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EDITOR’S PREFACE

This pamphlet is a part of the quarter-centennial volume of
the Nebraska Academy of Sciences now in progress of publica-
tion. The completed volume will contain numerous valuable
monographs of original research in the field of the physical and
social sciences within the borders of Nebraska. It will also con-
tain historical sketches of the progress of each of these sciences in
our state, from both view points, research and teaching, together
with the names of the men and women who have had part in this
work from the first beginnings of scientific work in Nebraska
nntil the present time.

March 1, 1917, marks the first half century of Nebraska’s
existence as & state in the American Union. This quarter-cen-
tennial memorial volume of the Nebraska Academy of Sciences is
designed to gather and put in concise, accurate and attractive
form the record of Nebraska’s achicvements in the sciences as a
contribution to the history of our state, an aid to the fit eelebra-
tion of this first half century of dur state’s existence, and an in-
centive and inspiration for that splendid group of young scientists
reared upon Nebragka soil, who are soon to take up the work of
scientific progress so well begun by the pioneers. It is also de-
signed to be a personal memorial to the life and labors of D
Charles B. Bessey, president of this Academy at the time of his
death, February 25, 1915.

In this monograph by Dr. Condra and Professor Bengtson 18
contained a summary of research work extending over a period
of seventeen years. The discoveries herein set forth are of a most
important nature materially modifying garlier reports upon the
geology of southeastern Nebraska and furnishing to the general
publie, as well as the expert geologist, information of great prac-
tical importance as well as seientific interest upon that section.
A knowledge of the rocks of a region, their order, distribution and
content, is of fundamental importance to the human society which
lives above them, as the rocks themselves are to the physical
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structure of the planet. The study of Nebraska structure herein
contained is a large contribution to our physiographic knowledge
and an incentive for further intensive study within our state.
Especially valuable and attractive are the original half-tone
llustrations and charts which accompany this monograph. Only
those who have labored with the camera, field notes and drafting
instruments in this and similar fields can realize the amount of
painstaking work in them.
University of Nebraska, Addison E. Sheldon,
May 10, 1915. Seeretary.
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THE PENNSYLVANIAN FORMATIONS OF
SOUTHEASTERN NEBRASKA
by

G. K. Condra and N. A. Bengtson
The University of Nebraska

Most members of this Academy have some acquaintance with
the work of Meek, Hayden, Prosser, Broadhead, Haworth, Calvin,
Todd and Beede. They and other geologists have studied the
stratigraphy of southeastern Nebraska and adjacent areas of
Kansas, Missouri and Jowa. Barly geologieal work done in Ne-
braska is now recognized as good reconnoissance. Geologists have
been slow, however, in completing a detailed survey of the Penn-
sylvanian formations of our.state and not without cause. The de-
lay has been due largely to conditions which make accurate field
work more diffieuit here than in most regions. Mueh of the bed
rock is covered with drift and loess, reducing the number of
outerops and making it difficult to trace constants. Other states
have been slow to study their Pennsylvanian formations in similar
areas. For example, in Kansas, the stratigraphy has been worked
with great detail south of the drift, but the glaciated part re-
maing practically untouehed.

The reports we present are based on studies which have
been in progress several years. It was the privilege of the senior
author {o determine the larger natural divigions of Nebraska’s
Pennsylvanian strata in 1898. Trips were made to Towa, Missouri,
Kansag and as far as Oklahoma for the purpose of correlation.
Later, speeial stratigraphie problems were assigned to graduate
students. Mr. E. L. Edwards studied the Platte section with
considerable detail. Iis work has been checked and extended.,
Professor R. J. Searborough of the Nebraska Wesleyan University
mapped and deseribed the stratigraphy of the Weeping Water
Valley. The Missouri River and Nemaha sections were studied
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by the authors and assistants. The correlation of the members of
the different sections was the last part of our problem to receive
attention.

The members of these sections persist over much wider areas
than some have claimed. They do not dip gradually westward,
as is generally believed. We find a structure basin in which the
Jowest points are in the vicinity of Nebraska City and Auburn,
from which the strata rise southward, westward and northward.
The members emerge from this bagin at or near the state line on
the south, in Otoe and Cass counties on the north and westward to
a line between Oreapolis and Pawnee City, beyond which is a
slight dip westward, the Pennsylvanian strata passing under the
Permian, except where the Dakova formation lies unconformably
on the former. A quite well defined anticline extends from Cass
county to Pawnee County and beyond. The oldest exposed beds
of our state are at the north part of this anticline. The strata
are broken by a few small faults,

The Pennsylvanian beds exposed in the areas under consider-
ation have a thickness of 800 to 900 feet. They form the follow-
ing major natural divisions, beginning with the lowest.

I—SHALES AND LIMESTONES: Thickness, 80 to 90 feet as
shown by exposures in the Weeping Water valley, the lower Platte,
and at Plattsmouth, These exposures belong to the upper part of a
well defined formation called the Andrew Shales in Iowa, and
the Lawrence Shales in Kansas. This formation, ag with others
higher in the series, has been named at each end of the section
because its continuity was not known,

Four limestones, each 6 to 12 feet thick, occur in these shales
in Nebraska. 'We give them the ledge names, Nehawka, Sturm,
Oreapolis, and Weeping Water, {rom the places near which are
typical exposures, They are numbers 1 to 4 in the Nebraska
section and appear to be distinet from lower members in the for-
mation which outerop in Missouri and Kansas,

[T-PLATTSMOUTH LIMESTONE: Thickness, 20 to 30 feet, ex-
posed in the lower Platte, at Plattsmouth and in the Weeping
Water valley. This is the Plattsmouth limestone of Meek and
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Hayden, and the Oread of the Kangag survey. I# iz number 5 in
the Nebraska section,

II—SHALES AND LIMESTONES : Thickness, about 50 feet. The
type exposures of the Platte and Missourli River sections were
described by Meek and Hayden who gave the name Platte shales.
What appear to be the equivalents of these in Kansas are known
a8 the Kanwaka shale, Le Compton Hmestone and Tecumseh
ghales, The lower {Kanwaka) shale is only 13 or 14 feet thick
in the Platte section. It is overlain by 4 to 8 feet of limestone,
the Cullom ledge, which is number 6 of our seetion. Above this
member are shale (6 to 8 feet), the second limestone (Cedar
Creek) 2 to 7 feet, and shale, 13 to 16 feet. The Cedar Creek
limestone is number 7 in the Nebraska section. The topmost
shale of this division seems to be the northern extension of the
Tecomseh shales of the Kansas survey.

IV—FORBES LIMESTONE:  Thiekness, 20 to 28 feet. This,
number 8, is the upper heavy ledge of the Platte, Weeping Water
and adjacent exposures of the Missouri River seetion. Tt is
known as the Iorbes limestone in Migsouri, Towa and Nebraska
and as the Deer Creek in Kansas. This division dips below the
Missouri River flood plain at Jones' Point and rises above near
Towa Point, Kansas, becoming high in the bluffs north of Nodaway,
Missouri.

V—BRADDYVILLE FORMATION :  Thickness, 90 feet or more in
the Platte section ; less in Iowa, Missouri and Kansas. This forma-
tion contains well developed limestones and interbedded shales.
Its members in Kansas are the Calhoun shales, Topeka limestone,
Severy shale, and the Howard limestone. The limestones are
more prominent in the Platte section than in Kansas. Tt ig be-
lieved that with perhaps one exception, the Meadow or lowest
ledge, the Nebraska limestone members cannot be correlated with
those of Kansas, The heavy ledges in the Platie section thicken
northwestward, We give the following ledge names and numhers
for the Braddyville limestones: Meadow (9), Union (10), Louis-
ville (11), South Bend (12), and Ashland (13}, These are
described in the Platte section. Ledge number 10, the Union,
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ocours in the Weeping Water and adjacent Missouri River sec-
tions, but has not been definitely recognized in the Platte section.

VI_SHALES: Thickness, 90 to 125 feet. Iixposed at Jones’
Point east of Union, at Table Rock, in the southeast cormer of
Richardson County and thence southward across Kansas., This
formation, consisting mainly of sand and clay shales, is known
as the City Bluffs shales in fowa and the Beranton shales in
Kangas. :

VII—LIMESTONES AND SHALES: Thickness, 110 to 130 feet.
This formation includes five limestone and four shale members.
Tt is best developed in the Big Nemaha valley with exposures
between Tecnmseh and Humboldt and between Falls City and
Rulo. There are exposures between Union and Nebraska City,
north of Rulo and at the mouth of the Big Nemaha. The name
Nemaha is here proposed for this formation of limestones and
shales, it being recognized that Tarkio and Burlingame are names
used for members only. The limestone ledge names and numhers
of the Nemaha formation are: Rulo (14), Burlingame {153,
Fargo (16), Preston (17), and Tarkio (18). These are deseribed
in the Missouri River and Nemaha sections.

VII—SHALES: Thickness, 95 to 120 feet. 'This division is
prominently exposed at Nebraska City, Peru, Brownville, St.
Deroin and south of Falls City. It consists mainly of clay axxcd
sand shales, but contains sandstone lenses and thin seams of coal.

