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ABSTRACT

Subsurface pre -Desmoinesian Pennsylvanian rocks of Kearny county ,
southwestern Kansas , are named the Kearny formation , and, mainly on the
basis of their fusulinid faunas , they are referred to the Morrowan series .
Four species and one variety of fusulinids from the type section of the
Kearny formation are described and illustrated as Millerella marblensis
Thompson , M. pressa , n . sp ., M. pinguis , n . sp ., M. ? advena , n . sp ., and M. ?
advena var . ampla , n . var . Also , the fusulinid fauna from the type section of
the Morrowan series at Morrow , Arkansas , is here described and illustrated
for the first time . All four of the species of fusulinids, and possibly the
variety , present in the Kearny formation in Kansas are also recognized in
Morrowan rocks of Arkansas .

INTRODUCTION

A microscopic examination of samples obtained from deep
wells drilled in southwestern Kansas has revealed the presence

of Pennsylvanian rocks of pre -Desmoinesian age at a number of
localities from Meade county on the south to at least as far north
as Kearny county . The best samples that I have been able
to obtain from pre -Desmoinesian rocks of Kansas are cores and
cuttings taken from the Stanolind Oil and Gas Company No. 1
Patterson well . This well was completed in August , 1941 , as the
discovery well of the Patterson field , located in the SE cor . sec . 23 ,

T. 22 S. , R. 38 W. , Kearny county ( fig . 1 ) . The producing sand ,

the “ Patterson sand ” o
f probable Cherokee age , was encountered

from a depth of 4,740 to 4,752 feet . Cores were obtained from the
lower part of the " Patterson sand " and intermittently from the
base o

f

the sand to below the top o
f

the Mississippian limestone ,

which was encountered a
t
a depth o
f 4,879 feet .

Through the courtesy o
f the Stanolind Oil and Gas Company ,

I have had an opportunity to study in detail samples of al
l

available

cores from the stratigraphic section between the " Patterson sand ”

and the top o
f

the Mississippian limestone . I have also examined
the cutting samples from this well in the files of the State Geolog
ical Survey of Kansas . Most of the shales and limestones cored
between the base o

f

the “ Patterson sand ” and the top o
f

the Mis
sissippian limestone , and also the cutting samples from this inter
val , contain a

n

abundant fusulinid fauna which is almost identical

to the fusulinid fauna of the type section of the Morrowan series
exposed a

t Morrow , Arkansas . It is believed , therefore , that this
close similiarity of fusulinid faunas demonstrates that this part of
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Fig . 1. Index map of Kansas , showing the location of the No. 1 Patterson well.

the subsurface section in Kansas is of Morrowan age . Rocks of
similar lithology which contain an identical fusulinid fauna have
been examined from several other wells in southwestern Kansas .
However , only the Patterson well of Kearny county will be con
sidered in this report.
Rocks that were believed to be of Morrowan age in the sub

surface of southwestern Kansas and extreme northwestern Okla
homa have been briefly mentioned in several reports (Ver Wiebe ,

1942 , p . 52 ; Ryniker , in Schoff, 1943 , p . 42 ) . However , no detailed

information concerning the rocks of Morrowan age in Kansas
has been published , and the fauna from this part of the Kansas
section has not been described or even listed by name . Therefore ,

the discovery of an abundant fusulinid fauna in cored samples

from this lower Pennsylvanian section is of more than ordinary

interest . For the sake of direct comparison with the fusulinid
fauna of southwestern Kansas described below , the fusulinids

discovered in the type section of the Morrowan series in Arkan

sas ( Thompson , 1942a ) are being described and illustrated here
for the first time .

No rocks of Morrowan age have been recognized at surface
exposures in Kansas . However , rocks of Morrowan age occur at

the surface several hundred miles to the east in Arkansas , to the

southeast in Oklahoma, and probably to the west in Colorado . The
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lithology of the rocks of Morrowan age in the subsurface of south
western Kansas is not identical to the lithology of the rocks at
the other localities mentioned . This fact, in addition to the geo
graphic remoteness of this area from exposures of rocks of equiv
alent age , seems to warrant the application of a formal strati
graphic name to the strata between the "Patterson sand ” and the
top of the Mississippian in the Stanolind Oil and Gas Company

No. 1 Patterson well . I am , therefore , proposing below the name
Kearny formation for these rocks.

ACKNOWLEDGMENTS

I wish to express my sincere thanks to Mr. Wm . C. Imbt , d
is

trict geologist for Stanolind Oil and Gas Company , who made
available to me samples o

f

the cores obtained from the Patterson
discovery well and who also kindly furnished additional informa

tion o
n

the lithology of the lower Pennsylvanian Morrowan section
here named the Kearny formation .

