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PART 1
The Geology of Johnson and Miami Counties, Kansas

By Norman D. NEWELL

INTRODUCTION

During the last decade the State Geological Survey of Kansas
has followed the policy of making a systematic, detailed study of the
geology of Kansas. Such a study was recently made of Wyandotte
county by J. M. Jewett and me,! one of the results of which was
enlargement of my interest in the stratigraphic problems encountered
in various parts of the so-called Kansas City and Lansing groups.
Because the formations cropping out in Wyandotte county are also
exposed in Johnson and Miami counties, a study of the geology
of these counties has been a desirable continuation of the earlier
work. Investigations of the formations exposed in the counties have
proved fruitful.

PREVIOUS GEOLOGICAL WORK

A comprehensive, detailed study of the stratigraphy of Johnson
and Miami counties has not previously been undertaken. Most of
the correlations and conclusions published in the reports of the
old Kansas Survey were obtained from the field work of Bennett
and Haworth. Geological surveys of eastern Kansas were made in
the pioneer days of Kansas geology, and although the work was well
done considering the difficulties under which the geologist then
labored, it is very inadequate for modern needs.

The Missouri Bureau of Geology and Mines and the United
States Geological Survey have published reports on areas ‘adjoining
Wyandotte, Johnson and Miami counties. These reports are im-
portant to the investigator of the stratigraphy and geology of the
area described in this report.

The earliest geological work of any note in the Johnson and
Miami area was that of G. C. Swallow, second state geologist of
Kansas, in 1865. His preliminary report on the geology of Kansas,?
the value of which lies chiefly in its historical interest, includes a

1. Jewett, J. M., and Newell, N. D., The Geology of Wyandotte county, Kansas: This
bulletin, Part II.

2. Swallow, G. C., Geological report of Miami county, Kansas: Kansas Geol. Survey,
1866 (also issued separately in 1865).
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chapter entitled, “Geological Report of Miami County.” In view
of the difficulties attending geological exploration in Kansas at that
time, the data recorded are surprisingly accurate. The principal
shortcomings of this report lie in its brevity and the fact that
Swallow was in many cases misled in his correlation of the various
stratigraphic units from place to place within Miami county. These
miscorrelations resulted in repetitions and omissions from his gen-
eralized section of the rocks exposed in the county.

In 1896 the Kansas University Geological Survey, under direction
of Erasmus Haworth, published a series of stratigraphic studies®
by various invidiuals, treating in an incidental manner the stra-
tigraphy of Wyandotte, Johnson, and Miami counties. This seems
to be the last work of importance on these counties, and the correla-
tions then established have persisted with little modification until
the present time. Generalized geologic maps of the area were pub-
lished by the old Kansas Survey, but they are not sufficiently ac-
curate or detailed to fulfill present requirements.

Several important geological reports* on adjoining areas have
appeared during the last two decades. In these reports much of the
nomenclature of the early surveys was changed as a result of more
detailed information. To a large extent, however, the correlations
of the older workers were not checked, but were accepted at full
value.

FIELD WORK

Some detailed work on the geology of Johnson county was done
during the months from September, 1929, to June, 1930, by J. M.
Jewett and me in connection with studies on the geology of Wyan-
dotte county. This was chiefly in the vicinity of De Soto and Cedar
Junction.

It was part of the original plan to continue jointly the work
started in Wyandotte county, but Jewett became engaged in strati-
graphic studies on the Big Blue series in central Kansas. While the
investigation of Wyandotte county was in progress there was no
suspicion on our part of the confusion involved in the existing classi-
fication of the classic exposures around Kansas City. The work
on Wyandotte county was completed and the report written before
the several miscorrelations of the Kansas City outcrops were dis-

3. Kansas Univ. Geol. Survey, vol. 1, 1896.

4. Hinds, Henry, and Greene, F. C., Stratigraphy of the Pennsylvanian series in Missouri :
Missouri Bur. Geol. and Mines, vol. 18, 2d ser., 1915. Hinds, Henry, and Greene, F. C.,
Geologic atlas of the United States, Leavenworth-Smithville Folio, Missouri-Kansas, U. S.
Geol. Survey, 1917. Condra, G. E., The stratigraphy of the Pennsylvanian system in
Nebraska: Nebraska Geol. Survey, Bull. 1, 2d ser., 1927.
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covered. Naturally the original classification of the Wyandotte
county rocks had to be revised in accordance with later discoveries.

Almost all of the field work on Johnson and Miami counties was
done as a project of the Kansas Geological Survey during the latter
part of the field season of 1930, and on week-ends and holidays
during the academic year 1930-'31.

The stratigraphic sections were measured by means of a Locke
level and a hand rule. The mapping was done by making road
traverses, taking measurements with the automobile speedometer
and by pacing. The contacts of the formations in Johnson county

F1e. 1.—Index map of Kansas showing location of Johnson and Miami counties.

were sketched on a large-scale base map which was taken from an
accurate plane-table map made by the government Soil Survey.
The base for the Miami county map was compiled from postal route
maps, county road maps and from field sheets prepared by me.

ACKNOWLEDGMENTS

Acknowledgments are made to the people of Johnson and Miami
counties who facilitated the field work. Mr. J. M. Jewett, of
Wichita University, has shown unfailing interest in the project. In
addition to valuable suggestions, he codperated with the writer in
a study of the difficult stratigraphic problems at De Soto and along
Kansas river. The writer is indebted to Dr. R. C. Moore, state
geologist of Kansas, for invaluable guidance both in the field and
in the preparation of the report. Doctor Moore was in every case
consulted regarding changes in nomenclature. In several instances
he suggested appropriate terms for unnamed stratigraphic units. Dr.
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John Rich on many occasions gave of his intimate knowledge of
eastern Kansas stratigraphy.

To Dr. K. K. Landes, Prof. M. K. Elias, Dr. John Ockerman,
Miss Edith Hicks, and other members of the survey staff thanks are
due for assistance in the preparation of the manuscript. To my
wife, Valerie, I am indebted for constant assistance in the field and
for suggestions in writing the manuseript.

PROBLEMS OF CORRELATION

Early in the progress of this work it appeared that many of the
formations of the so-called Kansas City and Lansing groups of
Missouri geologists had been previously miscorrelated in Kansas.
Field study during three years had made me familiar with the local
geology in Wyandotte, Johnson and Miami counties, and adjoining
parts of Missouri. The formations cropping out in these counties
were traced across the area mile by mile. Some of them were traced
from Platte county, Missouri, across Kansas to the Oklahoma
boundary. Hundreds of stratigraphic sections have been studied in
detail and compared. Some of the formations in the so-called
Lansing and Kansas City groups are much more variable than has
been generally supposed. Others display certain features that are
remarkably persistent—features which, when known, are easily
recognized.

Ever since geological exploration began in eastern Kansas the
classic exposures at Kansas City have been considered the standard
section of reference for much of the Pennsylvanian strata of the
Missouri Valley region. Many of the formations exposed at Kansas
City are named, however, from localities in southeastern Kansas.
It has developed in the course of recent investigations that the
correlation of beds in the Kansas City section and southeastern
Kansas localities is erroneous in several particulars. As previously
indicated, the pioneer geologists of Kansas are not to be criticized
severely for these errors, but it is necessary now to make revisions.
Plate XT indicates the somewhat radical departures that are made
from the classification of Hinds and Greene.? The evidence now in
hand seems not only to warrant but to demand a revision of the
nomenclature and classification of the older writers.

The series and group terms proposed by R. C. Moore are adopted
because they appear to indicate the stratigraphic relations better
than the older classification.

5. Hinds, Henry, and Greene, F. C., The stratigraphy of the Pennsylvanian series in
Missouri: Missouri Bur. Geol. and Mines, vol. 18, 2d ser., Table Opp. p. 36, 1915.
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GEOGRAPHY

Location

Johnson and Miami counties adjoin the eastern boundary of Kan-
sas. Johnson county is about 24 miles from east to west and 16
to 21 miles from north to south. Kansas river, west of Holliday,
is the boundary, and makes the north-south dimensions variable.
Bordering counties are Wyandotte and Leavenworth on the north,
Jackson and Cass in Missouri on the east, Douglas on the west, and
Miami on the south. Miami county is nearly square, being 24 miles
from north to south and 2414 miles from east to west. It is bounded
by Missouri on the east, by Linn county on the south, by Franklin
county on the west, and by Johnson county on the north.

Topography

Johnson and Miami counties lie within the physiographic section
of the Central Lowlands province called the Osage Plains. This
section contains a series of more or less prominent southeastward-
facing escarpments which trend irregularly northeast and southwest.
The escarpments are produced by the outcropping edges of resistant
formations, and in the two counties under consideration are formed
especially by the Winterset, Iola, Wyandotte, Plattsburg, and Stan-
ton limestones. The strata dip gently to the northwest in most of
eastern Kansas, away from the Ozark Uplift.

The maximum relief in Johnson county is over 350 feet, for sur-
face elevations range from less than 750 feet above mean sea level
near Holliday to more than 1,100 feet in the southeastern part of the
county. The relief in Miami county is somewhat less, the elevation
ranging from more than 1,050 feet in the uplands at the west side
of the county to less than 805 feet at the Marais des Cygnes flood
plain at the southern boundary of the county. In general, one may
distinguish (1) a relatively flat upland, (2) gentle and steep slopes
leading down from the upland, and (3) flat lowlands along the
streams. ‘ ,

The upland surface, in the greater part of the area, represents the
dip slope of the Stanton or Plattsburg limestone formations, but in
the eastern part it is produced on the Farley and the Argentine
limestones, and in southeastern Miami county by the Winterset
limestone. The upland surface above the Stanton in the western
part of the area is modified by low, rolling hills consisting of rem-
nants of soft Weston shale and sandstone of the Stranger formation.
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The slopes are interrupted by terraces or benches which are pro-
duced by the unequal erosion of hard and soft rock layers. The flat -
upper surface of the benches is made by resistant limestone or sand-
stone, and slopes by the softer shale.

The lowland area is restricted to the flood plains of the various
streams. The part of the flood plain of the Kansas river at the
north edge of Johnson county ranges in width from one and a half
to two miles. The larger streams have well-developed flood plains,
but excepting Kansas, Marais des Cygnes, and Pottawatomie rivers,
they are only a fraction of a mile in width. Kill creek, Cedar creek,
Captain creek, Mill creek, and Turkey creek in the northern part
of Johnson county have been unable to lower their flood plains
so as to keep pace with the lowering of Kansas river. Consequently,
these streams have distinct alluvial terraces that in some cases
rise more than ten feet above the flood plain of Kansas river. Big
Blue river, Tomahawk creek, and Indian creek in the eastern part of
the county have well-developed flood plains.

In Miami county, Bull and Wea creeks in the northern part, Sugar
and Middle creeks in the southeastern part, and Pottawatomie and
Marais des Cygnes rivers in the western part are the only streams
that have extensive flood plains. The largest of these, Marais des
Cygnes river, has an alluvial plain ranging from about one to three
miles in width, being widest where the valley is cut in soft shales.

Culture

Johnson and Miami counties are primarily devoted to agricul-
ture, dairying, and stock-raising. The leading crops are wheat,
corn, oats, and native hay. Potatoes are grown in large quantities
on the flood plains of the larger streams. Truck gardens are numer-
ous in the area adjoining Kansas City in the northeastern part of
Johnson county. Dairying is a prominent industry.

The principal towns in Johnson county are Olathe, the county
seat, with a population of 3,656, Gardner with 493, Edgerton with
278, Spring Hill with 566, De Soto with 384, Lenexa with 452, and
Shawnee with 553. The most densely settled part of the county is
the northeast, adjoining Kansas City. In this portion of the county,
small hamlets are scattered at short intervals. The greater part of
the population is rural. During recent years the county has shown
a notable increase in the number of inhabitants. The population
has increased from 18,314 in 1920 to 27,199 in 1930.

In Miami county the larger towns are Paola, the county seat,
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population 3,762; Osawatomie, 4,440; New Lancaster, 123; Somer-
set, 140; Fontana, 187; Beagle, 293; Stanton, 100; Hillsdale, 214;
Wagstaff, 85; Chiles, 63; Bucyrus, 134; and Louisburg, 616. Since
1920 the population of the county has increased from 19,809 to
21,243 in 1930.

The area is well supplied with steam and electric railroads. The
main line of the Atchison, Topeka, and Santa Fe railway follows
the valley of Kansas river. At Holliday the “cut-off” to Emporia
turns southward to Olathe and thence to the southwest corner of the
county, while the other branch of the main line continues westward
to Topeka. Two electric lines, the Kansas City and Olathe Electric,
and the Missouri and Kansas Interurban, extend from Kansas City
to Olathe. A line of the St. Louis and San Francisco railway
passes through Paola to Olathe and northeastward to Kansas City.
The Kansas City, Clinton, and Springfield railroad crosses eastern
Johnson county to Olathe.

Branches of the Missouri Pacific extend from Paola across south-
western Miami county and a line extends from Paola across the
northeast part of the county. A line of the Missouri, Kansas and
Texas railroad crosses southern Miami county passing through
Paola and Louisburg.

Paved roads are relatively numerous in Johnson and Miami
counties. Federal highway 73 E traverses the counties from north
to south in the eastern part. A paved road extends through South
Park, Shawnee, and Lenexa to Olathe, and probably will be extended
across the southwestern part of the county. Another reaches from
Shawnee to Zarah. Part of state highway 32 in the northern part of
Johnson county is paved. The highway between Olathe and Osa-
watomie is paved. Many of the roads are graveled so that nearly all
of the towns can readily be reached in any kind of weather. A
recent road-improvement campaign in Miami county has been of
great benefit so that now the roads there compare favorably with
those of any county in Kansas.

There are many dirt roads, but they are well graded so that they
can usually be traveled without inconvenience.

STRATIGRAPHY

The oldest rocks exposed in the Johnson and Miami county
area belong to the division of rocks called the Pennsylvanian sys-
tem, so named because of their great development in Pennsylvania.
These rocks consist in eastern Kansas of interbedded layers of shale,
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limestone, and sandstone. Most of the formations were deposited
in the sea, a conclusion well supported by the occurrence in them of
abundant shells of marine animals.

Other deposits are glacial gravels and clay that were brought
to the valley of Kansas river by a vast ice sheet, a continental
glacier, that covered much of the upper part of the Mississippi
Valley region during a part of the Pleistocene epoch. These gravels
contain fragments of quartzite of the kind found as bedrock in
southwestern Minnesota and adjacent parts of South Dakota and
Towa. Ice-transported boulders and pebbles of this rock are com-
mon in glacial deposits of Iowa, Missouri, Nebraska, and northeast-
ern Kansas. Deposits of loess blown from the. river flood plains
along Missouri and Kansas rivers and redeposited on the uplands
bordering the valleys occur in northern Johnson county. The loess
of this area is connected in origin with the ice invasion and is com-
posed in part of the finely ground rock dust brought from the north-
ern area by the glacier. Younger deposits of recent age collectively
make up the soil covering and flood-plain alluvium.

Pennsylvanian System

The thin beds of alternating shale, limestone, and sandstone that
appear at the surface in eastern Kansas and adjacent parts of Mis-
souri, Oklahoma, and Nebraska belong to the Pennsylvanian system.
In much of the area of the Mid-Continent Coal Basin the rocks of
Pennsylvanian age have generally been divided into two groups or
series, the Des Moines series below and the Missouri series above.
According to this classification of the strata, the Des Moines series
is composed of the Cherokee and Marmaton groups, named in order
from older to younger rocks. The Missouri beds, as defined in the
past, include five groups, named in order upward, Kansas City,
Lansing, Douglas, Shawnee, and Wabaunsee. Each of the groups
contains a number of formations and many of these in turn are made
up of smaller named units, called members.

The old classification of the Pennsylvanian rocks of the northern
Mid-Continent region is unsuitable in several respects, and recent
work has shown that it is based in many cases upon false premises.
In order to formulate a more natural system of classification, one
that is based upon modern knowledge of Mid-Continent stratig-
raphy, R. C. Moore® has advanced a new classification of the Penn-
sylvanian system for the northern Mid-Continent region.

6. Moore, R. C., Guidebook, Sixth Annual Field Conference, Kansas Geol. Soc., 1932.
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Hinds and Greene” have made known the occurrence of a major
unconformity in the { Pleasanton formation,® supposedly coincident
with a widespread faunal break. At this unconformity Moore pro-
poses to place the lower limit of the Missouri series as redefined.

In their study of the Pennsylvanian rocks of Missouri, Hinds and
Greene? also discovered a great channel sandstone lying between the
Stanton and Oread formations in Platte county, Missouri, and the
region about Leavenworth, Kan. This sandstone deposit was traced
by J. M. Jewett and me across Wyandotte county. In the present
study it was found that the sandstone, marking the base of the
Stranger formation of this report, is continuous across Johnson and
Franklin counties, and it has subsequently been traced into Okla-
homa. In southeastern Kansas sandstones of the Stranger forma-
tion produce a high escarpment that affords an abundance of good
exposures. The formation extends almost continuously as a great
sandstone sheet across Kansas, resting unconformably upon older
rocks, in most places upon the clayey Weston shale, but in Leaven-
worth, Wyandotte, and northwestern Johnson counties lying in
many localities on the upper member of the Stanton. In Leaven-
worth county the unconformity rises to the northward from the sur-
face of the Stanton to a horizon above the Iatan limestone, showing
conclusively that the Iatan was deposited before the widespread
emergence. The stratigraphic interval which the unconformable
contact overlaps amounts to more than seventy feet in the Leaven-
worth region. This unconformity has been selected by Moore as
the upper limit of his Missouri series as redefined. In most of north-
eastern Kansas the upper boundary of the Missouri series coincides
with the top of the Lansing group of older writers, but in north-
western Missouri and probably in southeastern Kansas strata as
young as the latan limestone lie below the unconformity. For the
Pennsylvanian strata above the unconformity just described, Moore
has proposed the term Virgil series.

It was discovered in the study of Johnson and Miami counties
that certain miscorrelations have been made by previous geologists
between the classic exposures at Kansas City and type localities
in southeastern Kansas. My correlations were made by continuous
tracing of outcrops, and were verified by Dr. R. C. Moore, state

7. Hinds, Henry, and Greene, F. C., The stratigraphy of the Pennsylvanian series in
Missouri: Missouri Bur. Geology and Mines, vol. 13, 2d ser., pp. 75-102, 1915.

8. In accordance with a revised code of Rules of Stratigraphic Nomenclature recently
formulated by a national committee of geologists, abandoned stratigraphic terms are designated
by a dagger () preceding the term.

9. Idem, pp 170-171.
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geologist. The evidence for the present correlations is presented un-
der the descriptions of formations in the following pages. J. M.
Jewett, who is engaged in a study of the Bronson group, has made
certain observations in southeast Kansas which affect the nomen-
clature of some of the formations.

In a recent publication J. M. Jewett 1° proposed to abandon the
term Hertha on the basis that it is a synonym of Bethany Falls.
At the same time he introduced a number of terms for what he con-
sidered to be several disconnected lenticular limestones of slightly
different stratigraphic position. F. C. Greene, R. C. Moore, and I
have concluded, from an examination of field evidence, that possibly
some errors were made by Jewett. It appeared to us that the
Hertha limestone of general usage in the Kansas City is in reality
part of the type Hertha. The problem is too involved to discuss at
length here, but the classification of the lower Bronson units given
in the present report is correct for northeastern Kansas and north-
western Missouri.

Some of the changes in correlation that affect classification and
nomenclature of the rocks in Johnson and Miami counties are sum-
marized as follows. The “Drum” limestone of Kansas City does
not occur south of Martin City, Jackson county, Missouri (except
possibly very locally in Miami county), and is not the equivalent
of the type Drum limestone. The Cement City limestone of the
Kansas City region is continuous with part of the type Drum,
and the name Cement City is retained for the lower member of the
Drum formation. The Raytown limestone is the exact equivalent of
the upper part of the Iola limestone. The so-called Iola limestone
at Kansas City does not occur at Iola, but is a previously unnamed
unit. The Farley limestone coalesces in Miami county with the
“Tola” of the Kansas City area to form an indivisible unit which
contains the so-called Lansing brachiopod Enteletes throughout.
The Kansas City and Lansing groups of authors cannot be divided
either faunally or lithologically over much of eastern Kansas. The
original description of the Stanton limestone refers to the previously
named Plattsburg. It is proposed here, however, to retain the terms
Plattsburg and Stanton in their current usage, because by so doing
there is a minimum of confusion. The unconformity that occurs
in the part of the section lying between the Stanton and Oread
formations is easily recognized throughout most of eastern Kansas

10. Some details of the stratigraphy of the Bronson group of the Kansas Pennsylvanian
Kansas Acad. Sci., Trans., vol., 86, pp. 131-186, 1983.
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It marks the base of a more or less continuous sandstone sheet
older than the Lawrence and younger than the type Iatan. The
limestone at Lawrence which marks the lower boundary of the
Lawrence shale is not the Iatan, because it is well above the uncon-
formity. Moore has termed this limestone at the base of the Law-
rence the Haskell limestone.

Moore'! has suggested that the beds above the Des Moines-Mis-
souri unconformity to the top of the Pleasanton of authors con-
stitue a natural stratigraphic unit consisting mostly of shale. This he
terms the Bourbon formation. For the persistent limestones and
shales above the Bourbon to the top of the Winterset he has revived
Adams’ term, “Bronson,” employing it in the original sense as re-
gards stratigraphic boundaries, but classing it as a group rather than
a formation. The highly variable and dominantly shaly strata be-
tween the top of the Winterset and the base of the Plattsburg for-
mation he calls the Kansas City group. It will be noted that this
involves revision of both the lower and upper boundaries of the
Kansas City beds as proposed by Hinds and Greene, but it is the
view of a large number of Mid-Continent geologists that it is
preferable to retain this familiar name in a revised sense rather
than to drop it in favor of an entirely new term. The persistent
limestone strata between the base of the Plattsburg and the top of
the Stanton are termed by Moore the Lansing group.

Generalized section of the Pennsylvanian rocks exposed in Johnson and

Miami counties
Virgil series:
Douglas group:

Stranger formation : Feet.
Sandstone, buff, soft, cross-bedded, erosion remnant......... 40+
Unconformity

Missouri series:
Pedee group:
Weston shale ......ovuiiiiiiiii it 0-40
Lansing group:
Stanton limestone :
Little Kaw limestone member:

Limestone, bluish-gray, blocky.............coovvvnvnn. ... 2+
Victory Junction shale member:

Shale below, and brown sandstone above................. 3-14
Olathe limestone member:

Limestone, bluish-gray, thin-bedded, wavy................ 11-15

11. Moore, R. C., A reclassification of the Pennsylvanian system in the northern Mid-
Continent region, Guidebook, Sixth Annual Field Conference, Kansas Geol. Soc., pp. 79-97,
1932.

2—711
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Eudora shale member: Feet.
Shale, carbonaceous, black............................... 4-11
Captain Creek limestone member:
Limestone, dark-gray, even-bedded....................... 4-10
Vilas shale:
Shale, gray, arenaceous. ............oouueiiineeennnnen... 5-30

Plattsburg limestone:
Spring Hill limestone member:

Limestone, drab or buff, even-bedded.................... 10+
Hickory Creek shale member:

Shale, yellowish, nodular, locally with a carbonaceous layer, 1+
Merriam limestone member:

Limestone, gray, blocky, even-bedded.................... 3+

Kansas City group:
Bonner Springs shale:
Shale, olive-green, argillaceous, maroon layer near top.... 253
Wyandotte limestone:
Farley limestone member:

Limestone, light-gray, thin-bedded, wavy................. 10+
Island Creek shale member:

Shale, gray, limy, absent in Miami county................ 0-5
Argentine limestone member:

Limestone, light-gray, thin-bedded, wavy................. 25+
Quindaro shale member:

Shale, gray, argillaceous or limy.......................... 3+
Frisbie limestone member:

Limestone, gray, even, blocky, in one layer.............. 2+

Lane shale:
Shale, gray or buff, argillaceous, sandy where thick........ 16-105

Iola limestone:
Raytown limestone member:
Limestone, bluish-gray, even-bedded..................... 5-13

Muncie Creek shale member:
Shale, carbonaceous where thick, argillaceous where thin,

with spherical phosphatic concretions................. . 0.5-3
Paola limestone member:
Limestone, bluish-gray, even, blocky..................... 1.5

Chanute shale:

Shale, lower half argillaceous, upper half arenaceous (Cot-
tage Grove sandstone), Thayer coal bed near the middle
in southern Miami county................covvuvnn... 8-38

Drum limestone:

Cement City limestone member:
Limestone, ferruginous, drab or brown, thick-bedded..... 2-10

Quivira shale:
Shale, black, carbonaceous, argillaceous above and below; 4-11
Westerville limestone :

Limestone, drab, irregular, oolitic where thick............ 0-20
Wea shale:
Shale, argillaceous or calcareous, greenish or gray......... 10-30

Block limestone:

Limestone and calcareous buff shale, more shaly in Johnson
COUNLY .« vttt ittt ittt e e anaas 6+
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Fontana shale: Feet.
Shale, gray or buff, argillaceous or calcareous............. 5-25
Bronson group:
Dennis limestone:
Winterset limestone member:

Limestone, gray, even, thin-bedded...................... 30
Stark shale member:
Shale, black, carbonaceous below, argillaceous above...... 4-7
Galesburg shale:
Shale, buff, argillaceous or calcareous..................... 2-3

Swope limestone:
Bethany Falls limestone member:

Limestone, drab, massive, o6litic above................... 13-27
Hushpuckney shale member:
Shale, black, platy, with clay layer above and below...... 5
Middle Creek limestone member:
Limestone, bluish, even, blocky, two beds generally....... 2
Ladore shale:
Shale, buff, argillaceous, calcareous below................. 7+

Hertha limestone:
Sniabar limestone member:

Limestone, thick-bedded, ferruginous..................... 6
Bourbon formation :
Shale, limy, ferruginous..........ccoovviiiiiiinenneee... 4+
Limestone, nodular, ferruginous, very persistent.......... 2+
Shale with channel sandstones, which possibly represent
the Des Moines-Missouri boundary................... 80+

MISSOURI SERIES

The term Marmaton was applied by Haworth to a thick lime-
stone and shale succession lying between the Cherokee and the top
of the Des Moines series as generally defined. Following the new
usage proposed by Moore the upper limit of the Marmaton is
lowered to the unconformity some scores of feet below the Kansas
City group of current usage.

The Marmaton group is divided into several formations. These
are, in ascending order: Fort Scott limestone, Labette shale, Pawnee
limestone, Bandera shale, Altamount limestone, Nowata shale, Lena-
pah limestone, and Dudley shale. Because the Des Moines-Missouri
boundary lies within and probably near the base of the Dudley shale
it is advisable to abandon the term Dudley.

At one locality in Miami county, described below, there occurs
just below the limestones of the Bronson group or lower “Kansas
City” a local sandstone, seemingly a channel filling. It has not been
determined as yet whether or not this channel marks the Des
Moines-Missouri unconformity, but I am inclined to believe that it
is stratigraphically higher than the base of the Missouri series. Thin
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fossiliferous limestones seen south of the Miami area and apparently
occurring below the horizon of the channel sandstone alluded to
above have not yielded Des Moines guide fossils. In the present
discussion, therefore, it will be assumed that the lowest shale ex-
posed in the area under consideration is the Bourbon shale, belong-
ing in the Missouri series, and that the channel sandstone in south-
eastern Miami county does not mark the Des Moines-Missouri
boundary.

The term Missouri was proposed by Keyes!? to include the “upper

Coal Measures,” that is, the higher part of the Pennsylvanian sec-
tion as developed in northwestern Missouri. Through usage the
term has come to be applied to all of the Upper Pennsylvanian rocks
in the nothern Mid-Continent. Moore has redefined the term Mis-
souri to apply to strata between the two extensive unconformities in
the mid portion of the Mid-Continent Pennsylvanian, namely that
above the Marmaton and the break shortly above the Stanton lime-
stone.
- The term Pottawatomie, from Pottawatomie creek in eastern
Kansas, was applied by Haworth!® to strata included in Moore’s
Missouri series. The term Pottawatomie, however, in the original
sense does not apply to a natural unit, and the section along Potta-
watomie creek is neither a desirable one for a type section nor does
it include all of the strata of Haworth’s Pottawatomie formation.
Moore has deemed it more desirable to retain the widely used name
Missouri than to revive Haworth’s little-used term.

Hinds!* proposed to divide the old Pottawatomie formation into
two divisions, the Kansas City and Lansing. This course was seem-
ingly substantiated by both lithologic and faunal evidence and the
classification has come into general usage. It is shown below, how-
ever, that the Kansas City division over great areas cannot be
separated from the Lansing, either lithologically or faunally.

It is partly upon evidence presented in the following pages that
Moore proposes to divide the redefined Missouri series into five
groups, called Bourbon, Bronson, Kansas City, Lansing, and at the
top Pedee. Kansas City and Lansing have been previously em-
ployed in a somewhat different sense.

12. Keyes, C. R., The geological tormations of Iowa: Iowa Geol. Survey, vol. 1, pp. 85-
114, 1893.
13. Haworth, E., Univ. Geol. Survey of Kansas, vol. 8, p. 94, 1898.

14. Hinds, Henry, Coal deposits of Missouri: Missouri Bur. Geology and Mines, vol. 2,
2d ser., p. 7, 1912.
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PLATE I. Areal geologic map of Johnson county.
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PLATE II. Areal geologic map of Miami county.
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BoursBoN ForMATON

For the beds, consisting chiefly of shale in most places, between
the unconformity at the base of the Missouri series and the base
of the Hertha limestone, Moore proposes the term Bourbon, from
a county in eastern Kansas. As explained under the discussion of
the Missouri series, the thick shale around La Cygne and in south-
eastern Miami county belongs largely or entirely to the Bourbon
formation.

Lithologic character and thickness. In Miami county the lower
part of the Bourbon is not shown, being below drainage level. A
channel sandstone occurs in the upper part of the formation near
the middle of the south edge of section 9, T. 19 8., R. 25 E. The
deposit consists of soft cross-bedded sandstone having an estimated
thickness of possibly fifty feet or more and a breadth at the outerop
of about a quarter of a mile. At other places in southeastern Miami
county and at La Cygne, in Linn county, there is at the same horizon
buff arenaceous shale and thin beds of sandstone. The shale suc-
ceeding the channel deposit in Maimi county is generally arenaceous
with intercalated layers of clay. It is about thirty feet or so thick.

The base of the Bourbon is not exposed in the vicinity of Miami
county, so it is impossible to obtain the exact thickness from surface
data. There is, however, about ninety feet of the formation ex-
posed along the tributaries of Marais des Cygnes river in the south-
eastern part of the county. Near the top of the Bourbon formation
there is a thin bed of nodular, ferruginous tan limestone, one or two
feet thick, bearing, at least locally, specimens of a large Bellerophon,
as does the overlying Sniabar. This limestone is the one called
Critizer by Jewett.’® The term Critizer possibly cannot rightly
be applied to this limestone because it seemed to F. C. Greene, R. C.
Moore, and me that the limestone near Critizer in Linn county is
another one. The upper shale of the Bourbon in Miami county con-
sists of four feet or less of nodular greenish clay.

Since the Bethany Falls limestone is the lowest rock exposed in
Johnson county, the Bourbon does not crop out within the limits
of that county.

Detailed sections. Sections including part of the Bourbon forma-
tion are given under numbers 125, 158, and 159 at the end of the
report.

15. Moore, R. C., Op. cit., p. 90.
16. Jewett, J. M., Kansas Acad. Sci., Trans., vol. 86, p. 134, 1933.
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Prate III. Exposures of the Swope formation, SE. cor. sec. 36, T. 198,
R. 24 E., Linn county. A—Bethany Falls limestone. B—Middle Creek lime-
stone (type exposure) above pavement and Hushpuckney shale above.



Geology of Johnson and Miamt Counties 23

Prate IV. A—Drum limestone. Local cross-bedded limestone at the top.
SE. cor, sec. 31, T. 16S., R. 24 E., Miami county. B—Characteristic Drum
limestone at the middle of the west edge sec. 21, T. 17S., R. 23 E., Miami
county.
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Bronson Group

The name Bronson was used by Adams!? for three principal lime-
stones, and included shales above the “Dudley” shale in south-
eastern Kansas. At first he thought that the limestone should be
correlated with the Hertha, Dennis, and Drum, but before the
description of the Bronson was published he was acquainted with
the true correlation of the units with which he was dealing and
made the proper corrections in an inserted list of errata in this
publication. Thus, Adams meant to include three principal lime-
stones and contained shales in his Bronson up to the top of the
Dennis limestone, or Winterset of modern writers.

HERTHA LIMESTONE

The name Hertha was introduced by Adams'® “for the limestones
succeeding the upper Pleasanton shales as exposed in the vienity
of Hertha,” Neosho county, Kansas. Jewettl® rightly concluded
that the limestone to which the name Hertha was applied at Hertha
by Adams in 1903 is the Bethany Falls limestone. It is possible to
determine the exact bed at Hertha referred to by Adams in this
publication because an areal map of eastern Kansas, showing the
distribution of the Hertha and other limestone outcrops, accom-
panied the original definition.

A year after the first definition of Hertha, Adams2° published
maps of the area immediately north of Hertha in which the first
limestone below the Bethany Falls (= Mound Valley limestone)
was indicated as Hertha. This lower limestone is the six-foot lime-
stone cropping out at Hertha, and not the one shown as Hertha in
the previous publication. The reason for this confusing change in
mapping was not given in the accompanying text. In the applica-
tion of the term Hertha the early Kansas Survey followed this
second usage of Adams so that, excepting for the original definition,
the name Hertha has been consistently applied to the lower lime-
stone of the Bronson group.

It was discovered by F. C. Greene, R. C. Moore, and me, in a
special field investigation of the Hertha problem that the lower
limestone cropping out at Hertha is continuous across eastern Kan-

17. Adams, G. I, U. S. Geol. Suivey, Bull 238, pp. 17, 18, 1904.

18. Adams, G. I., in Adams, Girty, and White, Upper Carboniferous rocks of the Kansas
section: U. S. Geol. Survey, Bull. 211, p. 35, 1903,

19. Jewett, J. M., Kansas Acad. Sci., Trans., vol. 36, p. 134, 1933.

20. Adams, G. I, In Adams, Haworth, and Crane, Economic geology of the Iola quad- .
rangle, Kansas: U. S. Geol. Survey, Bull. 288, pp. 14 and 16, 1904.
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sas, and, contrary to Jewett’s conclusion,? it is in part equivalent
to the limestone at Kansas City that has in the past been called
Hertha.

It does not seem advisable to suppress the name Hertha on the
grounds that it is a synonym of Bethany Falls. In Adam’s final
usuage and subsequent work it appears that there has been a con-
sistent application of the name to one limestone unit, the lower of
the Bronson or “triple system” of the early writers. I propose here
to retain the term Hertha in a formational sense for the limestone
cropping out at Hertha, and for its immediate correlatives.

In tracing the Hertha southward from Kansas it was discovered
by Greene, Moore, and me that the unit is added to above so that
over much of eastern Kansas it is divisible into two members of
unlike lithologic character, commonly separated by some shale. The
upper member was thought to be Jewett’s Schubert Creek limestone
and the lower one, so well-developed in northeastern Kansas and
adjoining parts of Missouri, is here termed the Sniabar limestone
from exposures along Sniabar creek in southeastern Jackson county,
Missouri. A characteristic exposure may be seen along the high-
way one half mile north of Knobtown, Jackson county, Missouri.

Lithologic character and thickness. The Sniabar limestone is
exposed at a few places in the southeastern part of Miami county.
It is commonly covered by the large slumped blocks of the Bethany
Falls limestone above. The Sniabar limestone consists of thick-
bedded, ferruginous, fine-grained limestone, generally drab or gray
where fresh, and brown on weathered surfaces. The uppermost part
of the limestone is granular and contains Osagia sp. readily visible
on fresh surfaces. The member generally consists of a single bed
of limestone, and only exceptionally are bedding planes shown. It
averages six feet thick in Miami county, although at one locality
in sec. 10, T. 19 8., R. 24 E,, it is only five feet thick. The unit is
rather unfossiliferous. A careful search in Miami county for fusu-
linids in the Sniabar limestone has been fruitless.

Distribution. The outcrop of the Sniabar limestone is restricted in
Miami county to the (1) valley of Sugar creek and the lower part
of its principal tributaries, (2) the lower part of Middle creek, (3)
the valley of Marais des Cygnes river, extending to the northeast
part of township 18 south, range 23 east, and (4) Hushpuckney
creek valley in township 19 south, range 23 east. The formation
does not crop out in Johnson county.

21. Jewett, J. M., Op. cit., 1933.
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Detailed sections. Sections of the Sniabar limestone are given
under numbers 122, 124, 125, 152, 157, 158, and 159 in the register
at the end of the report.

LADORE SHALE

The term Ladore was applied by Adams?? to the shale between .
the Hertha and Mound Valley (Bethany Falls) limestones as shown
near Ladore. Since the upper limestone layers of the Hertha appear
generally to be lacking in northeastern Kansas, the Ladore shale
may include slightly lower beds than in southern Kansas, but, on
the other hand, Middle Creek limestone and overlying Hushpuckney
shale which may be represented by the upper Ladore in southern
sections are excluded from the Ladore in the north. The Ladore
shale of northeastern Kansas is not nearly as thick as it is in
southeastern Kansas.

Lithologic character and thickness. The Ladore shale crops out
in Miami county, where it consists chiefly of buff to gray argillaceous
shale. Generally the lower part is limy and nodular. The upper
portion locally contains thin lenticular shaly limestones, but more
commonly it is argillaceous throughout. The formation ranges in
thickness from five to twelve feet, but averages about five and one
half feet. A typical section at the west edge of the NE14 of sec. 10,
T. 198, R. 23 E. shows two feet of greenish-buff, limy shale, over-
lain by five inches of soft, gray, argillaceous limestone, and three
feet three inches of argillaceous, gray shale with a thin limestone
at the middle. The formation is relatively thick at the middle of
the south edge of sec. 18, T. 188S., R. 24 E., where it reaches a
thickness of twelve feet.

SWOPE LIMESTONE

The term Swope, from Swope Park, Kansas City, Mo., is proposed
by Moore and Newell for the persistent limestones and thin shales
from the top of the Ladore shale to the top of the Bethany Falls
limestone. The units of the Swope are, in ascending order: Middle
creek limestone, Hushpuckney shale, and Bethany Falls limestone.

Lathologic character and thickness. The lowest member of the
Swope, the Middle creek limestone, is named from the exposures
on the east side of Middle Creek at the highway three miles east of
La Cygne, Linn county, Kansas. The member is exceedingly uni-
form throughout Kansas and Missouri. It consists generally in

22. Adams, G. I., In Adams, Haworth, and Crane, U. 8. Geol. Survey, Bull. 238, map
opposite p. 14, 1904.
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Miami county of two even layers of dark bluish-gray, dense, and
brittle limestone. Only locally in the area are the two layers
separated by shale, as at the west edge of the NE sec. 10, T. 19 8.,
R. 23 E., where the section from the base upward is one and one half
feet of bluish-gray, lithographic even limestone, five inches of limy
buff shale with batostomellids, overlain by four and one half inches
of bluish-gray dense limestone. At some localities the upper surface
of the lower bed of the Middle Creek limestone is covered with a
peculiar twig-like form which recalls certain types of the alga
Lithothamnion. The member is quite uniform in thickness, ranging
in this region from about one foot four inches to a maximum of two
feet three inches. Where there is no included shale the Middle
Creek is commonly one foot eight inches thick. The Middle Creek
limestone strikingly duplicates in its physical characters and in its
position immediately beneath black fissile shale the “middle lime-
stone” members of the limestone formations in the Shawnee group,
where Moore has defined the typical sequence of units in regularly
repeated sedimentation cycles. In terms of this cycle, therefore, the
Middle Creek member may be classed as a “middle limestone.”