This division is known as the MeKissoek Grove shales in
Towsa and appears to be the lower part of the Admire formation of
Kansas,

IX—SHALES AND LIMESTONES: Thickness, about 205 feet in
the Big Nemaha section. This is a natural divigion extending from
the MeKissoek Grove shales to and inelading the Cottonwood .
limestone. The lower half of the formation is mostly clay shales
with several thin lmestomes. The upper part contains four
fairly important limestones and interbedded shales. At the base
of the formation is the Brownville limestone, number 19, whieh
is 214 to 6 feet thick., Twelve to twenty feet above this member is
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the Aspinwall ledge {(number 20} and 18 to 27 feet higher is the
Falls City limestone, number 21. Between the Falls City and
member 22 are elay shales containing five or more thin layers of
light colored limestone. Dimestones 22 and 23 seem to be
parts of the Illmdale formation of the Kansas geologisis.
Our member 24 is without much doubt the Neva of Kansas.
It is the first prominent limestone below the Cottonwood. The
shales between the Neva and Cottonwood are the HEskridge of
Kansas. The well known Cottonwood limestone ig ledge nuraber
25. Ifurther details in regard to Division IX are brought out in
the Nemaha seetion.

Just what formation nmame Division X should bear is not
knowy, IMurthermore, it may represent two formations. The
lower part is largely the Admire of Kansas and the upper part
is mostly the Tlmdale.

XTHE GARRISON FORMATION; Only a few remnants of this
onterop in Nebragka, Thickness exposed, about 20 feet.

Reports on the Missouri River, Platte, Big Nemaha and Weep-
ing Water seations follow. TIn each, the beds are deseribed from
the lowest upward, using the ledge numbers of the Nebraska see-
tion., 'This is done to show the correlation of members in the see-
tions. The limestone ledges are shown in Arabie numerals and
the overlying shales in corresponding Roman numerals,

THE MISSOURI RIVER SECTION

. (Between Lallatte, Nebraska, and Charleston Creek, Kansas)

The steep valley side bordering the Missouri River flood
plain on the west is quite favorable for stratigraphie studies, Ex-
posures are frequent and deformations slight. Well defined
congtants are traceable in the ounterops.

The Missouri River section in Nebrasks forms a broad syn-
¢line with its lowest point in Nemaha County. The only marked
deformation is at Jones’ Point, Cass County, where a steep rise
northward brings strata rapidly above the Missouri River level.
The rise, though gentler farther north, causes the oldest beds of
the section to be exposed in the vieinity of Plattsmouth.

The Plattsmouth and the Forbes limestones are the two prom-
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| e

inent constants. Their lithologic characteristics, fossil content,
stratigraphic relations, and iopographic effects are surprisingly
uniform in northwest Missouri, northeast Kansas and in the north.
ern part of the Nebraska section, The lowest bed of this section
exposed in Nebraska is the Oreapolis limestone, Our general gee-
tion is as follows., (See Plate I.)

ANDREW (LAWRENCE) SHALES
8. Oreupolis Limestone. Exposed in the bottom of the ravine
about 14 mile south of the Missouri River bridge at Platts-
mouth. Only the upper part outerops. The reported thick-
ness of this member is 8 to 9 feet. The stone is fairly mas-
sive and light colored, but weathers into several yellowish
beds.

III. Shale. This clay shale is best shown in a ravine about 14
mile south of the Missouri River bridge at Plattsmouth.
Thickness, 16 to 18 feet. The color varies from blue to
maroon, the basal portion being predominantly maroon.

4, Weeping Water Limestone, This outerops in the lower valley
sides in the vicinity of Plattsmouth. Thickness, 6 to 8 feet;
color, bluish gray, weathering yellowish to light brown.
The stone is massive and breaks into large bloeks, Its
fossil econtent is prineipally crinoid stems, fusulina, bryozoa,
and fragments of brachiopods.

1V. Shale. Exposed at Plattsmouth, and in the bluffs seven
miles south of there. It is best observed near the mouth
of a small ereek south of the C. B. & Q. R, R. bridge at
Plattsmouth. Thickness, 18 feet. This is a bluish green clay
shale with interbedded ealeareons seams. The upper part
ig carbonaceous in plaeces.

PLATTSMOUTH LIMESTONE

5. Plattsmouth Limestone. This formation is exposed between
Plattsmouth and Rock Biuff, and passes below the flood
plain about one mile south of Rock Bluff. It is high in the
blufls at Plattsmouth and forms a prominent cliff at Rock
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Bluff Point. It rises above the flood plain about one mile
northwest of the mouth of Mosquito Creek valley in Kansas,
and becomes high in the valley side towards Charleston
Creek forming a rock terrace. This formation is known
as the Oread in Kansas, It is a prominent cliff former in
all exposures studied. Thickness, 24 to 30 feet. "The stone
is hard, massive and light gray. The following is a typical
section of this division at Recls Bluff, Nebraska

Limestone, 1 foot 2 inches, in two heds.

Shale, 1 to 8 feet, carbonaceous and often mistaken
for coal.

Shale, 3 inches to 1 foot, blue, argillaceous, not dis-
tinctly bedded, persistent, though thin.

Limestone, 16 feet 6 inches, in three divisions with
ghale partings. Contains many fusulina in the upper
and midle zones, also some crinoid stems.

Shale, 4 Leet 3 inches, vellowish, caleareous.

Limestone, 7 feet. A heavy ledge separated from a
thin basal ledge by carbonaceous shale., Contains
prominent dark {int nodules.

PLATTE SHALES

V. Shale. This member outerops ahove the Plattsmouth lime-
gtone high in the bluffs between four miles south of Platts-
mouth and Rock Bluff. The section at Rock Bluff shows:
light colored clay shale, 6 feet; gray compact limestone, 6
jnches; carbonaceous shale, 2 feet; and blue argillaceous
shale, 4 feet. Total thickness, 10 to 13 feet.

6. Cullom Limestone. Tixposed above shale number V. Thick-
ness, 4 to b feet. The stone is light gray and contains many
Campophyllum torquium, The section at Jonmes’ Point,
practically identical with beds at Roek Bliuff, is as follows:

Limestone, 1 foot 7 inches, with many large cup corals
in the upper part.

Shale, 8 inches, caleareous, with many large cup corals.

Limestone, 2 feet 4 inches, with many fragments of
brachiopods, fusulina and other fossils,

vI. Shale. Exposed above the Cullom limestone. Thiekness, T
40 8 feet, This is a elay shale. The upper part is light col-
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ored at Jones’ Point and the base greenish. In exposures
farther north, all of the member is greenish.

7. Cedar Greek Limestone. Dixposed from about one mile north
of Rocl BLuff to Jones’ Point, The stone usually is in one
bed, producing a rock terrace. Thickness, 1 foot 6 inehes
to 2 feet b inches; color, dark gray.

ViI. Shkale. BExposed ahove the Cedar Creek limestone at Jones’
Point northward to and beyond Rock Bluff. Thickness,
30 feet. This member grades between clay and sand shales.
The middie zone is quite arenaceous, even a sandstone at
places, as at Calumet Point (King Hill).

FORBES (DEER CREEK) LIMESTONE

8. Forbes Limestone. This formation is prominently exposed at
Jones’ Point, where it quickly rises from below the river.
Tt forms the cap rock in the bluffs between this place and
Rock Bluff. Similar exposures oceur in Kansas and Miss-
ouri beginning about one-half mile below Towa Point and
extending southeastward along the Missouri River, be-
coming high in the valley sides. The Kansas name for this
division is the Deer Creek. Thickness, 24 to 28 feet. A
composite section from dJomes’ Point to Calumet Point
(King Hill) follows:

TdAmestone, 5 inches, dark, hard, persistent,

Shale, 4 inches, dark, argillaceous.

Timestone, 1 foot 11 inches, massive.

Shale, 1 foot 7 inches, clay, yellowish.

Limestone, 10 inches, one bed.

Shale, 1 foot 8 inches, ealearcous, the upper part dark,
the lower lighter.

Timestone, 16 feet to 20 feet, massive, hard, compact,
light colored, forms a cliff,

Shale, 2 fect 6 inches. Thickness varies from 1 foot
6 inches to 2 feet 6 inches. Color bluigh except the
earbonaceous base.

Limestone, 3 to 6 inches, massive, prominently joint-
ed at right angles, weathers yellowish to brownish,
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BRADDYVILLE FORMATION
VIII. Shale. Well exposed above the Forbes limestone at Jones’
Point, Thickness, 9 to 10 feet. The upper part is bluish
and the hasal part caleareous.

9, Meadow Limestone., 'T'hisis the first distinet Himestone mem-
ber above the Morbes. It has wide distribution in Nebras-
lta and apparently in Kansas and Missourl. The stone us-
nally is in one bed, bui forms two beds at places. It gives
rise to large blocks, The color is light grayish blue, the
upper part weathering light colored and the basal part,
buff. Among the fossilsare Polypora elliptiea, fusulina
and allorisma.

