1894.)
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MOUND SOUTH OF CHERRYVALE CAPPED WITH INDEPENDENCE LIMESTONE.
(Photographed by Haworth, 1894.)
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SURFACE EXPOSURE OF INDEPENDENCE LIMESTONE.

Southwest of Cherryvale. (Photographed by Adams, 1894.)
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HILL NORTH OF CHERRYVALE CAPPED WITH INDEPENDENCE LIMESTONE.
( Photographed by Haworth, 15894.)
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HILL CAPPED WITH INDEPENDENCE LIMESTONE.

North of Cherryvale. (Photographed by Adams, 1894,)
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TABLE MOUND, NEAR INDEPENDENCE, CAPPED WITH IOLA LIMESTONE.

( Photographed by Adams, 1894.)
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TABLE MOUND, NEAR INDEPENDENCE, CAPPED WITH IOLA LIMESTONE.
(Photographed by Adams, 1894.)
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tops around Cherryvale at an avearge of 25 feet to the mile.
It likewise thickens rapidly to the northwest, the increase of the
Erie limestone, already described, being largely due to the
thickness of the Independence limestone. To the south and
southwest it gradually decreases in thickness, while the shale
beds, both above and below it, correspondingly increase.

THAYER SHALES.*°

- At the close of the long period during which the Erie lime-
stone system was formed a heavy bed of shales was produced
which constitutes an important terrane in the Upper Coal
Measurés of Kansas. Immediately above the Independence
limestone these shales are found which have been studied in
detail over a considerable portion of Neosho, Wilson, and Mont-
gomery counties and further to the northeast. Also they are
recognizable further to the west and northwest in the records
of every oil and gas well carried to a sufficient depth to reach
them. They are prominent in the vicinity of Chanute, Thayer,
Neodesha, Fredonia, and other points in that vicinity, where
they reach a thickness of fully 200 feet and constitute the great
. body of the hills and outlying isolated mounds and prominent
escarpments to the west and northwest of Independence and
Neodesha. The Verdigris river and its various tributaries have
cut wide and deep channels through the overlying limestone
and into the shales, forming high bluffs along their courses.
This escarpment, traced to the northeast, is prominent as far as
Moran, beyond which its importance gradually diminishes on
"~ account of the thinning of the shale beds until, from Mound
Valley north, the shales become so thin that the escarpment
produced by them practically coalesces with that produced by
the Erie limestone underlying the Pleasanton shales. Their
southeastern outcrorping crosses from Kansas into Missouri as
has already been explained for the Pleasanton shales. West-
ward and northwestward well records show that their thickness
gradually decreases. At La Harpe they are but 100 feet thick,

‘20. Haworth: Kansas Univeisity Quarterly, vol. iii, p. 276, Lawrence, 1895,
4—111
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and at Toronto they are 90 feet thick, showing a constant de-
crease in'thickness in a westerly direction.

In general character the Thayer shales are similar to the
Pleasanton shales and the Cherokee shales. They carry a large
quantity of coal and sandstone. The coal is most abundant
near the surface to the west and southwest of Thayer where it
is mined by stripping and by tunneling, and it supplies a large
local demand. The coal reaches a thickness of from 12 to 20
inches and is fair in quality. '

The sandstone of the Thayer shales is variable, sometimes
forming broad thin layers and elsewhere constituting heavy
beds with thick layers which would supply large blocks of di-
mension stone. It is not, hewever, of much value as a building
material. It is poorly cemented and in places is irregularly
marked with iron oxide forming an uneven color.

The sandstone and the sandy shales almost everywhere carry
ripple marks and other indications of being shallow water de-
posits. In fact they have as strong internal evidence that they
are marginal deposits be can be found anywhere in the Chero-
kee or Pleasanton shales. ‘ '

A few thin limestone beds likewise occasionally are found in
the Thayer shales, none of which have sufficient thickness or
lateral extent to be of much importance stratigraphically. Two
or more of these may be seen along the Verdigris valley be-
tween Independence and Altoona; one of them, quite oolitic in
character, may be seen on the bluff west of the bridge over the
Verdigris north of Independence ; the second is exposed princi-
pally between the bridge and Neodesha on the east side of the
river; a third is found northeast of Neodesha along Chetopa
creek ; and one of these is.readily recognized in the bluffs west
of Neodesha, although it cannot be definitely correlated. In
the vicinity of Kansas City where the Thayer shales are com-
paratively thin several of the lesser limestone series are noted
between the Erie and the Iola limestones, which occupy a po-
sition corresponding to those just mentioned. It is evident,
however, that they are not continuous from Kansas City to the
southwest as many well records show their absence.
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Earlton leestone. .

But heav1er still and more persistent than any of the lesser
limestones just mentioned is one occupying a position near the
summit of the Thayer shales which develops into a prominent
ledge that has exercised a strong and marked influence on the
topography of the country to the west and northwest of Earlton,
for which Doctor Adams has suggested the name Earlton lime-
stone. West of Sycamore the Earlton limestone is separated
from the Iola limestone by a comparatively thin bed of shales
which thickens further north towards Guilford and Chanute so
that the limestone is further removed from the overlying Iola
limestone. This permits the production of a prominent escarp-
ment by the Earlton limestone which is a prominent feature of
of the landscape to the west of Earlton and Chanute.

The Earlton limestone has been traced in detail no further
north than the Neoshoriver. What its northern limit is cannot
be stated definitely, but it is known that it cannot be traced
much beyond the Neosho river. We therefore have a lenticular
mass appearing prominently at certain places and gradually
growing thinner both to the north and to the south until it en-
tirely disappears. ‘

Vilas Shales. -

The shale bed occupying the position between the Earlton
limestone and the overlying Iola reaches a thickness of 75 feet
or more immediately west.of Chanute and Earlton. For con-
venience in local description it may be recognized as a distinct
shale bed, although when traced to the north or to the south it
coalesces with the Thayer shales upon the disappearance of the
Earlton limestone. Doctor Adams has suggested that this shale
bed might be designated the Vilas shales, as it is well repre-
sented around the little town of Vilas on the Santa Fe rallway
between Chanute and Benedict.
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IOLA LIMESTONE.®!

Above the Thayer shales an unusually prominent- limestone
horizon exists which has been named the Iola limestone. No
limestone in the state is more important stratigraphically than
this and no one reaches a greater thickness or has a greater lat-
eral extent. Its southeastern outcropping marks a prominent
terrace from the south line of the state, a few miles west of In-
dependence, to the Missouri state line in the northeastern part
of Miami county. The escarpment here passes into Missouri
but soon veers westward again, crossing back into Kansas in
the southeastern part of Johnson county, from which place it
follows an irregular course to the northeast to a few miles east
of Kansas City.

The Missouri river and all of its tributaries near Kansas City
have cut through the Iola limestone and the underlying Erie
limestone forming high bluffs on either side of their valleys.
At Kansas City the Iola limestone is the most prominent of the .
rocks in the bluffs and measures about 30 feet in thickness.
The thickness of the rock along its line of outcropping is vari-
able, dependent partially upon its original form and partially
upon the extent to which erosion has reduced it. Likewise the
escarpment which it covers varies in thickness and in promi-
nence, dependent principally upon the thickness of the under-
lying Thayer shales. As before explained the Thayer shales
are heaviest to the southwest. Northward, as they gradually
become thinner, the Iola escarpment approaches the escarpment
produced by the Erie limestone. In the southern part of the
state these two heavy escarpments are from ten to twenty miles
apart, but to the northeast their lines converge until in Linn
county they almost coalesce. From here northward they prac-
tically become the same, constituting the Bethany escarpment
of the Missouri geologists. ‘ ‘

The westward extension of the Iola limestone is known to be
great, reaching probably far beyond the limits of our knowl-

21, Haworth and Kirk: Kansas University Quarterly, vol. ii, p. 109, Lawrence, 1894,
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edge, which does not extend beyond the deep wells of Howard,
Toronto and other points. In the bluffs at Kansas City the
limestone is 30 feet thick. At Iola, a few miles to the west of
its outcropping, it is 40 feet thick. The Fall River well found
it to be 100 feet thick. The Howard well revealed a thickness:
‘of over 200 feet for the Iola limestone, assisted probably by a
few lesser ones which do not reach the'surface. The Toronto
well likewise, shows that the Iola limestone has a thickness of
about 200 feet at that place. To the far north, beyond Kansas
City, the Thayer shales seem almost to disappear, at least to
lose their identity as far as can be judged from the well records.
The Iola limestone, therefore, practically coalesces with the
underlying Erie limestone, making it difficult to distinguish
between the two. The Leavenworth well, the Atchison well,
the Doniphan well, and other deep wells in that part of the
state show a large amount of limestone corresponding to the
Iola and to the Erie, implying at least that limestone forming
conditions existed for a long period almost to the exclusion of
the formation of important shale beds.

The Iola limestone is important regarding some of its phys-
ical conditions. Its most noted characteristic is the absence of
vertical fissures within it, thus permitting the existence of large
blocks of the limestone on the hillsides where they have fallen
by the undermining processes of decay. It alsorenders it most
valuable as a quarry stone, making it possible to obtain dimen-
sion blocks of any desirable proportion. The quarries at Iola
have produced as large blocks as was desired and doubtless
much greater ones could be obtained were mechanical devices
at hand to lift them. _

The Iola limestone also is remarkable an account of its highly
crystalline character. No limestone in the whole Coal Meas-
ures of the state is crystallized to a greater extent than this. In
many places parts of it, in fact, are almost a perfect marble, the
crystallization is carried to so high a degree of perfection. This
crystalline character is not, however, everywhere noticeable to
the same extent. In the bluffs of Kansas City it is not promi-
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nent, nor is this property particularly noticeable along the south
line of the state.

The Tola limestone carries a great many fossils, although in
general appearance it does not seem to have as many as some
of the other limestones. Apparently the greater part of the
formation was deposited in deep ocean water where the condi-
tions were not the most favorable for the accumulation of fos-
sils. Elsewhere north or south from such a location a larger
number of fossils may appear. Of these the following species
of invertebrates may be taken as types of those the most abun-
dant: Michelinia eugenez, Athyris subtilita, Lingula scotica, Pro-
ductus longispinus, Productus pertenuis, Spirifera camerata, Spirifera
lineatus, Aviculopecten carboniferus, Pinna subspatulata, Nautilus
occidentalis, Nautilus missouriensis.

LANE SHALES.??

Above the Iola limestone lies a heavy bed of shales which,
contrary, to the conditions of the shale beds occupying a lower
horizon, thickens to the north. The upper limit of the shales
is determined by the Garnett limestone, a prominent limestone
horizon from Garnett northward to beyond the limits of the
state at Leavenworth, which, however, across the Neosho river
to the southward gradually decreases in thickness and at the
same time approaches the Iola limestone. The Lane shales
therefore cannot be traced with certainty to the south line of
the state. Probably they are represented by the thin bed of
shales immediately above the Iola limestone shown in Plate I.
At Garnett and in the Howard well opposite Moline and to the
northeast they are very prominent, and with the overlying Gar-
nett limestone form a heavy and prominent escarpment line
from near Carlyle to the Kansas river bluffs near Argentine by
the way of Kincaid, Garnett, Greeley, Lane, and Paola.

At Lane and other points along the Pottawatomie river they
vary from 75 to 100 feet in thickness. Frequent outlying
mounds are noticeable here and there from Lane to Osawa-

22. Haworth: University Geological Survey of Kansas, vol. i, p. 49, Lawrence, 1896.
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tomie and their physiographic features are well marked, which
could not occur without the existence of a comparatively heavy
bed of shale. Northward from Paola the shales gradually de-
crease in thickness. Along the Kansas river bluffs from Argen-
tine to Eudora, throughout the whole of which distance they
are exposed, the average thickness which they maintain does
not exceed 40 feet, and in many places they are not 10 feet
thick. A drilled deep well at Lawrence likewise shows that
here their thickness is not greater than along the river bluffs.
The Topeka well, on the -other hand, shows that the limestones
at that place are not as heavy as one might reasonably expect
from the conditions elsewhere, and that the shale beds in gen-
eral, including the Lane shales, have greatly thickened.

The general character of the Lane shales has but little special
interest. They carry a smaller amount of sandstone than do
the heavy shale beds already described, and practically no coal.
They have more indications of being deep water deposits than
any shale beds thus far described. On account of their great’
irregularity in thickness, they almost entirely disappear both
to the south and to the north. They are therefore less impor-
tant stratigraphically than some of the other shale beds of the
Kansas Coal Measures.

GARNETT LIMESTONES.?®

Above the Lane shales the Garnett limestones are found.
The name is applied to two different limestone horizons sepa-
rated from each other by a thin and relatively unimportant bed
of shale. They are prominent at Carlyle, Garnett, Ottawa,
Lane, Paola, Olathe, and Argentine, and are exposed over an
unusually wide zone, trending in a northeast and southwest
direction. This is due to the heavy Lawrence shales overlying
them having been eroded away much further to the west than
the other shale beds usually are, leaving the Garnett limestones
as a floor covering a wide area of country. The shale bed be-
tween the two limestones is so thin that the eastern outcrop-
pings of the two usually are the same.

23, Haworth and Kirk: Kansas University Quarterly, vol. ii, p. 110, Lawrence, 1894,



56 University of Kansas Geological Survey.

In previous descriptions it has been thought that the lime-
stone exposed at Carlyle was distinct from the Garnett lime-
stones and therefore the term Carlyle limestone was introduced.
But during the summer of 1897 Bennett discovered that the so-
called Carlyle limestone was the same as the Garnett. As the
latter name had been used much more extensively than the
former, and the two first used at the same time by the writer,
it is preferable to retain the name Garnett and to entirely do
away with the name Carlyle.

The thickness of the Garnett limestones along their line of
outcropping varies more, perhaps, than that of any other system
of limestone known in the Coal Measures. On the south side of
the Neosho river they are relatively unimportant, the Lane shales
being so thin the Garnett limestones almost coalesce with the
Iola. Northward they gradually increase in thickness, being
perhaps 25 feet thick at Carlyle. In the vicinity of Lane their
thickness is more than double this, while opposite Olathe the
lower one of the two has a thickness of more than 50 feet and
the upper one nearly as great. At Argentine and other points
westward along the Kansas river bluffs to Eudora their thickness
is not so great, varying from 10 to 20 feet, as is also found to
be the case at Ottawa, Princeton, and other points in that vicin-
ity. Westward they gradually increase in thickness again,
reaching about 65 feet at Toronto, where the shale parting be-
tween the two seems to have entirely disappeared and they are
separated from the Iola limestone by about 16 feet of Lane
shales.

- The Garnett limestones are particularly rich in invertebrate
fossils, of which the following may be taken as representatives :
Campophyllum (?), Fenestella(?), Synocladia. biserialis(?), Der-
bya(?), Productus americanus, Productus semireticulatus, Syntri-
alasma hemiplicata (very abundant in places), Myalina kansasen-
sis, Myalina recurvirostris, Euomphalus subrugosus, Naticopsis
altonensis, Pleurotomaria tabulata, Nautilus occidentalis, and about
-forty other species.
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LAWRENCE SHALES.**

First above the Garnett limestones we find an unusually
heavy bed of shales which stratigraphically is as important as
any shales in the whole Kansas Coal Measures. On account of
their great prominence in the vicinity of Lawrence they have
been called the Lawrence shales. They extend entirely across
the state from Leavenworth on the north to Sedan on the south,
their eastern outcropping forming a prominent- escarpment
throughout this whole distance by way of Lawrence, Ottawa,
" Burlington, Yates Center, Toronto, and Longton.

Their thickness at Lawrence is fully 300 feet. Southward
this thickness appears to decrease to beyond Ottawa and Burling-
ton, from which locality it rapidly increases southward and ap-
parently reaches a thickness of nearly 800 feet along the south
line of the state, as is shown by the deep well at Niotaze and others
in that vicinity. It would seem that the underlying limestones
above the Iola, as already explained, decrease southward and
either entirely disappear or practically coalesce with the Iola
limestone, while the Oread limestone above, which bounds the -
upper surface of the Lawrence shales, is almost horizontal in
its southern extension, or if varying at all rises slightly. In
this way the Lawrence shales are thickened to the 800 feet or
more. Northward from Burlington and Ottawa their thickness
increases to Leavenworth where they are nearly 300 feet thick,
from whence they again decrease, as is shown by the Doniphan
well which reached the bottom of the shales at 134 feet below
the surface. The exact location of this well being unknown to
the writer, it cannot now be stated how far below the Oread
limestones the well started, but it is readily seen that the Oread
limestones dip northwestward rapidly from Leavenworth, which
must decrease the thickness of the underlying Lawrence shales.

Sandstone in the Lawrence Shales.

Sandstone abounds in the Lawrence shales. Wherever found
the shales are more or less arenaceous, and in many places this

24, Haworth: Kansas University Quarterly, vol. ii, p. 122, Lawrence, 1894,
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quality is carried to the extreme, producing well formed heavy
beds of sandstone. This is true throughout their whole expos-
ure from Leavenworth to Sedan, but more particularly so south
of the Neosho river. The sandstone is variable in appearance,
but is always characterized by many features of shallow depos-
its. Everywhere wave marks abound and are the most promi-
nent and the best preserved of any ever examined by the writer.
The continuity of these sandstone beds is not great; frequently
a change will occur in a mile or less which alters a well formed
sandstone into a soft arenaceous shale. It is difficult to decide
what part of the Lawrence shales carries the most sand, whether -
the lower, the middle, or the upper. In fact no distinction of

this kind can be made. , '

South of the Neosho river, where the Lawrence shales have
so greatly increased in thickness, the proportion of isandstone
likewise has greatly increased. The driller’s record of the Nio-
taze well shows that there was an unbroken continuity of sand-
stone from the surface to the depth of 670 feet, from which
depth shale was passed through for 130 feet, reaching the up-

permost limestone at a depth of 800 feet. The surface condi-
~ tions east of Niotaze, where the sandstone strata outcrop, indicate
that the sandstones alternate with thin shale beds which the well
record as preserved fails to show ; also the outcroppings west of
Niotaze show that the strata superior to those passed through
by the well consist of alternating beds of shale and sandstone,
with the sandstone the most prominent.

The wide zone through which the Lawrence shales are ex-
posed to the surface, being from fifteen to twenty-five miles in
width south of the Neosho river, is an exceedingly sandy and
hilly country. The sandstones alternating with the softer
shales have produced by erosion an irregular topography diffi-
cult to describe and unequaled in general irregularity anywhere
in the state. From Burlington and Neosho Falls to the south-
west by way of Yates Center, Benedict, New Albany, Buxton,
Colfax, Sedan, Peru, and Chautauqua, this sandstone and the
corresponding irregular surface occupy the whole country.

Doctor Adams has suggested that the sandstone here is suffi-
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ciently prominent to merit a distinct local designation, and has
proposed for it the name ‘‘ Chautauqua Sandstone.”” The fol-
lowing description of the area is taken from his note book :

“Passing south from the Neosho river the shales grade into sandstones so that
at Yates Center they become conspicuous, producing the hill on which the town
is built. The area broadens to the south, its eastern border passing west of Buf-
falo, Fredonia, and Tyro, while its western border runs approximately from Yates
Center to Toronto, Fall River, Elk Falls, Sedan, and Elgin. To this region the
name ‘Chautauqua Sandstone Hills’ may be here given. The name is already
employed 8omewhat in common usage. These sandstone hills are as character-
istic a feature of southeastern Kansas as are the Flint Hills.

“The surface is intersected by many small streams which have deep valleys.
The Verdigris river, Fall river, and Elk river cross it, occupying deep channels
which are worn to base level in the eastern part of the area. Along the western
portion they are still cutting the more persistent ledges. The valleys have nar-
row flood plains and are walled in by bluffs formed by heavy sandstone protecting
the more friable shales beneath.

“The low hills which are the prominent feature of the area are covered with
a growth of Jack oaks. The sandy soil is seemingly adapted to their growth, for
where the limestone areas are.approached the Jack oak timber disappears. Else-
where in the state other similar sandstone areas have been noted where the for-
est growths are similar. Such an one is the sandstone hills area west of Thayer
and south of Independence along the west side of the Verdigris where the sand-
stones of the Thayer shales greatly predominate.

“Although the Chautauqua sandstone hills are nowhere very high, the differ-
ence in elevation over the entire area scarcely exceeding 250 feet, yet they pro-
duce so rugged a surface that traveling is rendered difficult, largely on account
of the broken down fragments of sandstone which cover the surface of the hills,
and the loose sand which accumulates in the valleys, produced from the disinte-
gration of the sandstones.”

The unusual thickening of the Lawrence shales to the south
and the extraordinary amount of sand within them are matters
of great interest. Each of these conditions implies that here
there was a coastal deposit and that a relatively large drainage
area was near by to produce such an excessive amount of sand
and silt.

This large bed of easily eroded material-has strongly affected
the topography of the country, not only over the area where
the Lawrence shales are exposed, but also further to the west.
Being so easily removed by erosion they have been worn away
until the general level in western Montgomery and eastern
Chautauqua counties is 200 or 300 feet lower than it otherwise
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would have been. The extraordinary wearing away of this
area has given an unusual steepness of surface to the country
lying to the west which is protected from erosion by the heavy
beds of flint-bearing limestone, and which therefore is made to
stand out as a great row of hills almost mountainous in char--
acter on their eastern slopes. Had the Iola or Garnett lime-
stones continued as heavy to the south as they are further north,
and had the Lawrence shales been no heavier southward than
they are in the vicinity of Yates Center, Le Roy, and Princeton,
this great difference in elevation would not now exist, and the
eastern slope of the Flint Hills would be little if any more
prominent than the eastern slope of the general uplands alon g
the middle line of Kansas.

Coal in the Lawrence Shales.

A large amount of carbonaceous material exists in the Law-
rence shales, frequently in the form of well preserved coal and
- elsewhere in lesser proportion, rendering the shale beds char-
acteristically black. Coal is mined from the Lawrence shales
irregularly from Atchison southward through Douglas ‘and
Franklin counties to the south side of the state. The coal
mines at Atchison probably will ultimately become the most
valuable of any in the Lawrence shales. At present, however,
the mines which are- the most extensively operated are in
Franklin county in the vicinity of Pomona and Ransom, from
which places large quantities are annually placed upon the local
market. Southward in the sandstone areas coal is less abun-
dant, but here and there south of the Neosho river it is fre-
quently found in sufficient quantity to justify mining for local
consumption, and elsewhere in lesser deposits which have no
commercial value, but which are interesting theoretically be-
cause they tell of the general physical conditions under which
this great bed of Lawrence shales was formed.

Limestone in the Lawrence Shales.

Here and there throughout the Lawrence shales local lime-
stone beds are found. The most notable of these is a lime-
stone near Lawrence. It lies about 140 feet below the top of
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the shales and varies from a mere beginning to 5 or 6 feet in
thickness. Just east of Blue Mound it is prominent. Like-
wise.along the Kansas river it may be seen on either side, form-
ing a bluff which gradually rises eastward from Lawrence until
it reaches a hight of from 100 to 125 feet above the river. This
bluff may be noticed by one passing east from Lawrence on
either side of the river, but it is more prominent on the north.
Between Lawrence and Tonganoxie or Leavenworth it becomes
the most prominent and with the rise of the surface of the lime-
stone eastward, due to the westward dip, an elevation is reached
almost as great as that of the top of the terrace at the summit
of the Lawrence shales. But this limestone is of little impor-
tance stratigraphically because its extension east, west, north,
or south is so limited. It cannot be traced westward even to
the escarpment capped by the overlying limestone as the sur-
face now is. The line of the remnant is found in the eastern
suburbs of Lawrence where it is only 15 or 18 inches thick.
Likewise along the foot of the heavy escarpment between Law-
rence and Tonganoxie the limestone disappears within half or
" three-quarters of a mile from the escarpment. Also it fails to
have an existence southward, being entirely absent in the many
places where deep wells have been drilled south of the Neosho
river, _ A

A few other lesser limestones likewise mmay be noted. Below
the one just referred to a less important limestone bed is found
which is noticeable almost at the water’s edge at Lawrence.
Here the south end of the dam crossing the river rests upon
this limestone but it cannot be traced for a mile in any direc-
tion. » . A

Again west of Lawrence along the south bluff a limestone
quite oolitic in character is noticeable from. three to five or six
miles west of the city. This likewise, as far as is now known,
has a very limited extension in every direction.
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OREAD LIMESTONES.*s

First above the Lawrence shales lie two distinct limestone
beds separated from each other by a thin bed of shale which at
Lawrence is but 15 feet thick. The limestones each vary from
8 to 20 feet in thickness near Lawrence, and elsewhere the vari-
ation is even greater. Just west of Lawrence, hardly outside
the city limits where a stone quarry has been extensively
worked, the lower Oread measures fully 20 feet. At Atchison
the upper Oread measures 21 feet, while to the north and
northwest, according to the deep well records, the-thickness
remains about the same. Southwards the general tendency is
towards a decrease in thickness of each limestone until the mid-
dle part of the state is reached, while still further south there
seems to0 be an increase in thickness until the Oread limestone
becomes a prominent character, reaching all the way to the
south line of the state.

The line of outcropping of the Oread limestones is practically
the same for both the upper and the lower, as the shale between
the two is so thin. In fact, beginning at Lawrence and extend-
ing northward, one and sometimes two lesser beds of limestone
appear between the upper and lower Oread which help to pro-
duce the one line of escarpment. In Jefferson county one of
these beds, from 2 to 4 feet in thickness, furnishes the unusually
good stone which is so extensively wheeled to Lawrence and
used for street curbings.

The extraordinary thickness of the underlying Lawrence
shales, in connection with the protection furnished by the
Oread limestones has resulted in the production of an unu-
sually prominent escarpment along the eastern outcropping of
the limestones. This escarpment is the longest and most pro-
nounced, everything considered, of any one known in the state
and has been traced from Atchison entirely across the state to
the southwest, to Elgin in Chautauqua cognty.” Throughout the
greater part of this distance it has been traced in detail and the
exact location determined to within a mile or less, but in places

25, Haworth: Kansas University Quarterly, vol. ii, p. 123, Lawrence, 1894,
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it has been located for a few miles by observing it from a dis-
tance, so that the representation on the accompanying map,
Plate VII, may vary from one to three or four miles east or
west from where it should be.

In general character the Oread limestones are not particularly
different from those found elsewhere. They have a pronounced
buff color, with a light greenish blue on freshly broken surfaces,
showing that they contain a comparatively large amount ‘of
earthy material bearing ferrous oxide which by weathering is
oxidized to the ferric oxide state, producing the buff color.
They are firm, compact, and fine grained, and highly crystal-
line in places so that they could be polished almost like marble,
but elsewhere are so filled with impurities that upon weathering
they assume a slightly porous structure. The Upper Oread
limestone carries a large amount of flint, which, upon the
weathering of the limestones, produces flint gravels that are
scattered extensively over the surface just east of the line of
outcropping almost entirely across the state from Atchison to
the southwest. No limestone is known in the whole Coal Meas-
ures carrying more flint than the upper Oread, excepting the
upper member of the Erie system, already described.

The fossils contained in the Oread limestones are numerous
and in some cases almost characteristic, the upper one alone
furnishing fifty species to Mr. Bennett from a single locality at
Lecompton. The following is a partial list, which will serve to
illustrate the general faunal characteristics : Fusulina cylindrica,
two Bryozoans, Fistulipora nodulifera, Chatetes (?), two Crinoids,
Archaocidaris (?), Cyathazonia distorta, Athyris subtilita, Spiri-
fer cameratus, Spirifer lineatus, Spirifernia kentuckiensis, Produc-
tus prattenianus, Productus symmetricus, Productus americanus,
Productus pertenuis, Productus costatus, Productus punctatus, Pro-
ductus nebrascensis, Productus longispinus, Derbya bennetti, Derbya
broadheadi, Meekella striato-costata, Syntrialasma cosa, Chonetes
granulifera, Schizodus wheeleri, Chanomya leavenworthensis, Al-
lorisma subcuneata, Allorisma granosa, Pinna peracuta, Edmondia
(?), Rhynchonella uta, Chanocardia (?), Monoptera (?), Macro-
don (?), Aviculopecten (?), Bellerophon crassus, Bellerophon (?),

\
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two species of Nautilide, Evomphalus rugosus, Orthis carbonaria,
Campophyllum torquium, Pleurotomaria, two species, a branch-
ing coral, and other unidentified forms.

LECOMPTON SHALES AND ELGIN SANDSTONE.

First above the Oread limestone lies a shale bed that may be
traced entirely across the state and which is heavier and more
persistent than any other shale bed between the Oread limestone
and the Osage shales. At Lecompton, according to Bennets, it
measures nearly 100 feet in thickness. It is prominently repre-
sented in the section west of Atchison by Professor Knerr, Plate
V, and also by the section, Plate V, Volume I, by Mr. Hall,
running west from La Cygne.

There is a wider zone on the surface beétween the outcropping
of the Oread limestone and the first one to the west than there
is further west for some distance. This shale bed is persistent
from the north side of the state across to the south and may be
fairly well differentiated from the lesser ones below. In places
it contains much sandstone and elsewhere almost none. Adams
suggests that the sandstones within these shales in the southern
part of the state be designated as the Elgin sandstone, on ac-
count-of their extraordinary development around Elgin. It
might be well likewise to give a distinct term to the shale bed,
for which the name Lecompton shales is offered, as they are well
exposed at Lecompton, and as Lecompton is a name which will
ever remain prominent in Kansas history. ‘

REMAINING FORMATIONS.

Above the Lecompton shales we have an alternation of shale
beds and limestone horizons forming a terrane several hundred
feet in thickness. No one of these limestones is specially promi-
nent by itself or has specially important stratigraphic proper-
ties. The shale beds separating them likewise are comparatively
thin and relatively unimportant. Their thickness varies greatly
in different parts of the state and therefore the distance between
the lines of outcroppings of the limestones correspondingly va-
ries. In general in the southern part of the state the shale beds
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are thinner, bringing the limestones closer together, and pro-
ducing thereby a set of terranes or escarpments not very high
but close together. On the map, Plate VI, showing the out-
cropping of the different limestone systems three or more of
these limestones are noticed outcropping near together west of
the Oread limestone throughout Chautauqua, Elk, and Green-
wood counties. The area between Greenwood and Shawnee
counties has not been studied in sufficient ‘detail to trace each
of these limestones separately.

Northward the shale beds thicken and the limestones corre-
spondingly appear on the surface farther apart. The indi-
vidual limestones are correspondingly more easily traced and
appear in the sections run by Hall and Bennett, as published
in Volume I, Plates V and VI, to be more nearly distinct lime-
stones than the same ones seem to be south of Greenwood
county. :

, Doctor Adams’s Field Work.

During the summer of 1897 Doctor Adams studied Chautau-
qua, Elk, and Greenwood counties in considerable detail and
prepared that portion of the map, Plate VI, on which the out-
croppings of the several limestones are marked. Mr. Bennett,
in Volume I, Plate VI, and accompanying description, has given
a detailed account of a geologic section along the Kansas river.

The Osage shales have been traced from Topeka to the Neosho
river and sufficient work was done between the river and Eu-
reka to justify us in concluding that they also extend into Green-
wood county, connecting with the heavy shale bed which is here
and there coal-bearing throughout Greenwood, Elk, and Chau-
tauqua counties. We therefore know that these formations ex-
tend across the state the same as others lower down.

The result of Adams’s work in the south is expressed in the
map, Plate VI; in the geologic sections, Plates I and II; and
in the following description which is adapted from his field
notes for 1897 :

Ell: Falls Limestone.—‘Above the Lecompton shales through-
out Greenwood and Chautauqua counties are two well defined
5—111
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limestone horizons separated from each other by a thin bed of
arenaceous shales which here and there develops into well-
formed sandstone. The thinness of the shale parting and the
persistence of the upper limestone have resulted in the two
forming practically the same terrace throughout the greater
part of .this distance. This terrace is prominent just west of
Elk Falls, from which place the limestones are named, from
whence it passes southward with many deep sinuosities around
the head of Salt creek, North Cana, Middle Cana, and Cedar
creek, and leaves the state west of Elgin. It is seen very
prominent at Rogers, about five miles west of Sedan.

¢Northward from Elk Falls it reaches up Elk river almost to
Howard, veers eastward again on the highland beween Elk
river and Fall river to the vicinity of Cave Springs, passes up
Fall river by the way of Greenwood to within five or six miles
of Eureka, then veers eastward on the highland between Fall
river and Walnut creek, and again up Walnut créek to near
Tonovay, making a line approximately parallel to the Osage
escarpment already defined.