The Hushpuckney shale, here named from a creek south of
Fontana, in Miami county, is similar to many of the thin carbona-
ceous shales in the Mid-Continent region. It is typically shown
at a railroad cut, center north side sec. 13, T. 198, R. 23 E. (Loc.
124). It consists typically of two parts, the upper half being gray,
argillaceous shale, and the lower half black, platy shale. Locally
a thin layer of argillaceous, greenish shale underlies the black shale,
and less commonly the upper part of the member consists of carbo-
naceous, blocky shale. The carbonaceous parts of the unit are not
very fossiliferous, but in places they yield orbiculoid brachiopods.
At Middle creek, about one fourth of a mile east of the SW cor.
sec. 22, T. 18 8., R. 24 E., a few impressions of the scales of a large
ganoid fish occur in the black platy shale. Small phosphatic nodules
are rather common in the carbonaceous part of the shale. The
thickness of the Hushpuckney member ranges from four and one
half to five and one half feet, the average being closer to the latter
figure.

The Bethany Falls limestone, named by Broadhead? from ex-
posures at the falls of Big creek, near Bethany, Mo., is an easily
recognized unit where it is fairly well exposed. The member in

23. Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci., Trans., vol. 2,
p. 820, 1868 (read May 5, 1862, first issued July 27, 1865).
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Miami county is similar to exposures in the vicinity of Kansas City
and elsewhere in eastern Kansas. The upper part is massive, drab
or light gray, oélitic, and cross-bedded. Locally, there is a thin
layer of loose limestone nodules at the top. The uppermost part
of the massive bed is at a few places mottled with bluish-gray
spots. The odlitic part is quite unfossiliferous, and locally contains
peculiar vertical tubular cavities measuring as much as five feet in
length by two inches in diameter. Generally the cavities are lined
by iron-stained calcite crystals, and less commonly they are nearly
or entirely filled with calcite. Where the rock is weathered the
odlitic grains have in most cases been removed by solution, leaving
minute spherical cavities surrounded by the limestone matrix. The
massive upper part of the Bethany Falls weathers in great rounded
masses, which creep down the slopes in huge blocks, or it crops out
as a massive ledge along valley slopes. There is considerable varia-
tion in the thickness of this part of the member. It ranges from
about one foot at the center of the south edge of sec. 18, T. 18 8.,
R. 24 E,, to thirteen feet at the west edge of the NE14 sec. 10, T.
198, R. 23 E. In fact, most of the variation in thickness of the
member is due to the irregularity of the oélitic part. The upper
massive part of the Bethany Falls is commonly about seven feet
thick.

The lower part of the member is quite distinct from the upper.
It is composed of thin-bedded, even, whitish or light-gray limestone,
containing an occasional light-colored chert nodule and a few brach-
iopods of the Productus type. A small fusulinid of the appearance
of Triticites irregularis occurs here, the first appearance of Triticites
in the section. This limestone generally weathers buff, especially
below, where occur a few thin shale partings. This part of the
member ranges between ten and nineteen feet, but most commonly
measures about fourteen feet. The greatest thickness of the entire
member in Miami county was measured at the west edge of the
NEZ; sec. 10, T. 19 8., R. 23 E., where it is twenty-seven feet thick.
The member is thinnest at the center of the north edge of sec. 13,
T. 198, R. 23 E., at a railroad cut, where it measures thirteen feet.
Generally the member measures about eighteen feet in Miami
county.

The lower thin-bedded Triticites-bearing part of the Bethany
Falls member is entirely similar in physical and faunal characters
and in its position above black platy shale to the so-called “upper
limestone” of the limestone formations in the Shawnee group. The
remaining upper part of the Bethany "Falls, which is irregular in
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thickness and in various portions massive, oblitic, or nodular, is
probably chiefly of algal origin. It duplicates characters that are
typical of what Moore has termed the “super limestones” in the
sedimentary cycle exhibited by the Shawnee group limestone for-
mations. The Bethany Falls limestone thus contains both the
“upper” and “super” elements of the cyclic succession of beds as
described by Moore.

The outerops of the Bethany Falls limestone extends into Johnson
county from Missouri for a short distance along the lower part of
Indian creek. Only the upper part of the member is exposed on the
Kansas side. Very good exposures of the entire Swope formation
occur a short distance to the east along Big Blue river in Jackson
county, Missouri. The Bethany Falls limestone, which is the oldest
member exposed in Johnson county, shows the characteristic fea-
tures at the Indian creek exposure. It weathers in large, rounded
masses, displaying few joints. The upper few feet of the member
consists of drab, soft, highly nodular and rather unfossiliferous lime-
stone. In near-by areas where the entire member is exposed, the
upper part of the Bethany Falls is very massive and is odlitic or
nodular. This part of the formation has a tendency to form large
slumped blocks which hide the lower and less massive part. This
peculiar feature of weathering is excellently displayed in the out-
crops in Swope Park in Kansas City and to the southward along
the valley of the Big Blue. The lower part of the Bethany Falls
in the Jackson county exposures resembles the exposures in Miami
county, consisting of even-bedded, gray limestone with a few thin
shale partings. The entire Swope limestone is about twenty feet
thick in the exposures nearest the Johnson county line.

Distribution. The Swope formation crops out in Miami county
along the principal streams in the southeastern part. On Sugar and
Middle creeks it extends to about the middle of township 18 south,
and along Marais des Cygnes river to a point west of the center of
township 18 south, range 23 east, where it is seen at the water’s edge
beneath the highway bridge in section 17. On Mound creek, south-
east of Beagle, the formation is exposed as far as the western edge
of range 23 east.

In Johnson county the Swope limestone is exposed near stream
level on Indian creek at the state line. At other places in the county
it is covered by younger formations.

Detailed sections. Sections of the Swope are given under numbers
121, 122, 123, 124, 125, 126, 130, 152, 154, 157, 158, and 159.
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GALESBURG SHALE

The Galesburg shale was named by Adams?* from Galesburg,
Neosho county, Kansas. According to Adams’ original definition, it
includes “the rocks occupying the interval between the Hertha lime-
stone and the Dennis limestone.” It has been generally assumed
that Adams overlooked the Bethany Falls limestone at Galesburg,
since that formation lies between the Hertha and the Dennis. Be-
cause the term Ladore was used for the shale between the Hertha
and Bethany Falls the name Galesburg was restricted by the early
Kansas Survey to apply to the strata between the Mound Valley
(Bethany Falls) and the Dennis limestones.

In southeastern Kansas, extending as far north as Linn county,
there is a thin, blocky, blue limestone below the Winterset lime-
stone, separated from it by a thin black shale. This limestone was
known to the older writers and to Hinds and Greene.?® Jewett has
determined that the limestone is absent in northern Linn county
and that it makes its appearance to the southward. This limestone,
called Canville by Jewett, and the black shale above lie at the
horizon of the upper part of the so-called Galesburg in the Kansas
City region. In northeastern Kansas the section above the Bethany
Falls is as follows: a thin layer of buff or gray clay shale is over-
lain by two or three feet of black fissile shale, which is in turn over-
lain by a thin layer of buff or gray clay. The Winterset overlies this
clastic succession.

According to Jewett, the situation at Galesburg is as follows. A
thick shale and sandstone section, the Galesburg shale, is overlain
by a limestone formation which consists of three parts; a lower
thin, blocky limestone, overlain by a thin shale containing a layer
of black fissile shale, succeeded by a thick limestone. The older
writers did not mention any limestone or black shale in the typical
Galesburg, and it is almost certain that the rather obscure black
shale layer and basal limestone were grouped with the main lime-
stone above under the term Dennis. This succession, which occurs
at Dennis as well as Galesburg, is not easily recognized at all ex-
posures because the lower units are commonly hidden by slumped
blocks of the much thicker upper member.

The shale below the thin basal limestone has thinned in the
vicinity of Uniontown from over seventy feet to about ten feet.

24. Adams, G. I., Stratigrephy and paleontology of the Upper Carboniferous rocks of the
Kansas section: U. S. Geol. Survey, Bull. 211, p. 86, 1908.

25. Op. cit., p. 119, 1915.
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Farther north the unit thins even more, to less than three feet in
Miami county. The view is here taken that this shale in Miami
county is the true Galesburg shale, on the basis of stratigraphic
continuity and because the black shale above, which in south-
eastern Kansas is underlain by a thin limestone, belongs genetically
with the limestone above. The thin blocky limestone is replaced
by- shale to the northward, so that in Miami and Johnson counties
the Galesburg is directly overlain by the black shale which Jewett
has called the Stark shale. The Canville limestone and Stark shale
are classed with the Winterset limestone as members of the Dennis
limestone.

Lithologic character and thickness. The Galesburg is fairly uni-
form in its characters in Miami county. The unit is underlain
by the Bethany Falls member of the Swope and overlain by black
fissile shale, the Stark. A characteristic section of the Galesburg
occurs two and one half miles east of La Cygne, Linn county. From
the base upward there is two feet four inches of buff, limy, nodular
shale, and four inches of buff, limy, hard shale, rarely bearing
Letorhynchus rockymountanum. The hard shale is probably the
equivalent of the dense, blue Canville limestone that occurs at this
horizon a short distance to the south.

The Galesburg is not well exposed in Johnson county and, like
the Bethany Falls, crops out only at the NW cor. sec. 11, T. 12 S,,
R. 25 E,, in the bed of Indian creek. The formation is generally
about two feet thick in near-by areas and becomes increasingly
argillaceous and less calcareous toward Kansas City.

Distribution. In Miami county the formation crops out along the
major streams in the southern part of the county. The Galesburg
extends along the forks of Sugar creek almost to the middle of
township 18 south. It crops out along Middle creek to a point north
of the center of township 18 south, range 24 east, and extends nearly
to the west edge of range 23 east on Marais des Cygnes river, where
the formation dips below the plain southeast of Henson. On Mound
creek the Galesburg crops out upstream to about the west edge of
range 23 east.

The only occurrence of the Galesburg in Johnson county is given
above.

Detarled sections. Sections of the Galesburg are given under
locality numbers 121, 122, 123, 124, 130, 152, 154, and 159.
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DENNIS LIMESTONE

The term Dennis, from a town in Labette county, Kansas, was
applied by Adams?6 to a formation which he considered to be the
same as the previously named Mound Valley limestone. The Kan-
sas Survey, however, maintained that the Mound Valley, or Bethany
Falls of modern writers, and the Dennis were different formations.
Later it was found that the Winterset?? limestone of Iowa geologists
could be correlated with the Dennis, and the older term Winterset
was retained. As explained under the discussion of the Galesburg,
Jewett has found that the type Dennis consists of more than the
Winterset limestone as interpreted by Missouri geologists. The
limestone at Dennis contains three divisions. These are a basal,
blocky, thin limestone, overlain by black fissile shale, and thick
limestone. This is a duplication of the cycle exhibited by the Swope
limestone. The basal limestone at Dennis extends northward along
the outcrop as far as southern Linn county, beyond which it changes
to limy shale. The black shale member, which Jewett?® calls the
Stark, from a town in Neosho county, has always been considered a
part of the Galesburg in the Kansas City region. In northeastern
Kansas, including Johnson and Miami countes, the Stark is the
lowermost member of the Dennis formation, since the basal lime-
stone found in southeastern Kansas is unrecognizable in the northern
area. The uppermost and most persistent member is the Winterset
of standard usage. The Dennis formation as here used includes in
northeastern Kansas the Stark shale below and the Winterset lime-
stone above. In southeastern Kansas a third member, a basal, thin
limestone, the Canville,?® occurs below the Stark.

Lithologic character and thickness. The Stark shale, lowermost
member of the Dennis in northeastern Kansas, is generally quite
uniform. It consists of black fissile shale below, overlain by a
slightly thicker amount of gray or buff argillaceous shale. In
Miami county the carbonaceous part of the member is two and one
half to three feet thick and contains an abundance of phosphatic
concretions. The upper part of the member consists of four and one
half feet of buff and gray limy shale.

The member presents about the same character at the few out-
crops in Johnson county. The upper part of the member is generally

26. Adams, G. L., Stratigraphy and paleontology; of the Upper Carboniferous rocks of the
Kansas section: U. S. Geol. Survey, Bull. 211, p. 36, 1903.

27. Tilton, J. L., and Bain, H. F., Geology of Madison county: Iowa Geol. Survey, vol.
7, pp. 517-519, 1897.

28. Jewett, J. M., Kansas Acad. Sci., Trt.ms., vol. 86, p. 188, 1988.
29. Jewett, J. M., Op. cit., p. 133, 1933



Geology of Johnson and Miami Counties 33

yellowish and underlain by gray argillaceous shale. The entire unit
is about four feet at exposures in eastern Johnson county and adjoin-
ing parts of Missouri.

The Winterset limestone is more regular in Miami and Johnson
counties than the Bethany Falls, with which it might be confused,
but has characters less striking. In both counties the Winterset
consists of gray, thin-bedded, even limestone, fine-grained or dense
at the middle and veined or coarse below. In Miami county the
uppermost part consists of dark-gray or nearly black, fine-grained
limestone bearing a characteristic faunal assemblage. At one lo-
cality, just west of the NE cor. section. 11, T. 18S., R. 23E,, a
relatively thick shale parting was observed near the top of the
formation. Elsewhere the member seems to be rather free from
shale. Near the top and especially at the middle part there are
generally a great many large chert nodules. Locally these may be
dark-gray or black, but in Miami county they are mostly buff,
brown, or gray. Near the top and below the black limestone stratum
a thin layer of oolite, with a few odlitic chert nodules, is observed in
many places. Locally below the odlite there are a few thin layers of
light-gray, lithographie, siliceous limestone, containing a few silici-
fied pleurotomarids. The lower part of the member is somewhat
thicker bedded and consists of dark-gray, fine-grained, veined lime-
stone. The upper part of the member in Miami bears a prolific
fauna, consisting chiefly of Triticites irregularis, Derbya cf. crassa,
Juresania nebraskensts, and a very large variety of Composita. The
fauna of the lower part of the Winterset includes several productids.
The member is about thirty feet thick in Miami county.

There are no good exposures of the Winterset limestone in Johnson
county. The member crops out for a short distance in the county
along Turkey and Indian creeks. The rock is dove-gray for the most
part, somewhat argillaceous, even-bedded, and contains a few
scattered nodules of black flint near the top. A short distance
to the east along Big Blue river in Missouri, in the vicinity of
Martin City and elsewhere, the upper part of the Winterset is
oolitic and might easily be mistaken for a local facies of the Wester-
ville limestone. In the northern part of Johnson county a prolific
molluscan fauna occurs at the top of the member, but the rock is
only obscurely o6litic. The complete thickness of the member can-
not be measured in Johnson county. A short distance into Missouri
it measures a little more than twenty-five feet in thickness.

3—1711
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As was noted in describing the Swope formation, it is easy also
to recognize units in the Dennis formation that correspond to the
“middle,” “upper,” and “super” limestones of the Shawnee limestone
formations. The Canville limestone is a characteristic “middle.”
At most outcrops in Johnson and Miami counties the Winterset
limestone is an “upper,” but where the odlitic limestone is present
at the top of the Winterset the “super” also is represented. The
Dennis limestone may thus be recognized as containing most of the
units of the sedimentation cycle (all of the limestones but the
“lower”) that are found in the Shawnee group.

Distribution. The Dennis formation crops out in the south-
eastern part of Miami county along Sugar and Middlé€ creeks for a
short distance above the middle of township 18 south, and along
Marais des Cygnes river to the west edge of range 23 east. On
Mound creek the formation dips beneath the flood plain south of
Beagle.

The outerop of the formation in Johnson county is confined to
the middle of the east edge, along Indian creek, and the uppermost
part of the Winterset is exposed in the bed of Turkey creek near
the northern line of the county.

Detailed sections. See locality numbers 67, 68, 120, 121, 122, 123,
124, 127, 129, 150, 152, 153, 154, and 159.

Kansas City Group

In the reclassification of the Pennsylvanian of the northern Mid-
Continent, Moore3® proposes to restrict the term Kansas City to
the irregular and dominantly shaly strata between the Dennis and
Plattsburg formations. The Kansas City contrasts strikingly in its
greater irregularity with the exceedingly persistent divisions of the
Bronson and Lansing groups. The Kansas City group as redefined
contains, in ascending order, the Fontana shale, Block limestone,
Wea shale, Westerville limestone, Quivira shale, Drum limestone,
Chanute shale, Iola limestone, Lane shale, Wyandotte limestone,
and Bonner Springs shale. The strata between the top of the
Winterset and the base of the Drum limestone are apparently the
correlatives of the Cherryvale shale of southeastern Kansas.

The Cherryvale shale was named by Haworth3! for the thick
shale between the Winterset and the Drum limestone at Cherryvale,
Kan.

80. Moore, R. C., Kansas Geol. Soc., Guidebook 6th Ann. Field Conference, p. 91-92, 1932.

31. Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. Geol. Survey,
vol. 8, p. 483, 1896.
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The strata at Kansas City for so long classed as Cherryvale are
the equivalent of the lower part of the typical Cherryvale. This
miscorrelation is one of the results of the misidentification of the
Drum limestone in northeastern Kansas. This will be discussed
more fully under the description of the Drum limestone. The unit
called Cement City®? in the Kansas City region is the equivalent of
the lower part of the Drum limestone of southeastern Kansas. The
outcrop is continuous across Kansas and no place is known where
the Cement City is less than one foot thick.* Between Paola and
Cherryvale, Kan., it is generally less than six feet thick.

The Westerville limestone, or “Kansas City od6lite,” for so long
erroneously correlated with the Drum limestone because of a similar
local fauna and lithologic facies, extends no farther to the southwest
than Martin City, Jackson county, Missouri, and is equivalent to
part of the Cherryvale, since it lies below the Cement City member
of the Drum.

In Miami county there occurs a limestone bed of some prominence
about fifteen feet, more or less, above the Winterset. This lime-
stone, here called Block after a hamlet in Miami county, has con-
siderable persistence throughout northeast Kansas and adjoining
parts of Missouri.

The Block and Westerville limestone provide a five-fold division
in northeastern Kansas apparently corresponding to the Cherryvale
interval. In order from older to younger these are: Fontana shale,
Block limestone, Wea shale, Westerville limestone, and Quivira
shale.

The exact limits of Cherryvale equivalents in northeastern Kansas
and Missouri may be open to some question, as suggested to me by
Moore, on the following basis. In the bluffs west of Coffeyville,
Kan., the Winterset limestone is overlain immediately by thin-
bedded, bluish, flaggy limestone typical of one variety of “super”
bed of the limestone cycle. The Winterset in this area, so far as
yet known, does not contain limestone of the “super” type. North-
ward toward Cherryvale the bluish flaggy limestone beds seem to
diverge greatly from the Winterset so that the genetic relationship
between these beds and the Winterset is obscure. To the northward
from Cherryvale the flaggy beds disappear. It is Moore’s suggestion
that they may correlate with the oélitic “super” rock which appears
in the Winterset in northeastern Kansas. If this interpretation can

32. Hinds, Henry, and Greene, F. C., Op. cit., p. 27, 1915.

* Recent work proves that the Central City locally cut out by unconformity in south-
eastern Kansas.
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be demonstrated the greater part of the type Cherryvale shale
might be included in the Winterset limestone.

FONTANA SHALE

The term Fontana is employed here for the fifteen-foot argilla-
ceous shale immediately above the Winterset limestone in the
vicinity of Fontana, Miami county, Kansas. Typical exposures
occur in road cuts at the NE cor. sec. 11, T. 18 8., R. 23 E,, and at
the middle of the west side of the NW1/ of sec. 36, T. 18 S., R. 23 E.,
near Fontana.

Lithologic character and thickness. In Miami county the for-
mation is quite uniform, exhibiting but little variation in lithologic
character or thickness. Wherever it is exposed it is a greenish-gray
or buff argillaceous shale, and generally contains a few widely
scattered and very small calcareous nodules. At one locality, a
road-cut west of the NE cor. sec. 11, T. 18 8., R. 23 E., a thin layer
of ferruginous, limy shale occurs near the base. The formation is
relatively barren of fossils. The minimum thickness measured was
at a locality one fourth of a mile west of the center of the west
edge of sec. 18, T. 19 8., R. 23 E., where the formation is twelve feet
thick. The greatest observed thickness of eighteen feet occurs at
the center of the west edge of the NW1/ of sec. 86, T. 18 S., R. 23 E.

The Fontana shale is considerably thinner in Johnson county than
it is to the south. In fact, there seems to be a more or less uniform
thickening of the member from Kansas City, where it is about five
feet, to northern Linn county, where it is over twenty-five feet thick.
The Fontana is poorly exposed in Johnson county, cropping out
only along the lower parts of Big Blue river, Indian creek, and
Turkey creek. In southeastern Johnson county it consists of argil-
laceous, gray or buff shale, ranging in thickness from six to ten feet.
A characteristic zone of Chonetina flemingi var. plebeia Dunbar and
Condra occurs at the top of the shale wherever it is exposed in
Johnson county and in the Kansas City region. In the northern
part of Johnson county the Fontana is generally buff and somewhat
limy with occasional nodules of limestone. In this area the forma-
tion is about six feet thick.

Distribution. The Fontana shale crops out in Miami county for
a short distance up the eastward flowing streams near the state line
in township 16 south, range 25east. In the southern part of the
county the Fontana crops out to the middle of township 18 south
on the branches of Sugar creek, and to the northeast part of town-
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ship 18 south, range 24 east along Middle creek. On Marais des
Cygnes river the shale crops out along the valley walls to Osa-
watomie and extends a short distance above the fork of Wea and
Bull creeks at Paola. The formation crops out along Mound creek
to a point south and west of Beagle.

In Johnson county the Fontana shale is generally not well ex-
posed. Consequently its surface distribution must be inferred
largely from the outcerop of the Winterset limestone. The outerop of
the Fontana is restricted to the valley of Big Blue river in township
14 south, range 25 east, an area along Kansas river east of Holliday,
the valley of Indian creek, in township 13 south, range 25 east, and
Turkey creek in township 12 south, range 25 east.

Detailed sections. For sections including the Fontana shale see
the following numbers at the end of this report: 40, 67, 68, 117, 120,
127, 129, 150, 153.

BLOCK LIMESTONE

The term Block limestone is here introduced for a thin limestone
about fifteen feet above the Winterset limestone cropping out just
east of the hamlet of Block in eastern Miami county. In northern
Linn and Miami counties this limestone is a fairly prominent unit,
attaining a thickness of five feet or more. It thins northward some-
what and splits into several thin beds of limestone, separated by
limy shale. The Block includes practically all of the limestone in
the lower part of the so-called Cherryvale shale at Kansas City.
According to observations by R. C. Moore, this limestone is a
compact, clearly recognizable unit near Gallatin and Bethany in
northern Missouri, and it probably extends into Iowa.

Lithologic character and thickness. This formation is uniform in
Miami county, in contrast to its irregularity in Johnson county. It
is characteristically composed of bluish-gray, even, thin-bedded
limestone with a few thin, fossiliferous shale partings which are
locally absent. Upon weathering the limestone becomes broken
into blocky, angular fragments having a light-gray color. The
texture of the rock is fine-grained or sugary. There are no particu-
larly characteristic fossils, but Marginifera wabashensis and Triti-
cites irregularis were noticed at several localities. The Block lime-
stone ranges in thickness from three to eight feet, but is not as
irregular as this would suggest, since in most places it is generally
about four feet thick. A thickness of three feet was observed at the
east side of the NE14 of sec. 15, T. 198., R. 22. E. The greatest
thickness of eight feet occurs at a locality one fourth of a mile west
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of the middle of the west edge of sec. 18, T. 19 S., R. 23 E. Where
the formation is unusually thin it has little or no included shale.

In Johnson county the Block limestone splits up into two or more
thin, lenticular, buff limestones, separated by thin shaly partings. -
It is difficult to correlate these separate limestone beds from place
to place, but the base of the lower one is well marked by a persistent
zone of Chonetina flemingi var. plebeia Dunbar and Condra. Since
these thin limestones are always closely associated and include about
all of the limestone between the Winterset and Westerville, it seems
logical to assume that they mark the northern extension of the Block
limestone. The most southern outcrop of the Block limestone in
Johnson county occurs at the SE cor. sec. 10, T. 148, R. 25 E. At
this place the Chonetina zone underlies a six-inch blocky limestone
that resembles in color and texture the Block limestone in Miami
county. Apparently there is no more limestone between this thin
bed and the Westerville limestone above. The Winterset is not ex-
posed here but crops out a short distance downstream.

Distribution. The Block limestone crops out in eastern Miami
county for a short distance up the principal eastward-flowing creeks
in township 16 south, range 25 east. In the southern part of the
county the member extends to the middle of township 18 south on
the main forks of Sugar creek. Along Middle creek the outcrop
reaches into section 12, township 18 south, range 24 east. On Marais
des Cygnes river and the Pottawatomie the formation crops out as
far west as Osawatomie. Along Mound creek it extends to the
middle of range 22 east.

In Johnson county the outcrop of the Block is coextensive with
that of the Fontana shale; that is, along the lower part of Big Blue
river, Indian creek, Turkey creek, and along Kansas river east of
Holliday.

Detailed sections. For sections of the Block limestone see num-
bers 40, 67, 98, 101, 117, 120, 127, 129, 131, 134, 143, 150, and 153,
at the end of this report.

WEA SHALE

The term Wea shale from Wea creek in northeastern Miami
county is here employed for a shale bed between the Block limestone
and the black Quivira shale above. In Johnson county the Wester-
ville limestone separates the Wea and Quivira, but in Miami county
the Westerville is only locally present. The Wea is typically ex-
posed at the SE cor. of sec. 31, T. 16 S., R. 24 E. (sec. 166) and at
the center of the east side of sec. 12, T. 18 S, R. 22 E. (sec. 129).
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Since the Westerville limestone disappears in southwestern Jackson
county, Missouri, it is possible that the Wea shale in Miami county
is the equivalent of the Westerville limestone and the shale below
it in the Kansas City region. There is evidence, on the other hand,
that the Westerville is entirely younger than the Wea shale. The
limestone does not grade laterally into shale but pinches out rather
abruptly. Also there are deposits of conglomerate and indications
of at least local disconformity at this horizon in northwestern
Miami county. In any .case, the Wea shale is a distinct lithologic
unit.

The Wea shale is somewhat irregular in Miami county. It con-
sists mostly of olive-green argillaceous shale. Locally, as at the
NW cor. of sec. 7, T. 18 8., R: 25 E., there is a thin layer of maroon
shale near the top. Excepting one place, the Westerville limestone
is absent in Miami county, so that the Wea is in direct contact with
the black Quivira shale. The single exception occurs at the locality
given just above. Here the Westerville consists of two feet four
inches of conglomeratic, thinly cross-bedded limestone. South and
west of Paola the Quivira shale loses its characteristic black or
maroon color and cannot be distinguished from the Wea. In this
case, the two shales may be classed together as the Wea-Quivira
shale. A thin sandstone occurs above the middle of the Wea at the
south side of the SW14 sec. 6, T. 18 S., R. 24 E., where the greatest
thickness of the Wea-Quivira was measured. The maximum thick-
ness of about twenty-two feet was measured for the Wea at the
center of the east edge of sec. 12, T. 18 S, R. 22 E. The Wea shale
varies in thickness from place to place in Miami county with little
or no regularity.

The Wea shale in southeastern Johnson county consists of argil-
laceous shale with an increase in calcareous material toward the
north. The thickness ranges from about ten to over thirty feet,
the greatest thickness being along Indian creek and Big Blue river
in the eastern part of the county.

Distribution. In Miami county the Wea shale crops out in the
eastern and southern parts of the area in a band nearly coextensive
with the outcrop of the Block limestone.

As in the case of the Fontana shale, the Wea is poorly exposed
in Johnson county, consequently the distribution is best inferred
from the outcrop of the Westerville and Winterset limestones. The
Wea shale is exposed along Big Blue river in township 14 south,
range 25 east, along Kansas river below Holliday, along Indian
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creek in township 18 south, range 25 east, and on Turkey creek in
township 12 south, range 25 east.

Detailed sections. Sections of the Wea shale are given under 37,
38, 40, 55, 66, 67, 68, 98, 99, 101, 106, 109, 117, 129, 131, 132, 136,
142, 150, 155, 161, and 166 at the end of this report.

WESTERVILLE LIMESTONE

The Westerville limestone3® was named by Bain from Westerville,
Iowa. For many years an oélitic limestone at Kansas City has been
erroneously correlated with the Drum limestone of southeastern
Kansas. The correlation has been made chiefly on faunal grounds
and lithologic similarity, in spite of the well-known fact that facies
faunas like those found in oélitic limestones cannot generally be
employed for exact correlations. In recent years the Nebraska
Survey has correlated the so-called Drum limestone at Kansas City
with the Dekalb®* of Iowa. Since Dekalb antedates Drum there
has been a tendency to drop the term Drum in recent publications.
In October, 1932, Dr. R. C. Moore, in company with Dr. G. E.
Condra and Dr. F. C. Greene, traced the so-called Drum limestone
of the Kansas City area to Winterset, Iowa. They determined that
the type Dekalb limestone is the Winterset limestone. The latter
name being the oldest, the term Dekalb must be dropped. They
also found by study of exposures near Westerville that Bain’s
Westerville limestone is the same as that called Drum limestone
at Kansas City.

Successful attempts have not been made in the past to trace
the outcrop of the Westerville southward to the type region of the
Drum. Although there is no considerable difficulty attendant to
tracing it southward from Kansas City, the Missouri geologists
were led into error by overlooking the fact that the Westerville
Iimestone abruptly changes to shale or pinches out at Martin City,
Jackson county, Missouri.

The odlitic facies of the upper part of the Westerville at various
localities in Kansas City has long been considered highly character-
istic of the unit as a whole. Actually few of the exposures in
southern Kansas City, Missouri, show the oblitic facies. The non-
odlitic lower part of the Westerville, locally called the “Bull ledge,”
is the most persistent part of the formation and retains its characters
fairly well, whereas the upper part is highly irregular or absent.

33. Bain, H. F., Am. Jour. Sci., 4th ser., vol. 5, pp. 437, 439, 1898.
34. Bain, H. F., Geology of Decatur county; Iowa Geol. Survey, vol. 8, p. 278, 1897.
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The most recent published work involving the Westerville lime-
stone in Kansas is a faunal study by Sayre®® which treats of the
stratigraphy in rather an incidental manner. Sayre was misled in
several instances by his conviction that the odlitic facies is character-
istic of the Drum limestone across Kansas. He erroneously cor-
related the limestone at Kansas City, here called Westerville, with
the typical Drum, and at some localities he mistook the odlitic
portions of the Bethany Falls and Winterset limestones for the
Drum.

The Westerville is one of the most variable units cropping out in
Johnson county. Where it is thick it is odlitic and cross-bedded,
and where it is thin the formation is very massive and even-bedded,
and commonly nonoélitic. In the northern part of Johnson county
the upper part of the Westerville consists of thin beds of alternating
shale and limestone. The formation ranges in thickness from over
twenty feet in section 35, T. 12 8., R. 25 E., to four feet along Big
Blue river. The greatest variation takes place apparently in Ts.
12 and 138, R. 25 E,, and in T. 12S,, R. 23 E. Near the highway
just east of Holliday at the creek bridge, the Westerville is fairly
well exposed. The upper nine feet consists of gray, calcerous shale
and interbedded limestone. After comparing this exposure with the
section at the quarry near Morris, Wyandotte county, the upper
contact of the Westerville was placed considerably above the main
limestone bed, the latter actually representing only the lower part
of the formation. The main limestone of the Westerville at Holliday
consists of very fossiliferous oolite, underlain by a foot or so of hard,
gray limestone. The exposure just off the intersection of the high-
way with the county line, at the middle of the north edge of sec.
6, T. 12 8., R. 24 E,, resembles the exposures at Morris and Holliday.
At a quarry near the state line, NW cor. sec. 35, T. 128., R. 25 E,,
the Westerville is unusually thick, although the beds above it are
characteristic. At this place the formation consists of about twenty
feet of oodlitic limestone, cross-bedded on a large scale. The lime-
stone is here rather unfossiliferous, although the Cement City lime-
stone above it is quite fossiliferous. According to drill records at
this locality, the Winterset limestone seems to lie unusually close to
the base of the Westerville. At a creek bridge near the NW cor.
of sec. 15, T. 13 8., R. 25 E., the Westerville is a massive, gray lime-
stone, dense, weathers drab, and has a thickness of four feet. The
identification rests on the characteristic aspect of the overlying

85. Sayre, A. N., Fauna of the Drum limestone: Xansas Geol. Survey, Bull. 17, 1930.
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beds. Eight feet of fossiliferous cross-bedded oélite are exposed at
a creek crossing, NW cor. sec. 25, T. 12S., R. 23 E. The bed is too
poorly exposed to determine its relative position in the Westerville,
but it is probably the exact equivalent of the oélite at Holliday.
At a road cut near the SE cor. sec. 34, T. 13 8., R. 25 E., the Wester-
ville is a four and one half foot bed of dark-gray, massive limestone.

In much of southeastern Johnson county and adjoining parts
of Jackson county, Missouri, the Westerville limestone resembles
very closely the Cement City member of the Drum limestone of the
same region. In some exposures the only characteristic difference
is in the fossil content. A large variety of Triticites is sparsely
distributed through the Westerville (nonoélitic part) but is totally
lacking in the Drum. A variety of Campophylium torquium occur-
ring sparsely in the formation is highly characteristic of the Drum
In northeastern Kansas and is lacking from the Westerville.

A fine exposure including strata from the Winterset to the Drum
occurs about three and one half miles northeast of Martin City,
Jackson county, Missouri. The exposure is seen at a road cut
Just east of the intersection of the paved roads 1-E and 10-S, about
one fourth of a mile east of an entrance to Red Bridge Farm. At
this place the Westerville and Drum are each about five feet thick,
separated by the characteristic greenish Quivira shale containing
a thin carbonaceous layer near the middle. A similar development
is seen one half of a mile north and one half mile east of Martin
City, about a half mile east of the highway intersection. A maroon
layer near the base of the Chanute shale affords a convenient key
horizon in this region. At a bluff south of a creek at the pavement
intersection two miles south of Martin City, the Westerville lime-
stone is gone, represented only by a few limestone concretion at the
base of the black Quivira shale.

Farther to the southwest in Miami county, the Westerville lime-
stone is entirely missing except for one isolated locality, one fourth
of a mile south of the NW cor. of sec. 7, T. 18 S., R. 25 E. At this
place a gray, conglomeratic, thin-bedded limestone occurs below
the black shale of the Quivira. The thickness of the Westerville
lentil is about two feet four inches. About five and one half feet

below this limestone at the above locality there occurs a thin local
~ layer of maroon clay.

Distribution. The Westerville limestone extends only a short
distance west of Holliday before dipping below the flood plain of
Kansas river. Rather surprisingly the outcrop of the member ex-
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tends far up Mill creek to sec. 35, T. 128, R. 23 E,, indicating
a structural “high” in the lower drainage of the stream. The for-
mation crops out along Turkey creek as far upstream as sec. 5, -
T. 128, R. 25E., but no good exposures of the Westerville are
encountered in this area. A small outerop of this limestone occurs
on Brush creek, secs. 2, 3, and 10, T. 12 8., R. 25 E. The Westerville
is well exposed on the valley in secs. 30, 27, 26, and 34, T. 128,
R. 25 E., but since it is the lowest bed cropping out along the creek
within the county, the outcrop extends upstream but a short distance.
The Westerville is fairly well exposed along Big Blue river for a
short distance from the state boundary. In other parts of Johnson
county the formation is buried beneath younger sediments.

As already noted, the Westerville limestone has been found at
only one place in Miami county.

Detailed sections. Sections of the Westerville limestone are given
at the end of the report under numbers 1, 8, 37, 38, 40, 41, 43, 48,
50, 52, 55, 65, 66, 67, 68, and 161.

QUIVIRA SHALE

The term Quivira, after Quivira Lake on Kansas river east of
Holliday where the formation is exposed below the dam, is applied
here to the thin argillaceous and bituminous shale lying between
the Westerville and Cement City limestones. The formation is also
typically shown at the east edge of Holliday, Kan. This unit was
erroneously considered to be the lower part of the Chanute shale by
Missouri geologists. Since, however, it rests beneath the Cement
City member of the Drum, the Quivira is the equivalent to the
upper part of the type Cherryvale shale. »

The Quivira is somewhat irregular in Miami county, but has char-
acters so striking that it can be readily identified. With but a
few exceptions the bed has at the base either a thin layer of black
carbonaceous shale or a streak of maroon clay. These two kinds of
shale occur at nearly the same horizon, but were not seen together
at the same locality. Generally above this horizon the member
consists of olive-colored, argillaceous shale. Where the maroon
phase occurs the Wea shale below is limy and locally ferruginous
and buff. At Paola and south of Hillsdale, and southeast of Osa-
watomie, the carbonaceous layer oceurs at the base of the member.
The same facies also occurs at Somerset, northeast of New Lancaster,
and at the east side of range 33 east just across the line in Linn
county. West of Osawatomie, at Block, south of Beagle, and east of
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New Lancaster the black shale is absent and its place is taken
apparently by a thin layer of maroon clay. The black layer gen-
erally contains brachiopods of the orbiculoid type. The Quivira
shale is generally about four feet thick, the upper three feet being
greenish, argillaceous shale, and the lower foot either black fissile
shale or maroon clay. ’

In Johnson county the Quivira is characteristically an olive-green,
limy or argillaceous shale with a carbonaceous layer near the middle.
In some parts of northwestern Missouri as well as to the south of
Johnson county a maroon shale layer seemingly takes the place of
the carbonaceous bed. Along Big Blue river the formation is about
five feet thick, increasing northward to eleven feet at Kansas river.

Drstribution. The outcrop of the Quivira shale in Miami county
is practically coextensive with that of the Drum limestone. In the
northern part of the county the formation extends up the valley of
the Wea to the center of the north edge of sec. 32, T. 16 S., R. 24 E.,
and to sec. 35 of the same township. On Bull creek the bed crops
out nearly to the center of township 16 south, range 23 east. A
reéntrant of the Quivira occurs along the north edge of township 18
south, ranges 24, 25 east, extending out of the state into Missouri at
the north edge of section 14, township 18 south, range 25 east. The
formation reaches nearly to the west line of range 22 east on Marais
des Cygnes and Pottawatomie rivers. On Mound creek the Quivira
crops out to a point southwest of Beagle.

In Johnson county the Quivira crops out along the valley of
Kansas river as far west as Holliday and enters Johnson county
along Turkey creek and all of the principal streams in the eastern
part of the county.

Detailed sections. Sections of the Quivira shale are given under
numbers 1, 8, 37, 38, 40, 41, 43, 48, 50, 52, 55, 65, 66, 67, 68, 78, 92,
98, 99, 101, 106, 109, 117, 129, 131, 132, 136, 142, 150, 155, 151, and
166 at the end of this report.

DRUM LIMESTONE

The Drum was named by Adams?¢ from Drum creek in the region
about Cherryvale and Independence in southeastern Kansas. There
is a great deal of variation in the Drum of the type region, for it
ranges from eight feet of nonoélitic blue-gray limestone just north
of Cherryvale to more than sixty feet of granular and oélitic lime-

36. Adams, G. L., Stratigraphy and paleontology of the Upper Carboniferous rocks of the
Kansas section: U. S. Geol. Survey, Bull. 211, p. 87, 1908.
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stone near Independence. The odlitic part, for which Moore pro-
poses the term Corbin City, from a suburb of Cherryvale, lies un-
conformably upon the nonodlitic or Cement City member. It seems
that the nonodlitic facies is equivalent to only a lower part of the
great mass at Independence, and for this reason the upper limit of
the Drum varies considerably in age within the type region. Ap-
parently the formation increases in thickness by replacement of the
Chanute shale.

