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THE MISSOURI SERIES OF THE
PENNSYLVANIAN SYSTEM IN
SOUTHWESTERN IOWA

Introduction.

In presenting this paper the writer is impressed with the
amount of detail that can now be used only in a general way.
As the work progressed numerous problems have developed
that he is reluctant to defer. He believes, however, that the gen-
eral presentation here offered is sufficiently exact to be of im-
mediate value in interpreting the Pennsylvanian of southwest-
ern Towa and in suggesting local problems that may be worked
out to further increase the knowledge of the region.

From the date of the earliest geological map of Iowa to the
present the Pennsylvanian of southwestern Iowa has been
mapped as including what are now called Des Moines and Mis-
souri strata, with no attempt to represent the distribution of
the various subdivisions, except as St. John subdivided the Des
Moines series. The limestone beds near Winterset and those
_ of southeastern Nebraska attracted the attention of early geol-
ogists. The work of White, and later of Bain, Tilton and
Leonard; in Madison, Guthrie, Dallas and Decatur counties,
brought forth descriptions of -strata along the eastern margin
of the Missouri series which Bain correlated with the Kansas
City stage along Missouri river. Broadhead had made a com-
plete section along Missouri river in Missouri, and this section
was reviewed later by Hinds and Greene. The limestone of
southeastern Nebraska had been visited by noted geologists,
and was then carefully studied by Meek, and later a section
was made in detail by Condra and Bengtson. These various
reports connected the limestone of beds near Winterset with
those in extreme southwestern Iowa by means of outcrops along
Missouri river, but the great stretch of Pennsylvanian strata
between still remained imperfectly known geologically. So
. deeply are the strata generally concealed beneath a mantle of
thick glacial drift, and so similar are the beds of limestone and
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s

shale that such an observer as C. A. White' was deceived into
thinking that the beds of limestone near Lewis in Cass county
were the same as those found at Winterset. To disclose rela-
tions in this large area E. H. Lonsdale was assigned Montgom-
ery county (Vol. IV, Iowa Geol. Survey), while H. F. Bain
studied Guthrie, Madison and Deecatur counties and J. L. Til-
ton studied Madison county (Vols. VII and VIII, Towa Geol.
Survey). Then S. Calvin studied Page county, where George
L. Smith had accumulated much local information, and J. A.
Udden studied Pottawattamie county (Vol. XI, Towa Geol. Sur-
vey). Udden then undertook the study of Mills and Fremont
counties (Vol. XIII, Iowa Geol.- Survey), and Calvin studied
Ringgold and Taylor counties, but left the writing of the re-
ports incomplete, to be finished by M. F. Arey (Vol. XXVII,
Iowa Geol. Survey). To further aid in a general knowledge
of the region the Survey published George L. Smith’s paper
on ‘“The Carboniferous Section of Southwestern Iowa’’ (Vol.
XIX, Iowa Geol. Survey). Later the study of Clarke and of
Cass counties and a review of J. E. Gow’s report of Adair
county were assigned J. L. Tilton (Vol. XXVII, Towa Geol.
Survey). G. F. Kay studied Union county and James . Lees
Adams county, the reports on which have not as yet been pub-
lished.

It was as the study of Cass county progressed that the key
to one of the main difficulties of the region was discovered.
Not only was the region as a whole deeply covered with drift
and with Dakota sandstone, leaving only occasional outerops
visible here and there, but a fault, the Thurman-Wilson fault,*”
already noted near Missouri river, was discovered to cut clear

1C. A. White, Report on the Geological Survey of the State of Towa; Vol. II, p. 6, 1870.

18This displacement seems to have been first noticed by Professor Todd who described it
in a paper entitled Folding of Carboniferous Strata in Southwestern Iowa, Iowa Acad.
Scienca, Vol. I, pt. 1, p. 58, and later discussed it further in Some Variant Conclusions in
Jowa Geology, Towa Acad. Science, Vol. XIII, pp. 188, 184. Todd, however, did not recognize
this as a true fault. He stated that ‘“The fold is quite sharp at Jones’ Point (on the Nebraska
side) and may become a fault on the Iowa side.” It remained for George L. Smith to de-
termine thea presence of the fault and to Jocate and describe it accurately. This he did in his
paper on The Carboniferous Section of Southwesterri Iowa, Towa Geol. Survey, Vol. XIX. pp.
612, 647-649, 1908. Several years later Keyes mentioned a fault. called by him the Red Oak
fanlt, which evidently is identical with the Thurman-Wilson fault of Smith, although the lo
calities he mentions are different from those named by Smith. See Iowa Acad. Science, Vol.
XXTII, ». 106, 1916. Keyes has also mentioned the fault again in the June, 1922, number
of the Pan-American Geologist.

Arnther paper which discusses this fault is by Tilton and is entitled: The Thurman-Wilson
Fault Throuzh Southwestern Iowsa and Its Bearing, Jour. Geol, Vol. XXVII, pp. 883-390,
1919.  Th~ fault is discussed also by Tilton in The Geology of Cass County, and The Geology
of Adair County, Towa Geol. Survey, Vol. XXVII, pp. 209-216, 301-304. See also further
digcussion of this fault on page 251 of this volume.
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across the area, beneath the Dakota sandstone and the drift.
It was not until the work on the present paper was in progress
that the explanation of peculiar conditions along the entire
northern border of the area was discovered: not only were
strata removed by erosion from the north side of the fault,
but the Kansas City stage was largely absent if it was present
at all, the limestone at Stuart had previously been misinter-
preted, and an overlap had brought the strata of the Lansing
stage next to areas ot the Des Moines series.

In preparing this paper the writer has drawn freely from
the carefully prepared published descriptions of strata and
lists of fossils, believing them to be far more complete and
accurate than any which he could prepare in two field seasons’
study of so extensive an area. He has, however, visited the
most important outcrops previously described, and many that
are not important, and compared the printed descriptions of
outerops with the outerops as they now exist. Where no credit
is mentioned the writer makes use of his own descriptions. He
wishes especially to acknowledge the assistance of Mr. Ivan
Willis and Mr. Byron C. Hopper, two students whose activi-
ties contributed materially to the accumulation of data in the
field. He also wishes to express appreciation of the careful
oversight of James H. Lees, Ph.D., the Assistant State Geolo-
gist, while the report is in press. _

The area covered in this report lies south of a line extending
straight west from Des Moines to Missouri river, and west of
a line from Des Moines straight south to the Iowa-Missouri
state line. The area is thus approximately 8,820 square miles.
The work is confined to the Missouri series though the subdivi-
sions of the Des Moines series that lie next to the Missouri
series are mentioned.

After presenting descriptions of the various members of the
divisions of the Missouri series and lists of the fossils it is’
thought best to construct cross sections through the region as
follows:

1st, Along Missouri river from Hamburg to Crescent, near
Council Bluffs.

2d, Along Nishnabotna river, and across to Middle river.

3d, From Nebraska City, Nebraska, to Decatur City and
Leon, Towa.
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4th, Along Grand river with extension to Middle river.

5th, Along Middle river from Winterset to Stuart, con-
necting with the section from Leon and the one along Nishna-
botna river.

The structure of the region as a whole is then deseribed,
and the areal distribution of the divisions is mapped.

Nomenclature,

The nomenclature discussed by Hinds and Greene in their re-
port on the ‘“‘Stratigraphy of the Pennsylvanian Series in Mis-
souri,”’ Missouri Bur. Mines, Bull. XIII, pages 27 and 115,
which was previously adopted, with the exception of one term,
for the reports on Clarke and Cass counties, is adopted for
this report, with the exception of the same term, and the addi-
tion of subdivisions to the Wabaunsee stage. The Nebraska
terms are also used wherever it is found desirable to introduce
them.

The exception referred to is the term Drum limestone, in-
stead of which the term De Kalb limestone will be used in this
report. The term De Kalb was used by Bain® in his report on
Decatur county in 1897 to replace the descriptive term Fusu-
lina limestone. This was six years prior to the use of the
term Drum.® Had Hinds and Greene been aware of the iden-
tity of the Drum and the De Kalb limestones undoubtedly they
would have adopted the term De Kalb, for the De Kalb ‘‘agrees
faunally and lithologically with that member (Drum) in north-
ern Missouri,’’ and is the next limestone immediately above
the Cherryvale shale.

The Westerville* limestone is here treated as the equivalent
of the De Kall limestone, for near Westerville it occupies pre-
cisely the position described for the De Kalb limestone, the
beds beneath along Sandy creek having the distinctive charac-
‘teristics of the Cherryvale shale. Furthermore, in northern
Decatur county a set of limestone beds which normally is forty-
eight® feet thick and lies above the Bethany Falls (Earlham)

2H. F. Bain, Geology of Decatur County; Iowa Geol. Surv:, Vol. VIIT. p. 278.

3G. 1. Adams, Stratigraphy and Pzleontology of the Upper Carboniferous Rocks of
Eastern Kansas; U. 8. Geol. Survey, Bull. 211, p. 37, 1908,

4Hinds s.nd Greene think that their “Cement City” bed ''is possibly the same as the West-
exville limestone of Towa, but the correlation cannot be definitely made.”

6. F. Bain, Geology of Decatur County: Iowa Geol. Survey, Vol. VIII, p. 277.
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limestone does not exist. All the limestone that is now ex-
posed at De Kalb has the characteristics of the Bethany Falls
(Karlham) limestone, one point which Bain himself noted when
remarking upon the absence of a Fusulina® bed, so evident
elsewhere in the limestone above the Cherryvale shale. The
definition, however, does not apply to beds elsewhere, as near
Winterset; but the term Westerville, supposed to apply to a
limestone above the De Kalb, is dropped, except as it may be
used in parentheses to call attention to a particular bed near
Westerville.

The Wabaunsee’ stage is here divided into four members:
Preston limestone, a shale, Tarkio limestone, and McKissick
Grove shale.

The Preston® limestone is the lowest limestone at Calvin’s
type section, number 1 in the desecription of rocks in sections
22 and 27 of Tarkio township, Page county.” The base of the
Preston limestone forms the base of the Wabaunsee stage.

The term Tarkio limestone is restricted to the uppermost
beds of limestone, two or three in number, as numbers 5 to
8 in the type section referred to. No name is suggested. for
the shale and soft limestone hetween the two members: num-
bers 2 to 4 of the type section; the shale may be designated
as the shale between the Preston and Tarkio limestone.

The term McKissick Grove was originally used to designate
a location, as the ‘‘limestones and shales at MeKissick’s
grove.”’”® Condra and Bengtson applied the name as a forma-
tional name' to those shales that are above the Tarkio lime-
stone. Smith?? the following year also used the name as a for-
mational name. The term is here applied to all of the strata
that are found in Iowa above the Tarkio limestone. It begins
with number 8 (the shale under the Nyman coal) and includes

8Idem, p. 278. -

7(, S. Prosser, The Classification of the Upper Paleozoic Rocks of Central Kansas:
Journal of Geology, Vol. III, p. 682, 1895.

cCondra and Bengtson, The Pennsylvanian Formations of Southeastern Nebraska: Ne-
braska Acad. Sci.,, Vol. 9, No. 2, p. 28, Feb.,, 1915,

9Towa Geol. Survey, Vol. XI, p. 430.

10G. J.. Smith, The Carboniferous Section of Southwestern Iowa: Jowa Geol. Survey, Vol.
XIX, p. 639.

11The Pennsylvanian Formations of Southeastern Nebraska, p. 28, 1915,

12G. J.. Smith, Contributions to the Goeology of Southwestern Iowa: Proc. Iowa Acad.
Sci., Vol. XXIII, p. 86, 1916.
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all the numbers above in Smith’s deseription of the limestones
and shales at McKissick grove.*
The accompanying table expresses-a correlation of terms that
-may be found in use. The second table is a synoptical table
of formations as the names are used in this report.

18G. L. Smith, The Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey,
Vol. XIX, p. 639.



HINDS AND GREENE

'KEYES, VOL. 7,

STRAT, PENN. SERIES IN Proc. Towa

MISSOURIL
FEET

100+ Wabaunsee
Tarkio ls.

350-475 Shawnee
Scranton sh,
Howard Is.
Severy sh,

Topeka 18, e

Calhoun sh.
Deer Creek 1s,
Tecumseh sh.
Lecompton ls.

Kanwaka sh.
200-300 Douglas
Oread 1s.

Lawrence sh.
Tatan Is.
Weston sh.

100-140 Lansing
Stanton Is.
Villas sh,
Plattsburg ls.
Lane sh.

200-225 Xansas City

Tola lIs.
Chanute sh.
Drum Is.
Cherryvale sh.-
Winterset Is.
Galesburg sh.

Bethany Falls Is.

Ladore sh.
Hertha 1s.

950-1140

!
J
l
J

Aoap, Sor.

CORRELATION OF TERMS,

CONDRA AND BENGTSON, (. L. SMITH, VOL. XIX,
NEBRASKA SECTION

TowA GEOLOGICAL
SURVEY

OTHER NAMES

NO. FEET
Cottonwood ls. o n 78 Admire sh
; M’Kissicks Grove sh. ire sh.
Atehison sh. 18 Tarkio Tarkio 18, ccecesncnnee 25 Barclay, Emporia ls.
17 Preston City Bluffs Beds........ 210 Willard sh.
16 Fargo
Osage sh. 1 15 Burlingame Atchison sh,
14 Rulo
13 Ashland
12 Southbend Bradyville Is. .......... 45
11 Louisville
Topeka 1s. 10 Union {
Calhoun sh. S 9 Meadow Hartford ls.
Forbes ls. Platte sh,
Tecumseh sh, 8. TForbes Forbes 8h. -.ceeeeneeemcas 18 Stennett, Nodaway
Lecompton Is.
7 Cedar Creek
6 Cullom
Lecompton sh. J Platte sh. ce........ .. 86
Plattsmouth Is. 5 Plattsmouth Plattsmouth 1Is. ...... 40
4 Weeping Water -
Andrew sh. 3 Oreopolis 1 Andrew sh. coceom.e... 172 Strawn, chkapoo, Ot-
Tatan Is. }La,wrence sh. 2 Sturm j L . 16 tawa
. 1 Nehawk E:R 75 (N £ T —
Weston sh o ‘Weston sh, -.. . 76 Piqua, Garnett, Burlmg-
Stanton ls. Plattsburg Is. ... 19 ton, Cave Rock
Parkville sh. Loroy sh.
Parkville sh. (in- Carlyle ls.
Tola ls. duding Tola) -....... 22
Westerville 1s., Cement
Thayer sh. Gity Is., DeKalb,
Fusulina, Dennis
Bethany Is. Bethany 1S....ccooeeeeeenees 165 Earlham, Mound Valley
. Fragmental Is,
969

SWHEIL I0 NOILVITIIOD

€83
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SYNOPTICAL TABLE OF FORMATIONS.
GROUP SYSTEM SERIES STAGE SUBSTAGE CHARACTER Tli\:thE;};A:S];gR
] OF ROCES | (o parison
MecKissick |Shale
) Grove
Wa;aéun- Tarkio Limestonc | Tarkio
Shale
Preston Limestone | Preston
Scranton | Shale Fargo
Burlingame
Rulo
Howard Limestone | Ashland
Southbend
Severy Shale; Nod- |Louisville
away coal |Union
Shawnee | “Toheka  |Limestonc | Meadow
" Calhoun Shale
“Deer Creek|Limestone |Forbes
Tecumseh |Shale
Paleozoic | Pennsyl- | Missouri Lecompton |Limestone |Cedar Creek
vanian Cullom
“Kanwaka |Shale
Oread’ Limestone |Plattsmouth
Weeping
‘Water
Douglas l.awrence |Shale Oreopolis
Tatan Limestone |Sturm
Weston Shale Nehawka
| Stanton |Limestone
Lansing _ Vilas Shale
Plattsburg |Limestone
Lane Shale
" Tola Limestone
Chanute Shale
DeKalb | Limestone
" Cherryvale [Shale -
Ka_nsas ‘Winterget |Limestone
City Galesburg |Shale
Bethany  |Limestone
Falls
Ladore Shale
Hertha Limestone

sion:

Chief Physical Characters.

The Kansas City Stage—The thicknesses of ‘the various
members are as follows, where these are not diminished by ero-
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FEET INCHES

Tola limestone . 3
Chanute shale 17 - 3
De Kalb limestone 13 10
Cherryvale shale 16
Winterset limestone 13 10
Gralesburg shale 10
Bethany Falls limestone 20
Ladore shale . 21
Hertha limestone 16 6
131 5

In the description of local sections used in plotting the cross
sections the section at Winterset may be considered as a stand-
ard.

The Hertha limestone is in two portions with shale between.
It contains an abundance of Composita subtilita and but few
of the other usual Pennsylvanian fossils. While it is so frag-
mental as to have merited that name as a descriptive term, it
is not the only fragmental limestone in the stage. The
Bethany Falls and the Winterset limestone beds are each frag-
mental at the top, but are not fragmental throughout as is the
Hertha. ' '

The Ladore shale has a stratum eight inches thick of dark
limestone four feet below its upper limit.

The Bethany Falls limestone is now the chief escarpment
maker along ravines cut in the eastern front. of the strata of
the Missouri series. The thickest beds are near the base.

The Galesburg shale is gray in its upper and lower portions
and black through the center.

The Winterset limestone is generally in two beds with the
thicker bed at the top.

The Cherryvale shale has near its center a blue limestone
separated into three parts by bands of shale the lower of which
is very thin. This horizon is the most distinetly marked by
fossils of any in the Kansas City stage.. This limestone is a
Myalina horizon, with Orthotetes crassus and Chonetes ver-
neutlianus in abundance. In the shale beneath the blue lime-
stone the Chonetes are so numerous as to constitute thin beds
of limestone. : S

The De Kalb limestone contains numerous small Fusulina in
a matrix of fine calcareous material. In the western part of
Madison county it is conspicuous in the low escarpment that
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extends along the east side of Middle river south of Webster
where it shows its greatest thickness. The. top, where the full
thickness is present, is made up chiefly of calcareous pebbles,
and is somewhat arenaceous. The lower five feet is rich in
large Fusulinas.

The Chanute shale is thickest-along Brushy creek neak the
west line of Madison county. The lower portion consists of
fossiliferous limestone and caleareous shale, and the upper
half of drab, red and green shale. ,

The Tola limestone member includes the next two limestones
above the colored shale, with the sixteen-inch bed of shale be-
tween them. The lower bed is somewhat fragmental; the upper
bed is fossiliferous.

The Douglas-Lansing Stages—From the top of the Iola
limestone, or, better still, from the top of the De Kalb lime-
stone, to the base of the Oread limestone (a definite horizon)
there is a succession of limestones and shales that are diffi-
cult of assignment to the divisions as recognized in Missouri
and Nebraska. The beds outerop in ravines along the south-
west side of Middle river from two miles south of Webster to
the central part of Harrison' township, Adair county. The
strata may be met within a distance of two miles, and the ver-
tical difference in elevation is only forty-nine feet, which is
distributed as follows:

Douglas stage:
Lawrence shale
Tatan limestone
Weston shale

Lansing stage:
Stanton limestone

INCHES

HE
8
6

8

Vilas shale
Plattsburg liméstone
Lane shale

6 :

4

In Missouri these beds, up to the thickest beds of the Oread
limestone (Broadhead’s number 150), measure about 260 feet
in thickness for the Douglas stage and about 127 feet for the
Lansing stage. In Missouri the Plattsburg limestone member
is 18 feet thick; in central Towa it is 5 feet, 6 inches thick. In
Missouri the Stanton limestone member contains 23 feet of
limestone. In the Iowa region the Stanton limestone is but

@‘omsm mmm%
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3 feet, 8 inches thick.* The shaly members also are much
thinner in Towa than in Missouri.

The Nebraska section recognizes four groups of limestone
beneath the Oread (Plattsmouth) limestone, referring them to

the Lawrence shale:
YEET

Shale 18-20
Weeping Water limestone 6
Shale : 30
Oreopolis limestone 6-9
Shale 6
Sturm limestone, about 6
Shale 4
Nehawka limestone 10 or more
88

It is evident that the topmost shale in this section should be
referred to the Lawrence shale, as the term is used in Missouri,
and that the groupings of the limestone members would make
the Nehawka correspond to the Iola limestone. It is clear
that both limestone and shaly members in this general horizon
are much thinner in eastern Adair than they are in south-
eastern Nebraska.

The Shawnee Stage—The various thicknesses of the mem-
bers of the Shawnee stage are as follows:

FEET INCHES

Scranton shale 194 6
Howard limestone 4
Severy shale . 25 3
Topeka limestone 6
Calhoun shale 11 4
Deer Creek limestone 8
Tecumseh  shale 65
Lecompton limestone 7
Kanwaka shale 16

337 1

The thicknesses given for the very thick shales in the above
list are obtained from the record of the Clarinda diamond drill
hole, and not from measurement of outcrops, for they do not
outerop in such a way that measurement of the thickmess is
possible.

The portion of the Oread limestone that is characterized by
“millions of Fusulina’’ closely packed together, as Meek™ de-

14The comparison is based on pages 113 and 114 of Hinds and Greene's Stratigraphy of
the Pennsylvanian Series in Missouri.

15F. B. Meck, Report on the Paleontology of Eastern Nebras‘ka, pp. 92-93.



238 MISSOURI SERIES IN IOWA

seribed the beds near Plattsmouth fifty years ago, has the same
characteristics where it outcrops at Riverview Park north of
Red Oak and in Harrison township in eastern Adair. This
makes a very good horizon from which to work upward in the
vicinity of Stennett in an endeavor to correlate those beds with
the corresponding beds in eastern Nebraska. The sequence
can be traced without difficulty along the road and then up the
ravine north of Stennett, from the Oread to and including
the Severy (Louisville limestone), except that the Lecompton
(Cullom) limestone is beneath the river deposits. The thick-
nesses of these groups of strata are as follows, each including
the shale above it:

Near Stennett Nebraska
FEET INCHES FEET
2 ) Louisville 16145-22
Severy
8 ] Union 25
4 5 Topeka ....Meadow 6
(Calhoun) ’
8 Deer Creek . —.Forbes ....... { 31 limestone
¢ (Tecumseh) 13-16 shale
Cedar Creek ~ 7-8 limestone
¢ Lecompton 7-8 shale
Cullom 8 limestone
? (Kanwaka) 13 shale
6 10 Oread ....Plattsmouth 25-30 ¢

Here also it is evident that the various members thin out to-
ward the northeast.