TYPE SECTION OF THE MORROWAN SERIES

The Morrowan rocks of Arkansas were described a
s the Mor

row formation b
y

Adams and Ulrich ( 1904 , p
p
. 2
8 , 109-113 ) . Three

years later the Morrow formation was raised to the rank of a group

(Purdue , 1907 ) and was divided into the Hale formation below
and the Bloyd shale above . The Bloyd shale contains two zones

o
f

interbedded limestones and shales ; the lower of these is called

the Brentwood limestone member and the upper the Kessler lime
stone member . In 1933 , Moore ( p . 299 ) proposed the Morrow
series as the lowermost series o

f

the Pennsylvanian system in the
Mid -Continent region , and the Morrowan is used in that sense in

this report .

During the field season of 1941 I visited Hale Mountain just
south o

f

Morrow , Arkansas , and obtained numerous samples from
the Kessler and Brentwood limestone members of the Bloyd shale
and from limestone beds between these limestone members . Sev
eral dozen thin sections have been prepared . Those prepared o

f

the collections from near the top of the Brentwood limestone
member reveal the presence o

f

numerous specimens o
f minute

fusulinids that are being described and illustrated below a
s Mil

lerella marblensis Thompson ; M. pinguis , n . sp .; M
.
? advena , n . s
p
.;

and M. ? advena var . ampla ? , n . var . Although I did not obtain
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fusulinids from other parts of the type Morrowan section , more
detailed collecting will undoubtedly prove that fusulinids are
more widely distributed than my collections indicate .
Giles and Brewster ( 1930 ) described in considerable detail and
graphically illustrated the type section of the Morrowan exposed

on Hale Mountain . I am reproducing ( fig . 2 ) their graphic illus
tration in order to show more clearly the stratigraphic positions of

the fusulinids from that locality which I am describing below .

KEARNY FORMATION

The name Kearny formation is proposed for the 127 feet of

rocks encountered between the base o
f

the producing sand a
t
a

depth o
f 4,752 feet and the top o
f

the highly politic limestone be
lieved to b

e

o
f Mississippian age at a depth of 4,879 feet in the

Stanolind Oil and Gas Company No. 1 Patterson well . The name

is derived from Kearny county in which the well is located .

The type section of the Kearny formation is composed of green

is
h
- gray , bluish -gray , and dark -gray , coarsely crystalline to dense ,

glauconitic , fossiliferous limestones interbedded with dark -gray

and green fossiliferous shales ; a subordinate amount o
f

sandstone

and sandy glauconitic fossiliferous limestone occurs in the lower
part . Four different although gradational lithologic zones can be

recognized in the type section . ( 1 ) The lowest zone is about 5

feet thick and is composed of white medium- to coarse -grained

calcareous sandstone . ( 2 ) The next zone , about 28 feet thick , con
tains glauconitic , sandy , crystalline limestone at the base and top ,

and interbedded green to gray shale and crystalline limestone in

the middle part . ( 3 ) The next zone is about 8
1 feet thick and is

composed o
f

interbedded greenish -gray to dark -gray coarsely
crystalline and dense limestone , dark -gray to black shale , and
green shale . Glauconite is common in many o

f the limestone beds

o
f

this zone and is abundant in some o
f

the green shales . Also ,

scattered grains o
f well - rounded highly polished quartz occur in

the limestone encountered a
t
a depth o
f 4,807 to 4,810 feet . Most

o
f

the limestones are hard , but some of those associated with o
r

adjacent to the green shales are highly nodular . ( 4 ) The upper

most zone , about 1
3 feet thick , is alternating soft and hard black

fossiliferous shale . The accompanying graphic illustration ( fig . 2 )

shows the general lithology of the type section of the Kearny for
mation a
s interpreted from a
n

examination o
f

the cores and cut
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tings . Descriptions of the individual cores obtained from this part

of the section are given below .

Descriptions of core samples obtained from the Stanolind Oil and Gas
Company No. 1 Patterson well , SE cor . sec . 23, T. 22 S. , R. 38 W. ,

Kearny county , Kansas

(Based largely on information supplied by Mr. Wm . C. Imbt )

-

-

-

-

4,752 - 4,755 Shale , black , thin - bedded , micaceous and silty .
4,756 - 4,760 Shale , dark bluish gray to black , micaceous , laminated ; lower

2 to 3 feet hard and highly fossiliferous .

4,761 - 4,765 Shale , black , fossiliferous .
4,765 - 4,767 Limestone , greenish gray to light brown , finely crystalline ;

green shale streaks near base .

4,767 - 4,771 Shale , green , highly fossiliferous ; contains thin streaks of
limestone and scattered grains of glauconite .

4,771 4,775 Shale , black .

4,775 - 4,776 Limestone , greenish gray , hard , finely crystalline , fossiliferous ,
glauconitic ; contains thin shale streaks .

4,776 - 4,777 Shale , dark greenish gray , carbonaceous .
4,777 4,777 ) Limestone , greenish gray , finely crystalline , partly nodular ,

fossiliferous ; contains green shale inclusions .

4,7771 - 4,780 Shale , green , fossiliferous , and interbedded nodules and
streaks of marly limestone .

4,780 - 4,781 Shale , green , fossiliferous .
4,796 4,798 ) Limestone , gray , crystalline , fossiliferous , glauconitic .