‘The sandstone between these two limestones is particularly
prominent in the vicinity of Cave Springs where both the upper
and lower limestones may readily be seen, from between which
the sandstone has been worn away, producing numerous reces-
sions and caves.. The name Cave Springs originated from such
a location and may be used to designate these partieular sand-
stones. ‘

Severy Shales.—‘Above the Elk Falls limestone is a bed of
shales averaging from 50 to 75 feet in thickness, which, with
the protected limestone above, forms a light escarpment that
may be traced from a few miles below Eureka to Cedar Valley,
forming a line from two to five miles west of the Elk Falls es-
carpment. This shale bed is, therefore, sufficiently promment
to be recognized in the field and to be of considerable local
stratigraphic importance. The town of Severy lies within it
and therefore it may be called the Severy shales.
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Howard Limestones.—‘Above the Severy shales is a thin lime-
stone, persistent from near Eureka to the south line of the state,
.but which nowhere is more than from 3 to 6 or 8 feet in thick-
ness. In connection with the Severy shales it forms an escarp-
ment as already described and which is readily seen lying a
short distance west of the Santa Fe railway from Severy to Mo-
line. South of Moline it bends westward around the upper
tributaries of the various drainage channels, finally passing
southward to Wauneta, thence southwest almost to Cedar Val-
ley, and back southeast down Cedar creek and out of the state.
North of Severy it passes west to Climax, then to within three
miles of Eureka, thence above Tonovay two miles, and thence
northeastward to beyond the limits of detailed field work.

Osage Shales.—¢ Succeeding the Howard limestone is a bed of
shales producing coal in several places. This seems to be an
equivalent to the Osage shales, as it has been traced all the way
from Chautauqua county northeast to beyond Topeka.

‘The coal is usually found about the middle of the shale bed
and has a light limestone overlying it in most places. Mines
have been opened at Eureka, near the head of Pawpaw creek ;
west of Howard, on Bluff creek ; west of Moline ; at Leeds, near
Cedar Valley; and on the state line; but at present the most
of these are abandoned. The coal varies considerably in quan-
tity and is usually from 12 to 14 inches in thickness. At Leeds
it is the most important. -Mining here is usually conducted
during the winter months.

Eureka Limestone.—*Above the Osage shales there is a lime-
stone which serves as a protector and assists in the production
of a permanent escarpment, reaching from Madison, in north-
east Greenwood county, southward by way of Eureka around
the heads of Honey creek and Tadpole creek, just west of
Climax, between Severy and Piedmont, around the head of
Pawpaw creek, to from four to six miles west of Howard, three
or four miles west of Moline, by way of Cedar Valley, and around
the head of Rock creek to the south line of the state.’
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Extracts from Bennett’s Kansas River Section.

Having studied the conditions in the southern part of the
state let us now turn our attention to the conditions prevailing -
along the Kansas river. In Volume I, Chapter VI, Mr. Ben-
nett has described the conditions which prevail from Lawrence
to a few miles west of Topeka in great detail and has illustrated
the same by Plate VI. From this chapter the following quota-
tions are made, while Figure 2 is a reproduction of the part of
Plate VI, from Lawrenee to Topeka. ‘

Lecompton Limestones.—*‘ Capping the hills around Lecompton is a 5-foot
limestone in two layers, which we will provisionally name the ‘Fusulina’ lime-
stone, not that it alone bears that fossil, but because of the abundance of Fusu-
lina in it. It is the lower of another triple system of limestones, the members of
which are separated by a few feet of shale, and which retain this order as far as
observed to the west. Above the ‘Fusulina’ stratum are 534 feet of clay shales,
then 114 feet of blue limestone which weathers dark buff like all its associate
strata. Above this are 4 feet of shales having a bituminous streak in the middle,
then 10 feet of light gray, easily disintegrated limestone. This group may be
called the Lecompton limestone, on account of their outcropping being near
Lecompton. At Spencer, six miles west of Lecompton, the upper of the series
finally disappears below the alluvial soil of the valley.

“The fossils of the Lecompton series merit little attention except the Fusu-
lina of the lower bed. In the top of a hill near Lecompton, where the lower
member was greatly weathered, this little foraminiferous rhizopod lay in such
profusion that it looked as though some farmer had emptied his wheat sack in
the soils.

« Pagsing westward from Lecompton a slight difficulty was encountered in
the correct understanding of the strata. The hills around Spencer were so cov-
ered with glacial material that the strata were principally concealed. One lime-
stone was visible on a hilltop a mile south of Spencer, and which seems to dip
westward and reach a relatively low position at Tecumseh. Two other lime-
stones are aleo visible at Tecumseh, one of which forms quite a riffle in the river,
and the other one of which lies below it and forms a floor to the river for some
miles below. The glaeial material is so abundant between Tecumseh and Spencer
that an error might easily be made in the correlations, but it seems that the sec-
tion above the Lecompton series is as follows, counting upwards: First the thin
layer in the bed of the river below the riffle about 40 feet above the Lecompton
system; then 4 feet of shales, and then the riffle rock 3 or 4 feet thick; then 25
feet of buff clay shales with small lenticular bodies of limestone throughout it;
and then 2 feet of blue clay shales immediately under the top rock at Spencer
above mentioned. )

Deer Creek Limestones.— We now come to what we call the Deer Creek sys-
tems, the bottom one of which may be the limestone seen in the top of the hill at



HaworrH. |

Spencer, and is seen at a few places southeast
of Tecumseh. The Deer Creek exposure pre-
sents the following section, passing upwards:

“First, 6 feet of fossiliferous unevenly
bedded limestone which was overlaid by 10
feet of shales, then a single-bedded limestone
2 feet, then 4 feet of drab and blue shales,
and again 414 feet of limestone. These lime-
stones were scarcely seen excepting in the
Deer Creek exposures. They disappear alto-
gether two miles or so east of Topeka. But
above them in the tops of the hills, and sepa-
rated by about 60 feet of slopes, are remnants
of the system above, or the Topeka lime-
stones.

“The organic remains were well preserved
in the Deer Creek system, and the following
genera and species were noted: Productus
altonensis (?) (might be young of americana)
were especially abundant. Bellerophon
crassus were found here.

Topeka Limestones.—‘*Coming now to
the Topeka limestones, we find a quadruple
series. In anexposure a mile east and a mile
south of Topeka there is a showing of the
upper section of the underlying shales.
About 615 feet below the top of the under-
lying shales a fairly good building sandstone
is reached which is 3 feet thick. The lower
limestone of the Topeka system is 6 feet thick,
and is blue but weathers dark buff. Above
it is a foot and a half of blue shales, then
above that 5 feet 8 inches of blue and brown
limestone having a cherty layer near the top.
Above this comes 2 feet of buff shales, and
then again limestone 114 feet thick, above
which are 3 feet of drab shales, which are
again capped by 2 feet of limestone. The
city of Topeka rests mainly above the cherty
bed or second limestone of the series, yet here
and there are fragments of the third or thin-
nest layer in place. The cherty bed has been
extensively quarried by the builders of the
city in the past and quarries are now being
operated near Shunganunga creek in the
south part of the city. The Santa Fe and
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the Missouri Pacific railroads have made a few exposures in the two upper lime-
stones of the series just south of the city. In the various quarries a good oppor-
tunity was given to study the paleontology of the quadruple series. The fossils
collected were: Fusulina cylindrica, Fistulipora nodulifera, Rhombopora
lepidodendroides, Cheetetes and a romose unknown form of Cheetetes, Archee-
ocidaris —, ——, Chonetes granulifera, Productus punctatus, Productus
longispinus, Productus costatus, Productus prattenianus, Athyris subtilita,
Spirifer cameratus, Streptorhynchus crassus, Terebratula bovidens, Retzia
mormont, Bellerophon carbonarius.

¢ The shales above the Topeka limestone could nowhere be accurately meas-
ured. At the brick-yard, three miles west of Kansas avenue, in Topeka, 28 feet
of the upper part of the shales are exposed, and in a well close by we were told:
that 20 feet more had been penetrated before reaching the Topeka limestone.
This would make them 48 feet thick, which we had good reasons for thinking
was about correct. At the top of the shale lies 11 inches of coal, which has been
mined in many places just west of Topeka, and which may be called the Topeka
coal. Above it lies 214 feet of clay shales and then 2 feet of argillaceous lime-
stone, then 6 feet more of shale, and again 2 feet of gray limestone. These lime-
stones although thin were persistent for several miles to the west, where they
and the underlying coal disappeared under the valley. The only fossils of any
importance in this system were Chonetes granulifera, Fusulina cylindrica,
a Productidee, and Crinoid columns.”’

‘“Four miles west of Topeka a section exposed in a railroad cut shows 26 feet
of shales above the limestone system just described, and above them is a hard
band of sand rock 2 feet thick which held its place until Lee’s creek was reached,
a mile and a half farther west. Beyond the creek at the sugar-works it was not
seen. At the sugar-works, six miles west of Topeka, the coal and limestones
above mentioned were all under the valley. Here the slope to the next limestone
above was 91 feet from the Rock Island railway track, all of which seemed to be
shales, but the exact thickness of the shales below the track could not be told.
A reasonable approximation would put it at 25 feet, making a whole bed of 116
feet.

‘At the summit of the last mentioned shale there is a foot of coal, and imme-
diately above it 215 feet of limestone. . . .”

Extracts from Hall’s Osage River Section.

Mr. John G. Hall, at that time a student in the University, pre-
pared Chapter V for Volume I, which report is accompanied by
Plate V, showing a geologic section along the Osage river. Mr.
Hall, although not a trained geologist, did his work under such
supervision and proved himself to be so careful a student that
reliance can be placed in his-conclusions. It is important to
note his section west from Ottawa to Burlingame which forms a
line nearly parallel to Bennett’s section along the Kansas river,
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but about thirty miles to the south.
The following quotations are taken
from Hall’s report, and Figure 3 is
an exact reproduction of a portion
of his Plate V showing the condi-
tions from Ottawa to Burlingame :

Systems Above the Oread Limestone.—
“The first limestone system above the Oread
appears ten miles west of Ottawa, and is 4 feet
thick, covering a shale bed 50 feet thick. The
general appearance of the limestone is much
like that of the Oread limestone and would
make good building stone. The shales below
this limestone are buff in color and are gener-
ally soft, and hence yield to the weathering
agencies quite readily, but sometimes they
turn into a brown sandy shale which is very
coarse, instead of being composed of the fine
particles that generally make up the shales.

¢ Following up the river another limestone,
No. 2, is reached a mile west of Quenemo, and
is 5 feet thick, covering a shale bed of 20 feet.
It is.composed of two layers of almost equal
thickness and is of a grayish yellow color and
quite hard. The shale bed has so many thin
layers of sandstone, which are made up almost
entirely of sand, that it wears away nearly as
slowly as the limestones. The layers of sili-
cious sandstone are none of them more than
2 or 3 inches thick, while most of them do
not exceed half an inch.

¢ Six miles to the northwest of Quenemo
system No. 3 crops out, which is 10 feet thick,
the upper 4 feet of which is brown in color,
while the rest is almost white. The whitish
portion contains one layer about 1 foot thick
which is composed of fossil Fusulina, the
shells of which are about the size and shape
of a medium-sized grain of wheat.

Osage Shales, Coal, and Limestone.—
“Six miles southeast of Burlingame system
No. 4 crops out, but can be traced only a short
distance until it is lost to sight. It is 15 feet
thick, and corresponds so closely with the one
found under the coal at Burlingame, both in
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thickness and general structure, that there can be little doubt but that it is the
same system. It is very soft, and therefore easily worked, but not used much on
account of its softness.

“The coal found at Burlingame is from 75 to 90 feet below the surface of the
ground, depending on the position of the shaft. There is a broad almost level
strip of country extending over nearly the whole of Osage county, underneath
which the coal is found. The coal varies in thickness from 18 inches to 3 feet.
It is mined at Osage City, Scranton, Burlingame, and Peterton, and formerly
was mined at Carbondale, but these mines have not been worked for some time.
The whole country is dotted with coal shafts, some of which are worked only for
private use, while the majority are worked and the coal put upon the market.

“Burlingame Limestones.—Just west of Burlingame, system No. 5 makes its
appearance. It is 8 feet thick, is brown in color, shelly in character, and covers
the third and last heavy bed of shales in this section. The shale bed is 150 or
200 feet thick, and throughout it are found thin beds of limestone which tend to
cause the shales to resist erosion. Here, as with all other thick beds of shale,
are a number of isolated mounds which are covered with limestone that corre-
sponds in general so closely with that found on the main bluffs one cannot help
believing they are the same system. These mounds are most numerous to the
north of Burlingame, and differ in height from 50 to 125 feet. The most impor-
tant one is about two miles from Burlingame and is 85 feet high, and covers an
area of almost a square mile.”’

CORRELATION OF SECTIONS MADE BY ADAMS, BENNETT,
'AND HALL.

From the foregoing quotations and illustrations it will be
seen that there is a close resemblance between the Kansas river
section of Bennett and the Osage river section of Hall, and
that there are along each section three principal limestone sys-
tems above the Oread limestone and below the Osage coal and
shales. As the sections are but thirty miles apart and the
similarity so great between them there can be no reason for
doubting that they are the same.

During 1897 the Osage coals and shales were traced south-
ward by Bennett to Lebo where coal has been mined, leaving
no doubt but that the coals here are the same as at Osage City,
Burlingame, Scranton, ete. Throughout its whole distance the
coal lies to the east and below the heavy escarpment produced,
as described by Hall and quoted above, by the Burlingame
shales and limestones. This same escarpment passes to the
southwest across the Neosho, occupying the hills just west of
Madison, Hamilton, Utopia, and becomes the escarpment at
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Eureka which is protected by the Eureka limestone as described
by Adams. The Osage limestone of Hall thins out and be-
comes unimportant, so that it cannot be used as a division line
between the shales. The Osage shales, therefore, may be con-
sidered to extend upwards to the Burlingame limestone, in-
cluding what Hall called the Burlingame shales. From both
the lithologic and stratigraphic standpoint this is a natural
classification, and would have been made in Volume I had we
then possessed the necessary information.

Having correlated the Burlingame limestone of Hall with the
Eureka limestone of Adams priority requires that the former
name stand.

As there are practically the same number of limestone and
shale beds between the Oread limestone and the Burlingame
limestone all the way across the state, there can be no reasona-
ble doubt of their connection; therefore, the nomenclature of
Bennett in his Kansas river section, having priority, should
stand. It has been followed in the general section of the Coal
Measures in this volume, Plate VI. As the shales between the
Lecompton limestone and the Deer Creek limestone have been
named the ¢ Tecumseh’’ shales by Beede® that name is here
adopted, as is also his name ‘* Calhoun ’’ shales for those first
above the Deer Creek limestone. ‘

GENERAL RESUME OF COAL MEASURE STRATIGRAPHY.

Having given in considerable detail the location and general
character of each of the principal formations in the Coal Meas-
ures of Kansas a few general remarks applicable to the whole
area may be of service in forming a correct idea of the Coal
Measures of the state. From the detailed descriptions it will
be seen that the Kansas Coal Measures differ in many respects
from those of any adjoining states, at least so far as descriptions
of the others have been published. The one great difference
which has impressed itself upon the minds of all who have re-
cently worked in this field is that the division line between the
coastal and non-coastal formations does not exist here as it is re-

26. Beede, J. W.: Trans. Kan. Acad. Sci., vol. xv, Topeka, 1896.
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ported to exist in Towa and Missouri. Let us first consider how
the coastal lines have migrated during Coal Measure time,

We find evidence of an emergence at the close of the Missis-
sippian period sufficiently extended to bring into dry land form
parts of Arkansas, Indian Territory, Kansas, Missouri, and
Iowa, but how much of them it is difficult to say. The extent
of the surface erosion resulting therefrom has already been de-
scribed, and it was seen that there is little evidence favoring the
view of extensive erosion west of the eastern limits of the Coal
Measures as at present found. If, during this period, there was
heavy erosion eastward, the sediment produced by such erosion
must have been carried oceanward and deposited some place to
the west and would be characterized by the nature of the ma-
terials eroded. It is true the subsurface conditions lying to the
west have been studied but imperfectly, as they necessarily
must be so long as the overlying strata conceal them. It is
difficult to understand how an extensive erosion of the Missis-
sippian limestone with its heavy flint beds as now known to
exist on the surface could have taken place without the detrital
material from the flint being carried oceanward and deposited
as conglomerates. The surface of ‘southwest Missouri and
northwest -Arkansas is now covered with gravel beds retained
as residual products as the flint-bearing limestones have been
eroded. These gravels are carried downwards in our streams
for great distances, some of them even for hundreds of miles.
If there was corresponding erosion between Subcarboniferous
and Coal Measure times, it is difficult to understand why simi-
lar gravels were not carried oceanward at that period or left on
the surface then existing to form conglomerates and gravel beds
at the base of the Coal Measures as they now lie. Such gravel
beds have not been found although dozens of deep wells have
gone through the Coal Measures and for some distance into the
Mississippian limestone. This negative evidence is not con-
clusive, but it must be admitted that it has a value, and so far
as it goes tends to minimize the surface erosion between Sub-
carboniferous and Coal Measure times.

We may therefore conclude that at the beginning of Coal



HaworrH.] . General Resume. 75

Measure time the coastal line lay to the eastward of the present
eastern limits of the Coal Measures. How far, is the merest
conjecture. At that time the gravel beds and conglomerates,
already alluded to, probably were formed and have since been
entirely destroyed by erosion, a portion of the gravel from
which may now constitute the gravel beds so abundant in
Arkansas and Missouri. Such gravel beds necessarily were
formed in narrow belts along the ocean and therefore later
when the Coal Measures were lifted to the surface and were
eroded their easternmost extension necessarily would be eroded
first and the narrow gravel beds destroyed. This view limits
the westward recession of the coastal line and implies that
previous to Lower Coal Measure time it had passed but little
farther west than the present eastern limits of the Coal Meas-
ures. _

The materials from which the Cherokee shales were made
seem’ to have come from the east, and were detrital obtained
from the breaking down of ordinary terranes. No feldspathic
granules or boulders have been found anywhere within them,
no micaceous or other fragments other than that ordinarily
found in ordinary sandstones and shales. The great extent of
the Cherokee shales north and south iraplies a like condition
over a wide area. It is one of the peculiar and interesting facts
throughout all America that the Coal Measures proper are com-
posed of so nearly the same kinds of material. The Coal Meas-
ures of the Appalachians, however, and -particularly the lower
strata, contain many more conglomerates than are found else-
where, and correspondingly show a different series of physical
conditions which influenced their formation. But from Iowa to
Arkansas throughout the whole distance the Coal Measures
west of the Mississippi seem to be essentially the same through-
out their lower formations, and seem to be sediments accumu-
lated from sluggish streams draining a land area with but slight
elevations, or deposited far out at ocean where none of the
coarsest material could be carried. '

At the close of the period during which the Cherokes shales
were formed an oscillation of elevations must have carried the
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shore line farther to the east, as ocean water overspread the shales
and limestones were formed. Itisinteresting to note that the up-
permost parts of the Cherokee shales are so rich in carbon, pro-
ducing the Fort Scott coal and the unusually black carbonaceous
shales both below and above the coal beds. The first limestone
formed is the Fort Scott cement rock which, as already seen, is
different in its physical properties from any other rock known
in the state. It seems to have been formed in a quiet ocean
where a continual supply of the most finely ground shell de-
tritus was intermingled with the finest sils.

Immediately at the close of the cement rock a thin bed of
shale was formed which, like the first below, is characterized
by an unusually heavy amount of carbonaceous material. Then
follows the Upper Oswego limestone, or the Fort Scott coral rock
as it is sometimes called. Here the ordinary oceanic conditions
prevailed to a greater degee. Amnimal life was exceedingly abun-
dant in the other localities where the limestone is now found,
as is witnessed by the myriads of fossils it bears, and especially
by the particularly large coral masses found from Oswego to
Fort Scott and beyond, which plainly have never been moved
from their places of origin. While the Cherokee shales gradually
grow thinner to the west, these limestones on the contrary
gradually thicken in that direction and we may reasonably
suppose that the portions which have been removed by erosion
to the east were thinner than those left to the west, that in an
easterly direction they were formed in thinner beds, until, as
the shore line was reached, they entirely disappeared. The great
lateral extent of the Oswego limestones from north to south and
from east to west indicates a similarity of conditions over hun-
dreds of miles in extent.

The change from limestone to shale formation seems to have
been sudden, for the upper surface of the Oswego limestone is
as clearly defined as the lower. . The conditions during the for-
mation of the Labette shales were not so uniform as prevailed
while the Cherokee shales were forming. We find more sand-
stone in places, and less elsewhere, the variations being greater
and more marked.
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While the Pawnee limestone was forming the conditions were
more variable than during the formation of the Oswego lime-
stones. The Pawnee does not have so great a northern exten-
sion, yet in the vicinity of Fort Scott they are thicker and
heavier than the Oswego limestones at any place. It would
seem that the limestone forming conditions did not prevail over
the whole area in southeastern Kansas, or rather that they pre-
vailed in a remarkable degree in the vicinity of Fort Scott and
westward, while both south and north conditions were less
tavorable for the accumulation of limestone material. This ir-
regularity of conditions is more marked than that found at any
lower level in the Coal Measures of the state.

During the Pleasanton shale period the general physical con-
ditions of the Cherokee shale period were repeated. The strong
similarity between the general properties of the Pleasanton
shales and the Cherokee shales is remarkable. No one could
distinguish between them from any of their physical characters,
excepting that the amount of coal in the Cherokee shales in
places is a little greater than any that has yet been discovered
in the Pleasanton shales. The large deposits of flagging stone
are the same in the two. The heavy beds and thick layers of
sandstone likewise are the same in the two. The abundance of
ripple marks and wave marks is the same for the two. The
variations from argillaceous to arenaceous and then to carbona-
ceous are the same for the two. If the physical properties of
the one imply that they were produced near the coast subject
to the variations of coastal deposits, then the same is true of
the other. The great abundance of broad thin flags in the vi-
cinity of Gilfillan, Redfield, and Bandera is a repetition of simi-
lar flags in the lower part of the Cherokee shales in the vicinity
of Crestline and to the southeast of Columbus, while heavy beds
of sandstone at the very summit of the Pleasanton shales at
Boicourt and La Cygne are a repetition of the heavy layers of

sandstone in the Columbus sandstone area. The great extent
of the shales north and south and east and west is likewise simi-
lar to that of the Cherokee shales. :

Here, however, there is a difference. The Pleasanton shales
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are thickest midway of the state, gradually growing thinner to
the north, while the Altamont limestone bisects them to the
south and even with this addition of limestone the sum total of
the Lower and Upper Pleasanton shales and the Altamont lime-
stone combined shows no greater thickness than the shales alone
do in the vicinity of Boicourt and La Cygne. This sagging, so
to speak, of the middle line of the state, with the filling in of
the detrital material to produce the shales, and the absence of
the Altamont limestone parting recognized farther south, im-
plies a rapid accumulation of shale forming material and prob-
ably a proximity to a rapid drainage of the little continent lying
to the southeast.

At the close of the Pleasanton shales period a great difference
in the physical conditions throughout eastern Kansas was pro-
duced. Oscillations rapidly occurred resulting in a series of
conditions favorable to limestone production. The heavy beds
of Erie limestone resulted, which in many places aggregate
more than 100 feet. Here again the conditions were not uni-
form through eastern Kansas. The center of the limestone for-
mations seems to havo been westward from Fort Scott, while
both north and south from this position the conditions were not
quite so favorable, and the limestones which resulted were cor-
respondingly lighter. This is particularly true in the south
where a series of conditions seems to have prevailed which are
of the greatest importance. The limestone layers of the Erie
limestone gradually grow thinner and the shale partings gradu-
ally grow thicker until we have the great series of the Mound
Valley and Cherryvale shales separating the three members of
the Erie limestone by an aggregate of about 200 feet. This de-
crease in the thickness of the limestone southward and the cor-
responding increase in the thickness of the shale beds can best
be understood by assuming that in some way there was an un-
usually large amount of sediment brought in from the south.
The coastal lines probably veered far to the southwest, produc-
ing dry land to the southwest in the Indian territory, so that
the drainage was to the northwest or *probably more nearly to
the north throughout the greater part of this period, a condition
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which, although reversed later, again obtained during the pe-
riod of the formation of the Lawrence shales. While the up-
permost member, or the Independence limestone, was being
formed the conditions were reversed. The Independence lime-
stone is rapidly thickened from only a few feet at Cherryvale to
thirty or more feet at Independence, ten miles away, showing
that here the conditions were most favorable for the prolific
growth of marine invertebrates and the accumulation of lime-
stone forming debris. Likewise the deep wells further to the
west at Neodesha and Howard show that the heavy Independ-
ence limestone increases in thickness even that far away.

The area, in other words, where the Erie limestones are least
in quantity and where the shale partings are the greatest is in
eastern Montgomery and northwestern Labette counties. The
dry land area furnishing the sediments for these heavy beds of
shale must consequently have lain to the south in the Indian
Territory and the coastal lines during this period must have
reached much farther to the southwest and west than at any
previous time.

The Thayer shales which overlie the Erie limestones tell an
interesting story of the physical conditions existing during
their formation. Here we have a great shale bed which thick-
ens to the south to beyond the southern limits of the state.
They are more than 200 feeét thick at Table Mound and along
the heavy escarpment to the west of Independence, from which
locality they gradually grow thinner to the north until within
Linn county and Miami county and farther to the north through
Johnson and Wyandotte counties they have almost lost their
identity. This great thickening of the Thayer shales to the
southwest again strongly indicates the proximity of a drainage
area which was furnishing the unusual amount of material for
shale production. The large quantities of sandstone within the
Thayer shales tells the same story. This sand mass must have
been formed near the shore and for their existence in the posi-
tions they occupy the existence of a heavy drainage from the
south and southeast was a necessity. ‘

Thus far in our history throughout the whole time subse-
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quent to the Pawnee limestone formation the conditions have
favored the great thickening of all the shale deposits to the
south and southwest, while throughout the same period the
limestones in general have been heavier to the north and
northwest, a combination of conditions which implies that the
great oceanic area lay to the north and northwest and the
land areas to the south and southeast. The westward veering
of the coastal line immediately at the close of the Pawnee lime-
stone period is most marked and most important to the student
of inter-Coal Measure geography.

With the ushering in of the period during which the Iola
limestone was formed the conditions were practically the same
as those just described. Along the southern line of the state
where the Iola limestone outcrops it is relatively unimportant.
The great bed of Thayer shales beneath with its easily eroded
condition has caused erosion to wear away the Iola limestone
to the west. This is particularly true in Wilson county where
the limestone has been worn back, forming an embayment
twenty miles further northwest than the position it should
occupy as indicated by the normal direction of the outcropping
of the Tola limestone. But the great thickening westward of
the Iola limestone, as shown by the Howard well, the Toronto
well, the Elk Falls well, and other deep wells to the northwest,
shows that further back to the northwest, or further ocean-
ward, the eonditions were more favorable, and the limestone
was formed to a much greater thickness. These. properties of
the Iola limestone similarly substantiate and confirm the views
already expressed, that the coastal lines had migrated west-
ward, and that the areas over which limestone forming condi-
tions prevailed to the greatest perfection were further westward.

'At the close of the formation of the Iola limestone the condi-
tions so prominent were reversed and the overlying shales, the
Lane shales, are gradually thickened to the north. In fact
southward the Lane shales become thinner until south of the
Neosho river they are scarcely discernible. Well records to the
west along the southern part of the state show that the same
conditions existed there. The Howard well and the Toronto
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well show less than half the amount of Lane shales that is
found to the northeast. This change of conditions must have
been brought about by an elevation of the land area northward
so that erosion was more rapid and debris more abundant oppo-
site Garnett and Lane and Osawatomie than elsewhere.

The debris of which the Lane shales and the included sand-
stones are formed does not imply a rapidly eroding continent,
but rather they are composed of the finer materials which have
come from a continent of but slight elevation, and with drain-
age streams of mild velocities, similar to the conditions which
must have prevailed throughout the formation of the shales
lower down. ' ‘

This excessive shale formation to the north lasted but a short
time, for during the Garnett limestone period conditions were
more favorable for the production of heavy limestones north-
ward than they were southward. The Garnett limestones are
more pronounced and are much heavier along the Kansas river
and south in the vicinity of Lane than they are along the south-
ern line of the state. In fact southward from the Neosho river
they can scarcely be traced on the surface, due partly to the
thinness of the Lane shales and largely to their own unimpor-
tance. : :

Throughout the whole period from the Oswego limestone to
the close of the Iola formation there was a general thickening
of strata to the south and southwest. But here with the Lane
shales and the Garnett limestone there was a corresponding thick-
ening to the north which resulted in leveling up the conditions
to a great extent ready for the Lawrence shales to be formed.

In some respects the Lawrence shales are the most interesting
formations in the.whole Coal Measures. Being heavy to the
north in the vicinity of the Kansas river, where they are fully
300 feet thick, growing thinner southward to the middle of the
state, and then rapidly thickening beyond to a thickness of
more than 800 feet along the southern line, they represent a
series of conditions favorable for the formation of shales and
sandstones unsurpassed in the whole of Coal Measure time.

6—i111
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The unusually large amount of sandstone irregularly scattered
through them implies that the eastern borders of the shales as
now exposed were not far removed from shore lines during
their formation. This is particularly true on the south side of
the Neosho river where the Chautauqua sandstone reached
such enormous proportions, almost to the utter exclusion of ar-
gillaceous materials of any kind. _

It would seem .that the coastal lines veered far to the west
again and that the dry land area was lifted unusually high,
producing an unusually rapid erosion with the production of
vast quantities of sand, while the finer and lighter silts were
carried beyond to the northwest. It is interesting here to note
that the record of the Topeka well, and more emphatically the
record of the McFarland well, elsewhere published in this vol-
ume, shows an excessive amount of shale with a correspondingly
light amount of sandstone and limestone. It is not unreason-
able to suppose that the great quantities of sand constituting
the Chautauqua sandstones and the corresponding sandstones
farther north in the vicinity of Ottawa and Lawrence and Leav-
enworth were simply the shore deposits, the finer sediments ac-
companying which were carried farther oceanward and formed
the heavy shale beds passed through by the McFarland well.

The great abundance of ripple marks and wave marks in the
sandstones of the Lawrence shales, from the south side of the
state to the north, markings which not only surpass anything
known in Kansas but probably equaling any found anywhere
in the Mississippi valley, confirm the above view.

From the Oread limestone upwards to the Osage shales noth-
ing of special importance exists, but the Osage shales are im-
portant for many reasons. The outcropping of these shales is
about 120 miles west of the eastern limits of the lower part of
the Cherokee shales as they now exist. The vertical distance of
the shales between the bottom of the Osage shales and the bottom
of the Cherokee shales is more than 2000 feet, as is shown by
the deep wells at Toronto and other points, while the aggregate
distance obtained by adding the thickness of the surface out-
croppings is about the same, the decrease in the thickness of
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" the shales being compensated by the increase in the thickness
of the limestones. :

The character of the Osage shales with their numerous sand-
stones and coal beds leaves no room for doubt but that the por-
tions of them now exposed near the surface were formed near
the shore. The argillaceous and arenaceous limestones which
occasionally are found within the shales tell the same story.
Many of them have reptilian footprints within, showing conclu-
sively that they were formed under such conditions that the air- -
breathing animals of the time frequented the marshes and
swamps in which the deposits were accumulated. As stated in
Volume I, page 162, ‘“ Years ago Professor Mudge® discovered
many reptilian tracks in the shelly limestones at the quarries
near Osage City. He purchased two car-loads or more of the
limestones on account of their carrying so many tracks. He.
shipped a large portion of them to Yale University from which
Professor Marsh® has recently identified them as being the
tracks of Monopus caudatus and four or five other species.”’

The Osage shales in their entirety form a deposit fully 200
feet thick which extends across the state from the south line to
the north, and probably for many miles beyond. They repre-
sent in their aggregate as conclusive evidence of their having
been formed in coastal waters as did any of the Lower Coal
Measure shales. The coastal lines therefore must have migrated
westward in the aggregate fully 100 or 150 miles from the be-
ginning of Coal Measure time to the close of the Osage shales
time. . '

The position of the outcropping of the several formations in
the Kansas Coal Measures is interesting. Of course these lines
are determined in their position largely by recent erosion which,

-in turn, is due principally to two factors, the nature of the for-
mations eroded and the conditions of surface elevation and con-
sequent steepness of surface incline. The former condition is
dependent entirely upon physical conditions prevailing at the
time when the formations were produced, the latter upon the

27. American Journal of Science (3], vol. vi, New Haven, 1873.
28, American Journal of Science [3], vol. xlviii, pp. 81-84, New Haven, 1894,
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sum total of orographic movements during subsequent geologic
time.