The Deer Creek limestone is recognized also farther south-
east on the south side of the Thurman-Wilson fault.*** The
uppermost limestone that is exposed at Hawleyville evidently
is the Topeka (Meadow) limestone. The other Nebraska
members, Union to Ashland, are portions of what has been
called Braddyville limestone in Towa by Smith, and the Severy
shale, Howard limestone, and Scranton shale in Missouri. The
Nodaway coal seam forms a marked horizon in the upper part
of the Severy shale. A gray shale immediately underlies the
coal and the Howard limestone is about four feet above it.

The Cullom and Cedar Creek limestones that are in the val-
ley northwest of Riverview Park, Red Oak, and near Stennett
correspond to the Lecompton limestone of Missouri, the shale
above these two limestones corresponds to the Tecumseh shale,

158See note 12 on page 228.
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and that below them and extending down to the Oread lime-
stone, is the Kanwaka shale.

The Scranton shale of the Missouri survey extends from
the top of the Howard limestone to the base of the Preston
limestone. The Rulo, Burlingame and Fargo limestones of Ne-
braska may be considered as parts of the Scranton shale. Ex-
cept the Fargo they have not been recognized as distinct beds
in Towa. The Fargo appears at the base of the McKissick
grove section, and at an outcrop a mile southwest of Red Oak.

The Wabaunsee Stage—The four members of the Wabaun-
see stage as here recognized have the following thicknesses in
Towa:

FEET

McKissick Grove shale 93
Tarkio limestone 4
Shale : 12
Preston limestone ;2

111

The Preston limestone member is essentially a single ledge.
The Tarkio is a blue hard limestone at the base and a Fusulina
limestone at the top. The shale between the Preston and Tar-
kio limestones is an ordinary gray shale including a thin bed
of light colored limestone. The McKissick Grove shale is in-
creasingly arenaceous and micaceous toward the top, and also
toward the south into Missouri.

The above terminology avoids the use of the terms Osage
shale, Platte shale, Braddyville limestone, City Bluffs shale and
Atchison shale, which have been variously used to include sev-
eral members of the upper part of the Shawnee stage.

THE IOWA SECTION 'OF THE MISSOURI SERIES.

FEET INCHES
‘Wabaunsee stage (total thickness in Towa, 108 feet):
McKissick Grove shale (total thickness, 91 feet)—
Shale, blue " 12
Shale, gray . 8
Limestone, very dark gray, arenaceous, many spheroidal lumps,
in places breceiated
Limestone, blue, very arenaceous: a calcareous sandstone.........
Shale, arenaceous, micaceous
Sandstone, ‘blue, weathering yellow
Shale, arenaceous, micaceous
Sandstone, blue, weathering yellow
Shale, gray -
Limestone, dark gray, fossiliferous; in two layers ... .

Coal, Nyman

HWOMHMNDMWHH
[=)
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) FEET INCHES
Shale, yellow and blue - 31

Limestone, gray, fossiliferous 8
Shale, dark gray 3 6
Limestone, very dark gray : 6
Shale, blue, weathering to yellow 8
Tarkio limestone—
Limestone, weathering brown; in two or three layers . ......... - 4
Shale, not named—
Shale, gray, between Tarkio and Preston limestones . ...cc..cee-e 12
Preston limestone— :
Limestone, dark gray 1

Shawnee stage (total thickness, 337 feet, 1 inch):
Seranton shale—

Shale, variously colored; from estimate by Smith woreoreoeoernnn 194 6
Howard limestone—

16Limestone, yellowish 4
Severy shale—

168hale; includes Nodaway coal, Louisville lifestone (2 feet),

Union limestone and shale above it (8 feet, 8 inches)...... 25 3

Topeka limestone

Limestone, near Stennett 6
Calhoun shale

Shale, near Stennett 11 4
Deer Creek limestone—

Limestone, near Stennett : , 8
Tecumseh shale—

16Shaile 65
Lecompton hmestone—

16Limestone 7
Kanwaka shale—

163hale ; 16

Douglas stage (total thickness, 25 feet, 7 inches):
‘Oread limestone (at Riverview Park, Red Oak) (thickmess, 10 feet,

5 inches)—
Limestone, upper part decomposed fossiliferous; many Fusulinas 1 10
Shale 1
Limestone, gray 5
Shale, greenish gray 3
Limestone, with light colored flint 1 6
Shale 1
Limestone, gray 8
(Below this plane the limestone is full of Fusulina.)
Limestone, gray, in three parts 1 9
Shale, brown : 1
Limestone, shaly below 1 3
Limestone, in three parts, the sevcond shaly 1 6
Lawrence shale (eastern Adair county)—
Shale, gray, fossiliferous 6 8
Tatan limestone( thickness, 4 feet, 6 inches)—
Limestone, dark gray, fossiliferous 7
Shale, calcareous ..o 8
Limestone, gray and dark, weathers brown, fossiliferous............ 3 3
Weston shale—
Shale, gray above and below, black in ce:uter ............................. 4
Lansing stage (total thickness, 36 feet, 1 inch):
Stanton limestone (thickness, 3 feet, 8 inches)—
Limestone, gray, dense, fossiliferous 1 2
Shale, blue 1
Limestone, dark gray 6

16The total thickness is from the record of the Clarinda Diamond Drill hele, Iowa Geol.
Survey, Vol. XIX, page 618.
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Vilas shale—

Shale, gray and green, with iron conecretions at t0P -wmeeremeens

Plattsburg limestone—
Limestone, lower portion dense, gray
Lane shale (thickness, 6 feet, 11 inches)—
Shale, green, clayey
Limestone, greenish, lower half shaly
Shale, greenish .
Limestone, dense :
Shale, gray, arenaceous, micaceous and aleareous .ceceene-
Kansas City stage (total thickness, 131 feet, 5 inches):
Tola limestone (thickness, 3 feet)—
Limestone, very fossiliferous
Shale, gray above, dark below ..
Limestone, somewhat fragmental ;
Chanute shale (thlekness, 17 feet, 3 mches)—
Shale, drab
Shale, red :
Shale, green, caleareous
Limestone, bluish, somewhat fragmental above .
Shale, gray, several nodular caleareousg layers
DeKalb limestone (thickness, 13 feet, 10 inches)—
Limestone, of caleareous pebbles, upper part slightly arenaceous
Limestone, gray, thin layers above, thick below, fosgiliferous......
Cherryvale shale—
Shale, gray above and in lower portion, three layers of blue
limestone between; limestone and all below véry fossiliferous
Winterset limestone (thickness, 13 feet, 10 inches)—
Limestone, gray, fragmental in upper portion ... —ceeceenee
Limestone, gray, very resistant ledge; with chert ...oveieeeeec
Limestone, gray
Shale, gray, argillaceous
Limestone, gray ..
leestone, gray; partings of shale
Galesburg shale (thickness, 10 feet)—
Shale, gray, argillaceous
Shale, black .
Shale, gray, argillaceous above, calcareous below ...t oo
Bethany Falls limestone—
Limestone, gray, in beds from 1 foot to 1 foot, 6 inches thick;
top portion fragmental; fossiliferous
Ladore shale (thickness, 21 feet)——
Shale, gray, argillaceous
Shale, black (seam of coal elsewhere)
Limestone, dark blue
Shale, calcareous in places
Limestgne, gray
Shale, gray, argillaceous.
Limestone, gray
BShale, gray, argllla.ceous
Hertha limestone (thickness, 16 feet, 6 inches)—
Limestone, gray
Shale, gray, argillaceous
Limestone, gray, very fragmental

Total thickness of Missouri stage

Faunal Relations.
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The Kansas City Stage—The first faunal unit includes the
whole of the Kansas City stage, though the fauna of the upper-
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most beds presents a contrast to that found in the lowest beds.
It has long been recognized that the Kansas City stage in
Towa does not contain Chonetes mesolobus but has instead
Chonetes vetneuilianus; that it does not contain Marginifera
mauricata but does contain Marginifera longispina, and that
the fauna in general changes from that of a sandy shore and
of brackish water sandstone and shale (Des Moines series) to
that of limestone and shale of a more open sea. Under such
conditions an off-shore fauna migrated back and forth with
little significant change. The different limestones must be
recognized in the field largely by the sequence in their beds and
by their relation to the shales above and below, features which
have already been included in the descriptions of the various
members of the Missouri series, and will be included also in
the descriptions accompanying the transverse sections across
the region. The faunal lists follow these comments. '

The Hertha limestone has Composita subtilita as a specially
characteristic form.”” Near St. Charles there is an isolated
ledge of Chaetetes milleporaceous, that seems to be held over
from the Des Moines series, but it is not found elsewhere.

"The Bethany Falls limestoné has, along with the usual as-
semblage of fossils, an occasional Phillipsia in the shaly part-
ings, but they are too rare to be of use in distinguishing these
beds from other beds near at hand—in which they have not
been found.

The Winterset limestone has in the shaly parting between
the two main beds of limestone a bed of Composita subtilita
of especially large forms.

‘The Cherryvale shale presents the most distinctive faunal
horizon to be found in the Kansas City stage. There is no-
thing like it to be found elsewhere in the Missouri series, the
nearest approach being in the Deer Creek. Choncles verneui-
lianus, abundantly distributed through the shale in the lower
half of the member, is so abundant in places as to constitute
thin beds of shaly limestone. The three thin beds of biue
limestone about midway in the member comprise a Myalina

17The 'long list of fossils that Bain gives from the limestone mnear Stuart, Iowa, is not of
fossils from the Hertha limestone, but from a bed deep down in the Des Moines series (Henri-
etta) : H. I. Bain, Geology of Guthrie County: Iowa Geol. Survey, Vol. VII, pp. 447-448. See
John L. Tilton, The Strata near Stuart, Iowa: Bull. Geol. Soc. Ameriea, Vol 83, p. 158, 1922.
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horizon, containing two species, swallovi and " subguddrata.
Along with these are numerous Orthotetes (Derbya) cressus
and an occasional Meekella striatocostata.

While the lower part of the De Kalb limestone was origi-
nally called-a Fusulina limestone the fusulinids are not always
present in abundance, and are small in size. The occasional
echinoid spines, the fusilinids and the Bryozoa relate the up-
per beds of the De Kalb to the Iola, and the relative abundance
of these forms helps distinguish the upper members from the
lower members of the stage.

The Lansing Stage and the Douglas Stage—The faunal
unit recognized by Beede and Rogers includes both the Lan-
sing and the Douglas stages. The fauna marks an advancing
open sea that reached its culmination when the Orcad lime-
stone was laid down. A detailed study of the thin beds be-
low the Oread may lead to further faunal differentiations, as
the beds are very fossiliferous but not easily accessible. Tt is
here that Enteletes hemiplicata and Chonetes granulifer are
first found, differentiating the Lansing from the Kansas City
stage. Beede mentions the presence of Rhipidomella pe-
cost and Derbya bemnetti, and calls attention to a form with a
more costate habit to which he gives the name Marginifera wa-
bashensis. Meekella striatocostata, which he did not find be-
low this horizon in the Missouri collections, is occasionally
found in the Winterset limestone at Winterset. Beede fur-
ther recognizes the introduction of the following in the Doug-
las fauna: Chonetes geinitzianus, Marginifera lassellensis and
Tegulifera armata.

In the Oread limestone there is such a remarkable assem-
blage of large Fusulina closely packed together as to distin-
guish this horizon from all others. This ~characteristic is a
widespread one, as noticeable in eastern Adair county, Cass
county and at Riverview Park in Montgomery county as at
the mouth of the Platte river im Nebraska, where Meek™ em-
phasized the abundance of it.

The Shawnee Stage—The fauna of the Shawnee stage cen-
ters in that of the Deer Creek member, beds of which outerop
north of Stennett and at Hawleyville. Even here distinctions

18F. B. Meek, Report on the Paleontology of Eastern Nebraska: p. 93, 1872.
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find their chief emphasis in the associated character of the
strata. The black chert contains white Fusulind—excellent mi-
croscopic material; and the limestone contains such an abun-
dance of echinoid spines that they become a characteristic
form. Greene notes that the limestone over the Nodaway coal
seems largely made up of Ostracods. The central part of the
Scranton shale, as exposed at ¢‘City Bluffs’’ a few miles south
of the state line, is marked by a bed of Aviculopecten.

The Wabaunsee Stage—Here also the important distine-
tions are physical rather than faunal. The lower portion con-
tains the Preston and Tarkio limestones with the faunas listed
below. The upper part of the McKissick Grove shale is in-
creasingly arenaceous and micaceous toward the top, with fauna
as given below. While the character of the deposits indicates
a return of shallow water conditions that according to reports
elsewhere were widespread, the faunal relations do not depart
widely from those in the Jower part of the stage. The pres-
ence of mica, though it is not a fossil, is especially noteworthy.

FAUNAL LISTS
THE WABAUNSEE STAGE.

MoKissick Grove shale.1?
Upper limestone fauna

Fusulina cylindrica (secalica)
Lophophyllum profundum
Ceriocrinus hemisphericus
Fenestella perelegang
Fistulipora nodulifera
Rhombopora lepidodendroides
Ambocoelia planoconvexa
Chonetes geinitzianus
Chonetes granulifer
Composita subtilita
Hustedia mormoni
Marginifera wabashensis
Productus cora
Productus semireticilatus
Pugnax uta
Spirifer cameratus
Allorisma terminale
‘Aviculopecten oceidentalis
Aviculopecten providencensis
Edmondia nebrasecensis
Myalina swallovi
Bucanopsis marcouanus
Euphemus carbonarius

Cap rock to Nyman coal
Fusulina eylindriea (secalica)
Crinoid stems
Bhombopora lepidodendroides
Ambocoelia planoconvexa
Chonetes granulifer
Enteletes hemiplicata
Marginifera longispina
Orthotetes eragsus
Productus costatus
Productus punetatus
Productus semireticulatus
Pugnax uta
Composita subtilita
Spirifer cameratus
Edmondia nebrascensis?
Macrodon tenuistriatis?
Myalina subquadrata

- Nucula?

Schizodus?

Euomphalus catilloides
Phanerotrema grayvillensis
Pleurotomaria perhumerosa?
Griffithides scitula

19George L. Smith, Contributions to the Geology of Southwestern Iowa: Proc. Iowa Acad.
Sei.: Vol. XXIII, pp. 86-87, 1916. J. A. Udden, Geology of Mills and Fremont Counties:
Iowg Geol. Survey, Vol. XIII, p. 152 (Section XIX, number 16 for Cap Rock of Nyman

Coal).
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Lower shale fouma
Fusulina, cylindrica (secalica)
Lophophyllum profundum
Ceriocerinus hemisphericus
Fistulipora nodulifera
Rhombopora lepidodendroides
Ambocoelia planoconvexa
Chonetes geinitzianus
Chonetes granulifer
Composita subtilita
Dielasma bovidens
Enteletes hemiplicata
Hustedia mormoni
Meekella striatocostata
Orthotetes crassus
Productus cora
Productus costatus
Productus (Pustula) nebrascensis
Productus punctatus
Productus semireticulatus
Pugnax uta
Rhipidomella pecosi
Spirifer cameratus
Aviculopecten occidentalis
Aviculopecten whitei
Edmondia nebrascensis
Entolium aviculatum
Leda bellistriata
Myalina perattenuats
Myalina, subquadrata
Myalina swwallovi
Parallelodon wheeleri
Aclisina stevensana
Bucanopsis montfortiana
Euomphalus catilloides
Euphemus carbonarius
Phanerotrema grayvﬂlensm

Tarkio limestone.20

Fusulina cylindrica
Zeacrinus (numerous segiments)
Rhombopors lepidodendroides
Ambocoelia plaiioconvexa

Chonetes geinitzianus
Chonetes granulifer
Chonetes verneuilianus
Composita subtilita
Enteletes hemiplicata
Meekella striatocostata
Orthotetes crassus
Productus cora
Productus costatus .
Productus (Marginifera) longispinus
Productus (Pustula) nebrascensis
Productus pertenuis
Productus semireticulatus
Pugnax uta

Spirifer cameratus
Spiriferina kentuckiensis
Allorisma subcuneata
Allorisma terminale
Avicula longa
‘Aviculopecten whitei
Aviculopinna americana
Entolium aviculatum
Myalina kansasensis
Myalina perattenuata
Myalina subquadrata
Myalina swallovi
Bellerophon percarinatus
Bucanopsis montfortiana
Naticopsis altonensis
Orthonema subeniatum
Phanerotrema grayvillensis
Spherodoma primigenia
Platyceras parvum
Orthoceras rushense
Phillipsia major

Shale between Tarkio and Preston
limestones.

No fossils are reported.

Preston limestone.

Fossil fragments aré found, but no
species are recognized.

THE SHAWNEE STAGE,

Scranton shale.21
Zeacrinus (plates)
Fistulipora
Rhombopora
Ambocoelia planoconvexa
Productus cora

Productus (Marginifera) longispinus

Productus (Pustula) nebrascensis
Productus seiretienlatus

Spiriferina kentuckiensis
Straparollus catilloides

Scranton shale and Howard liméstone.2z

Fusulina cylindries
Lophophyllum profundum
Lophophyllum distortum
Ceriocrinus hemispherieus
Erisoerinus typus
Eupachycrinus tuberculatus

20This is a combination of three lists reported as follows: Samuel Calvin, Geology of

Page County: Iowa Geol. Survey, Vol. XI,

Geéorgé L. Smith, Carboniferous Sdction of

Southwestern Iowa: Iowa Geol. Survey, Vol XIX, p: 683; and The Paleontology and Strati-
graphy of the Upper Carboniféerous of Iowa: Proc. Iéwa. Acad. Sci.,, Vol. XXII, p.. 281.

A, Udden, Geology of Mills and Fremont Counties:

J.
Iowa Geol. Survey, vol. X1, p. 156

¢(Section XVI), and p. 154 (Section XIX, nuinber 6).
218amuel Calvin, Geology of Page County: Iowa Geol. Survey, Vol. XI, p. 429.

22George L. Smith; The Paleontology and Stratigraphy of the Upper Carboniferous of
Jowa: Proc. Iowa Aca.d Sci., Vol, XXII, p. 281 Carboniferons Section of Sonthwestern

Tows: Towa Geol. Survey, Vol. XIX, p.

A. Udden, Geology of Mills and Fremont

6
Counties: Iowa Geol. Survey, Vol XIII p. 146 (No 18), p. 147 (No. 9).
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Hydreionocrinus acanthoporus
Hydreionocrinus mucrospinus
Serpula insista

Fenestella perelegans
Fistulipora nodulifera
Pinnatopora trilineata
Polypora crassa

Polypora elliptica

Polypora submarginata

" Rhombopora lepidodendroides

Septopora biserialis
Stenopora carbonaria
Ambocoelia planoconvexa
Chonetes geinitzianus
Chonetes granulifer
Chonetes variolatus
Composita subtilita
Dielasma bovidens
Enteletes hemiplicata
Hustedia mormoni
Marginifera longispina
Meekella striatocostata
Orthotetes crassus
Productus cora :
Productus (Pustula) nebrascensis
Productus pertenuis
Productus punctatus
Productus semireticulatus
Pugnax uta .
Rhipidomella pecosi
Spirifer cameratus
Spiriferina kentuckiensis

Agassizodus variabilis
Peripristis semicircularis
Conostychus broadheadi
Conostychus ornatus
Carpolithes granularis

Severy shale.28
. Lophophyllum profundum

Fenestellat

Rhombopora lepidodendroides
Septopora biserialis
Scaphiocrinus$
Zeacrinus?
Archaeocidaris aculeata -
Ambocoelia planoconvexa
Chonetes granulifer
Composita subtilita
Dielasma bovidens
Enteletes hemiplicata
Orthotetes crassus
Marginifera longispina
Productus (Pustula) nebrascensis
Productus pertenuis
Productus cora
Productus punctatus
Spirifer cameratus
Spiriferina kentuckiensis
Allorisma subecuneata
Allorisma granosum
Aviculopectén
Edmondia nebrascensis?
Modiola subelliptica?
Myalina subquadrata

Allorisma terminale Nueula
Allorisma granosum Pinna
Aviculopinna peracuta Schizodus?

Aviculopecten occidentalis
Aviculopecten whitei
Edmondis nebraseensis
Myalina perattenuata

-Myalina recurvirostris

Myalina subquadrata
Myalina swallovi

Nucula ventricosa

Leda bellistriata
Bellerophon. percarinatus
Bucanopsis montfortiana
Euomphalus catilloides
FEuphemus carbonarius
Phanerotrema grayvillensis
Soleniscus paludinseformis
‘Worthenia tabulata
Orthoceras rushense
Tainoceras occidentale
Griffithides scitula

Bellerophon carbonarius
Bellerophon perearinatus
Euomphalus catilloides
Euomphalus riigosus
Euphemus carbonarius
Murchisonia

Phanerotrema grayvillensis
Cythere

Alethopteris grandini
Annularia sphenophylloides
Asterophyllites equisetiformis
Calamites suckowii
Neuropteris ovata
Neuropteris scheuchzeri
Pecopteris cyathea

Topeka limestone—Calhoun shale—
Deer Creek limestone24

Fusulina cylindrica
Lophophylluk profundum

28George L. Smith, The Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey,
Vol. XIX, pp. 622 and 633; Contributions to the Geology of Southwestern Iowa: Proc. Iows
Acad. Sci., Vol. XXII, p. 282, F. A, Udden, Geology of Mills and ¥Fremont Counties: Iowa
Geol. Survey, Vol. X111, pp. 144-145 (Section X, numbers 9-13).

24George L. Smith, Contributions to the Geology of Southwestern Iowa: Proc. Towa Acad.
8ei., Vol. XXIII, p. 88; and Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey,
Vol. XIX, p. 637.