4,7981- 4,803 Shale , dark green to black .
4,803 3- 4,805 Limestone , gray , fine - grained to microgranular .
4,805 - 4,8073 Interbedded black shale and gray granular limestone , fossil

iferous .

4,8071 - 4,808 . Shale , green .
4,808 . - 4,810 ) Limestone , grayish green , fossiliferous ; contains streaks of

green shale and scattered highly polished grains of quartz .
4,8103 - 4,814 Limestone , gray , finely crystalline ; interbedded 1 to 2 inch

beds of black shale make up about 20 percent of the interval.

Fusulinids referable to the genus Millerella are abundant in
the cutting samples from throughout almost a

ll

the Kearny for
mation . Also , cores of shales and limestones obtained from depths

o
f 4,776 to 4,814 feet contain an abundance o
f fusulinids , all of

which belong to the same genus . These are being described and
illustrated below as Millerella marblensis Thompson , M

.

pressa ,

n . s . , M. pinguis , n . s
p
. , M. ? advena , n . s
p
. , and M. ? advena var .

ampla , n . var . As will be noted , all these species except M.
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Fig . 2. Diagrams o
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the type section o
f

Morrowan rocks and o
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o
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the Kearny formation .
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pressa also occur in the type section of the Morrowan series of
Arkansas . It should be mentioned that Foraminifera other than
fusulinids are abundant in the cores and cuttings from the Patter
son well . Thin sections of limestones from the type Morrowan
section also show the presence of abundant Foraminifera other
than fusulinids . These two foraminiferal faunas are closely sim
ilar and have many species in common .

STRATIGRAPHIC CORRELATION

In the recent publication "Correlation of Pennsylvanian for
mations of North America ,” Moore et al . ( 1944 ) have indicated

the presence of definite , probable , and possible Morrowan rocks

at many localities in North America , from California on the west
to Pennsylvania on the east . Many of the supporting data for these
correlations have not as yet been published , however .
During the preparation of a report on the fusulinids of the
Pennsylvanian of New Mexico , I examined several thousand thin
sections of limestones and washed shale samples from the lower
part of the Pennsylvanian section below the top of the Derryan
series , including Derryan and Morrowan rocks , of extreme south
west Texas, New Mexico, north -central Texas, Oklahoma , and
Arkansas . It has been established that representatives of the
fusulinid genus Millerella are abundant throughout most of the
Morrowan and a

ll
o
f

the Derryan in these areas . Millerella also
occurs less commonly stratigraphically much higher in the Penn
sylvanian . In localities where Millerella has been found in the
Derryan , it is closely associated with biologically more highly de
veloped genera o

f fusulinids , such as Profusulinella , Fusulinella ,

and Pseudostaffella . The fusulinid faunas of Morrowan rocks are
composed almost exclusively of species o

f Millerella .

One o
f

the few localities a
t which Millerella has been found

associated with forms of other fusulinid genera in rocks here con
sidered o

f Morrowan age is about 150 feet below the top of the
Marble Falls limestone a

t Marble Falls , Texas . The possibility

has been suggested , however , that the upper part of the Marble
Falls limestone a

t Marble Falls may b
e younger in age than the

Morrowan (Moore et a
l
. , 1944 ) . Thompson ( 1942 ) reported a

species o
f Ozawainella ? associated with Millerella marblensis in

the Marble Falls limestone , but it has not been described o
r illus
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trated . That species of Ozawainella ? is not biologically a highly
developed fusulinid , although closely similar forms have been
found stratigraphically higher in the section in other areas . Also ,

the species described below as M. ? advena from the type section
of the Morrowan and from the Kearny formation may not be re
ferable to the genus Millerella .

In 1928 , Galloway and Harlton described and illustrated (with
drawings ) a species of Millerella as Orobias radiata (Brady ) from
the Morrowan Wapanucka limestone of Oklahoma . The species

radiata Brady was originally described from the Carboniferous of
England and referred to the genus Involutina , but Brady's type
specimens were not illustrated . Galloway and Harlton also de
scribed a form from the Wapanucka as Orobias biumbonata Gal
loway and Harlton . The latter species was described and illus
trated (drawings ) as being biumbonate and as possessing limbate
sutures . Its biological affinities are uncertain , as no known definite
fusulinid is umbonate or possesses limbate sutures . This species
possibly is referable to the genus Millerella , but the type specimens

should be restudied in the light of more recent information con
cerning primitive fusulinids .

About 400 feet of limestones which are considered to be of

Morrowan age are exposed at the west end of Powwow Canyon

east of El Paso , Texas , underlying rocks of Derryan age . These
limestones contain an abundant fusulinid fauna of the genus Mil
lerella .

Henbest and Read ( 1944 ) described a limestone from the basea

of the Pennsylvanian section of northern New Mexico that con
tains a species of Millerella and that may possibly be of Morrowan
age .

As mentioned above , Ryniker ( in Schoff , 1943 , p . 42 ) stated

that rocks of possible Morrowan age are present in the subsurface
of Cimarron county , northwestern Oklahoma . Fusulinids have
not been reported from this Oklahoma section , however .