According to the geologic maps of Missouri the eastern limit
of the Coal Measures trends northeast and southwest in the
ratio of 1.4 mile north to 1 mile east. The outcropping of the
Oswego limestone in Kansas is a similar ratio of 2 to 1; that is,
northward it bears 2 miles north to 1 mile east. The outcrop-
ping of the Erie limestone is similar with a ratio of 2 to 1, as is
‘also the outcropping of the Iola. The Oread limestone veers a
little more north with a ratio of 2.1 to 1, while the Eureka lime-
stone at the top of the Osage shales has a direction of north and
east at a ratio of 3 to 1. It will be seen that the outcroppings
of these several limestone systems and likewise of the interme-
diate shales is remarkably regular upon the general average.
Were shorter distances measured, so that the lesser variations
could be determined, it would be found that they were consider-
able, for wherever a shale bed thickens the tendency is for the
overlying limestone to recede farther to the west. In general,
however, it is seen that the upper members of the Coal Meas-
ures have a tendency to approach a more nearly north and
south line in their outcroppings. Were similar investigations
carried higher into the Wabaunsee formation of Prosser and
into the Permian it would be found that the line of outcropping
approaches still closer to the north and south direction, due,
without doubt, in the main, to the thickening of the Permian
limestones in the south, giving them a greater resistance to
erosion, and to the thickening of the inter-bedded shales to the
north, giving them less resistance to erosion. This is the main
feature in the production of the Flint Hills, an area in the
southern part of the state which maintains an unusually high
elevation with a very abrupt descent on the east. Had the
several shale beds from the Mound Valley shales up to and in-
cluding the Lawrence shales been thinner on the south this
variation in the direction of the lines of outcropping, and like-
wise the unusual steepness on the eastern side of the Flint Hills,
probably would have been avoided.
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COMPARISON OF KANSAS COAL MEASURES WITH COAL MEAS-
URES OF MISSOURI AND IOWA.

It is impossible to make a detailed comparison of the stra-
tigraphy of the Kansas Coal Measures with those of either Mis-
souri or Iowa on the north, or of the Indian Territory on the
south, on account of a lack of available detailed stratigraphic
information outside of Kansas. There is a comparatively ex-
tensive literature on both the Missouri and the Iowa Coal Meas-
ures. But the student of stratigraphy who is searching after
details of a definite character to use as above menpionéd will be
disappointed. No maps or charts are available showing the ex-
act lines of outcroppings of limestone systems in ‘the Coal Meas-
ures of either state.®? °

The nearest approach to this for Missouri is the physiographic
map by Marbut, Plate II, in Volume X of the Missouri Geolog-
ical Survey. Marbut’s Henrietta escarpment crosses from Kan-
sas into Missouri just north of the Osage river. He says it is
““formed by the outcropping of the Henrietta limestones of the
Lower Coal Measures.” Keyes® says that this limestone corre-
sponds to the Pawnee and Oswego limestones of Kansas. But
the bluffs on the north of the Osage at the state line are capped
by the Erie limestone, the Pawnee disappearing some miles to
the south. It is not known whether Marbut and Keyes were
mistaken in their identification of the limestones capping the
bluffs north of the Osage river at the state line, or whether they
meant to place the Erie limestone in the Lower Coal Measures.
Keyes, however, is wrong in saying that these limestones corre-
spond to the Pawnee and Oswego.

A strange feature of this Henrietta escarpment is that in
Missouri, according to Marbut’s map, it veers eastward, pass-
ing entirely across the Lower Coal Measures, and connects with
the Mississippian outcropping in southwestern Pettis county, a

29. Since the above was written the writer has received, through the kindness of Mr. H. Fos-
ter Bain, a proof copy of Prof. Colvin's geological map of Iowa, for 1898, on which the line be-
tween the Des Moines and Missourian is represented for Iowa.

30. Keyes, Dr. C. R.: Proc. Ia. Acad. Sci., vol. iv, p. 23, Des Moines, 1897.
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condition which is entirely different from anything known in
Kansas. With such conditions it is evidently quite unsafe to
use this escarpment in stratigraphic correlations.

Marbut’s Bethany escarpment, it would seem, corresponds in
a general way with the outcropping of the Iola limestone, which
crosses from Kansas into Missouri at the northeast corner of
Miami county, Kansas, or about the middle of Cass county,
Missouri. The low ground produced by the Blue river carries
an outcropping line down to Kansas City, but probably the
eastern limit of the Iola reaches eastward into Missouri, as is
represented by the Bethany escarpment. _

The heavy and prominent escarpment produced by the Law-
rence shales and the Oread limestone, which is the greatest
escarpment in Kansas, seems to have disappeared in Missouri,
although it is very pronounced at Leavenworth. Neither do
any of the superior Kansas escarpments seem to appear in
north Missouri, judging from Marbut’s description of the La-
-throp plain and the Marysville lowlands in northwest Missouri.
It is quite probable that the northward thinning of some of
the Kansas shale beds and the protection afforded Missouri by
the mantle of glacial material are principally responsible for
this difference of physiographic features. The thinning of the
Thayer shales in the vicinity. of Paola has brought the Iola
limestone down so close to the Erie that the escarpment here is
not so prominent as it is farther southwest. Should this thin-
ning of the Thayer shales be continued into Missouri it would
bring the Iola down so low that this escarpment would ulti-
mately coalesce with the Erie escarpment. Marbut speaks of
the Bethany escarpment at the state line being indistinct but
becoming more prominent beyond. The above is probably the
explanation for such a condition.
~ If the Kansas terranes at present cannot be traced northward
across the state of Missouri with certainty it is much less possi-.
ble to correlate them in any definite way with the Iowa Coal
Measures. Keyes® has divided the Iowa Coal Measures into

31, Keyes, Dr. C. R.: Iowa Geological Survey, vol. i, p §5, Des Moines, 1892,
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the Des Moines and the Missouri formations, the division being
based upon lithologic properties. He says:®

“In considering the Coal Measures as a whole, two tolerably distinct classes
of sediments are readily recognized: (1) the marginal or coastal deposits, and
(2) the beds laid down in the more open sea.

“‘These two categories are sharply contrasted lithologically, stratigraphically,
and faunally. The first is characterized by the rocks being predominately clay
shales and sandstones, with practically no limestones. The individual beds have
usually a very limited extent, and replace one another in rapid succession, both
laterally and vertically. The sandstones often form great lenticular masses, some-
times deeply channeled on the upper surface, the excavations being filled with
Coal Measure clays. These and many other phenomena attest a constantly shift-
ing shore line and shallow waters. The fossils contained are nearly all brackish
water forms or shore species. Remains of pelagic organisms are not numerous.

*On the other hand, the second class above mentioned is made up largely of
calcareous shales, with heavy beds of limestone. The layers are evenly bedded,
and extend over considerable distances. The faunas are chiefly composed of
strictly open sea forms.

‘‘As the conditions of deposition were evidently those of a slowly sinking shore,
the marginal deposits as a whole practically underlie the deep sea formations,
the former being regarded as the Lower Coal Measures and, the latter as the
Upper Coal Measures. At the same time it must be remembered that this does
not necessarily imply that the ¢ lower’” measures are to be considered as much
older than the ‘upper,’ but rather that along the great and successive planes
of sedimentation different beds of the upper and lower divisions were laid down
contemporaneously. '

¢ While the general divisions of the Coal Measures may be readily recognized, .

it does not seem advisable to draw an exact line of demarkation between the two
formations until the evidence of the faunal studies already begun has been fully
taken into consideration and a comparison of the different methods of solving the
problem is made.

¢ With this idea of the Coal Measures of the interior basin, the limits of the
two formations in Iowa assume somewhat different lines of separation from those
which have been commonly recognized.

¢« It is proposed, therefore, to divide the ¢ Upper’ Carboniferous, or Pennsyl-
vanian series; into:

¢¢(2) The Missouri Stage.

¢ (1) The Des Moines Stage. :

“ The Des Moines formation represents the lower Coal Measures, or the mar-
ginal deposits of the upper Carboniferous. It takes its name from the Des
Moines river, which flows for more than 200 miles directly through the beds of
this terrane. It extends into Missouri, and follows the northern and western
boundaries of the Ozark uplift into Kansas and Indian Territory.

‘“The Missouri terrane corresponds essentially with the ¢ upper’ Coal Meas-
ures, representing the more strictly marine beds. Itis the formation typically

'82, Lot. cit., pp. 84, 85.
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developed in the northwestern part of Missouri. The Missouri river also winds
its way for more than 400 miles through the beds of this stage, exposing number-
less fine sections on both sides of the stream throughout the entire distance.”

In subsequent reports of the Iowa Survey little that is more
definite as to boundaries of terranes has been given. In Volume
I, Prof. J. L. Tilton, in describing a cross section from Winter-
set to Ford, publishes a chart from which it would appear that
at about one-fourth of the distance from Bevington to Winterset
a heavy limestone appears, reaching westward to beyond the
limits of the chart. In speaking of this limestone he says,
page 138: _ .

" ¢ If, along the line of the general section, there is encountered a heavy lime-
stone formation whose outcrop can be readily traced northwestward into Guthrie
county and southward into Missouri, connecting with a very similar limestone
which has been recognized near the northern boundary of the state, a clear and
natural line of demarkation is obtained for separating the Iowa Coal Measure
area into two distinct districts, one, made up mostly of shore or swamp forma-
tion in which coal was abundantly formed (Des Moines terrane), and the other
_compoged chiefly of more strictly marine beds (Missouri terrane). This is the
first important limestone above those of the great Carboniferous basement.’’

Later in Volume V, 1895, page 23, Tilton says:

““In the cross sections along Middle and South rivers it will be seen that the
limestone of the Missouri stage does not change into shale as would be true if
. the ‘lower’ Coal Measures (Des Moines stage) were the shore equivalents of
the present exposures of the Missouri limestone. While it is undoubtedly true
the present exposure of the Missouri limestone did have a shore equivalent of
shale, when the limestone was deposited, that old shore equivalent has been
eroded. The shales of the present Des Moines formation are now continued
underneath the limestone of the Miesouri stage.”’

But where this division line between the Des Moines and the
Missourian would fall in Kansas is hard to determine. From
the descriptions given in different places by the Iowa and Mis-
souri geologists it would seem that it might be anywhere from
the Oswego limestone up to the Iola. Tilton’s description and
chart for Iowa, Volumes III and V, seem to put it at the Os-
wego, while Keyes and Marbut as already seen in their location
of the Henrietta escarpment and the Bethany escarpment, class
the Erie in the Lower Coal Measures, and appear to make the
base of their Bethany limestone correspond to the base of the
Tola, although elsewhere Keyes expresses different views.
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It seems that after the heavy deposits of the Cherokee shales
and corresponding formations were made throughout Missouri
~and Iowa, whatever they may be, conditions for a time were
more favorable for the deposition of limestones, and that a large
amount of limestone was produced. But how many of these
limestone horizons are individually continuous from the south
line of Kansas through to central Iowa can be determined only
by the most detailed field work in actually tracing the outcrop-
pings of the individual horizons. The succeeding heavy shale
-and sandstone formations, so prominent in Kansas, seem to
have no equivalents in Iowa. Our heavy Thayer shales and
sandstones of marginal origin, our Lawrence shales with the
included Chautauqua sandstones, the heaviest shales in the
state and the ones showing the strongest indications of coastal
origin, and the heavy and interesting Osage shales, all seem to
have lost their significance and importance in Iowa, or to have
been so covered up by the glacial deposits and the Cretaceous
formations, that they have not been recognized. Everything
considered, it would seem advisable to be cautious about at-
tempting exact correlations of a detailed character over so wide
a territory. Presumptions may prove to be correct, but they
should be held only as working hypotheses until verified in the
field. For the present, therefore, it seems desirable to retain
the correlations as we know they exist in Kansas and refer to
them only as a probability in the territory beyond.

. THICKNESS OF THE KANSAS COAL MEASURES.

This report is confined to such portions of the Kansas Coal
Measures as lie below the summit of the Osage shales. The
Wabaunsee formation of Prosser, occupying a position between
the summit of the Osage shales and the Cottonwood limestone,
which Prosser has made the summit of the Coal Measures, will
measure approximately 500 feet. In Volume I an estimate was
made of the thickness of the whole Coal Measures and a chart,
Plate XXII, was published showing the relative distribution of
the different kinds of rocks composing them. At the close of this
season’s work, after much of the ground has been gone over and
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moredetailed examinations made, another estimate has been made
and Plate VI is a diagrammatic representation of this estimate.
We now estimate the total thickness of the Coal Measures from
the top of the Osage shales to the bottom of the Cherokee shales
at 2,358 feet, with the different kinds of rock distributed as
shown in the diagram. Of this amount it is found that lime-
stone constitutes about 525 feet, and shale and sandstone com-
bined 1,825 feet. The ratio, therefore, of limestone to the
whole thickness is 1 to 4.5 nearly, or of limestone to shale and
sandstone, 1 to 3.5.

It should be understood in considering this statement that
the above estimates are made for what seems to be the average
for the whole eastern part of the state. The different individ-
ual formations vary so in thickness from place to place that
perhaps no one locality could be found where the conditions
would correspond exactly to those just given. For example, at
La Harpe the bottom of the Iola limestone is a little less than
1,000 feet above the bottom of the Cherokee shales, but the
Thayer shales, Cherryvale shales, and others, thicken so much
to.the south that the distance from the bottom of the Cherokee
shales to the bottom of the Iola limestone is greatly increased.
The Neodesha well reached the bottom of the Cherokee shales
at 1,063 feet, although it started fully 200 feet below the bottom
of the Iola limestone. West of Independence different wells
have been put down 1,100 feet or more without reaching the
bottom of the Cherokee shales, although they started 200 feet
below the bottom of the Iola limestone. It is probable that the
distance between the Mississippian limestone and the Iola lime-
stone where the latter crosses the south line of the state is fully
1,400 feet, while west from Fort Scott it is not exceeding 950,
and further north it is probably less. The varying thickness
for other formations would make a variation for particular lo-
-calities not exhibited in the general section as above given.
But on the whole it may confidently be stated that these general
figures are about as nearly correct as can be given. The re-
determinations of the thicknesses of various formations since the
publication of Volume I have not materially modified the results.
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DIVISIONS OF THE KANSAS COAL MEASURES.

In Volume I it was suggested that the Kansas Coal Measures
be divided into two divisions, the Lower and Upper, with the
summit of the Pleasanton shales as the division line. Subse-
quent investigation has not materially altered this idea, For
reasons therein expressed the summit of the Pleasanton shales
is a natural division line between the beds below and those
above. However, it is not the only natural division line which
may be found. The Lawrence shales have proved to be so per-
manent and stand out so clearly separate from the formations
either above or below that they, likewise, form a permanent
natural division line between the formations below and above.
In fact they are distinct lithologically and stratigraphically
from those either above or below. Likewise the Osage shales
form a'tolerably distinct demarkation from the strata above or
below. )

There is a question as to how great an extent convenience
would require divisions to be made. Prosser has already pro-
posed the name Wabaunsee for all the Kansas Coal Measure
beds lying above the Osage shales, and has subdivided the Per-
mian in a similar manner, giving similar names to their divi-
sions composed of different beds of limestones and shales.
With a thickness of nearly 3,000 feet of Coal Measures in Kan-
sas it is clearly evident that for many reasons other subdivi-
sions might be convenient.

The older custom of many geologists in dividing the Coal
Measures into the Lower and the Upper, or Lower, Middle, and
Upper might serve the purpose here, but with these divisions
it would be somewhat difficult to decide where the division
lines should be made between the Middle and Upper. Further,
with such a method it would be desirable at least to attempt a
correlation of the Lower, Middle and Upper divisions with those
formerly proposed in other states. Such a correlation would
be difficult, and the attempt hazardous if not dangerous on ac-
count of the lack of detailed stratigraphic knowledge between
‘Kansas and other localities. Three general divisions, however,
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might be made, using the Lower Coal Measures as already out-
lined, and allowing the upper surface of the Lawrence shales
tomark the division between the Middle and the Upper. Almost
equally strong argument, however, could be used to show the
desirability of placing the division line between the Middle and
the Upper with the Osage shales, placing all the non-coal bear-
ing strata in the Upper division. Not being able, therefore,
satisfactorily to use the older terms on account of the inability
to correlate these three divisions with those located elsewhere,
it is thought best to retain the division of Lower and Upper as
previously used, and to subdivide each of them to whatever ex-
tent seems desirable. Accordingly the following scheme is
suggested which may serve a purpose, and which may be re-
tained for local use should it ever become desirable to resort to
the older divisions of Lower, Middle, and Upper.

The Lower Coal Measures may be divided into two divisions,
and the Upper Coal Measures into five. ;

The Cherokee shales stand out so prominently that they will
be left in a division to themselves, retaining their former name.

The upper division of the Lower Coal Measures may include
everything above the Cherokee shales and below the top of the
Pleasanton shales.” That is, it may include the Oswego lime-
stones, the Labette shales, the Pawnee limestone, both the
Lower and Upper Pleasanton shales, and the Altamont lime-
stone. As the Marmaton river crosses this formation almost
at right angles, and has cut its channel into the upturned edges
of them, revealing a good section of them from base to summit
entirely within the state, the name Marmaton formation will
be given, with stratigraphic limits as just outlined.®

In the Upper Coal Measures below the Lawrence shales are
found, counting from the base upwards, the Erie limestones
with their several shale partings; the Thayer shales; the Iola
limestone ; the Lane shales ; and the Garnett limestones. This

. 83. It may be noted thatthe Marmaton formation as above given includes the *“ Pawnee
Limestone Series” of Swallow, but more too, and the *‘ Henrietta Limestone” of Marbut. as
defined by Keyes—Proc. Ia. Acad. Sci., vol. iv., p. 23, 1897— Marbut did not define this term, but
as explained by Keyes it embraces the Pawnee limestone, the Labette shales, and the Oswego
limestone. Here the name Marmaton is given, not to replace these, but because there is a de-

mand for such a term, covering everything above the Cherokee shales and below the Erie lime-
stone. ‘
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division is well limited stratigraphically by the Pleasanton
shales below and the Lawrence shales above, so that any one
at all familiar with the stratigraphy of the country can easily
locate the division lines. Here again we have a stream, the
Pottawatomie river, almost entirely crossing this formation.
The name Pottawatomie may, therefore, be given to the group
of strata limited by the Pleasanton shales below and the Law-
rence shales above.

The Lawrence shales are so distinct in character and, in con-
nection with the Oread limestone overlying them, produce so
prominent an escarpment, which extends entirely across the
state from Leavenworth to the southern line, that they, with the
overlying Oread limestone, may well be grouped in one general
formation. It will be composed of the Lawrence shales with
their included limestone and the Oread limestone, to which the
name Douglas formation may be given, in allusion to the his-
toric county of Douglas located largely within their limits.

From the Oread limestone upward to the summit of the Osage
shales we have another series of alternating beds of limestones
and shales which in general characterization are decidedly simi-
lar. This whole series may be grouped -together in one forma-
tion, to which the name Shawnee may be given, in honor of the
county containing the capital of our state.

Prosser having already given the names Wabaunsee and Cot-
tonwood to two formations which include all the Coal Measures
above the Osage shales these names will be adopted here as ap-
plying to the uppermost general divisions of the Kansas Coal
Measures.

The whole of the above outlined scheme is represented in a
table printed on the next page.
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TABLE II.— Divisions oF THE Kansas CoaL MEASURES.

7. Cottonwood Cottonwood Shales.
Formation. Cottonwood Limestone.

A series of glternating lime-

stones and shales to which

6. Wabaunsge .| =~ individual names have not
Formation. yet been given.

Burlingame Jimestone.

Osage Shales.
Topeka Limestones.
Calhoun Shales.

5. Shawnee .
. Deer Creek Limestone.
B. Upper Coal Measures. Formation. Tecumseh Shales.
Lecompton Limestones.
Lecompton Shales.
4. Douglas Oread Limestones.
Formation. Lawrence Shales.

Garnett Limestones.
Lane Shales.

X Iola Limestone.
Formation. Thayer Shales.

Erie Limestones.

3. Pottawatomie

Upper Pleasanton Shales.
Altamont Limestone.

2. Marmaton Lower Pleasanton Shales.
Formation. P, Li tone.
A. Lower Coal Measures. rmation L:Z;:: S;)n;;a:sone

Oswego Limestones.

1. Cherokee Shales. | Cherokee Shales.
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NOMENCLATURE EMPLOYED.

- Nomenclature, coupled with claims of priority, is the bane of
the scientist. In the true sense of the term it is almost impos-
sible for anyone to introduce new names without being liable to
do an injustice to his predecessors. The history of science is
filled with contentions for priority and struggles to avoid ob-
scurity. The science of Geology is particularly unfortunate
along these lines, perhaps more so than any other science. The
earliest names applied to the great divisions, the Primary, Sec-
ondary, Tertiary, and Quaternary are almost gone. Likewise
the term Azoic, everywhere employed in its day, had to yield to
the inevitable and became obsolete on account of a discussion
regarding the existence of a questionable fossil. In more recent
times similar events have occurred, names suggested by geolo-
gists have been ignored by their contemporaries and successors,
causing grief to friends and filling our literature with thousands
of pages of acrimonious discussions. :

It frequently happens that an investigator in a new field
knowingly substitutes new names for old, sometimes with good
reason, and sometimes apparently largely to have his name
connected with future discussions of allied subjects. At other
times, wholly unintentionally, names are ignored, sometimes
because they are not in common use, or are meagerly published
in out of the way documents difficult of access; sometimes on
account of an inexcusable ignorance of the subject at hand on
the part of the writer; but not infrequently on account of
the unsystematic manner in which names have been applied
and correlations made, compelling the new investigator to dis-
continue some of the terms and making it desirable, if not nec-
essary, for him to introduce others.

The literature connected with the Trans-Mississippian geology
has witnessed many instances in recent times falling under one
or another of the above mentioned categories. Attempts have
been made to change the nomenclature of the whole Carbonif-
erous. The old and well established name Sub-Carboniferous
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would be replaced by the new name Mississippian, and the well
known name Coal Measures likewise by the new term Pennsyl-
vanian. To a great extent the detailed nomenclature of the
subdivisions of the Sub-Carboniferous, or Mississippian, has
been remodeled with a retention of but a few of the older terms,
and the introduction of new ones. Likewise the widely em-
ployed division of the Coal Measures designated by the well
known terms Lower, Middle, and Upper have been relegated
to obscurity and new geographic terms, the Des Moines and the
Missourian, substituted in their stead. Not only this, but one
writer has even ventured to suggest that the name of world-
wide recognition, Permian, be laid aside and an American geo-
graphic term, the Oklahoman, be used in its place. In this way
the whole of the Carboniferous, recognized alike in the Old
world and the New, would have its great divisions known en-
tirely by American geographic names suggested by American
geologists to replace older names for the same subdivisions.

At this point in our nation’s history it may seem a little less
patriotic to adhere to the older terms and to refuse to accept the
newer and strictly American geographic names. But if the
former can be ignored, doing violence to all the rules of nomen-
clature known to science, or the latter accepted, merely on the
suggestion of recent geologists, where can there be a stability
to geologic nomenclature?

The Kansas Survey has accepted the term Mississippian and
has used it throughout all of its publications thus far issued.
But it must be confessed that the writer of this has grave ap-
prehensions that the last decade has witnessed a disregard for
the laws of nomenclature as generally adopted by investigators
in other departments of science, and that American geology will
suffer as a result. If the inter-continental members of the great
geologic column are not sufficiently important to require the
retention for them of long-established and well-known terms
applicable the world over, then they should be given provincial
or local names which do not imply any relation or position in
the geologic column with the great divisions elsewhere in
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America and in the world. Otherwise there are many reasons
for holding that the modern departure, as a whole, is in general
‘objectionable. )

Coming now to more specific examples of Kansas geology, it
may be stated that the nomenclature employed in this volume,
and in preceding ones, in some respects is open to a portion of
the criticisms above offered. On the other hand there are some
conditions which, in a measure, render it necessary partially to
ignore names formerly applied by other geologists. For more
than forty years Kansas has been a favorite field for geological
excursions. The old veterans, Meek and Hayden and Hawn
and Newberry and Swallow and Broadhead and Mudge and
St. John and Hay have traveled across the state in different
directions, have written papers on this and that phase of Kan-
sas geology, and brought the state into prominence as a rich
field for paleontologists and stratigraphers who, in a broad
way, are studying the general paleontology and stratigraphy of
the great Mississippi valley. It is here that the Permian was
first found in America, and it was from Kansas localities that
those excellent yet general discussions of the Permian and
underlying formations were made in early days by Meek and
Hayden, and Swallow and Hawn. Geologic sections were
made at Leavenworth, along the Kansas river, diagonally
across the state to the Arkansas, and in various other direc-
tions here and there crossing the state in many places and cov-
ering, in one sense of the term, almost the whole of it.

Yet with all these preliminary excursions it was found that
little had been done in the Coal Measures of the state to give a
connected and systematic description of the individual horizons
as they are now known to exist. In some of the sections the
different terranes were merely numbered, no names whatever
being applied. In other cases in which sections were run with
an attempt to correlate strata with those known elsewhere, the
names were applied from other parts of the state, but the corre-
lations were imperfect and dissimilar strata were given the
same geographic name. In some instances this was found to

T—i111
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be true even to the extent of discrepancies from 300 to 400 or
500 feet vertical distances, making it absolutely necessary that
the whole of the correlations be gone over, some names discon-
tinued, and others altered or changed.

With' these conditions confronting us and becoming more ap-
parent as work progressed it became desirable first of all to run
a comparatively large number of sections from east to west,
crossing the lines of outcropping of the Coal Measure formations
to determine definitely what there was to be of service in subse-
quent correlations of the different strata. Accordingly during
the season of 1893 sections were run along the Neosho and
Verdigris rivers and along the A. T. & S. F. Railway from
Cherryvale to Lawrence, and a preliminary report of the same
published in the January number of the Kansas University -
Quarterly of 1894. In this report local names were given to
the various limestone and shale formations encountered and
such correlations were made as at that time seemed probable
between the formations along the different sections.

The following season further work was done over substantially
the same area. A section was run along the southern line of
the state from Galena to Grenola; one in a north and south
direction from Baxter Springs to the northern side of the state ;
the Neosho river section was reexamined ; an east and west sec-
tion was made from Fort Scott westward to near Yates Center ;
a section was run up the Osage river from the east line to
Alma ; the section along the Santa Fe from Cherryvale to Law--
rence was reexamined ; and an additional section was run west-
ward from Atchison along the Missouri Pacific railway. . In ad-
dition to these sections a great deal of work was done in actually
tracing the line of outcroppings of the more important limestones,
by following them mile by mile across the country. It was
thought advisable to publish the results thus far gained, although
it was recognized that some of the conclusions reached were only
tentative. Accordingly a brief summary was published in the
April number of the Kansas University Quarterly of 1895, and
‘Volume I of the University Geological Surgey of Kansas ap-
peared early in 1896, the copy being completed in 1895. In the
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latter the details of these various sections were given both by
word and by charts drawn to an exact scale. A reconnaissance
geological map was likewise published and each of the supposed
lines of outcroppings of the various limestones was represented.
~ During the summer of 1897 this stratigraphic work was en-
tirely reviewed in the field, principally by Mr. Bennett, Doctor
Adams, and the writer, each of whom had previously done a
considerable portion of the work for Volume I. It was found
that in a few cases previous correlations had been erroneous.
This gave rise to the necessity of changing slightly the nomen-
clature prevmusly employed. :

Since the publication of the preliminary reports. a.bove re-
ferred to it has been learned that some of the names therein
employed had been otherwise used. In 1893 Jenny* suggested
the name Cherokee limestone for certain limestones in the Sub-
carboniferous in the southeast. Before his paper was published
the name Cherokee shales was suggested by the writer.and was
used by different members of the Survey, but was first published
by us in January, 1894. At that time Jenny’s paper had not
yet reached this office, probably due to no fault of Mr. Jenny.
At the present time the name has appeared as widely in print
referring to the shale bed as it has to the limestone. As the
term ¢ Cherokee’’ is only a part of the name, the remainder
specifically describing the lithologic character of the horizon
referred to, there may be no objection to its continuation. It
is therefore retained.

The name Oswego limestones likewise first appeared in print
in the Kansas Umversmy Quarterly in January, 1894, but had
bsen used by the members of our Survey at least six months
previous. The only objection known to the writer to such an
use is in the possibility of doing an injustice to Professor Swal-
low who, in his report in 1866 referred to each member of the
Oswego limestones by separate name. The lower of the two he
named the Cement rock and the upper the Fort Scott limestone.
It was not until the‘seaéon of 1895 that the correlation of the

34, Jenny, W. P,: Lead and Zinc Deposits in the Mississippi Valley. Trans. Am Inst, Mmmg
Engineers, vol. xxii, p. 55, New York, 1893.
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Oswego limestones in the Neosho river section and the Cement
and Fort Scott limestones of Swallow was definitely established.
There seems to be no objection to the use of the name Oswego
limestones for the group, the two individual horizons being al-
ways separated by a definite and characteristic bed of shales.
In our stratigraphic work it is found desirable to group the two
under one name on account of their outcropping along the same
line and being thus definitely associated. This usage need not
prevent the use of the terms as Swallow employed them in 1866.

Frequently his specific designation is desirable and may be con-
tinued. '

The shale bed above the Oswego limestone seems not to have
been named previously. At Doctor Adams’s suggestion it will -
be called the Labette shales.

The limestone next succeeding was named the Pawnee lime-
stone by Swallow® in 1866, which term is retained.

Above the Pawnee limestone are the heavy shale beds previ-
ously called the Pleasanton shales, a name which is now re-
tained with slight modifications as explained later.

In the first instance of obvious erroneous correlations, as
mentioned above, the Altamont limestone of Volume I was
found to be the 8-foot limestone system described by Bennett
in Chapter IV and represented in Plate IV as lying neaf-ly a
hundred feet beneath the Erie limestone. The error of corre-
lating this with the lower member of the Erie limestone, which
at Kansas City is known to correspond with Broadhead’s
Bethany Falls limestone No. 78, was thus discovered. The
name Altamont may, therefore, be retained for this particular
limestone, which seems to have no importance except in the
southern part of the state. The presence of this limestone be-
neath the KErie makes it necessary to modify the name Pleas-
anton shales previously applied to the shale bed lying between
the Pawnee and the Erie limestones. As the Altamont lime-
stone is a wedge-shaped mass prominent in the south but dis-
appearing northward, causing the Pleasanton shales to bifurcate
southward, it is thought best to retain the name as previously

35. Swallow, G. C.: Geological Sufvey of Kansas, p. 24, Lawrence, 1866,
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used for the northern part of the state, and to prefix the adjec-
tives Lower and Upper in the southern, which thereby become
local names.

Regarding the Erie limestones recently much has been writ-
ten. Our Survey has demonstrated, we think, that the lower
member of this series corresponds with the Bethany Falls lime-
stone of Broadhead. It must be confessed, however, that there
is room for doubting this proposition. In the bluffs at Kansas
City, the southernmost point where Broadhead definitely located
his Bethany Falls limestone, there are eight distinct limestone
beds within 225 feet. The lowermost one, 20 feet thick, is the
Bethany Falls rock of Broadhead. Southward these gradually

~decrease in number until west of Fort Scott, where Bennett de-
scribed them in detail in Chapter IV of Volume I, there are but
three principal limestones. Here the lowermost one of the three
is 22 feet thick. Above this is a shale bed 7 feet thick, then 3
feet of limestone, then four feet of shale, and next a 16-foot mass
of limestone. Above this heavy limestone there is a 9-foot shale
bed, and then limestone 14 feet thick, then 3 feet of shale, and
lastly a heavy limestone 25 feet thick. These three limestones,
the 22-foot one, the 16-foot one, and the 25-foot one, are the
principal members which seem to extend southward to beyond
the limits of the state. What has become of the other five
members existing at Kansas City, and what these lesser inter-
mediate limestones here amount to is not known, and can be
determined only by the greatest amount of detailed work in
tracing their outcroppings, a task which would have no special
value and which would be so great that it probably never will
be undertaken. Now the eight limestones at Kansas City out-
crop practically along the same line southward and they en
masse have been traced southward to the locality of the above
section by Bennett, so that we know that they are continuous,
but no one can say that this lower 22-foot bed of limestone is
the Bethany Falls limestone of Broadhead, although it prob-
ably is. : _

On account of the uncertainties as above expressed and still

further on account of the thickening of the shale partings which
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reach 100 feet or more in Labette and Mont:gomery counties,
convenience demands that local names be given to these heavy
shale beds and to the thin limestones lying between them. For
that reason the names Mound Valley shales, Mound Valley
~ limestone, Cherryvale shales, and Independence limestone are
here retained with the understanding that they are for local ap-
plication and need not be brought into the discussion of the
wider application of other names.