IX. Shale. Exposed ahove the Meadow lmestone at Jones’
Point., Thickness, 5 to 6 feet. This is a blue to green-
ish clay shale, somewhat ealearcous, weathering yellowish.

10. Union Limestone. Hxposed at Jones’ Point and may be rep-
resented in the exposure below Towa Point, Thickness,
6 to 8 feet. This member is recognized in Nebraska by its
position, the rich biue color and white fossils. Tt contains
some dark flint, Section at Jones’ Point:

Limestone, 1 foot, in two beds of about equal thickness,
rich in lamellibranchs and brachiopods.

Shale, 1 foot 2 inehes, earbonaceous,

Timestone, 8 inches, blue, weathers huff, contains
many Rhombopora lepidedendroides and erinoid
stems.

Limestone, 4 feet, in five distinet beds. Color bluish,
not changing much on weathering. Containg many
lamellibranchs and large produeti.

Shale, 1 inch, & mere parting but quite persistent.

Timestone, 1 foot 3 inches, hrittle, weathers rusty,
containg many lamellihranchs, some pinna, and gas-
tropods. The dark flint nodules are a characteristic
feature.

X. Shales and Limestones. Bxposed at Jones® Point above the
Union Limestone, is a bluish elay shale, somewhat calear-
eous, and 8 to 10 feet thick. Next above is a limestone,
5 to 6 feet thick, exposed at Jones’ Point and probably
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in Kansas. It occurs in four beds of nearly equal thick-
ness and forms jagged outerops. Color, dark blue, weather-
ing light buff, The beds contain many fragmentary fossils
of bryozoa and brachiopods, This limestone iy not defi-
nitely correlated with any member in the Platte or Weeping
Water sections. Its proven distribution is not sufficient to
warrant giving it a number and name in the Nebraska
section. It corresponds in position with Limestone 11, the
Louisville ledge, but differs greatly lithologically. Nothing
definitely corresponding with the Touisville, South Bend
and Ashland limestones, 11, 12 and 13, of the Platte section
has been found in the Missowri River section.

There may be other beds higher than the limestone
member first above the Union ledge at Jones’ Point.
If so, they are deeply eovered with drift and loess. Some
members of this division outeropping in northeastern Kan-
sas may correlate with the Calhoun, Topeka, Severy and
probably with the Howard of the Kansas survey.

CITY BLUFFS (SCRANTON)} SHALRS

Shale. This, major division VI of the Nebraska seetion,
is exposed at Jones’ Point and from the Big Nemaha to
White Cloud, Kansas, It consists largely of broad bands
or zones of differently colored argillaceous, arenaceous, and
carbonaceous shales and local lenses of very hard sand-
stone. Near the mouth of the Big Nemaha, it has one or
more layers of poorly developed limestone in the upper part
overlaid by about 12 feot of blue green clay shale contain-
ing a bhed of coal 8 to 14 inches thick. Total thickness of
the formation, about 125 feet near the Kansas line, Tess
to the north.

NEMAHA FORMATION

14. Rulo Limestone. This is expesed at the base of the bluff

south of Rulo, two miles north of Rulo and between that
point and Winnebago Creek., The type locality is 214
miles north of Rulo. The stone is light colored, hard and



XIV.

NEBRASKA ACADEMY OF SCIENCES. 15

magsive. Thickness, 1 foot 4 inehes. Probably this Hme-
stone i not in the Jones’ Point seetion. If present, it is
poorly defined.

Shale. Best exposed between Fargo and a point two miles
north of Rulo, also in the spur south of Rulo and in the bluffs
near the mouth of the Big Nemaha valley. Thickness, 8
to 12 feet. Color, bluish; texture, clayey. The exaet equiv-
alent of this member in the exposures near the mouth of the
Weeping Water is not known,

15. Burlingame Limestone. Exposed at Jones’ Point, and prob-

ably at Old Wyoming where it dips below the river. Tt
rises above the river near Fargo and outerops at different
points practically to Kansas, becoming high above the river
near the state line. Thickness, b feet 2 inches at the mouth
of the Big Nemaha valley. Color, bluish, weathering brown.
This is a hard massive ledge, or in two or three beds with
thin shale partings. Crinoid stems are the prineipal fossils.
They remain white in the weathered stone.

XV. Shale. Prominently exposed mear Fargo and to within

about two miles of Rulo, also in the spur south of Rulo.
It passes below the flood plain one-half mile north of Margo
and rises to the swrface at Old Wyoming, Thickness, 30
to 32 feet. 'This shale ranges from elay to sand in texture.

18. Pargo Limestone. Bxposed hetween the Weeping Water

XV

valley and Walnut Creek, from four miles northwest of
Fargo to near Rulo, and in the spur south of Rulo. The
stone makes a prominent eliff in the valley side near Fargo,
the type loeality. The seetion, one-half mile north of I'ar-
go shows:

Timestone, 1 foot 6 inches to 2 feet. Bluish, massive,
hrittle, it makes a natural riprap along the river
hanl.

Shale, 5 feet, dark blue, carbonaceous, clayey to sandy.

Timestone, 4 feet in three beds.

Shale. Txposed at Old Wyoming and in the slopes north
and south of Fargo. The best exposures are one mile
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north of Fargo. This is a light blue clay shale, somewhat
caleareous and 17 to 21 feet thick,

17.  Preston Limestone. Bxposed hetween IFargo and Cautier
Creek, Thickness, 2 feet 6 inches to 3 feet. This dips be-
low the food plain about 434 miles northwest of Fargo
where it forms a natural riprap along the shores of a cut-
off lake. “Ihe sbtone is hard, massive, bluish and breaks into
box.like bloeks.

XVII. Shale. Exposed above the Preston limestone. This is an
interhedded, argillaceous to sandy shale grading to a mas-
sive friable sandstone. Thiekness, 80 to 40 feet or more.

8. Tarkio Limestone. Iixposed from Weeping Water valley to
Nebraska City, and from 4 miles southeast of 8¢ Deroin to
near the Big Nemaha valley. This is a mixed member as
shown by the following typical seciion, 334 miles north-
west of Fargo:

Limestone, 4 feet, gray, fairly wmassive, contains
many large fusulina. These Lossils ave a distinguish-
ing feature.

Shale, 3 feet 11 inches, elay texture.

Limestone, 6 inches, with many prodneti.

Shale, 6 inches, ealeareous, light colored.

Limestone, 6 inches, one hed.

Shale, 16 inches, light coloved, calearcous.

Limestone, 6 inches to 11 inches, grayish blue

MCKISSOCK GROVE SHALES

XVIII Shale. This formation is exposed between the mouth of
Weeping Water Creek and 5 miles southeast of 5t. Deroin
Tt varies from sandstone to elay shale, and containg loeal
limestone beds and thin seams of coal near St. Dervoin, As-
pinwall, Brownville, Peru and Nebraska City. The sandy
characteristic iz pronounced in many places. The sand-
stone makes prominent cliffs east of St. Devoin and between
Honey Creek and Peru. Total thickness, 128 feet or move,
This is major division VIII of the Nebraska section.
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ADMIRE FORMATION (7)

19. Brownville Limestone. Exposed above the shales in the

bluffs between Ioney Creek valley near Peru and 4 miles
goutheast of St. Deroin. Thickness, 2 feet 6 inches to 6
feet. Color, light bluish green, weathering lighter. The
upper part of the stone iy somewhat nodular, the lower
part massive.

XIX. Shale. Exposed between Honey Creek and Nemaha, near

Aspinwall, and west of $t. Deroin. Thickness, 18 to 25
feet. Tt appears to thin northward, 'The basal part of this
member is dark, hut maroon in places. The middle zone
is calcareons and contains small local fossiliferous lime-
stones. The upper part is bluish.

20, Aspinwall Limestone. Exposed at places from between Peru

and Brownville to Nemaha, at Aspinwall, 14 mile west of
St. Deroin, and near Indian Cave. The type locality is at
Aspinwall, Thickness, 1 to 2 feet. This ledge is massive
and light brown mottled, weathering with little change in
color. Tt is usually in one hed. Fossils are numerous, es-
pecially the pelecapods, erinoids and fragments of brach-
iopods. The stone is persistent, soft and easily worked.

XX. Shale. BExposed generally above the Aspinwall Limestone,

but best shown near Aspinwall, where the following section
was observed :
Clay shale, 12 feet, bluish to yellowish.

Limestone, 6 inches, bluish gray and hard.
Clay shale, 5 fest, bluish.

21. Folls City Limestone. This outerops 75 feet above the river

in the vicinity of Aspinwall and 130 feet above the flood
plain at Indian Cave. Thickness, 3 feet 6 inches to 4 feet,
usnally in one magsive bed. The stone hasg a brownish
mottled color, is soft, resonous, and easily worked when
freshly exposed, but hardens upon exposure. It is very
fossiliferous, pelecapods predominating.