Moore et al . ( 1944 ) referred the Glen Eyrie shales exposed

near Colorado Springs , Colorado , to the Morrowan , and also re
ported an unpublished Morrowan fauna from near Minturn , Colo
rado . However , fusulinids have not been reported or described
from either of these sections in Colorado .
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SYSTEMATIC DESCRIPTIONS

Genus MILLERELLA Thompson , 1942

Genotype: Millerella marblensis Thompson , 1942

All of the fusulinids so far reported from rocks in America that
are considered to be of Morrowan age are referable to the genus

Millerella , with one and possibly three exceptions : namely , an
undescribed species of Ozawainella ? in the upper part of the type
section of the Marble Falls limestone , mentioned above ; possibly

the species described below as M. ? advena from the type Mor
rowan section and the Kearny formation ; and possibly the form
described by Galloway and Harlton ( 1928 ) as Orobias biumbo
nata Galloway and Harlton from the basal shales of the Wapa
nucka limestone in Oklahoma .

The original diagnosis and comparison of the genus Millerella
is as follows (Thompson, 1942 , pp . 404-405 ) :
Shell minute , discoidal , with short axis of coiling and narrowly rounded

to sub -angular periphery ; planispiral throughout growth . The inner three to
four volutions are involute but the outer one or two volutions of mature
specimens become partially evolute and they only reach approximately one
half the distance to the poles of the preceding volution . Polar regions ofma
ture specimens are depressed (umbilicate ) . Mature specimens consist of four
to seven volutions and measure about 0.3 to 0.6 mm . in width and less than

0
.3 mm . in axial length . Spirotheca very thin , consisting o
f
a thin middle

layer ( tectum and diaphanotheca ? ) and very thin upper and lower layers

which may b
e tectoria . However , the middle layer is the only layer which

can b
e recognized in a
ll specimens . The rate o
f expansion o
f

the shell is

essentially uniform . Septa are very thin and numerous , and they show a

prominent curving in well oriented sagittal sections . Proloculum minute ;

tunnel low and narrow and bounded b
y

low , narrow chomata .

Representatives o
f Millerella can b
e distinguished from those o
f

most o
f

the other o
f

the fusulinid genera b
y

their short axis o
f coiling , narrowly

rounded to sub -angular periphery , evolute outer volutions , and prominently
curving septa . Representatives o

f Millerella differ from those of the genus
Ozawainella -Thompson b

y

their evolute outer volutions , less sharply angular
periphery , much more poorly developed chomata , and smaller size o

f

mature

specimens . The genotype o
f Nummlostegina Schubert , N
.

velibitana Schubert ,

is very poorly known but Schubert's illustrations o
f

external views show
completely involute specimens and they also indicate that representatives o

f

the genus Nummulostegina are more highly inflated than are those o
f Mil

lerella .

Information obtained from the species described below a
s M
.

pressa , M
.

pinguis , and M
.
? advena does not greatly change the

above generic diagnosis . However , the outermost part of the last

a
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1

volution of one specimen referred below with question to M.
marblensis embraces less than one - fifth of the preceding volution .
Also , both M. ? advena and M. pinguis have a larger form ratio
than any previously described species of this genus , and they both
have only slightly evolute outer volutions .
Three and possibly four species of Millerella have been de

scribed previously from America : Staffella ciscoensis Harlton ,

“ Orobias radiata (Brady ) ” Galloway and Harlton , M. marblensis
Thompson ( th

e

genotype ) , and questionably Orobias biumbonata
Galloway and Harlton . Studies of many hundreds o

f

free speci

mens and o
f

thin sections o
f specimens embedded in limestone

indicate that the genus Millerella is more highly varied than pre
viously believed . However , the minute size of representatives o

f

this genus makes it difficult to differentiate species or varieties .

It has become obvious that specific and varietal differentiation can
be made to best advantage by both external studies o

f

free speci

mens and studies o
f

oriented thin sections . A combined external
and thin section study is not so necessary for specific or varietal
recognition o

f

most other genera o
f fusulinids , for well -oriented

thin sections are sufficient for a thorough understanding o
f species

and varieties o
f

most o
f

them .

Age.Specimens of the genus Millerella are extremely abun
dant in rocks of Morrowan age in many areas . In fact , they are so

abundant in Morrowan rocks , almost to the exclusion of other fus
ulinids , that this part of the stratigraphic section may well be re
ferred to as the Zone of Millerella . It is entirely possible , if not
probable , that species o

f Millerella o
r

o
f
a closely allied ancestral

genus o
f fusulinids will be found in rocks of Mississippian age . In

America , Millerella has a known stratigraphic range from near the
base o

f

the Morrowan to the Pennsylvanian Cisco of Texas . Repre

sentatives o
f Millerella are abundant in the Morrowan and Der

ryan of many regions and are common throughout most of the
Desmoinesian , a

t

least in New Mexico (Thompson , 1942 ) .

a

a

a

MILLERELLA MARBLENSIS Thompson

Plate 1 , figures 1-9 ; plate 2 , figures 1-14 , ( ? ) 15 , 24

Millerella marblensis THOMPSON , 1942 , Am . Jour . Sci . , vol . 240 , pp . 405-407 ,

p
l
. 1 , figs . 3-14 .