In 1895 objection was made to the use of the term Eue lime-

stone® and a suggestion made that the term Bethany limestone
be employed in its place. At the same time it was suggested
that the Bethany Falls limestone of Broadhead, which consti-
tutes the lowermost member of the Erie as they occur at Kansas
City, is continuous northward with the lowermost limestone at
Winterset, which was long ago called the Winterset limestone.
Regarding the objections to the term Erie it may be said that
they do not appear insurmountable, and are no greater appar-
ently than might be raised to the use of many other terms.
Keyes’s introduction of the term Bethany as a group name dates
nearly two years later than the introduction of the term Erie,
and cannot replace it, according to the laws of priority, on that
account. His use of the term is entirely different from that of
Broadhead’s term Bethany Falls limestone, the former being
applied to a group of limestones and the latter to one .specific
limestone. The absence of a definite statement of the upper
limit of the Bethany of Keyes adds to the difficulty of adopting
it in Kansas. If it comprehends the Erie, the Iola, and the
Garnett, there are serious objections to its use here for strati-
graphic reasons. The term Erie is definitely applied to a defi-
nite limestone horizon, and, for the present at least, should be
retained.
. If the time ever comes when we can have traced thése indi-
vidual limestones consecutively from southern Kansas to cen-
tral JTowa adjustments can readily be made so that the exact
correlations over such great distances will be accompanied by -a
proper use of terms, governed by the laws of priority.

36. Keyes, Dr. C. R.: Am. Jour. Sci. [4], vol. 1, p. 243, New Haven, 1895,
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Above the Erie limestones is the bed of shales, so heavy to
the south, to which the name Thayer shales has been given,
and which may be retained.

During the past season Doctor Adams found two or more lesser
limestones lying near the summit of the Thayer shales which
in local areas were relatively prominent. One of these he has _
dignified by a local term, the Earlton limestone. Likewise, to"
the shale bed between this and the overlying Iola limestone he
has proposed the name Vilas shales. Each of these terms is
looked upon as strictly local on account of the local character
of the beds named. ' :

Next in the ascending order, that prominent and persistent
limestone horizon is reached which in 1894 was named the Iola
limestone. At Kansas City this seems to constitute a part of
the calcareous aggregate to which Keyes has applied the name
Bethany limestones. Keyes’s descriptions and limitations, how-
ever, are so general in character that no one can affirm or deny
whether this be true or not. If it be true, then his term should
not be applied in Kansas stratigraphy. For the Iola limestone
is so widely separated from the Erie vertically and horizontally
along its line of outcropping that it would be inconvenient and
undesirable to extend the term so far. Throughout our whole
state the Iola is much more intimately related with the overly-
ing Garnett limestones than with the underlying Erie.

The Garnett limestones likewise appear in the bluffs at Argen-
tine. Keyes has nowhere told us whether he would also include
them under his term Bethany or not, and we are left to conjec-
ture regarding this. Should he do the latter we will have still
greater trouble, for they outcrop westward much farther away
even than does the Iola.

The use of the term Lane shales to des1gna,te the shale bed
between the Iola and Garnett limestones will be retained, as
the name is applicable, and no objections seem to exist.

Regarding the limestones overlying the Lane shales some ex-
planation should be given. When Kirk ran his section up the
Neosho river;in 1893 these limestones were temporarily called -
the Burlington limestones, but as it was then thought they were
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the same as the limestones in the vicinity of Garnett and east-
ward the double name was given, Burlington or Garnett. Later
the latter term only has been used in reference to them, as it
was deemed advisable to use but one. A difficulty has arisen
however, by an erroneous correlation. It was thought that a
limestone existed, between the Iola and the Garnett, which was
prominent in the vicinity of Carlyle, and which therefore was
provisionally named the Carlyle limestone. This error was not
discovered until the season of 1897, when Bennett found that
the so-called Carlyle limestone and the Garnett limestones were
the same. It is therefore incumbent to make a choice of names.
As the two were suggested in the same paper priority does not
apply. But as the term Garnett has been far more extensively
used both in the charts and maps and in verbal descriptions it
would seem desirable to retain it and to discontinue the term
Carlyle. '

A somewhat similar difficulty exists regarding the use of the
term Lawrence shales. The name Leroy shales was applied in
1894 to this heavy shale bed in describing the Neosho river sec-
tion, while in the same paper the term Lawrence shales was ap-
plied to the shales around Lawrence. At that time it was
impossible to correlate the two, but now we know they are the
same, and therefore one name must be dropped. Here, as be-
fore, it seems desirable to use the term which has appeared in
print the most frequently, and has been the most extensively
used in cartography. The term Leroy shales is therefore dis-
continued and the name Lawrence shales adopted.

The name Oread given to the limestones covering the Law-
rence shales, in 1894, seems to be the first applied and therefore
will be retained.

The strata above the Oread limestones and below the Burlin-
game limestone previously have been named in part only. The
correlations of the Kansas river section by Bennett with the one
to the south by Adams have already been explained and need
only be referred to here. With the Oread and Burlingame
limestones traced entirely across the state, and with the three
intervening limestones at every place studied there can be little
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doubt that they are the same. It seems that Bennett’s Lecomp-
ton and Deer Creek limestones have been brought closer together
southward, and that they correspond to the two which Adams
called the Elk Falls limestone. As Bennett’s names were of-
fered in 1896 they must be used whenever this correlation is
accepted. ’

Adams’s Howard limestone likewise seems to correspond with
Bennett’s Topeka limestone. The latter name having been in
use since 1896 it should stand. Likewise Beede’s names for
the intervening shale beds, having been suggested in 1896, take
precedence over the names suggested by Adams.

The name Osage shales as originally applied referred to the
shales lying below a thin limestone overlying the Osage coal.
Subsequent work has shown the unimportance of this lime-
stone, so that it will not do to depend upon it as a division line
marker. Neither will the Osage coal serve such a purpose, as
it is by no means continuous. The coal is found occasionally
here and there from the north side of the state to the south, but
it is not continuous throughout more than half of this distance.
From these considerations it seems desirable to let the name
‘Osage apply to the entire shale bed above the Topeka limestone
and below thé Burlingame limestone. This is all the more de-.
sirable since Prosser has proposed that the overlying beds be
grouped under the name Wabaunsee formation. Such a forma-

“tion group should have a definite and natural line for its lower

limitations. The Burlingame limestone also marks a promi-
nent escarpment reaching: all the way across the state, adding
a strong physiographic reason for using it for the division
line. This renders the name Burlingame shales superfluous
and therefore it will be dropped.
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PLATE VIIIL.

This Coal Map is designed to show how the coal bearing formations of Kansas
pass under each other to the west. To understand the map properly the reader
should cut out the portions in white from each of the first five leaves, so that the
colored parts only remain. In that way the borders will fall in proper places so
that each individual sheet will represent one formation passing under those above
it. The decrease in intensity of shading represents the decreasing probability of
finding coal in any one of these formations by prospecting for it to the west of the
areas where it is exposed to the surface.

Plate IX accompanies Plate VIII and represents the coal bearing area in the
Cretaceous rocks of north central Kansas. The heavy lines bound the surface
exposures of the Dakota formation and the shaded areas within locate the Creta-
ceous coal.

LEGEND.
B Burlingame Limestone.
Oread Limestones.
B Iola and Garnett Limestones.
@ Erie Limestones.
BEEEE Oswego and Pawnee Limestones.
HEEEEEE Cherokee Shales.
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PART 1II.

GEOGRAPHY AND DETAILED STRATIGRAPHY OF THE KANSAS
COAL MEASURES; DESCRIPTION OF MINES, MINING METH-
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GEOGRAPHY OF THE COAL MEASURES.

Tae Coal Measures of Kansas are situated in the eastern part
of the state and cover about one-fourth of the entire area, or
about 20,000 square miles. The western part of this, however,
seems to be entirely barren of coal and therefore need not be
considered in this connection. The coal deposits furthest to
the west of any thus far discovered in the Coal Measures form
an irregular line crossing the state from eastern Brown county
to western Chautauqua county leaving about 15,000 square
miles to the east that may be looked upon as a productive area.
In addition to the Coal Measure area we have the Cretaceous
coal area in the north central part of the state which furnishes
a considerable quantity of coal for the local trade and which in
the future may become much more productive than at presént.

Of the 15,000 square miles of productive coal fields in eastern
Kansas only a small proportion is actually productive at the
present time. The mines that are worked the most extensively
are locdted far in the southeast part of the state in Cherokee
and Crawford counties, covering an area trending northeast
and southwest in the vicinity of Mineral, Weir City, Fleming,
- Chicopee, Pittsburg, Frontenac, and other points as far to the
northeast as Arcadia. Here is produced more than two-thirds
of all the coal mined in the state as mining is conducted at
present. A little to the northwest of this area are located the
‘mines of Fort Scott, Pleasanton, and Mound City, and still
farther west those in the vicinity of Thayer.

Beyond these limits there is another belt of country with pro-
ductive mines likewise trending northeast and southwest, reach-
ing from near Burlington by way of Ransomville, Pomona,
and Lawrence to Leavenworth and Atchison. Throughout the
whole-of this territory coal has been mined at different times

' (117)
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and of varying amounts. At present the mines are actively
worked at Ransomville and in the vicinity of Pomona in Frank-
lin county, and at Leavenworth and Atchison.

'Still farther to the northwest is another zone of productive
coal mines, the output from which is of great commercial im-
portance. This zone reaches from Chautauqua county on the
southern borders northeast by way of Eureka, Lebo, Osage
City, Burlingame, and Topeka, across into Jefferson, Atchison,
Doniphan, and Brown counties, with a varied mining activity
at different places throughout the whole extent. Mining is the
most active in Osage county in the vicinity of Burlingame and
Osage City, but at scores of other places throughout the extent
named local mines are operated for the local trade, partlcularlv
through the winter season.

Within the area above mentioned not less than twenty-three
counties are coal producers. They are as follows :

Atchison. Crawford. Jefferson. Neosho.
Bourbon. Douglas. Labette. Osage.
Brown. Elk. Leavenworth. Shawnee.
Chautauqua. Franklin. Linn. Wabaunsee.
Cherokee. Greenwood. Lyon. Wilson.
Coffey. Jaekson. Montgomery.

The Cretaceous area in the central part of the state has pro-
duced coal in the following six counties :

Cloud. Lincoln. Republic.
Ellsworth. Mitchell. Russell.

Within the counties above named coal mining at present is
conducted in the following places :

Atchison County.— The coal mines of Atchison county are prin-
cipally upon the banks of the Missouri river, the most impor-
tant mines thus far being operated in the vicinity of Atchison.
Here Donald Brothers operate a drift mine two miles south of
Atchison, the mine being connected with the Union Pacific
railway. Also the Challis mine, is well operated, being located
two miles south of Atchison and likewise connected w1th the
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Union Pacific railway. Coal is mined near Huron, in the north-
ern part of the county, and also along Stranger creek, in the
northeastern part. The coal at Atchison comes from a lower
level and different geologic horizon from that in other parts of
the county.

* Bourbon County.—1In the early days of coal mining in Kan-
sas Bourbon county ranked among the first, but at present its
rank is of less importance. Coal is mined principally by the
strip pit process in almost every direction from Fort Scott and
at many other points in the eastern half of the county. It
generally occurs near the surface and outcrops along the bluffs
of the ravines so that the lines of strip pits follow the irregular
outlines of the bluffs. At present the mining is principally
limited to local trade. '

Brown County.— Brown county furnishes but little coal and
that to supply the local demand. At the present mines are
operated principally during the winter season in the northern
part of the county along Roy’s creek, and at a few points both
north and south of Robinson along Wolf creek, and at some of
the points to the southeast of Everest.

Chautauqua County.— Chautauqua county has furnished in
the aggregate a considerable per cent. of the coal that has been
used for local consumption. The coal beds here are from 12 to
16 inches thick and consequently do not justify extensive mining.
In the vicinity of Leeds mines have been operated for years
during the winter season and occasionally during a part of the
summer. Both to the northeast and the southwest of Leeds
mining has been carried on to a limited extent but nowhere
within the county has coal been produced for the general mar-
ket. '

Cherokee County.— Cherokee county was the leading coal pro-
ducing county of the state for a number of years and has yielded
the position of first rank to Crawford county only during the
last decade. This county was open for settlement in 1866 and
before twelve months had passed coal was located at a number
of places in the southeastern part of the county, particularly
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along the highlands south of Shawnee creek to the east and
southeast of Columbus. The coal beds in this immediate vi-
cinity are thin and the coal of a somewhat inferior grade.
When the heavier beds were found farther to the northwest in
the county the coal mining operations soon became so extensive
and the competition so sharp that the earlier mines were prac-
tically abandoned and have since been worked almost exclu-
sively for local consumption and during periads of scarcity of
coal due to coal miners’ strikes or other causes. The heavier
coal beds were first extensively operated at Weir City, but since
mines were opened in many places along the northeastern and
southwestern line passing through Weir City and Scammon and
reaching to the northeast into Crawford county. At present
this whole northeastern part of Cherokee county is one coal
mining area, it being difficult to find a position from which no
coal mining shaft can be seen.

The principal mines are clustered about Mineral, Stippville,
Turk, Scammon, Mackie, and Weir, although some of the mines
reach farther to the west and northwest. In the southern and
southwestern part of the county coal is not very abundant but
at different places small deposits are known which would prove
remunerative were the price of coal twenty-five per cent. higher
than it has been during the last decade. The following de-
tailed account is given locating the principal mines within the-
county, beginning on the south and passing northward :

1. The George Robinson mine is located two and one-half
miles north of Columbus; has no railway connections.

2. The Columbus Coal Company has a shaft located at Stipp-
ville, on the Kansas City, Fort Scott & Memphis railway.

3. The Scammon Coal Company’s shaft, located about three
and one-half miles north of Columbus, is connected by switch
with the Kansas City, Fort Scott & Memphis railway.

4. Peter Graham’s shaft is located in the neighborhood of
one and one-half miles southwest of Scammon. Coal is hauled
by wagon to a switch on the Kansas City, Fort Scott & Mem-
phis railway.

5. The Southwestern Coal and Improvement Company s
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shaft No. 6 is located four miles west of Scammon and is con-
nected with the Missouri, Kansas & Texas railway by switch.

6. The Durkee Coal Company’s shaft No. 3 is located about
one mile north and west of Scammon and is connected by switch
with the Kansas City, Fort Scott & Memphis railway.

7. The Central Coal and Coke Company’s mine No. 7 is lo-
cated one mile north of Scammon and is connected with the
Kansas City, Fort Scott & Memphis railway.

8. The Excelsior Coal Mining Company’s mine is located
south of Weir City. It has no railroad connections.

9. The James Hall shaft is located two miles south and west
of Weir City and has no railroad connections.

10. The Bennett Slope Shaft is located in the southeastern
city limits of Weir City and has no railroad connections.

11. The Central Coal and Coke Company’s shaft No. 6 is lo-
cated one mile south of Weir City and is connected by switch
with the Kansas City, Fort Scott & Memphis railway.

12. The J. Durkee Coal Mining Company’s shaft No. 1 is
located in Weir City and is connected with the Kansas City, Fort
Scott & Memphis railway.

13. The Hamilton and Braidwood Coal Company’s mine No.
1 is' located one mile north and west of Weir City and is con-
nected with the Kansas City, Fort Scott & Memphis railway.

14. The Hamilton and Braidwood Coal Company’s mine No.
2 is located three-quarters of a mile west of their No. 1 and is
connected with the Kansas City, Fort Scott & Memphis railway.

15. The Kansas and Texas Coal Company’s shaft No. 7 is.
located two miles north of Weir City and is connected with the
Pittsburg and Weir City branch of the St. Louis & San Francisco
railway.

16. The Kansas and Texas Coal Company’s shaft No. 18 is
about two and one-half miles north of Weir City and is connected
with the St. Louis & San Francisco and the Kansas City, Fort.
Scott & Memphis railways.

17. The W. H. Barrett mine No. 1, known as the “Dalsy
shaft, is located a trifle north and west of Weir City.

18. The Central Coal and Coke Company’s shaft No. 8 is
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located two miles southwest of Weir City and is connected by
switch with the Kansas City, Fort Scott & Memphis railway.

19. The Weir Brothers mine No. 2 is located one and one-
half miles west of Weir City and is connected by switch with
the Pittsburg and Weir branch of the St. Louis & San Fran-
cisco railway.

20. The Central Coal and Coke Company s shaft No. 5 is
located one and one-half miles west of Weir City and is con-
nected by switch with the Kansas City, Fort Scott & Memphis
railway.

21. The Western Prospecting Company’s shaft is located
north of Mineral City four or five miles.

22. The Southwestern Coal and Improvement Company’s
mine No. 8 is located at Mineral City and is connected with the
Missouri, Kansas & Texas railway.

23. The J. H. Durkee Coal Company’s shaft No. 5 is located
northeast of Weir and is connected with the St. Louis & San
Francisco railway.

24. The Kansas and Texas Coal Company’s mine No. 23 is lo-
cated northeast of Weir and is connected with the St. Louis &
San Francisco railway.

25. The Southwestern Coal and Improvement Company’s
mine No. 7 is located at Mineral City and is connected with the
Missouri, Kansas & Texas railway.

26. The Stone and Dixon Coal Company’s mine No. 1 is lo-
cated at Scammon and is connected with smelter switch of the
Kansas City, Fort Scott & Memphis railway.

27. The J. C. Graham Coal Company’s mine No. 1 is located
northwest of Scammon and is connected Wlth the Kansas City,
Fort Scott & Memphis railway.

28. The J. R. Crowe Coal Company’s mine is located three
and a half miles north of Columbus and is connected with the
Kansas City, Fort Scott & Memphis railway.

In addition to these, coal is mined in many places by the strip
pit process, not only in the northwestern part of the county but
to a much greater extent in the immediate vicinity of the larger
mines about Weir City and Scammon. A large proportion of
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the coal used by the zinc smelters is obtained in this way. As
the coal beds dip to the northwest they outcrop at the surface
to the southeast, forming the irregular northeast and southwest
line already referred to. The mines most extensively operated
at present reach the coal by shafting, but large quantities of
the coal lying near the surface is still untouched and ‘will re-
main so for years although mmmg by stripping is conducted to
so great an extent.

Coffey County.— The coal in this county is obtained princi-
pally from the northwest part in the vicinity of Lebo, although
small quantities have been taken out in the northeastern part
of the county. At Lebo the coal is from 14 to 16 inches in
thickness and furnishes a good supply for the local trade and
that of the surrounding country. It is taken by wagon north,
south, and west for considerable distances, even twenty or thirty
miles. It is mined principally by the stripping process, al-
though at different places, particularly about Lebo, the tunnel-
ing process is resorted to, starting from an outcropping along
the banks of a stream. The coal here is of the same grade as
that of Osage county.

Crawford County.— Crawford county is the largest coal pro-
ducer in the state. For the past five years it has averaged
more than two-fifths of the total state production. The coal
here is in every respect practically the same as that of Cherokee
county, and the history of the development of mining is about
the same. Pittsburg is located in the center of the coal pro-
ducing district with mines in operation in the vicinity of all the
adjoining towns such as Cherokee, Fleming, Chicopee, Litch-
field, Frontenac, Nelson, Fuller, Mulberry, and Arcadia. The
following is a detailed location of the mines operated in this
county :

1. The Western Coal and Mining Company’s shaft No. 2 is lo-
cated at Flemmg and is connected with the Missouri Pacific
railway.

2. The Western Coal and Mining Company’s shaft No. 3 is lo-
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cated one mile north and east of Fleming and is connected with
the Missouri Pacific railway. .

3. The Durkee Coal Mining Company’s shaft No. 4 is located
two and a half miles northeast of Weir City and is connected
with the Cherryvale division of the Kansas City, Fort Scott &
Memphis railway. '

4. The T. M. Bennett mine is located five miles southwest of
Pittsburg and is connected with the Santa Fe railway.

5. The John Davis Coal Company’s mine is located at Chero-
kee, on the Kansas City, Fort Scott & Memphis railway.

6. The Lake and Gilmore shaft is located one and one-half
miles south and east of Pittsburg and is not connected with the
railroad.

7. M. A. Redding’s slope shaft is located one mile south of
Playter’s lake, Pittsburg. It has no railroad connections.

8. J. N. Cessna’s slope shaft is located one mile south of
Playter’s lake, Pittsburg, and has no railroad connections.

9. O. L. Hovey’s slope shaft is located one mile south of
Playter’s lake, Pittsburg, and has no railroad connections.

10. The Esten and Oakes slope shaft is located one mile south
of Playter’s lake, Pittsburg, and has no railroad connections.

11. The C. A. Beck strippings are located one mile south of
Pittsburg proper and are connected with the Missouri Pacific
railway. '

12. The Cherokee and Pittsburg Coal Mining Company’s
shaft No. 4 is located at Chicopee and is connected by switch
with the Santa Fe railway.

13. The Cherokee and Pittsburg Coal Mining Company’s
shaft No. 5 is located two miles south and west of Pittsburg and
is connected with the Santa Fe railway.

14. The Wear Coal Company’s mine No..5 is located two
miles northeast of Pittsburg and is connected by switch with
the Cherryvale division of the Kansas City, Fort Scott & Mem-
phis railway.

15. The Wear Coal Company’s mine No. 6 is located at Pitts-
burg. Coal is hauled by wagons to railroad switch.

16. The Wear Coal Company’s shaft No. 2 is located four
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miles west of Pittsburg at Kirkwood, on the Cherryvale division
of the Kansas City, Fort Scott & Mempbhis railway,

17. The Kansas and Texas Coal Company’s shaft No. 20 is
located one mile west of Pittsburg and is connected with the
Pittsburg and Weir City branch of the St. Louis & San Fran-
cisco railway.

18. The W. A. Swan & Co.’s mine is located north and east
of Pittsburg. It has no railroad connections.

19. The Sheldon Coal and Mining Company’s shaft No. 1
is located two miles north of Pittsburg. Coal is hauled by
wagon to a Santa Fe switch,

20. The Dewey and Walker shaft is located two miles north-
east of Pittsburg. It has no railroad connections.

21. J. H. Jenness’ mine is located about one mile south and
west of the Missouri Pacific depot at Pittsburg. It has norail-
road connections.

22. The R. Wilson shaft is located on the line of the Pitts-
burg & Frontenac electric railway. It has no other railroad
connections.

23., The Wright Brothers’ strippings are located two miles
southeast of Pittsburg. They have no railroad connections,

24. The Hamilton and Grant mine is located three miles
north of Weir City and is connected with the Cherryvale divi-
sion of the Kansas City, Fort Scott & Memphis railway.

25. The Pittsburg Coal and Coke Company’s mine No. 2.is
located five miles southwest of Pittsburg, on the Kansas City,
Fort Scott & Memphis railway.

26. The Arnott and Lanyon shaft is located two miles north-
east of Pittsburg and is connected with the Santa Fe and Kan-
sas City, Pittsburg & Gulf railways.

27. The Cherokee and Pittsburg Coal Mining Company’s
mine No. 1 is located at Frontenac and is connected with the
Santa Fe railway.

28. The Cherokee and Pittsburg Coal Mining Company’s
mine No. 2 is located at Frontenac and is connected with the
Santa Fe railway.

29. The Kansas and Texas Coal Company’s mine No. 37 is
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located four miles northeast of Pittsburg and is connected with
the St. Louis & San Francisco, Missouri Pacific, and Kansas
City, Fort Scott & Memphis railways.

80. The Pittsburg and Midway Coal Company’s mine No. 4
is located at Midway and is connected with the Santa Fe, St.
Louis & San Francisco, and Kansas City, Fort Scott & Mem-
phis railways.

31. The Pittsburg and Midway Coal Company’s mine No. 5
is located at Midway and is connected with the Santa Fe rail-
way.

32. The J. H. Durkee Coal Company s shaft is located three-
fourths of a mile south of Midway and has no failroad connec-
tions.

33. The Carleton stripping is located about three-fourths of
a mile north and east of Frontenac. '

34. The Western Coal Mining Company’s mine No. 4 is lo-
cated at Yale and is connected with the Fort Scott and Yale
branch of the Missouri Pacific railway.

35. The Western Coal Mining Company’s mine No. 5 is lo-
cated at Yale, on the Missouri Pacific railway.

36. The Central Coal and Coke Company’s shaft No. 9 is lo-
cated at Nelson and is connected with the Pittsburg & Gulf rail-
way.

37. The Southwestern Coal Company’s mine is located at
Cornell and is connected with the Missouri Pacific railway.

38. The Braidwood and McLusky Coal Company’s mine is lo-
cated at Coalvale and is connected with the Kansas City, Fort
Scott & Memphis railway.

89. The Arthur Bell drift shaft is located one-half mile east
of Coalvale and is connected with the Kansas City, Fort Scott
& Memphis railway. '

40. The Jack Russell Coal Company’s mine is located at
Coalvale, on the Kansas City, Fort Scott & Memphis railway.

41. The Fuller Coal Company’s shaft No. 1 is located two and
a half miles south of Mulberry, on the Pittsburg & Gulf railway.

42. The Mount Carmel Coal Company’s mine No. 1 is located
at Frontenac and is connected with the Santa Fe railway.
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43. The Mount Carmel Coal Company’s mine No. 5 is located
at Chicopee and is connected with the Santa Fe railway.

" 44. The Midland Coal and Smelting Company’s mine is lo-
cated three one-half miles west of Cherokee and is connected
with the Kansas City, Fort Scott & Memphis railway.

45. The Western Coal and Mining Company’s mine No. 7 is lo-
~ cated southeast of Fleming and is connected with the Missouri
Pacific railway. .

46. William H. Barrett’s mine No. 3 is located northeast of
Weir and is connected with the St. Louis & San Francisco rail-
way.

47. The Weir Junction Coal Company’s mine is located north
of Weir City and is connected with the Kansas City, Fort Scott
& Memphis railway. '

48. The Empire Coal and Mining Company’s mines Nos. 1
and 2 are located at Coalvale and connected with the Kansas
City, Fort Scott & Memphis railway. '

49. The J. E. Lewis mine is located one mile southwest of
Coalvale and has no railroad connections. :

- 50. Miller Brothers and Company’s mine is located north of
Mulberry and is on the Kansas City, Fort Scott & Memphis
railway. .

51. The Kansas Commercial Company’s mine No. 1 is lo-
cated at Fuller and is connected with the Pittsburg & Gulf rail-
way.

52. The Eureka Coal and Mining Company’s mine No. 1 is
located one and three-fourths miles north and one mile west of
Frontenac. ' '

53. Wilson Brothers’ mine is located a half mile north of
Pittsburg, on the street-car line to Frontenac.

Stripping has been carried on in a great many places in Craw-
ford county. Old strip pits may be found all around Pittsburg,
especially to the north and east. Fiom the south line of Craw-
ford county northward along the state line to the north county
line of Linn county more or less coal has been, and is being,
removed by stripping. There is almost a continuous line of
old strip pits north of Pittsburg for ten to fifteen miles, while
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south and west of Pittsburg to the distance of three or four
miles, especially along the creeks, the territory has been stripped
extensively for coal. In the brick works at Pittsburg the coal
consumed is taken principally directly from the clay-pits.

Douglas County — Douglas county at present is furnishing no
coal although coal can be found under more than half of it.
The Douglas coal is in thin beds and therefore cannot be mined
to advantage so long as the market price of coal is as low as it
is at present. In earlier times coal was mined over a large
area to the south, southeast, and southwest of Lawrence, gen-
erally by the stripping process but not infrequently by shaft-
ing. During the recent period of low prices these numerous
country shafts and strip pits have been closed because the
farmer can buy his coal on the streets of Lawrence cheaper
than he can hire it mined. Yet during the winter of 1897-’98
some coal was mined on Deer creek in the northwest part of
the county and placed on the Lawrence market.

Elk County.— Elk county produces but little coal and that
which is produced is not equal in quality to the coal from the
southeastern part of the state. The mining in this county is
similar to that in Chautauqua county to the south, only that
Elk produces a smaller amount than does Chautauqua. The
principal mines are located some miles to the east of Grenola and
are operated entirely for local consumption.

Franklin County.— Franklin county produces coal for local
consumption, for use by the railroads passing through the
county, and supplies a large proportion of the coal consumed
in Ottawa and other points within the county. The mines are
found in the western half of the county, particularly in the vi-
cinity of Pomona and Ransomville, but there are numerous
other mines operated by stripping even throughout the greater
part of the southwestern fourth of the county, particularly to
the east of Williamsburg and Silkville. The coal is fair in
quality and can be mined at a profit for the trade above men-
tioned.

Greenwood County.— Greenwood county produces but little
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coal and that which she does produce is similar in quantity and
quality to the coal obtained from Chautauqua and Elk counties.
There is a line of strip pits on the eastern side of the Santa Fe-
railway extending both to the northeast and southwest of Eureka,
reaching Elk county on the south and Lyon county and Coffey
county on the north.

Juckson County.— This county produces almost no coal at all,
the only mines known being in the extreme southeastern part
of the county along Muddy creek and Cedar creek. As far as
developed it is of little importance.

Jefferson County.— Jefferson county produces more coal than
Jackson but still not enough at the present to be of any consid-
erable commercial importance. Thin beds of coal are found in
many places along the ravines in the southern part of the
county, north of the Kansas river valley, and also in the terri-
tory tributary to the Delaware river in the northwestern part.
Coal mining has been conducted to a limited extent for a num-
ber of years by the’ strip pit process and by tunneling into the
hillsides. The output of the mines constitutes but a small per
cent. of the total coal consumption of the county.

Labette County.— Labette county in the aggregate produces a
considerable amount of coal although not enough to entirely
supply the local demand. Mining has been confined principally
to the banks of the Neosho river and its tributaries in the east-
ern part of the county, particularly in the vicinity of Oswego.

Leavenworth County.— Leavenworth county is one of the four
leading producers of the state, being about equal in production
to Osage county. The coal of Leavenworth county is obtained
from great depths by shafting. The mines are located in the
vicinity of Leavenworth city and to the south at Lansing: Al-
though it is by no means demonstrated that coal of equal value
could not be obtained elsewhere in the county. At present the
following are the more important mines :

1. The Leavenworth Coal Company’s mine is located on the
west bank of the Missouri river, just out of the city limits to
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the north, and is connected with the Union Pacific and Missouri
Pacific railways.

2. The Home-Riverside Coal Company’s mine No. 1 is located
on the west bank of the Missouri river in the southeastern part
of the city and is connected with the Union Pacific, Missouri
Pacific, and Santa Fe railways. :

3. The Home-Riverside mine No. 2 is located on the west -
bank of the Missouri river one mile south from No. 1 and is
connected with the Union Pacific, Missouri Pacific, and Santa
Fe railways. )

4. The penitentiary mine is located at Lansing and is con-
nected with the Santa Fe, the Missouri Pacific, the Union Pa-
cific, and the Kansas City & Northwestern railways.

A large amount of coal is placed upon the market from these
mines, although they are placed at a disadvantage with respect
to the other mines of the state, by the great depth to which the -
mining operations are confined, the cost of sinking the shafts,
and the various natural obstacles met with, such as water, poor
floor, ete. '

Linn County.—In quantity and quality of coal Linn county
should rank high, although her proximity to Cherokee and
Crawford counties has greatly hindered her development. Linn
county has at least two beds of coal either of which could be
_profitably worked were the price one or two cents more per
bushel than it now is. However, she is fifth in coal produc-
tion. Coal is mined in many places in eastern Linn county,
particularly the southeastern fourth of the county. The coal is
obtained both by the strip pit process and by shafting, depend-
ent upon the depth below the surface at which the coal is found.