All divisions in thig section above the Brownville limestone
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appear to belong to the Admire formation, which according to
the Kansas Survey, may extend below what we call the Brown-
ville ledge. It is evident, however, that what may be the Admire
in Nehraska is not clearly set off from the Elmdale above, as i
shown in the Nemaha section. Hence, we are not sure of the
formation name for this division.

THE PLATTE SECTION
{Ashland to Plattsmouth)

The Pennsylvanian beds of this section are exposed hetween
Plattsmounth and Ashland, a distance of 25 miles. Quterops,
though not continuous, are sufficiently numerous to afford eon-
stants betweenr the exposures. Studies have been made of all
outerops on hoth sides of the valley and all the beds have been
correlated.  The seetion shown in Plate TT represents the south
side of the valley.

Major divisions T to V of the Nebraska section are represent-
ed. The lowest bed exposed is the Oreapolis Limestone, shown
just above the railroad track 2 miles west of Oreapolis where it
appears to mark the axis of a well defined low fold. From this
exposure the beds have a slight westward dip with loeal varia-
tions, eausing low folds. One such is about 1 mile northeast of
Louisville and another is 2 miles northwest of South Bend
though not of sufficient magnitude to represent in drawing. The
highest bed exposed in the section is a thin limestone a few feet
above the track level 1 mile southwest of the Burlington station
at Ashland. S

The Pennsylvanian beds are, in places, overlain nneonform-
ably by the Dakota sandstones and elays. This condition is es-
pecially well shown along the south side of the valley at the mouth
of Salt Creek, at the clay pits 1 mile northeast of Louisville, and
at the Cedar Creek and Cullom gravel pits. On the north side of
the valley the Dakota is best shown at the State Fish Hatcheries
opposite South Bend, in the clay pits west of Meadow, and in the
slopes goutheast of Richfield,

A characteristic feature of the Penngylvanian beds is the thiek-
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ness of the limestones of the Braddyville formation. This ig
much more pronounced than in the Weeping Water and Missouri
River sections, and makes correlation of the upper members with
those sections uncertain. The Forbes and the Plattsmouth lime-
stones are prominent cliff formers. The detailed section follows:

ANDREW (LAWRENCE)} SHALES

8. Oreapolis Limestone. Exposed at the base of the slope, 14
to 2 miles west southwest of LaPlatte and just above the
railroad track 2 miles west of Oreapolis, The latter is the
type locality, Thiekness of member, 8 to 9 feet. The un-
weathered stone is light bluish gray and partly erystalline.
The basal part weathers light gray and the upper 2 to 3 feet
thin bedded and slightly yellowish. Fragmentary fossils,
especially erinoids, are prominent.

III. Shale. Exposed above the Qreapolis limestone, Thick-
ness, 7 to 9 feet. Texture clayey to calcareouns., The ma-
roon color is a characteristic feature of the basal 4 to 5 feet.

4, Weeping Water Limestone. Exposed west of Lia Platte and
Oreapolis. Thickness, 11 to 12 feet. The stone ig light
eolored, and produces a prominent cliff and bench. A
typical section 214 miles west of Oreapolis shows:

Limestone, & feet 4 inches, one hed, blue gray, weathers
vellowish and shatters badly, fossiliferous.

Shale, T foot, light eolored and calecareous.

Timestone, 6 feet 2 inches, one bed unweathered, brealks
into thin layers. ‘

IV. Shale. In the slopes 114 to 8 miles west of Lia Platte, but
hest shown in the valley gide 2 to 3 miles west of Oreapolis.
Thickness, 14 feet, A typical section two miles west of
Oreapolis shows:

Shale, 5 feet, dark, thin bedded and platy, shightly car-
bonaceous.

Timestone, 1 foot 2 inches, bluish, hard, irregularly
jointed.

Shale, 4 feet, bluish, upper part clayey, base partly
carbonaceous and elastie.

Tamestone, 1 foot 2 inches, bluisk gray, two layers sep-
arated by a shale parting.

Shale, 1 foot 6 inches, blue, argillaceous.



20 NEBRASKA ACADEMY OF SCIENCES.

PLATTSMOUTH LIMESTONE

5. Plattsmouth Limestone. This formation is exposed in the old
quarries south of Richfield, in the “point’’ opposite Cul-
lom, in the lower part of the cliff 134 miles northeast of
Cedar Creek and in the upper valiey side 2 to 3 miles west
of Oreapolis. It has two or three main divisions with
shale partings of variable thickness. Total thickness, 25
to 30 feet. The stone is light colored, massive and hard,
It contains flint 10 to 11 feet below the top. In places
the basal part consists of a earbonaceous shale 1 to 2 feet
thick, underlain by an impure Hmestone 1 foot 6 inches
thick. This earbonaccous basal part is well shown at the
level of the railroad at the sharp bend northeast of Cedar
Creek where the ledge gives rise to a cliff in the valley side.

PLATTE SHALES

V. Shales. Exposed in the old Richfield (uarries, in the valley
side east of Cedar Creek, and below the upper quarry
ledges east of Cullom. Tt is best shown above the Platis-
wouth limestone northeast of Cedar Creek. Thickness, 13
to 14 feet.. This is a bluigh clay shale with a earbonaeeous
streak in places. A seetion at the cliff northeast of Cedar
Creek shows:

Clay shale, 8 feet, bluish, jointed but indistinetly bed-
ded.

Limestone, 8 inches, dark blue, one hed.

Shale, 1 foot 9 inches, dark.

Clay Shale, 3 feet, bluish green.

6. Cullom Limestone. Exposed above shale number V. Well
shown in the upper part of the old quarries south of Rich-
field and in the upper part of the cliff northeast of Cedar
Creek and is the basal ledge in the high quarries east of
Cullom, the type locality. This ledge iy just above the
level of the railroad track at the National Stone Company
erusher two miles northeast of Louisville. Thickness, 8
feet. The stone is massive, quite fossiliferous and forms a
cliff,
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V1. Shale. Exposed west of the old quarries south of Richfield,
at the National Stone Company erusher, in the cliff north-
cast of Cedar Creek, and high in the quarries east of Cul-
lom, Thickness, 6 to 8 feet. The greenish color is the most
pronounced feature.

7. Cedar Creelc Limestone. KExposed in the slopes east of Mea-
dow opposite Cedar Creek, and at the National Stone
Company quarry. (lst below main ledge.) This is the
upper ledge in the quarries high on the valley side east of
Cullom. Thickness, 7 to 8 feet. The stone is light colored
and quite massive except the upper part which is thin
hedded.

VII. Shole. fixposed below the floor of the National Stone Com-
pany quarry and westward to the old Stout quarry. Thick-
ness, 13 to 16 feet. This clay shale is biuish to light col-
ored and somewhat ealcareouns, with a thin layer of fossil-
iferous limestone near the middie,

FORBES (DEER CREEK) LIMESTONE

8. Forbes Limestone. This formation is exposed in the lower
slopes west of Meadow and Louisville, and higher in the
valley side cast of Louisville until Cedar Creek valley
is reached. It is the main guarry lédge at the Woodworth
(West of Meadow), Murphy (Bast of Louisville), National
(Northeast of Louisville), and Atwood quarries (Cedar
Creek valley). A composite seetion shows:

Limestone, 8 inches, dark bluish, usually not guarried,
it one bed.

Shale, 1 foot to 1 foot 2 inches, with a carbonaceous
gtreak near the middle.

Limestone, 6 inches, dark blue, usunally not quarried.

Shale, 2 inches, fairly persistent.

Limestone, 10 inches to 1 foot, bluish, in one bed, us-
nally not guarried.

Shale, 6 inches, fairly persistent,

Limestone, 20 to 22 feet, massive, upper 10 feet (ap-
proximately) very pure, light colored and hard.
Basal portion less pure, darker and softer.

Shale, 6 inches to 2 feet, blue, argillaceous, bedded.
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Limestone, 2 feet to 3 feet, blocky, weathers light,

Shale, 6 inches, blue, caleareous.

Limestone, 2 feet 10 inches to 4 feet, bluish, weathers
brownish,

BRADDYVILLE FORMATION
Shale.  Exposed one mile west of Louisville, in the Mur-
phy and the old Stout guarries northeast of Louisville,
and in the Atwood quarries. It is in the slopes west of
Meadow but generally covered by talus. Thickness, 6 to
# feet. This is a bluish, bedded, clay shale.

9. Meadow Limestone. This outerops west of Meadow, west of

Louisville, in the old Stout guarry, and at the Atwood
gquarries. Thickness, 2 Leel 7 inches to 4 feet. Its great-
est thickness is shown at the Atwood and Woodworth
quarries. The stone is massive, hard, semi-crystalline and
weathers light colored. It containg many Polypora ellip-
tiea at the old Stout guarry.

IX. Shale. Thisis exposed above the Meadow limestone., Itisa

bluish caleareous shale, 2 feet 8 inches to 3 feet thick.

Limestone. Exposed in the slopes west of Meadow and south of

Shale.

the Platte from the south bend of the river to beyond
Lonigvilte, Xt is well shown in the old Stout quarry north-
east of Doulsville, Thickness, 3 feet 8 inches to 4 feet, A
typical seetion one mile west of Louisville shows:

Iimestone, 1 foot 9 inches, light colored.