In connection with the study of Miami and Johnson counties it
was determined that the unit at Kansas City known as the Cement
City limestone is continuous across eastern Kansas with the lower
part of the type Drum limestone at Drum creek. The peculiar mol-
luscan fauna of the odlitic facies of the Drum is a facies fauna that
is quite as local in its distribution as odlite. Such faunas are far
less reliable in correlation than are the faunas of persistent lithologic
types. My conclusion that the Cement City is the basal part of
the typical Drum was verified in the field by R. C. Moore. From
Miami county to Cherryvale the Drum is an obscure unit, ex-
hibiting but poor topographic expression. It is generally a little
thicker than two feet.

Lithologic character and thickness. The Drum limestone is one
of the most uniform and most easily recognizable units in Miami
county. It is well exposed at a number of localities. The formation
consists generally of a single layer of massive, fine-grained, drab
or brown ferruginous limestone. Locally the upper part of the
formation is shaly and granular, and contains a species of Osagia.
In some artificial exposures the rock breaks up into very thin beds
and shows obscure cross-bedding. A characteristic feature of the
bed is the occurrence of small, white crinoid segments scattered
rather evenly through the limestone. These are quite noticeable
against the brown or buff color of the rock in which they occur.
Ramose bryozoans are not uncommon on the weathered surface of
the formation. Toward the southern border of Miami county the
formation tends to become more coarsely granular. In fresh ex-
posures the rock commonly shows a pale olive-drab or drab color,
which is changed to a brown on weathered surfaces. At two localities
limestone lentils are associated with the formation. One of these,
just west of Somerset on the highway, occurs just above the massive
ledge of the Drum, separated from it by a thin shale. This upper
limestone, which may be considered a northern equivalent of the
Corbin City, is cross-bedded and coarse-grained, and about five feet
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Prate V. A—High terrace gravel, near Holliday, Johnson county. B—Recent
gully, middle south side sec. 22, T. 13S., R. 24 E. Relief about five feet.



Geology of Johnson and Miamt Counties 47

thick. It was not observed at any other place. At a locality one
quarter of a mile south of the NW cor. sec. 7, T. 18 S, R. 25 E., a
thin-bedded limestone conglomerate occurs below the Drum, sepa-
rated from it by the thin black shale of the Quivira. This lentil is
about two and one half feet thick at the above locality. Since this
lies at the horizon of the Westerville limestone, it is probable that
it is a southern representative of that formation.

Although these local occurrences of limestones associated with
the Drum indicate lack of uniform environment before and after
deposition of the Cement City member, the member itself shows
little irregularity. The greatest thickness occurs in township 18
south, range 22 east near Osawatomie, where the bed ranges from
four to six feet. Generally, however, it averdges about two and one
half feet. The least thickness observed is one foot nine inches. This
occurs about one fourth of a mile south of the NW cor. of sec. 7, T.
18 S.,R. 25 E. The formation measures as little as two feet at many
localities.

The Drum undergoes changes in thickness and lithologic char-
acter from north to south across Johnson county. Along Kansas
river, Turkey creek, and part of the valley of Indian creek, in the
northeast part of the county, the unit is characteristically light-gray
to whitish in color. It is thin-bedded and wavy, with a massive
layer at the top and the base. In this area the upper third contains
scattered nodules of gray and brown chert. A thin layer of ferru-
ginous or limy, granular, and locally cross-bedded. limestone, pos-
sibly the Corbin City member, is in places seen above the main part,
separated from it by a fossiliferous limy shale which is locally
replete with Teguliferina armata. A persistent zone of Campophyl-
lum torquium appears near the top of the main bed of the Drum
throughout the northern part of Johnson county. This coral appears
in no other formation in the county and consequently serves as a
good horizon marker. Associated with this fossil in the limy shale
at the top of the Drum is a faunule of bryozoans. In Johnson
county the thickness of the formation is uniformly about ten feet.
Toward the south it becomes massive, loses the cherty character
and distinctive fossil zones. On Tomahawk creek the bed has a
thickness of ten feet, is very massive, drab, weathers buff, and is
rather unfossiliferous. Along Big Blue river it is markedly thinner.
Here it measures about five feet and is a buff, somewhat ferruginous,
and thin-bedded limestone. At this place a massive, gray layer
occurs at the top.
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Distribution. The Drum limestone crops out over a large part
of Miami county, extending up Wea creek to the center of the north
edge of sec. 32, T. 16 8., R. 34 E., and to sec. 85 of the same township
along a westward-flowing tributary. Along Bull creek the formation
crops out nearly to the center of T. 168, R. 23 E., and a re-
entrant occurs along the north edge of T. 16 S., R. 23 E., extending
into Missouri at the north edge of sec. 14, T. 18S., R. 25 E. On
Marais des Cygnes and Pottawatomie rivers the formation extends
nearly to the west line of range 22 east. In the valley of Mound
creek the Drum crops out to a point southwest of Beagle.

The formation extends up Kansas river in Johnson county to the
bend in the river at Bonner Springs, where it is fairly well exposed
at the flood-plain level on the south side of the river. The formation
extends a short distance up Mill creek and crops out in all of the
valleys in the northeastern and eastern parts of the county.

Detailed sections. Sections of the Drum limestone are given in
the register at the end of the report under numbers 1, 7, 8, 37, 38,
40, 41, 43, 48, 50, 52, 55, 59, 65, 66, 67, 68, 78, 81, 92, 94, 97, 98, 99,
101, 106, 109, 117, 129, 131, 132, 136, 139, 140, 141 142, 147, 149,
150, 155, 156, 159, 160, 161.

CHANUTE SHALE

The term Chanute was introduced by Haworth and Kirk3? for
the thick shale underlying the town of Chanute in Neosho county,
Kansas. The formation as originally defined includes the interval
between the Drum and Iola limestones. Because of miscorrelation
of both the Drum and Iola limestones at Kansas City, the bound-
aries of the Chanute shale have been badly confused at that place.
The present study has shown that the Cement City limestone of
authors is the basal part of the Drum as originally defined, and the
Raytown is part of the Iola; consequently the intervening shale is
the equivalent of the typical Chanute.

Lithologic character and thickness. The Chanute shale, although
somewhat irregular in Miami county, can be recognized easily in
most places. Over a large part of the area of outerop the formation
contains a thin coal bed, which has a fairly uniform thickness, but
occurs at different positions with respect to the formational bound-
aries. Where the formation is thin the coal occupies a higher posi-
tion than otherwise, and the thinning seems to be chiefly the result

37. Haworth, E., and Kirk, M. Z., The Neosho river section: Kansas Univ. Quart., vol. 2,
p. 109, 1894.
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of lensing out of the sandy layers above the coal. North of Osa-
watomie and at the north edge of Paola the coal is almost directly
overlain by the Iola limestone. The coal bed ranges from about four
to eight inches thick in Miami county. The part of the Chanute
formation above the coal consists of buff sandstone and sandy shale.
The part below the coal is composed of greenish, argillaceous shale
with limestone nodules, and locally a layer of maroon shale. At
some places the lower division is highly calcareous or slightly arena-
ceous, and in such cases is buff or greenish-buff. In a few instances
a thin, nodular, argillaceous limestone overlies the maroon shale.
In general the calcareous nodules are more abundant near the base.
The term Thayer, which was a synonym of Chanute, is restricted
to the persistent coal bed in the Chanute shale. For the upper
sandstone mass the term Cottage Grove is here applied from a town-
ship in Allen county, Kansas. The coal bed has been traced as far
south as Independence and it may extend farther. This is one of
the beds that have long been mined near Chanute and Thayer.

The Cottage Grove sandstone at the top of the Chanute is gen-
erally soft, light-buff, and cross-bedded or even-bedded. The mem-
ber ranges from less than a foot to thirty feet in thickness, being
thinnest near Osawatomie and Paola where it wedges out northward.
This sandstone thickens southward to a maximum near the county
line southwest of Beagle. Locally an obscure coal streak occurs near
the top, but this is not to be confused with the thicker persistent
coal below. Apparently the sandstone is a deltaic deposit which was
formed by sediments derived from the south.

The upper arenaceous part of the formation is about twenty feet
thick in most places. The lower and more argillaceous part gen-
erally measures about twelve feet or so, although locally it increases
to as much as sixteen feet. Where the formation is less than ten
feet thick the coal bed is missing and the entire unit consists of
greenish, argillaceous shale with calcareous nodules. Were it not
for the even contact with the Iola above, one might conclude that
the local thinning of the Chanute indicates an unconformity at the
top. The formation ranges in thickness from eight and one half
feet at the SE cor. of sec. 10, T. 17 8., R. 23 E., to thirty-eight feet
in the southwest part of T. 17S., R. 24 E. A peculiar feature is the
distribution of the thinner development of the Chanute. A narrow
band reaching from the northeast corner of township 17 south, range
23 east, extending through the northeast and southwest corners of

4711
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township 19 south, range 22 east, includes an area where the Chanute
is less than fifteen feet thick, and most commonly about ten feet
thick. Elsewhere in the county the formation averages about thirty-
two feet in thickness.

Although comparatively uniform in most of its characters in
Johnson county, the Chanute increases in thickness toward the
south. It ranges from about nineteen feet along Kansas river to
more than thirty feet along Big Blue river. It is predominantly
argillaceous, although an arenaceous shale or sandstone locally
occurs near the middle. Of considerable interest is a layer of maroon
shale near the base of the formation. This layer ranges in thickness
from less than one foot to more than five feet, but it is commonly
about two feet thick. It is underlain by a thin layer of olive-green,
argillaceous shale, and is overlain commonly by a thin bed of
marlite.?® The term marlite is applied to thin layers of yellowish-
brown or greenish, nodular, and “spongy” rock that ranges from a "
ferruginous, argillaceous limestone to a calcareous shale. Beds of
marlite commonly overlie some of the thin and persistent maroon
shales in eastern Kansas.

Distribution. The outcrop of the Chanute shale in Miami county
occurs in an area about the same as that of the overlying Iola
limestone. On Bull creek the formation crops out to the northeast
corner of township 16 south, range 22 east, and to Hillsdale. On
Wea creek and its tributaries the bed extends a short distance
beyond Somerset, follows Bull creek southward to Block and thence
eastward around Middle creek to New Lancaster, and northeastward
out of the county into Missouri in sec. 11, T. 18 S, R. 25 E. The
outcrop of the formation enters the southern part of the county
along Mound creek in sec. 16, T. 19 8., R. 22 E., and extends north-
eastward to about the middle of township 18 south, range 23 east.
The outcrop extends up the Marais des Cygnes and Pottawatomie
rivers to the west edge of range 22 east.

In Johnson county the Chanute extends up the valley of Kansas
river nearly to the mouth of Cedar creek on the south side of the
river, considerably farther than on the north side. All of the
larger valleys in the northeastern and eastern parts of the county
contain the outcrop of the Chanute.

Detailed sections. Sections of the Chanute shale are given under
localities 7, 8, 37, 38, 39, 40, 41, 50, 52, 55, 58, 67, 68, 78, 79, 80, 81,

38. Hinds, Henry, and Greene, F. C., U. S. Geol. Survey, Geol. Atlas, Leavenworth-
Smithville folio, p. 8, 1917.
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92, 93, 94, 96, 97, 98, 99, 100, 106, 108, 109, 111, 117, 118, 129, 131,
132, 135, 136, 137, 139, 140, 141, 142, 147, 149, 150, 156, 161, and 162.
IOLA LIMESTONE

The Tola limestone formation was named by Haworth and Kirk3?
from exposures at Iola, Allen county, Kansas.

Since the early days of geological work in Kansas, there has been
a general misunderstanding regarding the Iola limestone and asso-
ciated formations in northeastern Kansas. Because of excellent
exposures of rocks and accessibility the Kansas City area has been
visited by many geologists, and the classic section exposed at this
place has become the standard section for many units within the
Missouri series. Through the work of pioneer investigators, prin-
cipally that of Bennett, the early Kansas Survey correlated various
of the beds exposed at Kansas City with units named from localities
in southeastern Kansas a hundred or so miles away. The correla-
tions were made on lithologic similarity, sequence, and presumably
by tracing the outcrops in the field.

In the present investigation the so-called Iola limestone (Frisbie-
Argentine) was traced southwestward from Kansas City. The
limestone was found to pinch out in the vicinity of Greeley, Ander-
son county, Kansas, therefore not reaching the type locality of the
Tola limestone. On tracing the typical Iola limestone northward
from Iola, where it is a thick, prominent unit, I found that the main
upper part of the formation is continuous with the Raytown lime-
stone of Hinds and Greene.** The correlation of Raytown with the
upper part of typical Iola limestone was confirmed in the field by
Doctors R. C. Moore and John L. Rich.

In the Kansas City area the Raytown is underlain by one to
three feet of shale containing a black, fissile layer. Above the
carbonaceous layer occurs a few inches of argillaceous shale bearing
small phosphatic concretions having a diameter of one half inch
to one inch or more. Below the shale is a thin blocky bed of bluish-
gray dense to lithographic limestone a foot or less thick. This lime-
stone is characterized by abundant laminated Cryptozoon-like struc-
tures. Through careful tracing it was discovered that the thin
blocky limestone is the basal layer of the typical Iola and therefore
the black shale is included in the Iola formation. Because the three
divisions of the formation have been recognized throughout almost

39. Haworth, E., and Kirk, M. Z., The Neosho river section: Kansas Univ. Quart., vol. 2,
p. 109, 1894,

40. Op. cit., p. 27, 1915.
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all of the outerop in eastern Kansas and adjoining parts of Missouri,
I propose to name the basal bed Paola limestone, from the town
Paola in Miami county, and the middle shale the Muncie Creek,
after a stream in southern Wyandotte county east of the town
Muncie. As originally defined the Raytown consists of a single
massive layer of dark-gray and buff limestone.

The Iola limestone, especially in the Kansas City region, displays
in part the cyclic sequence so typical of the Shawnee limestone
tormations. The blocky, dense limestone at the base has all of the
lithologic characters of a “middle” limestone of such formations
as Oread or Deer Creek. The black, fissile layer of the Muncie
Creek, as in the Oread or Deer Creek, lies upon dense, blue, blocky
limestone. The Raytown limestone is similar to those members of
the Oread or Deer Creek which overlie black fissile shale. Locally
at the top of the Raytown, as for example at Iola, Kansas, there
is a layer of algal limestone containing mollusks. Again this feature
has its homologue in the Shawnee formations, where the uppermost
I'mestone, as for example the Kereford member of the Oread lime-
stone, contains algal limestone and remains of mollusks.

Lithologic character and thickness. The black, carbonaceous shale
of the Muncie Creek member thins out southward from the north-
east corner of Johnson county, and a six-inch bed of gray or buff
clay containing spherical phosphatic nodules remains, separating
the upper limestone from the lower. I have traced the Iola con-
tinuously from Wyandotte county to Mildred, Allen county, Kansas,
and thence to Iola. Throughout this wide area the thin Muncie
Creek clay with black phosphatic concretions occurs about two feet
from the base. The Paola limestone below the shale parting is
always darker and more dense than the limestone above. It gen-
erally weathers as a single massive layer, whereas the limestone
above the shale weathers in irregular thin layers.

In Johnson county the Raytown member is composed of fairly
even-bedded, rather massive, gray limestone. This member is gen-
erally fossiliferous and is characterized by numerous large pro-
ductids, especially Echinoconchus semipunctatus and Linoproductus
spp. The species Spirifer dunbari is usually abundant and robust
at this horizon. The upper part of the limestone becomes brown
and is broken down into small angular fragments as a result of
prolonged weathering. Fresh exposures of the rock show a very
fine-grained and ‘“sugary” texture. The Raytown is about five
feet thick throughout Johnson county.
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The thin Muncie Creek shale separating the upper and lower Iola
members is generally buff or gray and argillaceous. Invariably it
contains more or less abundant phosphatic concretions which are
small (one half to one inch in diameter) and spherical or ellipsoidal.
Weathering changes the black color of the concretions to white or
light gray, but the interior remains black or dark gray. The shale
ranges from about four to eight inches in thickness in Johnson
county.

The Paola limestone is composed of a single layer of very dense,
dark, bluish-gray limestone. The rock is very brittle and weathers
in angular blocks. The upper surface of the bed is highly irregular
and pitted, and generally contains openings to iron-stained tubes
which extend a short distance into the rock. This layer is always
characterized by the coils and stringers of banded calcite which
resemble forms of calcareous algae. The Paola is uniformily one
and one half feet thick.

In Miami county the Iola is the most distinctive and one of the
most easily traced formations. In the northeastern part of the
county and as far south as Paola the formation is in no respects
different from the Iola in southeastern Johnson county, but south
and west of Paola it thickens uniformly. West of Bull creek the
recognition of the Iola is made much easier by the great thicken-
ing of the Lane shale, giving the Iola limestone and the Wyandotte
limestone above a good topographic expression and separating their
outcrops more widely. From Osawatomie or Lane, the formation
can be traced southward easily to Mildred and Iola, the outcrop
lying east of the prominent Wyandotte and Plattsburg escarpments.

In Miami county, as in Johnson county, the formation consists
of three parts: (1) an upper, thick, even-bedded unit, the Raytown,
composed of more or less fossiliferous, buff or whitish, fine-grained
limestone, (2) a thin gray shale, the Muncie Creek, containing
phosphatic nodules, and at the bottom (3) a massive even layer
of brittle, blocky, dense, and dark-gray or bluish limestone, the
Paola. In the northeastern part of the county the Raytown is
typically a thick-bedded gray or buff limestone with a thickness of
about six feet. Near the middle there generally occurs a zone of
large productids, the same as that which has caused the ledge to
be called the “large fossil” bed at Kansas City. Toward the south
the Raytown becomes more thinly bedded until at Paola the layers
are about six inches thick. In the vicinity of Osawatomie and
farther south the member becomes even more thinly bedded.
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Throughout the northern half of the county the thin Muncie
Creek shale with the phosphatic nodules is about five inches thick
and the lower blocky Paola limestone measures about one and one
half feet. This lower bed has certain characters which are remark-
ably persistent and easily recognized. Typically the limestone is
bluish-gray, and at the top dense, becoming fine-grained in the lower
half. The bed is very brittle, commonly weathers light gray, and
breaks into angular blocks. The upper portion contains an abun-
dance of the borings of annelids or some other organism. These are
irregular tubes about a quarter of an inch or so in diameter and may
be as much as six inches long. They are generally hollow and coated
with iron stain, and communicate with the upper surface of the
bed. This surface has peculiar low rounded irregularties consisting
of pits and knobs, which suggest the term “hummocky.” Associated
with the lithographic texture occur numerous irregular banded
“marklets” of calcite. These are possibly the remains of calcareous
algae. Southward from Osawatomie the Paola limestone becomes
less distinctive, loses the lithographic texture and weathers into thin
plates. The color is dark gray and the algae and “worm-borings”
are less obvious. The most constant part of the formation is the
thin Muncie Creek shale with its phosphatic nodules. The south-
ward increase in thickness of the Iola takes place mainly by thick-
ening of the Raytown limestone. South of the Marais des Cygnes
this member becomes whitish, crystalline, and thin bedded. The
most abundant fossil is a species of Marginifera. North of Marais
des Cygnes river the Iola measures from eight to ten feet, but at
the west edge of township 16 south, range 23 east it is thirteen feet
thick. South of this river the formation is thicker, becoming four-
teen and one half feet thick in township 18 south, range 21 east. At
Osawatomie and westward a sponge resembling Heterocoelia beedes
makes its appearance in the base of the Iola and is locally fairly
common.

Distribution. The Iola limestone has an extensive outcrop in
Miami county. The outerop enters the southwestern part of the
county in sec. 16, T. 19 S., R. 22 E., and extends into township 18
south and range 23 east in the drainage area of Mound creek, thence
following the valley of Pottawatomie creek westward a short dis-
tance out of the county. On the Marais des Cygnes the formation
dips beneath the flood plain southeast of Stanton, but appears in
the river channel at the bridge near the county line. On Bull creek
and its tributaries the formation crops out to sec. 2, T. 16 S., R. 22
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E., and to a point just northeast of Hillsdale. On the Wea creek
drainage it extends to a locality just above Somerset. A small re-
entrant of Iola enters the county along the creek in township 16
south, range 25 east. From the valley of Marais des Cygnes river
the outerop extends eastward from Block across the northern part
of township 18 south around the Middle creek and Sugar creek
drainage, passing out of the county in sec. 11, T. 18 8., R. 25 E.

In Johnson county the Iola extends as far up Kansas river as
the east shore of the mouth of Cedar creek. It is well exposed as
an inlier along an anticline far up the valley of Cedar creek to a
point a short distance northwest of Olathe. The Iola is well exposed
along Mill creek, Turkey creek and along all the principal streams
in the eastern part of the county.

Detailed sections. Sections of the Iola are given under numbers
7,8, 14,18, 19, 33, 34, 37, 39, 40, 50, 52, 55, 58, 59, 78, 79, 80, 88, 92,
93, 94, 95, 96, 97, 98, 99, 100, 106, 107, 108, 109, 110, 111, 118, 133,
135, 136, 137, 139, 141, 142, 147, 148, 149, 151, 156, and 162 at the
end of the report.

LANE SHALE

The thick shale bed lying between the Iola limestone and the so-
called TAllen limestone at the town of Lane, Franklin county, was
termed the Lane shale by Haworth.4

The Lane shale was erroneously supposed by the early workers
in northeastern Kansas to occupy that interval between the Iola
limestone and the Allen, or lower Garnett limestone above (Platts-
burg). Haworth applied the name Lane to 100 feet of sandy shale
between two prominent limestones near the town of Lane. The
lower limestone, near flood-plain level, I have found was correctly
identified by Haworth as Iola. The upper limestone, capping the
scarp at Lane, is not, however, the Allen (Plattsburg limestone) as
Haworth thought, but is a third limestone lying between the Iola
and Plattsburg. This limestone, the Wyandotte of this report, al-
though very prominent around Lane and northward to Kansas City
and beyond, pinches out near Greeley in northeastern Anderson
county. It is clear from the writings of the early workers that only
two limestone formations were recognized in the section immediately
succeeding the Lane shale, whereas there are three in northeastern
Kansas.

The shale formation at Iola that is generally called Lane includes

41. Haworth, E., The stratigraphy of the Kansas Coal Measures: Kansas Univ. Quart.,
vol. 8, p. 277, 1895.
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strata between the Iola and Plattsburg limestones and comprises
equivalents of the type Lane shale, Wyandotte limestone, and
Bonner Springs shale of this report. Adams*? once applied the
geographic name Concreto, from a locality in the outskirts of Iola,
to this shale. This name is not synonymous with Lane, as has been
supposed by other writers, and may properly be used for beds be-
tween the top of the Iola and the base of the Plattsburg. It
seems preferable, however, to indicate the combined Lane and Bon-
ner Springs shales. by the hyphenated term Lane-Bonner Springs
shale, thus avoiding the necessity of using a geographic name that
gives no indication of its stratigraphic relation to correlative units.
Furthermore, if the practice is adopted of using a different name
for every combination of shale units that is encountered through
local disappearance of limestones, an almost endless number of new
names with only local application would be required.

The shale bed at Kansas City, called the upper Chanute shale
by Hinds and Greene,*® is the exact equivalent of the Lane shale.

Lithologic character and thickness. The Lane shale undergoes
considerable change in thickness and character from the east to
the west half of Miami county. In the eastern part of the county
the formation is a gray or buff argillaceous shale about twenty feet
in thickness. Westward, across almost the mid-line of the county,
the shale increases to about five times this thickness and assumes
a dominantly arenaceous character. The thick sandy shale contains
carbonaceous streaks, which, however, are not distinct coal beds.
At Paola the formation is a little less than 100 feet thick, but a mile
zast of town at the SE cor. of sec. 10, it has decreased to thirty-three
feet. In many exposures of the formation near the southeast corner
of township 17 south, range 23 east, the thickness is twenty feet and
reaches the minimum of 16 feet at the NE cor. sec. 2, T. 18 ., R.
- 23E. On the other hand, the increase westward from Paola is not
so abrupt. The formation measures 105 feet a mile west of Paola,
about one fourth of a mile west of the NE cor, sec. 19, T. 17 S., R.
23 E., and does not vary as much as ten feet from this thickness at
any observed exposure in the southwestern part of the county. A
line drawn from the west edge of Paola north across the county
seems to approximate the 100-foot thickness contour, the formation
measuring more than this to the west of the line and less to the
east of it. At Paola the unit is argillaceous and is used for making

42.. Adams, G. I., Economic geology of the Iola quadrangle, Kansas: U. S. Geol. Survey,
Bull. 288, p. 20, 1904

48. Op. cit., 407 pp., 1915.
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brick. To the west the formation is more arenaceous, especially in
the vicinity of Stanton, where the upper part of the formation has
many thin layers of soft, buff sandstone. At the top there is gener-
ally a zone of sandy, argillaceous, gray shale containing thin flakes
of limy, ferruginous shale, giving a peculiar banded effect, the gray
being broken by thin knife-edges of brown. Where the Lane shale
is thin it has no special characteristics other than the homogeneity
of the clay shale and the gray or buff color. Seldom is the shale
arenaceous where it is less than thirty feet thick.

In Johnson county the Lane consists of uniform argillaceous,
bluish-gray and buff shales more arenaceous toward the south.
This formation, which has yielded such a prolific fauna of crinoids
at Kansas City, is seemingly barren of invertebrates in Johnson
county. Toward the southern part of the county a small amount of
fragmental plant material occurs in the Lane. The formation is
somewhat irregular in thickness, ranging from seventeen feet in
township 14 south, range 24 east to over forty feet in the central and
northeastern parts of the county.

Distribution. In the western part of Miami county, where the
formation is thick, the band of outerop is fairly broad, being two
or three miles in places, terminating in a high and pronounced east-
ward-facing escarpment capped by the Wyandotte limestone. In
the southwest corner of the county the formation enters on.the
divide between Pottawatomie creek and Mound creek. Also a small
tongue of the outcrop extends into the county between Pottawatomie
creek and Marais des Cygnes river. North of the Marais des
Cygnes the outcrop enters the county west of Stanton, follows the
valley to Paola and extends up the valley of Bull creek almost to
the northwest corner of the county and to the western edge of
township 15 south, range 24 east. On the Wea and its tributaries
the outcrop reaches to the northeast corner of township 16 south,
range 24 east, and to a point southeast of Louisburg, extending well
up all but the smallest streams. The outcrop follows a sinuous
course across the southern part of township 17 south, ranges 24 and
95 east, and then bends northward, following the state line to the
northeast corner of the county and leaving the county nearly
precisely at the corner. _

The Lane shale has a wide outerop in Johnson county. It extends
up the valley of Kansas river nearly to Cedar Junction, dipping
below the flood plain at the west side of the valley of Cedar creek.
There is a small inlier of the Lane a short distance above the mouth
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of Kill creek, exposed by a structural “high.” The Lane extends
up Mill creek to the northeast part of township 13 south, range 23 E,
and enters the county again along Turkey creek. The formation is
exposed along all of the principal tributaries in the eastern part of
the county.

Detailed sections. Sections of the Lane shale are given under
localities 14, 16, 18, 19, 33, 34, 37, 42, 77, 84, 87, 88, 95, 98, 102, 104,
110, 112, 119, 135, 137, 138, 141, 142, 143, 144, 145, 146, 147, 148,
151, 164.

WYANDOTTE LIMESTONE

As a result of the miscorrelation by the early Kansas Survey of
the Iola limestone with certain beds exposed in the bluffs at Kansas
City, several of the adjacent units, both below and above; were
also miscorrelated. The shaly beds and limestones between the so-
called Drum limestone at Kansas City and the prominent limestone
above, thought to be Iola, were classed as Chanute shale regardless
of the complete lack of lithologic similarity between these beds and
the typical Chanute shale of southeastern Kansas. Because the
Lane shale was supposed to lie between the Iola and Plattsburg
limestones, all strata lying between the so-called Iola and Plattsburg
limestones at Kansas City were classed as Lane shale.

For some reason, not now apparent, the pioneer geologists in
attempting to trace and map the Iola limestone northward toward
Kansas City from the type locality were confused in the neighbor-
hood of Osawatomie and Paola in Miami county and changed
from the typical Iola to the next higher limestone. This confusion
which led to mistaking a younger limestone with the true Iola
occurred at about the place where the Iola and Lane thin appre-
ciably. The topographic expression of these units northward from
central Miami county is less prominent than to the southward.
Northward the limestone overlying the Lane shale splits into four
limestones separated. by thin shales across Johnson and Wyandotte
counties and into Missouri. The lower two limestones and included
shale, locally missing, were classed by Kansas and Missouri geolo-
gists as Tola limestone. The upper two limestones and included shale
bed, likewise locally absent, were called Farley limestone by Hinds
and Greene** from a hamlet in Platte county, Missouri. These lime-
stones were thought to lie within the Lane shale because of their
place between the “Iola” and the Plattsburg.

44. Op. cit., p. 29, 1915.
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It seems consistent to regard these closely associated limestones
in the section between the Iola and Plattsburg limestones as a
formational unit correlative with Drum, Iola, Plattsburg, Stanton,
etc. There are two reasons why such a procedure seems logical.
In the first place the limestone is an indivisible unit across Miami
and Franklin counties. There are no shale partings, nor is there
other basis, either lithologic or faunal, for a recognition of sub-
divisions. Secondly, in the area northeast of Miami county where
the shale beds appear the limestone divisions exhibit the curious
succession shown by many of the other limestone formations in the
Missouri series. At the base there is a thin, blocky, bluish-gray
limestone similar to the basal member of the Swope, Dennis, Iola,
or Stanton limestone formations. Next is a thin shale which is lo-
cally carbonaceous at the base, corresponding to the second member,
carbonaceous shale, of the Swope, Dennis, Iola, and Stanton forma-
tions. Thirdly, ascending in the column, there is a relatively thick,
twenty to thirty feet, unit of thin-bedded, wavy, and cherty lime-
stone similar to that of the main limestone member of the Swope,
Dennis, Iola, and Stanton limestones. The upper limestone, com-
monly in two parts and separated from those below by shale, is like
the upper limestone layers of the aforementioned limestone forma-
tions in being locally odlitic and at such places bearing a molluscan
fauna. Because no other name has been suggested for the limestone
formation in the interval between the Iola and Plattsburg limestones,
I propose to apply to it the name Wyandotte, from the county of
that name in northeastern Kansas. The five subdivisions, three of
limestone and two of shale, are recognizable throughout northeastern
Kansas north of Miami county and far into northwestern Missouri.

The lower blocky limestone, one to three feet thick, is called the
Frisbie limestone, from Frisbie, Johnson county, Kansas. It is
exposed at the middle of the north side of sec. 17, T. 12 8., R. 23 E.
This unit is recognizable farther into northwest Missouri*® and
farther southward into Miami county, Kansas, than any other
member of the Wyandotte formation. The next unit above the
Frisbie, a thin argillaceous, limy, or carbonaceous shale is called
the Quindaro shale, from a political township in Wyandotte county,
Kansas. It is typically shown in the floor of Boyn’s quarry, near
the northwest cor. sec. 30, T. 10S., R. 25 E. The next member
constitutes the main part of the so-called “Iola” limestone of
Missouri and northeast Kansas. This limestone, twenty to thirty

45. Hinds, Henry, and Greene, F. C., Op. cit., p. 119, 1915.
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feet thick, is named the Argentine limestone, from Argentine rail-
way station, Kansas City, Kan. An exposure in a quarry south
of Twenty-sixth and Metropolitan avenue may be considered the
type exposure. The shale above the Argentine limestone is com-
monly less than eight or ten feet thick and is argillaceous or limy.
It receives its name from Island creek in northern Wyandotte
county. The member is typically exposed west and south of Wolcott.
The upper member, with a thin included shale, was named Farley
limestone by Hinds and Greene,*¢ the name being derived from a
hamlet in Platte county, Missouri. Southward from Johnson county
the Farley limestone coalesces with the Argentine limestone to form
an indivisible unit, which finally disappears near Greeley, in Ander-
son county.

In the vicinity of Stanton in western Miami county the Wyandotte
limestone contains the brachiopod Enteletes, and southward beyond
Lane this fossil is abundant in the formation. Apparently this
brachiopod did not live in the Argentine sea farther north than
the Stanton region, but it occurs sparingly in the Farley limestone
in Johnson county. The top of the Argentine limestone (“Iola”)
was selected by Hinds and Greene*” as the upper limit of the original
Kansas City formation. It was claimed that the beds above and
below this boundary were lithologically and faunally distinct. The
brachiopod genus Enteletes was supposed to be specially diagnostic
of horizons above the Argentine and had never been cited from lower
beds in Kansas or Missouri. Enteletes is common in the Wyan-
dotte beds from bottom to top in Miami and Franklin counties, but
does not occur farther north except for the rare occurrence in the
Farley limestone, mentioned above. Because the upper limit of the
Argentine limestone can not be distinguished in Miami county and
southward, where the Argentine and Farley come together, there is
no lithologic basis for recognition of the boundary of the original
Kansas City and Lansing formations.

Luthologic character and thickness. The Wyandotte limestone is
generally quite easily identified in Miami county, but it is in some
respects highly irregular. Commonly the formation is composed
of light-gray or whitish, wavy and thin-bedded limestone, fine-
grained and brittle. Locally the formation is very cherty, crystal-
line, and may have a blocky odlitic or Osagia limestone layer at
the base. In the central part of Miami county and near the middle

46. Op. cit., p. 29, 1915.
47.. Op. cit., p. 7, 1915.
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of the western boundary the formation is ferruginous near the
middle and weathers in thin, platy fragments. At many localities
it is stained buff or brown by the ferruginous partings at the bedding
planes. In township 15 south, ranges 23, 24, and 25 eust a thin shale
parting occurs locally above the middle, probably a southward con-
tinuation of the Island Creek shale from Johnson county. South of
Louisburg the formation has a basal layer of fine-grained bluish
limestone, the Frisbie, separated from the main ledge by a few feet
of limy shale. The shale at this place contains a small fauna of
sponges. In the eastern part of the county the formation is gen-
erally very cherty, and it is interesting to note that in this same area
the Plattsburg limestone is also cherty. Throughout the remainder
of the outcrop of the Wyandotte in the county it has only a small
amount of chert in the form of nodules. In township 17 south, ranges
21, 22 east the formation simulates the Plattsburg in having a basal
oblitic bed. This lower bed, however, unlike the lower part of the
Plattsburg, rarely contains fossils of any kind, and the remainder
of the formation is distinctive. In the southwest corner of the
county the formation thickens and becomes more evenly bedded and
massive. ,

Of great interest are certain faunal characteristics of the Wyan-
dotte in Miami county. Fusulinids, which are rare or absent from
the formation in Johnson county, and entirely lacking in Wyan-
dotte and in Jackson county, Missouri, make their appearance in
considerable abundance in the northeastern part of Miami county.
The guide fossils Enteletes hemiplicatus var. plattsburgensis and E.
pugnoides*® make their appearance in the formation just west of
Paola and a short distance north of Stanton. Toward the south-
west part of the county Enteletes hemiplicatus var. plattsburgensis
becomes abundant and is the most common fossil in the Wyandotte
at Lane, in Franklin county. It is rather remarkable that elsewhere
in the county the species is unknown below the Plattsburg lime-
stone, although a careful search was made for it. The single known
occurrence of Enteletes hemiplicatus var. plattsburgensis from the
Farely limestone in the northeast part of Johnson county is of
interest in this connection.

In Miami county the Wyandotte formation ranges in thickness
from about twelve feet to over thirty feet. At localities in township
15 south, range 22 east, and township 17 south, range 22east a
minimum thickness of twelve feet occurs. In general, the forma-

48. Newell, N. D., New Schizophoriidae and a trilobite from the Kansas Pennsylvanian:
Jour. Paleontology, vol. 5, pp. 260-269, 1931.
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tion is not greater than fifteen feet thick throughout the northwest
part of the county. In township 15 south, range 23 east the forma-
tion thickens to the eastward and a thin shale parting divides the
limestone in two parts. This is the southward continuation of the
Island Creek shale that occupies a place in the formation to the
north. The scarcity of good exposures in this part of the county
prevents locating accurately the most southern extension of the
shale. The wedging out of the shale, however, takes place three or
four miles north of Louisburg, since the member is gone at that town
and occurs at the south edge of township 15 south, range 25 east.
In the last-mentioned area the upper part of the Wyandotte, the
Farley member, is fifteen feet thick, thin-bedded, and composed of
whitish and buff limestone. At the base of the Farley there is a
thin stratum of oélitic limestone, beneath which lies five inches of
argillaceous shale. The upper layer of the Argentine is also oblitic,
while the remainder of the member is even, heavy-bedded, and
cherty. In the northeast part of the county, north of Louisburg the
Wyandotte ranges from twenty to thirty feet in thickness, thinning
toward the south so that south of Louisburg the limestone is gen-
erally a little less than twenty feet thick.

In Johnson county the Frisbie limestone occurs at the base of
the Wyandotte formation as a single layer of fine-grained, bluish-
gray even limestone. It ranges in thickness between about one and
five feet, but is generally about two feet thick. Fine exposures of
this member may be seen at the localities described at the end of
the report under sections 16, 19, 21, and 53.

Above the Frisbie in Johnson county occurs a thin layer of
greenish, argillaceous, or buff, calcareous shale, the Quindaro.
Locally, as at the exposures on Cedar creek west of Olathe, there
oceurs a thin layer of carbonaceous shale at the base of the Quin-
daro. Generally the shale ranges between one and six feet in
thickness.

The Argentine limestone member is somewhat irregular in thick-
ness and lithologic character in Johnson county. In the northern
part, along Kansas river, Cedar creek, and Mill creek, the member
1s composed of whitish, hard, cherty and thin-bedded limestone, ex-
cept at the top where it is commonly rather massive. In weathered
exposures the lower portion has a tendency to be worn back farther
than the upper ledge, the latter locally making bold benches and
steep rocky bluffs. The upper layer of the Argentine is generally
odlitic or granular, and bears a molluscan fauna. In places this
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bed contains an abundance of Myalina ampla. Silicified specimens
of Fistulipora sp. locally occur associated with Myalina. The
bedding of the members is characteristically wavy and irregular.

The overlying Farley limestone might in many places be easily
mistaken for the Argentine. The two members are separated by the
Island Creek shale ranging from a foot to fifteen feet in thickness,
which thins gradually toward the south and southwest. In the
southwest part of the county, where the Argentine and Farley lime-
stones are indistinguishable, the entire interval of limestone is
cherty, thin-bedded, and wavy, composed of white, hard limestone,
which is generally stained yellowish-brown by numerous thin, fer-
ruginous shaly partings.

In the southeast part of Johnson county the lower massive Frisbie
commonly is not separated from the Argentine by a shale parting,
and is not as distinctive as it is elsewhere. The Farley limestone
is only locally cherty, and is generally more abundantly veined
and crystalline than the Argentine. Ordinarily it is thinner than
the latter and displays a fragmental or pseudobrecciated appear-
ance. The most positive identification of these two units, as a rule,
is based on a recognition of the local stratigraphic sequence. The
beds above and below these two limestones can usually be recognized
easily.

In the northern and central parts of the county, the Argentine
generally has a thickness of twenty-five to twenty-eight feet. In
township 14 south, range 25 east it is quite thick, measuring over
thirty-five feet in several places along Big Blue river. In this area
the Argentine and Farley limestones, separated by a thin shale,
make an unusually thick limestone section, measuring as much as
sixty feet. In the southwest part of the county the single unit com-
posed of the combined limestone members of the Wyandotte is little
more than twenty feet thick.

The Island Creek member throughout Johnson county is quite
thin, and uniform in its characters. The shale is generally argil-
laceous where thickest and is bluish-gray or buff. Where it is
thin it is fossiliferous, and in many localities limy. The member
ranges in thickness from six to fifteen feet in the northeastern part
of the county, and thins to little over a foot toward the south. In
the exposures along the upper part of Kill creek and Cedar creek,
the unit is generally about two feet thick. It is noteworthy that
locally this member contains great numbers of well-preserved fenes-
trated bryozoans and other invertebrates.
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The characters of the Farley limestone are constant over most
of the county. The member is, however, irregular in township 12
south, range 23, 24, and 25 east, where it consists of two thin, massive
beds of limestone and a thin bed of shale, and in the vicinity of
De Soto where variable cross-bedded, irregular limestones make up
a considerable part of the member.