Prescott is one of the most important mining points in the.
southern part of the county. Little or no coal is mined within
a half mile of Prescott, but from a distance of one and a half to
three miles east, south, and west coal mining, ‘principally by
stripping, has been carried on very extensively. The coal stratum
operated on in the Bourbon county mines is probably the one
worked in the vicinity of Prescott. It is found just above the
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Pawnee limestone and is mined from within a half mile west of
Prescott westward for four or five miles. It is stripped along the
creeks and three miles west of Prescottis shafted for. The coal
at this point is 28 inches thick. Not much coal is removed here
during the summer months but a considerable amount is mined
during the winter. The following are the more important lo-
calities where coal is removed by shafts and strip pits in the
vicinity of Prescott :

1. Tarn’s strippings are located one mile west of Prescott on
the north bank of Laberdy creek.

2. The Caffett and McIntyre mine is located three miles south
and west of Prescott.

3. Mrs. Tanny’s strippings are located one mile west of Pres-
cott.

4. James Borey’s strippings are located two miles east of
Prescott and one-half mile north. '

5. Joe Billing’s strippings are located two miles east of Pres-
cott on Indian creek.

6. John Hurl’s strippings are located three miles east of
Prescott on Indian creek.

7. Link Nine’s strippings are located three miles east a.nd
one-half mile north of Prescott on Indian creek.

8. John Lewis’s mine is located one and three-fourths miles
east and one-half mile south of Prescott.

9. Three miles west and one mile south of Prescott is the
only shaft located in this vicinity ; the names of the operators
are unknown.

West and south of the last mentioned shaft considerable coal
is stripped. In this locality a 40-inch coal stratum was re-
ported as having been found, but this claim could not be sub-
stantiated.

The next point of importance on the north is Pleasanton.
The coal mines here are located principally to the north and
east of the town. The exact locations of a few of the more re-
cently worked mines are as follows:

10. The Mine Creek Coal Company’s shaft is located ‘two
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miles east of Pleasanton, on the Fort Madison branch of the
Missouri Pacific railway.

11. The Pleasanton Coal Company’s shaft is located one
mile north of Pleasanton, on the Kansas City, Fort Scott &
Memphis railway. ‘

12. The A. F. Seright mine is located two and one-half miles
east of Pleasanton ; is not connected with any railroad.

13. The Sanson and Seright shaft is located two and one-half
miles east of Pleasanton ; is not connected with any railroad.

14. The Bradley-Vernon Company’s mine, the only one at
Boicourt, is connccted with the Kansas City, Fort Scott &
Memphis railway. '

The coal stratum in the above mentioned localities is reached
at a depth of 70 feet, except at Boicourt where it is reached at
a depth of 90 feet. From Pleasanton east to the state line the
coal comes close to the surface, while across the state line it
outcrops at Moreland. East to and south of Moreland coal is
mined by drifting. North of the Osage and along the railroad
it is mined by drifting. The dip carries the coal under the
Osage a short distance west of the state line. East of La Cygne
the mining is conducted by shafting. The mines located in the
vicinity of La Cygne are as follows: v

15. The Ben Goode mine is located eight miles east of La
Cygne and is not connected with the railroad.

16. The Gage Brothers’ mine is located one-half mile east of
Ben Goode’s mine. It is not connected with the railroad.

17. The Orchard-Vantuyle mine is located six and one-half
miles east of La Cygne and is not connected with the railroad.

18. The Enoch Sink shaft is located six miles east of La
Cygne. It is not connected with any railroad.

Excepting in the vicinity of Prescott and in a large part of
east Linn county, especially east of the railroad where coal is
obtained in paying quantities by the strip pit process, most of
the coal obtained from the localities just described is taken from
shafts.

Lyon County.— Lyon county produces a little coal in the south-
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eastern part. Here the coal is obtained by the strip pit process
along the southern tributaries of the Marais des Cygnes, the
area being the same as that already described.for northeastern
Greenwood county and northwestern Coffey county. In quality
the coal is in no respect different from that obtained in those
counties.

Montgomery County.— Montgomery county furnishes a little
coal, the only mines opened being in the southeastern part of
the county. At present they are all closed, due to the low price
of coal shipped in from the large mines to the east.

Neosho County.— Neosho county, in the vicinity of Thayer, -
furnishes a comparatively large amount of coal for local con-
sumption. The mines to the southwest of Thayer are operated
principally in the winter and the coal hauled by wagon to Neo-
desha and other adjoining towns. The coal is obtained prin-
cipally by drifting into the hillsides of the upper tributaries of
Chetopa creek, particularly along Coal Hollow, the mining
area extending westward into the edge of Wilson county.

1. Wilson’s drift mine is located in Coal Hollow one-half
mile north and two miles west of Thayer.

2. The Hight coal mine is located one and three-quarters
miles west and one and one-half miles south of Thayer.

3. Several other mines were visited in this vicinity but the
names of the owners were not obtained.

Osage County.— As a coal producer Osage county alternates
with Leavenworth county for third rank in total output for the
state. The coal in this county outcrops to the southeast and
becomes buried beneath the surface to the northwest. Along
the line of outcropping coal has been mined by the strip pit
process from near the north side of the county north to Carbon-
dale and southward to beyond Osage City. The Santa Fe rail-
‘way passes near this line of outcropping on the north, but bears
further west by way of Burlingame and Osage City to the south,
at which points the coal is obtained at from 75 to 90 feet beneath
the surface. Only a few rods to the west of a surface mine may
be found a shaft which brings the coal from a greater depth,
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the exact depth dependent upon the distance westward that the
shaft is located. The following list gives the location of the
principal mines :

1. The Osage Carbon Company’s mine No. 25 is located one
mile southeast of Osage City and is connected with the Santa
Fe railway.

2. The Osage Carbon Company’s shaft No. 27 is located
about one mile southeast of Osage City and is connected with -
the Santa Fe railway.

3. The Western Fuel Company’s shafts Nos. 2, 5, and 6 are
located one and one-half and two miles east and one mile west,
" respectively, of Osage City. They are connected with the C.
K. & W. branch of the Missouri Pacific railway. -

4. The Black Diamond Coal Company’s mine is located one
and one-half miles east of Osage City and is connected with the
C. K. & W. branch of the Missouri Pacific railway.
~ 5- The Enterprise Coal Company’s shaft No. 1 is located one
and one-half miles east of Osage City. It is connected with
the C. K. & W. branch of the Missouri Pacific railway.

6. The Matthew-Waddell mine is located one mile north of
Osage City. It has no railroad connections.

7. The J. Johnson shaft is located one and one-half miles
north of Osage City. It has no railroad connections.

8. A. W. Granstrom’s mine is located one-half mile west of
Osage City and is connected with the Missouri Pacific railway.

9. A. W. Granstrom’s shaft No. 6 is located one mile west of
Osage City. It has no railroad connections.

10. The Lloyd Brothers’ drift is located in Osage City and is
not connected with the railway.

11. The Murray Brothers’ mine is located two miles east of
Osage City and is not connected with the railway.

12. The Osage Carbon Company’s mine No. 20 is located one
mile northeast of Osage City and is, connected with the Santa
Fe railway. :

13. The Osage Carbon Company’s mine No. 22 is lo¢ated in
Osage City and is connected with the Santa Fe railway.

14.. The Osage Carbon Company’s shaft No. 23 is located one
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mile northeast of Osage City and is connected with the Santa
Fe railway. . :

15. The Osage Carbon Company’s mine No. 24 is located
one and one-half miles northeast of Osage City. It is connected
with the Santa Fe railway.

16. The Osage Carbon Company’s mine No. 6 is located one
mile northeast of Peterton and is connected with the Santa Fe
railway.

17. The Osage Carbon Company’s shaft No. 9 is located at
Peterton and is connected with the Santa Fe railway.

18. The Osage Carbon Company’s mine No. 26 is located at
Peterton and is connected with the Santa Fe railway.’

19. The Coughlin Coal Company’s mine is located one mile
north and east of Peterton and is connected with the Santa Fe
railway.

20. The Boruff coal mine is located one and one-half miles
east of Peterton. Coal is hauled by wagon to the Santa Fe
railway. :

21. The Grant drift is located near Peterton. It is not con-
nected with the railway.

22. The Sand Bank mine is located three-quarters of a mile
south of Burlingame. It is not connected with the railway.

23. The Burlingame Coal Company’s shaft No. 1 is located
one-fourth of a mile east of the Santa Fe station at Burlingame
and is connected with the Santa Fe railway.

24. The Star mine is located three miles south of Burlingame
and is connected with the Santa Fe railway.

25. The Fair Ground mine is located on the fair ground at
Burlingame and is connected with the Santa Fe railway.

26. The Cole and Burnett mine is located one mile south of
the Santa Fe station at Burlingame and is connected with the
same railway.

27. The Central Coal Company’s mine is located one mile
east of the station at Burlingame.

28. The Alliance mine is located two miles east of Bur-
lingame. It is not connected with any railway.
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29. The Boss coal mine is located two miles east of Burlin-
game and is connected with the Santa Fe railway.

30. The Ure shaft No. 1 is located three and one-half miles
south of Burlingame and is not connected with the railway.

31. N. H. Lee’s shaft is located one mile east of Burlingame
and is not connected with the railway.

32. The Kansas Mining and Fuel Company’s mine is located
one and one-half miles north of Burlingame and is connected
with the Santa Fe railway.

33. The Chappell Coal Company’s mine No. 3 is located two
miles east of Burlingame and is connected with the Santa Fe
railway.

84. The Eureka mine is located two miles south of Burlin-
game. It is not connected with the railway.

35. The Champion mine is located three miles south and east
of Burlingame. It is not connected with the railway.

36. The Turner Brothers’ mine is located one and one-half
miles south of Burlingame and has no railway connections.

37. The Osage Carbon Company’s mine No. 10 is located at
Scranton and is connected with the Santa Fe railway.

38. The Osage Carbon Company’s shaft No. 12 is located
one-half mile northeast of Scranton and is connected with the
Santa Fe railway.

39. The Osage Carbon Company’s mine No. 13 is located one
mile east of Scranton and is connected with the Santa Fe rail-
way.

40. The Chappell Coal Company’s mine No. 2 is located one-
half mile west of Scranton and is connected with the Santa Fe
railway. :

41. The Thomas Noble mine is located two miles northeast
of Scranton. Coal is hauled by wagon to the Santa Fe railway.

42. The Ingham mine is located two and one-half miles
southwest of Scranton and is connected with the Santa Fe rail-
way.

43. The Belleville mine is located one mile west of Scranton
and is connected with the Santa Fe railway.

44. The Ryan mine No 2 is located one and one-fourth miles
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southeast of Scranton and is connected with the Santa Fe rail-
way.

45. The Martin mine is located one and one-half miles south-
west of Scranton. It is not connected with the railway.

46. The Chappell mine No. 1 is located one-half mile west
of Scranton and is connected with the Santa Fe railway.

47. The Eagle slope is located one mile east of Carbondale
and has no railroad connections.

Shawnee County.— The coals mined in Shawnee county prob-
ably belong to the same formation as those of Osage county but
the coal stratum is a little thinner. There are two localities in
Shawnee county where coal is now being mined, namely, at
Topeka and Blacksmith. The exact location of the mines is

. as follows:

1. The Walwork mine is located three miles west on Tenth
street at Topeka. Coal is hauled into the city by wagon.

2. Jim Bailey’s shaft is located two and one-half miles west
of Kansas avenue, on Sixth street.

3. The Crossdale mine is located about eight miles west of
Topeka. : :

4. The McRoberts mine is located three miles west on Sixth
street, Topeka.

5. The Capital strippings and drifts are located three and
one-half miles south of Topeka.

6. The W. A. Eaton mine is located two miles west on Sev-
enth street, Topeka.

7. At Blacksmith coal sufficient to supply a small local trade
is mined.

Wabaunsee County.— A small amount of coal is produeed in
the eastern part of Wabaunsee county along the ravines of the
tributaries of Mission creek, about half way between Keene
and Dover. Here the coal varies from 6 to 12 inches in thick-
ness and seems to belong to the same horizon as does the upper
stratum of coal five or six miles west of Topeka, in the vicinity
of Sugar Works. Coal has been mined particularly on the
farms of Mr. Crane and Mr. Loomis.
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Wilson County.— Wilson county produces but little coal, yet in
the extreme eastern part of the county in the vicinity of Thayer
the coal already described for Neosho county reaches across the
line in some places into Wilson county. Also the southeastern
part of the county has some beds of coal which seem to be largely
independent of the Thayer coal beds. Here coal has been mined
to a limited extent, but at present is abandoned on account of
the difficulty in obtaining the coal in paying quantities.

THE CRETACEOUS AREA.

Passing westward from the Coal Measures area to the Creta-
ceous of the north-central part of the state it is found that here
in the Dakota formations considerable Cretaceous coal exists
and is now being mined in a number of counties and serves a
good purpose in the way of supplying the local trade. Six
counties in this vicinity have produced coal, namely: Cloud,
Ellsworth, Lincoln, Mitchell, Republic, and Russell. The coal
seems quite uniform in quantity and quality throughout the
whole district.

“In Cloud county the mining is principally conducted in the
vicinity of Minersville, from five to eight miles north and a little
east of Concordia. Here from five to eight different companies
have been in operation, working a coal bed which is described
as being from 20 to 22 inches thick and containing a fair quality
of lignite.

In Ellsworth county the mines are located on Elkhorn creek
in the northern part of the county and are described as contain-
ing coal 20 inches thick. The quality and quantity of the coal
here is similar to that in Cloud county. A letter from Mr.
Waterbury, of Wilson, to the State Mine Inspector, published
in the Eighth Annual Report of the Inspector of Coal Mines,
page 65, explains the mining situation there as follows :

“Owing to the coal getting thinner, faults, dikes, and other causes, this
mine has steadily decreased in production for several years. There are five
or six veins, but only three worth mentioning, and only two of these have been
worked. The first or upper vein is about 3 inches thick; the next is about 4
feet lower, and varies in thickness from 8 to 20 inches; the next is from 4 to
14 feet lower, and runs from 4 to 12 inches thick. This is not worked much.
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I am at present trying to open the lower vein. The rules for larger veins do not
apply here. The coal is of an inferior quality. There are no regular hours for
work. The men begin and quit when they please; there is no record of the day’s
work. The men get their own fuel for taking it out and there is no record of it
kept. The mining industry is not likely to last long, as the coal gets thinner as
we work south and the men cannot make living wages working it.”

In Lincoln county coal is mined at Little Timber, Bacon,
Rattlesnake, and Elkhorn creeks, and in the vicinity of Sylvan
Grove, Vesper, Denmark, and Pittsburg, and is in every respect
practically the same as that from the counties already men-
tioned.

The coal in Mitchell, Republic, and Russell counties is about
the same as that already described for Cloud, Ellsworth, and
Lincoln counties, with probably the smallest amount being
mined from Russell.

10—



DETAILED STRATIGRAPHY OF KANSAS COALS.

GENERAL OUTLINE OF THE STRATIGRAPHY.
The Coal Measures.

The Kansas coals occur in various shale beds, occupying all
positions from the Cherokee shales at the base to the Osage
shales more than 2000 feet above. In connection with the fol-
lowing descriptions the reader is referred to the generalized
geologic section, Plate VI, and to the two maps, Plates VII and
VIII. ~
The Cherokee shales produce vastly larger quantities of coal
than any other shale beds in the whole Coal Measures. It is
from this horizon that is obtained the coal of Cherokee and
Crawford counties, the Fort Scott coal of Bourbon county,
nearly all the coal of Labette county, and the coal of Leaven-
worth county. In addition to these localities it is known that
coal could be obtained in other places. The deep borings at
Cherryvale, in Montgomery county, show that a bed of coal
from 26 to 28 inches in thickness lies near the base of the Cher-
okee shales at that place. Wells in the vicinity of Pleasanton
likewise show that beneath the coal now operated and within
the Cherokee shales other coal is found which sometimes may
be operated to advantage. Other wells which have penetrated
the Cherokee shales at various places within the state likewise
show the same donditions, namely, that coal may be found in
the Cherokee shales under a large part of southeastern and
eastern Kansas. The abundance of coal within these shales
seems to be so great that it need not be a surprise if heavy beds
be found under any part of the eastern fifty or seventy-five
miles of the state.

The Labette shales, first in order above the Cherokee shales,

(140)
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have considerable bituminous matter within them, but nowhere
does it amount to a good bed of coal. In a few places to the
southwest of Fort Scott the coal is heavy enough so that it was
formerly mined to a limited extent, but nowhere so far as is
known have they produced any considerable amount.

The next shale bed above this, the Pleasanton shales, carries
large quantities of coal, particularly in the Lower Pleasanton
shales. This is true to so great an extent that a detailed de-
scription of the Pleasanton shales is given in the proper place.
Suffice it here to say that next to the Cherokee shales the Pleas-
anton shales probably carry the la,rgest amount of coal known
in the state.

Above the Pleasanton shales the next important shale bed is
that of the Thayer shales, a shale bed that likewise carries a
considerable amount of coal. This is particularly true in the
vicinity of Thayer and to the southwest between Thayer and
Neodesha and Independence.

From the Thayer shales upwards the next important shale
bed is the Lane shales which as far as is known, is void of
coal.

Above this is found the Lawrence shales, a heavy bed carry-
ing a sufficient amount of coal to be of great commercial
importance. Coal is mined or has been in these shales in
Atchison county at Atchison, in different places in Jefferson
county, in scores of places in Douglas county, but most of all
in Franklin county, to the west and southwest of Ottawa. Far-
ther south they have produced coal in limited amounts through-
out almost the whole area over which the Lawrence shales are
exposed, to the southwest entirely to the south part of the state.

The various shale beds above the Lawrence shales seem to be
barren of coal, or almost so, until the Osage shales are reached.
‘Here is a formation averaging about 200 feet thick, extending
entirely across the state from north to south and which carries
a large amount of coal that has been mined in nearly a hun-
dred places. In the northeastern part of the state to the north-
west of Atchison a half dozen or more localities have furnished
coal from these shales. Southward in the vicinity of Topeka
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coal has been mined for years near the city and also further
west near Sugar Works. And again southward, in the vicinity
of Burlingame, Osage City, Carbondale, Scranton, etc., it has
been mined to a great extent for more than twenty years.
South from the Osage region, the same bed of shales has pro-
duced coal in the vicinity of Lebo, in Coffey county; Hilltop,
and Virgil and other points in Greenwood county ; at different
places in Elk county ; and at Leeds, in Chautauqua county. The
coal of the Osage shales is not uniform in quantity or quality
throughout this whole distance, but, it must be confessed, there
is a strong similarity between the different samples found at
the different places.

Above the Osage shales no coal has been found in the Car-
boniferous of Kansas of sufficient importance to justify mining,
even for local consumption. At different places in the upper
parts of the Coal Measures and also in a few places in the Per-
mian rich carboniferous shales exist which somewhat resemble
coal and which occasionally are locally called coal.

The only remaining coal in the state that need be noticed is
the Cretaceous coal, found in the Dakota area of north central
Kansas. The Dakota of Kansas has been divided by Logan® into
two divisions, the ‘“lower’’ and ‘‘upper,’”’ the division between
the two being provisionally made the sandstone layer which
immediately underlies the heavy bed of shale that is the coal
producer. Logan’s description of the stratigraphy of these
western coals may be here included.?

The Upper Group.

“Lignite Horizon.—Resting upon the gray or white sandstone, in the last
upper layer of the sandstone group, is a thin bed of lignite which is entirely
wanting in certain localities. The lignite varies in thickness from 6 to 26
inches. In Republic county it occurs from 80 to 100 feet below the Benton
limestone. In Lincoln county it is only 60 feet below that horizon, and in Rus-
gell county it is 90 feet. The thickest vein occurs in the mines on Little Timber
creek in Lincoln county where the lignite rests between the beds of shale and
.gray sandstone, the shale adjacent the coal being extremely bituminous in char-
acter. In Republic county, near Minersville, two 9-inch veins are intercalated
with shales which are argillaceous, and not bituminous in character. Above the

1. Logan: University Geological Survey of Kansas, vol. ii, . 206, Lawrence, 1897.
" 2. Loc. cit., p. 208. '
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lignite bed in Mitchell county rests a thick bed of bituminous shales which seem
to pass conformably into lignite. In Coal cafion thin layers of lignite are inter-
calated with sandstone and shale. The lignite is mined in this locality by tun-
neling into the drift of the creek bed. Shafts have been sunk to a depth of 80
feet in Republic county and 50 feet in Lincoln county. Lignite is mined and
used for fuel in Republic, Mitchell, Lincoln, Russell, and Ellsworth counties.
The lignite contains much ash in the form of pyrite, shale, ete. The principal
mines are located on Wolf creek and Coal cafion in Russell county; on Coal
creek and Elkhorn in Ellsworth county; on Spillman creek, Little Timber creek,
Bacon creek, Rattlesnake creek, and Elkhorn creek in Lincoln county; on Rock
creek and Solomon river in Mitchell county; on West creek in Republic and
Cloud counties.

¢ The strata adjacent the lignite vary with the locality. In some localities
the lignite rests between beds of shale, in others between layers. of sandstone,
and still in other localities it is found resting upon sandstone and covered with
shale. In many places it is entirely wanting. Its place, however, may be occu-
pied by a thin bed of bituminous shale.” .

The different coal-bearing horizons will now be considered
more in detail, beginning at the base of the Coal Measures and

progressing upwards.

CHEROKEE SHALES.

The position, areal extent, and general characteristics of the
Cherokee shales have been *'given in considerable detail in the
first part of this volume, to which the reader is referred in this
connection.

Of all coal-bearing horizons in the state the Cherokee shales
are by far the most important, as they have produced more
than three-fourths of all the coal that has thus far been mined
in Kansas. They occupy large surface areas in both Cherokee
and Crawford counties and lesser areas in Labette and Bourbon
counties. In addition to this they pass westward and north-
ward under the overlying strata to unknown distances, and
throughout a considerable part of this westward extension they
are known to carry coal. It is impossible to make any definite
statement regarding the amount and position of this deeply
buried coal. It is mined extensively at Leavenworth, and has
been reached by scores of wells drilled in prospecting for oil
and gas. The coal map, Plate VIII, shows in detail the surface.
area covered by the Cherokee shales and how they pass west-
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ward under the overlying formations. Also the gradual de-
‘crease westward of the shading illustrates the decreasing
probability of finding coal in the Cherokee shales which are
there covered by succeeding strata.

It is no vain statement that from every standpoint of geology
there is a possibility of finding coal in this covered area. Had
not enterprising prospectors sunk the deep wells at Leaven-
worth we would be in ignorance of the coal at that place.
There is just as much reason a prior: for looking for coal in the
Cherokee shales anywhere to the east of the outcropping of the
Oread limestone as there was at Leavenworth, and no one need
be surprised at any time should prospecting develop such coal.
Already the well record at Cherryvale shows that the coal ex-
ists there in as great quantity as it does at Leavenworth and it
need be no surprise if dozens of other localities are found where
similar quantities may be had.

With the known amount of coal in the Cherokee shales and
with the probability of finding other amounts likewise, as just
stated, we must look upon them as being one of the greatest
coal producing horizons in the Mississippi valley.

For a more detailed account of the Cherokee shales the fol-
lowing extracts are taken from the records of the various deep
wells that have gone into or through them :
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Weir City Water Well.
Reported by A. B. CockeriLr, Manager Cherokee-Lanyon Spelter Company.

Thickness - Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.
Soiland Clay ...ocovvvviiivin i fiiiiiiiinn.. 15 feet.............. 15 feet.
SandStONe. .. oot e v e s L T 20 ¢
................ 10 ¢ L 30 ‘¢
36 inches. 8 ¢ e e 33 ¢
............... 8 ' emmsenissiis 36 ¢
................ T T 1L ‘¢
e 14 inches. 1 foot 2 inches. 112 ‘° 2inches.
Fire Clay.......coveviiiiiieniinnns]iinevennnn cunnn 2 feet.............. 114 < 2 ¢
Shale....ouiiin e ieeeie e e e 100 ¢f ool 214 5 2 ¢
Coal. .. 24 inches. B e s seee 216 ‘¢ 2 ¢
TPLE8 CLAT s 5 5 o sonmannmn 5 5 ipme honan s 5 8 § | 5308 8 8 § 5 ABwaHVEE 2 % e o s §sss 218 ¢ 2 ¢
1 T T T I B2 *° ..o s 280 ‘¢ 2 ¢

5 feet......

10 feet.... % %Shale.

3 feet...... —Coal.

3 feet...... —Fire Clay.
75 feet.... 3 2Sha1e.

16, 2 in... —Coal.

2 feet..... Yo%) —Fire Clay.
100 feet.... % %Shale.

2 feet...... —Coal.

2 feet..... —Fire Clay.
62 feet...... —Shale.

FicUure 4. Section of Weir City Well.
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Well near Pittsburg.
Reported by Pror. O. St. JoEN.

Thickness Thickness Depth to Bottom
MATERIAL, of Coal. of Strata. of Strata.
Soil and Yellow Clay............... 5 feet 5 feet
Soft Drab Shales . ........ |10 ¢ 15 ‘‘ 5 inches.
Dark Drab Shales........ 3 19 ¢
glack Shales.............. 5 ¢ 22_% :: g ::
oAl ... i
Soft, Light, Drab Clay .. . 2 ‘¢ 4
Limestone »............... B 2 ‘¢ 28 ‘¢ 8 ¢
Black Shales.........ccooceviiiiiiifieenn.. 2 ¢ 31 ‘¢ 5
LAmestone .......c.oveeeiiviiiiienefinatainn 32 ‘1 ¢
Black Shales.............. 2 34 ¢ 9 ¢
LAmestone ...........cevveevueeeeees]innnenns 3B ¢ 8 ¢
Black Shalos.......oo.veenoereoriss|oemninns 1 ¢ 37 ¢ 2 ¢
Drallw Clay Shales.........ccoee voiufivennn.. 5 ¢ :g o 8
oal, ¢
grall) (037N P 1 ¢ :‘: :: g :‘
0a, $
Light Dr 6 ¢ 51 ‘¢ 6 ¢
Light Drab Gntty Shales 9 ¢ 6L ‘¢ 2 ¢
Soft Blue Shales........ 4 65 ¢ 2 ¢
Black Shales...... ...... 3 ¢ 68 ¢ 9 ¢
Dark Calcareous Band . 69 ¢ 2 ¢
Coal...........ovvvvvinnnns 1 ¢ 70 ‘- 10 °¢
leht Drab Clay.. 2 ¢ 3 ‘¢ 2
Hard Gray Sandstone . . 1 ¢ 4 ¢ 4
Drab, Shght;ly Grltty, Shales 7 ¢ 82 ¢
Drab Clay Shales. . 4 ¢ ¢
%oft Blue Shales.......... 1 ¢ g inches gg :‘ (13 inc‘hes.
imestone ...........c.... ¢ ¢ ¢
glack Shales.............. 3 I 883 o 1 "
Light Drab Clay....... ... 1-¢¢ 10 ¢ .. g1 ¢ 2 ¢
Drab, Gritty Shales........... 10 ¢ 92
Compact, Gray, Sandy Shales 7 ‘¢ 10 ¢ <99 ‘¢ 10
Dark Clay Sh hales . 2 ‘¢ 6 ‘¢ 102 ‘¢ 4 ¢
Gra,wl,:K Coarse, Gntty ‘Shales ........ 6 ‘“ 6 ¢ 108 ¢4 10 ¢¢
Dark, Drab, Slightly Gritty Shales, 2 ‘¢ 6 ‘¢ 1 ‘¢ 4 ¢
Compact, Drab Gritty 8| ales 1 ¢ 6 12 ¢ 10 ¢
Soft, Dark, Drab Shales. . 1 ¢ 3 ¢ 14 ¢ 1 ¢
Dark Blue Shal ......... 2 ‘¢ 4 ¢ 116 ¢ 5 ‘¢
Limestone . 5 116 ¢¢ 10 ¢
Blaclk Shales 2 ¢ g 11113 o 3
Coal.................
Drab, Gritty Shales .... 10 120 ¢ 1 **
Drab, Fine Gritty Shaie 6 ‘... 126 ‘¢ 1 ¢
Hard Gray Sandstone .. ) 127 ¢4 5 ¢
Gray, Sandy Shales..... 9 186 ‘¢ 5 ¢
Drab, Coarse, Gritty Shales 2 139 ¢ 3 ¢
Gmy, Sandy Shales, Coal Streaks.. 5 ‘¢ 10 145 ¢¢ 1 ¢
Gray, Coarse Gntty Shales 1 ¢ 1 146 ¢ 2 ¢
Soft Drab Shales . g o« 46 ¢ 5
3 L 3 (X3 149 X3 8 ‘e
Gray, Qritty Clay. . 3 ¢ 149 ‘¢ 11 ¢
Soft, Dark Drab, Cl 1 ¢ 1 ¢ 151 ¢
Dark Blue Clay with Coal Streak 8 151 ‘¢ 8 ¢
Light DrabClay.................... 4 ¢ 152 ‘¢
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5 ft. 8in.. —Black Shales.
9in..
11lin..
5 ft. 6in.. —Clay Shales.
4in.. —Coal.
1 ft. 2in.. —Clay
5in.. —Coal.
6 ft. 11in.. —Light Drab Clay.
3 ft. Tin.. —Black Shales.
5in.. E —Dark Calcareous Band.
1 ft. 8in.. —Coal.

2 ft. 4in.. —Light Drab Clay.
1ft. 6in.. —Soft Blue Shales.
Tin.. — Limestone.
6in.. —Black Shales.

9in.. —Coal.
1 ft.101in.. <l —Light Drab Clay.
5in — Limestone.
2 ft. 2in —Black Shales.
3in —Coal.
10 in —Drab, Gritty Shales.

FiGUurE 5. Secction of Well near Pittsburg.
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McKee’s Gas Well, North of Girard.

University of Kansas Geological Survey.

MATERIAL. Thickness Thickness Depth to Bottom
Beginning at 148 feet. of Coal. of Strata. of Strata.

BlackShale .......ccovevivevinnni]eeiiiiiinnnnn... 5 feet 153 feet.
Brown Limestone ..................|.......... 2 ¢, 155 ‘¢
Oil Band ..coovvvivviiiiiiiii e 5 ¢ 160 ©*
Sand 8hale ...........c.ccoeviiiiii] el 55 ¢ 215 ¢¢
White Shale ..........cooeviviiiiiii]ienn oans 33 ‘¢ 248 ¢¢
Brown Shale ..........c...oovveveni]innnnnnn. 10 ¢ 258 ¢
Brown Limestone........... 4 ¢ 262 ¢
Shale........coeivuiiiiiiiennennes] cevenns 2 ‘¢ 264 ‘¢
Limestone .........covvuiiineiennres]eennnns 3 ¢ 267 “¢
L ) 2 ¢ 269 ‘¢
Limestone .........covvuevinniiieifieiinnnnnn 3 ¢ 272 ¢
ale........ooovivinnn... 52 ¢¢ 325 ¢
Sandstone 7 ‘¢ 332 ¢
ale ....... 26 ‘¢ 358 ¢¢
Black Shale 2 360 ¢
Lime Shale . 3 363 ¢
White Shale 17 ¢ 380 ¢
Brown Shale.. 30 ¢ 410 *¢
Alternate Light and Da 79 ¢¢ 489 ¢
Sand and Little Gas...... 3 ¢ 492 ¢
Shale..................o........ 4 ¢ 496 ¢
Alternate Sandstene and Shale . 13 ¢ 509 **
170) 1 L= S 6 ¢ 515 ¢
Black Shale, thtle Coal 3 ¢ 518 ¢
Dark Shale......ccveeeiveeiieeniins]iieniiinieennens 32 ¢ 550 ¢¢

F ] S P 402 feet.

La Harpe Well.

Reported by L. C. BEaTTiE, Manager Palmer Oil Company.

. MATERIAL.
Beginning at 637 feet.

Thickness
of Coal.

Thickness
of Strata.

Depth to Bottom
of Strata.

Gray 8hale.......cooveeiiiniiiiiiii]iiieiiininennnn.

642 feet.
650 ¢*

Gray Sandstone....... 50
Gray Shale............ 658 “¢
Dark Shale................ 664 ¢
Red Flint and Limestone. 667 ‘¢
Black Shelly Sandstone. . 677 ¢
Dark Shale....... .................. 703 ¢
Changeable Shale; Light, Dark,

Green, Black.................... 895 ‘¢
Sand Shale, with some Clear Sand, 907 ‘¢
Black Shale 913 ¢
Dark Sand Shale. 21 ‘¢
Black Shale 982 ‘¢

Total......coovveeevinnvnnnnnn i, 345 feet.