From( conference in the field it was learned that Doctor Smith had made his collections
from the Deer Creek (Forbes) limestone, Calhoun shale and Topeka (Meadow) limestone,
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Ceriocrinus hemisphericus
Eupachyerinus tuberculatum
Hydreionocrinus muerospinus
Archaeocidaris agassizi
Archaeocidaris dininni
Archaeocidaris hallana
Archaeocidaris triseriata
Fenestella tenax
Fistulipora nodulifera
Polypora submarginata
Rhombopora lepidodendroides
Septopora biserialis
Ambocoelia planoconvexa,
Chonetes granulifer
Chonetes verneuiliana
Composita subtilita
Dielasma bovidens
Enteletes hemiplicata
Hustedia mormoni
Marginifera longispina
Meekella, striatocostata
Orthotetes crassus
Productus cora
Productus costatus
Productus (Pustula) nebrascensis
Productus semireticularis
Pugnax uta
Reticularia perplexa
Rhipidomella pecosi
Spirifer cameratus
Spiriferina kentuckiensis
Squamularia perplexa
Allorisma terminale’
Allorisma subcuneata
Chaenomya minnehaha
Myalina swallovi
Macrodon tenuistriatus
Schizodus wheeleri
Bellerophon carbonarius
Bellerophon percarinatus
Euomphalus catilloides
Euphemus carbonarius
Pleurotomaria
Platyceras parvum
Soleniscus intercalaris .
Orthoceras knoxense
Calhoun shale.25
Archaeocidaris (spines)
Eupachyerinus verrucosus

Scarpiocrinus (plates)
Fistulipora nodulifera
Polypora submarginata,
Chonetes granulifer
Discina convexa
Orthotetes ecrassus
Productus cora
Productus nebrascensis
Produetus punetatus
Productus semireticulatus
Spirifer cameratus
Aviculopecten
Edmondia

Entolium avieulatum
Myalina subquadrata
Myalina, recurvirostris
Pinna peracuta$
Pseudomonotis hawni
Bellerophon carbonaria
Euomphalus rugosus
Pleurotomaria

: Deer Creek (Hawleyville) limestone.26

Fusulina ecylindrica
Archaeocidaris .
Crinoidea (stems and plates)
Fistulipora nodulifera
Rhombopora lepidodendroides
Septopora biserialis?
Ambocoelia planoconvexa
Composita subtilita

Chonetes granulifer
Chonetes verneuilianus
Dielasma bovidens

Hustedia mormoni
Marginifera longispina
Orthotetes crassus
Orthotetes robustus
Productus semireticulatus
Productus cora

Productus costatus
Productus (Pustula) nebrascensis
Productus symmetricus
Rhipidomella pecosi

Pugnax uta

Spirifer cameratus

Spiriferina cristata
Aviculopecten ?

Bellerophon carbonarius
Euomphalus rugosus?

chiefly near the mouth of the ravine (Pilot creek) north of Stennett, and that he had not
collected from fossiliferous horizons at a considerable distance (about two-thirds of a mile) up
the creek, where the Severy shale members (Union and Louisville limestone) appear in the bed
of the creek.

In the Geology of Montgomery County: Iowa Geol. Survey, Vol. IV, Plate XI (opposite
page 392), is a picture of the Fate Quarry, near Stennett, in which the top of the Deer
Creek limestone appears in the base of the quarry, the Topeka (Meadow) in the center, ahd
fragments of sthe Severy (Union) near the top, as shown in the picture. This quarry was
located on the west side of the Nishnabotna; Pilot creek is on the east side of the river.

25J. A. Udden, Geology of Mills and Fremont Counties: Jowa Geol. Survey, Vol. XIII,
PPp. 11)38,2139, 141, 142: Section V, numbers 11-13, Section VI, numbers 8-9, and Section VIII,
number 2. '

268amuel Calvin, Geology of Page County: Iowa Geol. Survey, Vol. XI, pp. 423. and 425,
Also, J. A. Udden, Geology of Mills and Fremont Counties: Iowa JGeol'. Survey, Vol. XIII, pp.
139-146. The following are considered Deer Creek: Section V, numbers 3-10; Section VI,
numbers 1-7; Section IX, numbers 5-8.
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Straparollus catilloides
Phillipsia
Tecumseh shale.
No. fossils are reported.
Leocompton limestone (Cedar Creck
and Cullom limestones).27
Cedar Creel limestone
Fusulina cylindrica
Campophyllum torquium
Lophophyllum profundum
Archaeocidaris
Erisoerinus typus?
Rhombopora lepidodendroides
Fistulipora nodulifera
Ambocoelia planoconvexa
Composita subtilita
Chonetes granulifer

MISSOURI SERIES IN IOWA

Chonetes geinitzianus
Marginifera longispina
Orthotetes crassus
Productus cora
Productus costatus
Productus (Pustula) nebrascenms
Productus pertenuis
Spirifer cameratus
Aviculopecten

Pinna peracuta
Bellerophon carbonaria
Peripristis semmucula.ns

Cullom limestone

Fusulina cylindrica

Kanwaka shale.

There is no distinct list of fos-
sils.28

THE DOUGLAS STAGE.2¢

Oread limestone.

Fusulina g¢ylindrica (very many,

and large)
Lophophyllum profundum
Chonetes granulifer
Productus cora
Spirifer cameratus
Lawrence shale.

Productus (Pustula) nebrascensis

Productus cora
Spirifer cameratus

Iatan limestone.

Crinoid stems
Chonetes granulifer
Productus cora

Productus (Pustula) nebrascenms
Weston shale.

Productus mnebrascensis

There are few fossils.

Lophophyllum profundum
Crinoid stems
Chonetes granulifer

LANSING STAGE.2?

Stanton limestone.
Crinoid stems
Productus (Pustula) nebrascensis
Productus cora

| Echinoid spines
Lophophyllum profundum
Composita subtilita
Chonetes granulifer
Spirifer eameratus Orthotetes crassus
Alga-like markings Productus (Pustula) nebraseensis
Vilas shale. Lane shale.
No fossils are reported. Crinoid stems
Plattsburg limestone.

Fusulina eylindrica

27J. A. Udden, Geology of Pottawattamie 'County: Iowa .Geol. Survey, Vol. XI, pp.
221-224. The exposures are small and distant from each other and from other outcrops. The
following are considered Cedar Creek: numbers 4 and 5 of Thomkin’s quarry section, numbers
4-6 of Martin’s quarry section, numbers 1-8 of Bryant’'s quarry section, number 1 at river bed
south of Carson, and numbers 4-6 of Snapp’s quarry section. The followmg are considered
Cullom: number 1 of Thomkin’s quarry section, -and numbers 1-3 of Martin's quarry section.

Geology of Mills and Fremont Connties: Iowa Geol, Survey, Vol. XIII, p. 138, (Section IV,
number 2).

28George L. Smith lists seven fossils from the Platte shales, but these shales seem to in-
clude the Lecompton (Cullom and Cedar Creeck) limestone. ‘Contributions to the Geology of
Southwestern Towa,” Proc. lowa Aced. Sci., Vol. XXIII, p. 88.

29Exhaustive lists of fossils from the Douglas and Lansing stages in Iowa have not
heen prepared. Such lists for Missouri may be found in the following reference: Hinds and

Greene, Stratigraphy of the Pennsylvanian Series in Missouri: Missouri Bur. Mines, Bull
XIII, pp. 286-288 and 292-295.
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KANSAS CITY STAGE.0

Iola limestone.
Lophophyllum proliferum
Crinoids (stems)
Bryozoa
Chonetes verneuilianus
Orthotetes crassus
Productus
Chanute shale.
Bryozoa .
Chonetes verneuilianus
Composita subtilita
Productus cora
Westerville limestone (DeKalb).
Lophophyllum proliferum
Crinoids  (stems)
Fenestella
Aulopora
Chonetes verneuilianus
Coniposita subtilita
Productus cora
Productus costatus
Spirifer cameratus -
Straparollus subquadratus
De Kald limestone, .
Loéphophyllum proliferam
Crinoids (stems)
Echinoid spines
Bryozoa
Composita subtilita
Dielasma bovidens
Marginifera longispina
Orthotetés crassus
Productus costatus
Productus semireticulatus
Spirifer cafherdatus
Spiriferina kentuckiensis
Cherryvale shale.
Rhombopora lepidodendroides -
Bupachyerinus verrucogus
Chonetes verneuilianus
Composita subtilita
Marginifera longispina
Orthotetes crassus
Productus - cora

Products (Pustula) nebrascensis
Spirifer cameratus
Spirifer planoconvexus
Aviculopecten occidentalis
Myalina kansasensis
Myalina subguadrata
Myalina: swallovi
Winterset limestone.
Chonetes verneuiliamus
Composita subtilita
Meekella striatocostata
Hustedia mormoni
Productus cora
Productus costatus
Spirifer cameratus
Galesburg shale.
Fusulina cylindriea
Chonétes verneuiliantis
Composita subtilita
Bethany Falls (Earlham) léméstone.
Fusulina cylindrica
Lophophyllum proliferam
Archaeocidaris (plafes)
Zeacrinus (plates)
Crinoidea. (stems)
Bryozoa
Composita subtilita
Chonetes verneuilianus
Hustedia mormoni
Marginifera longisping
Meekella striatocostafa
Productus cora
Productus costatus
Produetus punctatus
Spirifer cameratus )
Spiriferina kentuckiensis
Allorisma subcuneata:
Phillipsia
Ladore shale.
No fossils are reported.
Hertha limestone.
Composita subtilita
Spirifer cameratus
Spiriferina kentuckiensis

The Cross Section Along Missouri River.

The cross section along Missouri river begins at Hamburg,
Fremont county, in the southwest corner of the state, and pro-
ceeds northward to Crescent, seven miles north of Council

30These lists are from reports in the Iowa Geological Survey on the different members of
the Kansas City stage, and from field notes by the writer: Madison county (Vol. VII), De-
catur county (Vol. VIII) and Clarke county (Vol. XXVII). The lsts given for Guthrie county
are not included, as the strata there belong to the Des Moines series. See John L. Tilton,
“The Strata near Stuart, Iowa’: Bulletin of the Geological Society of America, Vol. XXXIII,
p. 158, 1922, : Elsewhere there is uncertainty as to the real source of the fossils referred to
the Hertha. Only those are permitted in the above list that are also found in Hinds and
Greene’s report on The Stratigraphy of the Pennsylvanian Series in Missouri, table opposite
page 282.
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Bluffs, which is the location of the last known outerop of Mis-
souri series strata.
The section at the high school®* at Hamburg, is as follows:

FEET INCHES
3

4. Sandstone, coarse
3. Shale, divided in the middle by a hard band, three inches thick.... 15
2. Limestone, arenaceous 9
1. Shale 5
21

The limestone is 929 feet above sea level, or 16 feet above
the Chicago, Burlington and Quiney railroad track at the sta-
tion, and 29 feet above Nishnabotna river. The outerop is
closely related to the series found two miles northeast at Me-
Kissick grove, and to the face of the clay pit at the brick yard
south of Nebraska City,** at a distance of about ten miles to
the northwest; which is the location of an outcrop and well re-
cord used in the eross section from Hamburg to Leon.

Northward along the bluffs bordering the east side of the
valley of Missouri river all is concealed by river deposits, drift
and loess, which fill -a preglacial valley eroded in Missouri
series strata, for a distance of thirteen miles to a point three
miles south of Thurman. Here in the northwest quarter of
the northwest quarter of section 12 appears a three-foot bed of
limestone that has the same peculiar characteristics and rela-
tion to strata above and below as has the limestone member,.
No. 2, at the high school at Hamburg, and that, No. 17, in the
strata at McKissick grove. The section here found is as-fol-
lows, as described by Udden,*® with modifications:. -

FEET

9. Limestone, bluish gray, of fine texture, arenaceous............ Yo
8. Shale, gray, not calcareous, part originally a black shale;

grading 'into reddish shale “above ... 10
7. Limestone, blotched, jointed, numerous calcareous lumps up
to one-half inech in diameter; a few shell fragments,

joints of crinoid stems, and quartz grains 3

Shale, bluish gray, soft; partly concealed . .l 2
Sandstone, grayish blue, of fine texture, calcareous; ripple
bedded above
Shale, not well exposed
Not exposed

Wi ao;
)

81G. L. Smith, Carboniferous Section of Southwestern Jowa: Iowa Geol. Survey, Vol.
XIX, p. 641.

32For statement of depth of buried channel near Nebraska City, see J. E. Todd, Bull. 158
U. S. Geol. Survey, p. 148.
150 33J. A. Udden, Geology of Mills and Fremont Counties: Iowa Geol. Survey, Vol. XI1I, p.
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2. Limestone X 3
1. Shale, gray ?
26%%

The uppermost limestone, No. 9, and the limestone, No. 7,
a few feet below it outcrop along the hillside from this point
to the mouth of Plum creek at Thurman. They also appear in
the hillsides along the lower course of Plum creek and north
of Thurman for about a mile along Missouri valley, just be-
yond which point there is a sudden and complete change -in
strata. This is at a point where Todd* recognized the pres-
ence of a fault, and where later Smith®* found further evidence.
of it. This fault was later called by Tilton** the Thurman-
Wilson fault and was traced by him across Montgomery, Cass
and Adair counties, and into Dallas county. It was found to
have but little difference in the amount of displacemen’é.

Near the center of the north line of section 35, Scott town-
ship, Udden* obtained the following composite section, in which
the fourth member from the bottom, a hard blue jointed lime-
stone with small granules, is the stratum especially noted as
No. 7, three miles south of Thurman, and also as No. 2, at the
high school at Hamburg, and No. 17 at McKissick grove:

FEET INCHES
9. Limestone, weathered brown; many joints of. erinoid

stems ... ¢
8. Shale, chocolate colored, arenaceous, calcareous and

micaceous; small gray caleareous nodules.......... 3 6
7. Shale, yellow, calcareous; with nodules ..o 5

6. Shale, gray, calcareous, very fossiliferous: Lopho-
phyllum proliferum (?), Fistulipora nodulifera
(flattened), Rhombopora lepidodendroides, Sep-
topora biseralis, Polypora submarginata (?),
Fenestella (?7), Chonetes gramulifer, Ch. ver-
neutlianus, Spirifer cameratus, Spiriferina ken-
tuokiensis, Pugnaz uta, Syniriclasma hemiplica-
ta, Ambocelia planoconvera, Productus semire-
ticulatus, Murchisonta (?), Nucula(?), denti-
cles of brown color 1

5. Limestone, gray, organic fragments in almost strue-
tureless matrix _ 7

34F. E. Todd, On the Folding of the Carboniferous Strata in Southwestern Iowa: Proc.
Towa Acad. Sci., Vol. I, Part 1 p. 61, 1889; also, Some Variant Conclusions in Iowa Geology:
Idem, Vol. XIII, p. 184, 1906.

35G. L. Smith, Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey, Vol.
XIX, p. 612, 1909. .

36John L. Tilton, The Thurman-Wilson Fault through Soutbwestern Iowa, and its Bear-
ing: The Journal of Geology, Vol. XXVII, 1919; Geology of Cass County and Geology of
Adair County: Iowa Geol. Survey, Vol. XXVII; The Strata near Stuart, Iowa: Bull. Geol, Soc.
America, Vol. XXXTIIT, p. 153, 1922. See also footnote la, page 228, this volume.

87Geology of Mills and Fremont Counties: Iowa Geol Survey, Vol. XIII, pp. 148, 149,
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4. Limestone, blue, dense, jointed, with indistinet small
g-ranules ; many crinoid stems and a few Fu-
sulina 1
3. Shale, red, containing quartz, mica, and gray cal
careous concretions
2. Shale, grayish blue, arenaceous, with some mica...—... 6
1. Shale, red

=]

19 7

As quarrying has not been carried on for many years the
above described section is not at present easily obtainable, but
with the aid of Mr. Martens, the owner, the sites of former
quarries were traced along the hillside. The character of the
fragments of limestone wags noted as was: also the presence of
a bed of reddish shale about eight feet thick which lies above
the beds of limestone formerly quarried. These conditions
were noted northward to the northwest quarter of the south-.
east quarter of section 26 and to the northwest quarter of the
northeast quarter of section 25, beyond which no evidence
whatever of the presence of these strata was found.

To the north of the above described exposure and just south
of where a road turns west past Wabonsie lake, the thick To-
peka (Meadow) limestone appears high in the bluff, below
which appears the Deer Creek (Forbes) with its dark chert
and shale.

Between the two locations above .described . hes the fault,
the location of which is thus correetly determined within a dis-
tance of three hundred feet. Here the strata change suddenly
from the limestone in the McKigsisk Grove shale and above the
Nyman coal on the south (downthrow) side of the fault, to
the Deer Creek limestone and shale north of the fault (up-
throw side), a displacement of about three hundred feet as
computed by Smith.*

North of the region above described the Deer Creek beds ap-
pear along the road in section 14 of the same township, and
farther north to the center of section 10 of Liyons. township,
Mills county (Township 71 north, Range 43 west, opposite
Uaynies station), a distance of eight miles, there is an almost
continuoys series of exposures. The following section may be
found between sections 25 and 26 of Lyons townshlp (Township

8slowa Geol. Sgrvey,ﬁ Vol. XIX, pp. 647-648.
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71 north, Range 43 west), at the quarry near a large stone
house.

FEET INCHES
21. Limestone, weathered, but of a character formerly

similar to the next limestone below .......e..... 1 3
20. Limestone, dark gray, with beds of chert; Produc- i
ductus nebrascensts, PRAIGPSIE oo 3
19. Limestone, yellowish gray, shaly; Productus nebras-
censis, Bryozoa 1
18. Shale, argillaceous and calcareous, with cherty di-
visions; ecrinoid stems 9 3

(Lopeka [Meadow], 14 feet, 6 inches).
17. Limestone, divided into two portions by shaly part-
ing in center; lower portion very cherty with

both dark and light colored chert ....oocceerneee. 2 2
16. Shale, gray below, gradmg into limestone above;
fosmhferous 1 2
15. Limestone, gray, very fossiliferous at top and at
~ bottom 5
14. Shale, light blue in center, drab in upper four
inches, and black in lowest four inches .......... 1 8
13. Limestone, gray; fragments of fossils ......... -1 3
12. Shale, light blue, clayey; not fossiliferous 1 4
11. Limestone, dense 2 7
10. Limestone, dense; Hustedia MOTMQOMIcoeroaccocaeacenes 3
9. Concealed, but apparently shale; about meoerecrncec 7
(Forbes [Deer Creek], 20 feet 7 inches).
8. Limestone, gray, jointed; Productus semireticula-
tus, Crinoid stems 11
7. Shale, dark, clayey 1 10
6. Limestone, gray; fossil fragments .o eooccomeernee 2 -
5. Limestone, gray, in two equal parts; many fossil
fragments 1
4. Shale, gray, clayey above to near bottom Where it
is arenaceous 8 6
3. Limestone, arenaceous 1 1
2. Sandstone, light yellow 5 5
1. Shale, blue, above a gray calcareous shale;, only
partly exposed down to’ level.of road (which
is about 982 feet above sea level) ....ccoceceomronee 12
(Lecompton [Cedar Creek and Cullom], 32
feet, 9 inches).
67 10

The level of the road at the old stone house is 982 feet
above sea level and 37 feet above the Chicago, Burlington and
Quincy railroad crossing west. The strata in the interval from
the level of the road to the level of the river are not exposed,
but it is evident that the Oread (Plattsmouth) limestone be-
longs in this interval.

For a distance of four miles straight away, or of six miles
by the road along the bluff, to where the road crosses Keg
Creek near Mills station, no stratified rock appears. At the
location mentioned, the northeast quarter of the northeast
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quarter of section 27, Glenwood township,” there is an out-
crop of a portion of the Oread (Plattsmouth) limestone by the
side of the creek, as follows:

FEET
Limestone in layers of various thicknesses up to mnine inches,
with chert; many Fusulinae and many fossil fragments; low-
est stratum is jointed, and striated 8
(Oread limestone).

The bed of the creek is here at a level of 938 feet above sea
level, and 18.75 feet below the railroad at Pacific Junction.

At Glenwood there is a deep well, a condensed record of
which is as follows*®

THICKNESS DEPTH

FEET FEET
Quaternary and recent deposits (175 feet thick, top of
well 1,132 feet above sea 1evel) i 175 175
Missouri and Des Moines series of Pennsylva,ma.n
‘(thickness, 1,060 feet)— :
Limestone, soft, hght and darker gray, cherty.......... 2 177
Limestone, dark blue, argillaceous, pyritiferous..>... 10 187
Shale, black, carbonaceous : 114 18814
Clay, blue, shaly 614 195
Shale, iron-gray : 8 203
Limestone, gray; earthy luster 24 227
Shale, dark blue gray, fissile; dises of ecrinoid
stems .and fragments of Produciis .oooroeeaee "5 232
Limestone, gray, luster earthy, compact, moderately :
hard; with ecrinoid stems, echinoid spines, and
fragments of brachiopods 8 240
Shale, black, carbonaceous : 4 244
Limestone, soft, yellow-gray; with Fusuling........ 13 257
Shale, blue 7 264
Limestone, light yellow, fossiliferous ... 9 273
Shale, dark red X 16 289
Limestone, brecciated; sample consists of two large -
unfractured masses of very hard limestone brec-
cia; limestone gray or reddish; matrix greenish .
gray and argillaceous, but hard . oeimeees 25 314
Sandstone 9 323
Limestone, argillaceous, bluish gray . ooeees 17 340
Shale, blue 2 342
Limestone, compact . 5 347
Shale, greenish gray, arenaceous, calcareous ........... 3 350
Limestone, hard, gray, highly cherty at 358 feet.... 13 363
Shale, hard, greenish gray, highly calcareous............ 10 373
Limestone, light greenish gray, highly argillaceous.. 5 378
Limestone, light yellow, compact, fine grained.......... 18 396
Shale, black, carbonaceous; and greenish gray, hard 9 405
Marl, white 2 407
Limestone, hard, gray 8 415
Shale, gray; with limestone, argillaceous ...—......... 4 419
Shale, varicolored - 19 438

39Township 72 North, Range 43 West.