In the northeastern part of the county the Farley consists of
three beds, two of limestone and one of shale. The lower of these
is a massive, bluish-gray limestone, which commonly weathers buff.
At the center of sec. 7, T. 128, R. 24 E,, the thickness is about
six feet. The bed is five feet thick at at the NW cor, sec. 10, T. 12
S., R. 24 E., and is subodlitic. This represents an intermediate
stage between the oélitic facies found in Wyandotte county and
the nonodlitic condition characteristic of the bed in Johnson county.
At the west side of sec. 17, T. 128, R. 24 E., the lower Farley con-
sists of a two-foot bed of massive, dark, brittle limestone.

The middle of the three beds of the Farley in the northeastern
part of the county consists of variable shale. At the center of
sec. 7, T. 128, R. 24 E., the shale has a thickness of four feet, and
is argillaceous. The bed at the NW cor. sec. 10, T. 128., R. 24 E.,
consists of greenish-buff, arenaceous and micaceous shale, with a
layer of limonite concretions near the middle. Here the bed is ten
feet thick. At a locality on Little Mill creek the shale has the same
thickness, but peculiarly contains a thin streak of maroon shale
near the middle, overlain by a thin marly layer which in turn is
overlain by greenish, argillaceous shale. The occurrence in a small
area of the sequence in ascending order of green clay, maroon
clay, “marlite,” and green clay, so persistent at other horizons, is

-unusual. To the west the middle Farley thins and finally disappears
near the middle of township 12 south, range 23 east.

The upper Farley in the northeast corner of the county is a
massive bed of dark-gray limestone, usually brittle, and weathers
into thin, irregular plates. The bed has a considerable range in
thickness over a distance of a few miles. A short distance south-
east of Holliday it has a thickness of nearly ten feet. To the east
and north of this locality, into Wyandotte county, the upper Farley
thins and becomes uniform in thickness. Northwest of Shawnee
it is two feet thick. At the west edge of sec. 17, T. 128, R. 24 E.,
the bed contains Enteletes hemiplicatus var. plattsburgensis. This
is the lowest known occurrence of this fossil in Johnson county.

The Farley limestone underlies layers of limestone conglomerate
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and shell breccia in the vicinity of De Soto. It is probable that
the conglomerate was derived by the erosion of the upper surface
of the Farley bed to the north of Kansas river in the vicinity of
Loring, and at De Soto west of Kill creek, since there is evidence
of a post-Farley pre-Plattsburg unconformity at these places. The
breccia and conglomerate are younger than the Farley.

At the quarry near Loring on the north bank of Kansas river the
Bonner Springs shale is one foot thick. At De Soto and at a point
a mile west of Bonner Springs at the county line, the Plattsburg
limestone directly overlies thinly cross-bedded, odlitic and coquina-
like limestone. Directly beneath this lies the Farley limestone. A
line drawn on a map from the cement plant at Bonner Springs
through Wilder, following the south and east bluff of the valley
of Kansas river to the mouth of Kill creek, follows a course of
moderate variation in thickness of the Bonner Springs shale. Along
this line the Bonner Springs is thick, ranging from twenty-five to
over thirty-five feet. The course of the river from Bonner Springs
to Cedar Junction is at right angles to the direction of convergence
of the Farley and Plattsburg limestones. It has been shown by
Jewett and Newell 0 that the peculiar course of Kansas river at
this place is accordant with anomalies in the structure of the under-
lying rocks.

It seems probable that during Bonner Springs time slight warping
with considerable vertical movement occurred in the area of De Soto,
Lenape, and Bonner Springs, slightly to the west of the present
course of the river. The amount of uplift was sufficient at least to
bring the sea floor locally above wave base and permit the removal
of the Bonner Springs shale, if it were ever deposited, and produc-
tion of shallow water or shoal gravels, contemporaneously with
deposition of part of the Bonner Springs shale. By Plattsburg time
deposition was once more continuous across the anticline.

Over the greater part of the area in which the Farley limestone
crops out, including (1) the area covered by the headwaters of Kill
creek and Cedar creek, (2) an area in township 13 south, ranges 22,
23 east, (3) that area drained by the upper half of Mill creek, and
(4) the southern half of the county, the member consists of a single
limestone bed with no included shale. In lithologic character and
locally in thickness the Farley resembles closely the Argentine
limestone. Generally the former is thinner, less cherty, more regu-

49. Jewett, J. M., and Newell, N. D., The geology of Wyandotte county, Kansas: This
bulletin, p. 151.

5—711
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larly bedded, less fossiliferous, and darker in color than the latter.
The Farley commonly displays a fragmental or pseudo-brecciated
character, together with an abundance of veinlets of dark calcite.
Generally the layers are wavy, but have a fairly uniform thickness
at any single exposure of the member. In general, however, the
best method of distinguishing the Farley rests upon the recognition
of the beds above and below it. At the fine exposures along Cedar
creek, on the highway west of Olathe, the Farley is about twenty
feet in thickness, and in the southeast part of the county it measures
about the same. The great thickness of limestone in the latter area
is largely produced by a local thickening of the Argentine. West of
Spring Hill the Farley cannot be differentiated from the lower mem-
bers of the Wyandotte, the divisions occurring as a single limestone
unit with a thickness not greater than twenty-five feet.

Distribution. The Wyandotte limestone crops out widely in
Miami county. In township 17 south, ranges 24 and 25 east, the
formation occupies much of the high stream divides and is gen-
erally exposed along the tributaries in the northeast part of the
county. The formation extends out of the county along all of the
principal streams in the northern part of the county and occurs along
the valley of Bull creek as far as Paola and up the valley of Marais
des Cygnes beyond the county line. In the southwest part of the
county the formation enters just east of the corner, extends around
the head drainage of Mound creek and continues out of the county
along Pottawatomie creek to the west. The outcrop of the Wyan-
dotte limestone in Johnson county extends up the valley of Kansas
river to De Soto. The formation outerops far up Kill and Cedar
creeks, and extends up Mill creek nearly to Olathe, and occurs in -
the river bluff as far east as Rosedale with a reéntrant on Turkey
creek extending beyond Merriam. In the eastern part of Johnson
county the Wyandotte extends a considerable distance up all of the
larger streams, and forms a marked bench in the valley walls. In
the southwestern part it extends a short distance into the county
along the major tributaries.

Detailed sections. . For sections of the Wyandotte see numbers 3,
4,5,6,9,10,11, 12, 18, 14, 16, 17, 18, 19, 21, 22, 24, 27, 29, 30, 31,
33, 34, 36, 37, 42, 46, 47, 49, 51, 53, 56, 62, 69, 71, 75, 77, 82, 83, 84,
85, 87, 88, 90, 91, 95, 102, 104, 110, 112, 113, 114, 119, 135, 137, 138,
139, 142, 143, 144, 145, 146, 147, 148, 151, 163, 164, 165 at the end of
this report.
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BONNER SPRINGS SHALE

The term Bonner Springs is here applied to the shale between the
Farley and the Plattsburg limestones, generally referred to errone-
ously as the upper Lane shale. The name is derived from a town in
Wyandotte county, and is typically exposed at the cement plant
northeast of the town. Under the discussion of the Lane it was
shown that the Lane shale is an older formation than the unit here
called Bonner Springs.

Lithologic character and thickness. Although the Bonner Springs
shale is rather irregular in its characters, usually it may be recog-
nized easily. In Miami county a soft, buff sandstone layer ranging
from five to ten feet or so in thickness generally occurs at the base.
Locally, as at the NE corner of sec. 13, T. 17 8., R. 21 E,, and at the
SE corner of sec. 19, T. 158., R. 23 E., the sandstone is replaced
by greenish and argillaceous shale; or, as at the SE corner of sec.
22, T. 158, R. 22 E,, it is partly replaced by arenaceous shale.
Above the arenaceous division there is commonly a bed of olive-
green, argillaceous shale, ranging in thickness from™ approximately
four to ten feet. This is succeeded, except south of township 18
south, by a thin layer of maroon clay, generally about a foot thick,
but ranging from six inches to sixteen feet, the latter thickness
being measured in the SE cor. of sec. 19, T. 158, R. 23E. As a
rule the maroon layer is not thicker than one and one half feet. This
maroon shale is an extremely important key horizon if it is not
confused with similar shales in formations lower in the section.
Although the maroon layer is locally lacking, it is extraordinarily
persistent from northwestern Missouri to the south boundary of
township 18 south in Miami county. The southernmost known'
occurrence of the maroon layer of the Bonner Springs is one quarter
of a mile north of the SW corner of sec. 32, T. 18 S, R. 22 E. Above
the maroon bed there is commonly a thin layer of argillaceous
nodular limestone or limy shale, generally stained ocher-yellow
or greenish. For convenience this highly characteristic rock is
called “marlite.” The marlite is generally overlain by a six-foot
layer of greenish argillaceous shale which locally contains small
irregular limestone nodules. At a few places this bed is arenaceous
and buff or gray.

The Bonner Springs is highly irregular in thickness in Miami
county, ranging from five and one half to thirty-two feet. In John-
son county the formation is fairly uniform in lithologic character,
but somewhat irregular in thickness.
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Certain peculiarities make the Bonner Springs shale easily recog-
nizable, except locally, wherever it crops out in the county. Al-
though the different parts of the shale are somewhat irregular, the
sequence of the parts is practically the same from place to place
over a large area in Johnson county, being about the same as in
Miami county. The lower half of the formation is generally buff,
or greenish-buff, micaceous sandstone or arenaceeous shale. This
part frequently contains plant fossils, but no marine shells, and
ranges in thickness from five to fifteen feet. The upper part of this
portion of the Bonner Springs grades into a more argillaceous, green-
ish shale which is overlain generally by a thin layer of maroon,
argillaceous shale. The latter layer is in most places less than two
feet thick. Locally the maroon shale may be absent. Above it is
an almost equally persistent layer of marly, ocher or brown, nodular
and often spongy limestone. Frequently this “marlite” has a tinge
of green. Above the marlite layer generally occurs a bed of olive-
green, highly argillaceous shale which ranges up to five feet in thick-
ness. Occasionally this is overlain by a thin layer of limy and
arenaceous buff or gray shale. The formation averages about
25 feet in thickness, but locally ranges from 0 to 45 feet. The
greatest variation occurs in township 12 south, ranges 22 and 23
east, and in township 13 south, ranges 22 and 23 east. In township
14 south, range 24 east, the formation is quite thick, measuring
about forty-five feet. In township 15 south, range 23 east the forma-
tion is only thirteen feet thick, while in township 15 south, range 22
east it approximates twenty-five feet. Locally in township 12 south,
range 22 east the formation is missing, having been eroded before
deposition of the Plattsburg:

At De Soto, exposed along the railroad tracks, the Plattsburg
unconformably overlies the Wyandotte limestone, the Bonner Springs
being entirely missing. A similar situation occurs a half mile west
of Bonner Springs. At both localities there occurs a thin, cross-
bedded, granular limestone between limestone of characteristic Far-
ley lithology and the characteristic Merriam member of the Platts-
burg.

The key to the difficult stratigraphy of the De Soto region seems
to lie in the section at Penner’s ford at the east bluff of Kill creek,
0.6 mile west of the NE corner of sec. 4, T. 13 8., R. 22 E. At this
locality it is easily demonstrated that the sponge fauna of the De
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Soto region occurs in the Merriam member of the Plattsburg. The
Merriam limestone is underlain by a five-foot bed of limestone and
shell breccia containing a prolific and characteristic pelecypod fauna.
At several localities in the De Soto region the Merriam is underlain
by this shell breccia. The latter is also well developed at the ex-
posure on the highway one half mile west of Bonner Springs.

Much confusion in identification of beds is introduced by the local
thickening of the Hickory Creek shale member of the Plattsburg
limestone from the characteristic thicknesss of a foot or so to twenty
feet, as at the Kill creek bridge one half mile east of De Soto, on
the highway. At the same locality the shale portion of the Bonner
Springs is lacking, either from erosion or nondeposition, and the
breccia bed of the Bonner Springs lies directly on the Farley.

Along the tracks at De Soto the Hickory Creek shale attains its
common thickness of a few inches, and as at the above localities
there is no shale in the Bonner Springs. The limestone exposure
along the tracks at De Soto includes the Farley and Plattsburg,
with the Argentine and Island Creek just below the level of the rail-
road. The section above the Plattsburg is normal.

Apparently the breccia in the Bonner Springs represents material,
perhaps shoal gravels, derived from limestone older than the Bonner
Springs formation. The absence locally of the Bonner Springs shale
may have been caused either by nondeposition or by erosion.

At the large railroad quarry between Lenape and Loring, north-
east of De Soto, the Bonner Springs shale is very thin and ap-
parently contains no limestone.

Distribution. The Bonner Springs shale has a wide distribution
in both Miami and Johnson counties. This can best be appreciated
by reference to the areal maps. In Miami county the formation
crops out along all of the principal streams in the western half and
the northern half of the county. Exposures of the Bonner Springs
shale may be found in Johnson county along Kansas river and its
tributaries below De Soto and on the streams in the eastern part
and southern part of the county.

Detailed sections. For sections of the Bonner Springs shale see
localities 2, 8, 4, 5, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23,
24, 25, 26, 27, 29, 31, 35, 42, 47, 49, 53, 54, 56, 60, 62, 69, 70, 72, T4,
75,71, 82, 83, 84, 85, 86, 88, 90, 91, 102, 103, 105, 113, 114, 115, 148,
165.
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Lansing Group

The term Lansing was introduced by Hinds®® for strata between
the top of the Argentine limestone of the present report and the top
of the Stanton formation.

The boundary between the Kansas City and Lansing divisions
as originally defined cannot be recognized in Kansas south of John-
son county. In northeastern Johnson and south-central Wyandotte
counties the middle shale of the Farley wedges out so that the
Farley limesotne becomes a single unit to the southward. The
Island Creek shale below the Farley limestone thins southward
across Johnson county, eventually wedging out completely in north-
ern Miami county. Where the Farley coalesces with the “Iola,” or
Argentine limestone of this report, the old boundary between the
Kansas City and Lansing groups cannot be recognized, either
lithologically or faunally. The single limestone, Wyandotte, formed
by the union of the Argentine and Farley members changes to shale
in Anderson county, to reappear no more to the south.

On the evidence here presented, Moore5! proposes to redefine the
term Lansing to include only the Plattsburg, Vilas, and Stanton
formations. This usage corresponds to the old Garnett limestone
of the early Kansas Survey. The revival of Garnett might not be
desirable, however, inasmuch as the term has been used for several
different units and has never had wide acceptance.

The grouping of the persistent and relatively uniform Plattsburg
and Stanton formations sets them off from the less regular and gen-
erally less persistent units of the Kansas City group below.

PLATTSBURG LIMESTONE

The Plattsburg formation was named by Broadhead?? in 1862.-
The type locality is Plattsburg, Clinton county, Missouri. The early
Kansas Survey, upon the advice of Bennett, correctly correlated the
so-called lower Garnett limestone or Allen limestone with the pre-
viously named Plattsburg limestone of Missouri, but for some reason
did not adopt Broadhead’s term. The correlation was made by
Bennett5? from field studies in Leavenworth, Johnson, Wyandotte,
and Miami counties.

50. Hinds, Henry, Coal deposits of Missouri: Missouri Bur. Geol. and Mines, vol. 2, 2d
ser., p. 7, 1912.

0 51. Moore, R. C., Kansas Geol. Soc., Guidebook 6th Annual Field Conference, pp. 92, 93,
1932.

52. Broadhead, G. C., Coal measures in Missouri: St. Louis Acad. Sci., Trans., vol. 2,
pp. 317-327, 1868 (read May 5, 1862).

53. Bennett, John, Kansas Univ. Geol. Survey, vol. 1, p. 71, 1896.
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The Plattsburg limestone is strikingly constant in its characters
over a wide area in northeastern Kansas and adjacent parts of
Missouri. Fossil zones occur at the same relative position in the
formation, associated in each case with distinctive lithologic divi-
sions. :

The Plattsburg is readily divisible into three parts, a basal, thin,
blocky limestone, a thin shale parting, and a relatively thick upper
limestone. The lower member is here termed the Merriam lime-
stone, from exposures at the town Merriam, in Johnson county. The
middle shale is termed Hickory Creek, from a stream near Peoria
in Franklin county. The upper and principal member is named
from exposures at the town Spring Hill in southern Johnson county.

Lithologic character and thickness. The Plattsburg limestone is
one of the most distinctive formations in the Missouri series.
Through most of northwestern Missouri and northeastern Kansas
the unit retains its characters with but little variation in lithologic
character. The formation displays locally, however, a considerable
range in thickness.

At the base is the Merriam member, which is perhaps the most
characteristic part of the Plattsburg. Locally the member might be
confused with the Paola limestone at the base of the Iola. Where
the Plattsburg has undergone considerable weathering, as on hilltops,
the lower member is frequently the only recognizable part of the
formation.

The Merriam limestone consists in many places of two distinct
divisions. The lower of these is a blocky, even layer, less commonly
cross-bedded limestone, drab to light gray in color, which generally
weathers gray to white. This division is often highly fossiliferous,
in which case species of the Productidae are abundant. The small
ellipsoidal alga Osagia is always present in sufficient quantities to
constitute an appreciable part of the limestone. The large pelecypod
Muyalina ampla is characteristic and usually well-preserved as in-
ternal molds. A zone of Composita sp. in many localities occurs
at the base. Locally the bed is oolitic. In some cases this lower
layer is absent, especially in southern Miami county. This part of
the Merriam ranges from a few inches to five feet or more in thick-
ness, but it is commonly about eighteen inches thick. Locally in
northeastern Johnson county the bed makes very good dimension
stone.

The next stratum of the Merriam, in ascending order, is quite
distinet from that described above. This limestone is fine-grained
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to dense, gray, massive, blocky, and occurs in one layer. It is
seldom very fossiliferous, but typically contains in the upper part
numerous, irregularly-disposed, hollow tubes. These tubes are cy-
lindrical, have a diameter of a fourth of an inch and a length of
two to four inches or more. To some extent they seem to be verti-
cally directed, and in some cases open at the upper surface. Gen-
erally the walls of the tubes are stained yellowish-brown, and the
tubes themselves are frequently filled with ferruginous clay. This
layer closely resembles the Paola limestone, but is less dense, lighter
in color, and seems to lack the profuse development of Cryptozoan-
like structures so typical of the former. The upper bed of the
Merriam is generally about a foot thick. In its physical characters
the upper blocky, dense layer of the Merriam resembles a typical
“middle” limestone of the limestone cycle in the Kansas Pennsyl-
vanian, homologous to such beds as the middle Oread, Leavenworth
member. Like the Leavenworth the Merriam underlies, at least
locally, black fissile shale. ‘

The upper and lower members of the Plattsburg are separated
by a foot or so of shale, the Hickory Creek, which only locally
is absent. In the northern part of Johnson county, and in Wyan-
dotte county, the shale contains a black carbonaceous layer, but
to the south it becomes gray or yellowish and argillaceous. In some
instances, as at the south edge of sec. 29, T. 13S., R. 23 E., the
shale is overlain and underlain by a peculiar ochery, shaly lime-
stone or calcareous shale. In such case, for convenience, the
yellowish shaly layer is considered as the division between the upper
and lower Plattsburg.

The upper limestone, or Spring Hill member, seems to be just as
well differentiated into lithologic and faunal zones as the Merriam,
but is seldom as accessible to study. The lower part of the member
in most of Johnson county consists of thin-bedded and even, bluish-
gray, brittle and fine-grained limestone. In fresh exposures this
limestone locally is massive, and the bedding planes are marked by
narrow carbonaceous streaks. This bed contains a zone of Enteletes
hemaplicatus var. plattsburgensts, and in many places the brachiopod
Marginifera wabashensis is quite abundant. This division of the
Spring Hill averages about five feet in Johnson county, but is rarely
over a foot or so thick in Miami county. A bed of odlitic limestone
commonly occurs above it. The o06lite is thickest in the southern
part of Johnson county and is of variable thickness, but is generally
about two feet. The upper part of the member is very massive, and



Geology of Johnson and Miami Counties 73

18 granular, drab, argillaceous, occasionally dove-colored, and com-
monly contains a large quantity of fragmental fossil material. The
limestone contains an abundance of the spines of Echinocrinus spp.
and a zone of Composita sp. in which is found a particularly large
and robust variety. Locally and more particularly toward the
southern part of Johnson county, a layer of dark-gray, granular
limestone overlies the Composita zone. The thickness of the lime-
stone above the odlitic stratum is about five feet.

It is clear that the Spring Hill member is a composite unit in
terms of the limestone cycle. The lower half or less consists of even,
gray limestone containing brachiopods and bryozoans. This part
is lithologically like an “upper” limestone of the cycle, and like
homologous units overlies, at least locally, black fissile shale. The
remainder of the Spring Hill is odlitic or granular and contains a
large molluscan element. Obviously this division is by position,
lithologic character, and faunal content a typical “super” limestone
of the limestone cycle. Like other limestone formations in the
Missouri series, a “lower” limestone of the cycle appears to be
lacking. '

The thickness of the Plattsburg limestone has a considerable
range in both Johnson and Miami counties. In this respect it is
more irregular than might be expected. The greatest thickness
occurs in the vicinity of De Soto, where the formation is twenty-
eight feet thick. Here it resembles the exposure of the Plattsburg
at the Loring quarry in Leavenworth county. At Holliday the
Plattsburg approximates sixteen feet, and northwest of Shawnee
ten and one half feet. The thinnest development of the formation in
Johnson county seems to be along Little Mill creek in township
12 south, range 24 east, where a thickness of nine feet and less was
measured. The Plattsburg is fifteen feet thick along Mill creek in
sec. 13, T. 13 8., R. 23 E.; eleven feet at the head of Cedar creek, T.
13 8., R. 23 E., nine feet at the NW cor. of sec. 22, T. 138, R. 22 E.,
and twelve feet thick in T. 15 8., Rs. 22-23 E. Near Frisbie, in T. 12
" 8., R. 23 E., the Plattsburg is eleven feet thick. Just east of Prairie
Center the formation seems to be uncommonly thick, although the
measured thickness of twenty feet may be too great, due to slump-
age. The local Variation in thicknes$§ is likewise considerable in
Miami county. The thinnest development observed in the county
was ten feet in the NW14 of sec. 5, T. 16 S., R. 22 E. The thickest
Plattsburg section was found at the middle of the west edge of sec.
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31, T. 158., R. 23 E. Commonly a thickness of eleven or twelve
feet is encountered.

In the study of Miami county stratigraphy information was ob-
tained that throws new light on certain correlations made by the
early Kansas Survey. In the description of the Stanton limestone,
Swallow®® made the often-quoted statement: “This limestone is
well exposed in the eastern bluff of the Marais des Cygnes; in the
highest points north of the ‘Devil’s Backbone’ above Stanton.”
Swallow called the formation which makes the “Devil’s Backbone”
and upon which the town of Stanton is built the Cave Rock. In
his generalized section of Miami county Swallow represented the
Stanton limestone as the first limestone above the Cave Rock for-
mation.

Until the present study it has not been realized that there are
three limestone formations above the Iola in the vicinity of the
towns of Stanton and Lane. The Cave Rock of Swallow, as de-
scribed in the Stanton region, is the Wyandotte of the present re-
port, and his Stanton limestone is beyond any question the Platts-
burg of the modern classification. That Swallow realized the ex-
istence of a limestone immediately above his Stanton is clearly
shown in his generalized section of Miami county.

Because of established usage, however, the present misapplication
of the term Stanton should not be stressed. Broadhead’s term
Plattsburg was first published in the same year as Swallow’s Stan-
ton. The terms Stanton and Plattsburg are both securely estab-
lished in geological literature and there has never been any serious
question as to their usage. Therefore, in spite of the availability
of Adams’ term Piqua, for the limestone above the Plattsburg, it
would obviously be unwise to disturb the present usage of the term
Stanton.

Distribution. The Plattsburg formation is widely exposed in the
western and northern parts of Miami county. The formation gener-
ally produces an escarpment flanking the higher uplands, the closely
associated Stanton having been in many cases weathered back from
the Plattsburg. On Wea and Bull creeks and their tributaries
and along the valley of Marais des Cygnes the Plattsburg is well
exposed. )

In Johnson county the Plattsburg is exposed far up the valleys
of Captain’s creek, Kill creek, Cedar creek, Mill creek, and Turkey

54. Swallow, G. C., Geological report of Miami county, Kansas: Kansas Geol. Survey, p.
75, 1865.
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creek in the northern part of the county. The formation occurs
in the bluffs of Kansas river valley, rising above the flood plain
near the mouth of Captain’s creek, and finally occupying the highest
position in the bluff north of Shawnee. The escarpment crosses
the eastern part of the county, extending through township 12 south,
range 25 east, and townships 13, 14, and 15 south, range 23 east.
The outerop of the Plattsburg extends into the county a short
distance along the strems in township 15 south, ranges 22, 23, and 24
east.

Detailed sections. Sections including the Plattsburg limestone
are given at the last part of the report under Nos. 2, 4, 5, 9, 10, 11,
13, 14, 15, 17, 19, 21, 22, 23, 24, 25, 26, 27, 29, 31, 82, 45, 53, 54,
60, 61, 62, 69, 70, 72, 73, 74, 75, 7, 82, 83, 84, 85, 86, 88, 89, 90, 91,
102, 103, 105, 113, 114, 115, 116, 148, and 165.

VILAS SHALE

The Vilas shale was named by Adams® in 1898, from Vilas, in
Wilson county, Kansas. The formation lies between the Plattsburg
and Stanton limestones. The Vilas in Johnson and Miami counties
is rather uniform in its characters.

Lithologic character and thickness. As a rule the formation can
be readily distinguished from other associated shales. It is grayish-
buff in color with, in some localities, a faint greenish tint. Through-
out Johnson county the bed is arenaceous, with generally a thin bed
of gray, hard, ripple-marked sandstone near the top or at the middle.
The Vilas formation is free from fossils, and averages about fifteen
feet in thickness. Some variation occurs in township 13 south,
ranges 22 and 23 east, where it ranges from thirteen feet to nearly
twenty feet.

In Miami county there is somewhat more variation in the forma-
tion. At many exposures in the western part of the county it con-
tains a considerable amount of reddish-brown sandstone and sandy
shale. In the vicinity of Pressonville there occurs an impure thin
limestone near the base, separated from the Plattsburg by four feet
of green clay. At a few places, as at the center of the west edge of
sec. 31, T. 15 8., R. 23 E,, the Vilas is as thin as five and one half
feet. Where the formation is thin, it contains but little sand. The
thickest section of Vilas in the county occurs at the county line
west of Pressonville, where it is over thirty feet thick. This forma-
tion seems to be a good reservoir for water at some points in Johnson

55. Adams, G. L., The stratigraphy of the Kansas Coal Measures: Kansas Univ. Geol.
Survey, vol. 8, p. 51, 1898.
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county and good wells have been secured by drilling at a point down
the dip from the outcrop.

Distribution. The outcrop of the Vilas occupies esentially the
same area as that of the Plattsburg limestone.

Detailed sections. Sections of the Vilas are given at the end of
the report under numbers 2, 4, 10, 13, 15, 17, 20, 21, 22, 23, 24, 25,
44, 54, 70, 72, 73, 86, 89, 90, 113, 115, 116.

STANTON LIMESTONE

The term Stanton was used first by Swallow®® for a limestone
formation at the town of Stanton, Miami county, Kansas. As al-
ready indicated, Swallow’s original Stanton is equivalent to what
is now called Plattsburg limestone. Usage has transferred appli-
cation of the name Stanton to the limestone formation next above
the Plattsburg, and accordingly as used in this report Stanton
now applies to three limestone and two shale members that are
the exact equivalents of the formation described as Stanton by
Hinds and Greene® in the Leavenworth-Smithville area. Recently
Condra and Bengston, and Condra proposed names for stratigraphic
units in Nebraska, which Condra® has since correlated with the five
members of the Stanton limestone of northeastern Kansas. With but
one exception the terms used by the Nebraska Survey for the sub-
divisions of the Stanton are derived from the Platte Valley region
in Nebraska where the beds are isolated in an inlier from the main
outcrop in Kansas and Missouri. Since the Platte Valley units can-
not be traced into Kansas, and since there is only a vague lithologic
resemblance between the Nebraska and Kansas exposures, any corre-
lations between them must be considered as uncertain at the present
time. Accordingly it seems better to use local names for the Kansas
units. The terms employed here for the subdivisions of the Stanton
are, in upward order: Captain Creek, Eudora, Olathe, Victory June-
tion, and Little Kaw. The term Captain Creek is derived from a
stream near Eudora, Douglas county, Kansas, and applies to the
lower limestone of the Stanton. Condra® named the Eudora shale
from exposures near Eudora, Kan. The name Olathe is here sug-
gested for the second of the three limestones of the Stanton. The

56. Swallow, G. C., Geological report of Miami county, Kansas: Kansas Geol. Survey,
p. 75, 1865.

57. Hinds, Henry, and Greene, F. C., U. S. Geol. Survey, Geol. Atlas, Leavenworth-
Smithville folio, 1917.

58. Condra, G. E., Correlation of the Pennsylvanian beds in the Platte and Jones Point
sections of Nebraska: Nebraska Geol. Survey, 2d ser., Bull. 3, 57 pp., 1930.

59. Condra, G. E., Correlation of the Pennsylvanian beds in the Platte and Jones Point
sections of Nebraska: Nebraska Geol. Survey, 2d ser., Bull. 3, p. 12, 1930.
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name is taken from Olathe, Johnson county, Kansas. The Victory
Junction shale is named for the hamlet in western Wyandotte county.
The member is well exposed at a number of places just west of
Victory Junction. The upper member of the Stanton formation is
referred to here as the Little Kaw limestone from Little Kaw creek
north of Loring, Leavenworth county, Kansas.

Lithologic character and thickness. The Captain Creek limestone
is the most easily recognizable unit of the Lansing group in north-
eastern Kansas. In the area under discussion it is composed of
gray to dark-gray, massive and evenly bedded limestone. The in-
dividual beds of limestone are ordinarily more than eight inches
thick. In texture the limestone is sugary to dense. The upper layer
of the Captain Creek has frequently a peculiar brecciated appear-
ance, looks siliceous, and is mottled bright blue and pink. The color
is better described by these terms than is usually the case in lime-
stone. A zone of the striking form Enteletes pugnoides is well
developed in the Captain Creek in much of the northeastern Kansas.
The species is confined to a narrow vertical range in the member,
occurring about one fourth to one half of the distance from the top.
Locally the limestone at this horizon is largely composed of this
brachiopod. Individuals of Enteletes hemiplicatus var. plattsbur-
gensts are relatively rare. A robust species of Triticites occurs on
the bedding planes of the member. The Captain Creek limestone
is frequently entirely covered by slumped material from the over-
lying Olathe limestone. The thickness ranges in Johnson county
from four and one half to five and one half feet. The member in-
creases southward to ten feet in sec. 3, T. 17S., R. 22 E., Miami
county. k

The Eudora shale is remarkably constant in northeastern Kansas.
The member consists of argillaceous shale, greenish-gray to gray in
color, with a thin layer of black, fissile shale below the middle.
Where the member is thinnest, the carbonaceous layer is relatively
thick. The thickness of the Eudora shale in Johnson county ranges
from six feet in the northeast part to about eleven feet in the central
and southeast part. In Miami county there is some variation in
thickness. The member is five and one half feet thick in sec. 4,
T. 178, R. 22 E. and eleven feet in sec. 26, T. 16 S., R. 21 E.

In view of the considerable thickness and wide surface distribu-
tion of the Olathe limestone, it is strikingly unfossiliferous as com-
pared to the other limestone members of the Stanton. The unit is
composed of thin-bedded and wavy limestone, bluish-gray in color,
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and the individual beds are separated by thin limy partings. The
limestone is commonly fine-grained, and weathered surfaces are
typically dark-buff. The thickness ranges from about fifteen feet
along Captain creek, in the northwestern part, to eleven feet in the
southwestern corner of Johnson county. Owning to its thinness, the
Little Kaw limestone above usually is gone from the dissected up-
lands, baring the Victory Junction shale and Olathe to erosion.
Almost all of the upland surface in the western half of the two
counties owes the low relief to the resistance of the Olathe limestone.

In Johnson county the Victory Junction is composed predomi-
nantly of reddish-brown to dark-buff standstone. The rock gen-
erally is even-bedded and massive. The presence of marine fossils
distinguishes the bed from the younger Stranger standstone. Com-
monly a thin layer of greenish or gray clay underlies the sand-
stone of the Victory Junction. The sharp and somewhat uneven
contact between shale and sandstone suggests a disconformity.
Good exposures of the Victory Junction shale are quite uncommon,
but the member seems to be very irregular in thickness. Near the
mouth of Captain creek it is nearly fourteen feet thick; in sec. 24,
T. 138, R. 21 E. it is only three feet thick. The member is not
exposed in Miami county.

The Little Kaw limestone in Johnson and Miami counties repre~
sents the end of a cycle of marine sedimentation. Above the Little
Kaw limestone is the obscure but nevertheless widespread Missouri-
Virgil unconformity.

The Little Kaw generally is composed of one or two beds of dark-
gray, fine-grained limestone, the lower part of which is, as a rule,
arenaceous. Locally the unit is made up of two thin beds of lime-
stone and an included thin bed of buff sandstone and arenaceous
shale. In this case the limestone is rather arenaceous throughout
and is not very fossiliferous. Where the member is fossiliferous,
Meekella striaticostata and Triticites cf. moorei generally domi-
nate the fauna. At the west side of township 14 south, range 22
east the Little Kaw consists of two limestone beds and an included
shale, which have a total thickness of four feet. In township 13
south, range 21 east the thickness is five feet, the middle shale bed
being somewhat thicker in this area. In the vicinity of Edgerton,
the member consists apparently of a single limestone bed four feet
thick.

Distribution. In Miami county the Stanton occurs only in the
northwest and southwest corners of the county, having been stripped
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away by erosion in other parts of the county. In all occurrences
the formation crops out in the high uplands, generally at some
distance from the principal valleys.

In Johnson county the formation underlies the great plain that
covers almost all of the western part of the county.

Detailed sections. The sections of the Stanton are given under
the following numbers at the end of the report: 2, 4, 15, 17, 20,
21, 28, 24, 25, 28, 44, 54, 70, 72, 73, 86, 89, 90, 113, 115, and 116.

Pepee Group

For the dominantly shaly strata between the Stanton and the
base of the Virgil series, Moore® is introducing the term Pedee,
from a stream near Weston, opposite Leavenworth, on the Missouri
river.

The basal formation of the Pedee, the Weston shale, occurs in
southwestern Johnson county. The higher formations of the group
were eroded before deposition of the basal sandstone of the Virgil
series. Northward across Johnson county the Missouri-Virgil un-
conformity converges with the Stanton, so that in the northern part
of township 14 south, ranges 21 and 22 east the Stranger formation
of the Virgil rests directly upon some part of the Stanton, generally
the Little Kaw. Northward to Lansing and beyond the Stranger
rests unconformably upon the Stanton or Weston.

Although exposures are not good in southwestern Johnson county,
it was estimated that the Weston reaches a thickness of forty feet
or more before the outcrop of the ever-thickening formation leaves
the county into Douglas county. The Weston is composed of bluish-
gray clay shale, with limonite concretions scattered through it at
intervals. It has been eroded from Miami county and the Stanton
is now the youngest Pennsylvanian formation exposed.

VIRGIL SERIES

The term Virgil is being introduced by R. C. Moore®! for the
Pennsylvanian strata lying unconformably on the Pedee group. The
term Virgil is derived from a town in Greenwood county, Kansas.

STRANGER ForRMATION

At the base of the Virgil is the formation here called the Stranger,
after Stranger creek near Tonganoxie, Kan. The formation is
typically exposed along the east side of sec. 3, T. 128S., R. 21 E.

60. Moore, R. C., Kansas Geol. Soc., Guidebook, Sixth Ann. Field Conf., p. 93, 1932.
61. Moore, R. C., Kansas Geol. Soc., Guidebook, Sixth Ann. Field Conf., p. 88, 1932.
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This is the youngest Pennsylvanian formation cropping out in
Johnson county and it is not exposed in Miami county.

Henry Hinds and F. C. Greene, pioneers in the modern school of
Mid-Continent stratigraphy, were the first to discover an uncon-
formity in beds which they supposed to be the Lawrence shale. In
1915 these geologists in their scholarly “Stratigraphy of the Pennsyl-
vanian series in Missouri” gave a detailed account of a thick sand-
stone in the vicinity of Leavenworth, Kan., and adjoining parts of
Missouri. This deposit was described as channeling down through
the Iatan and Weston formations. Hinds and Greene found that
the heavy sandstone is sharply limited on the north, and not know-
ing its great areal extent to the southward they concluded that the
sandstone constitutes the filling of a local channel.

While engaged in a study of areal geology in Wyandotte county
just south of the Leavenworth region in 1929 and 1930, J. M. Jewett
and I had occasion to trace the divisions outcropping in the Leaven-
worth quadrangle southward across Wyandotte county into Johnson
and Douglas counties. We found that the channel sandstone of
Hinds and Greene is a continuous sheet across this area, measuring
from 50 to 100 feet or more in thickness. The Weston shale and
Iatan formations are absent, except for thin local remnants of
Weston just above the Stanton formation, and the sandstone rests
unconformably, but with relatively even contact, on the Stanton.
Lenses of hard limestone conglomerate, derived from the eroded
Iatan limestone, are quite common_ at the base of the sandstone.

The relatively even contact of the sandstone on the Stanton in
the region around Lawrence delayed the recognition of the uncon-
formity and led the earlier geologists to class these beds overlying
the Stanton as Weston. A thin limestone at Lawrence for so long
classed as Iatan limestone, we concluded must be a younger bed
than the Iatan, because at Lawrence the limestone occurs a hundred
feet above the unconformity, whereas the Iatan of the type region
occurs beneath the break.

In 1930, while engaged in a regional study including the Lansing
beds and Weston shale, I continued the earlier investigation on the
unconformity begun with Jewett. The heavy sandstone deposits
first above the Stanton limestone in Douglas county were traced into
Franklin county west of Ottawa, where a thick clay shale like the
typical Weston wedges in between the Stanton and the unconform-
able sandstone. By this time the unconformity at the base of the
Stranger formation had been traced almost half way across Kansas
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and its continuance southward was anticipated. In 1931 I mapped the
scarp formed by the lower part of the Stranger sandstone across
Franklin county, and while engaged in other work in Wilson county
around Fredonia I incidentally recognized the same sequence as that
already worked out in Franklin county. At the same time Doctors
Moore and Condra observed unconformable relations at the same
horizon in Montgomery county.

In the summer of 1932 I mapped the base of the Stranger entirely
across the state and discovered abundant evidence of unconformity
at many places. While this mapping was in progress I made a
reconnaissance study of the section up to the base of the Oread and
discovered an almost equally well-defined and extensive unconform-
ity within the typical Lawrence shale. This unconformity was
already known to other geologists, particularly Dr. John L. Rich
and several subsurface workers, but it was confused by most of these
persons with the one at the base of the Stranger.

The Stranger appears to be a series of more or less disconnected
channel deposits of sandstone and sandy shale extending from
Leavenworth, Kan., southward into Oklahoma. It is proposed to
place the upper limit of the Stranger at the base of the thin lime-
stone which underlies the Lawrence shale at Lawrence, Kan. This
limestone is the one which has for many years been incorrectly called
Iatan, for as Hinds and Greene®? have shown, the Iatan is strati-
graphically below the unconformity and the limestone at Lawrence
below the Lawrence shale is accordingly very much younger than
the true Iatan. The term Haskell has been applied by Moore®- to
the thin limestone below the Lawrence shale.