Girard Well. No. 1.
_MATERIAL. Thickness Thickness Depth to Bottom
Beginning at 54 feet. of Coal. of Strata. of Strata.
Soapstone Shale.. 158 feet.
Limestone ...... .. 169 ¢¢
Black Slate Shale. 173 ¢¢
Soapstone Shale.. 303 ‘¢
Sand Shale........ 400 ‘¢
Soapstone Shale.. N 475 ¢¢
Coarse Sandstone................... 500 ¢

4486 feet.
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Humboldt WeH. No. 1.

Reported by GurreY & GaLEy. Location: Section 8, township 26 south,
range 18 east.

Thickness

Depth to Bottom
of Strata.

of Strata.

MATERIAL. Thickness
Beginning at 635 feet. of Coal.

Shale —Water bearing.
White Shale .
Black Shale -.
White Shale .
Black Shale .
Sandstone. .
Black Shale .

Shale........ 00l i

Humboldt Well. No. 5.

Location: Northeast quarter of northwest quarter, section 29, township 25 south,
range 18 east.

Thickness
of Strata.

MATERIALL, Thickness
Beginning at 650 feet. of Coal.

Depth to Bottom
of Strata.

287 feet.

Toronto Well.
Reported by Mr. TROXEL.

MATERIAL.

Beginning at 1,080 feet.

Thickness
of Coal.

Thickness
of Strata.

Depth to Bottom
of Strata.

Dark Shale.........c.ccovemveenennnnns

Oll Sand

372 feet.

1,104 fe‘?t.
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Pleasanton Well.
Location: Section 25, township 21 south, range 24 east.

MATERIAL. Thickness Thickness Depth to Bottom
Beginning at 214 feet. of Coal. of Strata. of Strata.

288 feet.
302 ¢
316 “¢

to
Black Shale............
Shale—Water-Bearing
Brown Sandstone...
White Shale.........
Black Shale.......

White 8andstone ........c..cevvveeifieeneennnnn.nn.
White Shale.......

Black Shale. ..... P .
Sandstone and Limestone (?)......[.....ceeuveeenn.
Bandstone..............cocoeiiiiiinnsieeien i
Shale and

Total......ooeviiiineiannninnand i, 543 feet.

Coal Beds in the Cherokee Shales.

The Cherokee shales have coal at different positions within
them. These positions vary both vertically and horizontally.
In some localities coal exists near the base. In the southeast-
ern part of Cherokee county coal has been found only a few feet
above the base of the shales. This coal, however, is thin and
of little commercial importance. A few farmers mined it years
ago to supply their own fires, but beyond this it has never been
developed. In the latter ’sixties coal was mined by stripping in
different places on the west side of Brush creek in Cherokee
county. Here the coal was heavier than that just mentioned,
but was still too light to support mines for commercial purposes.
In the early days of the settlement of the country coal was
teamed from these mines to the neighboring villages and to a
limited extent into Missouri. But of recent years the mines
have been entirely abandoned.

Next above this coal is a horizon which still furnishes a con-
siderable quantity of coal for the general markets, particularly
when a combination of events favors a slight advance in prices.
It lies about 150 feet above the base of the shales. It is capped
by a thin layer of shale which in turn rests immediately under
a heavy sandstone — the Columbus sandstone — which covers so
large an area to the east and southeast of Columbus. Here

v
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over an area of many square miles the coal is found outcropping
along the bluffs of Brush creek and Shawnee creek and other
lesser tributaries, reaching all the way from within a mile of
Columbus eastward to the escarpments facing Crestline and the
valley to the south. This coal horizon seems not to extend very
far west of Columbus, at least its absence is known in many
places where wells have penetrated the shales a sufficient depth
to have reached it. -

THE WEIR-PITTSBURG BEDS.

Above the Columbus coal lie the Weir-Pittsburg Lower and
Upper coals which are the heaviest known in the state, the
Lower averaging about 40 inches and the Upper about 30 inches
in thickness. The outcroppings of these coal beds form an ir-
regular line extending northeast and southwest by way of Stipp-
ville, Scammon, Weir City, Pittsburg, and other points to the
northeast.

Development of the Weir-Pittsburg Coals.—1In 1868, after the
sale to the James F. Joy Company of the ¢ Cherokee neutral
lands,’’ as they were then called —an area twenty-five by fifty
miles in the southeastern part of the state including all of
Cherokee and Crawford counties and the south part of Bourbon
county — Professor Wilbur of Chicago was sent out by a Chicago
company to examine the lands for coal. He reported that coal
existed in large quantities along a narrow strip of country from
Pittsburg to Weir and farther to the southwest. In some places
he found the coal to be about four feet thick, but elsewhere much
thinner.

Previous to this time the early settlers had mined coal from
the Weir-Pittsburg Lower and Upper beds at a half dozen or
more localities. . It seems that before the civil war, back in the
'fifties, coal was mined to a limited extent from the Weir-Pitts-
‘burg Lower bed by citizens of Missouri who teamed it to Granby
and other places where it was used for blacksmithing. During
the autumn of 1866 a blacksmith from Granby came over and
obtained the assistance of Mr. W. H. Peters, a citizen of the
southeast part of Cherokee county and at present a member of
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the board of county commissioners. The blacksmith led the
way to an outcropping of the Weir-Pittsburg Lower at a point
near the present eastern suburbs of Weir City. Here with
almost no labor at all they stripped a little soil from the upper
surface of the coal and loaded their wagons rapidly by the use
of pick and shovel. Later in the same autumn Mr. Peters with
other neighbors revisited the locality and obtained coal in a
similar manner. At that date the wide prairie land between
Spring river and Neosho river was not occupied by settlers,
so that coal was obtained nearly ten miles from the nearest
residence. As the settlements pushed farther west during the
summer of 1867 and ’68 the coal mining likewise was increased,
so that by the time Professor Wilbur visited the area he had
the assistance of the partially developed mines to direct his in-
vestigations. -

Shortly after the Missouri River, Fort Scott & Gulf railroad, -
now the Kansas City, Fort Scott & Memphis, completed its line
to Baxter Springs in 1870, a coal company was formed in Fort
Scott for the purpose of mining coal which was sold principally
to the railroad company. Mining operations were conducted in
the vicinity of Fort Scott and on the Drywood to the south, as
elsewhere explained, and also by the same company along the
outcroppings of the Weir-Pittsburg Lower in the vicinity of
Stilson, now Scammon, from which point coal was teamed to
the different railroad stations to supply the demands of the road
and for shipment into the general market. The Fort Scott
company operated for about two years when it quit the business.
During this time a large number of individuals began mining
operations at various places by the strip pit process so that in
the aggregate a considerable quantity of coal was shipped into
the market.

In 1874 Scammon Brothers sank a shaft just north of the old
town of Stilson, now Scammon, from which shaft large quan-
tities of coal were obtained. There was considerable opposition
to this enterprise by their friends who doubted the expediency
of such a method of mining, fearing that the nearness to the
surface would cause the roof to break and crumble to such an
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extent that mining by the room and pillar system could not be
employed. But the firm of Scammon Brothers persevered and
from the start succeeded admirably, both mechanically and
financially. From a shaft which began with two or three car
loads a day they soon had it developed to a capacity of forty
cars a day. Upon the success of this new method of mining
others imitated them and shafts were sunk in many localities
until the development of today was reached.

In 1871 the firm of Keith & Rawlings, of Kansas City, be-
gan dealing in coal and conducted their operations so that they
were of great assistance in the development of mining prop-
erty. After the death of Mr. Rawlings Mr. Keith was associ-
ated with a second partner by the name of Borard. In 1872
they began mining by the strip pit process and shipping coal to
Kansas City and other markets, as well as supplying the rail-
road with large quantities of it. Later Mr. Keith was associ-
ated with a Mr. Henry, and in 1880 the firm of Keith & Perry
was formed, a company which perhaps has exerted as wide an
influence on coal mining in Kansas as any other company,
largely because they were pioneers in the business.

In 1878 and 1879 Moffet and Sargent, of Joplin, Missouri,
-built the Joplin & Girard railroad from Joplin to Pittsburg,
primarily for the purpose of obtaining coal from the Kansas
flelds. The city of Pittsburg originated with the road and was
purely a coal mining town until the zinc smelters were estab-
lished there later. It was in 1878 also that the Kansas and
Texas Coal Company began their operations in a small way at
Weir. Here from a beginning of operating coal mines by the
strip pit method on a small scale this company has grown into
one of the strongest in the territory. The Santa Fe Company,
now changed to the Mount Carmel Coal Mining Company, did
not obtain a foothold in these coal fields until March, 1886, and
the Missouri, Kansas & Texas Railway Company did not get its
mines started at Mineral City until 1895.

In 1897 Cherokee and Crawford counties produced 2,652,029
tons of coal, giving employment to 5540 men part of the year.
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These figures include the production from the Arcadia area as
well as that from the Weir-Pittsburg beds.

The first mining that was done on this Weir- Plttsburg hori-
zon in the early ’seventies was confined to the strip pit processes
and therefore the principal mining towns were located along
the irregular line of outcropping previously mentioned. As
the coal dips to the northwest at a low angle it may be reached
by shafting to various depths, dependent upon the distance
back from the line of outcroppm and upon the general con-
tour of the surface.

Mining developments have now been carried far enough to
determine the extent of this heavy coal with a tolerable degree
of accuracy. Itis found thatitislimited in extent to the south-
west so that it reaches a point opposite Columbus, while to the
northwest in transverse direction it does not reach as far as
Girard. It therefore is along elliptical area with the major axis
trending northeast and southwest. From the central area the
coals gradually grow thinner in every direction.

The extreme southwestern limit, however, is not yet known.
Only a few years ago it was thought that the ridge along the
line of the Missouri Pacific railroad between Cherokee and
Sherwin Junction limited the western extent of these coals..
At present, however, it is known that there is a large quantity
of coal in the vicinity of Mineral where the M. K. & T. Rail-
road Company has its mines. Beyond Mineral to the west,
northwest, and southwest the limitations are not yet fully de-
termined.

Further to the southwest in the vicinity of Oswego there is a
varying amount of coal at about the same horizon as the Weir-
Pittsburg coal, although a definite connection between the two
areas has not been made. The Oswego coal is by no means so
heavy, the thickest bed being from 18 to 24 inches.

{

COAL ABOVE THE WEIR-PITTSBURG.

Above the two Weir-Pittsburg horizons are other lesser beds
of coal, the outcropping lines of which are farther to the north-
west. At some places it would seem there is but one of these,
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while in others there appear to be two. They are found in
northwestern Cherokee county on the east side of Lightning
creek, and to a less extent in southwestern Crawford county,
and also farther to the northeast towards the state line.

Still higher, at the very summit of the Cherokee shales, is
another coal bed which has produced large quantities of coal
for the market and has therefore performed an important part
in the history of coal mining in the state. This is generally
known as the Fort Scott coal, It lies from 6 to 10 feet below
the lower member of the Oswego limestone system. In the vi-
cinity of Fort Scott these limestones are cut through by the
Marmaton river and by all of its many tributaries. South from
Fort Scott the upper tributaries of the Drywood likewise cut
through the Oswego limestones in many places. Throughout
all of this area, making many miles in linear extent, the Fort
Scott coal outcrops along the banks and. bluffs of these various
streams and drainage channels. It has been extensively mined,
but always by the strip pit process. As the overlying limestone
is heavy and difficult to remove the stripping never has been
carried back very far from the front surface — the coal thus ob-
tained therefore always has been exposed to the weathering
agents and the pyrite it contains has been oxidized into iron
rust, giving a reddish color-to the coal. In this way the coal
from this whole area has been known in the markets as the

- Fort Scott ““red’’ coal.

The Leavenworth coal is found in the Cherokee shales, It
seems that here three horizons exist, the lower one at a depth
of 988 feet below the surface, the middle one at 748 feet, and
the upper one 720 feet. Each of these three is reported to be a
24 inch bed of coal. It is the upper one that is mined at the
present time. If the published drill records can be relied upon
either of the other beds would be almost as profitable as the
one now mined. Any attempt at correlations between the Leav-
enworth coals and the coals of Cherokee and Crawford counties
would be largely conjectural further than to show that they all
belong to the Cherokee shales. The lowermost coal, the one at

11—
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988 feet below the surface, is 157 feet above the base of the
Cherokee shales, which would place it at about the same posi-
tion as the Columbus coals already described. The middle
horizon is 398 feet above the base of the shales, and the upper
one, the one now mined, 425 feet above the base of the shales.
It manifestly would be improper to look upon these as an ex-
tension of the southern coal beds, but rather it should be con-
sidered that during the formation of the Cherokee shales
physical conditions were favorable for the production of coal
here and there at irregular- intervals throughout a wide area
and that the southern coals were formed in one basin and the
Leavenworth coals in another, with an indefinite number of in-
termediate areas probably existing.

Weir-Pittsburg Area.

Returning now to Cherokee and Crawford counties it may be
well to examine the mining territory in more detail. i

The two strata of coal known as the Weir-Pittsburg Upper
and Lower furnish the greater part of the workable coal of the
state. A third stratum makes its appearance between the
Upper and Lower and will be called the Intermediate. '

The Lower stratum is the thickest and is the one most
worked. It is worked at a depth of about 90 feet in the north-
ern part of the county. In the western part the same stratum
is worked at a depth of 230 feet, in the central portion it is
reached at a depth of 70 to 80 feet, while in the south-central
part the same coal is met with at 25 feet from the surface.

The Upper stratum of the Weir-Pittsburg coal is reached at
a depth of 96 feet in the western part of the county; in the
northern part it is worked at about 50 or 60 feet on the aver-
age; in the west-central part it is passed through at a depth of
15 or 20 feet ; and in the southern part no trace of the stratum
is to be found. The line of outcropping of this stratum lies
west of Weir City, passing to the south and west, while on the
north it follows quite closely a line parallel to the outcropping
of the Lower, maintaining an average vertical distance of 30
feet above it. The line of outcropping of these two strata of
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coal cannot be traced continuously throughout the county, due
to the fact that the covering is shale, which weathers into soil
so readily that the coal strata in most cases are covered up.
To reach the Weir-Pittsburg coal in the northern part of the
county a vertical distance of at least 270 feet would have to be

passed through.
MINERAL CITY AND VICINITY.

The lowest coal stratum is reached at a depth of 229% feet at
the southeast corner of the northwest quarter of the south-
west quarter of section 9, township 31, range 23, about five
miles north of Mineral City. It is 32 inches in thickness, good
coal, roofed by 19% feet of black, bituminous shale, and under-
laid by 14 inches of fire clay. A drill hole here shows the fol-
lowing association of strata :

A.—Record of Drill Hole Five Miles North of Mineral City.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.
Soil and Claye.......covvnevaeanenn. 12 feet 12 feet
Clay and Gravel .................... 27 ¢ 39 ‘‘ 4 inches.
Gray Shale.... . 5 ¢ 4 ¢ 8
Coal, .... 1 ¢ 46 ¢
Fire Clay. 2 ¢ 48 ‘¢
Gray Shal 5 ¢ 53 ¢ .
Black Shale. . 14 ¢ 67 ‘¢ 6 inches.
Coal.......coovviiiiiiiiiiiiianenanis 2 70 ‘¢ 4
Fire Clay.c....cocveevineiierninnanns . 2 ¢ 72 ¢ 6 ¢
Drab Shale.. 9 ¢ 81 ‘¢ 7 ¢
Coal...... 1 ¢ 82 ‘10 ‘¢
Fire Clay. 4 ¢ 87 ¢
Sandstone . 4 ¢ 91 ¢
Gray Shale.. cesesinans . 5 ‘¢ 17 inches. 98 ‘‘ 7 inches.
Coal, .....coever ciiiiiiiiiiieiaaes 23 inches. 2 ‘1 ¢ 98 ‘¢ 8 ¢
Fire Clay, 8oft ...coovveeviviiiiieii]iniiiiiinnnnnnn. 2 ‘¢ 8 ¢ 101 ¢ 4 ¢
Drab Shale.. I P 16 ¢ 8 ‘¢ 118 ¢
Coal,... 9 118 ‘¢ 9 ¢
g ........ 2 ‘¢ 9 ¢ 121 ‘¢ 6 ¢
ray Shale 33 ¢ 6 ¢ 155 ¢¢
Black Jack.. 4 ‘“ 6 ¢ 159 ¢ 6 ¢
oal,......coenvniiinnn. 11 ¢ 160 ‘¢ 5 ‘¢
Gray Shale..........coeviiveviiinnn]iiiiiniinnnn.. ) O 178 ¢
Coal,......cooovviiiiiiiiiiiennnnanns 3 ¢ 5 ¢ 81 ‘¢ § ‘¢
Black Shale.............cooovviiiiiifiiiiiinennnas 1 ¢ 5 ¢ 182 ‘¢ 10 ¢
Coal,... 4 183 ¢ 2 ¢«
Fire Cla | DL 184 ¢ 9 ¢+
Gray Shale g ¢ 3 ¢ 193 ¢¢
Black Shale........cceooviiiiiinieei]iereenninnnnn.. 8 2 ¢ 201 ‘¢ 2
Coal.......ccovvvviiiiiiiennans ...| 12 inches. Y i, . 202 ‘4 2 e
Gray Shale................... T 7 ¢ 10 inches. 210 ¢
Black Shale. ' resesetennasenas 19 ‘¢ 6 ¢ 229 ‘¢ 6 ‘¢
Coal,...... 32 inches, 2 ‘¢ 8 ¢ 232 ‘¢ 2 ¢
Fire Clay.. D O P

The same stratum was passed through by a drill 400 feet
south and 528 feet west of the northeast corner of the northwest
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quarter of the northeast quarter of section 24, township 31,
range 23. The following is a record of the prospect hole :

B.—Record of a Prospect Hole near Mineral City.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.
7 feet 7 inches, 7 feet 7 inches.

1 l s 8 “ 6 X3

10 ‘" 9 " 4 (X3

6 feet 3 ‘¢ 15 7

Black Shale........ 4 T« 30 ¢ 2 ¢

Coal, .......... 2 e 32 ‘¢ 2

Fire Clay, soft 5 ‘¢ 5 inches. 31 ‘T ¢
Drab Shale.... 6 ‘¢ 4

Gray Shale.............. . 6 ‘10 < 50 ‘“ 10 ¢¢

Drab Shale...........cccveeviiiinnan 10 ¢F b 60 ‘10 “°

Coal, .......... .. s 8 inches. 61 ‘“ 6
Fire Clay,.. .. 2 ‘¢ 6 64 ¢

Gray Shale. 4 ‘“10 68 ‘<10 ‘¢

Sandstone..... 4 ‘4 6 73 ‘¢ 4

Gray Shale 5 ‘¢ 2 ¢ 8 ‘6

Drab Shale 21 ‘¢ 4 ¢ 99 ‘10 ¢

Gray Shale, hard... 2 ¢ 4 ¢ 122 ¢4 2 ¢

Coal....... ........ 3 ‘‘11 126 ‘¢ 1

Black Bituminous Clay. .. } 2 ¢ 126 ¢ 3 ¢

By comparing these records we see that the black shale roof
of the first has changed to a gray shale in the second, which
makes a somewhat better roof than the bituminous shale; the
fire clay floor of the former has also been replaced by bitumi-
nous clay. The coal found in these borings is of fairly good
quality and of uniform thickness, but has considerable ‘¢ black
jack ’’ (bituminous shale) and sulphur in the form of pyrite.
‘¢ Horsebacks’’ are quite numerous here, but are found most
abundant at Mineral City, at which place much of the coal is
rendered worthless by the frequent crossing and recrossing of
‘“ horsebacks’”’ and, in many instances, the complete cutting
out of the coal by them. Ten strata of coal were passed through -
in the 232 feet drilled, as seen in the record. These vary in
thickness from 4 to 41 inches. In the thinner strata the coal
merges into bituminous shale. The exceedingly large number
of coal strata with accompanying shale shows how very carbo-
naceous the shales are in this locality. The sandstone and
arenaceous shales met with are very characteristic of the Chero-
kee shales as found further east.

The Upper and Lower strata are represented in A at 96 feet
7 inches and 229 feet 6 inches, respectively, and in B only the
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Upper was reached, which was found at 122 feet 2 inches. In
~ consequence of the westward dip the Lower stratum lies much
deeper at this point. Deeper drilling here—regarding the dip
of the strata as uniform — would result in finding the Lower at
a depth of 250 odd feet. From both A and B we see a third
coal stratum making its appearance at 67 feet 6 inches and 30
feet 2 inches, respectively, from the surface, or at an average
of 60 feet above the Upper. One 40-inch stratum appears be-
tween the Upper and Lower.

VICINITY OF M’CUNE.

Passing a short distance northwest to McCune, we find a
shaft which was sunk here ten or twelve years ago, but which
has not been in operation for several years. No detailed record
of the shaft is obtainable, but the following general record
shows the position of the coal passed through :

C.—Récord of Coal Strata in a Shaft at McCune.

Thickness Thickness Depth to Bottom
MATERIAL, of Coal. of Strata. of Strata.
18 inches. 83 feet,
24 ¢ 125 ¢
12 ¢ 135 ¢
12 185 ¢
12 ‘e 215 ¢
6 (X3 - 333 ‘"
14 ‘s tereternneeeieneiesesees| 400 ¢

According to this record we find eight distinct coal strata in
‘the 400 feet passed through, only one of which strata is of
sufficient thickness to warrant mining.

The Upper stratum, as it dips 12 feet to the mile, would be
in the neighborhood of 200 feet from the surface at this point.
The 24 inch stratum of this record, placed at 125 feet, might
possibly be the Upper. The Lower, dipping westward 20 feet
to the mile, ought to be found at this point about 350 to 400
feet below the surface. The 14 inch stratum of the above
record, at 400 feet, comes the nearest to correlating with the
Lower. The extreme thinness might be accounted for by local
alteration in the stratum. '
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Passing east to Cherokee we find a shaft 150 feet deep. The
Upper and Lower are quite prominent here. The Upper is
reached at 40 feet, showing a 20 to 24 inch stratum; at 150
feet the Lower stratum was reached. The Lower stratum is
said to be 36 inches in thickness, but varies from 30 to 48
inches. The coal is of excellent quality with very little or no
bituminous shale (‘“black jack’’) either above or below.
‘‘Horsebacks’’ are present but not fumérous. The amount of
‘“sulphur ”’ found in the coal is probably considerably below the
average of the coal of the Cherokee shales. A few fossil inver-
tebrates and plants are found. The dip is to the northwest.

STIPPVILLE.

About five miles north of Columbus, at Stippville, the first
shaft is met with in passing northward into the coal mining
regions. Here the coal is 4 feet thick and lies 20 feet below
the surface. It is the Weir-Pittsburg Lower and is of extra
good quality. The mine was closed when last visited —during
the summer of 1897. Two or three miles north of Stippville,
on the Perry farm, which is two and one-half miles south of
Scammon, on the northwest forty of the quarter section, a pros-
pect drill hole has been sunk, the record of which is as follows :

D.—Record of a Drill Hole near Stippville.

Thickness Thickness Depth to Bottom

I of Coal. of Strata. of Strata.
Soil and Clay......... ceteniaieaeaa. 8 feet.............. 8§ feet.
Shale........cooevennnt 1 ‘‘ 6 inches. 9 ‘‘ 6 inches.
Coal Blossom. 6 ‘¢ 10
Fire Clay......... 2 e 12 ¢
Sandy Fire Clay. 64 L 18 ¢
Shale ....... 2 ‘¢ 6 inches, 20 ‘¢ 8 inches.
Sandstone.............. 5 ‘¢ 3 ‘¢ 25 ¢ ‘e
Ironstone............... 2 v 25 ‘11 ¢
Sandstone... 1 ¢ 1 ¢ 27 *¢
8andy 8hale... 4 Y 32
Blue Shale, soft. . 1 ¢ i 33
Blue Shale....... . 1 ¢ 34 ¢
8hale, pyritiferous..... Ceees 8 inches. 34 ‘¢ 8 inches.
Coal...covvvvvvvviinni i, 41 inches, 3 ‘5 ¢ 38 ‘¢ 1 ¢
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5 feet...... %—Sandstone and Sandy Shale.
= = —
2 feet...... —Shale.
8 in =] —Shale, pyritiferous.
3 ft. 5 in —Coal
6 in

FI1GURE 6. Section of Well South of Scammon, on Perry Farm.

On the same farm, in the center of the south half, is another
prospecting drill hole, which gives the following section :

E.—Record of a Drill Hole near Stippville.

Thickness Thickness Depth to Bottom

MATERIAL. of Coal. of Strata. of Strata.
Boil Bnd CLaE ¢sscss s amomnesisssswsms s s pame oves a1 s 9feet.............. 9 feet
BANASEOUB.. ....o55 5 4 5 5 spgmen s 8 & 5w swms| s swwmmasevssans (LI . 5 ¢ X
Streaks of Sand and Shale 7 ‘¢ Binches. 22 ‘¢ 6inches.
Soft Blue Shale .................... . 1T e 24 ¢ 1
Hard Blue Shale....................|.. 1 ‘41 ¢ 25 %¢ g
©CORL . ..o suws v s s mmmmmn s s e s s e 4 3 ‘“ 9 28 ¢ 11 bE

The coal reached here at 34 feet 8 inches and at 25 feet 2
inches in D and E respectively is of the same quality as that
found at Stippville. The roofing of the former is pyritiferous
shale, which makes a fairly good roof, in the latter a good
working roof of hard blue shale is found. The floor is a good
quality of fire clay. ¢ Horsebacks’’ occur occasionally. Sul-
phur in the form of balls and thin laminge of pyrite in the
coal is often met with. The workable stratum found here is
the Lower.

A stratum intermediate between the Upper and the Lower
averaging 6 inches in thickness is passed through here in D,
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just on the southeast limit, the ¢ blossom’’ being reached at a
depth of 9 feet 6 inches. In E a short distance to the south of
D no trace of this ‘“blossom ’’ is found.

SCAMMON AND VICINITY.

Two prospecting drill holes on the Scammon farm, desig-
nated here as F and G respectively, give the depth of coals
with accompanying strata as passed through in shaft No. 7,
northeast quarter of section 4; township 32, range 24.

F.—Record of a'Drz'll Hole at Scammon.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. , of Strata.

Cla and Soll
hale.......... .
Coa ........................... . 2 inc . 1 ‘¢
Fire Clay and Shale.... ....
Gray Shale
Sandstone .....
Blue Shale
Sandstone and Ironstone. ..
Blue Shale . .
Coal.... .
Fire Clay ......
Sandy Shale gr
Saudy Shale..
Coal, ...
Sandstone, gray ...... B
13% inches.

3 inches.
9

6 ‘¢

@ inches.

‘¢ 8 inches. 80 ‘¢ 6 inches,
6 e

w B 2B
1% 83 ¢ 1%

ot
Pt CROTOD ek bk OV

The second well, G, located about 300 feet southwest of the
shaft, shows the following sequence of strata :

G.—Record of Drill Hole at Scammon.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.
Soil and Clay .. 11 feeb.............. 11 feet.
Shale... e 13
6 inches. 13 ‘‘ 6 inches.
3 16 ¢
2 ‘¢ 6 inches. 19
8 25 ¢
15 ¢ l% inc_l‘les. 1(1] :: 11 inches.
Blue Shale .................. o .. . 6 ¢ 41 ‘¢ 6 ¢
Ironstone.................... TN Pr TR 2 41 ‘¢ 8 ¢
Blue Shale .................. B 3feet10 *¢ 445 ‘¢ 6 ¢
Ironst.one.... B 5 ¢ 445 ‘11 ¢
Blue Shale .. F O . 6 v 46 ‘¢ 5 <
Ironstone.................. F 5 46 ‘“10 ‘¢
Blue Shale .. B 1foot 6 *¢ 48 ¢ 4 ¢
.| 4 inches, 4 48 ‘¢ 8 ¢
Fxre (‘lay, san Ceeeeaen 6 foet 4 ¢¢ 55 ‘¢
Sandstone, gray 20 ‘Y i %5t
Sandy Shale 4 ‘‘ 11 inches. 79 ‘¢ 11 inches.
oa . . 3 ‘e 6 LN 83 L3 5 ‘.
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20 feet .... 5{ : }Sandstone.

4 ft. 11 in.. = —Sandy Shale.
3 ft. 6in.. —Coal.
6 in

—PFire Clay.

FIGURE 7. Section of Well at Scammon.

In F and G the Upper is reached at 16 feet and 13 feet re-
spectively from the surface. The coal in this stratum averages
9 inches, and is poor in quality, carrying much pyrite or ¢ sul-
phur’’ and ‘“black jack.”” The floor and roof are good. The
Lower stratum, reached at a depth of 82 feet 10 inches and 79
feet 11 inches, respectively, is found to vary considerably in
thickness, in G maintaining its usual thickness of 42 inches,
while in F it has shrunk to 13 inches. This is simply a local
thinning out, a phenomenon which is not of infrequent occur-
rence. The roof in the above mentioned mine is composed
principally of sandstone and arenaceous shales, forming a brit-
tle, unreliable covering to the coal. Fire clay and occasionally
a little ‘“ black jack > comprise the floor of the mine. The coal
is a very good quality, but is somewhat pyritiferous.

As will be seen in examining I a new coal stratum makes its
appearance still lower than the one mentioned in D. It is not
found in G. '

WEIR CITY AND VICINITY.

A section on the Lewis farm about 300 yards northwest of

No. 8 shaft gives a fair record.
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H.—Record of a Well near Weir City.

Thickness Thickness Depth to Bottom
MATERTAL. of Coal, of Strata. of Strata.
Sml and Clay . .ooveviveinenninnann. 10 feet............... 10 feet.
Shale......... . 6 ‘¢ ... 16 ¢¢
Sandsbone 1 17 ¢
Blue Shale 3 20 ‘‘ 6 inches,
Coal . 20 ‘¢ 11 ¢
Fire Clay 9 30 ¢
Shale, gray .. 6 36 ¢
Sandstone,gray 11 Ceeemenrecasaes| 4T C*
Sandy Shale ..... 10 ‘‘ 1 inches. 57 ‘‘ 1 inch,
................................ 39 inches. 3 ‘3 ¢ 60 ‘¢ 4 ¢

The Weir-Pittsburg has dropped out at this place. The In-
termediate coal stratum, mentioned in connection with the rec-
ord D, still occurs at approximately the same hight above the
Lower, having a thickness of 5 inches. At 57 feet 1 inch the
Lower stratum is mined. The coal is of a good quality, al-
though considerable ¢‘sulphur’’ and ‘‘black jack’ are found
in spots. The roof is made up of arenaceous shale, the same as
that noted in G, with a floor made up of fire clay. ‘‘Horse-
backs’’ are quite numerous.

On the Kepple farm, near shaft No. 5, a drill hole record
shows the strata assuming the following order :

I.— Record of a Drill Hole near Weir City.

Thickness Thickness Depth to Bottom
MATHRIAL, . of Coal. of Strata. of Strata.
Clay and Sandstone........... ..... 3 feet 13 feet.
Shale, hard and soft................ .. ..l 3 i <8 inches.
Blue Sandy Shale, hard. e .. .. [ 24 e
BlueShale............cooeevinnn... 27 ¢
Blue Black Shale, soft..... 30 ¢
........................ 30 ‘¢ 6 inches.
Fn'e Clay.. 33 ‘“6 ¢
Fire Clay, sandy 37T ‘“ 6 ‘e
Sand and-Shale 47 ¢ 6 ¢
49 ‘. 6 ‘"
. 55 L 6 (X3
48 inches. 59 ‘‘6 ¢
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—Shale, soft, blue black.

}Fire Clay, sandy.

10 feet.... - E'—“/""w——- ESand and Shale.

~

3523 —Fire Clay.

6 feet...... = : - 4 —Sandy Shale.

—Coal.

Fi1cure 8. Section of Drill Hole on the Kepple Farm near Weir City.

The Intermediate 6 inch stratum 1is still persistent. The
Lower is found here at a depth of 59 feet 6 inches, with a thick-
ness of 4 feet. The coal is good, although containing some
“sulphur’” and ‘“black jack.”” Theroof is breaking down into
a soft bituminous shale. The floor is of fire clay and ‘¢ black
jack’’ and is fairly good. ‘¢ Horsebacks’’ are numerous.

One and a half miles north of Weir City on the Daisy farm,
a prospect hole was sunk within about 250 yards of the Daisy
shaft. From the record of this hole the following sequence of
strata was noted :
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J.—Record of Prospect Hole on the Daisy Farm.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.