40Condensed from W. H. Norton, Underground Water Resources of Towa: Yowa Geol
Survey, Vol. XXI, pp. 1189-114D, -
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Limestone, gray, close teXtured .o
Limestone, hard, blue, highly argillaceous; ecrinoid

stems and fragments of brachiopods ..meeomenee.
Shale, black, carbonaceous; impure gray limestone..
Sandstone
Limestone, white and light gray, close textured,

earthy luster
Shale, black
Limestone, yellow-gray, fossiliferous, ecrystalline to

earthy
Shale, dark and greenish gray, with Chonetes..._..._...
Limestone, light yellow-gray, soft, fossiliferous.......
Shale, green, calcareous
Limestone, white, soft, crystalline to earthy.........
Shale, gray, highly calcareous, fossiliferous ..........
Shale, dark, carbonaceous N
Limestone, white and.light colored; in places fos-

siliferous, with one foot of coal (%) at 612 feet,

and brown chert at 635 feet .oiiiiieiee
Shale, varicolored, arenacéous, with minute angular

fla,gments of hmpld quartz

Sandstone, greenish gray, close and -fine grained, ar-

gillaceous and calcarsous; some siliceous lime-
stone, hard, subconchoidal fracture; with much
shale at 706 and 711 feet; vein of salt water at.
716 feet -
Coal and black shale .
Shale, blue .
Limestone, gray, hard; fracture subconchoidal, close
textured, fOSS‘illfelollS and flinty at 732 feet 4
feet of blue shale at 730 feet ...
Other strata to the top of the Mississippian

Mississippian:

Strata to bottom of we]l
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FPEET INCHES
456

467
470
476

491
496

508
519
529
550
570
580
© 595

638
685

720
721
725

740
1,235

2,000

Six miles north of Keg creek along the bluff road there is
an exposure of stratified rock which is about half a mile south
of Henton station. There is a second outcrop just above Henton

station.

The section described by Udden** is located in the

northwest quarter of the northwest quarter of section 29

(Township 73 North, Range XLIIT west).

41J. A. Udden, Geology of Mills and Fremont Counties:

135-136.

It is as follows:

FEET

Shale, gray with thin caleareous layers and occasional cal-
careous concretions from one to two inches in diameter;
denticles of annelids, minute conical teeth, and a small

Productus

Limestone, yellow or gray

Limestone, gray  or .cream. colored, cherty, minute odlitie

g*lams and fragments of shells a few sma.ll grams of

iron pyrites

Limestone, light bluish gray, in heavy- ledges with some
shaly layers and with 1rreg111ar nodules of chert and

minute -odlitic grains.” Between the lower courses

are

dark carbonaceous seams containing brachiopods, sponge
spicules, spinese of crinoids and of drchacocidaris and

Tows Geol. Survey, Vol. XIII, pp.
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Fucoid-like impressions; Erisocrinus typus, Eupachycri-
nus verrucosus, Fistulipora nodulifera, Bhombopora le-
pidodendroides, Ambocelia planoconveza, Chonetes gran-
wlifer, Orthotetes orassus, Productus cora, P. costa-
tus, P. pertenuis, Composita subtilita; Spirifer camera-
tus, Allorisma subcuneata, Chaenomya leavenworthensis,
Ch. minnehaha, Solenomya (?), Pinmna peracuta, Belle-
rophon (large) and other gasteropods .—eeoeeeeceeeemuees 3

%

The base of the section is close to the level of the railroad
track, which is here 963 feet above sea level.

In the list of fossils the large proportion of peleeypods and
crinoids is noteworthy. The writer is classifying the section as
a part of the Lansing stage (Stanton limestone). It is clearly
_ below the Oread limestone, suggests the Weeping Water lime-
stone of Nebraska, and may help to fix the Weeping Water in
its proper place in the geologic column as recognized in Mis-
souri and Iowa.

White** described an exposure in the valley of Mosquito
creek that is not now available, and Udden in his report on
the Geology of Pottawattamie county** mentions the outerop
as follows: “‘On the left bank of Mosquito creek, near the
center of the west line of section 21, Township 75 north, Range
XLVII west, there are some excavations which were made in
quarrying limestone many years ago. The strata are not
now well exposed and no quarrying has been done for many
years. In White’s report the rock is described as consisting
of about seven feet of limestone with marly partings. Some
of the upper layers are said to have been flinty. From speci-
mens picked up on the site of the quarry it appears that the
limestone of this place is of two kinds. One chip consisted of
indurated, calecareous, fragmental rock of fine texture in which
the fragments are largely composed of some organic struc-
ture. These are more or less rounded by trituration, and are
sometimes surrounded by a thin accretive erust of structure-
less calcite, and then resemble incipient oGlitic grains. The
other type of limestone represented in the fragments likewise
had a clastie, compaect structure, in which larger fragments of
shells and joints of erinoid stems are firmly imbedded in a

42C. A. White, Geology of Towa, Vol. 1, p. 879, 1870.
48J. A. Udden, Geology of Pottawattamie County: Towa Geol. Survey, Vol. XI, p. 226,
1900
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copious matrix composed inostly of very minute calcareous
particles.”’ :

About six miles still farther northwest-is located the last of
the series of Missouri series strata found in Iowa. Udden*
describes the condition as follows:  ‘‘In the southeast quar-
ter of section 27, and in the northeast quarter of section 34,
Crescent township, beds of limestone and shale are almost con-
tinuously seen at the base of the bluffs of Missouri river for
the distance of three-fourths of a mile, rising about twenty feet
above the plane of the adjacent bottom land. Some quarry-
ing was done at this place several years ago and the exposures
show a succession of beds nearly twenty feet in thickness.

FEET
5. Limestone, yellowish and gray, in ledges frotn six inches fo
one foot in thickness, compact near the base, in sorme
parts brecciated and in others having a finely odlitic
texture. A polished specimen of this rock is seen to
consist of rounded and incrusted calcareous fragments
imbedded in a matrix of almost transparent crystalline
calcite. The fragments are of different sizes. Some
have a diameter of nearly a millimeter, and these are
mingled with others of about ome-fifth that diameter.
Most appear elliptical in section. Some of the large
fragments have a nucleus with a structure like a frag-
ment of Striatépora. A few still larger fragments are
pieces of small shells. This specimen also exhibits sev-
eral smiall, crooked joints or fissure veins filled with
pure crystalline calcite. Another specimen appears to
the unaided eye as an ordinary compact gray limestone,
but as seen under a lens it appears to be fragmental,
consisting largely of small Fusulinas, some of which are
surrounded by a thin calcareous crust. These, together
with finer fragmental material, are imbedded in a
structureless calcareous matrix. In some cases the
fragments are welded together as if by partial solution
and redeposition of this substance. Minute crevices and
veins filled with crystalline calcite are abundant every-
where. Theére are also abundant plain evidences of *

4. Shale, yellow 2
3. Limestone, yellowish gray, with oceasional Fusulinas, com-
pact in texture above but locally oblitic below, in some
places quite soft. Contains A4llorisma subounedla............ 2
2. Shale, blue, with numerous fossils and occasional crystals of
selenite. The fossils observed were: Fusulinag cylin-
drice (small size), Archacocidaris triseriata, Eupachy-
orinus verrucosus, Erisocrinus typus, Fistulipora moduli-
fera, Bhombopora lepidodendroides, Chonetes granulifer,-
- Meekella striatocostata, Productus cora, P. costatus, P.
nebrascensis, Composita subtilita, Spirifer caomeratus
(large) . 5
1. A simple massive ledge of fine-grained odlitic limestone, seen .

44Tdem, pages 227-228.
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to contain pieces of Chenomya, Bakevillia illinoiensis
(?), and having on its upper surface partly imbedded,
Axophyllum rude, Lophophyllum proliferum, Composita
subtilita, Productus -cora, and numerous crinoid stems.
In a thin section of the rock in this ledge the odlitic
spherules are seen to be imbedded in a transparent ma-
trix of ecrystalline calcite., They average about one-
fourth of a millimeter in diameter and barely fall be-
low the limit of ready recognition to the unaided eyec.
The microscopic aspect of the rock is that of an or-
dinary finely granular limestone. Most of the rounded
grains are elliptical in section and some:of them have
a crystalline transparent nucleus. In other cases the
nucleds is a minute organic fragment, such' as a tiny
bit of Fusulina or of the joint of a crinoid stem.
These nuclei are surrounded by an opaque crust of
structureless caleite about one-fortieth of a millimeter
in thickness. Exposed

o

_17}}

Udden*® further states: ‘‘White’s. statement* that the Mo-
squito creek quarries are in the same ledges as those exposed
in the bluff south of Crescent, is corroborated by the observa-
tion on the lithological character of the ledges ‘At both places
there is an odlitic limestone of fine texture.’

The bottom of the strata above described is 980 feet above
sea level.

A projection northward of the sections described from Fre-
mont and Mills counties, but with the lower dip required by
the section on Keg creek, the record of the deep well at Glen-
wood, and the section at Henton, would bring the lowest lime-
stone beds of the Pennsylvanian formations of southeastern
Nebraska in line with the strata found at Mosquito creek and
near Crescent. The general sequence and character of the
strata in the two places seem to correspond. In the present
paper they are classed as belonging to the Lansing stage, and
probably to the Plattsburg substage.

The next outcrop to the north from Crescent is twenty miles
away at Logan, where strata deep down in the Des Moines
stage. outerop, the relations of which strata are discussed in
the chapter on Areal Distribution.

The Cross Section Along East Nishnabotna River
The cross section along East Nishnabotna river extends from

Hamburg, Fremont county, to Lorah, Cass county. ‘It is pos-

45Idem, page 280.
46Geology of Iowa, Vol. I, p. 379, 1870.



JowaA GEOLOGICAL SURVEY

PLatE XX

Rivar
]

Oread

Saction

500——  Stanton

%‘:ﬂ:&m i

Tarkio

Bretton|

Nohawka ]

~Wilson Poule

Thurman

County [éz}_ nias s/tl‘ﬂ;/olns QlenwoodtHenton

Line Eion
¥

urto e ¢t feet
Mggzek Creseen fet,
Tide.

Waepmghle=
Qreapolis ==
ok

Cross Section along Missouri River. yoo_|
— OneMile. 320 Feet. 192/ John L. Tilton.

600 —

The cross section along Missouri river from Hamburg to Crescent.



SECTION NEAR M¢KISSICK GROVE 259

sible to obtain the elevation of the river bed above sea level
not only at Hamburg and at Lorah, but also at Riverton, Shen-
andoah, Red Oak, Stennett, Elliott, Griswold, Lewis and At-
lantic; and to make use of the descriptions of strata at Ham-
burg which have been so carefully prepared by Udden and
Smith, of those at McKissick grove and Essex prepared by
Calvin and Smith, and of those at Stennett, Lewis, Fox quar-
ries, and Turkey creek south of Atlantic prepared by the wri-
ter. The record of the outerop at Hamburg is used also in
the cross section northward along Missouri river, and in that
eastward to Leon. The various outerops of strata are referred
to the level of water in East Nishnabotna river and drawn in
their proper positions above sea level.

Both Udden* and Smith** give detailed records of strata
found at the high school at Hamburg.

FEET INCHES

4. Sa.ndstone, coarse 3
3. Shale, divided in the middle by a hard band three
inches thick 15
2. Limestone, arenaceous 9
1. Shale 5
21

The limestone is-929 feet above sea level, or 16 feet above
the Chicago, Burlington and Quincy railroad track at the sta-
tion, and 29 feet above low water in Nishnabotna river.

These strata Smith refers to the McKissiek Grove shale, and
correlates the arenaceous limestone, No. 2, with the third layer
from the top (No. 17) at McKissick grove, which stratum is
characterized by spheroidal lumps about half an inch in dia-
meter.

The McKissick grove series of outcrops extends east and
west through section 13 (Township 67 north, Range 42 west),
two miles northeast of Hamburg. This section also is de-
seribed by both Udden* and Smith.*® Smith’s deseription,
with slight additional interpretation, is as follows:

47J. A. Udden, Geology of Mills and Fremont Counties: Iowa Geol. Survey, Vol. XIII,
p. 151.

IX“G L. Smith, Carboniferous Section in Southwestern Iowa: Iowa Geol. Survey, Vol.
X P

491dem, pp. 151-154.

50G. L. Smith, Contributions to the Geology of Southwestern Iowa: Proc. Iowa Acad.
Sei., Vol. XXIII, p. 80; also Iowa Geol. Survey, Vol. XIX, p. 639.
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The lowest stratum is close to the level of the railroad track,
which is here seventeen feet above the level of the water in

MISSOURI SERIES IN IOWA

19. Shale, blue
18. Shale, gray, weathered . i
17. Lxmestone, very dark gray, arenaceous, many sphe-
roidal lumps, in places brecciated —e—eeororreeeee
16. Limestone, blue, very arenaceous; might be termed
a calcareous sandstone
15. Shale, arenaceous, micaceous
14, Sandstone, blue, weathering yeHOW oo
13, Shale, a.renaceous, micaceous
12. Sandstone, blue, weathering yellow e
11. Shale, gray
10. Limestone, dark gray, in two layers; fossiliferous....
9. Coal (Nyman)
8. Shale, yellow and blue
(McKissick Grove, shale, 78 feet, 6 inches)
Limestone, gray, fossiliferous (Tarkio).....ccecoem-..
Shale, dark gray (Tarkio)
Limestone, very dark gray (Tarkio) oo
(Tarkio limestone, thickness, 8 feet 6 inches)
Shale, blue, weathering to yellow oo
Limestone, weathered brown; in two or three lay-
ers
(Preston limestone, 4 feet)
(Total thickness of Wabaunsee stage, 99 feet)
Shale, gray, weathered
Limestone, dark gray (Fargo) ceeooeooooooeeeneees

W oA

=

FEET INCHES
12
8

w
[ Rar )

(Seranton shale) S— —

Nishpabotna river near by.

The third outecrop to be used is located two miles southeast
of Essex, on Roeky Branch, the northwest quarter of the south-
east quarter of section 36, Township 70 north, Range XXXIX

west. Jt is described and interpreted by Srmith as follows,

page 635, Vol. XIX, Towa Geological Survey:

At present but a few scattered fragments of limestone and
no exposures of shale are to be seen near either Climax or Co-

Limestone, Fusulina
Shale
Limestone, soft
Shale
Limestone, blue

(Tarkio limestone and included shale, thickmess, 6

feet, 6 inches)

Shale, calcareous
Limestone, shaly, soft, impure

(Preston 11mestone, thickness, 1 foot 6 mches)
Not exposed, to bed of creek

PEET INCHES
1

3
8
6
1 4
7
1 "6
4
19 0
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burg, Montgomery county; but Lonsdale® gives the following
record, the base of the section apparently being close to the
bed of Walnut creek, west of Climax:

FELT INCHES

6. Limestone, very fine textured 1

5. Shale, in part caleareous 3

4. Shale, argillaceous 2 2

3. Limestone, earthy . 1

2. Shale, dark gray (S |

1. Limestone, earthy : 1 6
9

The absence of the blue limestone, the shaly and earthy char-
acter of the limestone beds which are present, and the higher
position of the Tarkio where it is to be seen near Essex with
dip to the southwest, make it probable that this limestone at
Climax is Preston limestone.® Strata of the same horizon out-
crop three miles south of Stanton.

A mile southwest of Red Qak a slight exposure may be found
at the mouth of a small ravine; southwest quarter of the south-
west quarter of section 32, Township 72 north, Range 38 west.

FEET INCHES

7. Limestone, gray; erinoid stems and many fragments
of other fossils 11
6. Shale, gray i s 2
5. Concealed 2
4. Limestone; dark blue 6
3. Concealed 6
2. Limestone, gray; Fusulina; apparently in’ place........ 6.
1. Concealed to low water in river 1
7 5

Apparently this imperfect exposure is of the Fargo in the
top of the Scranton shale, only the upper portion of which
limestone appears in the McKissick grove section. What lit-
tle may be seen corresponds as well as need Le expected with
the description of the Fargo as found in eastern Nebraska,
and fits into the general sequence.

Lonsdale® gives the following record of a deep prospect
hole at Red Oak.

51E. H. Lonsdalo, Geology of Montgomery County: Towa Geol. Survey, Vol. IV, p. 395.

52Calvin also gives a detailed description of the Preston limestone and associated shale.
Geology of Page County: Iowa Geol. Survey, Vol. XI, p. 432.

53E. H. Lonsdale, Geology of Montgomery County: Towa Geol. Survey, Vol. IV, pp.
396-397.



262 - MISSOURIL SERIES IN IOWA

THICKNESS DEPTH
' FEET INCHES FEET INCHES
Surface deposits .....: .30 30
Sandstone and shale referred to Cretaceous 64 94
Missouri stage: ' i
Shale, siliceous above, marly below........ 99 6 192 6
Limestone 6 193
Shale, dark (horizon of Nodaway-coal) 5 198
Limestone 3 201
Shale, argillaceous 1 6 202 6
Limestone, eartﬁy 5 ! 207 6
Sandstone : 8 6 216
Shale, blue, argillaceous -.eomeeeovecvecencee 4 : 220
Limestone, gray 3 6 223 6
Shale 6 229 6
Limestone, impure 2 6 232
Shale, gray above,.black at bottom..... 3 10 235 10
Limestone, in thin ledges . ooriceee 3 238 10
Shale, thin indurated layers in upper
part > 10 6 - 249 4
Limestone ... 1 9 251 1
Limestone, more or less shaly ................. 25 - 276 1
Limestone 3 279 1
(Base ‘of Deer Creek [Forbes] h.me-
stone.)
Shale, a.rgﬂ.la.ceous 12 291 1
Limestone 13 304 1
Shale, siliceous, dark . ...mmcoeeere 107 314 1
Limestone - - 3 317 1
Shale, gray below, upper four feet bitu-
minous 17 6 334 7
Limestone, gray ......: 2 336 7
Shale, siliceous above, clayey below........ 10 346 7
Limestone, impure 2 6. 349 1
Shale 6 8 355 9
(Bottom of Shawnee stage, top of ’
Douglas.)
Limestone 23 378 9
(Base of Oread [Plattsmouth] lime-- : '
stone.)
Shale, argillaceous above, calcareous and
sandy below ... 24 402 9
Limestone, gray 6 408 9
‘Shale, variegated 73" 481 9
Limestone - 2 483 9
Shale, 8iliceous aboVe Sr-rwrrerrrrrorerce 12 : 495 9
Limestone : LT 6 503 3
Shale, argillaceous 3 506 3
Limestone . 6 507 9
Shale SRR : 511 9
Limestone, marly partmg ........................ 5 516 9
Shale caiaareous, clayey and va.negated i |
. in lower part 9 © 525 9
Limestone, gray, impure eoe—eeeee- 14 540 9
(Base of Stanton limestone.) ‘
Shale . 19 558 9
Limestone 3 561 9

It is judged that the dark shale in this record which is re-
ported at a depth of 198 feet is at the horizon of the Nodaway
.coal. For this correlation and all the other correlations in
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parentheses in the Missouri series, the writer is responsible.
The drilling apparently went to the base of the Lansing stage.
It is located south of the fault.

Between the exposure a mile southwest of Red Oak and
the one at an old quarry on the west side of Nishnabotna river
a little north of west from Red Qak, there is a complete break
in the sequence of strata and an abrupt change in dip frem
the southwest to three degrees and forty-five minutes to -the
southeast (as measured at Riverview park). The strata at
Riverview park,™ which are located on the same side of the
fault as the old quarries named, and but a mile and a quarter
farther to the northeast, are characterized by an abundance
of Fusulina cylindrica, some of the beds containing little else,
a condition so pronounced that it cannot be duplicated™ in any
other horizon of the Missouri seéries in this part of the coun-
try. - The same strata outerop on Turkey creek, south of ‘At-
lantic in Cass county, in Harrison township in Adair county,
and in the bluffs south of Plattsmouth, Nebraska. They are.
the beds of the Oread limestone. At Riverview park the sec-

tion found is as follows:
FEET INCHES
16. Loose calcareous fragments

15. Limestone; decomposed, light greenish .eecceeeeeae. ' 10
14. Limestone, many Fusulina, crinoid stems and frag-

ments of ‘other fossils . 1
13. Shale, with fragments of fossils 1
12. Limestone, gray 5
11. Shale, greenish “gray 3
10. Limestone, light colored flint in places; fossil frag-

ments; limestone weathering to a greenish clay

above 1 6
9. Shale 1
8. Limestone, Zray cecoreeccocoeceeeme nneeennens e 8

Below this plane the limestone is full of Fusu~
lina cylindrica.

7. Limestone, -gray, in three parts, 4 inches at top, 10
inches in ecenter, 7 inches at base; Fusulina cy-
lindrica 1 9

Shale, brown 1

Limestone, shaly below; Fusulina cylindrica, Spiri-
fer cameratus i 1

iRl

3

Limestone; Fusulina cylindrica and echinoid spines 5

Limestone, shaly; erinoid stems .ooemeeceeecececees 5

Limestone; fossil fragments 8

Not exposed, to low watér below dam ......ceeeeene 10
(Oread limestone.)

Y SYERN

10 3

54Northwest quarter of the northeast quarter of Section 29, Township 72 North, Range 38
‘West.

55The nearest approach is in the upper part of the DeKalb limestone as seen in Brushy
Branch, Madison county.
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The Thurman-Wilson fault passes between these ledges of
the Oread limestone, which lie on the northwest side of the
fault, and the outcrop of Fargo (Scranton) limestone a mile
down the river from Red Oak, which is on the south side of
the fault.

The Lecompton (Cullom) limestone comes up to the river
deposits or to the glacial drift somewhere between Riverview
park and the outerop of the Lecompton (Cedar Creek) limre-
stone that is in the road north on the west side of the river
(southwest quarter of the southeast quarter of section 5). The
Deer Creek (Forbes) and the Topeka (Meadow) are by the
roadside farther north.** The next series of sections to be
used may be found along a ravine north of Stennett, extending
from the southeast quarter of the northeast quarter of sec-
tion 27, Township 73 north, Range 38 west, eastward a little
past the center of seetion 26. The record of the strata is s
follows:

FEET INCHES
17. Limestone, very fossiliferous; crinoid stems, échi-
noid plates, Myalina (three species), Bellero-
phon, Productus nebrascensis, Bryozoa'. (three -

species) 1. - 5
16. Limestone, decomposing; fossil fragments, erinoid

stems 9

(Severy [Louisville limestone], 2 feet 2 inches.)
15. Shale, calcareous abeve, gray below .......................... 2 5
14. Shale, black 1 11
13. Limestone; gray; Chonetes, Margmfem Zongwpma,

crm01d stems ... 1 5
12. Shale, gray, argillaceous : ' 10
11. Limestone, gray : 1
10. Shale, gray, argillaceous .......... : e 1
9. Limestone, gray ... : 2
8. Shale, drab . 10

(Severy [Union hmestone, w1th shale above it],
thickness, 8 feet, 8 inches.) :

7. Limestone/ (forming the bed of the ravine part of

the way); Productus nebrascensis all through

the bed, crinoid stems near tOp eoeeeceee T2 9
6. Shale, argillaceous, dark 2
5. Limestone 1 6
(Popeks limestone [Meadow], and shale above
R it, thickness, 4 feet, 5 inches.)
Shale, black . 1 4

4.
3. Shale (%) not exposed 10
2. Limestone, in various thicknesses up to 6 inches,

56In Lonsdale’s report on the Geology: of Montgomery County: Iowa Geol. Survey, Vol. IV,
may be found Plate IV, giving a view of the old Fate Quarry at Stennett. The limestone at
the bottom of the picture is the top of the Deer Creek. The Topeka limestone is that through
the center, a bed of shale separating it from the Deer Creek. Along the top of the bluff may
be seen the fragments of the Severy (Union limestone), separated from the Topeka limestone
by a bed of shale.
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' FEET INCHES
with shaly partings; a Fusuling limestone in
eenter; one stratum bituminous aomoeceees 8
(Deer Creek limestone [Forbes] and shale above,
thickness, 19 feet, 4 inches.)
1. Not exposed, fo river 8 6

42 1

Bec¢ause of the changes in dip related to a low fold parallel-
ing the fault upon the northwest side the Oread is exposed
again at Lewis, and the lowest beds with their great abun-
dance of large Fusulina appear in the valley of Turkey creek
five miles farther to the northeast.