3hale, 11 inches, ealcareous, maroon,

Timestone, 1 foot 6 inches, light colored, nodular,

I'his member has not been eorrelated with any member of

the Missouri or Weeping Water seetions. Its importance
and proven distribution do not justify giving it a ledge
name or number in the Nebraska section.

This forms part of the slope under the Liouisville limestone.
Tis best exposure, in the rock ravine about one mile west of
Tionisville, is as follows:

Shalle, 6 feet 3 inches, light colored, argillaceous, thin
bedded, thin band near the top, carbonaceous,
Limestone, 6 inches, gray, blocky.
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Shale, 1 foot 10 inches, light colored, dark at base,
greenish when wet.

Limestone, 1 foot 4 inches, gray, in three beds with

" shale partings.

Shale, 4 inches, bluish green,

Limestone, 3 inches, gray, many fragments of brach-
topods.

Shale, 2 feet 6 inches, blue, argiliaceous.

The shales of this member are generally bluish.

11. Louisville Limestone. Bxposed at the base of the slope west
of South Bend and in the upper slopes eastward to Louis-
ville. It is the main ledge in the upper Atwood quarry in
the Cedar Creek valley, and in the north side of the Platte
valley from the State Pish Hatcheries to Meadow. 1t is
the main quarry ledge in the abandoned Murphy and Green
quarrvies west of Meadow. Thickness, 10 to 12 feet. This
member is thin bedded in its upper part, but most of it iz
massive, hard and compact. It is blue gray and weathers
light.

XI. Shale. Exposed above the Louisville limestone. Thickness,
6 feet 6 inches to 10 feet. This is & marcon clay shale
capped by ten to fifteen inches of blue clay shale.

12, South Bend Limestone. BHxposed in the bed of Salt Creek
gsouthwest of the C. B. & Q. station at Ashland, at the track
level near the mouth of Salt Creek, in the valley sides from
Pawnee Creek to Louisville, and from the State Iish Hatch-
eries to Meadow. Thickness, 8 to 9 feet. A scction along
the railroad 14 mile east of Pawnee Creels shows:

Limestone, 10 inches, light gray, one bed, hard.
Shale, 1 foot 3 inches, light colored, has caleareous
concretions, fossiliferous.
Timestone, 2 feet 10 inches, light gray with many
fusilina and brachiopods, a good building stone.
Shale, 1 foot 10 inches, light bluish gray, many fusu-
lina.

Limestone, 2 feet 6 inches, containg large flint no-
dules. Thiz i¢ the most prominent fling horizon
along the lower Platte.
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XII. Shale. Exposed under the Ashland limestone at Ashland
and in the slopes in the vicinity of Pawnee Creek. Total
thickness, 16 to 18 feet. This is a clay shale, predominantly
maroon, but having a purple band at the base,

13, Ashland Limestone. Bxposed in the sides of the ravine %
mile southwest of the C. B. & Q. station at Ashland just
below the level of the railroad track, in the small ravine
northeast of the station at Ashland, and in the upper slopes
of Pawnee Creelt and vicinity., Thickness, 12 feet. This
member forms very large blocks., The main body of the
stone is light gray, massive and hard. The basal portion
consists of interbedded limestones and shales to a thickness
of 814 feet.

CITY BLUFFS (SCRANTON) SHALES
XIIl. Shale. Bxposed in the ravine and railroad cut southwest
of the Ashland station. This is an argillacecus shale of
variable color, part being maroon. Thickness, 19 feet. It
is overlain by limestone 1 foot to 1 foot 6 inches thick., The
stone ig light colored and carries some caleiie veins and
erystals of pyrites of iron.

Just where this shale and limestone should be grouped is
not definitely known. They resemble members of the Brad-
dyville formation, but seem to be in the City Bluifs or
Seranton horizon.

There may be other Pennsylvanian beds, higher in the
Platte section, if so, they are concealed by the Dakota for-
mation and mantle rock.

THE BIG NEMAHA SECTION

Conditions are quite favorable for stratigraphic studies in
the Big Nemaha valley, beeause erosion has removed most of the
loess mantle and part of the drift, making many outerops of the
bed rock.

The lowest and oldest strata of this section are exposed in
the bluffs near the mouth of the Nemaha and in the vicinity of
Table Rock., Major divisions VI to X inclusive of the Nebraska
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beds outerop in the Nemaha vailey., The lormations dip north-
wegtward in the southeastern corner of Richardson county, then
flatten out to near Salem, beyond which they are nearly level in
an east-west seetion, remaining so to a north-south line just west
of Humboldt. Between this line and Table IRock is a sharp up-
bend of about 400 feet in which division VII rises in the upland
and the upper surface of division VI reaches 85 to 40 feet above
the C. B. & Q. station at Table Rocl, to an altitude of about 1060
leet. The Nemaha formation {(Division V1I) is nearly horizontal
hetween Table Rock and Pawnee City, beyond which the dip is
westward to near the Big Blue. The Tarkio (Limestone 18) is
prominently exposed in the uplands south of Table Roek. No
doubt divisions higher in the secetion formerly extended scross
this part of the area. About 350 feet between the Tarkio and the
Cottonwood have been removed by erogion. Add to this the Gar-
pison formation or so much of it as occurs south of Iumboeldt,
and the thickness is increased to about 370 feet.

The detailed deseription of the main divisions of the Nemaha
section follows. {See Plates 11, IV and V)

CITY BLUFFS (SCRANTON} SHALES

XIII. Shale. This is major division VI in the Nebraska section,
The thickness is fully 125 feet hetween White Cloud, Kan-
sas, and the mouth of the Big Nemaha, as shown in the
Missourt River section. This division passes under the
Nemaha formation and below the level of the flood plain
southwest of Rule. It rises above the valley floor at Otoe
Siding southeast of Table Rock. About 40 feet of the up-
per part of the formation is exposed at Table Roek. The
clay pits are in this part. A few outerops oceur between Ta-
ble Roek and Btk Creek, A drilling made at Table Rock sev-
eral years ago is reported to have extended about 200 feet
in this shale and to have encountered a few seams of lime-
stone. According to this record, the City Bluffs shale may
be thicker here than at Rulo. We are not pogitive of this,
however.
© A thin seam of coal occurs in the upper part of the shale
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at Table Rock. Ilere, ag in the outerops near Rulo, the
shale grades quickly between clay and sand, At the mounth
of the Nemaha the formation is eomposed of broad bands
differing in texture and color,

THE NEMAHA FORMATION
The basal member of this formation comes in above the City

City Bluffs shale in the vicinity of Rulo amd the top member

passes below the flood plain south of Ialls Clity. The upper part

of the formation reappears 114 miles west of Humboldt, beyond
which the members rise in succession to Otoe Siding and Table

Rock, where the section is praetically the same as at Rulo and

Preston. The thickness of the formation is about 120 feet,

The following members are in the spur south of Rulo:

14, Rulo Limestone. It outerops at the foot of the slope. This is
a single bed, 12 to 20 inches thick, bluish in color, weath-
ering light to brownish. The main fossils are crinoid stems,
gastropods, and some corals,

XIV. Shale. Thickness, 7 feet or more, argillaceous, color bluish.

158, Burlingame Limestone. Thickness, about 5 feet. Color blu-
ish, weathering to a rusty brown. The stone forms large
reetangular blocks. It is quarried at a number of places.
Thin layers of limestone grade hetween the stone and shale
above and helow. 'There are several fossils of which erinoid
stems are the most noticeable.

XV. Shale. Thickness, 28 to 29 feet. Color bluish, except about
two feet of the upper part which is chocolate colored. Two
or three thin seams of limestone are in this shale.

16. Furgo Limestone. 1t is a hard, bluish stone in two or three
beds. The thickness eould not be aceurately determined.
Among the fossils are crinoids, brachiopods, bryozoa, and
fasulina.

XVI. Shale. Thickness, 30 to 34 feet, colors bluish and maroon,

17. Preston Limestone, This containg three beds, one light
colored, and the others weathering brown. Thickness not
determinable, but the main ledge is about four feet.
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The Fargo, Preston and Tarkio ledges ave well exposed north-
enst of the Nemahsa bridge west of Rulo, at which place a local
limestone is developed between the two upper mewmbers. The
Parkio caps the upiand here and at Preston, It is light butf
colored and contains myriads of large fusulina. The stone has
been quarried at many places along its outerops. The Preston
ledge is well shown near the level of the railroad a$ the bridge
west of Preston, the type locality. The main bed, 3 feet ¥ inches
thick, breaks into magsive blocks.

The Tarkio outcrops at the level of the railroad in Plerson’s
Point, southeast of Falls City, where its main bed is more than 4
teet thick, massive, light gray and filled with fusulina. It con-
tains several other fossils, as erinoid stems, brachiopods, and
bryozos; is underlain with blue shale, 7 feet exposed, and over-
lain with 15 feet of shale, near the top of which is a layer of low
grade coal 8 to 12 inches thick. The upper part of this expos-
ure consisting mostly of shale and sandsione, thickness, about 35
feet, belongs to the MeKissoek Grove shales.