The Stranger sandstone is, of course, limited below by an un-
conformity and lies on various parts of the Pedee and Lansing
groups. In most of Johnson county the formation generally rests
directly on the Little Kaw limestone, which is only locally breached
by pre-Stranger erosion.

Lithologic character. Good exposures of the Stranger formation
in Johnson county are scarce. Although it covers a large area in
Johnson county, there generally remains only a thin mantle of
sandstone and sandy shale overlying the Stanton limestone. At
the southwest edge of the county sandstone at the base of the
Stranger produces low, rolling hills. Elsewhere the formation pro-
duces but little effect on the topography.

62. Op. cit., p. 170, 1915. .
63. Moore, R. C., Kansas Geol. Soc., Guidebook, Sixth Ann. Field Conf., p. 93, 1932.
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The sandstone and shale are uniformly buff, soft, and micaceous.
The sandstone is usually massive and cross-bedded. In some places
fossil plants occur, but fossils of marine invertebrates are lacking.
The Stranger resembles to some extent the Victory Junction shale.
In good exposures, however, they can be distinguished from one
another. The sandstone of the Victory Junction is frequently
reddish-brown and locally contains marine fossils. Only a thin
remnant of Stranger occurs in Johnson county, probably attaining
at no place a thickness greater than twenty or thirty feet.

A persistent coal bed occurs eight to ten feet beneath the Haskell
limestone. I have traced this coal from Iatan, Mo., to western
Franklin county, Kansas. The name Sibley coal has been applied
to this bed by J. M. Patterson.®* The marine shale between the
Sibley coal and the Haskell limestone has been called the Vinland
shale.®s Sibley and Vinland are villages in Douglas county, Kansas,
southeast of Lawrence. The dominantly sandy and nonmarine beds
from the top of the Sibley coal to the base of the Stranger formation
were termed Tonganoxie by Patterson, from a town in Leavenworth
county.

Quaternary System

PLEISTOCENE DEPOSITS

Deposits of Pleistocene age, for the most part unindurated, are
restricted chiefly to the northern part of Johnson county. These
consist of high terrace gravels, near Holliday, and glacial drift
consisting of (1) reworked till, on the south side of Kansas river
valley, and (2) scattered erratics, very rare south of township 12
south. Loess deposits cover a considerable area near Kansas river,
occupying a narrow band of upland adjoining the river valley. It
is supposed generally that the greater part of the loess reached its
present position soon after the retreat of the glacier.

Hica TrerraceE GRAVELS

A very thick deposit of gravel occurs in the northeast corner of
township 12 south, range 23 east in Johnson county. The gravel is
composed of rounded fragments of local limestone and shale, in-
termingled with comparatively rare erratics. The material ranges
in size from sand grains to boulders, but small pebbles predominate.
The gravel deposit occupies much of the lower part of the valley of

64. Patterson, J. M., The Douglas group of the Pennsylvanian system in Douglas and
Leavenworth countles, Kansas Master’s Thesis, University of Kansas, p. 11, 1933. Not
published.

65. Patterson, Idem., p. 17.
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Clear creek in secs. 2, 3,10, and 11, T. 12S,, R. 23 E. A gravel pit
worked by Edwin Ahlskog in section 11 of the above township
affords an opportunity to study the deposit in detail. The thickness
of the deposit is unknown, but in the vicinity of the gravel pit it
must exceed eighty feet. Near the middle of the deposit occurs a
zone of consolidated gravel. Here the gravel has been cemented by
calcium carbonate into a hard, firm conglomerate. A section of the
deposit at the Edwin Ahlskog gravel pit is given as follows:

Section of the gravel deposit at the Edwin Ahlskog pit, NE cor. sec. 11,
T.128, R. 23E. Fect

Sand; reddish-brown, with clay; contains small subangular cherts and
rarely small rounded quartzite pebbles; bedding obscure, glacial till?.. 20.0

Gravel; contains small cobbles, pebbles, and sand, steeply cross-bedded,
approx1mately 35°, dips nearly north; upper part of the beds truncated,
bedding laminae curve outward below to form thin horizontal bottom-
set bed; bedding of the foreset beds accentuated by a concentration
of the coarser material in regularly recurring zones; no erratics ob-
F1C) Y VA 18.0

Gravel; subhorizontally bedded, lenticular beds; gradation from pebbles
and sand near the top to large cobbles and pebbles below; erratics of
Sioux quartzite, rhyolite, rotten granite, mica schist; erratics less than
1 percent of total; cobbles mostly of limestone; lower part irregularly
consolidated

Sand; brown and buff, contact with the above irregular, foreset and
bottomset bedding, steepest dip about 35°, dips east of north, upper
part of beds truncated, grains angular and coarse, consolidated in
0] T P 10.0

Sand and gravel; grains rounded, poorly sorted; erratics observed, three
feet exposed

.......................................................

My attention was recently directed to a reference by Darton® in
which a possible origin of these terrace gravels is given. The in-
terpretation by Darton is not appreciably different from that here
given.

At a stage of glamatlon probably near the end of the Kansas
epoch, the ice sheet extended to Loring, Bonner Springs, and Muncie
on the north side of Kansas river, as shown by abundant glacial
striae along the north side of the valley. No striae have been found
on the south side opposite these points. Undoubtedly a great
quanity of ice and drift choked the valley wherever the ice sheet
extended to, or across it, effectively interfering with the drainage.
At times doubtless the river was sufficiently obstructed that long,
sinuous temporary lakes were formed.

66. Darton, N. H., Guide-book of the western United States U. S. Geol. Survey Bull.
613, footnote p. 9 1915.
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A glance at the Kansas City sheet of the topographic maps of the
United States Geological Survey shows the interesting topographic
feature that Clear creek in secs. 9 and 13, T. 12 S., R. 23 E. makes
an abrupt bend directly away from the river, and flows eastward
into Mill creek. An obscure gap produced by Pleistocene Clear
creek occurs at the center of the south edge of sec. 8, T. 128, R.
23 E. Tt seems likely that this gap was produced in the divide be-
tween Clear creek and Kansas river when the dammed up water
of Kansas river above Wilder overflowed the valley walls, finding
an outlet at the site of the present wind gap above Wilder, flowing
eastward through the valley of Clear creek to Mill creek and thence
into the normal course at Holliday. The escaping water quickly
enlarged the valley of the little tributary to Mill creek, depositing
a thick delta near the confluence with the parent stream. The
normal channel of Kansas river was not obstructed for long, since
the gap of Pleistocene Clear creek is now barely distinguishable in
the divide. It is possible that the river overflowed the divide in
more than one place. If this occurred, recent erosion has removed
recognizable traces of such gaps.

GrACIAL DRrIFT

Unconsolidated deposits of weathered till occur in Johnson county
along the top of the south bluff of Kansas river. The material
generally consists of reddish-brown sand and erratic pebbles. The
deposits are everywhere thin, commonly less than five feet. Erratics
as large as cobbles are rare.

Small erratics, probably stream transported, occur as far south
as the middle of township 12 south. No evidence was recognized
that establishes beyond question that the ice extended beyond the
present valley of Kansas river into Johnson county. The till de-
posits at DeSoto and Cedar Junction resemble closely similar
deposits that overlie glacial striae directly across the river at the
Loring quarry, but no striae have been discovered in the former
area.

Lorss DerosiTs

A thin veneer of loess occupies a narrow band adjoining the
valley of Kansas river. The loess is most extensive in the north-
western part of Johnson county. In this area the thickness of the
loess attains as much as fifteen feet and consists of a fine, homo-
geneous, arenaceous material, showing no stratification. In fresh
exposures the loess shows a tendency to stand in vertical sections.
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The material is reddish-brown to dark-buff, slightly darker than
much of the typical loess from the valley of the Missourl.

The deposits of loess in the northern part of Johnson county have
been derived mostly from the flood plain of Kansas river. At the
end of Pleistocene time, streams draining the glaciated area were
heavily burdened with the products of glaciation. This material
being deposited on the flood-plain was picked up by winds of or-
dinary velocity and blown upon the sides of the valleys.

The distribution of the loess in Johnson county has been mapped
in detail in a government soil survey of Johnson county.®” Four
types of soil developed over loess have been mapped in the county.
These are Marshall silt loam, Knox silt loam, Knox silty clay loam,
and Clinton silt loam.

The distribution of loess in Miami county is but imperfectly
known. The loess occurs as a thin sheet in the high uplands, pos-
sessing a grayish-buff color rather than the familiar reddish or
buff of Kansas river loess. Much of the loess in Miami county may
be of Recent origin.

RECENT DEPOSITS

The deposits of Recent age in Johnson and Miami counties con-
sist of (1) flood-plain accumulation of alluvium, (2) colluvial de-
posits of talus and soil at the foot of slopes, and (3) residual soil
and clay deposits. The latter type of deposit is particularly wide-
spread and thick on the high upland of the southwest quarter of
Johnson and the northwest quarter of Miami counties, where the
drainage is not well developed and consequently erosion has been
relatively slight. The residual soil derives its characters from the
bedrock beneath. Where the soil overlies sandstone or arenaceous
shale, it is sandy; and where it overlies argillaceous shale, or lime-
stone, it has a large proportion of lime and clay.

DEPOSITS OF UNKNOWN AGE

In southern Johnson county and Miami county the bedrock of
the upland areas is covered with a thin mantle of unconsolidated
materials. Overlying the weathered surface of Pennsylvanian rocks
occurs a thin zone of scattered chert pebbles not derived from the
neighboring rocks. Overlying the chert pebbles is a thin layer,
one or two feet thick, of silty gray to buff soil. Because of its
position above the layer of transported chert pebbles, the upper

67. Knobel, E. W., and Davis, R. H., Soil survey of Johnson county, Kansas: U. S.
Dept. Agr., ser. 1928, no. 17, 32 pp., 1931.



86 Geological Survey of Kansas

soil covering is certainly not residual. Probably this deposit is loess,
even now being accumulated during occasional dust storms. The
origin of the chert pebbles is not clear. The fragments are scattered,
and all trace of original bedding has been destroyed. It is possible
that these pebbles are derived from old stream deposits and have
been redistributed by gravity and sheet wash as the general surface
is being lowered.

REGISTER OF DETAILED SECTIONS

DETAILED SECTIONS, JOHNSON COUNTY
1. Section at highway bridge at east edge of Holliday, Kansas

Chanute shale, covered.
Drum limestone: Feet.
Limestone, whitish to buff, thin-bedded, wavy at the middle, mas-

sive at top and base, contains Campophyllum torquium and
Marginifera sp. .......ouoiiii i 10.5

Quivira shale:

Shale, greenish, argillaceous, thin carbonaceous zone three feet
from the top.....covvuii i 11.0

Westerville limestone :
Shale, gray, and interbedded thin, argillaceous limestone beds.... 9.0

Limestone, drab, oélitic, very fossiliferous...................... 1.5
Shale, gray, lImy.........ooiuiiiiiiin e, 1.0
Limestone, drab, oélitic, massive, cross-bedded, fossiliferous, len-
ticular, about ....... ... 1.5
Shale, gray, Hmy.........ooouuiiiiiin e 0.2
Limestone, dark gray, hard, massive, pyritiferous, veined with
dark gray calcite, base covered.............ovvevenrnnnnn... 24

2. On road, middle of east edge sec. 12, T. 12 S., R. 23 E.

Stanton limestone:
Captain Creek limestone member:
Limestone, white, makes bench, mostly covered.
Vilas shale: :

Shale, light buff, arenaceous ...........ooovveiveeneennennnnnn.. 10.0
Sandstone, soft, buff .............. e 5.5
Sandstone, gray, hard, “quartzitic” above, and buff, soft, cross-
bedded below ....... ... 5.5
Shale, bluish-gray, arenaceous ..............c.coouveeunenennnn... 4.5

(Total Vilas shale, 25.5 feet)
Plattsburg limestone :

Spring Hill limestone member:

Limestone, brown, soft, ferruginous ...................couo.... 5.0
Limestone, gray, granular ...........cc.oiuiiinininiineninenan.n. 2.0
Limestone, gray, dense above, and buff, thin-bedded below...... 5.5

Hickory Creek shale member:
Shale, buff, ferruginous ..............coiiiiiirininieennnnnns 0.5
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Sketch of Johns ty showi i
etch of Johnson county showing location of sections. 8. 1/4 mile N. center N. edge sec. 4, T. 12 S, R. 25 E.

7. 1/4 mile W. center E. edge sec. 6, T.12S,, R. 25 E.
R.23 E. R.24E. R.25E. 65. NW. cor. sec. 35, T.12S, R. 25 E.
2 50. 1/4 mile S. of NW. cor. Sec. 9, T.13S,, R. 25 E.

f 40. SW. cor. se~ 15, T.13S, R. 25 E. Ft
38. SE. cor. sec. 34, T.13 S, R. 25 E.
37. SE. cor.sec.10,T.14 S, R. 25 E. — 160
33. Center sec. 30, T.14 S, R. 25 E.
T.128S. 58. SE. cor. sec. 25, T. 14 S, R. 24 E.
48-49. North part sec. 5, T. 12 S,, R. 24 E.
1. Highway bridge east of Holliday, Kansas.
G 10. Center W. edge sec. 17, T. 12 S., R. 24 E. WYANDOTTE
13. Middle S. edge sec. 25, T.12 S., R. 23 E.
T.13S. 16. SE. cor. sec. 35, T. 128, R. 23 E.
19. SW. cor. sec. 20, T.13 S, R. 23 E. | 100
21. Center S. edge sec.29, T.13S.,, R. 23 E. S~ .
31. NE. cor. sec. 17, T. 15 S., R: 23 E. \\\ N
53. Center N. edge sec. 17, T. 12 S, R. 23 E. SNo
14. Center sec. 25, T.12S,, R. 22 E. 37 ~
T.14 S 18. SE. cor.sec. 7, T.13S,, R. 23 E.
. . (= =)
. 25. NW. cor. sec. 22, T.13 S., R. 22 E. Z, S
>\1 58 4 54. Middle S. edge sec. 21, T.13S.,R. 22 E. =
Z 2 2n 720 23. NW. cor. sec. 10, T. 14 S, R. 23 E.
R o/ X~ s T A B 29. 2/10 mile S. of SW. cor. sec. 33, T. 15 S, R. 22 E. = — 120
T.158. S o 2 63. E. bank Captain’s Creek, highway 10.
—--Log- Ff.’i__ D “‘f 28. Middle S. edge sec. 24, T.13S,, R. 31 E.
: 64. NW.cor.sec.1,T.14 S, R.21 E.
'tl;]he numrkers refer to sections described at the end of 57. Middle S. edge sec. 7, T. 14 S, R. 22 E.
e report.
50
| 100
IOLA
— 80
CHANUTE
DRUM
|- 60
QUIVIRA
RO ==
POSNNY:
NN N
.
AWRNES
WESTERVILLE $&%% [ o
:§§ Wavy-bedded limestone
S
_______ Even-bedded limestone
=1 Limestone with chert
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g Black fissile shale |2
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FONTANA Sandy shale
Sandstone
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PLATE VI. Stratigraphic sections in Johnson county along line A-B.
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PLATE VII. Stratigraphic sections in Johnson county along line C-D.
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PLATE VIII. Stratigraphic sections in Johnson county along lines E-F and G-H.
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OLATHE F't.
T- 200
LOCALITIES
EUDORA
— 72. E. of NW. cor. sec. 5, T.16S.,R. 22 E. EXPLANATION
CAPTAIN CREEK 13 73. Center E. side sec. 26, T. 16 S, R. 21E.
_______ 113. E.side SE. ¥ sec. 4, T. 17S.,R.22E. | 180
112. SE. cor. sec. 15, T.178S., R.22E. -1
VILAS 102. SW. cor. sec. 35, T.17S., R.22E. Wavy-bedded limestone
106. Center sec. 9, T. 18 S,R.22 E. Even-bedded limestone
—_— 132. ¥4 mile N. of SW. cor. sec. 25, T. 18 S, R. 22 E.
117. E. side NE. % sec. 15, T.19 S, R. 22 E. Cherty limestone
PLATTSBURG 120. Y4 mile W. center W. edge sec. 18, T. 19 S, R.23E. 4160
115. Just S. of NE. cor. sec. 8, T. 17S., R.22E. Cross-bedded limestone
75. NE. cor. sec. 13, T. 17S., R.21E.
X 77. W. of middle of E. edge sec. 11, T.18S,R.21E.
BONNER SPRINGS = Sandy shale o
_ The numbers refer to sections described at the end of the report. Nodular, buff shale, “marlite
Maroon clay 4 140
Argillaceous shale
Black, platy shale in clay shale
\ 112 ;) Sandstone
= 106
WYANDOTTE
4120
e IOLA
CAPTAIN CREEK CHANUTEi\ - 1
CEMENT CITY
VILAS s QUIVIRA
72 -~
T~ - 80
7 WEA -
T.16S.
PLATTSBURG 73
113 -+ 60
75115 WEA-QUIVIRA
BONNER SPRINGS T.17S. nz
N\ 102 L
0
7
WYANDOTTE T.18S. BLOCK
p
l 132
t FONTANA T20
LANE T.19S ! 117
L= 120 WINTERSET
R.21E R.22E.
- 0

PLATE IX. Stratigraphic sections in southwestern Miami county.
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—+180
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—+160

-+ 140
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Sketch of Miami county showing location of sections.

4100

10 s Y ated St e o
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WYANDOTTE

LOCALITIES

84. About 8/10 mile S. of NE. cor. sec. 22, T.15S,,R. 22 E.
70. Middle W. edge sec 31, T.15S., R. 23 E.
88. Center S. side sec. 7 to center SE. % sec. 8, T. 16 S..R.23E.
98. NE. cor SW. Vs sec. 9. T.17S,, R. 23 E.
142. SE. cor. sec. 10, T.17S.,, R.23 E.
140, NW. cor. sec. 24, T.17S,,R. 23 E.
139. E. of NW. cor. sec. 25, T. 17S., R.23 E.
148. NW. cor. sec. 31, T.17S,,R. 24 E.
135. NE. cor. sec. 2, T. 18 S, R. 23 E.
150-151. S. part sec. 6, T. 18 S, R. 24 E.

The numbers refer to sections described at the end of the report.

PLATTSBURG :
Ermra

BONNER SPRINGS

150-151.

| \\\ o
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i 88
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1o |

T.18 S.

CHANUTE

R.23E. R.23E.

R. 24E.

WEA-QUIVIRA

‘WEA-QUIVIRA

PLATE X. Stratigraphic sections across central Miami county.
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WINTERSET 152. Center S. edge sec. 18, T. 18 S,,R. 24 E.
157-158. E. side sec. 10, T. 19 S, R. 24 E.
159. SE. cor. sec.36.T.19S., R.24 E.

The numbers refer to sections described at end of report.

DENNIS

157. 158. ————

GALESBURG

SWOPE BETHANY FALLS

LADORE

_F% SNIABAR
-—L‘—\_
———

T.18 S.

157. {158,

T.19 S. - -

i

R 24E. 159

Prate XI. Stratigraphic section in southeastern Miami and northeastern Linn counties.
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Merriam limestone member:
Limestone, gray, granular, even, blocky.............oooiinni.t
Limestone, drab, Osagia-Myalina ampla zone...................
Limestone, buff, contains many Osagia and Composita..........
(Total Plattsburg limestone, 16.1 feet)

Bonner Springs shale:
Shale, olive-green, argillaceous ...........cvviiuieriiinnneennnns
Shale, maroon, argillaceous .........ccvvuiiiiiiiiiiiiiiiiinan,
Shale, covered.

3. On road, center sec. 7, T. 12 S, R. 24 E.

Plattsburg limestone:
Limestone, mainly covered.

Bonner Springs shale:
Shale, bluish-gray, limy .........c..ooiiiiiiiiiiiiiiiiiiieane,
Shale, buff, imy .....cccviiuiiiiiiiiiiiii i
Shale, olive-gray, argillaceous .............coiiiiiieiniieinnn,
Shale, maroon, argillaceous .........coveviueiiniiieinneiinaann.
Shale, greenish-gray, argillaceous ........c.oveeeveeneneneenennn.

(Total Bonner Springs shale, 24.5 feet)

Wyandotte limestone:
Farley limestone member:
Limestone, gray, thin-bedded ................coooiiiiiiiin,
Shale, gray, argillaceous ........covviiiiiiiiiiiiiiniinnn.
Limestone, bluish, hard, massive, buff at top....................
(Total Farley limestone member, 19.5)

Island Creek shale member:
Shale, argillaceous, greenish ..............coiiiiiiiiiiiiiiian,
Argentine limestone member:
Limestone, drab, cross-bedded, odlitic ..............ccvvviinnnn,
Limesi(:ione, whitish, wavy-bedded, cherty, crystalline, base cov-
123 s

4. Railroad cut, NW cor. De Soto, composite section

Stanton limestone formation :
Eudora shale member, covered.
Captain Creek limestone member:
Limestone, whitish, massive, even-bedded, contains zone of En-
teletes PUGROTALS ..ottt it iiieieie i
Vilas shale:
Shale, mostly covered .......ovviuiiiiiiiiiiiiiiriiiiiiiiiin.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, gray, even-bedded, cherty, fossiliferous, poorly ex-
00 =Y
Hickory Creek shale member:
Shale, gray, argillaceous .........ovveeiiiiiiiieiiiiineeeinnns
Merriam limestone member:
Limestone, dark gray, blocky, fine-grained......................
(Total Plattsburg limestone, 28.5 feet)

5.0

25.0
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Bonner Springs equivalent: Feet.
Limestone, whitish, cross-bedded, oSlitiC..........ovuvunrnnrnnn. 5.8
Wyandotte limestone :

Limestone, whitish, crystalline, massive, even-bedded, fossilif-
erous, bases covered. ...t 164-

5. On road, one fourth mile east of the NW cor. sec. 10, T. 12 8., R. 24 E.
Vilas shale, covered.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, drab, massive, granular, soft, contains spines of

B CRINOCTINUS SPP. « v ettt ettt et et 1.5
Limestone, gray, hard, even, thin-bedded, contains zone of En-

teletes hemiplicatus var. and Marginifera wabashensis ...... 3.0
Limestone, buff, soft .........cooviiiiiiiiiiii i 2.0
Shale, buff, ferruginous ............covuverininnennennnnannnn.. 0.2
Limestone, buff, soft .............o ittt 1.5

Hickory Creek shale member:
Shale, black, carbonaceous
Merriam limestone member:

Limestone, drab, massive, contains Pinna sp., Myalina ampla,
Osagia sp., and Composita SP. «..vvvne it e eeeaeananann.s 2.0

(Total Plattsburg limestone, 10.4 feet)
Bonner Springs shale:

Shale, upper part covered, lower part greenish-buff, arenaceous,
contains a few plant fossils ...........coiiiiiiiiiiiiina.. 30.0

Wyandotte limestone:
Farley limestone member:

.................................... 0.2

Limestone, drab, massive, hard, weathers into thin laminae...... 2.0
Shale, greenish-buff, arenaceous, micaceous, zone of limonite con-
cretions near the middle .............cooiiiiiiiiinnnn.. 10.0

Limestone, gray and buff, massive, upper part dark gray, sub-
odlitic, lower part even-bedded, contains Composita subtilita, 5.0

(Total Farley limestone member, 17.0)
Island Creek shale member:

Shale, gray to buff, argillaceous, zone of rhomboporoids at the
1176 12.0

6. Quarry, SE cor. sec. 1, T.12 8., R. 24 E.

Wyandotte limestone:
Island Creek shale member, covered.
Argentine limestone member:

Limestone, bluish-gray, rather thin-bedded wavy, fine-grained,
some chert nodules, base covered ................ceiiaa.., 234



Geology of Johnson and Miams Counties 89

7. On the road, starting at bridge, one fourth mile west of the center of the

east side sec. 6, T.12 S, R. 25 E.
Lane shale:

Shale, buff and gray, argillaceous, covered.
Iola limestone:

Raytown limestone member: Feet.
Limestone, buff, hard, ferruginous .............covveininunan.. 1.0
Limestone, buff and gray, dense, zone of productids............. 2.0
Limestone, dark-gray, brecciated, hard, with coarse crystals of

CAlCIEE ot e .
Shale, buff, argillaceous...........oooiiiiiii i, 0.7
Limestone, drab, argillaceous. ............ovuvnineninenennnnnn.. 0.5

Muncie Creek shale member:
Shale, dark gray, platy, contains phosphatic spherical nodules.... 0.5
Paola limestone member:

Limestone, dark-bluish, lithographic, contains abundant “mark-
lets,” massive, blocky ..........ciiiiiiiiiii i, 1.5

Limestone, gray, granular ..............cc.cvoiivreninennnnnnn.. 0.3
(Total Iola limestone, 8.5 feet)
Chanute shale:
Shale, buff, arenaceous, mostly covered............oooveuvnn.... 23.0
Drum limestone:

Limestone, whitish, thin-bedded, wavy, hard, weathers light
brown, base covered ......... ...l e 54

8. Quarry, west of road, one fourth mile north of the center of north edge
sec. 4, T.12 8, R. 25 E.

Lane shale, covered.
Tola limestone:

Limestone, brownish, brecciated, mostly covered, forms bench.
Chanute shale:

Shale, covered, gray and buff, argillaceous, to top of Iola bench, 30—
Drum limestone:

Limestone, buff, massive, granular, cross-bedded, fossiliferous.... 1.2
Shale, buff, imy ........coiiiiiiiiiiiii it 0.3
Limestone, thin-bedded, wavy, whitish to drab, shaly at top

with zone of Composita sp. and bryozoans..................

(Total Drum limestone, 10.0 feet)
Quivira shale:

Shale, olive, argillaceous .......ovvvvieerernrennennnnnnn.. ... 3.0
Shale, black, carbonaceous, fissile, s0ft.......c.ovvvunnnennninn. 0.8
Shale, olive, contains small nodules of brown limestone......... 4.0

(Total Quivira shale, 7.8 feet)
Westerville limestone:

Limestone, buff, nodular, soft.........c.ooviiriiieniiinniennenn. 2.0

Limestone, gray, mottled brown, massive, dense, lower part cov-
1S3 Yo AN 44
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9. Kill Creek bridge, one half mile east of De Soto on the highway

Plattsburg limestone:
Spring Hill limestone member:
" Limestone, gray, forms bench.
Hickory Creek shale member: Feet.
Shale, gray, argillaceous, contains Worthenia tabulata?......... 20.0
Merriam limestone member:
Limestone, bluish, lithographic, brittle, contains Cancrinella

boonensis and Heterocoelia beedei ..............cc.cuvuu.... 1.0
Bonner Springs equivalent:
Limestone breccia, soft, and shale, covered..................... 9.0

Wyandotte limestone :
Farley limestone member:

Limestone, drab, massive, soft, subodlitic, obscurely cross-bedded ;
largely composed of fossil fragments, contains a faunule of

nautiloids at the base...................iiiiiiiiiiiii... 11.0

Limestone, whitish, massive, even-bedded, fossiliferous.......... 5.0
Island Creek shale member:

Shale, bluish-gray, exposed at water’s’ edge.........covvuvun... 14

10. Center of west edge sec. 17, T. 12 S, R. 24 E.
Vilas shale:
-Shale, and buff micaceous sandstone, covered.
Plattsburg limestone:
Spring Hill limestone member:

Limestone, gray and brown, mostly covered.................... 6.0
Hickory Creek shale member:

Shale, gray .oouivriiiii i el 0.5
Merriam limestone member:

Limestone, drab, zone of Osagia and Myalina ampla. ........... 1.0

(Total Plattsburg limestone, 7.5 feet)
Bonner Springs shale:

Shale, olive, argillaceous .........oeviieneiuvniriunieennenennns 2.0
Limestone, nodular, argillaceous, brown, “marlite”.............. 0.2
Shale, greenish, with a thin bluish streak, argillaceous. .......... 4.0
Shale, brown, arenaceous .............covuiuinirvnneeneneneennn. 20.0

(Total Bonner Springs shale, 26.2 feet)
Wyandotte limestone:
Farley limestone member:
Limestone, dark-bluish, hard, thin-bedded, contains Enteletes

hemaplicatus Var. ......... ... i 8.0
Shale, greenish, argillaceous .........ooviriiiiiinnininiennnn.n. 4.0
Limestone, brown, nodular, spongy, “marlite”................... 1.0
Shale, maroon, argillaceous ............oovvrininininenennnnn.. 0.5
Shale, greenish-buff, imy .................coiiiiiiiiiiinin.... 5.0
Limestone, blue, hard, massive.........ccovvuiirininennenennens 2.0

(Total Farley limestone member, 20.5)
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Island Creek shale member: Feet.
Shale, gray to buff, arenaceous, zone of rhomboporoids at the top, 15.6
Argentine limestone member:
Limestone, whitish, cherty, covered.

11. Center west edge sec. 20, T. 12 S, R. 24 E.
Plattsburg limestone :
Limestone, gray and brown, mostly covered, upper part eroded

AWAY ettt ettt ittt ettt e e i 54
Shale; Bray ..ottt e e e 0.5

Limestone, drab, zone of Osagia and Myalina ampla, blocky,
(343 ¢ AR A 1.0

Bonner Springs shale:

Shale, greenish-gray, limy ...........coiiiiiiiiinininninnnnen. 4.0
- Limestone, brownish, nodular, spongy, “marlite”................ 0.5
Shale, maroon, argillaceous ..........oevirenreenrenneeneennns 0.7
Shale, greenish, argillaceous ...........cccoiiiiiiiiniinnnnnnn. 16.0

(Total Bonner Springs shale, 21.2 feet)

Wyandotte limestone:
Farley limestone member:

Limestone, dark gray, massive, granular..................0v.... 5.0
Shale, buff and greenish-gray, argillaceous, with 6 inches of
maroon clay below the middle, underlying a thin, ferruginous

Hmy Jayer .. .oeiiiiiiiiiii i it i e e 12.0
Limestone, bluish at the top, dark gray, weathers buff, massive,
granular, containg OSagi@ .........vvereerennrennennenennnns 4.5

(Total Farley limestone member, 21.5)

Island Creek shale member:
Shale, gray, arenaceous, platy, zone of rhomboporoids at the top, 13.0
Argentine limestone member:

Limestone, upper layer dark gray, hard, granular, contains Osagia,
base CoOVEred ......iiuiiitiii i et 24

12. Railroad cut, one half mile south of Cratg, center west edge sec. 36,

T.128,R.23 E.
Wyandotte limestone:

Argentine-Frisbie members:
Limestone, mostly covered.
Lane shale: :
Shale, buff and bluish-gray, platy soft ...............ccoint. 254

13. On road, middle of south edge sec. 25, T.12 S., R. 23 E.

Vilas shale:
Shale, light-buff,-arenaceous, mostly eroded..................... 8+
Plattsburg limestone:
Spring Hill limestone member:
Limestone, brown and gray, mostly covered.................... 84
Hickory Creek shale member:
Shale, gray, argillaceous ...........ccoviiierniirrnninnennnnnnnn. 0.5
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Merriam limestone member: Feet.
Limestone, drab, massive, even, blocky, zone of Osagia and M ya-
lina ampla, contains productids ..............oeveennnnn... 2.0

(Total Plattsburg limestone, 10.5 feet)
Bonner Springs shale:

Shale, greenish, argillaceous ...............ouereernennnnnnnn. .. 4.0
Limestone, brownish, nodular, spongy, “marlite”................ 0.5
Shale, maroon, argillaceous ............eeeuererenenenonnnnnin. 0.5
Sandstone and sandy shale, buff, micaceous .................... 4.0
Shale, greenish-gray, argillaceous .............eevueuernennnn... 6.0

(Total Bonner Springs shale, 15.0 feet)
Wyandotte limestone:
Farley limestone member:
Limestone, dark-gray, suboélitic, massive, even-bedded, weathers

into thin 1aminae .........oo.veiiuiineneneenennnrnnnnnnnns 11.0
Shale, covered, about ..........oviuiiniiti 3.0
Limestone, dark gray, blocky, massive, dense, brittle, even-

bedded, chert nodules rare ................iiiiiiiiin... 7.0

(Total Farley limestone member, 21.0)

Island Creek shale member:
Shale, mostly covered, gray, argillaceous ..............o.vvvu... 7.0
Argentine limestone member:

Limestone, light gray, thin-bedded, wavy, cherty, dark and granu-
lar at the top, base covered ...........oovviuenninannnnnn, 15+

14. From railroad track over bluff to highway, east of the center of sec. 25,

T.128,R.23 E.
Plattsburg limestone:

Limestone, buff, even-bedded, upper part mostly covered, blocky

even layer at base ........oiiiiiii i 104

Bonner Springs shale:
Shale, buff, Hmy ..., 2.0
Shale, maroon, argillaceous ............c.vvueneenernnernnnn.n. 0.1
Shale, yellowish-brown, nodular, imy............ccoeveeennnn... 7.0
Shale, maroon, argillaceous ............oevevevrenenennnnnnn.n. 0.5
Shale, gray, CoOVered .......euvuviniiiiiiinieeeeaeenaannnnns 33.0

(Total Bonner Springs shale, 42.6 feet)

Wyandotte limestone:
Farley limestone member:

Limestone, gray to pinkish, massive, crystalline, even-bedded.... 16.0
Shale, buff, argillaceous ...........cooviiiuienineeninnnnnnn... 4.0
Limestone, gray, massive, about............ooeeeuernrnrnnnn... 6.0

(Total Farley limestone member, 26.0)

Island Creek shale member:
Shale, covered, greenish, argillaceous........................... 4.0
Argentine-Frisbie members:

Limestone, light gray, thin-bedded, massive at top and base,
1015 2 28.0

(Total Wyandotte limestone, 58.0 feet)
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Lane shale: Feet.
Shale, olive-gray to buff, argillaceous ............covvuvninnenn.. 45.0
Tola limestone:
Raytown limestone member:
Limestone, buff, evenly bedded, fossiliferous, massive........... 5.0 .
Muncie Creek shale member:
Shale, gray at top with phosphatic nodules, black, fissile below.. 2.0
Paola limestone member:
Limestone, dense, bluish-gray, covered.

15. West end of bridge, center of the north edge sec. 13, T. 13 8., R. 23 E.

Stanton limestone:
Captain Creek limestone member:

Limestone, white to gray, fine-grained, zone of Enteletes pug-
noides, partly eroded ..........ciiiiiiiii i i 4+

Vilas shale:

Shale, gray to light buff, arenaceous, micaceous. An eight-inch
bed of hard sandstone occurs near the top................... 13.0

Plattsburg limestone:
Spring Hill limestone member:

Limestone, bluish-gray, weathers buff, massive, argillaceous,
weathers into thin, wavy laminae, zone of Composita sp. at

1714 T3 ¢« S 4.9
Shale, buff .....coiiiii i 0.1
Limestone, massive, granular .............coiiiieiiinnenann... 2.0
Shale, Bray voveeee ittt i e i 0.2

Limestone, gray, streaked with buff, hard, brittle, zone of Entel-
etes hemiplicatus var. and M argszem wabashensis near the

middle ...t e e e 4.9
Hickory Creek shale member:
Shale, gray and buff ...................... e, 0.3
Merriam limestone member:
Limestone, gray, blocky, very fine-grained...................... 1.0
Limestone, drab, granular, massive, zone of Osagia and Myalina
ampla, Composita sp. at the base...........covveieiiiinnan... 2.0

(Total Plattsburg limestone, 154 feet)

Bonner Springs shale:
Shale, mostly covered, greenish-gray, argillaceous............... 21.0
Wyandotte limestone.

16. On road, starting north of the SE cor. sec. 35, T. 12 8., R. 23 E.

Plattsburg limestone, remnant.
Bonner Springs shale:
Shale, covered, greenish-gray, argillaceous...................... 26.0
Wyandotte limestone:
Farley limestone member:

Limestone and shale, partly covered, upper part is dark gray,
massive limestone and weathers in thin laminae, lower part
crystalline, drab, fragmental ..................ccooiiiiia.. 23.0
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Island Creek shale member: Feet.
Shale, greenish-gray, argillaceous .............oovueirneennenn... 3.0
Argentine limestone member:
Limestone, whitish, hard, wavy, massive at top, becoming fer-

ruginous at the base, cherty ................................ 11.0
Quindaro shale member:
Shale, greenish-gray, argillaceous .............eeueernennnnnn... 1.0
Frisbie limestone member:
Limestone, gray, massive, dense, evenly-bedded................ 4.0
(Total Wyandotte limestone, 42.0 feet)
Lane shale:
Shale, olive and argillaceous above, buff and arenaceous below,
base Covered .......cuiiiiiiiii 174

17. On road, center sec. 12, T. 13 8., R. 22 E.
Stanton limestone:
Captain Creek limestone member:

Limestone; weathered remnant, zone of Enteles pugnoides.
Vilas shale:

Shale, grayish-buff, arenaceous, about..............covuvnon.... 20.0
Plattsburg limestone:

Limestone, poorly exposed, basal layer blocky and oélitic with

OSAGIA v e et 10.0=+
Bonner Springs shale: _
Shale, not well exposed, buff, arenaceous, micaceous............ 12.0

Wyandotte limestone:
Limestone, poorly exposed, whitish, hard, upper part crystalline,
lower part cherty, irregular ..........coovviiinninennnn... 39.0
Lane shale, covered.

18. Southeast cor. sec. 7, T. 13 S., R. 23 E.

Plattsburg limestone.
Bonner Springs shale:
Shale, buff, arenaceous, poorly exposed.........cevveeueeneunn.. 12.0
Wyandotte limestone:
Farley limestone member:
Limestone, thin-bedded, wavy, crystalline, pitted with brown, fer-

ruginous INclusions .......vvieenenienneenninnnenneennnnns 17.0
Island Creek shale member:
Shale, greenish, argillaceous ..........c.oviveviiiiniinnnnnnnn.. 2.0

Argentine-Frisbie members:
Limestone, white and gray, massive, hard, wavy, thin-bedded at
the middle, cherty, upper layer dark bluish, granular......... 27.5
(Total Wyandotte limestone, 46.5 feet)
Lane shale:
Shale, buff and gray, mostly argillaceous, some arenaceous ma-
terial, blocky ....ciuruiiiii i e e 4.0
Iola limestone: )
Limestone, gray, massive, mostly covered.
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19. On road, by bridge, SW cor. sec. 20, T. 13 8., R. 23 E.

Vilas shale.
Plattsburg limestone:

Spring Hill limestone member: Feet.
Limestone, brown and gray, covered..............couueeunn.... 6.0
Hickory Creek, shale member:
Limestone, yellowish-brown, ferruginous, shaly................. 0.5
Shale, grayish-buff, argillaceous ...........cooevreenrnennnnn... 0.3
Shale, brown, limy, ferruginous ................. B 0.2

Merriam limestone member:

Limestone, gray, massive, block, dense, large “worm-borings”... 1.3
Shale, gray,; argillaceous ...........coeviviinineenenennnnnnnnn.. 0.2
Limestone, drab, blocky, hard, in two layers, zone of Osagia..... 1.5

(Total Plattsburg limestone, 10.0 feet)
Bonner Springs shale:
Shale, greenish, mostly covered, argillaceous in upper part...... 37.0
Wyandotte limestone:
Farley limestone member:

Limestone, whitish, crystalline, thin-bedded, more massive at the
top, fragmental, brecciated, somewhat cherty, abundant brown

limonite INCIUSIONS . ...vvvutvriiiee et e 16.0
Island Creek shale member: )
Shale, gray, argillaceous ............coivuiiiiirninnenennnnnin. 2.0

Argentine limestone member:
Limestone, drab to bluish-gray, massive, suboélitic, contains silici-
fied Fistulipora sp., Myalina ampla, Allorisma sp........... 2.0
Limestone, whitish to buff, thin-bedded and wavy, becoming mas-
sive and coarsely crystalline below the middle, again thin-
bedded below, rather brittle and shattered throughout where

DOt INASSIVE .+ .vteettteteete et et it et et e eeananns 22.0
Quindaro shale member:
Shale, limy, buff ........ .. i 5.5
Frisbie limestone member:
Limestone, gray, dense, very massive, in one layer.............. 3.0
(Total Wyandotte limestone, 50.5 feet)
Lane shale:
Shale, gray and buff, argillaceous, partly covered................ 40.0

Iola limestone:
Raytown limestone member:

Limestone, ferruginous, soft, massive at the top, and in descend-
ing order, buff thinly laminated; gray, massive, granular,
zone of productids; gray, shattery .......................... 6.0

Muncie Creek shale member:
Shale, upper one foot gray clay, with phosphatic nodules, lower

seven inches hard, black, platy shale........................ 1.6
Paola limestone member:
Limestone, bluish, dense, contains “marklets”.................. 1.0

(Total Iola limestone, 8.6 feet)
Chanute shale.
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20. North of the middle of each side sec. 28, T.13 8, R.23 E.