The Spring creek section near Lewis is in the west center of
the northwest quarter of section 9, Cass township, Township
75 north, Range 37 west. The part of it which belongs to the
Missouri stage is as follows: :

FEET INCHES:

4. Shale, blue in upper portion, then dark reddish
brown, then yellowish and soft (yellow ochre),

then brownish red 6
3. Limestone, gray, full of Fusulina cylindrica................ 5 6
2. Shale, gray 2
1. Limestone, in thin layers; ecrinoid stems, Margwm-

fera muricata, Chonetes vernewslianus, Compo-

sita subtilita, Productus mnebrascensis, Spirifer .

comergtus and Bryozoa 4 10

(Orgad limestone [Plattsmouth], thickness, 12
feet, 4 inches)

19 10

A limestone which is exposed.for a thickness of three feet
in the side of a ravine in the south half of section 1, Cass
township, is a mass of large Fusulinas. Across the road to
the east an exposure of six inches of this limestone which be-
longs near the tep of the bed and is here thin bedded, is
crossed by the creek. Here may be seen crinoid stems, Bryo-
zoa, Chonetes, and many fragments not identifiable. All of
these beds belong to the Oread limestone.

The prospeet hole drilled at Atlantic is located in the north-
east quarter of the southeast quarter of section 5, Grove town-
ship (Township 76 north, Range XXXVI west). It is pub-
lished on pages 1121 to 1122 of volume XXI, Towa Geological
Survey, and is reproduced on pages 257 to 258 of the Geology
of Cass County: Vol. XXVII, Towa Geological Survey. The
part that has been referred to the Missouri and Des Moines
series is as follows, the remainder being condensed:
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RECORD OF STRATA IN DEEP WELL AT ATLAl‘iTIC, IOWA
THICKNESS DEPTH

FEET FEET
Pleistocene (no sample) . 125¢ 125%
Pennsylvanian (725 feet thick; top, 1025 feet above
sea level)
Shale, blue 35 - 160
Shale, gravelly 35 195
Shale, red and blue, gravelly b3 200
Limestone, gray, sandy . 15 215
Shale, red and blue; with 808pStone -eoeeecoemencceae 5 220
Shale, gravelly 5 225
Shale, purple, dark drab and green, fine, unectuous;
with pebbles (five limestone, one vitreous sand-
stone and one coal) 35 260
Shale, gravelly 50 310
Clay, mottled red and blue 30 340
Shale, blue 15 355
Shale red and blue, with gravel eemceceeecececans 5 360
Shale, blue, with slate . 5 365
Sandstone and shale ) 50 415
Slate, black; soapstone, blue and green ... 5 420
Shale, varicolored, green and reddish; fissile, pra,ct1-
cally noncalcareous 10 430
Sandstone 5 435
Shale . 15 450
Shale and limestone . 15 465
Shale, varicolored, green and reddish; fissile, practi-
cally noncaleareous 10 1430
Clay and soapstone 15 480
Sandstone 25 505
Shale, blue 12 517
Shale, dark gray, very finely laminated, somewhat
calcareous 23 540
Sandstone, or sandy limestone 10 550
Shale, dark gray 15 565
Shale, dark brown-gray, noncaleareous, arenaceous,
pyritiferous 20 585
Sandstone, brown, highly ferruginous - -——.. 5 590
‘Sandstone : : 10 7600
Shale, sandy i 30 630
Sandstone, very fine S — - 30 660
.Shale and slate - 15 . 675
Shale, iron gray, finely laminated, noncalcareous........ 10 685
Sandstone, white, very fine - 10 695
Clay, blue, with gravel : 15. 710
Shale, sandy 15 725
Sandstone 5 730
Shale, finely arenaceous, ocherous, some bla.ck,.._._,___.. 10 740
Shale, black, carbonaceous 10 750
Shale, blue, and slate N 10 760
Shale, yellow, gravelly 40 800
Sandstone, gray, of finest grain, with much black
shale; samples at 810 and 815 ........................... 25 ‘825
leestone, sandy 5 830
Sandstone, brown 5 835
Sandstone, gray, of finest grain, with much black
Mississippian (top 300 feet above sea level)e..... 420 1,270
Devonian % (40 feet penetrated top, 120 feet below
sea level) 40 . 1,310

It is not believed that any of the strata penetrated in this
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well belong to the Missouri series. The fifteen feet of lime-
stone at a depth of 215 feet corresponds to the limestone that
outcrops north of Stuart, and the coal at about 260 feet cor-
responds well with the coal that has been mined at Fureka
shaft in Adair county and north of Stuart in Guthrie county,
in both of which places the limestone® and coal belong deep
in the Des Moines stage.

A cross section already published in the Geology of Adair
County®® connects the strata at Briscoe, Adams county, with the
strata outcropping along Middle river in eastern Adair and
western Madison counties, along a line south of the Thurman-
Wilson fault. In the diagram as then published the base of
the Deer Creek limestone should have been drawn lower down,
so as to outerop in the center of Harrison township, Adair
county. The diagram is here reproduced with modifications.

The Cross Section from Nebraska City, Nebraska, to Decatur City
and Leon, Iowa. -

The cross section from Nebraska City, Nebraska, to Decatur
City and Leon, Iowa, extends east and west along the sixty-
eighth tier of townships: This cross section has the advantage
of a record of a deep well at Nebraska City, one at Coin, one
at College Springs, one at Clarinda, one at Bedford, and one
at Leon. The outcrops near the line are few, the strata being
concealed by drift excepting at scattered outerops in some of
the river valleys. To the north at some distance are the out-
crops at Hssex, Coburg, Hawleyville, Brooks, and Westerville;
and to the south, outerops at Hamburg, Coin, Braddyville, Davis
City, and west of Lineville.
~ The record of the Nebraska City well may be found on page
1105 of volume XXI of the Iowa Geological Survey, and also
on page :651 of volume XIX. While the interpretation of-
fered there does not give the subdivisions of the Missouri se-
ries it is believéd that with the assistance of the outcrops in
the clay pit at Nebraska City and with thé aid of the Nebraska
section as drawn by Condra and Bengtson the horizons of the

57John L. Tilton, The Strata near Stuart, Towa: Bull. Geol. Soc. America, Vol EXXIIT,
p. 153, 1922.

58John L. Tiltén, The Thurman-Wilson Faiilt through Southvyejstern Iowa, and ifs Bear-
ing: Journal of Geology, Vol. XXVII, p. 887; dhd Geology of Adaik County: Towa Géol. Sur-
vey, Vol. XXVII, p. 804. .
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Tarkio, Deer Creek, and Oread limestones and the base of the
section of Condra and Bengtson can be made out with consid-
erable certainty: and possibly the base of the Hertha lime-
stone may be determined, though with less of certainty. Be-
tween the base of the Condra and Bengtson section 6f the
Pennsylvanian Formations of Southeastern Nebraska and the
supposed base of the Hertha is a series of limestones and
shales that are provisionally &ssigned names in accordafice
with their apparent relations. It is thé judgment of Dr.
George L. Smith that the well at Nebraska City is at the level
of the Tarkio limestone, and that the shale dug for brick at
the brickyard just south of the city is the McKissick Grove
shale, the shale above the Tarkio limestone, and with this judg-
ment the writer is in full accord. From this it is estimated
that the Deer Creek is the limestone recorded at a dépth of
250 feet, the Oread limestone is-the one at 325 feet, the base
of Condra and Bengtson’s section is at 382 feet, and the base of
the Hertha limestone (the base of the Missouri series) is at a
depth of 702 feet. A condensed record locating the above
named horizons is as follows:

FEET ABOVE

, DEPTH SEA LEVEL
Tarkio limestone : 940
Top of well : 930
Nodaway coal 215 715
Dear Creek limestone (Forbes) 250 680
Oread limestone (Plattsmouth) 325 605
Base of Condra and Bengtson section ....eceeem 382 548
Base of Hertha limestone 702 228
Top of Mississippian (Vol. XXI, I. G. 8.) wrom 1,020 —90°
Top of Devonian (Vol. XXI, I. G. 8.) weeriiocrmrennnes 1,440 —510
Top of Ordovician (Vol. XXI, I. G. 8.) ceomemececnen 2,160 —1,230
Bottom of well (Vol. XXT, I. G. 8.) womreeorooooorooonee 2,869 —1,939

Both Udden® and Smith® give detailed records of strata
found at the high school at Hamburg:

FEET INCHES

4. Sandstone, coarse 3
3. Shale, divided in the middle by a hard band three
inches thick 15 )
2. Limestone, arenaceous : 9
1. Shale ¢ B
21

59J. A. Udden, Geology of Mills and Fremont Counties: Iowa Geol. Survey, Vol. XIII, p.
151.

60G. L. Smith, Carboniferous Section in Southwestern Iowa: Jowa Gdol. Survey, Vol.
XIX, p. 641.

Y
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'The limestone in this section’'is 929 feet above sea level, or
16 feet 'above the Chicago; Burlington and Quincy railroad
track at the station, and'29 feet above low water in Nishna-
botna river. These strata Smith refers to the MeKissick
Grove shale, and he correlates the arenaceous limestone, No.
2, with the third layer from ‘the top (No. 17) at McKissick
grove,’ which stratum is characterized by spher01da1 lumps
about half an inch in diameter.

The MeKissick grove series of outerops extends edst and
west through section 13, Township 67 north, Range 42 west,
two' miles northeast of Hamburg: - It is described by both Ud-
den® - and Smith.®* Smith’s description, w1th shcrht addl-
tional mterpretatlon is as follows:

FEET INCHES
19. Shale, blue : ; — 12 .
18. Shale, gray, weathered 8
© 17. Limestone, very dark gray, arenaceous, many sphe-
.. roidal Jumps, in places brecciated e
16. L1mestone, blue, very arenaceous; mlght be termed

- a caleareous sandstone 1
15. Shale, arenaceous, micaceous .. 3
" 14. Sandstone, bliie, weathering. FElOW ecreeceeceeereeeees 6
13. Shale, arenaceous, micaceous - : 2 -6
12. Sandstone, blue, weathering yellow .coeireecccerecenes 1
11. Shale, gray 9
10. Limestone, dark gray, in two layers; fossiliferous... 3
9. Coal (Nyman) 1.
8. Shale, yellow and blue 31
(McKissick Grove shale, thickness, 78 fet, 6
inches.) '
7. Limestone, gray, fossiliferous : . 6
6. Shale, dark gray 3 6
5. Limestone, very dark gray -4 6
(Tarkio limestone, thickness, 8 feet, 6 inches) -
4. Shale, blue, weathering to yellow oo 8
3. Limestone, weathered brown; in two or threé-layers 4

(Preston limestone, 4 feet)
(Total thickness of Wabaunsee stage, 99 feet,)
Shale, gray, weathered- : . 12
Limestone, dark gray (Fargo) - - o, 1 .
(Scra.nton shale) —_— —
112
The lowest stratum is close to the level of the railroad track,
which is here seventeen feet above the level of the water in

Nishnabotna river near by.
A record of the core drilling at Coin may be found in vol-
ume XIX of the Iowa Geological Survey, pages 630 to 633.

oo

61Idem, pp. 151-154.

82G. L. Smith, Contributions to the Geology of Southwestern Towa: Proc. Iowsa Acad.
Sei., Vol. XXIII, p. 80; also Iowa Geol. Survey, Vol. XIX, p. 639.
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The shale between the Deer Creek (Forbes) and the Oread
(Plattsmouth) limestones here seems to be thickening toward
the east. A condensed record is as follows:

FEET FEET ABOVE
DEPTH SEA LEVEL

Top of well 1,039
Preston limestone . - 22 1,017
Nodaway coal 234 805
Bottom of Deer Creek limestone (Forbes) ... 287 752
Base of Oread limestone (Plattsmouth) e 423 616
Bottom of well .. . ) 450 589

. The record of the diamond drill hole at Clarinda, given in
volumes XII and XXI of the IJowa Geological Survey and in-
terpreted and treated more at length by Smith in volume XIX,
pages 618 to 620, is considered especially reliable. -On com-
parison with the record at Coin a comparatively rapid rise of
strata along the line chosen is noted, amounting to 1G4 feet in
eight miles for the base of the Oread (Plattsmouth) limestone,
and 149 feet for the horizon of the Nodaway coal, the eastern
boundary of which is within two miles to the east of the well.
A diminishing thickness of the Oread limestone is noted on
comparison with the record at Nebraska City, provided the
latter record does not include thin shaly beds with the lime-
stone. A condensed record of the Clarinda hole is as follows:

- FEET : FEET ABOVE
DEPTH  SEA LEVEL

Top of well 1,005
Nodaway coal 55 950
Bottom of Deer Creek hmestone (Forbes) mecimuceee 115 890
Base of Oread limestone (Plattsmouth) .oceeoeeeeee..ac 241 764
Base of Plattsburg limestone 524 481
Base of Hertha limestone (base of Missouri series) 711 294
Bottom of well 840 165

The record, with interpretation by Smith, of the diamond
drill hole at College Springs is given on pages 628 and 629
of volume XIX, Iowa Geological Survey. This well is located
ten and one-half miles in a direction south twenty-five degrees
west from the well at Clarinda. If the horizon of the Noda-
way coal is placed on the line marking the position of the Noda-
way coal as determined at Coin and at Clarinda the records of
the Deer Creek and Oread limestone beds also fall into their
respective places in the diagram, The well is so far to the
south that a use of the record other than for confirmation
seems impossible at present. The line on which the record is
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placed is also of value to determine the general level at which
the Nodaway coal may be found should it be desirable to shaft
for it. A condensed record of the well is as follows:

FEET
: DEPTH
Nodaway coal ! - 108
Bottom of Deer Creek limestone (Forbes) - 163
Base of Oread limestone (Plattsmouth) , 246%
Bottom of well - 260

Doctor Smith.reports that he finds the strata along Nodaway
river south from Clarinda to have an average slope about
equal to the slope of the river but in the opposite direetion,®®
so that the Nodaway coal comes up to the river bank at Sham-
baugh. Seven miles northeast from Clarinda it appears again
at Hawleyville. At both Hawleyville and Braddyville are small
anticlines, with a syncline between, over which Clarinda is situ-
ated.

The record of the deep well at Bedford may be found in
volume XXI of the Towa Geological Survey, pages 1183 to
1185. Between Clarinda and Bedford, a distance of fifteen
miles, the Deer Creek and Oread limestones each rise 168 feet,
about half the rise per mile which is found between Coin and
Clarinda. The limestone at a depth of 645 feet appears to be
the Hertha limestone, at the base of the Missouri series (in-
stead of the limestone at a depth of 760 feet, as given in the
report). A condensed record of the well at Bedford is as fol-
lows: :

FEET FEET ABOVE

' DEPTH  SEA LEVEL
Top of well 1,098

Bottom of Deer Creek limestone (Forbes) ... 50 1,048
Bottom of Oread limestone (Plattsmouth)....co....c 150 948
Bottom of Stanton limestone 440 658
Bottom of Hertha limestone (base of Missouri ser-

ies) ... 645 453
Bottom of well 2400 —1,302

Between the valley of the East Fork of One Hundred and
Two river at Bedford and the valley of Grand river in Decatur
county there are no exposures of stratified rock near the line
of the cross seetion, and at present no records of deep wells,
though it is reported wells have been put down through the

83G. L. Smith, Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey, Vol. XIX,
p. 624, also Calvin, Geology of Page County: Iowa Geol. Survey, Vol. XI, p. 427.
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glacial drift. Somewhere beneath the thick drift of this re-
gion the Oread, Iatan and Stanton limestones come to the pre-
glacial surface. Records in western Madison county and east-
ern Adair indicate that this portion of the Missouri series is.
thinner and less calcareous toward the east. Apparently the
Oread limestone is nearest the surface near Clearfield, and the
Tatan limestone is nearest the surface near Diagonal, where
some evidence of its presence may be found along the valley
of the West Fork of Grand river in Ringgold county. Appar-
ently the few small exposures in sections 23 and 24, Lots Creek
township, Ringgold county, are of Stanton limestone. A pre-
glacial valley three hundred feet deep is reported in a well
record at Mount Ayr, a location which corresponds to that of
a preglacial valley eroded in the Vilas shale. The presence of
such a valley is the occasion for the representation of another
parallel valley seven miles west of Diagonal, where the Law-
rence shale was subject to preglacial erosion. Kastward, at
the end of the cross section, the record of the deep well or
prospect hole at Leon locates another preglacial valley where
the drift is three hundred and five feet deep.®*

The cross section really ends at the bridge across Grand
river three and one-half miles west of Decatur City in Decatur
county, but the drawing is extended to include the evidence of
a preglacial valley given in the record of the deep well at Leon,
east of the area of the Missouri series. The top of the Win-
terset limestone at the bridge west of Decatur City is taken as
being the stratum which is six feet above the level of low
water in Grand river (890 feet above sea level), and the other
strata of the Kansas City stage of the Missouri series, all of
which up to and including the De Kalb limestone are found
along the river within the county, are represented in their
proper positions.

The Cross Section along Grand River, with Extension to Middle °

River.,

The cross section along Grand river extends twenty-eight
and three-fourths miles from Davis City, Decatur county, past

84In this copnnection one should not overlook Keyes’s description of the Cap-au-Gres fault:
Proc. Towa Acad. Sei., Vol., XXIIT, p. 104. No evidence of the extension of it through the
area here studied has been found. An anticline is mentioned in the discussion of structure.
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the town of Grand River, to Afton Junction, Union county,
which three points afford opportunity to determine the level

of the river bed above sea level.
FEET

At Davis City:
Level of the Chicago, Burlington and Quiney railroad sta-

tion, Gannett’s Dictionary of Levels, above sea level... 914
Bed of river below railroad station, by barometer.............. 32
Level of the river at Davis City, above sea level.. ... 882
Bridge at the town of Grand River, above sea level.. ceneemee 9714
Height of bridge above water 40
Level of the river at Grand River, above sea level ... 931.4
Afton Junction, level above sea level of the Chicago, Burling-
ton and Quincy railroad station, Gannett’s Dictionary of
Levels 1,099
Bed of river beneath track, by barometer ... 60
Level of river at Afton Junction, above sea level.....ceee. 1,039

In this distance the total fall of the river is 157 feet, or 5.46
feet per mile, the gradient of the stream being uniform except
for the effect of bends in the course of the stream, of a small
dam about four feet high at Westerville, and of a similar one
at Davis City. The general direction of the stream approxi-
mately parallels the eastern margin of the Missouri series in
this part of the state, in which there is a rise in strata toward
the northeast of about twenty-five feet in Decatur county and
of one hundred and sixty feet from Davis City to Winterset.
The cross section along Grand river may be extended north-
ward to join the cross section along Middle river at Brushy
branch between Madison and Adair counties, beyond which to
the north the cross section along Middle river approximately
parallels the eastern margin of the Missouri series.

At Davis City the base of the Bethany Falls limestone is
about ten feet above the river, or 872 feet above sea level.
This is taken as the starting point of the cross section. There
is a part of each formation exposed within two miles south-
west from Davis City, but not sufficient to make a complete
composite section:

FEET
4. Limestone' (Winterset), exposed only 1%
3. Shale, gray (Galesburg), exposed ODly weeereoomeeeeeeece 4-5
2. Limestone (Bethany Falls), exposed only eeoooeeeeees 8-10
1. Shale (Ladore), exposed to river bed 10

Five miles up the river from Davis City there is the crest of
a small anticline, as desceribed by Bain in his report on Decatur
county (Vol. VIII, Towa Geological Survey) that seems to line
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up with the anticline at the bridge three and one-half miles
west of Decatur City, where a dip of 9° 35 is to be found in
the Winterset limestone. The overlying De Kalb limestone
near by dips 3° 10" in a direction S. 73° W. (In the chapter
on Structure may be found-a discussion of the relation of an
unconformity here to a disconformity in the northern and
western portions of the area under consideration). There are
minor variations, but in general the rise of the strata in the
_direction of the cross section is uniform.

The section at Decatur bridge as described by Baln is as
follows :

F16. 38.—The base of the DeKalb limestone above the Cherryvale shale in a side ravine near
the mou'h of Sandy crzek, Westerville. The Westerville limestone is weathered away
from just above the face of the cliff but appears on the hillside close by. (Town-
ship 7_02No)rth, Range XXVII West, Southeast quarter of the Southwest quarter of
section 21.

65H, F. Bain, Geology of Decatur County: Iowa Geol. Survey, Vol. VIII, pp. 278-279.
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FEET i

5. Limestone, lower ledges only 3
(De Kalb limestone)

4. Shale, drab to black; Chonetes verneutlianus, Composita sub-
tilita, Orthotetes crassus, Productus mebrascensis, Mya-
lina subguadrata, Rhombopora lepidodendroides, Lopho-
phyllum  proliferum and Eupachycrinmus verucosus
(plates). There are thin ledges of limestone made up
of Chonetes verneuwilianus 15

3. Limestone, blue to black; Composita subtilita, Productus cora,

P. nebrascensis 3

2. Shale, drab, clayey 12
(Cherryvale shale, thickness, 30 feet.) ’

1. Limestone, coarse bedded; Composita -subtilita, Productus
costatus, Meekella striatocostata (Winterset limestone).

To bed of river 10
43

B o e e e T e R B oy ek meat
of section 20.)

The full section as above deseribed is not now visible, as the
filling in around the west end of the bridge has concealed a
portion of .the upper shale.