The Tarkio is also well shown under the bridge south of Falls
City in an exposure similar to that at Plerson ’'s Point, Westward
from there it disappears below the flood plain level and reap-
pears in the east limb of the anticline west of Humboldt, The
Tarkio is prominently exposed along the bluff lines from
1%4 miles west of Humboldt to Otoe Siding, at a number
of places along the South Fork from 5 to 7 miles seuth of Hum-
boldt, in the nplands south of Table Rock, and between 1'% and 4
miles southeast of Tecumseh. Wormerly the Tarkio of these out-
erops was confused with the Cottonwood limestone, because of
1tg structure and many fusulina.

A composite section of the Nemaha formation in the vieinity
of Otoe Siding and Table Rock is about as follows:

15. Burlingame Limestone. Thickness, 20 inches. It is bluish,
hard and breaks into large bloeks.

XV. Shale. Thickness, 11 to 12 feet, eolor blue to maroon.
The texture varies from sandy to clayey.

16. Fargo Limestone. In two or three beds separated by shales.
Thickness, 3 to 5 feet. In section it is about as follows:
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‘Limestone, 7 inches; a seam of shale; limestone, 12 to 14
inehes; thin shale; hard, brittle, slabby limestone. 12 inches,

XVI. Shale. Thickness, 14 to 18 feet. This is a maroon, clay
shale with a thin scam of limestone 4 feet above the base.

17. Preston Limestone. Total thickness, including interbedded
shales, 11 feet. The section at Otoe Siding shows: Lime.
stone, 19 to 22 inches; bluish shale, 2 feet; massive brown.
ish limestone, 24 to 28 inches; shale, 18 to 20 inches; hard
bluish limestone in one or two beds, 18 to 20 inches; shale,
a seam; hard, light colored limestone, 2 to 6 inches.

XVII. Shale. Thickness, 40 to 45 fect, including thin limestones.

18. Tarkio Limestone. Exposed high in the upland south of
Table Rock. The main ledge is about five feet thick, mas-
sive, light buff colored, and filled with fusulina larger than
those in the Cottonwood, Itslarge bloeks weather rounded
and pitted.

The cap rock southeast of Teeumseh is the Tarkio. About
thirty feet lower in the seetion, where the railroad strikes the
bluffs is the Preston ledge. The rock benches one to two miles
northwest of Elk Creek contain the Preston limestone and lower
members,

MEKISSOCK GROVE SHALES
XVIII. Shale. Thickness, about 100 feet. This appears above
the Nemaha formation west of Preston and at Pierson’s
Point, becomes prominently exposed at the bridge south
of Palls City and passes below the flood plain level at the
foot of the high land southeast of Salem. It is not elearly
exposed in the eastern limit of the anticline, except at a
point about 6 miles south of Humboldt. Thowgh we have
not proved it, there may be a fauit in the formations along
a line between points six miles south and one mile west
of Humboldt. If not, the dip may be greater than we now
suppose.
The MeKissock Grove shales contain mueh sand, several
thin seams of coal, local developments of sandstone- and
thin layers of Hmestone. The sandy shale yields a good
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many plant fossils., Resistant beds near the top produce

rock benches.

As has been said, this formation may be part of what is
known as the Admire of Kansas geologists.

FORMATION NAME {7)

{(Admire, Elmdale, Neva, Hskridge, and Cottonwood). Prob-
ably most of the lower members grouped here belong to the Ad-
mire, Those higher in the division are of the Hlmdale, Rskridge
shales and Cottonwood Iimestone. Combined they make a nat-
ural formation, over 200 feet thick, the base being the Brownville
Timestone and the top the Cottonwood. The members are as
follows:

19. Browmnville Limestone. This is not well exposed at many
places in the Big Nemaha valley. In 1911 a good section
was taken in the slopes east of the Lehmer quarry, section

32, township 1 north, range 16 east, or 3 miles south and
2 miles west of Falls City. It is as follows:

Limestone, 2 feet, blue gray, weathering buff, one bed,
guite fossiliferous in upper part, hard,
Shale and weathered limestone, 7 inches, shale bluish.
Limestone, 8 inches, dark blue, bloeky, fossiliferous.
This out erop is now obscured by talus. The Brown-

ville member is in the South Fork exposures, south of Hum-
boldt, but it does not ocur in a condition favorable for ac-
curate measurements,

XIX. Shale. This is a bluish, caleareous clay shale 10 feet thick
in the vicinity of the Lehmer quarry. Tt thickens west.
ward.

20. Aspinwall Limestone. This is 16 inches or move thick, per-
sistent, in a single bed, and breaks into Iarge blocks, The
stone is soft, but quite well suited for building purposes
and closely resembles the Falls City Limestone. It outerops
in the vieinity of the Lehmer quarry and in the deformation
along the South Fork, south of Humboldt.

XX. Shale. A Dbluish, caleareous, elay shale, 37 feet thick at the
Lehmer quarry. IHere, ten feet below the top, is a light
limestone 6 inches thick.
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91. Falls City Limestone. This caps the upland in sections 19,
90, 29, 32 and 33 of Township 1 north, Range 16 ecast,
southwest of Falls City. The type locality is at the Lieh-
mer guarry in section 32. Westward from thig the Falls
City lowers, capping a bench-like upland extending part
of the way to near the foot of the high land southeast of
Salem,

The stone, about 514 feet thick,forms a massive, persistent
ledge not much jointed. It is soft, porous, easily worked,
quite fossiliferons, and specked with rusty iron stain. A
characteristic feature is its ringing sound when struek
with a hammer,

This member is well exposed at points 3 and 7 miles south
of Tumboldt. The locations ave in the southwest corner
of seetion 32, Township 2 north, Range 13 east, and at the
top of the hill between sections 9 and 10 of Township 1
north, Range 13 east. At these places is a steep eastward
dip and probably some faulting.

XXI. Shales. This member is composed of bluish elay shales and
thin limestones. It is well exposed at the foot of the steep
uplands in the vieinity of Salem and on Sections 3 and 10
of Township 1 north, Range 13 east, located between b
and 6 miles south of Humboldt. The total thickness is
40 to 50 feet.
22, 28, 24, Limestones and Interbedded Shales. Tlere are
grouped three limestones and the interbedded shales. Thiek-
ness, about 85 feet. This division outerops hetween Salem
and Humboldt and between Salem and the anticline along
the Qouth Fork. There are good exposures one mile east of
Humboldt and at the bridge south of Mumboldt. The lime-
stone beds range between 2 and 3 feet in thickness. The
most distinet member, probably the Neva, caps mueh of
the upland in the vieinity of Indian Till, near Salem. It
is hard compact stone and creeps badly on the plastie
shales whieh it cverlies. This condition has been con-
fused with deformation proper. It may be that members .
99 and 23 are parts of the Elmdale formation of Kansas. bxcemsamuiny
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XXI1V. Eskridge Shales. These outerop in the valley sides in
which the Cottonwood lHmestone caps the npland, between
Dawson and Humboldt, at Indian Hill, and many places
along the South Fork. The member is composed mostly of
clay shales, but has persistent seams of limestone. Debris
from the Cottonwood above covers the slope in most out-
erops. The upper 14 feet of shale is bluish with maroon
bands and is very plastic when wet. Below this is a fine
textured hard limestone 6 to 15 inches thick, Tt forms a
light band in the shales and weathers into fine debris.

The lower division of the Eskridge consists of bands of
greenish, bluish, purple, and maroon clay shales modified
by 4 or b calecareous streaks. Total thickness, 30 to 48
feet.

25, Cottomwood Limestone. This occurs at many points between
Salem and the anticline . It extends northward and is the
eap rock in the upland of western Nemaha county. There
the hest exposures are between Johnson and Glen Roek.
The stone has been quarried at many places. Thickness,
5 to 6 feet.

Tt is very light colored, massive, filled with small fusu-
lina, and weathers slabby in the upper part. The main
body of the ledge, however, breaks into large rough blocks.
Cloneretions and geodes oceur in parts of the ledge. They
are small, of quartz and light to rose colored.

The Cottonwood limestone and the three members below
the Eskridge shales form steep valley sides in the vieinity
of Salem, between that point and Humboldt, and aleng
the Little Nemaha in the western part of Nemaha county,
giving a type of surface similar to that developed on the
Nemaha formation.

THE GARRISON FORMATION
A few remnants of this lie on the Cottonwood south of Hum-
boldt. Two divisions are shown, the Florena shales and the
overlying limestone.

XXV. Florena Shale. This member is exposed above the Cotton-
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wood south of the bridge at ITumboldt and in the east
half of section 3, Township 1 north, Range 13 east. Tt is
4 bedded, plastie, bluish to yellowish shale, 15 to 20 fect
thick, contzining many Chonetes.