?Orobias radiata GALLOWAY AND HARLTON , 1928 , Jour . Paleontology , vol . 2 , p .

350 , p
l
. 4
5 , figs . 12a - c .
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Specimens here referred to this species are abundant in the
upper part of the Brentwood limestone member of the Bloyd shale
of Arkansas and in core samples from the type section of the
Kearny formation of Kansas . Three somewhat different groups of
specimens can be recognized among these collections. One of these
groups is from the Brentwood limestone and these specimens are
illustrated on Plate 1 as figures 1 to 9. Another group is from the
top part of a core taken at a depth of 4,776 to 4,781 feet in the Pat
terson well , and these specimens are illustrated on Plate 2 as
figures 9 to 15. The third group is from the top of a core taken
at a depth of 4,810 to 4,814 feet in the Patterson well , and the speci

mens are illustrated on Plate 2 as figures 1 to 8. As there is con
siderable variation among these different groups of specimens , it
is doubtful that they are all conspecific with the holotype from the
Marble Falls limestone . However , for the present at least , it seems
desirable to refer a

ll
o
f

them to this species and to merely point

out some o
f

the differences that can b
e recognized among them .

Statistical data for some of the specimens here referred to this
species from the Brentwood limestone member of the Bloyd shale ,

from about 25 feet below the top of the Kearny formation (upper
part of the core taken at a depth of 4,776 to 4,781 feet in the No. 1

Patterson well ) , and from about 5
9 feet below the top of the

Kearny formation (upper part o
f

the core taken a
t
a depth o
f

4,810 to 4,814 feet in the No. 1 Patterson well ) are given in the
accompanying table o

f

measurements .

The specimens from the Brentwood limestone member are
considerably larger in size for corresponding volutions than the
holotype o

f

this species . One o
f

these specimens o
f only six volu

tions measures about 1.0 mm in width , and it is one of the largest
specimens referable to this genus that I have studied . In addition

to size , there are several other differences in measurements be
tween the specimens from the Brentwood limestone and the holo
type , but they may a

ll

b
e

due to differences in environment and
not biological differences .

Several dozen thin sections of specimens and numerous free
specimens taken from a core sample about 2

5 feet below the top

o
f

the Kearny formation are being referred to M. marblensis . All

o
f

these specimens are small , they contain a maximum o
f

five

volutions , and the shell is highly evolute in the outer part of the
last volution . As so many specimens o
f

this general type are
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present in this core , it is believed that they represent mature in
dividuals , and they probably are referable to an unnamed variety

of this species . The specimen illustrated as figure 15 on Plate 2 is
from this same core sample of the Kearny formation . However ,

it is one of the most highly evolute representatives of the genus
Millerella so far observed . In fact , the outermost volution is only
slightly impressed by the preceding volution . It is doubtful that
this specimen is referable to M. marblensis .

Samples from the upper part of the core taken at a depth of
4,810 to 4,814 feet in the Patterson well , that is , about 59 feet below
the top of the Kearny formation , contain an abundance of speci
mens , some of which are here illustrated, that are closely similar

to the holotype of this species from the Marble Falls limestone .
However , the accompanying statistical data indicate that these

Kansas specimens are larger for corresponding volutions than the
holotype , their spirotheca is thicker , and their proloculum is
larger .
Occurrence.Specimens here referred to M. marblensis are

abundant in the upper part of the Brentwood limestone member

of the Bloyd shale at Morrow , Arkansas , and from about 25 feet
and about 59 feet below the top of the type section of the Kearny

formation . The holotype came from about 150 feet below the top

of the type section of the Marble Falls limestone . Specimens

which are possibly conspecific with the holotype have been de
scribed and illustrated from rocks of Derryan age in south -central
New Mexico and from rocks of Derryan age in Powwow Canyon

east of El Paso , Texas . Undescribed specimens which are prob
ably conspecific with the holotype occur in rocks of Morrowan
age in Powwow Canyon east of El Paso . The form described and

illustrated by Galloway and Harlton from the Wapanucka lime
stone of Oklahoma as Orobias radiata (Brady ) possibly is con
specific with the holotype of this species.

MILLERELLA PRESSA Thompson , n. sp .

Plate 2 , figures 16-23

Shell minute, subdiscoidal , planispiral throughout growth ,
narrowly and deeply umbilicate ; with narrowly rounded pe

riphery and slightly convex lateral sides . The holotype , a mature
specimen of five volutions ,measures 0.19 mm in axial length and
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0.63 mm in width . The form ratios of the first to the fifth volution
of the holotype are 1 : 0.50 , 1 : 0.47 , 1 : 0.47 , 1 : 0.46 , and 1 : 0.30 . As is
obvious from these determinations , the shell retains essentially

the same shape throughout growth of the first four volutions . This
uniformity of shape is also evident in other specimens of this
species . The inner two to three volutions are involute and are
only slightly umbilicate . However , from the third volution toma
turity , the shell gradually becomes more highly evolute , and the
uncoiling of the shell is rapid during development of the last
volution .