Upstream from the section at the bridge west of Decatur
City the next section used is obtained by combining the out-
crop at Westerville with those a short distance up Sandy
creek, where Bain’s Westerville limestone is exposed in the
bed of the creek, from the center of section 21 to the center of
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section 20, Township 70 north, Range XXVII west. The sec-

fion is as follows:
. FEET INCHES
9. Limestone, dark gray; Fusulina cylindrica, spines of
echinoids, Naticopsis, Luomphaltss —oeemeeeeenn
(DeKalb limestone)

8. Shale, gray, nonfossiliferous 8
7. Shale and limestone alternating, Meekella striatocos-

tata zome in center; Productus nebrascensis 3 8
6. Shale, dark blue, nonfossiliferous, carbonaceous.......... 3.
5. Limestone, in three or four divisioms, irregular shaly

partings, very fossiliferous; Chonetes verneui-

lianus, Composita subtilita, Productus mnebras-

censis, P. cora, Spirifer cameratus, Fenestella,

crinoid stems 1 9
4. Shale, dark blue, nonfossiliferous ........ S 2 2
3. Limestone, blue, upper half more compact than the

lower half, which is in two parts ... B 2 8
2. Shale, blue, clayey 5 6
1. Not fully exposed to river at low water, but about a

foot is limestone at river . 1 6

(Cherryvale shale, thickness, 28 feet, 3 inches) :

34 3

The above correlation, which is contrary to that of Bain,*

is discussed under the head of Nomenclature.

The topmost limestone in the above section (Bain’s Wester-
ville) also outcrops at the level of Grand river at a ford (sec-
tion 36) and at a bridge over Grand river directly west from
Hopeville in the south center of section 11, both in Pleasant
township, in the southeastern part of Union county*’; and from
two to three miles in a straight line northwest from the
bridge mentioned may be found other sets of beds of lime-
stone: sections 34, 33 and 28 of Jones to*\ynship (Township 72
north, Range XXVIII west). A section in the southeast quar-

ter of the northeast quarter of section 33 is as follows:

FEET INCHES
9. Limestone, grayish brown, in beds from three to

seven inches in thickmess 8 6
(Stanton limestone) )

8. Not exposed 1 7

7. Limestone, 31 inches .

6. Shale, 1 inch

5. Limestone, 3 inches

4. Shale, 6 inches {

3. Limestone, 5 inches 1 61%
(Plattsburg limestone)

2. Shale, greenish ' 1 6
(Lane shale.)

1. Not exposed, to river at low water .. eoecene 26 6

39. 7

66H. F. Bain, Geology of Decatur County: Iowa Geol. Survey, Vol. VIII, pp. 276-278.
67John L. Tilton, Geology of Clarke County: Iowa Geol. Survey, Vol. XXVII, pp. 132-134.
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The cross section along Grand river from Middle river to Davis City.
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The cross section along
Grand river as drawn in be-
neath the river at Afton June-
tion may be connected with the
cross section along Middle
river by means of the section
along Brushy branch close to
the west line of Madison
county. The only exposure of
stratified rock from Afton
Junction to the beds exposed
along Middle river is one four
miles north of Macksburg and
only a mile and a half from
Middle river. It is in the
northeast quarter of the north-
east quarter of section 27 and
the southeast quarter of the
southeast quarter of section
22 of Tovwnship 75 mnorth,
Range XXVIIT west, where
the De Kalb limestone appears
near the bed of the creek. In
a direct line between Afton
Junction and Brushy branch
all the rock is deeply concealed
beneath drift, and there are no
records of deep wells.

The Cross Section along Middl
River. .

The cross section along
Middle river extends twenty-
eight miles from Winterset,
Madison county, to the south-
west quarter of the southwest
quarter of section 16, Jeffer-
son township, Adair county,
not far from Stuart. From
Winterset for a distance
of eight and one-half miles
the various outerops are re-
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ferred to river level at right angles to a line extending N. 75°
E., which is the general direction in which the river flows in
that part of its course. Above this point (southwest quarter
of the southwest quarter of section 14, Webster township) the
"general direetion of the river is S. 38° K., to which direction
the various outcrops are referred. ‘

South of Winterset the elevation of the river above sea
level is 927 feet. At section 16, Jefferson township, Adair
county, the elevation is 1135 feet, giving a total fall of 208
feet, an average of 7.43 feet per mile. From a point five
miles west of Winterset to a point seven miles still farther
. west along® the line representing the general course of the
stream the regularity of the slope is interfered with by lime-
stone fragments that have accumulated at the mouths of ra-
vines, causing the river at low water to change in level by suc-
cessive steps from one pool of quiet water to the next, between
which are stretches of rapid water. The regularity of slope
along the general direction of flow is also interfered with by the
presence of numerous large bends, some of which are distinetly
meanders. To some extent, at least, these successive steps in
this part of the course tend to change the general shape of a
stream (concave upward) into a slope that is more nearly that
of a straight line than would be the case if the small rapids
did not exist. There has been a small dam at Port Union mill,
but what there is left of it offers little obstruction to the
stream at low water. Between the two extremes there is no
chance to ascertain the amount of departure of the gradient of
the stream from the average, except by repeated trips with
barometer.

A more serious difficulty than'that due to deposits of frag-
ments of limestone, which tend to imi)rove the general gradient,
and that due to large bends, which partly equalize themselves,
is one dependent on the dip of the strata, for which allowance
should be made in examining the cross section. The general
dip is toward the southwest, at an angle with the course of
the river. When records from ravines on thé south side of
the river are placed near records made on the north side of the
river, followed again by a record from the south side of the
river, and all referred to the level of the stream, the result in



280 MISSOURI SERIES IN IOWA

a drawing resembles an anticline, magnified, of course, by the
" scales used. Records taken first north, then south, then north
again, make a drawing resemble a syncline. The same prin-
ciple applies when measurements near the river are compared
with measurements taken at some distance from the river.
Such results may be found in the cross section at points ten
miles and fourteen miles west of Winterset. Such a'represen-
tation is deceptive; yet, since correlation rather than structure
is here desired, it is thought better to place the individual sec-
tions just as they were measured than to attempt to allow for
the effect of the dip. There is a slight anticline where the dia-
gram represents one, but not nearly of the magnitude the dia-
gram represents. In the entire region the dip is slight. Meas-
urements-are given in the discussion of structure.

The cross section along Middle river is of peculiar value.
It gives the relation of the strata from the Hertha at the base
of the Kansas City stage near Winterset to the highest strata
of the Missouri series found east of the state divide. From its
northwest end there are but seven miles across the.drift in the
region. of the Thurman-Wilson fault to the shales and lime-
stones three miles north of Stuart, long mapped as of Missouri
age but in reality belonging far down in the Des Moines series.

The Middle river section approaches the section along Nish-
nabotna river and reveals in Harrison township, Adair county,
the thin Oread beds that appear at Riverview park near Red
Oak, Montgomery county, and also on Turkey creek at a point
two miles northeast of Lewis, Cass county. Above the Oread
in Adair county are other limestones (Deer Creek) that assist
somewhat in the correlation with beds near Stennett, Mont-
gomery county. The Middle river section, near the west Madi-
son county line, also approaches the Grand river section from
Davis City to Afton Junction.

The region around Winterset is historical geologically. Here
‘White spent a couple of weeks in study of local conditions pre-
paratory to the publication of his report on the region.®® Here
Calvin worked in his extensive studies, and here Bain and Til-
ton accumulated data for the report on Madison county, to be

88Charles A. White, Report on the Geological Survey of Iowa: Vol. 1, pp. 241-250 and
305-309.
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found in volume VII of the present series. This location is
chosen for the first portion of the section along the river,
though the Hertha may be found farther east even to St.
Charles. Where the road southwest from Winterset turns up
the river valley (southeast quarter of the northwest quarter
of section 12) the Pleasanton sandstone with Hertha above it
may be seen by the roadside. Along the ravine southeast from
Winterset there is a complete section from the uppermost por-
tion of the Hertha to the top of the Cherryvale shale. Frag-
ments of De Kalb limestone are to be seen but no beds in place.

F16. 40.—The Bethany Falls (Lariham) limestone in & ravine southwest of Winterset,
Madison county.

It is here that the following described section was measured:
THE SECTION AT WINTERSET

FEET INCHES

26. Drift to upland at (old) railroad station, 1,118

feet above sea level : 31 2
25. Shale, gray, argillaceous; apparently beneath lime-

stone
24. Limestone, blue, in three layers with partings of

shale, the so-called Myalina horizon in the

Cherryvale shale, very fossiliferous: Myalina

swallovi, Orthotetes (Derbya) crassus, Chonetes

vernewilianus :
23. Shale, grdy, argillaceous, with bed of Chonetes ver-

peuslianus 1o upper POrtion .o...ceiceececcomaen 16

(Cherryvale shale, thickmess, 16 feet.)
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3

FEET INCHES

22. Limestone, gray, fragmental in upper portion ...-..... 5 2
21. Limestone, gray, very resistant ledge; with chert... 2 3
20. Limestone, gray 1 2
19. Shale, gray, argillaceous; Composita subtilita............ 3
18. Limestone, gray 1 9
17. Limestone, gray; partings of shale e eooiees 3 3
(Winterset limestone, thickness, 13 feet, 10
inches.)
16. Shale, gray, argillaceous 1 6
15. Shale, black 1 6
14. Shale, gray, argillaceous above, calecareous below...... 7
(Galesburg shale, thlckness, 10 feet.)
13. Limestone, gray, in beds from 1 foot to 1 foot, 6
inches thick, top portion fragmental; many
fragments of crinoid stems, Chonetes vernewtls-
anus, Composita subtilita and oceasional Phil-
lipsia 20
(Bethany Falls limestone, thickness, 20 feet.)
12. Shale, gray, argillaceous 2 10
11. Shale, black (seam of coal elsewhere) ....ce.ceecee 1 2
10. Limestone, dark blue . 8
9. Shale, calcareous in places 1 10
8. Limestone, gray 1 5.
7. Shale, gray, argillaceous 4 9
6. Limestone, gray 1 10
5. Shale, gray, argillaceous 6 6
(Ladore shale, thickness, 21 feet)
4. Limestone, gray; Co'rnposzta, K77 72 2717 7 - 2 8
3. Shale, gray, argillaceous 8 10
2. Limestone, gray, very fragmental ..o 6
(Hertha limestone, thickness, 16 feet, 6 inches)
1. Not exposed, to river bed (but Pleasanton shale
appears elsewhere) 66 6
' 164 10

At a number of places between Winterset and the ‘‘Back-
bone’’ limestone and shale are visible from the road along the
river. The next section used is along a ravine through sections
27 and 22 of Lincoln township.

. FEET INCHES
15. Drift to the level of the upland, as at Winterset....

14. Limestone, gray; many Fusulina, Spirifer comeraio,

Syringopora 4 3
13. Shale, gray above; lowest) 14 inches is blue ..creom. 3
12, Limestone, gray 1 6
11. Shale, gray above, black below; contains 4-inch

coal 4
10. Limestone, gray 2
9. Shale, gray, argillaceous 1
8. Limestone, gray 1

(De Kalb limestone, thickness, 16 feet, 9
- inches.)

7. Shale (Cherryvale), with blue limestone as at Win-
terset; horizon of Chonetes vernewilianus in
shale below the blue limestone; blue limestone
above marking horizon of Myalina swallovi and
Productus cora 10
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FEET INCHES
6. Limestone (Winterset), thin layers above, thicker

layers below, with shaly partings ...eeeeeeee. 14
5. Shale (Galesburg), black shale between two gray
shales 10 7

4, Limestone (Bethany Falls), gray, in layers of vari-
ous thicknesses up to a foot or so; top very

fragmental 20
3. Shale (Ladore,) with included limestone............... 18
2. Limestone (Hertha,) with included shale........ 14
1. Not exposed, from base of Hertha to Middle
river : 13
116 4

At the tunnel a mile up the river, where a mill was once lo-
cated, the base of the Hertha is close to the level of the river®®*;
and across the river to the north may be found a duplicate of

-_—————
F16. 41.—The Winterset limestone close to Winterset, Madison county, along road south from
‘Winterset. .

682This location is now chosen for a state park.
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the section above described, with parts of it even better ex-
posed than in the section here given.

Between the section above described and the next one, situ-
ated two miles west and two north, the river flows several miles,
perhaps eight, causing the river to appear to rise more rapidly
into the sections of strata than it appears to rise farther east;
but this is characteristic of conditions for four miles farther
west. A good series of exposures may be found along a ra-

F1G. '42.—The Cherryvale shale in a ravine on north side of Middle river five miles west of
Winterset, Madison county. The DeKalh limestone appears above the Cherryvale "
shale. ('Township 75 north, Range XXVIII west; sonthwest quarter of the south-
west quarter of section 8.)

vine in section 17 and another along .a ravine in section 8 of
Lincoln township, the latter of which is here described:

FEET INCHES

21. From top of limestone to level of low upland an

eighth of a mile to the east oo 50
20. Ldimestone, gray, in thin layers; crinoid stems ........ 6

(De Kalb limestone, thickness, 6 feet.)
19. Shale, gray, argillaceous
18. Limestone, gray
17. Shale, gray, argillaceous
16. Limestone, nodular 4
15. Shale, black
14. Limestone, black, in one stratum; Orthotetes (Der-

bya) crassus, Productus cora, P. nebrascensis.... 5
13. Shale, blue above, gray below; one foot below the

[ N )

jury
w
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. FEET INOCHES
top is a bed of Chonetes verneuilianus; a foot
below this bed is a bed of Orthotetes (Derbya)

crassus 6
12. Concealed, but undoubtedly shale . oieeicerceccneee 3
(Cherryvale shale, thickness, 20 feet.)
11. Limestone, gray 1
© 10. Limestone, gray, in thin layers 6
9. Shale, gray 2 4
8. Shale, black 8
7. Limestone 1 6
(Winterset, thickness, 11 feet, 6 inches.)
6. Not exposed (Galesburg shale) weooeoeeroeerceceenees 13
5. Limestone, gray 2 6
4. Limestone, gray, in various thicknesses, including ,
a brownish shaly parting; with a 1 foot, 3 inch '
bed beneath the thinner beds, and a 6 inch bed :
at base 32
(Bethany Falls limestone, thickness, 34 feet, 6
inches.)
3. Shale, black 3
2. Not exposed 5
1. Shale, calcareous; to river bed 3 8
(Ladore shale, thickness here exposed, 11 feet,
8 inches.) — —
96 8

There is a short series of .exposures along a ravine in the
extreme southeast corner of section 12, Webster township,
about half way between the series just described and the one
extending diagonally through section 13, Webster township.
The latter is as follows:

FEET INCHES
35. Limestone, gray, slight exposure by roadside near
the northeast corner of section 23, 67 feet
above river 1
34, Not exposed 4
33. Limestone, gray, slight exposure in east-west road,
near northwest corner of section 24, and west

in ‘ravine 1 6
32, Not exposed : 6
31. Limestone, weathered and broken ..., 1 6
30. Shale, blue, argillaceous 10
29. Limestone, yellow 3
28. Shale, yellow 1
27. Limestone, gray, with a two inch shaly parting;

crinoid stems 2

(Apparently all of the above is in the De Kalb
limestone, 18 feet.)
26. Shale; gray, calcareous in places .m..oweecoseiccnneas 2
25. Shale, carbonaceous 1
24. Shale, dark, argillaceous
23. Limestone, dark gray
22. Shale, datk 2 1 - P 1
21. Limestone, blue; Orthotetes (Derbya) crassus; Pro-
ductus nebmscensw P. cora, very foss111ferous.
20. Shale, gray, with diagonal cross seams of shale;

() W.qA Tt WO O
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FEET INCHES

Orthotetes (DeErbya) CTASSUS mmmmmereraremceraseemecenaecs 3 6
(Cherryvale shale, thickness, 11 feet.)
19. Limestone, gray, in heavy 1edge ..o 1 5
18. Limestone, in three parts 1 1
17. Shale 4
16. Limestone, gray 7
15. BShale, parting in limestone 1
14. Limestone, gray 5
13. Shale, parting in limestone 3
12. Limestone, gray, in two layers +1 3
11. Shale, gray, calcareous, f0ssiliferous ..oeeoeeceee 1 2
10. Shale, calcareous, weathered 2 7
(Winterset limestone, thickness, 9 feet.)
9. Shale (Galesburg) 6
8. Limestone; Fusulina 6
7. Not exposed 7
6. Shale, gray, argillaceous; Chonetes vernewilianus.... 2
5. Limestone, very dark gray; Orthotetes (Derbya)
orassus : 6.5
4. Limestone, gray, concretionary . 3
3. Shale, gray, calcareous 2 2
2. Limestone, light brown, weathered (exposed)........ 2
1. Not exposed, to low water in Middle river- ... 9 10
(Bethany Falls limestone, thickness, about 22.5
feet.) — —_—
66 10.5

In the northeast quarter of the southeast quarter of section
14, Webster township, on both sides of the river, near the
wooden bridge, the top of exposures of Winterset limestone
appear twenty and one-half feet above low water in the river,
and a portion of the Bethany- Falls limestone is to be seen
close to the river. The section here is as follows:

FEET
5. Limestone, gray; exposed (Winterset) — 4
4. Not exposed, (Galesburg shale) 814
3. Limestone, lower part with Fusulina 4
2. Limestone, gray; large Productus shells 1
1. Not exposed, to low .water in Middle river ...... R 5
(Bethany Falls limestone, thickness 10 feet)
2215

The Winterset limestone disappears beneath the river bed
about a mile above this bridge. Ten or twelve feet of De Kalb
limestone is to be found up Welly’s branch (southwest quarter
of the southeast quarter of section 14) about twenty feet above
the Winterset limestone. The De Kalb limestone also appears
in the roadway west in the center of section 14, and in a small
ravine in the southwest quarter of the southwest quarter of
section 14, where the series of exposures gives the following, -
including a nearly perfect section of the Cherryvale shale:
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FEET INCHES
10. Limestone, gray, in various thicknesses from _two
inches up to ten inches; light colored chert;
very fossiliferous; ecrinoid stems, Composita

subtilita (De Kalb limestone) .....oooooeoeceeacece 9
9. Shale, gray, argillaceous 10
8. Limestone, light blue; crinoid stems, Pelecypods.... 2
7. Not exposed 3
6. Shale, bladk 1
5. Limestone, blue; Productus prattentanus .......... 5
4. Shale, gray, argillaceous; Orthotetes (Derbya)

crassus zone 2 5
3. Shale, gray, argillaceous 1 10

(Cherryvale shale, thickness, 1134 feet.)
2. Limestone (top of Winterset), shaly ..cecee 3
1. Not exposed, to low water in Middle river ............ 4

27 6

In the northwest quarter of the northwest quarter of this
same section ten feet of De Kalb limestone appears up a ra-
vine, the base of the limestone being thirty-nine feet above low
water in the river. In section 10 (southeast quarter of the
southwest quarter) the base of this limestone by the roadside
and in a field is nine feet above the river. In section 15 to
the south (southeast quarter of the northwest quarter) the
hase of this limestone is three and one-half feet above the river
at a place where the series of exposures gives the following:

Fia. 43.—All that is left of the DeKalb limestone in the ravine northwest of Osceola.
(Township 72 north, Range XXVI west, southeast quarter of the southeast gquarter
of section 11.)
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FEET INCHES

14. Limestone, thin layers, weathered .o 1
13. Limestone, dense, gray, light colored chert in

places 1 10
12. Shale, upper part gray, lower part black .eoeeen. 4
11. Limestone, gray, concretionary 1.5
10. Shale, light blue, with Chonetes wverneuilianus bed

nine inches from base 2
9. Calcareous, nodular layer ; 2.5
8. Shale, gray, argillaceous 3 11

} (Chanute shale, thickness, 9 feet, 5 inches.)

7. Limestone, light colored, with shaly partings......- 1
6. Limestone, gray, shaly 5
5. Limestone, gray, in thick bed 2
4. Shale, gray, argillaceous 10
3. Limestone, gray, various thicknesses up to 2 feet,

5 inches 10

(De Kalb limestone, thickness, 22 feet, 3

f inches.)

2. Shale, gray and blue 2 5
1. Shale, black, to level of low water in Middle river.. 1

(Cherryvale shale, thickness, 3.5 feet.) — —
. 31 8

In section 9 (southeast quarter of the southeast quarter) the
base of the De Kalb limestone is nine feet above the river.
The section here is as _follqws:

FEET INCHES .