26. Limestone.  This caps the small areas of Plorena shale. T4
is hard, granular, in one bed, 2 to 8 feet thick.

The Garrison is reported to be 140 feet thick in northern
Kansas. Just how well it is developed in Nehraska is not
known, The probable thickness immediately to the west
of the I3ig Nemaha area is thought to he more than 100 feot.
This, if added to the exposures in our general section,
would make a total thickness of between 880 and 980 feet
of Pennsylvanian beds in the state above the lowest out-
crop.

Whether the Garrison should be grouped with the Penn-
sylvanian or the Permian is now questioned by some. It
is generally regarded as being at the top of the Pennsyl-
vanian. Lithologically and structurally it is very similar
to the underlying beds.

THE WELPING WATER SECTION
By R. J. Scarborough

Weeping Water Creek flows in a comparatively deep and
steep-sided valley. The valley sides present favorable conditions
for stratigraphic studies heeause the slopes do not carry a heavy
mantle of debris. Exposures, while not continuous, are suffi-
ciently numerous that correlation can be accomplished with aec-
euraey. The data presented in this section are hased on fAeld
studies of 127 exposures between Elmwood and the Missounri River
and on topographic evidences associated with these exposuves.

Major divisions I to V inclusive of the general Nebraska
seetion are exposed in whole or in part in the Weeping Water
valley. They dip to the southeast cast of Nehawka and appear to
have a slight westward dip in the western part of the section. The
oldest beds are exposed in the North Branch Weeping Water val-
ley two and one-half miles north of Nehawka and in the bed of
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Weeping Water Creek two miles northwest of Nehawka. These
exposures mark the axis of an anticline which appears to corre-
spond to the one noted in the Platte section west of Oreapolis and
in the Big Nemaha seetion near Table Rock. This stratigraphy
causes Division V of the Nebraska series to be exposed low in
the siopes at Union and east of Wabash while Division T is the
hasal formation 2 miles northwest of Nehawka, The detailed
section follows giving numbers to limestones and shales in ae-
cordance with the plan followed for the general Nebraska sec-
fion. (See Plate VI.)

ANDREW (LAWRENCE) SHALES

1. Nehawka Limestone. Tixposed in the bed of the North Branch
of the Weeping Water two miles north of Nehawka, Best
shown in Scetion 6, Township 10 north, Range 13 east.
Largest exposures show thickness of 4 feet 6 inches (under
wagon bridge just north of center of section 6, Township
10 north, Range 13 east) but correlated neighboring ex-
posures indicate a total thickness of 10 feet or more. The
stone is hard, gray, and hedded, fossils remain light colored
when weathered.

1. Shale. FExposed above the Nehawka limestone in the same
localities. Thickness, 4 feet. This clayey, ealcareous shale
is light colored and weathers yellowish,

2, Sturm Limestone. Exposed along the North Branch of Weep-
ing Water Creek hetween points two and forr miles north
of Nehawka, with several good exposures near Sturm’s
school house, section 12, Township 10 north, Range 12 east.
Tt is in the bed of Weeping Water Creek two miles west-
northwest of Nehawka, where it is marked by a ford in
the ereek. Thickness, about 6 feet. The exact thickness
is diffenlt to determine beeause of lack of complete expos-
ures. The stone is light colored, bluish, 1mpure and weath-
ers into nodular, pellet-like forms.

II. Shale. Txposed above the Sturm limestone in places along
North Branch of the Weeping Water and at the ford in
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Weeping Water Creel 2 miles west-northwest of Nehawka,
Section 14, Township 10 north, Range 12 east. Thickness,
6 feet. It is clay shale with the basal part maroon and the
upper part bluish.

3. Oreapolis Limestone, Fxposed along the va,lley sides of Weep-
ing Water Creek in 8B 14, Section 11, Township 10 north,
Range 12 cast, and NE 14 Section 14, Townshlp 10 north,
Range 12 east, and along the North Braneh valley be-
tween points one and two miles north of Nehawka. Thick-
ness, 6 to 9 feet. The stone is bedded with shale parting in
places. The color is bluish, weathering light. TLamelli-
branchs are the most common fossils.

II1. Shale. Ahove the Oreapolis limestone is nnmistakable evi-
dence of a fairly well developed shale but the whole mem-
ber is not exposed at any one place, making it diffeult to
determine the exact thickness. Partial exposures are found
along the valley sides of the Weeping Water in Sections
11,12, 13 and 14, Township 10 north, Range 12 east. Thick-
ness, probably about 30 feet. The basal part is dark blue,
middle part maroon, upper part light colored and ealear-
eons.

4. Weeping Water Limestone.  Fxposed in the valley sides of
Weeping Water Creek in Sections 4, 5, 6, 9 and 10, Town-
ship 10 north, Range 12 east, and along the west side of
the North Branch valley about 1 mile northwest of Ne-
hawka. Tt is the first limestone of any importance below
the Plattsmouth. Thickness, 6 feet. The stone is light
eolored, massive, breaks down in large blocks and shows
a tendency to weather into rough, nodular forms.

IV. Shale. Txposed in the same places as the Weeping Water
limestone, and at the creek hed level at the junection of
Caseade Oreek and the Weeping Water. Thickness, 18
to 20 feet. The basal 6 feet is marcon. The middle zone
ts caloareous, capped by a hard gray limestone 1 foot 9
inches thick. The upper zone is earbonaceons in the lower
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part, grading into calcareous shale above. This member
causes a4 prominent slope below the Plattsmouth limestone
where the latter is in position in the valley sides.

PLATESMOUTH LIMESTONE

5. Plattsmouth Limestone. This formation is exposed in the
creek bed at Weeping Water where it causes the cascades
It is in position in the valiey sides from Weeping Water
to near Nehawka. It is the prominent upper limestone
along the east fork of the North Branch of Weeping Water
Creek, and along the west valley side of the North Branch,
Two miles east of Weeping Water this lmestone produces
a rock terrace which continues as s prominent feature
to near Nehawka. It is the main gquarry ledge in the ' Old
Swede’’ Quarry about three miles east of Weeping Water
and also in the west Van Court quarry three miles north-
west of Nehawka, Thickness, 20 to 22 feet. The stone is
light colored, weathers grayish to brownish, and containg
dark Aint nodules, some more than six inches thick., Fusu-
lina and Campophyilum torquinm are abundant, other fos-
sils not numerous.

PLATTE SHALES

V. Shale. Exposed in the slopes above the Plattsmouth lime-
stone at Weeping Water and thence down the valley. The
expostres are infrequent because of the talus covering.
There are good outerops along the south side of the valley
near the mouth of Cascade Creek. Thickness of shale, 13
to 14 feet. In general this member is a light colored cal-
careous shale, with thin limestones in places.

6. Cullom Limestone. Exposed along the south side of the Cas-
eade Creek valley near its junetion with the Weeping
Water. It is found in the slopes of the Weeping Water
valley from Nehawka westward to about one mile west of
Weeping Water. Thickness, 4 feet 6 inches. The stone is
light colored, in two members separated by a very fossili-
ferous caleareous shale parting, Campophyllum terquium
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are abundant and serve to distinguish this member from
the other thin limestones,

VI. Shale. ‘This member has practically the same range of ex.
posures as given for the Cullom limestone. Thiekness,
10 feet 6 inches. The color is yellowish at bage and maroon
in upper portion. -

7. Cedar Creek Limestone. lixposed in the same places as the
Cullom limstone., Thickuess, 1 foot 6 inches, usually in
two equal beds. The color is gray, weathering with but
little change. Joints are far apart, tending to produce
large slabby blocks when breaking down in the slope. No
characteristic fossils were noted.

VII, Shale. Exposed below the Forbes limestone west of Weep-
ing Water and along the valley sides eastward to within
two miles of Nehawka. Exposed in the valiey sides one-
half mile northeast of Nehawka below the guarries, and in
the lower valley sides of the South Branch of the Weeping
Water, 2 miles south of Nekawka. Thickness, 80 to 33
Teet. It varies from argillaceous to arenasceous and con-
tains thin limestone lenses in places. The color is predom-
inently light, with loeal variations to bands of blue, ma-
roon or very dark, almost biack.

8. Forbes Limestone, 'This is the most conspicuous formation in
the Weeping Water valley. "The upper part guterops in the
ereele bed about 14 mile east of Wabash. From there to
Weeping Water the formation iy in the valley sides, pro-
ducing a prominent roeck bhench., It outerops at many
places. On the north side of the valley this bench extends
only about 1 mile east of Weeping Water. The limestone
seems then to have been eroded away and is not found until
the quarries about Y% mile northeast of Nehawka are reached
where it is the main quarry ledge. There this ledge shows
2 decided dip to the southeast. It is again exposed in the
quarry of the Nehawka Stone Company, one mile east of
Nehawka, where it also constitutes the main guarry ledge.
It is next exposed low in the valley side abouwt 100 yards
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east of the Missouri Pacific station at Union. There the
upper part forms the basal ledge in an old quarry.

On the south side of the Weeping Water valley the
beneh formed by the Forbes can be followed from about
one mile east of Wabash to a point six miles southeast of
Weeping Water, It is high in the slopes from the vieinity
of Weeping Water southeastward.