Soil and Clay ..... i 58§ RS 5 | ©858 8 s s v 8 feet 6 inches. 8 feet 6 inches,
Sandstone..... ...... 10 ““ L. 18 6
Shale, gray and soft. 6 ‘¢ 6inches. 25 ‘¢
Coal................ > S 25 ‘¢ 2
OLEY, BLACK . sujecosmme 55 s s wpmursmars s v | 5 5 8 ¢ 1 srvmpae sosvs 2 ‘2 27 " 4 ¢
Shale, bluish. Sr8Y ;vus sxsswmmsene s 55 | 55 ¢ # 5 e » 6 ‘v 8 83 ‘¢ 10 ¢
Ironstone .......... # . 4 34 ¢ 2 ¢
Blue Black Shale 8 eceiis i 37 ‘¢ 2
Coal, ......... 4 inches, 37 ‘¢ 6
Fire Clay 1 ¢ 8 39 ¢ 2
Gray Sand . 1 ‘“10 ¢ 41
PIreiClaYe: sussmasmss s s 5 von woemas on 58 | #5555 8 wommees 5 100 ** s w s 51 ‘¢
Dark SN csmmw s s s sewmmnans s §5 6 | §3 5585 S she 10 ‘¢ 6inches. 61 ‘¢ 6
Shale, soft ...... 3 e 6L ‘¢ 6
Gray Sandy Shale. 5 ‘¢ 10 inches. 70 ‘¢ 4
Sandstone, blue. 3 ‘¢ 8§ ¢ T4 ¢t

S T T r— 42 inches. 3 ‘“ 6 77 ‘Y6 ¢

% Shale.
4in, —Ironstone.
3 feet..... —Shale.
4in... SRR g —Coal.
10 in %’W | —Fire Clay.

1ft.10in... -Gray Sand.
10 feet....

y [ Fire Clay.
10 ft. 6 in.{ ©

gDark Sand.

3 feet... . %Shale.
!
)

5 ft. 10 in.% ) Sandy Shale.

—Sandstone, blue.

3 ft. 6in... —Coal.

FIGURE 9. Section of Drill Hole on Daisy Farm near Weir City.
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The Weir-Pittsburg Upper is here represented by a 2-inch
stratum of coal and ‘“black jack’’ or bituminous shale. The
roof is soft shale and is weak. The floor is bituminous clay.
The Intermediate stratum occurs 36 feet above the Lower and
has a thickness of only a few inches at this point. The roof is
bituminous and blue shale; the floor is fire clay. The Lower
stratum, reached at a depth of 74 feet has a blue sandstome
roof which is bituminous. The coal if of good quality and of
average thickness, 3 feet 6 inches. The floor is fire clay;
““horsebacks >’ are quite numerous; ‘‘sulphur’ and ‘‘black
- jack’’ are quite abundant, with the ‘‘sulphur’’ occurring in
balls or in rounded masses in the seams of the coal. A 4-inch
stratum of ironstone, or ‘‘bastard rock,”” as called by the
miners, is found 32 feet from the surface. This form of rock oc-
curs quite frequently throughout the Cherokee shales, especially
to the north. The bituminous, carbonaceous, and arenaceous
shales are still found to merge back and fourth in rapid succes-
sion.

On Mr. Scranton’s estate, in the southern part of Weir City,
about a half mile from the main street, a shaft has been in
operation for several years. The lower stratum of coal is
worked here at a depth of 30 odd feet. The Upper stratum
was passed through not as coal but bearing close resemblance
to soft charcoal, a soft, black, bituminous, and carbonaceous
earth. The 6 inch stratum before mentioned as lying between
the Upper and the Lower is found at this point. To the east of
this shaft about a half mile the Lower stratum comes to the
surface in a ravine.

Starting from a point a few rods south of this shaft and pass-
ing around to the east and north of Weir from one-half mile to
a mile and a half of the city strip pits are numerous. These
strippings are located on or near the outcropping of the Lower
stratum, the Upper cropping out further to the west. The
average thickness of material removed in these strippings is 10
feet, although varying from 6 to 16 feet. The coal thus ob-
tained is of a fairly good quality but, on account of its nearness
to the surface, has been so thoroughly saturated by surface
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waters that it is badly slacked and therefore rendered soft and

difficult to handle. - For several years it has been mined quite

extensively by stripping in the northern part of the city to

supply the smelters located near by, but recently less has been

stripped than formerly. The covering of the coal is, as a rule,
light blue shale, often merging into arenaceous shales and sand-

stone. The floor is fire clay ; ‘“horsebacks’’ are quite numer-

ous and troublesome.

About a mile and a half northeast of Scammon considerable
mining by stripping has been done in times past. Coal is still
removed at this point by Mr. Clemens, and there is demand for
it. The coal in this neighborhood is in better condition than
that stripped further east. The reason for this is that it is far-
ther from the outcroppings and is generally at a greater depth
and is therefore less affected by weathering, but it is also more

“expensive to work. ¢ Horsebacks’’ occur quite frequently in
these strippings. _
CHICOPEE.

Three prospect drill holes in the vicinity of Chicopee will
serve to show the association of strata at this point. The rec-
ord of hole No. 1, located on section 27, township 30, range 24,
reads as follows:

K.—Record of a Prospect Well near Chicopee.

Thickness Thickness Depth to Bottom
MATERIAL. of Coal. of Strata. of Strata.
1 P PP 13 feet............... 13 feet.
gmi Sslaalle ................ : :: g inches, %% :: 6 inches
ar) ale . e
gra)i Shale......ccovveeneivinnveenas)ieeeiiiiinne, 11855 o 22; o o
Gray é’liziié??ﬁi.'.’i ................ Tfe6t....,.cccun.... 30 ‘¢ Ry e
glack Shale, hard 2 ineh 5 -*¢ 71 inch 332 :: 2 50t
.............. nches, ¢ ¢
Gray Shale..........covvvvviiiieiin]vineiiiinnnnn, 10 ¢ 37 ¢ 215 ¢
Black Shale. O sicises” 5feet 1 ‘¢ ‘4% o 1(3"/2 ‘
......... nches, o
Gray Shale, hard .......ccoveeviiivininnnnnnnn... 22 Y i 64 ‘¢ 10 <
Grayi Sandstone, hard ..............|.......oo.uinl. g :: 7 mc‘l.xes 77; :: g ::
Bhwelc Shaio 11 1 78 1
Gray Shale, soft .. 6 ‘‘ 4 inches. 8 ‘¢ 5 ¢

Total depth of well, 95 feet 7 inches.

Hole No. 2, on section 27, township 30, range 24, gives the
following sequence of strata, :
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L.—Record of a Prospect Well near Chicopee.

Thickness Thickness Depth to Bottom
Lo of Coal. of Strata. of Strata.

Clay:and GumbO: e s & s s 53 smsisrmwas [uwen vss v v wisie 17 feet 3 inches. 17 feet 3 inches.
Black Shale, hard B ¢ 5 e 2 ‘¢ 8 ¢
Coal. ......... co.iiiiiiiiiiieaaes 2 ‘8 ¢ 25 ‘¢ 4
Gray argillaceous Shale............ B ¢ ssusensivae .. 31 ¢ 4 ¢
Limestone, blue, fossiliferous...... 8 inches 32 ¢
Gray argillaceous Shale............ 8 ‘6 40 ‘6
Black Shale; ::.vssseacissss o onmwnsen LI - . 4 ¢ 2
CoRLi i i s vamvin mones o s s b sssieimes | AN B 45 ‘¢C 4 ¢
Gray argillaceous Shale............ 4t e is 49 ¢ 4 <
Gray Shale........oooviiiiiiiiiine, 22 ‘“ 2 inches. 7 ‘6 ¢
Black Shale 6 . gi *f 6
COBLyiasicon swws swsmwnnm s s o s 8 > wroen vae 6 inches, 78 ¢
Gray arenaceous Shale.............feeeeeeeianiinn. 12 ¢ £ 0 ¢t g

L ‘o O 53 v ey s 2 4F seem e anas 92 ¢ 6 ¢

‘ e B ssamEEs B *f emeenssiiess 98 ‘¢ 6 ‘¢
Coal.......coovviiiiiiiiiiii i 9 inches. 3 ‘‘“ 3 inches 0L ‘¢ 9
Black Shale...............ooooiiliiiaiia i e 1“1 ¢ 102 ¢C 10 ¢¢

5 ft. 5 in —Black Shale.
2 ft. 8 in —Coal.

3 ft. 8in...

1ft. 2in....

Ficure 10.

—Limestone.
| Shale.

—Coal.

%Shale, gray.

—Coal.
\

—Coal.

Section of Drill Hole near Chicopee.

—Black Shale.

g‘ Shale, black.

—B8hale, black,

—Shale, argillaceous.

—Shale, argillaceous.

+Shale, gray, arenaceous.



170 University of Kansas Geological Survey.

Hole No. 3, located on section 27, township 30, range 24, al-
though a trifle deeper than either 1 or 2—K or L — shows the
same association of strata at this locality. The record is as
follows :

M.—Record of a Prospect Well near Chicopee.

Thickness Thickness Depth to Bottom
MATERIAL, of Coal. of Strata. of Strata.

Clay and Gumbo ............... .. ...| 12 feet 8 inches. 12 feet 8 inches.
Black ......... e 2 14 ¢ 8 ¢

................... 28 inches, 17 ¢
Arglllaceous Shale, gray....... . 28 ¢¢ .
Blue Limestone.............. 28 ‘¢ 6 inches.
Argillaceous Shale, gray cee 33
Dark Shale.. 33 ‘10 “
Gray leestone 3H ¢
Dark Sha 3B ¢ 4 ¢
Coal........... 36 ‘1 ¢
Argnllnceous Shale, gray 41 ‘¢ 8 ¢
Gray Shale............... 61 ‘¢ 5 ¢
Black Shale.................. 63 ‘¢ 5 ¢
Blue Limestone.............. i 63 ‘¢ 9 ¢
Black Shale.................. s 4 4 68 ‘¢ 1 ¢
Coal............... ﬂlnches. 5 ¢ 68 ‘“ 6 ‘¢
Gray Shale...... . 9 7 ¢ 6 ¢
@Gray Sandstone. 1 ‘¢ 6 inches, 9 ¢
Shale, hard...... .1 8 8 ‘¢ 6 ¢
Blue Limestone. 7T 81 ‘¢ 1 ¢
Gray Shale, hard . 10 ¢“ ...l 91 ‘¢ 1 ¢
Gray Sandstone. .... cevaes ol ver 3 *‘ 4 inches. 94 ¢ 5 ¢
Gray Shale, hard ............ P 1 ‘¢ 8 ¢ 96 ‘¢ 1 ¢
Coal...........cooeveinnnn, eee 2 ‘¢ X% ¢ 98 ‘¢ 2 ¢
Dark argillaceous Shale........... |............... T 99 ‘¢ 24 ‘¢

The Upper stratum is reached in K, L, and M at 21, 22, and
14 feet, respectively. The roof of this coal is argillaceous and
bituminous shale, in some places weak, but as a general rule
making a fairly good supporting roof. The floor material is
similar to that of the roof, being argillaceous shale.

The Intermediate stratum increases a trifle in thickness as it
passes to the north, having here an average thickness of 7
inches. The bituminous shale here makes a very good covering
and is quite persistent. The floor is a good quality of hard,

. gray shale and is tolerably level, making a good working floor.

The Lower stratum is reached at a depth of 83 feet 7 inches,
93 feet 6 inches, and 96 feet 1 inch, in K, L, and M, respect-
ively. The roof merges from hard blue shale in M to arena-
ceous shale in L, then to hard sandstone in K. The floor
consists of a very bituminous hard shale, yet in M an argilla-
ceous shale is met with, making a poor working floor.
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The large amount of bituminous (black) shales and clays
found in these drill hole records, as well as the arenaceous
shales and sandstone, are very characteristic of these shale beds
as noted farther south.

THE AREA NORTH OF PITTSBURG AND CHICOPEE.

A smaller number of records of wells and shafts have been
obtained from the area lying north of Chicopee and Pittsburg
than have already been given for the southern portion of the
country, but from observations taken covering the greater part -
of the above mentioned district it is found that the coal strata
continue to dip gradually deeper beneath the surface to the
north and west at an angle which does not differ materially
from that already observed farther south. The Weir-Pittsburg
Lower outcrops in the vicinity of Pittsburg and has been
stripped quite extensively on the south, west, and north of the
city. At present it is taken from the clay pits at the clay fac-
tory at which place it is found at a depth of from 16 to 20 feet
below the surface, being overlaid with arenaceous and argilla-
ceous shales. The line of outcrop passes northeastward from
Pittsburg to the state line —eight to ten miles from Pittsburg.
The outcropping is seen only in the ravines, consequently on
the higher ground to the north and west the coal is mined by
shafting. '

DETAILS OF STRATIGRAPHY IN THE MINES.

To give a more definite idea of the depth of the workable
strata of coal, their thickness, and the character of the asso-
ciated strata, the exact data will be given as obtained directly
from the operators of the various mines. The mines from
which the following data were obtained are located principally
in Cherokee county.

1. The Western Coal Mining Company, Mine No. 3. Flem-
ing. The mine is 100 feet deep. Thickness of coal is 3 feet 3
inches. The roof is blue shale, merging into sandy shale.
Considerable gas is found here. The floor is generally fire clay,
but quite frequently pyritiferous ‘¢ black jack.”” The Lower
coal stratum is mined.

12—
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2. The Western Coal Mining Company, Mine No. 2. Flem-
ing. The mine is 100 feet deep. Coal is 3 feet 2 to 4 inches in
thickness. The floor is level and composed of fire clay and
pyritiferous ¢“black jack,”” which makes mining difficult as the
force of the charge in blasting is lost in the elastic ¢ black
jack.”” The roof is shale, sometimes sandy. The Lower coal
stratum is mined here.

3. The Schaub Coal Company. The J. H. Durkee Coal Com-
pany, lessee, Mine No. 3. The mine is located on the southwest
quarter of section 6, township 32, range 24. The mine is 50 feet
deep and the coal is 3 feet 6 inches in thickness. Very little
¢ black jack ’’ is found associated with roof or floor.' Little or
no iron pyrite or ‘‘sulphur’’ occurs. The floor is level and
smooth and composed of fire clay. The roof is blue shale and
a trifle arenaceous in places. The Lower coal stratum is
mined. )

4. Hamilton and Grant Coal Company, Mine No.3. Weir City.
The mine is 30 feet deep. Coal is 3 feet 6 inches thick. ‘¢ Horse-
backs’’ are numerous and ‘‘black jack’’ is troublesome. The
roof is ¢omposed of shale and sandy shale. The floor is ¢ black
jack’’ and fire clay. The Lower coal stratum is the one mined.

5. Kansas and Texas Coal Company, Mine No. 47. North of
Weir three miles. The mine is 30 feet deep and the coal 3 feet
4 to 6 inches in thickness. The floor dips to the northwest, is
quite smooth, and is composed principally of fire clay with a
little ‘“black jack’’ intermixed. Roof is shale—fairly good.
Lower coal stratum is mined.

6. Kansas and Texas Coal Company, Mine No. 23. North of
‘Weir three miles. The mine is 42 feet deep. Coal is 3 feet 6
to 8 inches in thickness. The floor is rather uneven and is com-
posed of fire clay and ‘“‘black jack.”” The roof is shale and
sandy shale. The Lower stratum is mined.

7. Kansas and Texas Coal Company, Mine No. 18. North of
Weir nearly three miles. The mine is 76 feet deep and the coal
is 3 feet 6 inches in thickness. The roof is arenaceous shale
and sandstone—poor. The floor is composed of shale and
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‘““black jack,”’ 3 to 4 inches in thickness, then fire clay — poor.
‘“ Horsebacks’” are numerous. The Lower stratum is mined.

8. Hamilton and Braidwood, Mine No. 2. In the vicinity of
Weir. The mine is 78 feet deep. Coal is 3 feet 3 to 6 inches
thick. The roof is arenaceous shale and sandstone — poor.
There are 6 inches of ‘“ black jack’’ under the coal, then fire
clay. = At this point the drill hole, 110 feet deep, shows two
other coal strata— 10 and 8 inches in thickness, respectively.
The depths at which these two strata were reached were not
known to the operator. The roof is arenaceous shale. ‘¢ Horse-
backs’’ are of frequent occurrence. The Lower stratum is
worked.

9. The Central Coal and Coke Company, Mine No. 5. In
the vicinity of Weir. Mine is 60 feet deep. Coal is 3 feet 6
inches thick. A strip of faulty coal, several rods wide, passes
through this neighborhood trending northeast and southwest.
‘ Horsebacks ’’ are very numerous. The roof is arenaceous
shale and shale. The floor is fire clay and *‘black jack.”
““Black jack’ is not very troublesome. Inower stratum is
worked.

10. Durkee Coal Company, Mine No. 1. Location: East
half of the northeast quarter of section 33, township 31, range
24. The mine is 50 feet deep, and coal is 3 feet 8 inches in
thickness, and dips very perceptibly to the northwest. The
roof is shale and sandy shale. The flooris fire clay and ¢ black
jack,”” but there is very little of the latter. Lower stratum is
mined.

11. John Bennett Coal Company, Mine No. 5. In the vicin-
ity of Weir. Mine is 55 feet deep. Coal is 3 feet 6 inches in
thickness. The roof is shale. The floor, composed of ¢ black
Jack’’ and fire clay, dips to the northwest. ¢ Horsebacks ’’
are numerous. The stratum mined is the Lower.

12. Central Coal and Coke Company, Mine No. 8.. West of
Weir. The mine is 75 feet deep. The coal is 3 feet 4 to 6
inches thick. The floor is almost level, dipping to the west
slightly, and is composed of fire clay and ¢ black jack,”” with
very little of the latter. The roof is shale, fairly good.
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<« Horsebacks ’’ are of frequent occurrence. The stratum mined
is the Lower. - :

13. Weir Brothers’ Coal Company, Mine No. 2. Weir City.
Mine is 96 feet deep. The coal is 3 feet 4 to 8 inches thick.
The floor is fire clay and ‘“black jack.”” The roof is shale and
sandy shale. Some gas is found here. ‘¢ Horsebacks’’ are met
occasionally. The stratum worked is the Lower.- '

14. Central Coal and Coke Company, Mine No. 6. West of
Weir. Mine is 72 feet deep. Coal is 3 feet 8 inches thick.
Floor is fire clay and ‘‘black jack.”” Roof is blue shale.
<« Horsebacks ’’ are numerous. Lower stratum is worked.

15. Davis Coal Company, Mine No. 3. The mine is. located
on the northeast quarter of section 19, township 31, range 24.
Cherokee. Depth of mine is 150 feet. Two strata are found
here. The first is reached at a depth of 40 feet where the coal
is 2 feet thick ; the second at a depth of 150 feet where the coal
is 3 feet 3 to 6 inches thick. The floor is fire clay with a thin
stratum of ‘“black jack ’’ next to.the coal. ‘‘Horsebacks’’ are
not numerous. The Lower stratum is mined.

16. Norton’s Works, Mine No. 2. Durkee Coal Company,
lessee, Mine No. 3. Scammon. The mine is 67 feet deep, and
the coal is 4 feet in thickness. . Floor strata as shown in ‘“‘sump’’
are as follows: ~¢‘Black jack’ 2 to 3 inches in thickness; blue
shale 18 to 20 inches; coal 2 to 3 inches; and fire clay 2 to 3
feet in thickness. The roof is arenaceous shale and sandstone,
fossiliferous. The floor is rough and wavy and dips to the
northwest. ‘‘Horsebacks’’ are numerous. The stratum mined
is the Lower.

17. The Durkee Coal Company, Mine No. 4. Location is on
the northeast half of section 16, township 31, range 24. The
mine is 60 feet deep. Coal is 3 feet 6 inches to 4 feet thick.
The roof is blue shale. The floor is ‘‘black jack,’’ shale, and
fire clay, similar to that found in No. 16. ‘“Horsebacks’’ are
quite numerous. The Lower stratum is worked.

18. Southwestern Coal and Improvement Company, Mine
No. 6. Mineral City. The mine is 125 feet deep. The coal is
3 feet 8 to 10 inches in thickness. ‘‘Horsebacks’’ are very
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troublesome. The roof is blue shale and is fairly good. The
floor is ““black jack’’ and pyritiferous fire clay. The coal car-
ries considerable pyrite in the nature of fine seams and bands.
The floor is wavy and dips to the northwest. Gas is found
here. The Mineral City Lower is mined here. _

19. The McCune Coal Company. McCune. This company’s
mine is 400 feet deep. There are six strata of coal. One is 6
inches in thickness; three are 1 foot each in thickness; one
is 2 feet; and oneis 18 inches. Both the 18 inch and the 2 foot
strata have been worked. The 24 inch strata is probably the
Weir-Pittsburg Upper. The roof is shale and sandstone. The
floor is fire clay and ‘‘black jack.’”’

20. Columbus Coal Company, Mine No. 4. This mine is
located at the southeast corner of the northwest quarter of sec-
tion"—, township 32, range 24, and is 25 feet deep. The coal
is 4 feet thick. The roof is blue shale and sandy shale. The
floor is fire clay and ‘‘black jack.” ¢ Horsebacks’’ occur
here. The stratum worked is the Lower.

INCLINATION OF COAL BEDS.

" Itis desirable to determine the inclination of the coal beds. The
practical question for the miner being the distance below the
surface at which the coal is found the inclination of the coal
beds with reference to the surface rather than with reference to
a level will be sought after. But as the whole of the coal min-
ing area in Cherokee and Crawford counties is almost level the
figures obtained will not differ materially from figures obtained
showing the dip referred to the horizontal.

The Weir-Pittsburg Lower may be traced from its outcrop«
ping three-fourths of a mile east of Weir westward to the limit
of mining operations at Mineral City, by noticing its position
in the records of the strip-pits, shafts, and drill holes located
between these two points. The Lower occurs here as follows :

1. Inthe strip-pits east of Weir at a depth of from 10 to 16 feet.

2. At Mr. Scranton’s mine in the southeastern part of Weir
at a depth of 30 odd feet.

3. In the Daisy shaft at a depth of 75 feet,
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4. In prospect hole No. 2 as seen in record G at a depth of
79 feet.

5. At Cherokee at a depth of 150 feet.

6. In prospect hole, record A, five miles north of Mineral
City, at 229 feet 6 inches.

This makes an average westward dip below the surface of 20
feet to the mile. '

The Weir-Pittsburg Lower may be traced to the north from
its outcropping near Columbus, but as the exact location of the
outcrop is uncertain, due to the covering of soil, it would prob-
ably be best to use the locality where the exact depth of the

stratum is known as the initial point in the correlation on the
south.

1. A shaft at Stippville, a few miles north of Columbus,
reached the Lower stratum at a depth of 25 feet.

2. On the Perry farm two and a half miles south of Scammon,
in prospect hole No 2, record D, it was found at a depth of 24
feet 8 inches.

3. On the Scammon farm, near Scammon, in hole No. 2,
record G, the Weir-Pittsburg Lower was reached at a depth of
79 feet 11 inches.

4. Still farther north at the Daisy shaft, on the Daisy farm,
it was met with at a depth of 75 feet.

5. At the M. K. & T. mine No. 18, a few miles north of
Weir, it is reached at a depth of 75 feet.

6. At Fleming the same stratum is worked at a depth of 100
feet.

From the above it will be seen that the dip to the north is on
the average 4 feet to the mile below the surface.

The Weir-Pittsburg Upper stratum may be traced as follows :

1. It is first noted in records F and G at 16 and 13 feet, re-
spectively.

2. Inthe Daisy shaft the Upper occurs at a depth of 20 odd feet.

3. At Fleming this stratum is reached at 18 or 20 feet.

We thus see that this coal stratum is dipping below the sur-
face on an average of 3 feet to the mile, in passing northward.

Passing westward from Weir to Mineral City and vicinity the
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following points may be noted at which the Upper stratum can
be found :

1. The ““ blossom ’’ of the Upper appears on the Scranton farm
one-half mile south of Weir at a few feet from the surface.

2. On the Daisy farm, one and one-half miles north of Weir
( see record J ), the Upper is reached at a depth of 24 feet from
the surface.

3. Near Scammon, in hole No. 2, record F, it is reached at a
depth of 16 feet.

4. At Cherokee it was reached at a depth of 40 feet.

5. North of Mineral City, see records A and B, it was reached
at 96 feet 7 inches and 122 feet 2 inches, respectively.

This gives for the Upper an average westward dip beneath
the surface of 12 feet to the mile. '

This difference in westward inclination of the two main coal
beds is somewhat surprising and at the same time interesting.
It implies that throughout this area there was a more rapid ac-
cumulation of shale forming material to the west during the
1nterva.l between the production of the two coal beds. This ex-
cessive westward thickening averages 8 feet to the mile, the
difference between the dip of the two coal beds. The general
westward inclination of the Cherokee shales as a whole along
the south line of the state, as shown in Plates I and II, is about
20 feet to the mile. The westward inclination of the Lower or
principal coal bed is therefore about the same as that of the
Cherokee shales, while the position of the Upper coal bed is
such that it is inclined to the general bedding planes of the
Cherokee shales.

The dip of the Cherokee shales to the north and west, in
Cherokee county, is therefore quite marked, which dip soon
carries them below the higher geological formations to the
north and west, and to such a depth that in a comparatively
short distance beyond the upper line of outcrop the accompany-
ing coal strata become, for the present, unworkable.

The Intermediate coal stratum is as persistent in the con-
- stancy of its thickness and extent of occurrence as well as in its
dip as are the Upper and Lower.
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Arcadia Area.

At Arcadia three strata are found from which considerable
coal is removed. The upper stratum comes within a few feet
of the summits of Bunker Hill and Coal Mound, at which places
it is mined. It resembles the Fort Scott ‘‘red’’ and is much
used as a domestic fuel. The second stratum is stripped just
east of town, and is also drifted for on the creek bank south of
Arcadia. At Coalvale, about four miles south of Arcadia, a
third stratum is shafted for in the creek valley. These coal
strata average probably 20 inches in thickness and produce
large quantities of good coal which is put on the market in com-
petition with Weir-Pittsburg coals to the south. These strata
belong to the Cherokee Shales, but are higher than those to the
south. Plate XXXI shows the association of strata found here.

Fort Scott Area.

Near the top of the Cherokee shales in the vicinity of Fort
Scott coal has been mined for over thirty years. Here there
are two beds of coal, one from 6 to 10 feet below the lower
Oswego limestone, and the other 60 feet or more still further
below. The former is mined in many places around Fort Scott,
while the latter is mined to a lesser extent near the state line
along the Drywood and along the Marmaton.

Coal mining was first begun in the Fort Scott vicinity about
the close of the war, in 1865. The upper bed of coal out-
cropped in a thousand places along the banks of the ravines
and larger tributaries of the Marmaton. Here exposed to the
weathering agents the iron sulphide within it became oxidized,
producing iron rust which gave the coal a rusty appearance
from which the name ‘‘red coal’’ was derived. Being so close
to the overlying Oswego limestone the escarpments and steep
bluffs produced on account of the protective action of the lime-
stone made it possible for the coal to be oxidized completely
along the surface and to be practically unaffected only a few
feet back in the bank. The contrast between this condition
and the conditions in the vicinity of Weir City and Pittsburg,
where there is no protective limestone overlying, is very great.
In the latter place such a weathering and such a production of
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““red’’ coal extends many times as far back from the line of
outcropping while this outcropping line is concealed almost en-
tirely by the overlying soil so plentifully produced by the de-
composition of the shales.

When the Kansas City, Fort Scott & Gulf railroad, now the
.Kansas City, Fort Scott & Memphis railroad, entered Fort Scott
in 1869 a strong demand was created for coal which was prin-
cipally supplied by mining the Fort 'Scott ‘‘red.”” The road
soon ran a switch into the mining territory five or six miles
southeast of Fort Scott so that the coal could be loaded directly
on the cars. Previous to this improvement it had been teamed.
to the stations of Fort Scott and Godfrey and loaded onto the
cars from wagons. Later, after the road had reached the south-
ern state line, and after the coal mines in Cherokee and Craw-
ford counties were opened, the railroad found it to their advantage
to obtain their supply of coal from the southern mines where
the coal is thicker and consequently cheaper.

Since that date the principal mining of the Fort Scott coals has
been confined to supplying the local demand. Occurring in so
many places immediately at the surface where stripping can be
done at so low an expense and where drifts can be carried back
into the bank a short distance without the use of machinery it
offers an excellent opportunity for the small miner to work at
odd times and during the winter and to devote the remainder
of his time to other employment. Many thousands of bushels
are mined annually in this way and carted into Fort Scott for
the retail market. The ‘‘rusty’’ coal is particularly desirable
for use in the forges of blacksmiths and also for other fires where
the presence of a small amount of sulphur is especially objec-
tionable. The output of Bourbon county is confined principally
to these two beds from the Cherokee shales, the upper one of
which furnishes the ‘‘rusty’’ coal. Still, a small amount of
coal is mined in the northern part of Bourbon county from beds
which occupy a higher position, as will be explained under the
Pleasanton shales.

In 1897 Bourbon county produced 28,483 tons of coal, which
equals .86 per cent. of the total state production.
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Leavenworth Area.?

North from Fort Scott no coal has been mined from the
Cherokee shales until the vicinity of Leavenworth is reached.
Here the Leavenworth coal is obtained from the upper part of
the Cherokee shales. The coal at this place is about 2 feet
thick, averaging for the whole mine run possibly a little less.
Twenty-five feet below the coal which is being worked lies an-
other bed of about the same thickness and quality although it
has not yet been mined, while still further below is a third coal
bed also about 2 feet in thickness. The Leavenworth mining
-area lies just to the southeast of the Oread escarpment, so that
in order to reach the coal the shaft must pass through the lower
part of the Lawrence shales and all intervening formations,
which here are not as thick as they are in the southern part of
the state by some 200 or 300 feet.

This same coal horizon outcrops further east, in Missouri,
from which coal has been mined for more than forty years.
It was the knowledge of this outcropping that led that veteran
geologist, Maj. F. Hawn, to predict so emphatically the exist-
ence of coal under Leavenworth and to estimate its depth so
accurately. Fortunately for him and all concerned his predic-
tion came true, although dozens of oil and gas wells in southern
Kansas, starting from about the same geologic horizon, just east
of the Oread escarpment, have passed entirely through the
Cherokee shales without finding nearly so much coal as exists
at Leavenworth. Had Major Hawn been familiar with many of
the facts recently brought to light in drilling for oil and gas in
southern Kansas probably his faith in the existence of the
Leavenworth coal would have been less strong and most likely-
the Leavenworth mines never would have been developed.

History of Development of the Leavenworth Area.

In 1859, after much persistent effort, Major Hawn organized
the Leavenworth Coal Mining Company. The next year twenty
acres of land on the government reservation were leased and
a prospect hole was commenced with a rude drill operated by a

3. Jameson, E.: Coal Resources of Leavenworth, Kansas, Leavenworth, 1890,
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spring pole. The civil war, lack of money, and want of confi-
dence in Major Hawn’s convictions led the company to aban-
don the enterprise and to transfer all their rights to Major
Hawn who continued the prospecting intermittently as he could
secure means to push it.

A 2 foot bed of coal was reached in 1865. The city now
granted to Major Hawn the right to mine under the streets and
alleys of Leavenworth. A new company was then organized
and the right to mine under the military reservation was
granted by the Post Commander and confirmed by the Secre-
tary of War. On July 20, 1868, Congress confirmed this grant
and sold the company a tract of twenty acres from the reserva-
tion. In January 1869, Major Hawn transferred back to the
Leavenworth Coal Mining Company all his rights in the mines
and lands.

28 feet..... —Shale.
2 feet..... —Coal.
—Fire Clay.
25 feet....<
—Shale.
2 feet —Coal.
81 feet .... —TFire Clay

F1GUre 11. Section of the Lansing Coal Shaft.
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The shaft reached the bed of coal at 713 feet in 1870. For
two years the mine was operated at a loss. It had cost $200,-
000, the stock represented $300,000 face value, but was worth
only fifteen cents on the dollar in the market. Through the
influence of Doctor Sinks, a gentleman much interested in the
mining operations, Hon. Lucien Scott, of the First National
Bank, in 1872 purchased a large interest in the mine and in
the same year the company employed as mine superintendent a
practical mining engineer, Mr. John E. Carr, a man of wide
experience in managing mines in England and in different
parts of America. Under his supervision the mine was retim-
bered, the ventilation improved, and the capacity greatly
enlarged. In 1880 a new shaft was sunk, and in 1882 the size
of the old shaft was increased, and the most improved machinery
introduced in the mine and buildings. A system of cable roads
was introduced in 1885, supplanting the mule cars commonly
employed in coal mines. A hole has since been drilled below
the shaft to a total depth of 1130 feet and shows four Workable
beds of coal, aggregating 8 feet.