7. Limestone, gray, thin layers in upper portion, thick

layers in lower portion (De Kalb limestone)... 6
6. Shale, grayish brown above, dark below ... 2 8
5. Shale, calcareous 1 9
4. Shale, blue 3
3. Limestone, blue 6
2. Shale, blue; Myalina swallovi, Productus nebragcen-

sis, P. cora, Orthotetes (Derbya) ecrassus........ 2 4
1. Shale, light gray, to level of low water in Middle

river 1
(Cherryvale shale, exposed, 9 feet.) —

In section 16 (northwest quarter of the northeast quarter)
the base of the De Kalb limestone is close to the level of the
water in the river. In section 9 (northwest quarter of the
southeast quarter) this same limestone extends in a vertical
cliff from beneath the water in the river to a height of fifteen
feet above the water. In.section 8 (northwest quarter of the
southeast quarter) the De Kalb limestone makes a low escarp-
ment about ten feet high along the side of the flood plain for
a quarter of a mile. In section 5 (southwest quarter of the
southeast quarter) as Far as a mile east of Webster it is this
same limestone that is in the escarpment; but the limestone
rises from the south since black shale appears by:the river at
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the west end of-the bridge in the southcentral part of section
5. It also appears in the lower part of the Brushy branch
series of outerops in sections 8 and 7 of Webster township,
where the series gives the following:

FEET INCHES
22. Limestone, gray; echinoid spines, ecrinoid stems

(better seen in ravine one-fourth mile west)... 5

(Plattsburg limestone.)
21. Shale, green, clayey . 2 6
20. Limestone, greenish, lower half shaly eeeooeees 1 4
19. Shale, greenish 1 6
18. Limestone, dense, jointed; crinoid stems ... 7
17. Shale, gray, arenaceous, micaceous and caleareovs.... 1

(Lane shales, thickness, 6 feet, 11 inches.)
16. Limestone, very fossiliferous; coral, erinoid stems,

Bryozoa, Chonetes verneuilianus, Productus........ 10
15. Shale, gray above, dark below 1 4
14. Limestone, somewHat fragmental .ol 10

(Iola limestone, thickness, 3 feet.)
13. Shale, drab : 4
12. Shale, red - 4 3
11. Shale, green, caleareous 1
10. Limestone, bluish, somewhat fragmental but demse;
Composita subt’olbta 1 4
(The above series is from the roadway and ra-
vine in the northwest quarter of section 7;
the portion below is taken along the creek to
the east.)
9. Limestone, bluish gray 1 6
8. Shale, gray, including five or six nodular calcareous
layers; Chonetes wverneuwilianus, Productus cora,
Bryozoa 4 6
(Chanute shale, thickness, 17 feet, 3 inches.)
7. Limestone, the mass of which is made up of cal-
careous pebbles, some about half an inch in dia-
meter, and Fusuling; slightly aremaceous in the
upper portion 5 10
6. Limestone, gray, in thin layers above, thick layers
below; Marginifera longispina, Composita subti-

lita, crinoid stems, echinoid spines 8
(De Kalb hmestone, 13 feéet, 10 mches
5. -Shale, gray, argillaceous 1
4, Lunestone gray . 1
3. Shale, gray, argillaceous 1
2. Limestone, gray, in four equal parts ... 2
1. Shale, blue, argillaceous, to low water in river. 1 3
(Cherryvale shale, exposed thickness, 5 feet, 4
inches.) — —
47 2

Beginning with the Iola limestone of the above series of sec-
tions and ending with the Lawrence shale the numerous lime-
‘stones and shales are grouped somewhat arbitrarily and tenta-
tively following the nomenclature of Hinds and Greene in their
-deseription of ‘“The Stratigraphy of the Pennsylvanian Series
in Missouri.”” The strata vary northward te such an extent



290 MISSOURI SERIES IN IOWA

that with present knowledge exact parallelism is impossible.
The Oread limestone, following the Lawrence shale, has defi-
nite characteristics that can be used to correlate it with strata
in Cass and Montgomery counties ‘and with those (Platts-
mouth) at the mouth of Platte river, Nebraska. For the
strata above the Liawrence shale the Nebraska nomenclature is
used.

. In the next four miles above Brushy branch the strata mcet
the river at varied distances along extensive windings of the
stream. They rise fairly uniformly to the northeast, while
the river valley in its general direction cuts them diagonally
from the northwest to the southeast.

F1G. 44.—Section near the mouth of a ravine in the northeast quarter of the northeast quarter
cf section 1 of Grand River township, Adair county. (Township 75 north, Range
XXX west.) The man in the picture is standing at the level of the Iola limestone.
The section is described in the text. i

A mile to the north of Brushy branch in section 6 of Web-
ster township (southeast quarter of the northwest quarter)
the peculiar limestone made up of small calecareous pebbles
about one-half inch in diameter and of Fusulinas (the upper
part of the De Kalb limestone) is about twenty feet above the-
water in the river. In section 1 of Grand river township,
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Adair county (northeast quarter of the northeast quarter) the
same peculiar limestone is judged to be about five feet below
the lowest stratum exposed in the ravine. (See figure 44.) The
entire series of strata is as follows:

16.
15.

14.
13.
12.

11.
10.

HIOW RO N0

FEET INCHES

Fragments of limestone 2
Limestone, dense, gray 1 3
(Plattsburg limestone, thickness, 3 feet, 3
inches. )
Shale, yellow 1 6
Limestone, dark blue, brown at top oo 1
Shale, gray, argillaceous, lowest foot reddis 6 6
(Lane shale, thickness, 9 feet.) -
Limestone, concretionary 1 3
Shale, greenish gray 2 8
* (Tola limestone, thickness, 3 feet, 11 inches.)
Shale, red ! ; 3 6
Shale, gray, argillaceous, without fossils ... 16 5
Limestone, weathered 4
Shale, dark gray 7
Limestone, dark gray 6
Shale, dark 1 4
Limestone, dark gray 10
Shale, gray 9 5
Not exposed, to low water in Middle river .c...fuceee 9
(Chanute shale, thickness, 41 feet, 11 inches.) — —
: 58 1

About a mile farther up the valley in section 36 of Harrison
township, Adair county (southeast quarter of the southwest
quarter) a ravine side reveals the following:

14.

13.

12.
11.
10.

Moo OTo N0

FEET INCHES

Limestone, weathered, and shale; Chonetes striato-

costatus (abundant), Orthoteates (Derbya) cras-

sus, Composita subtilita, Productus nebrascensis,

P. cora, coral, crinoid Stems ... oioeeieeen 3
Limestone, blue above, gray below; Chonetes stria-

tocostatus, Productus nebrascensis, Fusulina cy-

lindrica 2 6

(Plattsburg limestone, thickness, 5 feet, 6

inches.

Not exposed (Lane shale) : 2
Limestone, dark gray; erinoid stems ... ceooeee. 1
Shale
Limestone, blue, very fossiliferous, chiefly Ortho-

tetes (Derbyay crassus, DYYOZOA uecoocmrecoceccaces

(Tola limestone, thickmess, 2 feet, 1 inch.)
Shale, gray, argillaceous, without fossils —eeoveree-..
Shale, red
Shale, argillaceous and €aleareous .cweoreceecceereceees
Shale, gray
Shale, red
Shale, dark
Shale, gray
Not exposed, to low water in Middle river ..........

(Chanute shale, thickness, 18 + feet.)

[} Tree O
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The three lowest strata in the description preceding the
above are here below the bed of the ravine.
An excellent series of outcrops.appears by the road within
another mile to the northwest, in section 35, Harrison town-
ship (northwest quarter of the northwest quarter) and may be
described as follows:

14.
13.

12.

11.

Snx

ol

el

. Shale, gray, without fossils

Limestone, in thin layers

Limestone, consisting of millions of Fusuline close-
ly packed together, lowest two feet shaly or
fragmental ; Fusuling cylindrica, Chonetes gran-
ulifer, Spirtfer cameratus, coral ..eeceneceee
(Oread [Plattsmouth] limestone, thickness, 5
feet, 6 inches.)

Shale, gray; crinoid stems, Productus nebrascensis,
zones of Chonetes granulifer (Lawrence shale)

Limestone, dark gray; Chonetes gramulifer, Pro-.
ductus cora, crinoid stems

Shale, calcareous; crinoid stems ...

Limestoune, gray and dark, somewhat weathered
brown, layers three inches to six inches thick;
Productus cora, crinoid SteMS ..eeeeoceecceeeeeaccnnes
(Tatan ligestone, thickness, 4 feet, 6 ‘inches.)

Shale, black, without fossils
Shale, gray, without fossils
(Weston shale, thickness, 4 feet.) .
Limestone, gray, dense; crinoid stems, Productus
cora
Shale, blue, without fossils
Limestone, dark gray
(Stanton limestone, thickmess, 3 feet, 8 inches.)
Shale, without fossils
Not exposed, to level of water in Middle river (but
probably shale)
(Vilas shale.)

FEET

[l -

[y

1
15

39

INCHES
8

10

4

" The lowest limestone (Stanton) above mentioned is the first

limestone above the strata of the preceding section.

The next described series of outcrops is on the opposite side
of a hill and about half a mile distant, along a ravine in sec-
tion 27 (southeast quarter of the southeast quarter), Harrison

township, Adair county.

19.

Shale, beneath red residual material (geest)

FEET

18. Limestone. Lecompton (Cedar Creek), gray, frag-

17.
16.

mental in upper part, channelled by wunder-
ground solution; Fusuling, crinoid stems.
Shale, light colored, calcareous
Limestone, Lecompton (Cullom), with shaly part-
ings, fragmental at top, gray and arenaceous;
bottom part very fossiliferous; fragments, fish
tooth, bryozoa, Dielasma bovidens

The series is described as follows:

INCHES

11
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- FEET INCHES
15. Shale, upper three feet and eight inches gray, cal-
careous, central three feet red, bottom four

feet gray; without fossils . 10- 8
14. Limestone, Oread (Plattsmouth), fragmental; Fu-
sulina, Productus cora 7 7

13. Shale, Lawrence, gray, calcareous; Productus cora,
Spirifer cameratus, Chonetes, crinoid stems,
coral 2 5 7
12. Limestone, Iatan, dark, shaly; Productus nebras-
oznsis, P. cora :

[atH

8
11. Shale, gray 2
10. Limestone, dark; Productus NEHTASCENSES comcecereace e 5
9. Shale, gray} Productus nebrascensis 2
4
1

8. Limestone, dark
7. Shale, gray
(Weston shale, thickness, 1 foot, 3.5 inches.)
6. Limestone, dark, irregular; Productus nebrascensis,
Spirifer cameratus 2 3
5. Shale, dark gray, arglﬂaceous, without fossils.......
4. Lunestone bluish gray, in thin layers one inch to
three inches thick; algalike markings, erinoid
stems (marging rounded), Productus cora.......... 1 2
3. Limestone, gray, dense, ,algahke markings, iron con-
- cretions 1
(Stanton limestone, thickness, 3 feet, 1 inch.)
2. Shale, Vilas, argillaceous, gray and green, iron con-
cretions
1. Not exposed, to level of low water in Middle river

S]]

Fig. 45.—Section in a ravine in the southeast guarter of the sontheast guarter of sertion 27,
Harrison township, Adair county. (Township 76 north, Range XXX west.) The
Stanton limestone is at the base of the cliff. the Iatan limestone near the center,
and the Oread limestone near the top. All of the strata appear in the hed and
sides of the tremch farther up the ravine to the west. The section is described in
the text.



294 MISSOURI SERIES IN IOWA

FI(‘;(. 46.—“P(;rt Uniéon Mill” in half & mile upstream from the bridge at Arbor Hill. It is
located in the southwest quarter of the northeast quarter of section 20, Township
76 north, Range XXX west. The base of the Deer Creek (Forbes) limestone is
the ledge over which the water flows just below the dam. The section is described
in the text.

The top of the Lawrence shale appears in a ravine by the
road nearly a mile north (section 27, northeast quarter of the
northeast quarter); and at the bridge (section 22, .southeast
quarter of the southeast quarter) the Oread limestone is four
feet thick and is eight feet above the river. In section 21
(southeast quarter of the southeast quarter) the Oread appar-
ently is below the river bed: About a foot of poor limestone

is here exposed four feet above the river, with four to five feet

F1G. 47.—The location is a few rods down stream from the dam 'at “Port Union Mill,” look-
ing westward at beds associated with the Deer Creek (Forbes) limestone.
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F1a. 48.—The Deer Creek (Forbes) limestone found at “Port Union Mill’ and near Stennett
also outcrops north of Hawleyville in Page county (Township 69 uorth, Range
XXXVI west, northeast quarter of section 12). This outcrop was illustrated and
described in the report on the ‘‘Geology of Page County.” The limestone that is
uppermost is the Topeka (Meadow) limestone.

of reddish and greenish shale above the lilmestone. In section
21 (northeast quarter of the southwest quarter) a limestone
is three feet above water in the river; at Arbor Hill bridge
(section 20, southeast quarter of the northeast quarter) this
particular, limestone is at the level of the water under the
bridge. Half a mile up stream from the bridge is the site of
the ‘““Port Union mill,”’ at which place James K. Gow de-
scribed a section as follows (southwest quarter of the north-
cast quarter of section 20:

FEET
3. Limestone, light buff, varying to white or light gray;
Composita subtilita, Orthotetes (Derbya) crassus,
Spirifer cameratus, Productus fragments, Myalina
subquadrato, crinoid stems, Fenestelle, Rhombopora
lepidodendroides 2
2. Shale, blue-black, homogeneous; Nucula (ventricosa?),
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FEET
Aviculopecten occidentalis, Nucula bellistriata, Mono-

tis (gregaria?) ... . 4

1. Limestone, gray, same fossils as in limestone aborve........... 2

' (Deer Creek) —

) 8

The lower limestone above mentioned is at the surface of
the water below the dam, and is above the limestone at the
bridge. 4

'The distinctive layers of the Deer Creek limestone with Fu-
sulinas and dark chert outecrop by the river side a mile north-
west of Port Union mill (the northeast quarter of the south-
east quarte¥ of section 18, Harrison township). Close to the
center of the next section west (13 of Grove township) frag-
ments of a limestone appear that, traced northward along the
river, attains a greatest thickness of outerop a mile north (sec-
tion 12) where it was formerly quarried. It is the base of this
same limestone that outcrops by the bridge in the southeast
quarter of section 21, Jefferson township, and lies just below
the limestone that is at the level of the river in the southwest
quarter of section 16, where it is fifty feet below Stuart, or at
a level of 1,157 feet above sea level. In section 21 of Jeffer-
son township the writer found Marginifera muricate (the in-
dex fossil of the Des Moines series), Ambocelia planoconveza,
Composita subtilita, Hustedia mormons, Spirifer cameratus,
also Fusulina, Bryozoa and coral. Gow’s® description is as
~ follows: "

|

EET
10. Drift
Limestone, massive, unfossiliferous, weathering rectangular
Shale, soft, light gray
Limestone, buff to white, with narrow partings of light
shale
Shale, soft, light gray
Limestone, similar to that next above
Shale, soff, gray to brown
Limestone, massive, without shale, Composita subtilita,
Productus nebrascensis, Spirifer oamer@tus .. ceceeen. 3
Hidden by alluvium 10
Shale, hard, black 1/4

Npoo

5/6

=W no H bt

PN

H

30
This limestone is the upper limestone member (Pawnee) of
the Henrietta division of the Des Moines series.” The river

89Geology of Adair county: Towa Geol. Survey, Vol. XXVII, p. 288.

70The relation of the beds is disecussed further in the Bulletin of the Geological Society of
America, Vol. 38, p. 153, 1922,
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crosses the Thurman-Wilson fault in the center of section 18,
Harrison township, a mile up the valley from Point Union mill.
" These various sections arranged in order with reference to

the river bed give the accompanying cross section along
Middle river.

The Structure of Southwestern Iowa.

The area as a whole is the northern limb of a syncline
(strata concave upward) whose axis extends northwest-south-
east through northwestern Missouri and northward into Iowa.
The other limb of the syncline slopes upward toward the Ozark
Mountains.™ In southwestern Iowa the general dip to the
southwest is so slight that it is often scarcely noticeable in short
distances. The average obtained from Winterset to Clarinda is
8.6 feet to the mile or 4% minutes.

Diagonally through the entire area runs a normal fault,
known as the Thurman-Wilson fault, extending northeastward
from the bluffs along Missouri river near Thurman, where the
displacement is 300 feet, past Briscoe, where the displacement
is 284.5 feet, to the northwest of Earlham. At present there
is no information as to its presence from this point eastward.
The fault has not been found in-Nebraska. .

Keyes™ describes the Cap-au-gres fault seen on Mississippi
river as extending northwest toward Leon, and possibly far-
ther; but if it is present at all in Towa it has not yet been re-

F16. 49.—Diagram of conditions across the fault plane; from Reno, Edna township, Cass
county, southeast to Briscoe.

cognized. He also represents a Pocahontas and a Fort Dodge
fault, running southwest-northeast, parallel to the Thurman-
Wilson fault; but the positions he designates lie beyond the
area here considered™.

71See Hinds and Greene,. The Stratigraphy of the Pennsylvanian' Series in Missouri:
Missouri Bur. Mines, Bull. XIII, p. 202, plate XXIII.

72C. R. Keyes, Controlling Fault Systems of Iowa: Proc. Iowa Acad. Sci, Vol. XXIII,
p. 105. ) : )

720F, A. Wilder discusses the structure of the Fort Dodge region on pages 173 to 177 of
Volume XXVIII, Iowa Geological Survey, and James H. Lees has a paper on that same
region, on pages 118 to 120 of Volume XXIX of the Proceedings of the Iowa Academy of
Science.



2908 MISSOURI SERIES IN IOWA

Near the Thurman-Wilson fault the dip is very irregular.
Parallel to the fault and on the west side of it lies the crest
of a slight anticline (strata convex upward), distinetly seen
in Montgomery and Cass counties, and also in Dallas county
where Leonard described it vears ago as the Redfield anti-
cline,”* without noting its relation to a fault. Close to the
south side of the fault (the downthrow side) the strata, rising
in general toward the northeast, curve off toward the west.
This is particularly noticeable in the limestone members of the
Kansas City stage near Karlham; but farther to the southwest
this characteristic is not so noticeable because the strata are
at a lower level with reference to the drift—they are exposed
deeper in the valleys.

F16. 50.—The uneven surface of the Winterset limestone in a ravine northwest of Osceola,
Clarke county. (Township 72 north, Range XXVI west, southeast quarter of the
southeast quarter of section 11.)

There are conditions that indicate an overlap with discon-
formity, and in one portion of the area an unconformity. In the
northwest part of the area there is no evidence of the presence
of the Kansas City stage, and it is the Lansing stage that there
extends farthest toward the north. In the central and western
part of the area the fossils and general character of the Oread
limestone suggest that that limestone was laid down during the
time of greatest advance, when marine conditions were most
favorable to life forms, but in the northeast and northwest

73A. G. Leonard, Geology of Dallas County: Jowa Geol. Survey, Vol. VIII, p. 91.
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B, Daatuy. cmnty, whort ‘s sheby wneontormiiy is-nated. " The "Wintorset fme.

iS;OBZIii.lEmlliﬂet?totx?: éf:: gist};iuzx:le dionwrtll:xe picture. The limestone above this level
portions of the area the Oread is now absent. At the bridge
over Grand river three miles west of Decatur City, in the east-
ern part of the area, there is a difference in dip between the
Winterset limestone below and the De Kalb above. Here the
distinctive beds of the Cherryvale shale, which are so noticeable
south of Westerville and elsewhere, are concealed if they are
present at all. Two miles west of Osceola and a little north
the fragmental top of the Winterset limestone is eroded; and
at Winterset there is at this horizon a yellowish apparently
weathered stratum. These facts put together seem to indicate
a local uplift near Decatur City followed by depression be-
tween the time when the Winterset. was laid down and the time
when the lower part of the De Kalb was laid down, which sub-
sidence, either with or without slight warping, led to extensive
overlap in the northwestern part of the area.

The general dip to the southwest is varied by a few gentle
folds whose -axes appear to run southeast-northwest, though
there is much irregularity, especially near the fault. The ex-
act number and the position of these folds it is difficult to de-
termine from the few exposures of bed rock. One gentle
anticline is the one previously noted three miles west of De-
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catur City, which apparently is a continuation of the one ob-
served. five miles north of Davis City. This possibly conneects
with the one seen along Middle river in sections 14 and 15,
Webster township, Madison county. Another passes through
Braddyville, Page county, lying a little to the north of the di-
rection of an anticline which Hinds and Greene have located in
Missouri as extendmg through Chariton, Livingston, Davies,
Gentry and Nodaway counties, but apparently dying out before
reaching Hamburg. Another syncline which is reported in
Missouri would come midway between Decatur City and
Braddyville, but it is not mapped as reaching Iowa. An ex-
tension of this line would pass near Brooks, Adams county.
East of Brooks the dip is as usual in Towa, to the southwest,
with no reversal of dip noted southwest of Brooks. Between
Braddyville and Hawleyville there is a syncline, and another
slight one is present between McKissick grove and Nebraska
City. There are also slight variations in dip that are notice-
able as the strata are followed along the rivers.

DIP AND STRIKE

With the exception of the record in Dallas county and two
measurements referred to in the footnote all records of meas-
urements of dip™ and strike have been obtained by the writer,
using a Brunton hand transit to measure the dip or to deter-
mine the location of a horizontal line from which to measure.
At some places the direction of strike (the direction in which
the strata cut a horizontal plane) was not obtainable, but a
component of the dip was seen in some particular direction.
On the accompanying outline map such determinations are rep-
resented by dotted arrows. A few statements of direction of
dip may be found in some of the county reports without record
of the amount or exact direction of the dip. Of such a charac-
ter is the statement of the dip at Braddyville.

748mith’s statement of a steep dip to.the north for outcrops near Stennett is a mistake.
The Carboniferous Section of Southwestern Iowa: Iowa Geol. Survey, Vol. XIX, p. 686



TABLE OF DIP AND STRIKE-
Typ. | DIRECTION Drr IN
CouNTY ] N ‘| RaNGe W , SECTION PLACE STRIKE Drp OF FACE OF DIRECTION
: OUTCROP OF OUTCROP
Guthrie ...—... ‘ 79 XXX 30-31 Belle Valley mill | N45°E 45°Se.
Madison ...... ‘ 74 | XXVII 10 Peru quarry "N70°W 1°30'Sw.
| 75 | XXIX Se. of Nw. of 15 1 Downstream I AL
‘ N. half of Nw. qr. 14 - Upstream W 2847*
76 | XXVIL Ne. of the Nw. qr. of 6 N34L°W 2°507
_ 75| XXVIIDT W. center of 22 N6°30W 1°30°
76 | XXXI | Nw. of the Nw. of 11 ~ | NI10E T°15'W 1°15
76 | XXXVIT |Se. of the Nv. qr. of 9 Spring creek N85°W 3°45'E
- Nw. of the Sw. qr. of 10 Lewis N85°W 3°45'E
B Center of Ne. qr. of 1 Turkey creek 0°
Clarke .. " 72 | XXVI | Nw. of the Nw. of 1 N1T°W Av. of sever
and 4°6'W
Ne. of the Ne. of 11
Union........... 71 | XXVIII Ne. off the Ne. of 14 N8O°W 3°15'W
Ne. of the Sw. of. 36 N85°W 1°45'W
72 | XXVIIL  "Sw. of the Sw. of 28 ' N70°W 5°
Adams ... —73 | XXXV Se. of the Nw. of 3 N90°E 2°48'8
) Nw. of Nw. of 6 N8O°W 1°45
1| XXXTV Se. of Se. of 8 N32°W 3°15'S
Ne. of Sw. of 3 S47°W 2°
Montgomery| 72 | XXXVIII |~ Nw. of Nw. of 16 Riverview Park S46°E 3°45’
South center, 26 S20°E 30
Sw. of Sw. of 26 N 0°E 3°E
Mill8 e 73 | XLIIT Sw. of Nw. of 29 Henton S5°E 2°
Deecatur........ 70 | XXVI Center of 28 S48°E 1°10
T70 |TXXVII | Ne. of Se. of 20 N3I°E 2°30°
68 | XXVII Se. of Se. of 25 Winterset limestone | N84°W 9°35’'N
De Kalb limestone | N17°W 3°10W
N84°W 3°30'N
Taylor ........ 76 | XXXV Nw. of 21 N90O°E | From 0° to
.13°30" in Y%-mi.
Page ... 70 | XXXIX E. center of 36 Essex N61°W 45
_ 68 | XXXVI | Sw. of Se. of 7 Mine N5T°E 1°S
Fremont ... 70 | XLOI Ne. qr. of 14 N20°E 3°45'E
767 | XLIO Center of 13 N30°W 3*W
Nebrasks,
(61— Clay pit Nb6T°E 3°30’

* From estimates along a stretch of water.