The Forbes is prominently exposed in the valley of the
South Branch of Weeping Water Creek from the center
of Seetion 28, Township 10 north, Range 12 east, to the
west side of Section 28, Township 10 north, Range 13 east.

This formation has a total thickness of about 35 feet.
The upper 10 feet is compesed of an impure brownish lime-
stone with a shale base. The midle zone, 20 feet thick, is
a massive limestone of which the upper 10 to 12 feet is
very hard and pure, and the basal portion darker. The
lower five feet is made up of some thin, impure limestone
separated by shale partings. The lowest zone is very per-
sistent and uniform and is popularly known as rubble stone.

BRADDYVILLE FORMATION

VIII. Shale. Exposed in the same locations as given for the
Forbes. Thickness, 7 feet. This member is a clay shale
of bluish eolor.

9. Meadow Limestone.  Exposed in the bed of the creek east of
Wabash, generally covered in the valley sides eastward
but well shown in the Kast Van Court and the Nehawka
Stone Company’s quarries east of Nehawka. It is also
exposed in the old quarry near the Missouri Paeific station
at Union. Thickness, 2 feet 6 inches. The stone is light
colored, hard, semi-crystalline in places and weathers light.

IX. Shale. Rxposed above the Meadow limestone in the same
localities. Thickness, 7 feet. The member is light colored,
argillaceous and it contains thin impure limestones in the
upper part.

X. Union Limestone. Exposed in the old quarry at Union, in the
valley side in the NW 14 Section 22, Township 10 north,
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Range 13 east, and in the Nehawka Stone Company quarry.
Some exposures oceur along the valley sides of the South
Branch of the Weeping Water about 144 miles southwest of
Union in Sections 33 and 28, Township 10 north, Range
13 east. Thickness, 1 foot 8 inches. This ledge is charae-
terized by its blue color, blue flint nodules in the basal
part and the many lossils, especiaily brachiopods, which
appear white in fresh exposures and remain so in weath-
ered stone.

Above the Union limestone are interbedded limestones
and shales. Apparently therc are three or more limestones,
thickness of each, 1 foet € inches to 2 feet 8 inches, separ-
ated by well developed shales. Exposures are few and
widely seattered, hence the problem of following constants
and securing exact measurements is extremely difficult.

The beds above the Forbes are probably all members
of the Braddyville formation, although it is possible that
the basal portions of the City Bluffs shale are in the slopés
near Wabash and Blmwood. It ig evident that the Braddy-
ville does not contain as heavy, well developed limestones
in this seetion as in the Platte valley.
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CONCLUSBIONS

The data presented in the foregoing sections show some facts
of interest, among them:

1. That the Pennsylvanian beds of Nebraska fall into ten
major natural divisions. Each has a general lithologic unity,
and where it forms the surface bed rock, gives rise to a dis-
tinctive topography.

2. That there are twenty-six distinet limestones of extensive
distribution, and several others of minor importance.

3. That the limestones and shales are remarkably uniform
in thickness and character,

4. That a prominent anticline extends from west of Oreap-
olis to south of Table Reck.

5. That the oldest beds exposed in Nebraska are in the Weep-
ing Water valley northwest of Nehawka,

These reports represent work done with care. Several per-
sons have taken part, and they have done so beeause of their in-
ferest in seience. "The findings are presented upon their merits,
subject to criticisms based on further accurate field work. There
hag been no purpose to agree or disagree with the work of anyone.
The aim has always been to find and make known the facts. The
work has been independent. The data have been carefully
checked time and again and are thought to be approximately eor-
rect. For errors that may be found ,the authors should be held
responsible.

In conelusion, however, it is suggested that this work is only
preliminary. 1t is hoped that members of the Academy will un-
dertake studies in the stratigraphic paleontology, the economic
possibilities of the different limestones and shales, and the de-
tailed areal distribution of the Pennsylvanian heds of Nebraska.
It is needless to suggest, such work is only begun.
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Plate III

Fig 1. Struclure profile from Lehmer Quarty. southwest of Fails City, to Rulo.
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Plate V

Rig. 4, _lsu'url.ure profile from N, I8 Section 17, 1. 1 N, R, 13 B, (o N. I, Sec-

tion 1, T. . N, I, 13 K. crossing n north-south ling seven miles south of
lunrboidt,

15
Y

Fig. 2. Stracture profile from Lwo miles sonth of Fable Rock eastward to Ihe
upland one-half mile north of Otoe Siding.
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Plate VI
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Plate VII

ig. 1. 'f'he Oreapolis Linestone exposed n the lower part of the valley side,
24 miles west of Oveapolis. The hasal pact of the ledge is hidden by talus.

Fig, 2. The Weeping Water Limestoue in (he valley side about 2 miles west
of Qreapalis,
(45)




Plate VIII

Fig. 1. The Plattsmoutly Tdmestone at the base of the slope at Rock Bluff
Point (Queen Hiil), ‘Phickness 26 feet.

Fig, 2, I'he Plattsmouth Limestone in the valley side north of the DIlatte River
opposite Cullom,
(46)



Plate IX

TFig, | The Plattswountl Limestone outcrops in the valley sides 2 miles west
of Oreapelis. The basal part of the ledge Lorms & prowminent cliff, and the upper
part tas been eroded.

angdE

e

. g, 2, The Cullom Limestone forms a bloeky rip-rap along the Missouri
River at Chris Beal's, & miles nortk of Joues' Point, Cass County. 'The Cedar
Creek Limestone is shown higher in the slope,

{47)




Plate X

Fig. 1. Ixposure in the old quarrvies, high in the slopes enst of Cullom. ‘The
ledge al the base is the Cullom Limestone. Above it iy a greenish shale. ‘lhe
upper member ig the Cedar Creek Limestone,

o PPig, 2, The Platte Skales ave exposed in the valley side northeast of Loufs-
ville, “T'he hase of the Forbes Limestone shows in the upper part of the slope.

8)



Plate XTI

1. he TPorbeg Tdmestone atb Jones' Poiut, €ass County. I <lips ander
the Missouri River at X.

IMig. 2. The Forbes Limestoue is high in the valley sides at Weeping Wator,



Plate XII

Iig. 1. Lhe Torbes Limestone Is the main ledge in the National Stone Com-
pany's quarvy 2 miles novrtheast of Loulsvilie

Fig. 2. An exposure i the old Sloul guavey vear Loulsville. The basal
heavy iedge is the Jorbes, In thie slope above it, can be seen blocks of the Meadow
I:imestone.

(50)



Plate XITT {(«)

Flg. 1. The abandouned Green quarry west of Meadow. e basal ledge is the
Liouisville, The two-fold ledge is the Sounth Bend Iimestone, the upper part of
whichh has promineant flint nodules,

(61)
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Plate XIII (b} 4

Tig. 2. The upper bed of the South Bend Limes
the middie ave charactevistie of this bed.

one.  The flint nodules near

(52)



Plate XIV

i 1

veloped here

The Louisvilie {lower) and South Bend (upper) Limeslones 2 miles
northwest of South Bend. ‘Phe South Bend Limestoue is thicker and bhetter de-

than at Meadow, Compare with DPlate X111, Fig. 1

(53)




Plate XV
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Plate XVI

Tig. 1. I'he base of the Ashland Limestons exposed in a ravine about one-
half mile east of Pawnee Creek valley, northwest ol South Bend,

Tig, 2. The Ashland Idmestone in g ravine aboub five-eighths mile northeast
of the C., B. & Q. station at Ashland,



Plate XVII

o Mg, 1, ‘The Tnion Limestene in s pavtial expesure at Joenes' Poing, Cass
ounty.

IMig. 2. “1he City Blufts shales exposed in a clay pit southeast of l'able Rock,
What appears to be the Hule Limestone shows in the upper part of {he figure.
|29
(56




Plate XVIII

g, 1. Exposures in Winnebago Creek valley about 3% miles north of Rulo.
The bhsal ledge s the Ruio Limestone, and the upper ledge, the Burlingamne
Limestone. .

Wig, 2. ‘Phe Farge Limestone in the lower valley side, ¥ mile north of Fargo,
Riehardson County.
(87)



Plate XIX

_ Rig. 1. The Ireston Limestoue in the exposure along cast bank of Nemahs
river one mile west of I'veston.

Fig. 2. “The Tarkic Limestone in an old guarry sowtheast of Tecumsel,
58



Piate XX

Mg, 1. This exposure is near Aspinwall, The upper ledge show
wall Limestene, The lower ledge, neav the man, is the Browny
the vpper part of which ig exposed. 'Phe Ifallg City
the slopes, but farther back.

1 1% the Aspin-
ille Limestone, only
Eimestore outcrops higler in

IMig, 2. The Falls City Limestene in the Minor quarry {formerly Lehmer)
southwest of I'alls ity
(69)



Plate XXI

The Cottonweod Limestone in the quarry between Johnson nud Glen

Itig. L.
Rock.

(60)
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