The proloculum is minute , and it
s

outside diameter measures

3
6 to 41 microns in five specimens , averaging 3
7 microns . The

EXPLANATION OF PLATE 1

All illustrations o
n

this plate are unretouched photographs .

FIGURE PAGE

4201
-
9 –Millerella marblensis Thompson

1 , Oblique sagittal section , x75 ; 2 , 7 , tangential sections , x70 ;

3 , 5 , 8 , axial sections , x75 ; 4 , sagittal section , x75 ; 6 , tangential
section , x75 ; 9 , illustration o

f

the same axial section a
s
8 but

having the magnification a
t which most larger fululinids are

generally illustrated , x10 . Upper part o
f theBrentwood lime

stone member o
f

the Bloyd shale .

42710-14 , ( ? ) 1
6 , 1
7 —Millerella ? advena , n . sp .

1
0 , Axial section of the holotype , x70 ; 11 , sagittal section , x70 ;

1
2 , oblique tangential section , x75 ; 13 , sagittal section , x75 ;

1
4 , tangential section , x70 ; 16 , axial section o
f
a specimen re

ferred to this species with question , x75 ; 17 , axial section , x75 .

The specimens o
f figure 10 , 11 , 13 , 14 , and 16 are from the upper

part o
f

the Brentwood limestone member o
f

the Bloyd shale ,

and those o
f figures 12 and 17 are from about 25 feet below the

top o
f the Kearny formation .

18-20 -Millerella pinguis , n . sp .

1
8 , Axial section of the holotype , x75 ; 19 , tangential section of

a paratype , x75 ; 20 , sagittal section o
f
a paratype , x75 . The

holotype is from the Brentwood limestone member o
f

the
Bloyd shale , and the two illustrated paratypes are from 5

5 to

5
8 feet below the top o
f

the Kearny formation .

425

4292
1 , 2
2 , ( ? ) 1
5
— Millerella ? advena var . ampla , n . var .

2
1 , Axial section of the holotype from about 45 feet below the

top o
f

the Kearny formation , x75 ; 22 , sagittal section of a para
type from about 45 feet below the top o
f

the Kearny formation ,

x75 ; 15 , sagittal section o
f
a specimen from the Brentwood
limestone member o
f

the Bloyd shale that is being referred
with question to this species , x75 .
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shell expands slowly and uniformly . The heights of the first to the
fifth volution of six specimens measure 16 to 27 , 27 to 41 , 45 to 63 ,

72 to 90 , and 115 to 135 microns, respectively ; averaging 20, 32,

55 , 79 , and 125 microns, respectively . The heights of the first to
the fifth volution of the holotype measure 20 , 34 , 54, 81 , and 115
microns, respectively .
The septa are thin , and they are distinctly curved in the outer

volutions. The septal counts of the first to the fifth volution in
the two illustrated sagittal sections average 8 , 11 , 14 , 19 , and 21 ,
respectively . The septa immediately over the tunnel in the first
two volutions are essentially normal to the overlying spirotheca .
Beyond the second volution the septa extend anteriorly and are
arcuate . The septa in the third volution are at an angle of about
15 degrees from normal to the spirotheca , and in the fifth volution
they are at an angle of about 26 degrees from normal.

The spirotheca is thin , and it is composed of a thin dense central
layer and indistinct thicker and less dense outer layers .
The tunnel is low and narrow . The tunnel angle measures 13

degrees in the third volution , 12 degrees in the fourth volution ,

and 11 degrees in the fifth volution of the holotype . Low and
narrow chomata occur in the third , fourth , and fifth volutions .
Remarks . - M . pressa is more closely similar to M. marblensis ,

the genotype of Millerella , than any previously described species .
Many of the statistical data of these two forms are closely similar .
However , in M. pressa the shell is more tightly coiled , the axial
ends are more evenly compressed , and the outer volution of ma
ture specimens is not so highly evolute as in M. marblensis .

Occurrence . - M . pressa is abundant in the core samples ob
tained from 5112 to 59 feet below the top of the Kearny formation
in the Stanolind Oil and Gas Company No. 1 Patterson well . The
holotype was obtained from the core taken in this well at a depth

of 4,807 to 4,810 feet ; that is , 55 to 58 feet below the top of the
Kearny formation .

MILLERELLA PINGUIS Thompson , n . sp .

Plate 1 , figures 18-20

Shell minute, subdiscoidal to ellipsoidal in axial profile ; with
depressed axial regions . The axis of coiling is the shortest di
ameter of the specimen . The periphery is rounded throughout
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growth of the individual . The shell is planispiral throughout

growth . The inner three to four volutions are involute , but the
outer part of the last volution becomes slightly evolute . The holo
type , presumably a mature specimen , contains four and one -half

volutions and measures 0.25 mm in axial length and 0.55 mm in
width , giving a form ratio of 1 : 0.46 . A paratype of about five
volutions measures 0.28 mm in axial length and 0.64 mm in width .
The form ratios of the first to the fourth volution of the holotype ,

are 1 : 0.50 , 1 : 0.52 , 1 : 0.51 , and 1 : 0.46 , respectively . The inner three
volutions are discoidal in shape with essentially smooth polar
regions, but the outer one or two volutions become inflated near
the periphery and are broadly umbilicate .