AMTILS ANV dId J0 dTdVL

108



TABLE SHOWING JOINTS

COuUNTY Twep. N.| RANGE, W SECTION LocaTION FirsT SET SECOND SET THIRD SET
; Bethany Falls Is. o N58°42'W )
Madison ool 76 XXVII Ne. of Nw. of 6 Ladore shale N54°E N58°42'W NI2°E
75 XXVIII Sw. of Nw. of 24 N53°E N32°W N4°W
(o7 Y I 76 | XXXVII Se. of Nw. of 9 Spring creek N39°20'E N20°40'W
N74°E, 83, N31°E, 42,
Pottawat- 63, 86, 65, 13, 30,
tamie 75 nnd] 74 XL Nw. of Nw. of 23 Macedonia 65, 80. N52°W 13, 30.
o Av. 73°42’ Av. 26°30’
N48°E, 69, | NI15°W, 14, N I°E
Se. of Se. of 3 Carson 69, 53, T4. 3, 15. 43
. Av, 62°36’ Av. 11°45" |Av.22°
N70°E, 55, N35°W,
76 XLIV West center of 26 Crescent 56, 60, 80. 17, 32, 33,
Av. 64°12’ 30, 25.
Av. 28°42/
Montgomery ....| = 72 XXXVII South center, 26 N61°E N35°W
54 52 N22°E
57 1 72 | XLIII Sw. of Sw. of 22 N9O°E N35°E
Décaturo e ... 70 XXVII Sw. of Se. of 21 N58°E
Taylor....ccocoeeeew. 70 XXXV Nw. qr. of 21 ‘ N23°W N21°E
PRZE oo 70 | XXXIX E. center of 36 | Essex, Preston ledge N68°E N3°W
Fremont .ceeeeov.| 70 XLIIT Nw. of Se. of 26 N85°E N30°E
- N40°E
67 XLIT Center of 13 N8O°W N38°E
68 XLI Se. of Sw. of 33 N30°E
Average \}. N63°27.2'E N31°29.8'W ‘ N25°35.3'E

75The table of joints measured in Pottawattamie is from J. A. Udden, Geology of Poltawattamie County: Towa Geol. Survey, Vol. XI, p. 268,
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JOINTS

The directions of joints in the rocks have also been measured
in various places using the same instrument as that used in
determining the dip. One set of joints, that of the largest
cracks, is parallel to the Thurman-Wilson fault, and one is
about at right angles to the fault and parallel to the direction
of the minor folds. Where several records have been made
close together, as in Udden’s list in his report on Pottawatta-
mie county, it is the average that appears in the outline map.
In the diagram the general directions appear in the averages,
and the irregularity appears in the scattering of the individual

records.
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Fic. 52.—Diagram illustrating the directions of joints,

It is unfortunate that the drift conceals so much of the un-
derlying rock as to make it impossible to work out all details
of the gentle undulations that exist in the region. From what
had been learned in the past the general position of the Noda-
way coal had been determined. The latest important fact that
has been ascertained is the reason for the absence of the Noda-
way and Nyman seams from the area northwest of the Thur-
man-Wilson fault, except in a small area near Missouri river.
This absence is due to the fact that the region to the north
of the fault has been elevated and subjected to erosion, all of
the Noodaway coal having been removed from that region, while
to the south of the fault the region has been depressed and thus
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the seam has been protected from the general erosion, so that
now the coal extends as far east as where the plane of the coal,
-rising toward the northeast, reaches the plane of erosion that
existed when the glacial drift was laid down. Such impertant
facts it is in the field of geological work to discover. Fur-
ther details come within the province of the miner, who from
borings determines the local variations that exist in the posi-
tion and thickness of the seams. It is from such details where
the Nodaway coal has been mined and where it may be mined
in the future that additional data on levels can be accumulated
and reduced to barometric elevations. This ean lead to an iso-
bathic map of the base of the Nodaway coal, and this in turn
to more exact knowledge of the minor folds that cross the area.

A knowledge of the location of minor folds is of importance
to any who may seek to ascertain whether oil and gas exist in
the deeper strata in this region in sufficient quantity to be of
commercial value. The above list of locations of anticlines and
synclines, though not extensive, is sufficient to guide an experi-
enced oil man in determining where he should first sink a test
well. At Clarinda the Cherokee shale is about fifty feet above
sea level, and at Winterset it is about six hundred and fifty
feet above sea level. Neither oil nor gas in commercial quan-
tities has been reported from such wells as have been put down™
and no seepage has been noted, though there are a few black
limestone beds.

It is worthy of note that the deep well at Coin, though not
quite along the axis of an anticline, is sufficiently well located
to serve as a test well, although it is not very deep. It is re
ported to have reached salt water; oil and gas” are not re-
ported. The well is 888 feet deep a.nd was sunk as a test well
for coal and gas.” The bottom is about 680 feet above the
Cherokee shale, which is here about 150 feet deeper than at
Clarinda.

It is further worthy of note, from evidence presented by Dr’
Alexander McCoy, with which evidence the data from south-
western Iowa are in agreement, that the Kansas City lime-
stone grades into sandy shore deposits northward from Kan- -

76At Nebraska City, Glenwood, Coin, Clarinda, Bedford, Leon, Stuart.

77W, H. Norton, Underground Water Resources. df Towa: Iowa Geol Survey, Vol. XXF,
p. 1158,
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sas City toward southeastern Nebraska and southwestern
Iowa; and that the western margin of this ancient sea is along
a line of concealed granite hills or mountains™ revealed by well
records as extending southwest into central and southern Kan-
sas. :

The Areal Distribution in Iowa of the Divisions of the Missm‘u'i
’ Series. :

In tracing the areal distribution of the divisions of thé Mis-

souri series main reliance must be placed on the limestone in
the southwestern part of the state. Where shale is the basal
member of the division the area may extend for a short dis-
tance beyond-the area of the limestone member, but generally
not far. Often it is impossible to state the exact position of
the margin because of the presence of Dakota sandstone and of
drift. Where the margins are thus concealed it is possible to
represent only the approximate general boundaries.
" South of the Thurman-Wilson Fault line—The eastern mar-
gin of the Kansas City stage is distinetly marked most of the
way from Osceola to a point north of Earlham, where it stops
at the fault plane. The representation of the position beneath
the drift from Osceola to Leon is approximate. At Leon the
deep well and a preglacial valley lie east of the Missouri series,
the front of the Kansas City stage thus bending westward of
Leon. No trace of the Hertha limestone, at the base of the
Kansas City stage, was found east of Weldon river near the
state line. ' ”

The locations of the eastern’fronts of the various subdivi-
sions are certain along a number of-the streams that cause re-
éntrants in these margins, as on North, Middle and ‘South riv-
ers in Madison county, Squaw creek in Clarke county, and
Grand river in Decatur county. Bemeath the drift in the di-
vides it is only the general direction of the eastern margin of
the De Kalb limestone that can be inferred from relation to ex-
posures from near Middle river to Grand river.

Tikewise the eastern margins of the Lansing, Douglas and
Shawnee stages may be satisfactorily determined in western

78A part of this information also comes from G. E. Condra of the University of Nebraska.
Seb John L. Tikton, The Thurman-Wilsen Fault through Southwestern Iowa, and its Bearing:
The Journal of Geology, Vol. XXVII, p. 389.
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Madison and eastern Adair counties, the chief difficulty there
being to distinguish between the numerous limestones and shales.
Farther south the main reliance is upon the line of well records
from Nebraska City to Leon, which indicafes where the subdivi-
sions come up beneath the drift; but only the general directions
of the margins can there be located. Farther west, in Page
and Fremont counties, the Tarkio and Preston beds of lime-
stone help to locate the position of the base of the Wabaunsee
stage along the valley sides. Below this plane the valleys are
cut down into the Shawnee stage. This is true in Missouri
river valley also.

With the exception of the region near Bridgewater the 11ne
mai'kmm the eastern margin of the Nodaway coal is that of -
Géorge L. Smith in his paper on *‘The Carboniferous Section
of-Southwestern Towa,”” to which frequent reference has been
made. The eastern border of the Nodaway coal marks ap-
proximately the eastern margin of the Howard limestone, the
base of which, according to Beede and Rogers™ marks a divi-
sion between two. faunas.

North of the Thurman-Wilson fault line—The limestone
near Stuart and the FEureka coal seam in the western part of
Adair county having been correlated with beds deep in strata
of the Des Moines series,® the eastern margin of the Missouri
series is clearly farther to the west. See the map of the area
near Staurt, Plate XXVII, also figures 53 and 54. In the re-.
cord of the deep well at Atlantic® there is no evidence whatever
of the presence of the various limestone members of the
Kansas City stage; and yet the Oread limestone is clearly
located five miles to the south on Turkey creek, and again at
Fox quarry northeast of Grant. Whatever is concealed be-
neath the Dakota sandstone and the thick drift of the region
must He between Atlantic and these two points.

A furthér inference that has a bearing is dependent on

79y, W. Beede and A. F. Rogers, Coal Measure Faunal Studies: Kansas Univ. Geol.
Survey, Vol. 9, pp. 345-346, 1908; also Hinds and Greene, Stratigraphy of the Pennsylvanian
Series in stsoun Missouri Bur. Mmes Bull. XI11I, p. 180.

SOJghn L. Tilton, The Strata near Stuart, Towa: Bull. Geol. Soc. America, Vol 33, p.
153, 1922

21The record may be found in the following reports:
W. H. Norton, Underground Water Resources of Iowa: Iowa Geol. Survey, Vol. XXI,
p. 1121.

John L. Tilton, Geology of Cass County: Iowa Geol. Survey, Vol. XXVII, p. 257.
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changes in strata north of Kansas City, Missourl. Near Kdn-
sas City the members of the Kansas City stage are as well or
better developed than they are at Winterset and at Earlhamj;
but to the northwest of Kansas City the strata grade into sand-
stone and shale, toward the old shore line, so that in the deep
well record at Forest City, half way between Kansas City and
the Towa state line, the Kansas City stage is represented by
sandstone and shale®* instead of by limestone and-shale. Thus

-Q- 0-0 0-0 0O
09 g o_o_o.o_o
0:0'%

Fig. 54.—A Section from Glendon to Winterset, B to C on the map, Plate XXVIL.

in Kansas City time the shore was not far away to the north-
west and west. In northeastern Nebraska no outerops of the
Kansas City stage are recognized. The inference thus seems
warranted that from Earlham toward the west shore condi-
tions were more and more effective and that in the movements
that gave us the Thurman-Wilson fault with accompanying
erosion on the upthrow side these differing strata, from the
conspicuous limestone beds at Earlham to the shales and sand-

82Dr. Alexander McCoy has reached this conclusion from the series of well records in
eastern Kansas, and he presented his evidence to the writer when jnquiring about the con-
ditions in Iowa. The writer has studied the well records presented and has come to accept
Doctor McCoy's conclusion. The evidence involves a different interpretation of the record of

the Torest City ‘well than that given by Hinds and Greene, Stratigraphy of the Pennsylvanian
Series in Missouri, Missouri Bur. Geol. and Mines, Bull. XIII, pp. 215-239.
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stones farther west, were eroded away. The erosion has
thrown the present margin of the strata back toward the west
about thirty miles. Nevertheless, somewhere between the
Oread limestone outerop south of Atlantic and the Eureka
coal mine in northwestern Adair county there must lie, below
the Dakota sandstone and the thick drift in that region, all that
now remains of this portion of the Lansing and Kansas City
stages. These stages are therefore assigned areas that are
consistent with these facts.

The trend of the eastern margin of the Oread limestone to-
ward the northwest and west seems to justify the representa-
tion of a similar trend in the margin of the Lansing stage.
This involves the correlation of the limestone beds at Crescent.
These beds lack the distinctive characteristics of the Oread
limestone and their characteristics are judged to be in accord
rather with those of the Lansing stage.

The border line between the Lansing and Douglas stages is
clearly south of Crescent, and hence south of the place on Mo-
squito ecreek where White found exposed strata that are now
concealed. These he correlated with the limestone found at
Crescent.®® The northern margin of the Lansing stage is thus
placed not far north of Crescent. The Lansing stage is also
represented as extending south under the Missouri river .de-
posits to the Thurman-Wilson fault, since the valley evidently
has been cut below the level of the Oread limestone, which is ex-
posed sonth of Glenwood. and. at Henton. .

There is an absence of exposures of stratified rock a.long the
river valley from Crescent to near Logan, where well records
reveal a widely distributed bed of limestone,* the position of
which demands the following discussion.

Comparing Calvin’s faunal list of fossils from the limestone
at Logan, as reported by Shimek, with Udden’s list for Cres-
cent, in the report on Pottawattamie county, it is noted that
Campophyllum torquium is reported at Logan but not at Cres-
cent, that what is identified as Productus (Marginifera) longi-
spinus is abundant at Togan but is wanting at Crescent, and

83C. A. White, Geology of Towa, Vol. I, p. 379, 1870.

84B. Shimek, Geology of Harrison and Monona Counhes Iowu Geol. Survey, Vol. XX,
p. 301-302.
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that Spiriferina, found at Logan, also is wanting-at Crescent.
On the other hand, Astrophyllum rude, found at Crescent, is
absent at Logan. So also are Archeocidaris, the bryozoans,
and Productus punctatus. The other brachiopods that are pre-
sent at both places are also found throughout botk the Des
Moines and Missouri series (up to the Wabaunsee stage).
Not only do the faunal lists disagree to this extent but the
records of the sequence of strata® also disagree, and the gen-
eral dip of the strata places the limestone at Logan far below
that at Crescent. '

The next comparison is with the Kansas City stage, the beds
of which, if present at all, lie beneath the Lansing stage. All
the fossils named are reported here and there in the Kansas
City stage either in Towa or Missouri, and they are also found
in the Des Moines series and in all the other divisions of the
Missouri series, unless it be Campophyllum torquiwm, which
has an uncertain distribution. The number (eight) of Mar-
ginifera (Productus) longispina reported from near Togan es-
pemally attracts attention, for this shell is not found in abun-
dance in the Mlssourl series, while Margszem (Productus)

muricata, a shell much like it, does occur in great abundance in
parts of the Des Moines series. Imperfect specimens of the
two may look very much alike. However, Marginifera -longi-
spina is not to be considered an index fossil*® of the Missouri

85For the record of the strata at Crescent see: J. A. Udden, Geology of Pottawattamie
County: Iowa Geol. Survey, Vol. X1, p. 227. For the record of the strata near Logan see:
C. R. Keyes, Coal Deposits of Southwestern Towa: ITowa Geol. Survey, Vol. 11, p. 437.

88Formerly it was thought in Iowa that Marginifera (Productus) longispina was as truly
an index fossil of the Missouri series as M. mwuricate is of the Des Moines series, but litera-
ture with reference to M. longispine (and also M. wabashensis, a possible synonym) ‘does
not support that view.

Stuart Weller in Bulletin 153, U. 8. Geological Survey, lists Productus muricatus, P,
longispinus and P. wabashensgis as three distinct species and P. splendens as a synonym of
P. longispinus.

George H. Girty in his Palaeontology of the Pennsylvanian of Missouri (Hinds and
Greene, Stratigraphy of the Pennsylvanian Series of Missouri: Missouri Bur. Mines, XIII,
1915, table p. 303 and text) lists M. wabashensis as found in Cherokee shales of the Des
Moines series, doubtful in the Henrietta, and present in all divisions of the Missouri series
excepting the Wabaunsee stage. He nlso mentions M. muricata (Chonetes mesolobus, ete.)
as restricted to the Des Moines group (series). (Idem., 281.)

In Towa A. G. Leonard lists Marginifera (Productus) longispina as found with M. muri-
cata and Chonetes mesolobus close to Adel. H. Foster Bain names it as being found in the
limestone north of Stuart, and Samuel Calvin mentions it among the fossils found near Logan
in Harrison county. In the last two places it was at the time supposed that the strata were
in the Missouri series. As explained in this paper and in ‘‘The Strata 'near Stuart, Iowa,”
read before the Geological Society of America, December, 1921, it is now found that the
strata are in the lower part of the Des Moines series, G. L. Smith in his earliest paper on
‘“The Palaeontology and Stratigraphv of the Upper Carboniferous of Iowa” (Proceedings of
the Towa Academy of Secience, Vol. XXII, 1915), names -P. mwricatus and P. longispinus as
both found in the Citv Bluff shale. In a later ypaper (Tdem., XXV, 535. 1918) he comments
on criticism for identification of M. muricata in the Forbes (Deer Creek) and City BInff
shale, and in the tabla that follows lists M. wobashensis as & synonym for M. lomgispina. In
his contributions published in 1916 (Idem., XXIII, 87) he had mentioned M. longispina as
found near the Nyman coal, and M. wabashensis as found near Thurman. The locations at
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series for it is reported from both the Des Moines and the
Missouri series.

Comparing the faunal list from Liogan with the faunal list
from north of Stuart,®” it is noted that Fusulina (few at Lo-
gan) is not in the list from north of Stuart, and that Campo-
phyllum likewise is absent; as are also Productus punctatus,
Ypirifer kentuckiensis and Phillipsia major, all of which are re-
ported as being found in all of the subdivisions of both the
Des Moines and Missouri series, except that Campophyllum has
an uncertain distribution. Phillipsia major is listed as doubt-
ful in the Henrietta formation.®® The character of the strata
-at Logan, their position with reference to the Missouri strata -
to the south, and with reference to the Des Moines strata near
Stuart to the east, give evidence that the strata at Logan be-
long to the Des Moines series.

Following what seems to the writer the proper conclusion,
the margin of the Des Moines series, where it disappears be-
neath the Lansing stage, extends from near Atlantic north-
west and then west to not far north of Creseent, leaving the
area to the north for the location of Des Moines strata.®

The above description presents the physical basis for the
plane separating two faunal units, one including the Kansas
City stage, the other including the strata from the top of the
Kansas City stage to the top of the Oread limestone.*

_Thurman, at the Nyman coal and at the C.\ty Bluff beds are all in the Wabaunsee stage of
the Missouri series, the division from which in Missouri Girty did not report that species.
. F. B. Meek consldered both P. splendens and P. wabashensis as synonyms of P. longis-
pinus. (“Final Report of the U. S. Geological Survey of Nebraska,” etc 1872, 162.)

C. A. White thought both P. mwrwa,tw and P. longispinus r&nged t,hrough the whole of
the Carboniferous or Coal Measure series. (U. S. Geological Survey West of the 100th
Merldmn 1V, 1877, 119 and 120.) )

G. H. erty in his report on the ‘'Stratigraphy and P&laeontology of the Upper Car-
‘boniferous Rocks of the Kansas Section,” (Bulletin 211 of the T. Geological Survey, 1903),
lists M. muricala _as found not only in the Cherokee, Fort Scott, Labette and Parsons mem-
bers of the Des Moines series but also in the Deer Creek and Lecompton of the Missouri
series. M. wabashensis he reports from twelve different horizons: two in the Des Moines
geries, nine in the Missouri series, and one in the Permian.

) 87Collected by Samuel Calvin; H. Foster Bain, Geology of Guthrie County: Iowa Geole-
gical Survey, Vol. VII, p. 447.

Note that the stmta “north of Stuart are correlated with strata .deep down in the Des
Moines series: John L. Tilton, The Strata near Stuart, Towa: Bulletin of the Geological So-
ciety of America, Vol. 33, p. 153, 1922,

88Hinds and Greene, Stratigraphy of the Pennsylvanian Series in Missouri, Missouri Bur.
Mines, Bull. XIII, pp. 802-307.

80Hinds and Greene's report on, “The Stratigraphy of the Pennsylvanian Series in
Missouri’’ mentions five places that suggest conditions related to a disconformity close to the
Cement City beds. They also note that in Jackson and Clay counties ‘‘a thin bed of impure
‘coal in places ap fpea,rs in the Cherryvale shale ahove the Wmterset limestone. One and a
half miles east of Liberty the shale above the Winterset limestone “is suggestive of uncon-
formity”” (p. 128); and, while the report named dosg not mention it, the upper part of the
Winterset limestone hear Bethany Falls, Missouri, iz even more consplcuously fragmental than
it is at Winterset.

90Idem., pp. 116 and 155. -
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The Douglas stage is at the surface at Riverview Park north
of Red Oak, at Fox quarries in Cass county, and on Turkey
creek north of Lewis. Its northern border lies somewhat north
of these points, and then curves into a direction approximately
west to near Council Bluffs and then south along the Missouri
bluffs to the Thurman-Wilson fault. The strata that used to
outerop near Malvern are now concealed, but the excellent de-
scription of them and their fossil content that Udden®™ pre-
pared clearly identifies them with' the beds about two miles
southwest of Glenwood, at the railroad bridge over Keg creek.
The Douglas stage is therefore represented as extending south-
ward past Malvern to the fault line. The Douglas stage is also
present in a narrow strip along the bluffs south of Glenwood
to the Thurman-Wilson fault.

The Shawnee stage is well represented at Stennett in. Mont-
gomery county. With these beds are correlated the beds at
Carson, Macedonia®” and Henderson. Likewise north of the
fault there is an area northeast of Thurman and around Tabor
which contains coal that Smith®® correlates with the Nodaway
seam. Hence there is here represented an arca of the un-
eroded strata of the Shawnee stage.

91J. A. Udden, Geology of Mills and Fremont Counties: Iowa Geological Survey, Vol
XIII, p. 157. ;

92Thus aggreeing with Udden: J. A. Udden, Geology of Pottawattamie County: Iowa
Geol. Survey, Vol. XI, p. 280; but I cannot accept his correlation of the beds at Macedonia
with those at Crescent, which is supported neither by sequence in character of the beds, nor
by fossil content. ’

93George L. Smith, Carboniferous Section in Southwestern Iowa: Iowa Geol. Survey, Vol.
XIX, p. 645.
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