Stanton limestone:
Olathe limestone member: Feet.
Limestone, bluish, thin-bedded, weathers buff, partly eroded.... 10+
Eudora shale member:

Shale, argillaceous, olive-green, a thin carbonaceous layer near
the base .......oviiiiiiii i e 6.0

Captain Creek limestone member:

Limestone, bluish-gray, at top dense, blue and pink, siliceous;
below, bluish-gray, finely granular, contains zone of Enteletes

pugnotdes and a few 0Sagi@ ............oeeueernnrunsnnnnn.. 5.0
Vilas shale: . .
Shale, light-buff, faintly greenish, arenaceous, mostly covered,
base covered ...........iiiiiiii e 164

21. Road cut, west side of east branch of Cedar Creek, center south edge

sec. 29, T.13 8., R. 23 E.
Stanton limestone :

Captain Creek limestone member:

Limestone remnant, dark gray, fine-grained, zone of Enteletes
pugnoides.

Vilas shale:
Shale, grayish-buff, arenaceous
Plattsburg limestone:
Spring Hill limestone member:
Limestone, drab, granular, massive............................. 4.0
Limestone, gray, dense, hard, even-bedded, zone of Enteletes

hemiplicatus var. and Marginifera wabashensis ............. 3.0
Hickory Creek shale member:.
Limestone, ferruginous, shaly ............... reeereceeiieetieas 1.0
Shale, dark greenish-gray, argillaceous ......................... 0.2
Limestone, ochery, argillaceous, soft ..............oovvunn..... 1.0
Merriam limestone member:
Limestone, dark gray, dense, blocky..:.......ccoovovvnvevnn. ... 0.7
Limestone, dark gray, fine-grained, blocky, zone of Osagia and
Myaling ampla ..o 0.8
(Total Plattsburg limestone, 10.7 feet)
Bonner Springs shale:
Shale, buff, arenaceous, micaceous ............................. 1.5
Shale, dark-gray, argillaceous ................................. 1.0
Shale, limy, brown, nodular, “marlite”......................... 3.0
Shale, greenish-gray, argillaceous .............................. 5.5
Shale, buff, arenaceous ................... . 16.0
(Total Bonner Springs shale, 27.0 feet)
Wyandotte limestone:
Farley limestone member:
Limestone, brown or buff, drab when fresh, pinkish at top, thin-
bedded, granular .................oo 5.0
Shale, yellowish, argillaceous and Imy.......ooooooiiiiiia ... 0.2
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Feet.
Limestone, light-gray, massive, finely crystalline, with large crys-
tals of calcite, abundant brown inclusions of limonite, frag-
mental ... e it e 5.5
Limestone, drab, massive, dense, fossiliferous .................. 5.5

(Total Farley limestone member, 21.7)
Island Creek shale member: .
Shale, bluish-gray, argillaceous, fossiliferous ................... 2.0
Argentine limestone member:

Limestone, buff, upper part thin-bedded, wavy, cherty, Myalina
ampla in granular dark layer near the top, lower part irregular,

massive, pinkish to white ...........c.coiiiiiiiiiiiiia., 23.0
Quindaro shale member:
Shale, buff to gray, hard, limy; carbonaceous at base........... 4.0
Frisbie limestone member:
Limestone, buff, fragmental, shaly .............cciviiiiaai... 0.5
Limestone, gray, massive, dense, even-bedded................... 2.0

(Total Wyandotte limestone, 53.2 feet)
Lane shale.

22. Road cut, west side of west branch of Cedar Creek, east of the center of
south edge of sec. 30, T. 13 8., R. 23 E.
Vilas shale:
Shale, buff, arenaceous, covered.
Plattsburg limestone :
Spring Hill limestone member:

Limestone, mostly covered .........ccoviiieiniiiiiniiiiiinine. 5.0
Hickory Creek shale member: '
Shale, greenish-gray, argillaceous ........c.covveivvieiieniieenaes 0.2
Merriam limestone member:
Limestone, gray, blocky, fine-grained, large “worm-borings”..... 1.0
Limestone, gray to white, odlitic, zone of Myalina ampla and
OSAGUE v e eeeneneeeeseneeneaesesasessssssessesscseessneencs 2.5
Limestone, brown, contains Myalina ampla, Juresania nebrasken-
5is, and COMPOSIEG SP. «cvvvntvnininniniiennennenennenannss 2.0

(Total Plattsburg limestone, 10.7 feet)

Bonner Springs shale:

Shale, greenish, argillaceous, covered, contains ferruginous, limy
“MArlite” ZOME ...vtivineereneereennneeennseenenseeeennnnnn 2.0

Shale, maroon, argillaceous ..........coeiiiiiiiiiiniiinnenn.n. 1.0
Shale, buff and arenaceous below, greenish and argillaceous above, 16.5
(Total Bonner Springs shale, 19.5 feet)

Wyandotte limestone:
Farley limestone member:
Limestone, gray, dense, even-bedded, blue and pink at the top,

SIHCEOUS vveviiireenneeeeeeesonansoeosanesesnneneaannneanns 5.0

~ Shale, greenish-gray, argillaceous ............... e, 1.0

Limestone, granular, drab, thin-bedded ........................ 5.5
Limestone, light drab, crystalline, brown limonite inclusions,

cherty near the middle, fossiliferous ................... ... 5.5

(Total Farley limestone member, 17.0)
7—711
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Island Creek shale member: . Feet.

Shale, buff and gray, argillaceous, fossiliferous.................. 2.0
Argentine limestone member:

Limestone, whitish, irregularly bedded, cherty, base covered..... 20+

23. At creek, NW cor. sec. 10, T. 14 S, R. 23 E.

Stanton limestone:
Olathe limestone member:
Limestone, gray, thin-bedded, wavy, chert rare, crystalline, upper
part eroded ........ i i e e 8+
Eudora shale member:
Shale, greenish-gray, argillaceous, thin carbonaceous zone near
the DasSe vttt e e e e 11.0
Captain Creek limestone member:

Limestone, gray, weathers white, massive, even-bedded, zone of
Enteletes pugnoides, upper part brecciated, pink and blue,

mottled, siliceous .......oviiiiiiiiiiii i 5.5
Vilas shale:
Shale, light buff, arenaceous ..........c.ooviuiiiiiiiiiiiii, 15.0

Plattsburg limestone:
Spring Hill limestone member:

Limestone, drab and gray, mostly covered..................... 9.0
Hickory Creek shale member:

Shale, yellow, limy, ferruginous ..........ooveevieeneneenennen. 0.2

Shale, black, carbonaceous .........oveeieirernrerecaeaeaeaenns 0.2

Shale, yellow, limy, ferruginous ..........c.coeeeieieienenanne 0.2
Merriam limestone member:

Limestone, gray, dense, even, blocky, contains “worm-borings”.. 1.0

Shale, gray, LMY . .ocvneeentennniin e iaeeeiiaeeneennn. 0.1

Limestone, drab, blocky, zone of Osagia and Myalina ampla.... 1.0

(Total Plattsburg limestone, 11.7 feet)

Bonner Springs shale:

Shale, gray, argillaceous .......c.ovieiiiiiiiiiiiiiiiiiiiaa., 1.6
Shale, dark gray, carbonaceous .............cvuiiiiinann.. e 1.0
Shale, greenish-buff, arenaceous, “marlite” at top............... 5.0
Sandstone, greenish-buff, micaceous, base covered.............. 1+

24. Road cut west of center north edge sec. 32, T.13 8., R. 22 E.

Stanton limestone:
Captain Creek limestone member:
Limestone, gray and buff, zone of Enteletes pugnoides, eroded.

Vilas shale: _
Shale, grayish-buff, arenaceous ..........cooeveiiieiiiin... 12.0

Plattsburg limestone:
Limestone, buff and gray, even-bedded, odlitic near the top below
a Composita sp. bed, lower part covered, zone of Enteletes
hemiplicatus var. plattsburgensis near the middle............. 25+
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Bonner Springs shale: Feet.
Shale, mostly covered, greenish, argillaceous at top, arenaceous in
lower part, contains plant fossils ........oovveuenennen..... 22.0

Wyandotte limestone:
Limestone, bluish-gray, upper surface shown.

25. On road, south of the NW cor. sec. 22, T. 13 8., R. 22 E.

Stanton limestone:
Captain Creek limestone member:
Limestone, dark gray, weathers buff, “sugary” texture, blocky and
even-bedded, contains Enteletes pugnoides, partly eroded... 4+
Vilas shale:
Shale, grayish-buff, arenaceous, faint greenish tint.............. 14.0
Plattsburg limestone:
Spring Hill limestone member:
Limestone, drab, granular, massive above, thin-bedded and even
below, cherty, weathers buff ‘and brown, zone of Enteletes
hemiplicatus var. plattsburgensis and Marginifera wabashensis

at the middle .......oooiiiiiiiiiiiii e 6.5
Hickory Creek shale member:
Shale, buff to yellow, ferruginous ................cooovuenii.... 0.7

Merriam limestone member:
Limestone, massive, gray, blocky, hard, contains “worm-borings” 2.0
(Total Plattsburg limestone, 9.2 feet)
Bonner Springs shale:
Shale, Covered .......cveeiineniin i 21.0
Wyandotte limestone.

26. Middle east edge sec. 14, T. 13 S, R. 22 E., west of schoolhouse

Vilas shale.
Plattsburg limestone:

Spring Hill limestone member:
Limestone, brown and buff, thin-bedded except at top, contains
Triticites irregularis, Enteles hemiplicatus var. plattsburgensts,

Marginifera wabashensis .........ooeeiiiinineannannnnnnnn. 5.5
Hickory Creek shale member:
Shale, greenish-buff, argillaceous .............................. 0.3
Merriam limestone member:
Limestone, gray, hard, blocky, fine-grained .................... 1.0
Limestone, drab, blocky, contains 0sagia...................... 2.0
Limestone, drab, odlitic, Osagia .........o.uuuuereuunennnnn... 1.0

(Total Plattsburg limestone, 9.8 feet)
Bonner Springs shale:

Shale, greenish-buff, argillaceous ...................oovuiin. ... 1.0
Shale, buff, marly ............ooiiiiiiii © 2.0
Shale, maroon, argillaceous .............viuvinneennnnnnnnnnn.. 1.0
Shale, greenish, covered .........cooiiiiiiiiiiiin 29.0

(Total Bonner Springs shale, 33.0 feet)
Wyandotte limestone.
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27. East bluff of Kill Creek, Penner’s ford, three fifths of a mile west of

NE cor. sec. 4, T.13 8., R. 22 E., on road

Plattsburg limestone:

Limestong, upper part brownish, cherty, covered, lower part
(Merrlam) gray, even-bedded with upper layer bluish, brittle,
siliceous, containing “worm-borings,” Heliospongia ramosa and
Heterocoelia beedet ..........oouuiniiiininiiiiieniininnnnns

Limestone, shaly, brown ............cooiiiiiiiiiiiiiiiiinnnn.

Limestone, brown, soft ........coiieiiiiiiiiiiiiiiiiiiiiiiia

Bonner Springs shale:

Shale, buff, Iimy ....ovtitinetiniiiiiiiiiiiiiiiiiiienneanns
Conglomerate, cross-bedded, yellow and gray limestone pebbles
in a matrix of dark gray, granular limestone, very fossiliferous,
Auviculopecten n. sp., Myalina sp., Hypselentoma perhumerosa,

Shale, greenish-gray, argillaceous, sandy at places...............

Limestone, drab, thinly cross-bedded, coarsely granular, unfossil-

LI OrOUS vt vviiieeeee e eaeeeeaeennenneseeeceeeeaocenaenns

Shale, gray, argillaceous, mostly covered.......................
(Total Bonner Springs shale, 53.0 feet)

Wyandotte limestone:
Farley limestone member:
Limestone, gray, massive, cross-bedded, composed of fossil frag-
ments, weathers drab to brown, contains numerous nautiloids,
base covered ........ceiiiiiiiiiiiiiiiiiiiiiiii i

28. Middle south edge sec. 24, T.13 S, R. 21 E.

Stranger sandstone:
Shale, buff, arenaceous, remnant.
Stanton limestone:
Little Kaw limestone member:
Limestone, bluish, even-bedded, brittle, fine-grained, Cancrinella
boonensis, Composita sp., algal “marklets” .................
Shale, buff, arenaceous, and sandstone.................coooienn
Limestone, platy, in thin, even laminae, peculiar light gray,
chalky appearance ...........c.oeeeveeiiiiiiinininneanaeaans
(Total Little Kaw limestone member, 5.0)

Victory Junction shale member:
Sandstone, reddish-brown, micaceous, fossiliferous...............
Olathe limestone member:

Limestone, bluish-gray, thin-bedded, wavy, crystalline, more
dense at the top, weathers gray except near the base, which is
buff, contains Aviculopecten sp., Triticites secalicus (robust
variety), Marginifera wabashensis ...............oiiii

Eudora shale member:

Shale, gray, argillaceous ......coveieiiiiiiiiiiiiiiiieiiaen..

Shale, black, carbonaceous, fissile ..............ooiiiilt

Shale, COVEred ......ovuvireiineuieenetireeneenreneeaeeennnns

(Total Eudora shale member, 6.0)
Captain Creek limestone member:

Limestone, dark gray, finely granular, siliceous, zone of Enteletes

D2 L

Feet.

104-
1.0
1.0

1.0

5.0

8.0
14.0

10+

1.0
3.0

1.0

3.0
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29. At bridge, two tenths of a mile south of SW cor. sec. 33, T. 15 8, R. 22 E.

Vilas shale.
Plattsburg limestone:

Spring Hill limestone member: Feet.
Limestone, buff, thin-bedded, partly covered................... 6.0
Merriam limestone member :
Limestone, gray, blocky, hard, “worm-borings”................. 1.0
Shale, gray, argillaceous .......coeevieiineieernneennenneanacnns 0.2
Limestone, light-gray, odlitic, thin-bedded, zone of Osugia and
Myaling ampla .......c.oiuiniiiiiin it iiiiieieaeaeaaanas 3.5
Limestone, dark gray, blocky, crystalline, contains many Com-
DOSTEG SPe e nveevenueenesneenneennonsneenesenesnesacseaesns
Limestone, granular, contains Osagi@ .........ccoevevueenenennes 1.5
(Total Merriam limestone member, 6.9)
(Total Plattsburg limestone, 12.9 feet)
Bonner Springs shale:
Shale, greenish, argillaceous, brown limestone nodules in the
UPPET DPATE vveveeeineeneeanennuneneearenanesueeseeanennens 9.0
Sandstone, gray and buff, thin-bedded, and micaceous........... 5.5
Limestone, arenaceous, cross-bedded, fossiliferous .............. 5.0
Shale, covered ........ccoviiiiiiiiireiiiireriiiiteeaeteiiainees 6.0
(Total Bonner Springs shale, 25.5 feet)
Wyandotte limestone:
Limestone, whitish, wavy-bedded, fossiliferous, base covered.... 104

30. At bridge, one tenth of a mile north of SW cor. sec. 35, T. 15 8., R. 22 E.

Wyandotte limestone:
Limestone, whitish, massive, crystalline with a fine ground -mass,

weathers brown with a pitted surface, upper part eroded..... 23+
Lane shale:
Shale, bluish and buff, arenaceous, base covered................ 124

31. Road cut, NE cor.sec. 17, T. 15 S, R. 23 E.
Vilas shale.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, brown, massive .......ovvieeerineeeeeneeennneeenns 3.0
Limestone, light-gray, o0litic ........ccoiiiuiinriineeneenneenns 3.0
Limestone, bluish-gray, thin-bedded, cherty in the upper part... 4.0
Merriam limestone member :

Limestone, gray, dense, blocky, “worm-borings” at the top........ 1.0
Limestone, drab, Myalina ampla-Osagia zone, Composita sp.
abundant at base. ... ..coiiiiii i e 1.0

(Total Plattsburg limestone, 12.0 feet)
Bonner Springs shale:

Shale, greenish, argillaceous, soft.......ccovviiiiiiiiiiiiii., 2.0
Limestone, brown, nodular, “spongy,” marlite.................. 1.0
Shale, maroon, argillaceous, streaked with vertical veins of ocher

Clay o e e it e

Sandstone, buff, micaceous with some buff sandy shale at the top, 7.0
(Total Bonner Springs shale, 13.0 feet)
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Wyandotte limestone : Feet.
Limestone, massive, gray, bluish at the top, hard, lower part
COVETEA ettt e 7+

32. Railroad cut at Spring Hill, SE cor. sec. 14, T. 15 8., R. 23 E.
Vilas shale.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, drab, granular, weathers buff....................... 1.8
Shale, gray and brown, limy .............coouveeueiniiiiniin, 0.2
Limestone, drab, soft, argillaceous, fossiliferous, weathers buff.... 1.0

Limestone, bluish-gray and buff, massive, granular, composed
largely of minute fossil fragments, numerous thin, wavy streaks

- of carbonaceous limestone, Composita zone at top........... 4.0
Limestone, drab, massive, odlitic, fossil fragments.............. 1.3
Shale, gray, limy .........ooiiiiiii e 0.2
Limestone, drab, dense.............oveueineinnennennnnnnnnn.n. 0.6

Limestone, drab, hard, massive, wavy carbonaceous streaks, zone
of Enteletes hemiplicatus var. plattsburgensis and Marginifera
wabashensis, base covered ............iiiiiiiiinniananennn.. 3+

33. Road cut, center sec. 30, T. 14 S, R. 25 E.

Wyandotte limestone:
Farley limestone member:

Limestone, partly eroded, gray, hard, wavy-bedded............. 27+
Island Creek shale member:
Shale, covered, about ............ et e e, 2.0

Argentine-Quindaro members:

Limestone, whitish, massive, crystalline, irregularly bedded, cherty
ab top .. ettt et 16.0

Limestone, yellowish-brown, weathers massive, drab............. 20.0
Frisbie limestone member:
Limestone, whitish to buff, massive, erystalline, soft, brown solu-

BIOIL DIt « ettt e e e 3.0
Lane shale:
Shale, buff and gray, argillaceous, uniform...................... 27.5

Tola limestone:

Limestone, gray, massive, blocky, weathers buff, bottom part
covered.

34. Road cut, SE cor. sec. 24, T. 14 S, R.24 E.
Wyandotte limestone:
Lane shale:
Shale, olive to gray, argillaceous, mostly covered................ 22.0
Tola limestone:
Limestone, upper part exposed, evenly bedded, gray, fine-grained,
upper layer gray to white and crystalline, base covered ...... 6+

) 35. Near bridge, SE cor. sec. 16, T. 14 S, R. 24 E.
Plattsburg limestone:
Limestone, brown and gray, even-bedded, mostly covered.
Bonner Springs shale:
Shale, buff and gray, argillaceous, mostly covered................ 204
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36. On road, one fourth mile west of NE cor. sec. 19, T'. 14 S,R.25 E.

Wyandotte limestone: Feet.
Farley limestone member:

Limestone, white to bluish-gray, lower part very crystalline,
“fragmental,” Juresania nebraskensis and Marginifera sp.

abundant, lower one and one half feet blocky and even...... 19.0
Island Creek shale member:
Shale, gray, limy, fenestrated bryozoans abundant.............. 6.0

Argentine limestone member:

Limestone, light-gray, wavy-bedded, massive, except near the
middle, where it is thin-bedded, fine-grained ................ 384

37. On road, SE cor. sec. 10, T. 14 8., B. 25 E.

Wyandotte limestone.
Lane shale:
Shale, grayish to buff, argillaceous ........c..covviiiiiiiaeenne. 22.0
Tola limestone:
Raytown limestone member:
Limestone, evenly-bedded, gray, crystalline, more thin-beded be-

JOW o teeeeeeeseaannnnennsssnsessassesseenndannanassaasssons 4.5
Muncie Creek shale member:
Shale, gray, with phosphate nodules..........coooiiiienennnn. 0.2

Paola limestone member:
Limestone, dark bluish-gray, lithographic, blocky, contains abun-
dant “marklets” and some worm-borings..........c.coeennn 1.5
Limestone, drak-gray, granular ......c..coceveiinininnienneenns 0.3

(Total Iola limestone, 6.5 feet)
Chanute shale:

Shale, buff, argillaceous ......oeeveeeeieniniiiiiariaeanaeeenes 4.0

Sandstone, buff, micaceous, soft ...... ..ol 0.7
Shale, bluish-gray and buff, arenaceous, carbonaceous streak near

the top with Neuropteris and Cordattes ..........oovvnnenn. 15.0
“Marlite,” greenish-brown, nodular, spongy .................... 1.0
Shale, maroon, flaky, argillaceous ...........oveeiiiniiieenne. 5.0
Shale, olive, argillaceous; small calcareous nodules.............. 6.0

(Total Chanute shale, 31.7 feet)
Drum limestone:
Limestone, gray, upper surface gray, blocky.
Quivira shale, covered.
Westerville limestone, covered.

Covered interval, to top of Drum limestone about.............. 12+
Wea shale:
Shale, gray, argillaceous, top and base covered.................. 32+

38. On road, SE cor. sec. 34, T. 13 S, R. 25 E.

Chanute shale:

Shale, brownish and buff, micaceous, arenaceous, upper part
L e L= KA 174

Shale, maroon, argillaceous, flaky .......c.ooiiiiiiiiiiiinn 4.0
Shale, olive, argillaceous, about ..........coeviiiiiiiiiiinin... 1.0
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Drum limestone: Feet.

Limestone, buff, thin-bedded, gray, massive at the base and top.. 5.0
Quivira shale:

Shale, olive, calcareous, and argillaceous ....................... 4.0
Westerville limestone:

Limestone, dark-gray, massive, dense.............oooeennoenn... 4.5
Wea shale:

Shale, argillaceous, gray and buff, lower part covered........... 114

39. On road, NE cor. sec. 34, T. 13 S, R. 25 E.
Lane shale.

Iola limestone:
Raytown limestone member:
Limestone, gray, weathers buff, massive, even-bedded, zone of

large productids near the tOp ..........oooirnirunrnnnn.. 5.5
Muncie Creek shale member:
Shale, gray, contains numerous phosphatic concretions. ... ...... 0.2

Paola limestone member:

Limestone, dark bluish-gray, lithographic, “marklets” abundant,
bIOCKY .ttt 1.0

(Total Iola limestone, 6.7 feet)
Chanute shale:

Shale, limy, fossiliferous .........oooveunenrnennnn .. 1.0

40. On road, SW cor. sec. 15, T. 13 S, R. 25 E.
Lane shale.

Iola limestone:

Limestone, poorly exposed, gray and blocky above and litho-
graphic, bluish, brittle below, with abundant algal “marklets,” 7.0

Chanute shale:
Shale, gray, argillaceous, mostly covered, layer of maroon shale
Dear base .......ieiiiiii i i 22.0
Drum limestone :
Limestone, gray, massive, irregularly bedded, weathers drab and

buff ... 10.0
Quivira shale:
Shale, gray, My ......oouiiuniiinien e, 2.0
Westerville limestone :
Limestone, massive, drab, base covered........................ 4.0
Wea shale:
Shale, bluish-gray, argillaceous, base covered................... 30.5

Block limestone:
Limestone, buff, Chonetina zone at base, probably represents only

basal BlOCK ........vuiiiiiiiiiie e e 0.5
Fontana shale:
Shale, gray, argillaceous, base covered......................... 6+

41. On road, center of east edge sec.21, T. 13 S., R. 25 E.

Chanute shale:

Shale, brown, arenaceous above, maroon and olive near base,
mostly covered ........ ..o, 254
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Drum limestone: Feet.
Limestone, gray, weathers buff, massive, irregularly bedded, base
COVETEA vttt ittt et e i s 7+

Quivira shale:
Shale, upper part maroon, lower half olive, nodular, limy, upper

contact Covered .........eeieiiiiiiiiiiiiiii it 4+
Westerville limestone:
Limestone, drab, massive, weathers platy, base covered......... 5+

42. On road, one fourth mile north of SW cor.sec. 7, T.13 8., R. 25 E.

Plattsburg limestone.
Bonner Springs shale:

Shale and sandstone, mostly covered................... P 28.0
Wyandotte limestone:

Limestone, mostly covered ........c.ooiviiiiiiiiiiieiiienn. 22.0

Limestone, gray, massive, even-bedded .................. . ... 5.5
Lane shale:

Shale, buff to gray, argillaceous, some sand.................... 27.0

Tola limestone:
Limestone, dark-gray, blocky, hard, only the upper surface ex-
posed.

43. On road, SW cor. sec. 4, T.13 S, R. 25 E.

Drum limestone :

Limestone, gray, thin-bedded, hard, cherty at top, contains
Campophyllum tOTQUIUM ......o.uveirinnineneneaneneneenn, 6+

Quivira shale:

Shale, upper part greenish with a thin carbonaceous, fissile layer,
lower part buff with a brown marlite layer ................. 10.5

Westerville limestone:
Limestone, drab, massive, hard, makes a bench.

44. On road, near center sec. 14, T. 13 S, R. 22 E.

Stanton limestone:
Captain Creek limestone member:
Limestone, dark-gray, blocky, zone of Enteletes pugnoides, upper

part eroded ...t i i i 3+
Vilas shale:
Shale, light-buff, arenaceous .............c.cviiiiiiiiiiiininnn, 16.5

Plattsburg limestone.

45. On road, NE cor. sec. 23, T. 13 S.,, R. 22 E.

Plattsburg limestone:

Limestone, upper part brown, massive, even-bedded, contains
Enteletes hemaplicatus var., lower beds blocky, even, poorly
EXPOSEA ettt 104

46. On road, SW cor. sec. 14, T. 12 S, R. 23 E.

Wyandotte limestone:
Farley limestone and Island Creek shale members, covered.
Argentine limestone member:
Limestone, white, massive, wavy, cherty........................ 11.0
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Quindaro shale member: Feet.
Limestone, buff, thin-bedded, shattered, shaly................... 5.0
Frisbie limestone member: .
Limestone, whitish, massive, dense.............ooovuueennnn. ... 5.5
Lane shale.

47. Center west edge sec. 5, T. 12 S, R. 24 E., quarry at Quivira

Plattsburg limestone.
Bonner Springs shale:
Shale, gray, argillaceous and buff, sandy, covered............... 27.5
Wyandotte limestone :
Farley limestone member:
Limestone, gray and brown, brittle, massive.................... 6.5
Shale, gray, argillaceous ...........oeuneenennernnnennnns 10.0
Limestone, light-gray, covered.

48. North edge sec. 5, T. 12 8., R. 24 E., at north end of Quivira Lake,
beneath the dam
Chanute shale.
Drum limestone:
Limestone, gray to whitish, thin-bedded and wavy, shaly at the

top, contains Campophyllum torquium .................... 12.0
Quivira shale:
Shale, covered, includes shaly part of Westerville............... 13.0
Westerville limestone :
Limestone, covered ..........ooiuiiiiiniiiniiiaiininn., 2.0
Limestone, drab, fossiliferous ...............cooveunernneenn. .. 0.3
Shale, gray, calcareous, fossiliferous ........................... 1.0
Limestone, drab, oblitic, cross-bedded ......................... 2.0
Shale, gray, imy ......coouvuiieiniiin e, 0.2
Limestone, gray, argillaceous, fossiliferous, base covered........ 34-

49. Bluff west of Quivira Lake, sec. 5, T. 12 8., R. 24 E.

Plattsburg limestone, covered.
Bonner Springs shale:

Shale, covered, about ............ovvtirii 18.0
Conglomerate, drab, weathers buff, thin-bedded................. 4.0
Shale, buff, argillaceous .............covviviiierninrennnnnnnns. 4.0

Wyandotte limestone:

Farley limestone member:
Limestone, drab, massive, dense and bluish-gray at base........ 7.0
Shale, buff, somewhat arenaceous .................ooiiiiun.... 11.0
Limestone, brown, thin-bedded, covered, makes bench.

Island Creek shale member:
Shale, covered; from top of limestone above to top of Argentine, 11+

Argentine limestone.
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50. On road, one fourth mile south of NW cor. sec. 9, T. 13 S, R.25 E.

Lane shale.
Iola limestone:
Raytown limestone member: Feet.
Limestone, gray, massive, even-bedded, contains Marginifera sp.
and Heliospongia ramosa? ..........co.eeeueeeeeineennannnns 5.0

Muncie Creek shale member:
Shale, gray and buff, limy, contains Chonetes sp. and ellipsoidal
phosphatic nodules ........cociiiiiiiiiiiriieeienienieaans
Paola limestone member:
Limestone, dark, bluish-gray, lithographic, blocky, brittle, con-
tains abundant algal “marklets” ............oiiiiiiiiiii 1.5

(Total Iola limestone, 7.2 feet)
Chanute shale:

Shale, buff, partly covered, argillaceous, platy at top............ 20.0
Shale, maroon, platy, argillaceous..........cooviiineneiieannne. 1.0
Shale, olive, platy, argillaceous.........coovvreiinininiiean.. 1.0

(Total Chanute shale, 22.0 feet)
Drum limestone:

Limestone, light-gray, thin-bedded, wavy, cherty near the top,
Campophyllum torquium zone at the top...................

Quivira shale:
Shale, olive, limy, carbonaceous, fissile near the base............ 5.5
Westerville limestone:

Limestone, drab, massive, cross-bedded odlite, only the upper
part exposed.

51. Quarry, SE cor. sec. 14, T. 13 S, R. 24 E.

Wyandotte limestone:
Limestone, drab, thin-bedded and odlitic, cross-bedded, upper part

L= 5 7o (=7 e 64
Limestone, bluish-gray, thin-bedded, wavy, with thin yellowish
shaly breaks ......ooviiiiiiiiiiiiiiiii it 10.0
Lane shale.

52. On road near SW cor. sec. 21, T. 13 S., R. 25 E.

Lane shale:
Shale, olive, argillaceous, covered.
Tola limestone:
Raytown limestone member:
Limestone, gray, even-bedded, massive, upper part buff, zone of

large productids near top .......oeeireareanieniiaanaaianns 4.0
Muncie Creek shale member:
Shale, gray, limy, contains phosphatic nodules.................. 0.5
Paola limestone member:
Limestone, dark gray, lithographic, contains algal “marklets”... 1.0

(Total Iola limestone, 5.5 feet)
Chanute shale:

Shale, covered .......oouiiuiiintiireiiiiieeaeai i 22.0
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Drum limestone:

Limestone, gray, mostly covered, thin-bedded, cherty, weathers
buff, to base of Quivira shale...............................

Quivira, shale, covered.
Westerville limestone:
Limestone, gray, massive, brittle, mostly covered.

53‘. On Frisbie road, center north edge sec. 17, T. 12 8., R. 23 E.

Plattsburg limestone :
Spring Hill and Hickory Creek members:
Limestone, covered ..........uuiiiiiiiiiniiiieieiaann,
Merriam limestone member:
Limestone, gray, massive, blocky, dense, “worm-borings”. .......

Limestone, drab, blocky, in two layers, Osagia-Myalina ampla
0] 41

‘Bonner Springs shale:
Shale, green, argillaceous ............ovveenenenenenennneninins
Limestone, brown, nodular, spongy, “marlite”..................
Shale, maroon, argillaceous ..........oueeerreeunnernrnnennnnnn.
Shale, covered, greenish-gray at t0p ........covvierenernnnnnn..
(Total Bonner Springs shale, 32.7 feet)

Wyandotte limestone :
Farley limestone member:
Limestone, buff or gray, thin-bedded, crystalline, “fragmental”. ..
Shale, buff, argillaceous ............. oottt

Limestone, massive, light gray, crystalline, contains an abun-
dance of productids ...........c.ooiiiiiiiiiii e

(Total Farley limestone member, 20.5)

Island Creek shale member:
Shale, buff, argillaceous, fossiliferous ..............ccvuvuenn....
Argentine-Quindaro members:

Limestone, pinkish or blue, dense at top, remainder drab, gray,
thin-bedded, chert nodules rare, wavy ......................

Limestone, yellowish, partly covered, thin-bedded, shaly........
Frisbie limestone member:
Limestone, gray, hard, blocky, dense, “marklets”...............

{Total Wyandotte limestone, 56.0 feet)
Lane shale.

54. On road, middle south edge sec. 21, T. 13 S., R. 22 E.

Stanton limestone :
Olathe limestone member:
Limestone, gray, thin-bedded, wavy, crystalline, Triticites secali-
cus, Spirtfer dunbari, and large crinoid stems, upper part
Eroded .o.i i e e
Eudora shale member:
Shale, grenish-gray and argillaceous at top, mostly covered......
Captain Creek limestone member:
Limestone, gray, sugary textured, even-bedded, bright-blue mot-
tled at upper surface, siliceous, zone of Enteletes pugnoides. .

Feet.

14—

8+
1.0
2.0
5.0
0.2

0.5
27.0

10.0
0.5

4.0

1.5

22.0
10.0

2.0

6+
11.0

4.5
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Vilas shale: Feet.
Shale, light grayish-buff, arenaceous ...................oooo... 14.0
Plattsburg limestone:
Spring Hill limestone member:

Limestone, dark gray, granular, massive, Compostta sp. zone.... 5.0

Limestone, drab, fine-grained ..........c.cciiiiiiiiiiniiinnans 1.5

Limestone, gray, thin-bedded and even, dense, zone of Enteletes

hemaplicatus var. plattsburgensis ........coeeeeeeeeinennnnnn 5.0

Limestone, brown, ferruginous, fossiliferous .................... 1.0
Hickory Creek shale member:

Shale, buff, limy .......coiiiiiiiiiiiiiiiiiiiiii i 0.2
Merriam limestone member :

Limestone, bluish-gray, brittle, blocky, “worm-borings”......... 0.8

(Total Plattsburg limestone, 13.5 feet)

Bonner Springs shale:
Shale, greenish-gray, argillaceous, “marlite” near the lower part, 9.0

Shale, maroon, argillaceous ...........coiiiieiiiiiiiiininiinnn. 1.0
Shale, greenish-gray, platy, argillaceous ................coou.n. 2.0
Sandstone, buff, micaceous, ripple-marked, and sandy shale...... 5.0

(Total Bonner Springs shale, 17.0 feet)
Wyandotte limestone.

55. Road cut, concrete highway, just north of the middle north edge
sec.6, T.12 8, R. 24 E.
Lane shale:
Shale, gray, argillaceous, mostly covered.
Iola limestone:

Limestone, brown and gray, hard, massive...................... 2.0
Limestone, brown, shaly, shattery, sugary-textured.............. 1.0
Limestone, brown, massive, mottled, lower part covered........ 24
Limesi(:ione, bluish-gray, lithographic, and black fissile shale, cov-
ered.
Chanute shale: )
Shale, covered, about ..........ccoiiiiiiiiiiiii e 19.0

Drum limestone:

Shale, very limy, nodular, fossiliferous, contains Composita sp.,
Derbya crassa, Campophyllum torquium, and numerous fenes-

tellids and ramose bryozoans ............ccoviiiiiiiiinnnnnnn 1.0
Limestone, white, evenly-bedded, fine-grained, contains Mar-
ginifera splendens, base covered ..............oiiiiiiinan.. 54

Quivira shale:

‘Shale, covered, from top of main bed of Westerville to exposed
part of Drum ................ $o e seserrrtsentsaoerasanenns 22+

Westerville limestone:
Limestone (not the top of the Westerville), gray, hard, dense... 0.7
Limestone, drab, massive, subodlitic, fossiliferous ............... 5.5
Wea shale.
Shale, drab, limy, upper part exposed............c..vueeeunn.... 44
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56. On road, one tenth of a mile north of fork just southwest of Craig,
NE cor. sec. 35, T. 12 S, R. 23 E.

Plattsburg limestone.
Bonner Springs shale: Feet.
Shale, covered, upper part greenish-gray, argillaceous. .......... 16.0
Wyandotte limestone:
Farley limestone member:
Limestone, dark-gray, massive, granular........................ 5.0
Limestone, gray, thin-bedded, “fragmental,” limonite inclusions.. 16.0
Island Creek shale member:
Shale, greenish, argillaceous .............ueeeurrernnennnennnn.. 5.0
Argentine limestone member:

Limestone, pinkish to white, thin-bedded, wavy, lower part
cherty, contains Heliospongia ramosa, upper layer granular,
Myaling ampla .........ooooiiiiiiii e ieennninns 15.0

Quindaro shale member:
Shale, covered.

57. On road, middle south edge sec. 7, T. 14 8., R. 22 E.

Stranger sandstone.
Stanton limestone:
Little Kaw limestone member:

Limestone, bluish-gray, arenaceous, blocky .................... 1.5
Shale, buff, and sandstone ...............oiiiiiiiiiiiininn.... 1.5
Limestone, bluish-gray, arenaceous, blocky .................... - 1.0

Victory Junction shale member.

58. By bridge, on north-south road, near SE cor. sec. 25, T. 14 S, R. 24 E.

Wyandotte limestore.
Lane shale:
Shale, olive-drab, argillaceous ............oovueenrurunnnnnno o, 17.0
Tola limestone:
Raytown limestone member:
Limestone, gray, even-bedded, hard, crystalline, contains Mar-

ginifera splendens and Squamularia perpleza ................ 4.0
Muncie Creek shale member:
Shale, limy, buff, contains phosphatic nodules.................. 0.5

Paola limestone member:
Limestone, bluish-gray, lithographic, contains numerous “mark-
lets,” blocky, brittle .........coiiiiiiiii i 1.5
(Total Iola limestone, 6.0 feet)
Chanute shale:
Shale, buff, micaceous, arenaceous, contains a few plant fossils, upper
part exXposed .......iiiiiii e i e 6+

59. Bluff west of Choteau siding, east of the center seé. 35 T.12 8, R.23 E.

Iola and Chanute:
Limestone bench, to the top of the Drum limestone............ 33+
Drum limestone:

Limestone, light-gray, thin-bedded, wavy, cherty, weathers drab,
contains Campophyllum torquium, lower part covered....... 64
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60. West of the center south edge sec. 5, T.13 8., R. 22 E.

Plattsburg limestone:
Spring Hill limestone member.
Hickory Creek shale member: Feet.
Shale, Covered .........uuiiiiie ittt 20.0
Merriam limestone member:

Limestone, lithographic, bluish-gray, zone of Heterocoelia beedei
and Cancrinella bOOMENSTS v.o.vvue e i, 1.0

Limestone, massive, even-bedded, gray ..............ccovue.... 3.0
Bonner Springs shale:

Limestone, conglomerate, yellowish and gray limestone pebbles in
a dark matrix, fossiliferous ..........veieiienienrnennnn.. 0.6

Shale, gray, argillaceous, covered.

61. Along creek near center of sec. 32, T.12 S, R. 22 E.

Plattsburg limestone:
Spring Hill limestone member.
Hickory Creek shale member:
Shale, gray, argillaceous, limestone nodules, mostly covered.... 20.0
Merriam limestone member:

Limestone and shale, mostly covered, upper layer lithographic,
bluish-gray, zone of Heterocoelia beedei and Cancrinella
boonensis, lower part cross-bedded, conglomeratic. ........... 15.0

Shale, gray, argillaceous, covered.
62. NW cor.sec. 4, T.13 8, R. 23 E.