The proloculum is minute in size and spherical in shape . Its
outside diameter measures about 32 microns in two specimens .
The shell expands slowly during the first to the third volution ,

but the outer two volutions of mature specimens are more inflated .
The heights of the first to the fourth volution immediately over the
tunnel of three specimens are 27 to 34 , 40 to 52, 66 to 90 , and 117 to
135 microns, respectively ; averaging 30 , 45 , 76 , and 128 microns, re
spectively . Poleward from the tunnel the chambers decrease in
height rapidly .

The septa are relatively thick and in the third and fourth

volutions they are composed of three distinct layers , a central
dense thin layer ( the tectum ) and two outer thicker and less
dense layers. However , in the outermost two to three chambers ,

the anterior of these outer layers is absent . The structure of the
septa is evident in the illustrated sagittal section of a paratype .
The septal counts of the first to the fourth volution of the illus
trated sagittal section of a paratype are 8 , 10 , 12 , and 15 , respec
tively . Immediately over the tunnel in the inner volutions, the
septa are essentially normal to the overlying spirotheca . However ,
immediately over the tunnel in the outer volutions the septa
extend forward at an angle of about 15 degrees from normal to
the spirotheca , and they are slightly arcuate .

The spirotheca is relatively thick . In the last few chambers

of the outer volution the spirotheca has a thin dark top layer and a
relatively thick lower layer . The spirotheca of the inner volutions

contains a thin dark central layer , which corresponds to the top
layer of the outer few chambers , and upper and lower less dense
but thicker layers . The approximate values of 16 , 27 , and 27 mi

a
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crons, respectively , were determined for the thicknesses of the
spirotheca in the second , third, and fourth volutions of the holo
type .

The tunnel is low and broad in the outer two volutions of
specimens of four to five volutions. However , the tunnel is nar
row in the inner two to three volutions . High and broad chomata

occur in the second and third volutions of mature specimens , but
the chomata are low and narrow in the remainder of the shell.
The tunnel angles of the third and fourth volutions of a paratype

are about 20 and 22 degrees , respectively .

Remarks . — The broadly rounded periphery, broadly depressed

axial region , and almost completely involute shell serve to dis
tinguish this species from other described species of this genus .

Occurrence . - M . pinguis is rare in the upper part of the Brent
wood limestone member of the Bloyd shale , from which the holo
type was obtained , and in the green shales 55 to 58 feet below the
top of the Kearny formation in the Stanolind No. 1 Patterson well .
Also , a number of unsectioned specimens which are probably

referable to this species were obtained from the top of the core
taken about 59 feet below the top of the Kearny formation .

MILLERELLA ? ADVENA Thompson , n . sp .
Plate 1 , figures 10-14 , ( ? ) 16 , 17

а

Shell minute , subdiscoidal in shape; with rounded periphery,
slightly raised axial region , and distinctly convex lateral slopes .
One of the best preserved specimens , the holotype , contains four
and one-half volutions, measures 0.23 mm in length and 0.36 mm
in width , and has a form ratio of 1 : 0.64 . The last part of the outer
most volution of the holotype and of paratypes tends to become
slightly evolute . The remainder of the shell is involute . The first
volution is slightly asymmetrical , but the outer volutions are plani
spiral . The form ratios of the first to the fourth volution of the
holotype are 1 : 0.73 , 1 : 0.69 , 1 : 0.68 , and 1 : 0.63 , respectively .

The proloculum is minute , and it
s

outside diameter measures

3
6 to 45 microns . The shell of the holotype expands slowly and

uniformly , and the heights of the first to the fifth volution are

about 2
3 , 2
6 , 3
2 , 5
4 , and 7
2 microns , respectively . The heights

o
f

the first to the third volution of two paratypes are 1
8 to 20 ,

3
2 , and 4
1 to 63 microns , respectively .
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1

The septa are thin , and they contain a thin dark central layer

and less dense outer layers. However , the detailed structure of
the septa is difficult to determine in most specimens . The septal

counts of the first to the third volution of two specimens are 6 to

7 , 11 , and 12 to 13 , respectively . The septa are essentially normal
to the overlying spirotheca in the inner volutions, and they extend
forward only very slightly in the outer part of the shell .

The spirotheca is thin , and it is composed of a thin central
layer and somewhat indefinite outer less dense layers. The thick
nesses of the spirotheca of the second to the fifth volution of the
holotype measure about 5 , 9 , 9 , and 9 microns, respectively .