In 1879 the Legislature authorized the officers of the State
Penitentiary to sink a shaft at Lansing and appropriated $25,000
for that purpose. On November 20, 1879, under the direction
of Mr. Oscar F. Lamm, the shaft was begun, and on January
15, 1881, coal was reached at 713 feet.

In 1885, Mr. John Braidwood, State Inspector of Coal Mines,
resigned his position and assisted in 'organizing the Riverside
Coal Company. That fall the city voted $10,000 in bonds in
aid of the enterprise, as authorized by the .Legislature at its
previous session. The shaft was begun on January 17, 1886,
and coal reached on September 17, of the same year. The shaft
was sunk and coal hoisting begun at a cost of less than $50,000.
In 1888 this company began freighting coal down the Missouri
river to Kansas City in barges, but the difficulties of river navi-
gation were so great that this was soon abandoned.

In March, 1889, the shaft of the Home Coal Mining Company
reached coal at a depth of 710 feet and mining was actively be-
gun. The shaft was carried 30 feet below the first bed and at
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25 feet a second bed of 22 inch coal was found, the same as has
since been shown by the drill at other places.

Several other attempts at coal mining were made about 1888
and 1889. The Brighton Coal Company’s shaft was the next
one completed and reached coal at a depth of 850 feet about the
close of 1889. This shaft was operated for one season, after
which work was suspended and has not been resumed. A pros-
pect hole was drilled in 1889 at Tonganoxie and coal found ata
depth of 850 feet, but no development has yet been made.

The Home Coal Mining Company and the Riverside Coal
Company were consolidated on August 1, 1894, under the name
of the Home-Riverside Mining Company. The two shafts, about
a mile apart, were connected by a tunnel, making them virtu-
ally one large mine.

The production and number of men employed by the Leaven-
worth mines during 1897 is as follows : '

Leavenworth Company.........oooovvviiiinnnenn. 112,261 tons, 301 men.

Home-Riverside Company ................cooovnnn.. 190,000 ¢¢ 435 ¢

Penitentiary mine ....... ... .o, 64,880 ¢ 336 ¢
Total of Leavenworth county................... 367,141 tons, 1,072 men.

Coal Production from the Cherokee Shales.

From the foregoing discussion it will be seen that the Chero-
kee shales are-a great coal producing formation and that at
present they produce nearly all the coal mined in the state.
By reference to Table III, page 193, it will be seen that for 1897
they produced 93.32 per cent. of the total state output, and
that for preceding years they produced a proportion which
gradually decreases backwards. With the current low price
of coal and the consequent necessity of operating mines which
can produce coal at the least possible cost the tendency will be
for the per cent. of output from the Cherokee shales to increase.
Should the time come when the price of coal will permit the
operation of the many lesser mines in the upper horizons then
we shall have a relative decrease in the production from the
Cherokee shales.
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FUTURE OF COAL PRODUCTION FROM THE CHEROKEE SHALES.

No question in connection with the coal fields of Kansas is of
more vital importance than tlat of the future production from
the Cherokee shales. At the rate at which coal is mined in
Cherokee and Crawford counties it can be readily seen that
within a few generations the coal now known to be available
near the surface in those two counties will have been removed.
Nothing but the most careful and detailed prospecting with the
drill will determine in advance the extent of these heavy coal
beds in Cherokee and Crawford counties. It is well known, as
has already been pointed out, that there are many other lesser
beds covering wide areas, the extent of which cannot be given
at present, even approximately, on account of the little devel-
opment that has been made.

. The great question for the future is with reference to the ex-
istence of coal beds farther to the west, coal overlaid by the
Oswego limestone and succeeding formations. There is no
reason known to the geologist why one may not confidently ex-
pect large quantities of coal in such positions. The mere fact
that the overlying strata have not been worn away by erosion
has no bearing whatever on the subject. The whole question
depends entirely upon the physical conditions which existed
during the formation of the Cherokee shale beds. If these con-
ditions were favorable for the extensive growth of the coal plants
and their preservation then large accumulations of coal must
exist_farther to the west. If, on the other hand, the conditions
were not favorable for such growth and preservation then such
coal need not be expected. The hundreds of deep wells in dif-
ferent parts of the state show conclusively that the Cherokee
shales wherever penetrated contain large quantities of organic
matter. Yet it must be confessed that the failure to discover
heavy beds of coal throughout the oil and gas area is somewhat
discouraging for one who hopes for the existence of such coal
beds. The coal at Leavenworth and at Cherryvale and at a
few other points where wells have shown its existence proves
that there is a greater amount of coal existing at greater depths.
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These various well records, as shown in detail in Part I of this
volume, show that the Cherokee shales do extend away to the
westward for an indefinite distance. If there are three distinct
coal beds at Leavenworth each of which is two feet in thick-
ness, and if there is one at Cherryvale 27 inches in thickness,
no one can say why we should not expect similar or possibly
even greater deposits to be found elsewhere in the deeply buried
Cherokee shales.

But from the well known conditions under which coal is
formed and from our knowledge of the position and trend of
the coastal borders during early Coal Measure times in general
it must be true that the farther west one goes the less prospect
one has of finding workable coal deposits. This fact is illus-
trated on the last sheet of the coal map, Plate VIII, where the
intensity of shading represents in a measure the degree of
probability of finding workable coal beds in the Cherokee shales
throughout their westward extension.

LABETTE SHALES.

The Labette shales, occupying the position between the
Oswego limestones below and the Pawnee limestone above, as
far as is now known carry but little coal. At a few points to
the southwest of Prescott a thin bed of coal from 6 to 8 inches
in thickness has been known and years ago was worked a little
by the strip pit method. Aside from this no coal, more than
* the merest streak, is thus far known within the Labette shales.

PLEASANTON SHALES.

The Pleasanton shales, occupying the position between the
Pawnee limestone and the Erie limestones, carry a large amount
of coal, particularly in the lower parts. In northern Bourbon
county and in many places in Linn county coal has been mined
extensively both by the strip pit method and by shafting. In
southeastern Linn county and northeastern Bourbon county the
strip pit method is the most common. Here in the vicinity of
Hammond and Fulton and Prescott and Miami, along the
Memphis railroad, and at other points farther west are scores
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of strip pits which are worked during the winter season and
abandoned during the summer. v

The coal varies from 16 to 30 inches and in some places is re-
ported to be as much as 3 feet thick. It is of good quality, is
easily obtained, and is used very extensively for local consump-
tion throughout the whole area.

In the vicinity of Pleasanton, Boicourt, and La Cygne, coal
mining by shafting has been prosecuted to a great extent.
Here the coal is found lying close above the Pawnee limestone
at a depth from the surface of from 60 to 100 feet, dependent
upon the location. The coal in the shafts varies from 30 to 36
inches and is very nearly as good in quality as the coal from
Cherokee and Crawford counties (see table of chemical analyses
and of physical properties). The mines in the vicinity of La
Cygne likewise obtain coal from the lower part of the Pleasanton
shales which in quality is about the same as the coal found at
Pleasanton and Boicourt.

West from Pleasanton, near Mound City, coal is mined at
different places by stripping or by drifting, the coal here being
a layer about a hundred feet vertically above the heavy coal ob-
tained from the shafts farther east.

Coal mining was begun in the Pleasanton shales early in
Kansas history. The coal was found near the surface and was
easily mined by stripping, and therefore was obtainéd in suffi-
cient quantities to supply the limited trade of those early days.
The more extensive mining by shafting was begun later.

LAWRENCE SHALES.

As the Lane shales, first above the Iola limestone, do not
produce coal the Lawrence shales form the first coal bearing
horizon above the Pleasanton shales. This great shale bed,
extending entirely across the state from north to south with a
maximum thickness of 600 feet or more along the southern line
of the state, produces coal in many localities.

Coal has been found in at least two distinct horizons within
the Lawrence shales, the lower one in the vicinity of Lawrence
being about 150 feet below the Oread limestones, and the upper
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one at Atchison and also in the southwest corner of Franklin
county around Pomona and Ransomville being from 30 to 50
feet below the Oread limestones. The coal of the upper horizon
is not continuous from Atchison to Ransomville but is situated
at about the same place relatively in the two localities.

The lower coal bed was formerly mined in many places in
Douglas county. South of the Wakarusa over a territory from
five to eight miles southeast and south of Lawrence many farm-
ers from ten to twenty years ago opened mines and supplied
themselves with fuel from the 16 inch bed of coal found almost
everywhere in that part of the county. Generally the coal was
mined by stripping where it came near the surface on the bor-
ders of the hills. Not infrequently however was shafting re-
sorted to, the primitive appliances of the horse hoister being
employed rather than the modern improved machinery. For
the past decade these mines have been almost entirely aban-
doned. on account of-the low price of coal shipped in by rail
from the larger mines. Mr. Bowman, of Sibley, continued min-
ing until about 1893 when he in common with the others aban-
doned the enterprise.

In Franklin county coal from the Lawrence shales is still
mined to a considerable extent throughout the whole year. A
mine at Ransomville with a horse hoister is conducted continu-
ously and partially supplies fuel for the Santa Fe trains run-
ning between Ottawa and Burlington. Other mines in this
vicinity have been operated more extensively than they are at
present. Along the Missouri Pacific line near Pomona and at
a few other points in the same locality coal is yet mined. Like-
wise in many places through the western half of Franklin county
the same coal bed is mined by the strip pit process. This coal
lies from 30 to 40 feet below the Oread limestones and therefore
outcrops on the face of the prominent escarpment produced by
the Oread limestones and the Lawrence shales. As this escarp-
ment is greatly corrugated by the upper-ramifications of the
numberless tributaries of the Osage river, many miles of out-
cropping of the coal are produced in the township. In driving

13 —11r :
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over the country one is greatly impressed by the large amount
of debris left by the miner on the hillsides, in places being the
product of the strip pits and elsewhere that produced by drift-
inginto the hillsides. The coal here approaches about 16 inches
but varies considerable, so that in places it is from 6 to 10 inches
thicker and elsewhere a like amount thinner.

The Atchison mines were opened in the summer of 1893, the
first discovery being along the walls of a narrow ravine lead-
ing to the Missouri river about two miles south of the city of
Atchison. It seems that a colored man by the name of O’Con-
nell was the first to engage in mining here. He began drifting
on the coal bed and continued until he had obtained a few
wagon loads which he hauled to Atchison. A few months later
Donald Brothers, of Atchison, began operating a drift mine at
the point of discovery and have continued the same until the
present time. In 1897 two mines were operated, one by Don-
ald Brothers and the other by Mr. Challis, and produced about
5000 tons of -coal. The coal here is heavier, perhaps, than
anywhere else thus far known in the Lawrence shales. It was
16 inches thick where first discovered and has a greater thick-
ness in parts of the mine. The quality of the Atchison coal
also is superior to that found elsewhere in the Lawrence shales.

In 1854, or thereabouts, coal was mined from the Lawrence
shales in the vicinity of Leavenworth along Salt creek, and later,
about 1861, along Little Stranger creek. This mining was con-
tinued for a few years only when it was entirely abandoned and
has not been renewed since.

Southwest from Franklin county coal has been found in the
Lawrence shales in many places separated from each other by
irregular distances, a line of strip pits extending almost entirely
to the south part of the state in Chautauqua county. This
southern coal, however, is not of much value at present and as
far as developed is inferior to the Franklin county coal and the
Atchison county coal. What may be discovered in the future
is wholly conjectural.

It is impossible to get any accurate statistics for the total
production of coal from the Lawrence shales. The coal beds
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being thin and the mining being conducted by individual enter-
prise at irregular times our reports of the State Inspector of
Coal Mines in most cases have neglected them entirely. It is
within reason to say, however, that the various mines within
these shales have produced at least a hundred thousand tons to
the present date. Their future capacity is principally dependent
upon the current price of coal. Solong as the heavier beds of coal
in the state and adjoining territory supply coal for the large com-
panies, that long the price will remain so low that the indi-
vidual land owners throughout Douglas and Franklin and
other counties cannot profitably mine the thin beds of coal on
their land.

The amount of coal removed probably is but a small fraction
of the total amount now lying buried within easy reach of the
operator should the markets justify his seeking for it.

OSAGE SHALES.

Of all the shale beds contained within the Shawnee forma-
tion, the upper one, the Osage shales, is the only one that has
produced coal. This shale bed is by far the most important
coal producer known of any above the Cherokee shales. Here
is one of the strange features of our Kansas coal. Situated
more than 2000 feet vertically above the heavy coal beds of
Cherokee and Crawford counties they have been their strongest
rivals. Lying well within what previously has been called the
Upper Coal Measures, corresponding to terranes generally con-
sidered barren in other parts of America, the Osage shales have
large deposits of coal of a fairly good quality.

History of the Development of the Osage Coal.

Coal was first discovered in the Osage shales in the spring of
1869 by Mr. John F. Dodds, who began mining at the old point
known as Carbon Hill, about two miles east of Carbondale, a
station on the main line of the Santa Fe railway between To-
peka and Emporia, in the northern part of Osage county.
Here the coal was found on top of a prominent hill a short dis-
tance back from one of the upper tributaries of the Wakarusa.
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The discovery was made while digging a well. The coal out-
crops along the crests of the hills forming a long line from Car-
bon Hill southwest to beyond Osage City. In the autumn of
1869 mines were opened at Osage City by Godfrey and Price, of
Hannibal, Missouri, who named their company the Carbon
Coal and Mining Company of Missouri. A year or two later
Mr. T. J. Peter bought their interests and continued operations
under the same name excepting that the term Kansas was sub-
stituted instead of Missouri. It was as late as 1874 that the
mines were first opened at Scranton, at which time Mr. O. H.
Sheldon began operating strip pits and later began shafting.
The same year a shaft was put down at the little town of Peter-
ton, three or four miles north of Osage.

Mining did not begin at Burlingame until 1878 or 1879. The
coal here is deeper and many thought that it did not exist. Fi-
nally it was discovered at from 90 to 100 feet below the surface,
and mines were opened accordingly.

In 1880 the Santa Fe bought a half interest in the T. J. Peter
Company which up to this time had been the principal company
doing business in the whole vicinity. A year or two later it
bought the remaining interest of the Peter Company and soon
increased its purchases to about 30,000 acres of land in the
Osage coal mining district. From that time to the present this
company has been the principal coal mining company of the
whole region, although many other companies have been in
operation. The SantaFe mines in Osage county practically
supplied the whole Santa Fe system with coal for all points
east of Colorado from the date of their purchase in 1880 until
its mines were opened in Crawford county. In addition to this,
as these mines were located on a great railway system, and as
coal commanded a much higher price than at present, vast quan-
tities of it were shipped into the general market. These were
the most prosperous days for coal mining in Osage county.
‘Recently the Santa Fe company has been disposing of its real
estate in the county and now owns less than half the amount
of land it at one time possessed.

When the Santa Fe Railway company leased its coal mining
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property of the state to the newly organized Mount Carmel Com-
pany their Osage mining properties were included in the leases.
At the present time no less than thirty-one companies are oper-
ating in this territory, but the Mount Carmel Company, as
shown by the reports of the State Mine Inspector, doés about
45.557 per cent. of the whole business.

Geologic Position of the Osage Coal.

The coal in the Osage shales lies about midway of the 200
feet of shales. In most localities it is capped by a thin lime-
stone which seems to increase in thickness to the northward
and which has recently been traced to the north line of the state.
In Osage county the coal averages from 20 to 22 inches. The
general inclination of the strata is to the west and northwest and
therefore at any one place where coal can be mined by stripping
shafting will discover the same coal a little ways to the west.

Burlingame lies in a synclinal trough of mild inclination,
which has carried the coal much lower than it is elsewhere.
The elevation of the coal at Carbon Hill is a little over 1100
feet above sea level, while at Scranton five miles to the south-
west it is nearly a hundred feet lower, and at Burlingame ten
or eleven miles to the southwest of Carbon Hill it occupies a
position little if any over 950 feet above sea level. From here
to the south it rises, being about 1025 feet at Osage eight miles
to the south, and 1125 at Lebo twenty miles further. From
here to the southern part of the state the coal at its various
points of outcropping gradually declines, being 1050 feet above
sea level at Eureka. North from Carbon Hill it also declines
towards Topeka, but from there to the northeast it rises gradu-
ally to the northern part of the state. This Burlingame syncli-
nal trough is local in character and only adds a little variety to
the monotonously uniform character of the Kansas strata.

Both north and south from Osage county coal has been mined
for twenty years or more but nowhere in sufficient quantity to
enter the general market. There is a line of mines, irregularly
connected, reaching from Carbon Hill northeast by way of
Topeka across the Kansas river into northwestern Jefferson,
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western Atchison, and eastern Brown counties, throughout the
whole of which distance every occasionally some one has opened
a strip-pit or a drift or a shaft. In most places the coal has
been found to be from 14 to 18 inches in thickness, rarely or
perhaps never equaling the thickness it obtains in Osage county.

The conditions to the southwest of Osage county are about
the same as to the northeast. Across the line in Coffey county in
the vicinity of Lebo comparatively large amounts of coal are
still being mined, the product for 1897 reaching about 10,000
tons. Here the mines are principally strip pits or drifts. The
coal largely supplies the local trade and is used also by the
Santa Fe Railway Company to a limited extent along its Em-
poria branch. Southwest of Lebo one can almost trace the
Osage shales by the piles of debris where mining has been prose-
cuted all the way from Lebo to the south line of the state by
way of Madison, Eureka, Howard, and Leeds.

The total amount of coal taken from the Osage shales cannot
be determined definitely, but doubtless reaches into the hun-
dreds of thousands of tons. From 1880 to 1890 the production
compared with the whole state production was much larger
than it has been since and the actual production likewise was
larger. The whole distance from Carbon Hill to Osage City
seems to be one continuous mining area. In driving acrossthe
country or in riding on the train one is scarcely ever out of
sight of the piles of debris produced by the mining operations.
Recently there has been a decline in the output on account of
the excessive production in Cherokee and Crawford counties.
With the current prices in the southeast coal can be shipped
into Osage county at such low figures that mining here scarcely
is profitable, particularly in view of the fact that the southeast-
ern coal is quite superior in quality.

What the future will reveal from the Osage shales can only
be surmised. The amount of coal now in sight in this region
is many times as great as that which has already been removed.
Should the price increase only a few cents a bushel the Osage
shales could supply the whole state for centuries even though
the demand should be much greater than it now is.
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GEOLOGIC FORMATION. CouNTY.
1890, 1891, 18921 1893. 1894, 1895, 1896.1 1897. 1890, 1891, 18921 1893, 1894, 1895. 1896.1 1897, 1890, | 1891, | 1892, | 1893, | 1894, | 1895, | 1896. | 1897, | 1890. | 1891, | 1892, | 1893. | 1894, | 1895, | 1896. | 1897,
(] Bourbon........oo.fveveeeiieiiieeiiiecii e, 19,000 .19,200 50000 [............ 28,483 | i ieiin $33,250 $33,600 $75,000 |........... $56,966 |...o.iiifiiiiiiii]iieninnn .659 531 1.56 |........ .86
Cherokee.. 724,861 832,289 825,531 807,796 | 1,036,614 | 1,013,612 918,944 | 1,061,409 $882,186 $989,785 | $1,009,524 | 1,009,704 | 1,295,768 | 1,013,612 | $1,206,022 | 1,010,343 | 28.89 | 30.02 | 27.45 | 28.030 | 28.705 | 28.77 | 25.65 | 32.24
Cherokee Shales ..... < | Crawford.. | 900,464 997,759 | 1,309,246 | 1,377,265 | 1,809,836 | 1,517,936 | 1,271,434 | 1,590,620 | 1,114,701 | 1,090,540 | 1,413,423 | 1,721,581 | 2,262,205 | 1,517,936 | 1,229,691 | 1,566,761 | 35.78 | 36.23 | 43.53 | 47.790 | 50.117 | 47.57 | 39.83 | 48.32 | -77.09 | 81.53 | 81.97 | 85.653 | 88.796 | 85.99 | 74.40 | 93:32
Labette . .... . 4,000 800 800 4,000 3,400 2,500 600 2,000 9,000 2,000 2,000 9,000 7,650 5,000 1,200 4,000 15 .03 02 139 | .094 .07 .01 .06
LLeavenworth ..... 319,866 380,142 330,166 260,378 337,644 258,060 284,700 367,141 490,224 530,681 528,307 423,115 548,672 364,900 368,825 458,926 | 12.27 | 13.84 | 10.97 | 9.035 | 9.349 8.02 8.91 | 11.84
Pleasanton Shales ... Linn............... 10,474 38,934 43,913 74,085 58,476 32,600 14,534 26,775 14,078 47,901 55,645 92,606 73,095 40,750 14,176 29,452 41 1.41 1.46 | 2.571 | 1.619 1.02 45 .81 41 1.41 1.46 | 2.571 | 1.619 1.02 .45 .81
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| Atchison .......... 2,500 5,625
2,000 4,500
1,520 3,800
3,500 7,875
Osage Shales......... 4 800 2,000 12.93 | 12.55 | 10.589 | 8.587 | 8.70 | 5.97 5.96
360 900
e 58 296,011 555,021
L| Shawnee ..........f ccocoveiei]ieeiininiea] e e 7,633 6,000 17,500
Cloud ... 588 3,700 9,250
Ellsworth . 400 2,010 6,533
Lincoln .... 400 2,480 8,060
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Republic.......... .. 8,242 22,666
(| Russell............ 900 2,925
Totals2.....ooiiiiiii | i 2,516,054 | 2,753,722 | 3,007,276 | 2,881,931 [ 3,611,214 5 3,191,748 | 3,291,806 | $3,170,870 | $3,607,375 | $3,954,568 ¢ $4,899,774 | $3,590,141 | $3,227,357 | $3,488,381 |..couuifieeeiiifienniiin] cennnn e I S e o T N

* Output and value for 1890, 1891, 1892 and 1896 obtained from United States Geological Survey Reports.
2 Totals from Reports of State Inspector of Coal Mines.
3 No statistics.,

Totals and items do not agree exactly as detailed statistics for some counties were not obtainable.
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HORSEBACKS OF THE KANSAS COAL MEASURES.

¢ Horsebacks’’ as certain peculiar formations occurring in
Kansas coal measures are called, are not only interesting when
considered geologically, but also play a most important part in
the economy of coal mining. The name ¢ horseback’’ or ‘“ hog-
back ’’ was probably applied to these formations on account of
their peculiar rounded upper extremities, yet it might have
been taken from the term ‘‘horse’’ as applied to an enclosed
mass of ‘“ country’’ rock in a metalliferous vein.* At various
times and in various places the following terms have been ap-
plied to these formations, ‘“ horse,”” “ want,’” *“ trouble,”” ““nip,”’

etc., and most applicable of all ‘“clay veins ’’.?

Localities.

¢ Horsebacks’’ are by no means confined to the Kansas coal
fields, but are found in great abundance in the Coal Measures
of Pennsylvania, in particular, and in several adjoining states.
In fact there are few, if any, coal mining localities known in
America where they do not occur. In our own state they have
been studied by the writer in Cherokee, Crawford, Bourbon, Linn,
and Osage counties. They diminish in size and frequency of
occurrence in passing to the north and west and occur most
abundantly in the Cherokee shales of the southeastern part of
the state. The same horizon reached by the coal mining opera-
tions at Leavenworth shows no trace of these peculiar forma-
tions, but furnishes another phase of the same difficulty which
the ‘“‘horseback’’ presents to the mining operations, namely,
the ‘“pots,’” ‘“ kettles,”” or ‘“bells,” met with in the mines at
the extreme northern limit of the workable coals of the Cherokee
shales. These formations will be considered further on. ‘‘Horse-
backs’’ are found in the Osage shales, but are not numerous.
They seem to be merging into another form, called ¢‘ rolls and
slips,”’ but which are also called ¢ horsebacks ’’ throughout the
mining localities of the state.

4. **Ore Deposits,” J. A. Phillips, p. 35.
5. Pa. Second Geol. Sur. Rep., H., p. 27.
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Ficure 13. Horseback, showing the Upward Bulging of the Coal and Shale.
(Reproduced from the Kans. Univ. Quar., vol. iv, p. 146, Lawrence, Jan. 1896.)



University Geological Survey of Kansas. Vorume III, PraTe XXXIIL

INTERSECTION OF HORSEBACKS 1 AND 2,
As seen in Nesch Brick Yards, Pittsburg. ( Photographed by Crane, 1897.)



University Geological Survey of Kansas. VorLume III, PuaTE XXXIII.,

INTERSECTION OF COAL AND HORSEBACK,
As seen in Mine in Weir City. (Photographed by flash light by Crane, 1897.)
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Nomenclature.

There seems to be a slight lack of harmony in the usage of
the above mentioned term, especially in the different states.®
For instance, in Kansas the term ‘‘horseback’ is applied
strictly to clay filled, almost vertical fissures which pass through
the coal. In Pennsylvania such clay filled fissures are called
‘““clay veins.”” Again in the coal fields of this state a dipping
down or a bulging up of the strata from above or below the
coal, especially the former, is called a ‘‘ roll in the slate ’’ of the
roof. This phenomenon is given the name ¢ horseback,”’
“nip,”” ‘“want,”” etc., in the Pennsylvania collieries. The
nomenclature adopted by the Pennsylvania miners and geolo-
gists seems most applicable and will therefore be used in this
report.

F1GUrE 14. Horseback, showing Bulging of Strata due to Lateral Compression.
(Reproduced from the Kans. Univ. Quar., vol. iv, p. 147, Lawrence, Jan. 1896.)

6. “ Clay Veins Vertically intersecting Coal Measures,” W. S. Gresley, p. 36.
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Characteristics of Horsebacks.
Forms of the Fissures.

The ‘“horsebacks’ or ‘ clay veins’’ of Kansas seem to be
clay filled fissures formed after the coal was consolidated. They
trend in many directions with apparently no regularity. So
far as has yet been observed the direction of individual fissures
is wholly irregular, but a line trending northeast and south-
west seems to strike a larger proportion of them than would a
line in any other direction. The fissures usually are narrow,
averaging perhaps less than five feet as they are found in the
coal. Plate XXXII. They generally pass through the coal
and into the shale above, often reaching almost to the surface,
but sometimes thinning to a mere fissure with no apparent
thickness only a few feet above the coal. Figures 12 and 13.
At other times they do not pass entirely through the coal from
below, while still again in much rarer cases they seem to be
passing downward from above. Figure 14. The downward
extent of the fissures in most cases is entirely unknown, as coal
mining operations do not follow them much below the coal
itself.

The fissures often bifurcate, or in some cases split into three
or more branches, in both horizontal and vertical directions.
The hade is generally but a few degrees from the vertical, and
perhaps a large majority of them hade less than thirty degrees
from the vertical, but occasionally one is found making an
angle as high as eighty or eighty-five degrees.

W
Ficure 15. Irregular Contact Line between Horseback and
oal, as seen in a Strip Pit near Pittsburg.
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Nature of the Walls.

The walls of fissures are usually rough and ragged, but some-
times are smooth and polished, presenting well formed slicken-
sides. Figures 15 and 16. This property is even present in the
walls of the coal itself in some instances, although not so strongly
marked as the fissure walls in the shales and clays. Usually

%

FIGURE 16. Regular Contact Line between Horseback and
Coal, as seen in Strip Pit near Pittsburg.

the coal walls are rough and jagged with the irregularities of
one side corresponding closely to those on the other, implying
that the coal had been broken asunder and separated horizon-
tally, while in rare cases a vertical displacement of a few inches
or a foot has taken place. Frequently angular fragments of
coal have lodged in the clay filling, as though it had dropped
from the roof wall during the process of filling. Iigures 17, 18,
19, 20, 21, and 22.

The horizontal position of the coal or shale strata usually has
not been disturbed, but in some cases the strata adjacent to the
fissure have been lifted up as though after the fissure was
formed and filled with the clay a lateral compression occurred
with a slight bulging upward of the ends of the strata in con-
tact, as represented in Figure 23. In several instances quite
noticeable folding of the strata of both coal and shale have been
noticed, ¢‘ horsebacks’” are almost always associated with such
folding.
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Ficure 17. Horseback, showing Fragments of Coal scattered through the
Fire Clay, as seen in Mines near Pittsburg.

Ficure 18. Horseback intersecting Coal Stratum, showing Fragment of Coal
in Matrix. Pittsburg.
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Ficure 19. Horseback, showing Fragments of Coal in Fire Clay, as seen in
Mines near Weir City.

Ficure 20. Horseback protruding into Coal Stratum from above, as seen in
Mines North of Pittsburg
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F1GURE 21. Horseback, showing Fragments of Coal scattered through Fire Clay,
as seen in Mine North of Pittsburg.
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Ficure 22, Horseback, showing Fragments of Coal scattered through the Fire
Clay, as seen in Mines near Weir.
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There is still another peculiar feature of the arrangement of
the walls, namely, when the upper surface of a coal stratum
is bent upward on one side of a clay vein, it is almost always
bent downward on the other side of the vein, although the bot-
tom of the coal on either side may not be altered in position.
The coal stratum is therefore pressed into a very small space —
nearly pinched out, on one side, while on the other side of the
clay vein it is very much expanded and broomed out.

FEaxtent of the Flissures.

The extent of the fissures, both vertically and laterally, can
hardly be determined. The processes of mining operations are
confined to so small a distance vertically that the fissures can-
not be studied below the coal to any considerable extent, and
the tunnels and driveways are made in such a way and the
mines located in such position that it is also very difficult, or
in fact impossible, to find the lateral extent of many of the
fissures. It is known that some of them extend continuously
for half a mile or more, but beyond this it is largely conjecture,
although it is probable that many of them extend much farther.
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Ficure 23. Horseback protruding into the Coal from above.
(Reproduced from the Kans. Univ. Quar., vol. iv, p. 145, Lawrence, Jan. 1896.)
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Contents of the Fissures.

The contents of the fissures in most cases is a low grade of
fire clay produced from adjacent shales by the ground waters
leaching out the iron compounds. In a few instances the clay
filling contains fragments of coal, or of sandstone similar to
that which may be seen in the shales above, implying that the
coal and sandstone fragments have fallen into the fissure while
the clay was accumulating.

The fire clay is very finely divided, and as a general rule has no
regular structure; yet in some cases a lenticular structure is
noticed, the convex surfaces of the lens-shaped masses being
nearly horizontal. Figure 24. The color of the fire clay is gen-
erally light, varying from a light yellow to a pale blue. The gen-
eral appearance of the fire clay matrix indicates that.at one time
it was a plastic, semi-liquid, homogeneous mass from which the
excess of water has gradually drained away.. Before exposure
to the air this clay is usually quite hard and tenacious, pre-
senting a formidable obstacle to the miner. But on being
exposed to the air it disintegrates and assumes more of the
common properties of clay. Where the ‘‘ clay veins’’ or ¢‘ horse-
backs’’ are abundant the ‘“ room and pillar’’ system of mining
is usually employed and the masses of clay are used to as great
a degree as possible to support the roof.

Crossing of Veins.

Individual clay veins or ¢ horsebacks’’ are rarely found
alone, few veins having been found that are not crossed every
few rods and often every few feet by other veins, one vein fre-
quently crossing and recrossing another several times in a rela-
tively short distance. Coal lying between horsebacks close
together, usually is of little value, as it is generally badly bro-
ken and mixed with the shale or clay above and below, the
lesser seams often carrying gypsum and pyrite. Occasionally
the clay veins form such a network that the coal is practically
non-workable, being so thoroughly broken up and mixed with
clay and shale as to render it worthless.
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Frequently two or more veins intersect each other. Iigure 25,
and Plate XXXII. Sometimes one cuts the other same as it cuts
the coal and shale, showing a difference in age of the two. In
other instances the matrix at the junction of the two veins is bro-
ken and mixed into a heterogeneous mass with the surrounding
country-rock. In still other cases the matrix at the intersection
of the veins does not differ essentially from that found in other
portions of the vein. In the former cases the veins are not of
the same age —the difference being shown by the structure,
color, etc. ; in the latter case the veins are of the same age as
shown by the homogeneity of the matrix.

Origin of Horsebacks.
Theories of Formation.

Many different theories have been advanced by coal miners
and others to account for the origin of horsebacks, clay veins,
etc. One theory is that the fissures represent former under-
ground water ways, and that the clay represents silt or sedi-
ment of various kinds which the stream deposited in its course,
such deposition having been continued until the whole space of
the fissure was filled. But how the fissure was produced in
the first place the theory does not say. Another theory ex-
pressed by different miners is that the clay seams were formed
contemporaneously with the coal. Neither <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>