Plattsburg limestone:
Spring Hill limestone member.
Hickory Creek shale member:

Shale, yellowish-buff, argillaceous, contains abundant limestone
DNOAUIES .ottt 20.0

Merriam limestone member:
Limestone, lithographie, bluish-gray, brittle, zone of ambly-

siphonellids and Cancrinella boonensis....................... 0.8
Bonner Springs shale:
Shale, covered .......c.uvuiiiiiiiii i 3.0

Limestone breccia, drab to brown, thinly cross-bedded, small
pebbles of yellow and gray limestone and fossil fragments,
Aviculopecten n. sp., Hypselentoma perhumerosa, and trilo-
bites, base covered ............. i i 13+

A few yards up the creek from 61 the next lower shale bed is
exposed due to a reversal dip..

Limestone breccia (same as above), upper part eroded......... 7+
Shale, gray, argillaceous .............oiiviiiiiii 15.0
Wyandotte limestone:
Farley limestone member:

Limestone, drab, soft, subodlitic, nautiloid zone, exposed in bed
of creek.
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63. East bank of Captain creek on highway No. 10, Johnson-Douglas

county line
Glacial drift.
Stanton limestone:
Little Kaw limestone member: Feet.
Limestone, gray, blocky, arenaceous below..................... 1.5
Victory Junction shale member:
Sandstone, brown, soft, micaceous ..........covveenrinnnrennn.. 11.5
Shale, greenish-gray, argillaceous, streaked...................... 1.2

Olathe limestone member:
Limestone, gray, thin-bedded, wavy, fossiliferous, base covered.. 15+

64. NW cor.sec.1,T.148., R. 21 E.
Weston shale:

Shale, gray, argillaceous, upper part eroded.
Stanton limestone:
Little Kaw limestone member:

Limestone, bluish-gray and buff, arenaceous..................... 0.3
Shale, buff, arenaceous........covvviriiiriieiviiinnnnnnann. 1.0
Limestone, bluish, granular, blocky..........covvvivivniinin.. 0.3

(Total Little Kaw limestone member, 1.6)
Victory Junction shale member:

Shale, buff, micaceous, arenaceous ............oeveurenrennnnn.. 1.5
Shale, gray, argillaceous, platy............coiiiiiiiininnn.... 1.0
Shale, whitish, brecciated, limy ...........ccoiviieiiinninnnnn. 1.0

(Total Victory Junction shale member, 3.5)
Olathe limestone member.

65. Quarry west of road, NW cor. sec. 35, T. 12 8., R. 25 E.
Chanute shale.
Drum limestone:
Limestone, brown, arenaceous .......... e 1.0
Shale, brown, arenaceous ........ccveeereereneeennnnneennnnnenns 1.0

Limestone, greenish-gray, shaly, very fossiliferous, contains Mar-
gintfera splendens, Teguliferina armata, Squamulana perpleza,

Campophyllum torquiwm, and bryozoans, about ............. 1.0
Limestone, gray, dense, thin-bedded, wavy, cherty, contains Mar-
gintfera splendens ..........ouueieiiniiereii e 7.0

(Total drum limestone, 10.0 feet)
Quivira shale:
Shale, greenish, argillaceous, contains a six-inch carbonaceous
layer near the base .....occvviiiiuiiiiiiiiiiiiiinnnn.. 4.0

Westerville limestone :

Limestone, drab, oélitic, cross-bedded, weathers buff with a faint
greenish tint, contains a few small mollusks, base covered.... 19.0

66. Section two mailes south of Martin City, Jackson county, Missourt, by
concrete slab, south of creek

Chanute shale, covered.
Drum limestone:

Limestone, ferruginous, granular, massive, weathers thin-bedded;
contains Campophyllum torquium ......................... 3.2
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Quivira shale: Feet.
Shale, carbonaceous, some black and fissile..................... 2.5
Wea shale:
Shale, gray, argillaceous, base covered; limestone concretions near
top (Westerville) .........ooiuiiiniineineniinsinnnnnn, 15.0

67. Composite section eastward from concrete slab intersection one half mile
north and one half mile east of Martin City, Mo.

Chanute shale:
Shale, covered.
Shale, maroon, argillaceous
Shale, olive, argillaceous ............. et e e, 1.0
Drum limestone:

Limestone, gray, thin-bedded, wavy, weathers brown, has crinoid
stems, Campophyllum torquium, etc. ...........oueuvnn..... 5.0

Quivira shale:
Shale, light olive, argillaceous
Shale, black, fissile
Shale, greenish, argillaceous, some calcareous nodules. . .......... 4.5
Westerville limestone: .
Limestone, heavy-bedded, drab, brown near top, upper foot nodu-

lar and mottled; contains large Triticites wrregularis. ........ 5.0
Wea shale:
Shale, bluish-gray below, buff above...........ccovvvunovnn..... 35+

Block limestone:
Limestone and shale, even, contains Ambocoelia

............... 0.5

Shale, limy, dark ..........coooiiiiiiiiiii 0.9

Limestone, ferruginous, granular, Chonetina zone at base. . . . . ... 0.9
Fontana shale:

Shale, gray, limy, fossiliferous, with algal nodules. .............. 5.7

Dennis limestone:
Winterset limestone member:

Limestone, massive, dark-gray, cross-bedded, odélitic, contains
L R 8.5

Limestone, fine-grained, dove-colored, with black flint nodules,
base covered

68. Section at road cut on highway 10-S just east of the intersection with
highway 1-E ot Red Bridge farm, about four miles northeast

of Martin City, Mo.
Chanute shale:

Shale, base exposed, maroon, argillaceous....................... 44
Shale, greenish, argillaceous
Drum limestone:

Limestone; gray to buff, wavy and thin-bedded; Campophyllum
torquium at the top

Quivira shale:

Shale, greenish clay, with a foot of black fissile shale at the
middle and calcareous nodules below ....................... 5.5

8711
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Westerville limestone: Feet.
Limestone, upper layer oélitic, massive below, drab and buff, con-
tains large T'riticites trregularis ........o.ovvueeeiiiieinnnn.. 5.1

Fontana-Wea interval:
Shale, mostly covered, upper fifteen feet gray and argillaceous.. 37.0
Dennis limestone:
Winterset limestone member:
Limestone, poorly exposed, heavy bedded below, shaly zone above

the middle, above dove limestone with black chert.......... 254
Stark shale member: .
Shale, with black fissile layer, base covered..................... 7+

DETAILED SECTIONS, MIAMI COUNTY
69. Section one fourth mile north of SE cor. sec. 19, T. 15 8., R. 23 E.

Plattsburg limestone:
Spring Hill limestone member:

Limestone, buff and brown, thin-bedded, upper part eroded, con-
tains Echinocrinus sp., Enteletes hemzplzcatus var. platts—

burgensis, Triticites wrregulams .....ooevveviiiiiiiniiinann 3+
Merriam limestone member:
Limestone, bluish-gray, dense, blocky, contains “worm borings”.. 1.0
Bonner Springs shale:

Shale, greenish-gray and buff, with green clay at top........... 7.0
Shale, nodular, ochery, limy, marlite.................oooiiiiit, 3.0
Shale, reddish-maroon and green, argillaceous.................. 16.0
Shale, COVEred ...vvevrrrnneriiernerenineeereeseeninenneananns 5.5

(Total Bonner Springs shale, 31.5 feet)

Wyandotte limestone:
Limestone, drab,- mottled, brittle, thin-bedded, wavy, contains
Cypridellina sp., Astartella sp., Compostta sp., base covered.. 10+

70. Middle west edge sec. 31, T. 15 8., R. 23 E.

Stanton limestone:

Limestone, dark-gray, blocky, fine-grained, mainly covered...... 24
Vilas shale:
Shale, gray and buff, argillaceous................oooiiiiiiin, 5.5

Plattsburg limestone:
Spring Hill limestone member:

Limestone, drab, massive, granular, covered.................... 5.5

Limestone, white above, brown below, thin-bedded, brittle, partly
COVErEA vevvvvrvnnnennnennneeeoeoseneannnnns eeeereeneaaaas 5.5

Limestone, brown, thin-bedded ................ooiiiiiiiii.n, 4.0

Merriam limestone member:

Limestone, gray, hard, blocky...............coooiiiiiiiai, 1.0

Limestone, white, odlitie, fossiliferous, contains Osagia and cepha-
JOPOAS +vveenent it 5.5

Limestone, dark gray, contains 0sagi@ ..........covuvivnennnnn, 1.0

(Total Plattsburg limestone, 22.5 feet)
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Bonner Springs shale:

Shale, buff and gray at the top, argillaceous, mostly covered but
maroon layer exposed eleven fee from the top, lower part cov-
ered

71. At bridge, near the SW cor. sec. 1, T. 16 S., R. 24 E.

Wyandotte limestone:

Limestone, gray, even-bedded, crystalline, lower part granular,
upper part eroded ... i i i i e
Shale, buff, limy, contains numerous gastropods (Island Creek
Shale?) oot e e e
Limestone, dark gray to drab, upper layer very dark, filled with
fragmental shells; irregularly bedded, thin-bedded, finely crys-

171 51 0T At
Limestone, gray, brittle, shattery, weathers back underneath the
more massive ledge above .........ciiiiiiiiiiiiiiiiien.,

Limestone, gray, massive, irregularly bedded, wavy, base covered,

72. About two tenths of a mile east of the NW cor. sec. 5, T.16 S, R

Stanton limestone:
Limestone, dark gray, hard, finely granular, mostly eroded......
Vilas shale:
Shale, brownish to reddish buff, micaceous, very arenaceous......
Plattsburg limestone:
Spring Hill limestone member:

Limestone, brownish, thin-bedded, odlitic layers near the top,
partly Covered .....uiiiiiiiii i e e

Limestone, gray and buff, massive, irregularly bedded, contains
Enteletes hemiplicatus var. plattsburgensis and Marginifera
WADASAETISIS « o o et e eeee e et et eieenet e eneeneneenenennennns

Hickory Creek shale member:

Shale, yellowish, nodular, marly, with three inches of dark-gray
shale at the middle .........ccovviiiiiiiiiiiiiiieinnn...

Merriam limestone member:
Limestone, bluish-gray, dense, blocky, contains “worm-borings”. .
(Total Plattsburg limestone, 10.0 feet)
Bonner Springs shale:

Shale, green, argillaceous, with a maroon layer below, base cov-
123 =T

73. Near the middle of the east side sec. 26, T. 16 S., R. 21 E.

Stanton limestone:
Olathe limestone member:

Limestone, gray, thin-bedded, weathers white, not very fossilifer-
ous, upper part eroded ..........iiiiiiiiiiiiii i,

Eudora shale member:

Shale, upper part greenish-gray, argillaceous, thin layer of black
platy shale at the middle, lower part coveerd
Captain Creek limestsone member:
Limestone, dark gray, massive, even-bedded, fine-grained, con-
tains Enteletes wgnmdes and E. hemiplicatus var. platts-
burgensis and Triticttes N. SP. «evrenreene i eiiieniennnnnn..

115

Feet.

114+

4+
2.0

15.0

4.0
6+

.22 E.

2+

6.0

1.5

1.0

1.5

6+

114

5.0
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Vilas shale: Feet.
Sandstone, buff, thin-bedded, hard, limy....................... 2.0
Shale, gray, slightly arenaceous ............ccovivvenrvnnnenn... 11.0

Plattsburg limestone:
Spring Hill limestone member:

Limestone, brown covered ..........coiiiiiiirennnnnnnnnnnnnnn 4.5
Limestone, gray and buff, Composita sp. zone.................. 1.5
Limestone, drab, o6litic, contains odlitic chert nodules........... 1.8
Limestone, brownish, hard, odlitic.......................... ... 1.9

Merriam limestone member:
Limestone, drab to whitish, blocky, odlitic, Osagia zone, fossilifer-
OUS ttvneeeneeeeeonsoeaosonsnsosnaseesesanannnnsssnnnnnnns 1.0
(Total Plattsburg limestone, 10.7 feet)

Bonner Springs shale.

74. Just north of the SE cor. sec.2, T. 17 S, R. 21 E.

Vilas shale.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, gray, brittle, thin-bedded, wavy, some odlitic layers

near the 10D ..uviiiiiiiii it ettt i 6.0
Hickory Creek shale member:
Shale, yellowish-brown, limy ...........ccoiiiiiiiiiiiiii i, 4.0
Merriam limestone member:
Limestone, dark gray, brittle, blocky.......................... 1.5

Limestone, gray, brittle, hard, zone of Composita sp. at the base, 1.0
(Total Plattsburg limestone, 12.5 feet)

Bonner Springs shale:
Shale, greenish-gray, argillaceous, thin layer of maroon clay
below, bottom part covered .......c.covvieiiiiiiiiiiniinannn 5+

75. NE cor. sec. 13, T.17 8., R. 21 E.
Vilas shale:
Shale, grayish, arenaceous, mostly covered, about............... 204
Plattsburg limestone:
Spring Hill limestone and Hickory Creek shale members:
Limestone, brownish and gray, thin-bedded, mostly covered, con-

tains Echinocrinus sp. and Fustulipora sp.................... 7.0
Limestone, yellowish-brown, shaly, grading above into harder

LMeStOne ..vveviereeeeeennnennenneeeeeeereeeenennnnnnneenn 3.5

Merriam limestone member:

Limestone, gray, blocky, hard, “worm-borings”.................. 1.0
Shale, gray, Iy ...covuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiieenenes 0.2
Limestone, drab, full of fragmental fossils...................... 0.7
Limestone, gray, hard, blocky, has a zone of Composita sp. at

The DASE teviirttttiiinieeeee ittt ittt 1.2

(Total Plattsburg limestone, 13.6 feet)

Bonner Springs shale:
Shale, greenish, argillaceous ...................ooiiiil, 6.0
Shale, maroon, argillaceous .............cccoiiiiiiiiiiiiiii, 1.0
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Feet.
Shale, greenish-gray, argillaceous ...........ooevviiiviiiinenn, 10.0
Sandstone, brown, micaceous, contains fossil plant material...... 0.3
Shale, greenish-gray, argillaceous .........cocvvieineninninann. 5.5

(Total Bonner Springs shale, 22.8 feet)

Wyandotte limestone:

Limestone, gray and white, upper part somewhat pinkish, over-
lain by a drab, subodlitic layer; bottom part covered........ 3+

76. About two tenths of a mile north of the SW cor. sec. 4, T. 17 S, R. 22 E.

Stanton limestone:
Olathe limestone member:
Limestone, gray, crystalline, thin-bedded, wavy, uniform, upper

part eroded ...t e
Eudora shale member:
Shale, buff and gray, argillaceous ...........ccooiiiiiiiiiiaa, 5+
Shale, black, fissile ....oveiiieriniiii ittt 0.5

Captain Creek limestone member:

Limestone, pink and blue at the top, “brecciated,” hard, lower
part covered.

77. About three tenths of a mile west of the center of the east edge sec. 11,

T.18 8, R. 21 E.
- Plattsburg limestone:
Limestone, mostly covered, upper part eroded, contains abundant
chert nodules and silicified specimens of Heliospongia ramosa?,
basal beds blocky, subodlitic, upper part eroded............. 104
Bonner Springs shale:
Shale, greenish-buff, argilaceous with small irregular limestone
nodules, mostly covered .........cciiiiiiiiiiiiiiiiiiaiaes 21.0
Wyandotte limestone:

Limestone, gray and whitish, weathers buff and brown, irregularly
bedded, massive at the base, contains Enteletes hemiplicatus
var. plattsburgensis and Dielasma bovidens, cherty at the top, 21.5

Lane shale:
Shale and sandstone, buff, covered.

78. About a quarter of a mile west of the center east edge sec. 23,
T.18 S, R.21 E.
Tola limestone:

Limestone, upper part covered, lower two feet (Paola) dark
bluish-gray above and purplish below, dense, brittle, blocky,
contains “worm-borings” and “marklets”............... ..., 4+

Chanute shale:
Shale, buff and arenaceous above, greenish and argillaceous below, 7.5
Shale, buff, limy, contains small yellowish limestone nodules.... 5.5
(Total Chanute shale, 13.0 feet)
Drum limestone :

Limestone, greenish-drab, weathers thin-bedded, small fragments

of erinoid StEIMS .« vt vitint it ittt 3.0
Quivira shale:
Shale, greenish, argillaceous, base covered...................... 8+
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79. At NE cor.sec. 24, T. 16 S, R. 22 E.
Lane shale.

Tola limestone:
Raytown limestone member: Feet.

Limestone, gray, weathers buff to brown in the upper part, erys-
talline, sugary, even-bedded, in beds eight inches thick, veined,
contains Marginifera splendens and a few Osagia in a layer
near the toP ..vve ittt i i e - 104

Muncie Creek shale member:

Shale, gray, argillaceous, contains abundant dark-gray phosphatic
nodules, s0me CRONELES SP. «vvvrverene i iennieeneennnns 0.7

Paola limestone member:

Limestone, dark gray, brittle, blocky, contains “worm-borings” at
top, “marklets” abundant, hummocky at the top............. 2.5

(Total Iola limestone, 13.2+)
Chanute shale:

Shale, gray and buff, arenaceous, papery, lower part not exposed, 20+
80. Along railroad track, near center sec. 33, T.16 S, R. 23 E.

Tola limestone:
Raytown limestone member:
Limestone, brownish, even-bedded, weathered.................. 4+
Muncie Creek shale member:
Shale, gray, argillaceous, contains gray phosphatic concretions.. 0.3
Paola limestone member:

Limestone, dark gray, lithographic, brittle, blocky, contains
“worm-borings” at the upper part, and “marklets,” top hum-

TDOCKY ottt e e e e 2.5
Chanute shale:

Shale, bluish-gray, arenaceous and micaceous .................. 20.0

Coal, soft, impure (Thayer) ..........covviriiinnenernrnnannn. 0.5

Shale, arenaceous, hard, buff, base covered.............c....... 5+

81. Railroad cut near the center of north edge sec. 33, T. 16 S., R. 23 E.

Chanute shale:
Sandstone, buff and gray, upper part eroded, thin-bedded, soft

(Cottage GIOVE) ..uvittiirrtennieeiiiieeieeennannnnns 84

Coal, soft, impure (Thayer) ........ccoviviiiviiiiniinninnnn.. 0.3

Shale, greenish-gray, argillaceous ..........oevvireineinnennen.. 8.0

Shale, maroon, argillaceous ..........oevveeiiivnninnninneennnn. 2.0

Shale, covered ................. et ettt et e, 11.0
Drum limestone:

Limestone, drab, massive, base covered............cccovuennn... 24

82. At SE cor. sec. 34, T. 16 S., R. 22 E., road cut

Plattsburg limestone:
Spring Hill limestone member:
Limestone, tan, shaly, nodular, very soft, upper part eroded.... 24
Limestone, gray, hard ...ttt 0.7
Hickory Creek shale member:
Shale, dark-greenish, silghtly carbonaceous..................... 1.0
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Merriam limestone member: Feet.
Limestone, gray, massive, hard, Osagia abundant............... 3.0
Bonner Springs shale:
Shale, buff, Imy .....cvvirreiiniriinneeerineerninneeeenneennns 1.0
Shale, greenish, argillaceous .......ccvvveeiiiiiiiiiiiiiiiin.. 4.0
Shale, maroon and yellow, argillaceous ............coovvinnnn. 0.5
Shale, greenish-yellow, limy, nodular........................... 1.0
Shale, greenish, argillaceous .........ccovviiiiiiiiiiiiiiiiiin.. 4.0
Sandstone, buff, soft, massive .........oiiiiiiiiiiiiiiiiiiii 5.5

(Total Bonner Springs shale, 16.0 feet)
Wyandotte limestone: .

Limestone, pinkish and blue at the top, irregularly bedded, mas-
sive, slightly ferruginous, lower part covered................. 54

83. About two tenths of a mile south of NE cor. sec. 22, T.15 8, R. 22 E.

Plattsburg limestone:
Spring Hill limestone member:

Limestone, drab and brown, oélitic zone near the top........... 104
Hickory Creek shale member:

Shale, tan, limy, nodular .......ccovviiiiiiiniiiiiiiinnn, 1.5
Merriam limestone member:

Limestone, drab, even-bedded, odlitic, Osagia zone............. 4.0

Bonner Springs shale:

Shale, greenish, argillaceous, with small limestone nodules...... 6.0

Shale, maroon, argillaceous, with vertical streaks of yellowish clay, 1.5

Shale, olive-green, argillaceous..........oovviieiiniiiana... 6.0

Sandstone, buff, micaceous........covviiiiiiiiiiiiiiiii... 11.0

(Total Bonner Springs shale, 24.5 feet)

Wyandotte limestone:

Limestone, bluish and pink at the top, massive, dense, only the
top exposed.

84. About four fifths of a mile south of NE cor.sec.22, T.15 8., R.22 E.

Plattsburg limestone:
Limestone, upper part eroded, drab, blocky, contains large num-

bers of OSAGIA .. vvvuee et iteeeiiiiiiiieeeeeeeeeaencnaannns 24

Bonner Springs shale:
Shale, greenish, argillaceous, with small limestone nodules...... 3.0
Shale, maroon, argillaceous ........ccviiiiiieiiiiiiininnnennnns 1.5
Shale, green, small limestone nodules ................ Geessesens 5.0
Shale and sandstone, buff .......... ..., .. 10.0

(Total Bonner Springs shale, 19.5 feet)

Wyandotte limestone:
Limestone, pinkish and blue at the top; mostly massive, irregu-
larly bedded, weathers buff, cherty; lower stratum brown, soft,
pitted, nodular, contains Echinoconchus semipunctatus and
pitted, nodular, contains Echinoconchus semipunctata and
ClOMPOSIEA SP. + v e et e eaeeee ettt eananeiineenneeennns 12+

Lane shale:
Shale, covered ........ceviiitiiiiiiiiiiiii i i 184
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85. SE cor. sec. 27, T. 16 S., R. 22 E., composite section
Vilas shale: Feet.

Shale, brown and buff, arenaceous, upper part eroded........... 15+
Plattsburg limestone:
Spring Hill limestone member:
Limestone, gray, odlitic near the top, with bed of Composita sp.;
cherty and thin-bedded near the middle, with T'riticites irregu-
laris, Heliospongia ramosa, poorly exposed.................. 134
Hickory Creek shale member:
Shale, tan, limy, nodular ............oeeeneeuneennennn. 1.0
Merriam limestone member:
Limestone, gray, blocky, fine-grained, contains “worm-borings” at
the BOD «.vte i 1.0
Limestone, buff and gray, thin-bedded, arenaceous below, grad-
ing upward into an Osagia bed....................c... .. ..., 4.0
Bonner Springs shale:
Shale, gray, argillaceous ...............oeueiiineenninninin. 5.5

Wyandotte limestone:

Limestone, bluish and pink at the top, sugary; massive, whitish,
irregularly bedded, and at the bottom ferruginous .......... 14+
Lane shale:

Shale, gray and buff, argillaceous, streaked by thin, hard, and

brown ferruginous laminae ....................0iiiiini.n... 7.0
Sandstone, buff, SOft ..........cooiiiiiiiii 1.0
Shale, buff, sandy ..........coiiiiii 13.0
Sandstone, buff, soft, micaceous ..............oiiiiiiaini..... 2.0
Shale, buff, sandy, lower part covered.......................... 154

86. Near the center south side sec. 27, T. 16 8., R. 21 E., road cut

Stanton limestone:
Limestone, whitish, poorly exposed.
Vilas shale:

Shale, brown, arenaceous, MicaceoUS .............o.oeuernenn... 20+
Sandstone, hard, gray, blocky ...........ccovuiiiieinnniinn. 1.0
Shale, reddish-brown, arenaceous ................;c........... 5.0
Limestone, dark gray, granular, thin-bedded ................... 1.0
Shale, green, argillaceous ............eeueeeunserueennnnnnnn., 4.5

Plattsburg limestone:
Spring Hill limestone member:

Limestone, gray, massive, rather even-bedded, some odlitic layers
near the top, contains Naticopsis altonensis, Pithodea broad-
headi, Enteletes hemiplicatus var. plattsburgensis, and others, 8.0

Hickory Creek shale member:

Shale, tan, limy, nodular .............coiiiiiiiininninnannnnn. 4.5
Merriam limestone member:

Limestone, drab, cross-bedded, oélitic, contains much fragmental

fossil material ..... ... it e 8.0
Limestone, gray, blocky, contains a zone of Composita sp. and
Myaling ampla ..ot 1.5

(Total Plattsburg limestone, 22.0 feet)
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Bonner Springs shale: Feet.

Shale, greenish-gray, argillaceous with a carbonaceous streak near

£ 0XCR 4007 [ | =Y 5.0
Limestone, buff, nodular, “marlite” .............coooiiiiiit 0.2
Shale, greenish and maroon, argillaceous ................coonnn 1.5
Limestone, buff, nodular, “marlite” ...............ccooiiiiit 0.2
Shale, maroon, argillaceous ...........ociviieiiiiiiiiiiiiiiin, 1.0
Shale, greenish, bottom part covered ..............c.oiiiiilt 64

87. Near SW cor. sec. 30, T.16 S, R. 22 E.

Wyandotte limestone:

Limestone, white, massive, irregularly bedded, weathers into thin
laminae in places and where more massive becomes pitted with

fErTUGINOUS SPOS «vevenenenenrineinrirennaaencenenenanenss 7+
Limestone, gray, weathers buff, odlitic, even, massive, not fossil-
IEETOUS  ve vttt itiieeeeeeesaennsossoeesasnnsnnnneaaaseenanns 4.0
Lane shale:
Shale, gray and buff, arenaceous, lower part covered, upper part
with thin streaks of hard, flaky limonite.................c.n 45+

88. Composite section, from center south side sec. 7 to center of the SW
quarter sec. 8, T. 16 S., R. 23 E, along road

Plattsburg limestone:
Spring Hill limestone member:

Limestone, upper part covered, middle part yellowish-buff, soft,
thin-bedded, has Triticites irregularis, Hustedia mormonsi, and

Enteletes hemiplicatus var. platisburgensis ................. 44
Hickory Creek shale member:
Shale, ton, MY . ..vueinenii ittt 1+
Merriam limestone member:
Limestone, gray, blocky, Osagia zone .............c.cciivennnn 2+

Bonner Springs shale:

Shale, greenish, with a maroon streak at the bottom, poorly ex-
POSEA 4 viiii e e i i e e, 6.5

Sandstone and shale, gray, micaceous ...........cceeuvueennunnes 5.0
(Total Bonner Springs shale, 11.5 feet)

Wyandotte limestone:
Limestone, gray, at the top bluish and pinkish, irregularly bedded,

massive; fine-grained, brittle, thin-bedded below............. 15.5
Lane shale:
Shale, gray, arenaceous, streaked with thin sheets of interbedded
HIONItE o vvtttiie it ettt 22.0
Sandstone, ferruginous, buff, micaceous, soft, with limonite con-
L3 o1 L) V= T PPt 27.0
Shale, gray and buff, blocky, arenaceous and micaceous, lower
PArt COVETEA ..vvvvvvntinnr i eneanaennenneeanenneenns 16.0
Shale, coVered .......coeiuiiniiiiniiiiiiiteneeeeneaneanenenns 40.0

(Total Lane shale, 105+ feet)
Iola limestone:

Raytown limestone member:
Limestone, gray, even-bedded, sugary-texture, fossiliferous...... 10.0
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Muncie Creek shale member: . Feet.
Shale, gray, argillaceous, contains phosphatic nodules. .......... 0.7
Paola limestone member:

Limestone, gray, brittle, blocky, “worm-borings” at the top,
abundant “marklets” ....... . ... . . el 2.5

(Total Iola limestone, 132 feet)
Chanute shale.

89. About one tenth of a mile north of center of the east side of the
SE ome fourth sec. 8, T. 16 S., R. 23 E.

Stanton limestone:
Limestone remnant, whitish, contains Triticites sp.
Vilas shale:
Shale, gray, arenaceous ..............eeeeeeenenennsnsnnnnnnnns 10.0
Plattsburg limestone:
Spring Hill limestone member:
Limestone, whitish, hard, even-bedded, with Enteletes hemipli-

catus var. plattsburgensis and Marginifera sp................ 5.0
Hickory Creek shale member:
Shale, tan, limy, nodular, with crinoid stems.................... 5.0

Merriam limestone member: .
Limestone, dark gray, “worm-borings” at the top, blocky, brittle, 1.3
Limestone, gray, granular, contains Osagi@............c.u...... 0.2

(Total Plattsburg limestone, 11.5 feet)
Bonner Springs shale:
Shale, greenish, argillaceous, mostly covered.

90. At the SE cor. sec. 8, T. 16 8., R. 23 E.

Stanton limestone:

Limestone, dark gray and pinkish, even-bedded, sugary, con-
tains Enteletes pugnoides, Heliospongia ramosa, Trachydoma

wheeleri?, Triticites n. sp., upper part eroded............... 54
Vilas shale:
Shale, Covered ...........viuiiiiinneeee e 9+

Plattsburg limestone:
Spring Hill limestone member:

Limestone, tan and whitish, even-bedded, contains Triticites ir-
regularis, large productids, Enteletes hemiplicatus var. platts-

DUIGENSIS oo ettt ettt it et e e e et 5+
Hickory Creek shale member:
Shale, tan, limy, nodular .............oouvneenun e, 5.0

Merriam limestone member:

Limestone, blocky, even, upper layer brittle, dark gray, contains
“worm-borings,” lower layer gray, zone of Osagia. ........... 1.2

(Total Plattsburg limestone, 112+ feet)
Bonner Springs shale :

Shale, greenish-gray, argillaceous, some sand................... 6.0
Shale, maroon and yellow clay..........c.ovvuuieeneeenenen..... 2.0
Shale, olive-green, argillaceocus ..............ooeeueeeennnnnnn.. 8.0
Sandstone, cross-bedded, soft, buff..................ouevun..... 7.0

(Total Bonner Springs shale, 23.0 feet)
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Wyandotte limestone: Feet.
Limestone, bluish-gray and pink, -massive, irregularly bedded,
veined, fine-grained ............ciiiiiiiiiiiiiii e
91. About one fourth mile east of the SE cor. sec. 8, T. 16 8., R. 23 E.
Plattsburg limestone:

Limestone, upper part covered, Osagia bed drab, thin-bedded,
about three feet, with an eight-inch bed full of Composita sp.

and Myaling ampla .......cooiiiniiiiniiii ittt 104
Bonner Springs shale:
Shale, buff, argillaceous .........cooiiiiiiiiiiiiiieennnannns 5.0
Sandstone, buff, soft ...t e 1.0
Shale, dark-greenish, argillaceous ...........covviuiiiiiiiannnn, 4.0
Shale, maroon, argillaceous, overlain by a thin layer of brown,
marly shale .......ciiiiiiiiiiiiiiiiii it 1.0
Shale, olive-green, with a thin layer of maroon clay at the middle,
arglllaceous ............................................... 4.5
Sandstone, buff, cross-bedded, soft, micaceous, contains a few
poorly preserved plants .........oiiiiiiiiiiiiiiiiiiiie 9.0
Shale, olive-green, argillaceous ..........coeveviiieiiiinnenn. 2.0

(Total Bonner Springs shale, 26.5 feet)

Wyandotte limestone:
Limestone, whitish, irregularly bedded, crystalline, pink and blue
at the top surface, lower part not exposed.

92. Near the center of the SW one fourth sec. 22, T. 16 S., R 23 E.
Iola limestone:
Limestone, light-gray, remnant.
Chanute shale:

Sandstone, brown, thin-bedded ..............cooiiiiiiiiiil, 1.0
Shale, dark greenish-gray, argillaceous ..........ccovviuiiinnn. 2.0
Marlite, nodular, yellowish, spongy .......ccooviveeniieiina.. 0.7
Shale, greenish-gray, micaceous, arenaceous, Papery............. 11.0

(Total Chanute shale, 14.7 feet)
Drum limestone:

Limestone, buff, with a faint greenish tint, ferruginous, massive,
in one layer contains numerous small crm01d segments, also
Spirtfer dunbari, Chonetes sp., Marginifera splendens........ 2.8
Quivira shale:
Shale, greenish, argillaceous, with a thin layer of carbonaceous
shale at the top, lower part covered.

93. Center of the east edge of sec. 31, T. 16 S., R. 23 E.
Tola limestone: ‘
Raytown limestone member:

Limestone, whitish to gray, even-bedded, weathers in thin beds,
crystalhne, sugary-texture, contains Echinoconchus semipunc-

tatus, Dictyoclostus americanus, and Marginifera splendens.. 6%
Muncie Creek shale member:
Shale, gray, argillaceous, with black phosphatic nodules......... 0.2

Paola limestone member:
Limestone, dark gray, even, blocky, “worm-borings” at the top,
“marklets” abundant ......... . . ittt 2.5
(Total Iola limestone, 8.7+ feet)
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Chanute shale: Feet.
Shale, argillaceous, gray, base covered......................... 214

94. South of the center sec. 32, T. 16 S., R. 23 E.

Tola limestone:
Raytown limestone member:
Limestone, whitish, mostly eroded, sugary.
Muncie Creek shale member:
Shale, gray, argillaceous, has gray phosphatic concretions. ....... 0.2
Paola limestone member:

Limestone, bluish-gray, dense, brittle, blocky, “worm-borings” at
the top, abundant “marklets” ................cuiuiininin.. 3.0

Chanute shale:
Shale, buff and gray, arenaceous, with ferruginous material filling

JOINt OPENINES ..v vttt ittt et e 16.0
Sandstone, buff, thin-bedded, soft ...............oovuvn.... vee. 3.0
Shale, gray, arenaceous, contains a few gastropods, Worthenia

Labulata? ... 1.0
Coal, soft, impure (Thayer).......oovueuuerennenennnnnin. 0.2
Shale, argillaceous, greenish with small limestone nodules, lower

Part covered ... ...t e 16.0

(Total Chanute shale, 36.2 feet)
Drum limestone:

Limestone, light brown, massive, weathers in thin laminae, crinoid
SEEIMENTS .ottt e e, 3.0

Quivira shale.

95. Along the east edge of the SE one fourth sec. 22, T. 16 S., R. 23 E.

Wyandotte limestone:

Limestone, pinkish and brown, sugary, hard, irregularly bedded,
cherty, contains Wellerella osagensis and Dictyoclostus ameri-
canus, mostly eroded ........... ... ... ..., 5+

Lane shale:
Shale and sandstone, buff, gray, and greenish, not well exposed.. 83
Iola limestone:
Raytown limestone member:
Limestone, gray, even-bedded, sugary, contains large productids, 7.0
Muncie Creek shale member:
Shale, gray, argillaceous, has phosphatic nodules................ 0.2
Paola limestone member:

Limestone, bluish, lithographic, “worm borings” at the top, nu-
merous “marklets,” base covered ............c.iiiiiiinn.... 1+

96. Just west of the center of the east edge sec. 22, T. 16S., R. 23 E.

Lane shale.
Iola limestone:
Raytown limestone member:
Limestone, whitish, sugary, even-bedded, blocky, contains large
Productids . ..oveininnin ittt et 7.0
Muncie Creek shale member:
Shale, gray, with dark gray phosphatic nodules................ 0.2
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Paola limestone member: Feet.

Limestone, bluish, dense, blocky, “worm-borings” at the top,
“marklets” abundant ..........ccciiiiiiiiiiiiiiiiiiie e

(Total Iola limestone, 9.7 feet)
Chanute shale:

Shale, greenish, with papery limonite laminae, arenaceous above,
argillaceous below, chiefly covered .......................... 204

97. At highway bridge, center of the south edge sec. 15, T. 16 S, R. 23 E.

Tola limestone:
Raytown limestone member:
Limestone, gray, even-bedded, sugary, blocky, upper part eroded, 44
Muncie Creek shale member:
Shale, gray, argillaceous, with black phosphatic nodules......... 0.7
Paola limestone member:

Limestone, bluish-gray, lithographie, blocky, brittle, upper part
with “worm-borings,” “marklets” abundant ................. 2.5

Chanute shale:
Shale, gray, arenaceous and micaceous, with papery ferruginous

laminae near the top .........ccooiiiiiiiiiiiiiiii, 9.0
Sandstone, buff and gray, ripple-marked, soft, even-bedded:..... 4.0
Shale, greenish, argillaceous, with small calcareous concretions,

POOTLY €XPOSEA . .vvvinnniiinttieeeiieeneie i 16.0

(Total Chanute shale, 29.0 feet)
Drum limestone:

Limestone, brown, ferruginous, massive, weathers in thin laminae,
base Covered .......ciiiiiiiiiiiiiiitiitiiiariiiaeeaeaaeaa. 24

98. At NE cor. of SW one fourth sec. 9, T. 17 8., R. 23 E., composite section
from razlroad cut to top of shale quarry, at Paola, Kansas;
type exposure of Paola limestone.
Lane shale:

Shale, gray and grayish-buff, blocky, somewhat arenaceous, more
argillaceous toward the top where papery limonite laminae
occur parallel to the bedding, top covered................... 68+

Tola limestone:
Raytown limestone member:

- Limestone, light gray, even-bedded in beds about a foot thick,
crystalline, sugary, very fossiliferous, Cypridellina sp., Dictyo-
clostus portlockianus var. crassicostatus, Dielasma bovidens,
Cancrinella boonensis, Chonetes granulifer?, Chonetes sp.,

Heliospongia ramosa, €tC. ...o.vvunnniiiinineiiiennnnnnn. 6.0
Muncie Creek shale member:
Shale, gray, argillaceous, with black, phosphatic nodules........ 0.4

Paola limestone member:

Limestone, dark bluish-gray, dense, brittle, blocky, “worm-bor-
ings” at top, “marklets” numerous ................ ..., 1.5

(Total Iola limestone, 7.9 feet)
Chanute shale:
Coal, soft, impure (Thayer) ..........coooviiiiiiiiiiiina... 0.2
Shale, dark olive-green, argillaceous, poorly stratified............ 5.5
Limestone, brown, nodular, impure, “marlite”................... 1.0
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Feet
Shale, maroon, argillaceous ................oovuerurennnnnnn.. 1.0
Shale, greenish, argillaceous ...........oevurernrnernnennnnnn... 1.0
Limestone, brown, nodular, “marlite”.......................... 14
Shale, covered .......oouiiiiiiiniin it 6.0

(Total Chanute shale, 15.7 feet)
Drum limestone:

Limestone, buff, ferruginous, massive, has numerous small crinoid

SEEIMENTS ottt it e 2.5
Wea-Quivira shale:
Shale, covered ........ouiiiiiiiiiie 34+

Block limestone:

Limestone, bluish-gray, fine-grained, blocky, brittle, exposed in
the creek bed.

99. At the center of the west edge sec. 21, T. 17 S, R. 23 E.

Iola limestone:
Limestone, upper part eroded, lower part dense, bluish-gray, has

“worm-borings” and numerous “marklets”................... 1.5
Chanute shale:
Shale, dark olive-green, small calcareous nodules................ 1.0
Shale, maroon, argillaceous ..............oeeeereuenenennnnnn. 0.8
Shale, greenish-buff, marly ............cooivuiniiinennnnnin.. 3.0
Shale, buff, arenaceous ............coviiiiiiiiiii i, 5.0

(Total Chanute shale, 9.8 feet)
Drum limestone:
Limestone, brown, ferruginous, massive, in one layer, has small

crinoid SEEMENtS .. ..vuvt ittt e 3.0
Wea-Quivira shale:
Shale, greenish, argillaceous, mostly covered.................... 25+

100. About one fourth of a mile east of the SW cor. sec. 26, T. 17 S., R. 22 E.

Tola limestone:
Raytown limestone member:
Limestone, gray, crystalline, veined, sugary, even-bedded, has

Marginifera splendens and large productids................. 7.0
Muncie Creek shale member:
Shale, gray, limy, has black phosphatic nodules................. 0.4
Paola limestone member:
Limestone, bluish-gray, lithographic, brittle, blocky............. 0.8

(Total Iola limestone, 82 feet)
Chanute shale:

Shale, buff, arenaceous .... et ettt 0.2
Coal, soft, impure (Thayer) .........oeveeveininrenuenennnnnns 0.7
Shale, gray, argillaceous, underclay ..........coveeeueeuenenn... 24

101. SW cor. sec. 35, T. 17 8., R. 22 E.
Drum limestone:
Limestone, greenish-buff, weathers thin-bedded, has Composita
sp. and Osagia at the top, small crinoid segments abundant.. 34
Wea-Quivira shale:
Shale, variegated greenish and maroon, some ferruginous layers
with plant fossils, lower part covered ..............ccoo.... 394
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Block limestone:

Limestone, dark gray, granular, blocky, brittle, just exposed in
the creek.

102. SW cor. sec. 35, T. 17 8., R. 22 E.

Plattsburg limestone: : Feet.
Limestone, upper part eroded, lower stratum drab, blocky, one
foot thick, has abundant Osagia .............ccovvvvvenn.... 94-

Bonner Springs shale:
Shale, greenish-buff, argillaceous, has small calcareous nodules.. 5.5

Shale, maroon, argillaceous ............ccoiiiiiiiiiiinniennnn. 1.5
Shale, buff, limy .....cooiiiiiiiiiiiiii ittt 0.5
Shale, olive-green, argillaceous ...........oviviienneinrnennenn. 11.0
Sandstone, buff, and shale, gray, below.............ccvveuu.... 5.5

(Total Bonner Springs shale, 244 feet)
Wyandotte limestone:

Limestone, upper part whitish, irregularly bedded, cherty, with a
dark granular layer at the top, lower third ferruginous, brown,

shattery ... e e 14.0
Lane shale:
Shale, gray and buff, argillaceous, some sandy material, lower part
COVETEA t vttt ttnttteeenensenneeeseenseeneeneeeneeneennes 154

103. At NW cor. sec. 19, T. 17 S, R. 22 E.
Plattsburg limestone:
Spring Hill limestone member:
Limestone, upper part eroded, gray, even-bedded, hard, fine-

grained, has Enteletes hemiplicatus var. plattsburgensis ..... 3+
Hickory Creek shale member:
Limestone, tan, nodular, shaly.....................oooiia.l, 2.0
Shale, gray, and yellow, argillaceous ............covvvuevnnn.n.. 0.3
Limestone, tan, shaly, nodular ..............ccoiiiiiiiinn.... 1.0

Merriam limestone member:

Limestone, gray, fine-grained, blocky, has “worm-borings” at the
170 ) ... 1.0
Limestone, drab, odlitic, has Osagia ..........ccoveveeeennunn.. 1.2

Bonner Springs shale:
Shale, greenish-gray, argillaceous, with small calcareous nodules, 6.0
Shale, maroon, argillaceous ............ovviiiiiiiiinnennnnnn.. 1.0
Shale, greenish, argillaceous.

104. About two tenths of a mile west of northeast cor. sec. 13, T. 17 S, R. 22 E.

Bonner Springs shale.
Wyandotte limestone:
Limestone, whitish, stained brown and buff, irregularly bedded,
crystalline near the top, cherty, has Heliospongia ramosa.... 11.0

Limestone, brown, ferruginous, massive, has zone of large pro-
16 L0 1615 o 2.0

Limestone, drab, suboGlitic ........cvivviiiiiinnennennnnnn.. 1.0
(Total Wyandotte limestone, 140 feet)
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Lane shale: Feet.
Shale, gray, slightly arenaceous ..............covvviveunennnnn. 22.0
Sandstone and shale, buff and gray ..o.......coovvvviininnnn... 4.0
Sandstone, buff, with limonite concretions and plant fossils..... 3+

105. At the center of the west edge of sec. 19, T.17 S., R. 22 E.

Plattsburg limestone:
Spring Hill and Hickory Creek members:

Limestone, white, hard, with a layer of yellowish, shaly, nodular
limestone below, mostly eroded ..........ccovviiiiiininnnnn. 5+

Merriam limestone member:
Limestone, gray, blocky, fine-grained, has “worm-borings” at the

L0 ¢ 1.5

Bonner Springs shale: )
Shale, olive-green, argillaceous, with small calcareous nodules.... 6.5
Shale, maroon, argillaceous ~............coviiiiiiiiieinnnnnnnn. 1.0
Shale, greenish, argillaceous ........oovvueiieennennrenneennenn. 5.5
Sandstone and shale, buff ...........ccoiiiiiiiiiiiiiiii, 5.5

(Total Bonner Springs shale, 18.5 feet)
Wyandotte limestone.
106. At the center of sec. 9, T.18 S, R. 22 E.

Tola limestone:
Raytown limestone member:
Limestone, upper part eroded, whitish and buff, even-bedded,

sugary, has large productids and Marginifera splendens...... 6+
Muncie Creek shale member:
Shale, buff, limy, has phosphatic nodules....................... 0.3

Paola limestone member:

Limestone, bluish-gray, lithographic, has Heterocoelia beedes,
“marklets,” and “worm-borings” .................iiiun.... 0.7

Limestone, bluish-gray, brittle, fine-grained .................... 1.5
Chanute shale:

Shale, buff, with a greenish tint, limy, with small calcareous nod-
ules, rather poorly exposed ........cooviiiiiiiiiinninnnnn.. 9.0

Drum limestone:

Limestone, buff, with a greenish tint, massive, has two inches of
shale a third from the base, Osagia at the top, small crinoid
SEEMENTS ..ttt i i i i et iee it 5+

Wea-Quivira :
Shale, greenish-gray and maroon, argillaceous, mostly covered.. 10+

107. About one fourth of a mile west of the center sec. 13, T. 18 8., R. 21 E.

Tola limestone:
Raytown limestone member:

Limestone, upper surface eroded, gray, even-bedded, fine-grained,
crystalline, weathers buff, has a zone of Dictyoclostus port-
lockianus var. crassicostatus at the top, Marginifera splendens, 114
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Muncie Creek shale member:
Shale, covered, with phosphatic nodules........................
Limestone, bluish-gray, lithographic, “worm-borings,” “marklets”
and Heterocoelia beeder, upper surface humocky
Limestone, dark gray, brittle
Chanute shale.

108. About one fourth of a mile south of northeast cor. sec. 18,
T.188,R.22 E.

Lane shale.
Iola limestone:
Raytown limestone member:
Limestone, gray to whitish, massive, even-bedded, brittle, weath-

ers into small angualr fragments, contains large productids,
Spirtfer dunbari, Marginifera splendens, ete.................

Muncie Creek shale member:

Shale, gray, has phosphatic nodules..............ccovviinan.
Paola limestone member:

Limestone, dark gray, upper half lithographic, with “marklets,”

“worm-borings,” and Heterocoelia beedet; upper surface hum-
mocky, lower part granular ............coiiiiiiiiiiiiiiaa.n

(Total Iola limestone, 144 feet)
Chanute shale:

Shale, greenish, some maroon streaks, argillaceous, mostly cov-
ered .....iiiiiiiiiiiiiien N

109. Road cut center sec. 20, T. 18 S., R. 22 E.

Tola limestone:
Raytown limestone member:
Limestone, gray, crystalline, poorly exposed
Muncie Creek shale member:
Shale, covered ........oviiiiiiiiiiiiiiiiiiii ittt
Paola limestone member:

Limestone, dark gray, lithographic, “worm-borings,” “marklets,”
Heterocoelia beedei .......covuviuiiieiiennenneennnnns PR

Chanute shale:
Shale, greenish, argillaceous, has small calcareous nodules
Drum limestone:

Limestone, drab to buff, granular, cross-bedded with thin beds,

has numerous small crinoid segments
Wea-Quivira :

Shale, covered

....................

110. SW cor.sec.20,T.18 S, R.22 E.

Wyandotte limestone:
Limestone, buff and white, crystalline, irregularly bedded, large
chert nodules, has Enteletes hemiplicatus var. plattsburgensis,
Lane shale:

Shale, upper part gray and buff, arenaceous, with ferruginous
laminae near the top, lower two-third greenish-gray, argil-

JaCEOUS wtvvitiet ittt ittt e e e, 1

9—711

1.5

54+

00+
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Tola limestone: Feet.
Limestone, gray, sugary, even-bedded, veined, has numerous large
brachiopods, base covered............coiiiiiiiiiiiiii, 144

111. About one fourth of a mile south of the NE cor. sec. 34, T. 18 S, R.22 E.

Tola limestone:
Raytown limestone member:
Limestone, buff to gray, even-bedded, blocky, fine-grained, has

Marginifera splendens and large productids.................. 7+
Muncie Creek shale member: )
Shale, gray, has phosphatic nodules ................cooeiiian. 0.2

Paola limestone member:
Limestone, drak gray, upper six inches lithographic, with “worm-
borings” and “marklets”; lower part fine-grained............. 3.5
Chanute shale:
Shale, gray, calcareous, sandy, thin knife-edge of coal near the
top, lower part not exposed .......coviiiiiiiiiiiiiii i 6+

112. SE cor. sec. 15, T. 17 8., R. 22 E.

Wyandotte limestone:
Limestone, whitish and buff, cherty, irregularly bedded, has En-

teletes hemiplicatus var. plattsburgensts, partly eroded....... 104
Lane shale:
Shale and sandstone, buff, mostly covered...................... 106+

Iola limestone:
113. At the east side of the SE one fourth sec. 4, T.17 S, R. 22 E.

Stanton limestone.
Vilas shale:
Shale and sandstone, gray and buff ............. .. ...l 16.0

Plattsburg limestone:
Spring Hill and Hickory Creek members:
Limestone, mostly covered, brown and gray, with a tan nodular
layer at the base .....oovviiiiiiiiiiiiii i, 12.0
Merriam limestone member:
Limestone, gray, blocky, even, “worm-borings” at the top, Osagia
ZONE DEIOW i it ittt ittt e e
(Total Plattsburg limestone, 14.0 feet)

Bonner Springs shale:
Shale, dark olive-green, argillaceous, with small calcareous nod-

D - e 5.0
Limestone, nodular, yellowish, shaly, “marlite”................. 0.5
Shale, maroon, argillaceous .........coeviuiiiiiiniiiiiiiiina., 1.0
Shale, COVErEd ....uenierineniuereeeearneriseeeesaraenennnns 16.0

(Total Bonner Springs shale, 22.5 feet)

Wyandotte limestone:
Limestone, buff, cherty, poorly exposed, irregularly bedded...... 12.0
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Lane shale: Feet.
Shale, gray, argillaceous, with thin ferruginous laminae, slightly
ATENACEOUS .« e e v eveevesoesnnssnosesosnossnceessosesnesnncans
Shale, buff, arenaceous ...........coviiiiiiiiiriiiieeranneann. 5.0
Sandstone and shale, buff ............... ...l 6.0
Shale, covered, to creek bed .........ccoiiiiiiiiiiiiiiiiiiia 224

114. About one fourth of a mile south of the NE cor. sec. 4, T. 17 S, R. 22 E.

Plattsburg limestone:
Hickory Creek shale member:
Limestone, mostly eroded, tan, shaly, nodular................... 3+
Merriam limestone member:
Limestone, gray, fine-grained, blocky, “worm-borings” at the top, 1.0
5

Limestone, drab, blocky, Osagia abundant ..................... 1.
Bonner Springs shale:

Shale, greenish-buff, arenaceous ..........cceeiiiiiiiiiiiiana.. 2.0
Shale, olive-green, argillaceous ..........cooeviuiiinenneenn.. 3.0
Shale, olive-green, argillaceous, with small calcareous nodules.... 4.0
Shale, maroon, argillaceous .........c.oeevieeineeinenieennennns 0.3
Shale, light-greenish, argillaceous ............ccvvviiiienan... 2.0
Sandstone and sandy shale, ripple-marked and cross-bedded..... 10.0

(Total Bonner Springs shale, 21.3 feet)
Wyandotte limestone:
Limestone, whitish and buff, hard.

115. Just south of NE cor.sec. 8, T. 17 S, R. 22 E.

Stanton limestone:
Captain Creek limestone member:
Limestone, whitish, thin-bedded, arenaceous toward the base,

sugary, upper part eroded, poorly exposed .................. 10+
Vilas shale:
Shale, gray, areNACEOUS . ....vvvtenrreennnesennrnssonnsessonnss 11.0

Plattsburg limestone:
Spring Hill limestone member:

Limestone, drab and buff, massive at the top and more thin-
bedded at the middle, not well exposed, has spines of Echino-
crinus sp. at the top and Enteletes hemiplicatus var. platts-

s 1 104
Hickory Creek shale member:
Shale, tan, nodular, imy .......ooiuiiiiiiiiiiiiiiiiiiii 2.0
Merriam limestone member:
Limestone, gray, odlitic, cross-bedded, Osagia zone............. 5.5

(Total Plattsburg limestone, 17.5+ feet)

Bonner Springs shale:

Shale, greenish-gray, arenaceous .............oevveenvnenannn., 6.5
Shale, buff, nodular, limy, “marlite” ........................LL. 0.2
Shale, variegated, maroon, yellow and green, argillaceous........ 4.0
Shale, greenish, argillaceous ..., 5.5

Shale and sandstone, greenish-buff.
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116. Just north of the center of the west edge sec. 12, T. 17 S,R.21 E.

Stanton limestone:
Captain Creek limestone member: Feet.

Limestone, drab and buff, sugary, brown chert nodules, thin-
bedded, has Triticites n. sp. and Enteletes pugnoides, upper

part eroded ... 7+
Vilas shale:
Shale, gray-buff, arenaceous, micaceous. ...........oovuovnnnnn... 27.0

Plattsburg limestone : ) ) ) .
Limestone, drab, massive, has echinoid spines, only the upper sur-
face exposed.

117. At the east side of the NE one fourth sec. 15, T. 19 S,R.22 E.

Iola limestone.
Chanute shale:

Sandstone and sandy shale, buff, micaceous .................... 25+
Coal, soft, impure (Thayer) ...........ccovvuveruvuninnnneo.n. 0.5
Shale, dark greenish-gray, argillaceous ................ooon.... 3.0
Shale, greenish, argillaceous, with small calcareous nodules. .- ... 8.0

(Total Chanute shale, 36.5 feet)
Drum limestone:

Limestone, greenish-drab, thin-bedded, has numerous small erinoid
segments, granular, poorly exposed ................... ... ... 2+

Wea-Quivira shale:
Shale, gray and greenish, argillaceous, with layer of maroon shale,

Poorly exXposed . ......iiiiiiii
Shale, greenish-buff, limy, with thin ferruginous laminae. ....... 11.0
Shale, covered ............oiiiiiiiiii 27.0

(Total Wea-Quivira shale, 440 feet)
Block limestone:
Limestone, dark gray, brittle, even-bedded, blocky, fine-grained.. 3.0
Fontana shale:
Shale, gray, argillaceous ............vviiueeennnnnnennnnn.. 10+

118. At NW cor. sec. 16, T. 19 S, R. 22 E.

Tola limestone:
Raytown limestone member:

Limestone, covered ...........oooiiiiiiiiiiiiinniiinannn, 64

Limestone, gray, veined, even-bedded ......................... 2.5
Muncie Creek shale member:

Shale, gray, with phosphatic nodules...................oou..... 0.2

Paola limestone member:
Limestone, dark gray, even, blocky, “worm-borings” obscure at

top, fine-grained ............ .. .ol 2.5
Chanute shale:

Sandstone and shale, buff and gray............................. 30+

Coal, soft, impure (Thayer) ..............ccovvveeiinnnii ... 0.2

Shale, gray, argillaceous, covered.
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119. Just south of the NW cor. sec. 13, T. 19 8, R. 21 E.

Wyandotte limestone: Feet.

Limestone, whitish and buff near the top, brown and ferruginous
near the bottom, irregularly bedded, crystalline, thin-bedded,
contains Lophophyllum profundum, Enteletes hemiplicatus
var. plattsburgensis, Triticites trregularis, Squamularia per-
PLeTA, €1C. o ver ettt i e i e 204

Lane shale:
Shale, greenish-buff and gray, arenaceous, lower part not exposed, 15+

120. About one fourth of a mile west of center west edge sec. 18, T. 19 8.,

R.23 E.
Wea-Quivira shale.

Block limestone:
Limestone, dark gray, blocky, fine-grained, even-bedded, brittle,
Triticites sp., Magnifera wabashensts, bryozans .............. 8.0
Fontana shale:
Shale, greenish-gray, argillaceous, has small calcareous nodules.. 12.0
Dennis limestone:
Winterset limestone member:
Limestone, drab and gray except at top where it is nearly black;
fine-grained to dense, brittle, cherty, thin-bedded, even; has
zone of Triticites trregularis, large variety of Composita,
Derbya crassa, Echinoconchus semipunctata and Juresania ne-
braskensis at the top; base covered............coovvvinn..... 18+

121. SW cor. sec. 3, T.19 8., R. 23 E.

Dennis limestone:
Winterset limestone member:

Limestone, light gray, thin-bedded, even, dense, brittle, upper
stratum nearly black, dark-gray and black chert nodules nu-
merous in the upper half, thin layer of odlite below the mid-
dle, underlain by a layer of dense light-gray siliceous rock
with silicified pleurotomarids (Hypselentoma perhumerosa?) ;
lower part granular, crystalline, and veined; not very well ex-

070151 S 30+
Galesburg-Stark interval :
Shale, covered, contains some black platy layers................ 11.0

Swope limestone:
Bethany Falls limestone member:

Limestone, drab, massive, cross-bedded, odlitic, weathers in large,
rounded pitted masses, lower part covered .................. 10+

122. At the west edge of the NE one fourth sec. 10, T.19 8., R. 23 E.

Fontana shale.
Dennis limestone:
Winterset limestone member :
Limestone, black and dark gray, even-bedded, fine-grained, con-
tains T'riticites trregularis, large Composita, Derbya crassa.... 5.5
Limestone, gray, fine-grained, thin-bedded, even, contains small
nodules of black and gray chert ........cccciviiiiniiennn... 5.5
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. Feet.

. Limestone, gray, fine-grained, thin-bedded, even, with black and
gray chert nodules, thin layer of odlite at the top............ 11.0
Limestone, drab, heavy-bedded, even, erystalline................... 5.5

(Total Winterset limestone member, 27.5 feet)
Galesburg-Stark interval :
Shale, covered .........iciiiiiiiiiiniiiia il e, 7+
Swope limestone :
Bethany Falls limestone member:
Limestone, drab, cross-bedded, oélitic, very massive, weathers in

pitted rounded mASSES .......uuiiiitt e 13+
Limestone, gray to bluish, soft, thin-bedded, even, a few light-
gray, chert nodules ..............coii i 14.0
Hushpuckney shale member:
Shale, covered, has a layer of black platy shale................. 4+
Middle Creek limestone member:
Limestone, bluish-gray, lithographic, blocky.................... 0.4
Shale, buff, calcareous, with ramose bryozoans. ................. 0.4
Limestone, bluish-gray, lithographic, blocky.................... 1.5

, (Total Middle Creek limestone member, 2.3 feet)

Ladore shale: .
Shale, gray, argillaceous, platy, thin limestone layer at the middle, 3.2
Limestone, gray, soft, argillaceous ...............ccouvneen.... 0.4
Shale, greenish-buff, limy ................cooiviiiiiieeinnn.... 2.0

(Total Ladore shale, 5.6 feet)
Sniabar limestone: !

Limestone, brown, soft, massive, mostly covered.

123. Railroad cut, near center south edge of NW one fourth sec. 12,
T.198,R.23 E.
Dennis limestone :
Winterset limestone member:
Limestone, gray, hard, veined, mostly eroded, about............ 3+
Shark shale member: i B B o
Shale, buff, argillaceous and limy, with a thin layer of black, platy

shale at the base ........covvviniiiiiieeei 6.0
Galesburg shale:
Shale, buff, imy ........ooiiiiiin i 3.5

Swope limestone :
Bethany Falls limestone member:

Limestone, drab, cross-bedded, oélitic, upper part nodular, shaly
and irregular, purplish; has calcite-lined vertical cylindrical
cavities, iron-stained, and measuring as much as two inches
across by three feet long ...........ccoviiieiiniinnninna... 5.5

Limestone, gray, thin-bedded, even, fine-grained, a small amount
of white and gray chert, has many large productids, Meekella
striatocostata, Derbya crassa, Triticites irregularis?, ete. .... 44

124. Center north edge of sec. 13, T. 19 8., R. 23 E., railroad cut

Dennis limestone: .
Winterset limestone member:
Limestone, buff and gray, veined, blocky ...................... 3+
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Stark shale member: Feet.

Shale, gray, argillaceous above, thin layer of carbonaceous shale

At the DasSe v vttt i e i i i, 5.5
Galesburg shale:
Shale, buff, lImy .....ccoiitiiiiiiiiiiiiiii ittt 4.5

Swope limestone:
Bethany Falls limestone member:

Limestone, drab at top, and oélitic with nodular layer above.... 3%
Limestone, gray, fossiliferous, even-bedded, cherty, thin-bedded,
some buff shaly partings below..........covvviiiiiiiinae, 10.0

(Total Bethany Falls limestone member, 13.0+ feet.)

Hushpuckney shale member:
Shale, gray, argillaceous, with a black platy layer at the middle.. 4.0
Middle Creek limestone member:

Limestone, bluish, dense, lithographie, blocky, in two layers..... 2.0
Ladore shale:

Shale, covered, about ................ e 5+
Sniabar limestone:

Limestone, brown, ferruginous, massive, poorly exposed......... 6+

125. Center of the west edge of sec. 13, T. 19 S, R. 23 E.

Swope limestone:
Bethany Falls limestone member:
Limestone, white, cherty, makes bench.
Hushpuckney shale member:

Shale, covered, to top of B. F. bench..............c..coutt .. 14
Middle Creek limestone member:
Limestone, bluish-gray, lithographie, blocky, in two layers...... 2.0
Ladore shale:
Shale, covered, to top of limestone above...................... 11+

Sniabar limestone :
Limestone, ferruginous, brown, massive, base covered.
Bourbon shale:

Shale, covered, to top of Sniabar ............. ...l 10.0
Limestone, tan, nodular, ferruginous ............c.ocovviinenn. 2.0
Shale, greenish-buff, arenaceous, limy and nodular at the top.... 31.0
Sandstone, olive-gray, micaceous, lower part not exposed....... 54+ .

126. At road intersection just east of the maddle of the west edge of the
NE one fourth sec. 36, T. 18 8., R. 23 E.

Galesburg shale.
Swope limestone:
Bethany Falls limestone member:
Limestone, drab, odlitic, cross-bedded, weathers in large pitted
and rounded masses, unfossiliferous ...........c.ooeeeiiiin.. 7.0
Limestone, gray, even-bedded, thin-bedded, contains Dictyo-
clostus portlockianus var. crassicostatus and Triticites vrregu-
/77 Y-S PP 11.0

Shale, buff, limy, fossiliferous ...........cccoviiiiiiiiiiii., 0.5



136 Geological Survey of Kansas

Limestone, dark gray, fine-grained ....................oooon... 0.7

Shale, buff, Imy ........cooviiiiiiiiiiiee i, 0.2

Limestone, gray, hard, fine-grained .............cvevueenennn... 2.0

(Total Bethany Falls limestone member, 214 feet)

Hushpuckney shale member:

Shale, gray, argillaceous above, lower half black, platy.......... 4.5
Middle Creek limestone member:

Limestone, bluish-gray, lithographic, blocky, weathers whitish... 2.1

Ladore shale:
Shale, gray, argillaceous, lower part covered................... 5+

127. Near center west edge of NW one fourth sec. 36, T.18 S, R.23 E.

Block limestone:

Limestone, bluish-gray, fine-grained, even, thin-bedded, blocky,
upper part eroded ..., 34

Fontana shale:

Shale, olive-green, argillaceous, with a few small calcareous nod-
LS o e 18+

Dennis limestone :
Winterset limestone member:

Limestone, black and dark gray, brittle, fine-grained, zone of
Triticites irregularis, Derbya crassa, Juresania mebraskensis,
and a giant variety of Composita; only the upper part ex-
posed. )

128. Just west of the SE cor. sec. 1, T. 18 8., R. 22 E.

Chanute shale.
Drum limestone:
Limestone, greenish-buff, ferruginous, weathers brown and thin-

bedded, has a large number of small crinoid segments........ 2.5
Wea-Quivira shale:
Shale, buff, argillaceous .....uveer et iirinnrenenreneneennnnss 1.0
Shale, black, carbonaceous, fissile ...........cccovuiuininvninnn.. 1.0
Shale, covered .........oivuiiiiir it 32.0

Block limestone:

Limestone, dark gray, even, thin-bedded, fossiliferous, only upper
surface exposed.

129. Just west of the center of the east edge sec. 12, T. 18 S, R. 22 E.

Chanute shale:

Shale, upper part eroded, greenish-buff, limy................... 84
Drum limestone:

Limestone, greenish-buff, and interbedded shale, thin-bedded, has

a few Osagia, granular ..........o.ieiiiininiininiiinennnnns 2.5
Limestone, brown, drab where fresh, fine-grained, massive, in one
layer, a few small crinoid segments ........................ 3.5

(Total Drum limestone, 6.0 feet)
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Quivira shale: Feet.
Shale, buff, lImy .....cooiittiiiii ittt iiiiiiiiinnnn 0.4
Shale, olive-buff, blocky, argillaceous ............ccvvvvinrann.. 1.4
Shale, black, carbonaceous, blocky, contains orbiculoids in un-

usual abundance ......... .. i i e 1.0
Shale, black, fissile, hard............ ... .. ... il 1.8
(Total Quivira shale, 4.6 feet)

Wea shale:

Shale, buff and gray, argillaceous ..........coovviirvnnreneennn.. 4.0
Shale, gray, argillaceous, hard, with a layer of pyritiferous nod-
ules at the top, lower part covered ..............cccinan.. 16.0

(Total Wea shale, 20.0 feet)
Block limestone:

Limestone, forms bench, covered.
Fontana shale:
Shale, covered, to top of Block limestone...................... 17+
Dennis limestone:
Winterset limestone member:

Limestone, poorly exposed, drab to gray, rather thick-bedded,
even, has T'riticites irregularis, only upper part exposed.

130. At bridge, center east side sec. 17, T. 18 8., R. 23 E.

Winterset limestone:
Limestone, light-gray, cherty, weathered remnant.
Galesburg-Stark interval:

Shale, gray, argillaceous above, and black, fissile below the mid-
dle; due to slumping the thickness cannot be measured, esti-
mated ab ...t et e e 9+

Bethany Falls limestone:
Limestone, drab, odlitic, cross-bedded, very massive, weathers in

great blocks, pitted, lower part not exposed ................. 124
131. About one fourth mile west of the center of the east side sec. 20,
T.188, R. 23 E.
Chanute shale:

Shale, buff, platy, arenaceous, upper part eroded................ 6+
Coal, soft, impure (Thayer) .......cciiviiiiiiiinnineennnnnn. 0.2
Shale, gray, underclay .........ccviiiiiiiiii i, 0.5
Shale, olive-buff, argillaceous, lower part nodular and limy..... 16.0

Drum limestone:
Limestone, drab with a faint greenish tint, weathers brown, fine-

grained, massive, has numerous small crinoid segments...... 2.0
Quivira shale:
Shale, olive-green, agrillaceous ...........c.cviuineeiniiinnn. 3.0
Shale, block, carbonaceous, blocky .........c..cooviiiiiiiin.. 1.0
(Total Quivira shale, 4.0 feet)
Wea shale:
Shale, buff, and olive, argillaceous, layer of limonite concretions
about five feet from the top ..........ccoiiiiiiiiiiiiiiiin.. 28.0

Block limestone:
Limestone, dark gray, thin-bedded, even, some thin, limy shale
partings, not very fossiliferous, base covered................ 3+
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132. About one fourth of a mile north of SW cor. sec. 25, T.18 S, R.22 E.

Tola limestone. Feet.

Chanute shale:
Shale, buff and gray, arenaceous .................ooiunioo.... 5.0
Coal, s0ft, IMPUre .........covueeeeneee 0.05
Shale, buff and gray, arenaceous, platy, has some plant frag-

MENES oottt e 15.0

Coal, soft, impure (Thayer) ..............oveeeeernnnniooonn, 0.2
Shale, dark gray, underclay .............ooouniuniin, 6.0
Shale, buff, ferruginous and limy, nodular...................... 5.0

(Total Chanute shale, 3125 feet)
Drum limestone:

Limestone, greenish, and thin beds of arenaceous shale. ......... 2.0
Limestone, greenish-gray, massive, in one bed, has numerous
small crinoid segments, also Heliospongia ramosa?. .......... 2.0

(Total Drum limestone, 4.0 feet)
Wea-Quivira interval :

Shale, mostly covered, with a thin layer of black, carbonaceous
shale at the top, base covered ............ e, 224

133. About one fourth mile south of NE cor. sec. 35, T. 18 S., R. 22 E.

Tola limestone:
Raytown limestone member:

Limestone, whitish, thin-beded, even, sugary, contains large pro-
ductids, upper surface eroded, overlain by residual chert cob-

Bl (o 64+
Muncie Creek shale member: .
Shale, buff, limy, has a few phosphatic nodules................. 0.2

Paola limestone member:
Limestone, dark gray, blocky, even-bedded, fine-grained, upper
surface hummocky and with “worm-borings,” has “marklets”.. 3.0
Chanute shale.
134. NE cor.sec. 3, T.18 S, R. 23 E.

Wea shale.

Block limestone:
Limestone, bluish-gray, dense, blocky .............cooouvvn.... 0.8
Shale and interbedded thin limestone, gray, fossiliferous........ 1.2
Limestone, gray, blocky, fine-grained ......................... 0.8
Shale, gray, fosiliferous, has Cyclotrypa?, Marginifera wabash-

ENSTS, B1C. .ttt i e 0.3

Limestone, gray, hard, has “marklets”.......................... 0.7
Shale and thin limestone, gray ..............cccovvvininnnn.... 1.8

Limestone, buff, granular, argillaceous, lower part covered.

135. At the NE cor.sec. 2, T.18 S, R. 23 E.

Wyandotte limestone:

Limestone, pinkish, and gray, crystalline, irregularly bedded, ero-
sion remnant.

Lane shale:
Shale, olive-buff, argillaceous ...............coeivuernnnniinn. 16.0
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Iola limestone:

~ Raytown limestone member: Feet.

Limestone, gray, even, thin-bedded, fine-grained................ 5.0
Muncie Creek shale member: o

Shale gray, has phosphatlc nodules ............................ 0.2

Paola limestone member:
Limestone, dark gray, massive, “worm-borings” at the top,
B 075 ¢ 1Y RPN
(Total Iola limestone, 7.2 feet)
Chanute shale:

Shale, olive and buff, argillaceous ............ccooeviiieiann. 8.0
Sandstone, limy, buff, soft .............coiiiiiiiiiiiiil, 2.0
Shale, olive, argillaceous and arenaceous ...................... 5.5
Coal, soft, impure (Thayer) .........ccceviiiiiiiiiiniiininn. 0.2
Shale, olive, argillaceous, underclay ..........ocoviiieiiiinans 5.0
Shale, yellowish-green, marly, nodular, base covered............ 54

136. About one fourth mile north of SE cor. sec. 2, T. 18 8., R. 23 E.

Tola limestone:
Limestone, basal bed (Paola) remaining, dark gray, fine-grained,

blocky, has “worm-borings” and “marklets” ................ 2.0
Chanute shale:

Shale, buff and gray, arenaceous, flaky...............ooooiiii 20.0

Coal, soft, impure (Thayer) ........cccoiiiiiiiiiiiiinaan, 0.2

Shale, dark olive, argillaceous, underclay ...................... 5.5

Shale, buff, limy; nodular ...... e e e e, 5.5

(Total Chanute shale, 31.2 feet)
Drum limestone:

Limestone, olive-drab, massive, fine-grained, weathers brown, has

abundant small crinoid segments .............ccoiiiiiii, 2.0
Wea-Quivira interval:
Shale, gray and buff, arenaceous, not well exposed............... 114

137. About one fourth mile west of the NE cor. sec. 36, T. 17 S, R. 23 E.

Wyandotte limestone:

Limestone, whitish, coarsely crystalline, irregularly bedded, ero-
" sion remnant.

Lane shale:
Shale, gray ‘and buff, argillaceous, slightly arenaceous in places.. 20.0
Tola limestone:
Raytown limestone member:
Limestone, whitish, thin-bedded, even, fine-grained, poorly ex-

POSEd .ttt et P 5.0
Muncie Creek shale member:

Shale, gray, with numerous phosphatic nodules................. 0.2
Paola limestone member: .
Limestone, dark-gray, sugary, “worm-borings” and “marklets,”
hummocky at t0D +.vviveritiiitiii ittt e 2.0

(Total Iola limestone, 7.2 feet)
Chanute shale:

Shale, buff and gray, arenaceous ............ccoeeeniennieennaannn 224
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138. About one fourth mile west of NE cor. sec. 25, T. 17 S,R.23 E.

Wyandotte limestone: Feet.
Limestone, whitish, cherty, wavy-bedded, coarsely crystalline,
UDPPET PArt ZOME t.vutinietinenernenneneeneneenennensnnennns 44
Lane shale:
Shale, buff and gray, argillaceous .............ooovueernneoon.. 20.0

Iola limestone.
139. East of NW cor. sec. 25, T. 17 8., R. 23 E.

Wyandotte limestone:

Limestone, whitish, crystalline, wavy-bedded, weathers buff,
mostly eroded.

Lane shale:
Shale, buff and olive, argillaceous ............oooevenivnnenn. .. 20.0
Tola limestone:
Raytown limestone member:
Limestone, gray, thin-bedded, even, weathers brown, fine-grained,

fossiliferous, about ..........coiiiiiinenie i, 7.5
Muncie Creek shale member:
Shale, gray, argillaceous, has phosphatic nodules................ 0.2

Paola limestone member:

Limestone, dark gray, sugary, has “worm-borings” at the top,
“marklets” ... el 2.5

(Total Iola limestone, 102 feet)
Chanute shale:

Shale, covered ........ouuieiiiuii et 33.0
Drum limestone:

Limestone, brown, massive, fine-grained, weathers in thin laminae,
has many small crinoid segments ................ovnon..... 2.0

Wea-Quivira shale.

140. At NW cor. sec. 24, T. 17 8., R. 23 E.
Tola limestone.

Chanute shale: -
Sandstone, buff, and sandy shale, even-bedded, micaceous....... 14.0

Shale, argillaceous, gray, sandy in places........................ 5.5
Coal, soft, impure (Thayer) .............oeueuuuueuneunnnnn... 0.3
Shale, gray, argillaceous, blocky, underclay .................... 4.0
Shale, ferruginous, limy, with limonite concretions. . ... e 2.0
Shale, olive and buff, arenaceous, platy ........................ 8.0

(Total Chanute shale, 33.8 feet)
Drum limestone :

Limestone, drab and brown, massive, ferruginous, has many small
crindid Segments ..........iiii et 2.5

Wea-Quivira shale.

141. About three tenths of a mile west of the NE cor. sec. 14, T. 17 S,R.23E.

Wyandotte limestone:
Limestone, white, coarsely crystalline, erosion remnant.
Lane shale:
Shale, covered ..........iuuiniiei e 38+
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Iola limestone: Feet.
Raytown limestone member:
Limestone, whitish, thin-bedded, even, sugary, has many pro-

dUcCtids «ovnii e 6.5
Muncie Creek shale member:
Shale, gray, contains phosphatic nodules.............covu.n.... 0.2

Paola limestone member:

Limestone, dark gray, sugary, “worm-borings,” “marklets,” upper
surface hummocky ........oooviiiiiiii it i, 2.5

(Total Iola limestone, 9.2 feet)
Chanute shale:

Shale, COVEred ....o.onininiiii ittt 9.0
Drum limestone:

Limestone, brown, drab where fresh, massive, in one layer, fine-
grained, has many small crinoid segments .................. 2.5

Wea-Quivira shale. .
142. At the SE cor.sec. 10, T.17 8., R.23 E.

Wyandotte limestone:
Limestone, whitish, coarsely granular, irregularly bedded, blocky

bed at base, upper part eroded .........ciiiiiiiiniininnnn.. 6
Lane shale:
Shale, covered .......coevuiiriniiniiiiiiii ittt 33.0

Iola limestone:
Raytown limestone member:
Limestone, whitish, fine-grained, thin-bedded, even, fossiliferous, 7.0
Muncie Creek shale member:
Shale, covered, with phosphatic nodules..................... 0.24
Paola limestone member:

Limestone, upper part bluish-gray, lithographic, with “marklets”
and “worm-borings,” lower part dark-gray and sugary....... 1.5

(Total Iola limestone, 8.7+ feet)
Chanute shale:

Shale, covered ......couiuiiiini it et ne s 8.5
Drum limestone:
Limestone, brown, ferruginous, massive, has many small crinoid

L4 1115 1 2.5
Wea-Quivira shale:
Shale, olive and gray, argillaceous, mostly covered............. 32.0

Block limestone:

Limestone, dark gray, fine-grained, even-bedded, blocky, some
thin shale partings, base covered .........coovvivivnrnenn... 54

143. About one fourth of a mile west of NE cor. sec. 19, T. 17 S., R. 23 E.

Wyandotte limestone:

Limestone, whitish, crystalline above; brown, ferruginous below,
shattery ....ooeniiii i e 7+

Lane shale:
Shale, olive-buff, argillaceous above grading to arenaceous below, 10.0
Sandstone, micaceous, buff ............iiiiiii 0.2
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Sandstone, buff, micaceous .........o.viiiiiiiiintnaannnn,
Shale, buff, arenaceous, micaceous, flaky..............coen.n...
Sandstone, buff, even-bedded, micaceous .......................
Shale, olive-drab to buff, argillaceous, only slightly sandy.......

(Total Lane shale, 105.4 feet)
Tola limestone.

144. Near center sec. 29, T. 16 S., R. 24 E.

Wyandotte limestone:

Limestone, white, thick-bedded, irregular, coarsely crystalline,
with brown inclusions of limonite, upper part eroded, basal
bed blocky, gray, fine-grained ..............oiiiiiininin.n.

Lane shale:
Shale, olive-buff, argillaceous, uniform, base covered............

145. Road cut at SE cor.sec. 14, T. 16 S, R. 24 E.

Wyandotte limestone:

Limestone, brown and whitish, thin-bedded, irregular, with shaly
partings, cherty, upper part eroded ............ccc0iiiininn...

Limestone, whitish and pink, mottled brown, fine-grained with
larger calcite specks, massive .........c.coiiiiiiiiinan... e

Lane shale:
Shale, covered ........oiuiiiiiiiiiiiiii ittt

146. At NE cor.sec. 14, T. 16 S.,, R.24 E.

Bonner Springs shale.
Wyandotte limestone:

Limestone, white and massive at the top; thin-bedded and wavy
with ferruginous shaly partings and chert nodules below, Die-
lasma bovidens, Marginifera sp., and Echinoconchus semi-
770

Limestone, light-gray, thick-bedded, even, massive, coarse grains
in a fine MAatrIX .ovuvvitritiii i i eieeieeeennennannns

(Total Wyandotte limestone, 28.0 feet)
Lane shale:

Shale, olive, argillaceous, lower part covered...................

147. At the SE cor. sec. 30, T. 17 S, R. 24 E.

Wyandotte limestone:

Limestone, whitish to pink, soft, irregularly-bedded, crystalline,
with a single layer of blocky, gray limestone at base, upper
part eroded . ......iiiiii i e e i

Lane shale:
Shale, olive-drab, argillaceous, flaky ...........................
Tola limestone:
Raytown limestone member:

Limestone, gray, blocky, sugary, weathers buff and mottled, even-
bedded, has many productids............................

Muncie Creek shale member:
Shale, gray, with phosphatic nodules ..........................

124
504

164
7.0

384

6.0

8+

44

23.0
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Paola limestone member: Feet.
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