The tunnel is low . The tunnel angles in the third, fourth , and
fifth volutions of the holotype measure about 11 , 17 , and 21 de
grees , respectively . Chomata are well developed in the outer
volutions of specimens of five volutions, but they are low and dis
continuous in the inner two volutions . In the fifth volution of the
holotype, the chomata are highly asymmetrical, they are about
one -half as high as the chambers , and they extend about one - third

the distance from the tunnel to the poles .

EXPLANATION OF PLATE 2
All illustrations on this plate are unretouched photographs , and all of them

are magnified x75 , except figure 8 which is x10 .

FIGURE PAGE

42091-14 , ( ? ) 15, 24 —Millerella marblensis Thompson

1,4,7 , 8, 13, 14, Sagittal sections ; 2,5 , 6, 9, 10, 24, axial sections ;
3, 11, 12
, tangential sections ; 15, tangential section of a speci

men referred with question to this species . Figure 8 is of the
same specimen as that of figure 7 but at a magnification of x10 ,
the magnification at which larger fusulinids are generally
illustrated . Specimens of figures 1-7 and 24 are from about
59 feet below the top of the Kearny formation ; those of figures
9-15 are from about 25 feet below the top of the Kearny for
mation .

42316-23 —Millerella pressa , n . sp .

16, Tangential section of a paratype ; 17 , 20, 21, axial sections of
paratypes ; 18, axial section of the holotype ; 19, parallel section
of a paratype ; 22, 23 , sagittal sections of paratypes . Specimens
of figures 16 , 17, 20, and 21 are from about 5142 to 55 feet below
the top of the Kearny formation ; specimens of figures 18 and
22 are from about 55 to 58 feet below the top of the Kearny
formation ; and the specimen of figure 23 is from about 59 feet
below the top of the Kearny formation .



STATE GEOLOGICAL SURVEY OF Kansas , BULLETIN 52 , Part 7 PLATE 2

4

2

3

17
11

12
9 10

16

5
15

14

19

24
21

18 13

6
20

822 23 7

Thompson , Morrowan Fusulinids



Pennsylvanian Morrowan Rocks and Fusulinids 429

Remarks . — The typical variety of this species and the variety
ampla described below are referred with question to the genus

Millerella . They differ from the genotype of Millerella , M. mar
blensis , in that their axis of coiling is more extended , the shell is
only very slightly if at a

ll

evolute , and the juvenile portion of the
shell is slightly asymmetrical .

M. ? advena is one of the smallest described species of the fu
sulinids . It was at first believed that the holotype and the paratypes

were young individuals of a larger species . More than a half dozena

specimens have been found in thin sections prepared o
f

the Brent
wood limestone , and a

ll
o
f

them are about the size o
f

the holotype

o
r

are slightly smaller . It is , therefore , believed that the holotype

is an essentially mature specimen .

The typical variety advena differs from the variety ampla , de
scribed below , mainly in it

s

smaller size , more highly convex
lateral slope , and more tightly coiled shell . As would be expected

from these differences , the spirotheca o
f

the variety ampla is much
thicker than that of the typical variety advena .

Occurrence . — This species is common in one of the samples

o
f

limestone obtained from the upper part of the Brentwood lime
stone member o

f

the Bloyd shale on Hale Mountain near Morrow ,

Arkansas , and it occurs sparsely about 2
5 feet below the top of

the Kearny formation .

MILLERELLA ? ADVENA var . AMPLA Thompson , n . var .

Plate 1 , figures 2
1 , 2
2 , ( ? ) 15

A number of specimens that differ considerably from any pre
viously described species or variety have been obtained from a

core about 4
5 feet below the top o
f

the Kearny formation in the
Patterson well . These specimens are so closely similar , and pre
sumably closely related biologically , to the holotype and para
type specimens o

f Millerella ? advena that I consider them a va

riety of that species . Sagittal and poorly oriented axial and ob
lique sections of specimens that may possibly b

e

referable to the
variety ampla have been obtained from the Brentwood limestone
member o

f

the Bloyd shale .

Shell minute , subdiscoidal in shape ; with narrowly rounded
periphery , slightly extended axial regions , and slightly convex to
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a

straight lateral slopes . The holotype contains four and one -half
volutions and measures about 0.31 mm in length and 0.54 mm in
width , giving a form ratio of about 1 : 0.57 . An unfigured paratype
of five volutions measures 0.28 mm in axial length and 0.58 mm
in width , giving a form ratio of about 1 : 0.49 . The form ratios
of the first to the fourth volution of the holotype are 1 : 0.65 , 1 : 0.58 ,

1 : 0.59 , and 1 : 0.54 , respectively . The inner one and one -half volu
tions are slightly asymmetrical, but the outer volutions are sym

metrical . The fifth volution is umbilicate, and it is slightly evolute .

The proloculum is minute , and it
s

outside diameter measures

3
6 to 41 microns . The shell expands essentially uniformly , and the

heights o
f

the first to the fifth volution of the holotype measure

2
2 , 3
8 , 5
8 , 7
9 , and 108 microns , respectively . The heights of the

first to the fourth volution of the figured sagittal section of a para
type measure 2

3 , 3
6 , 5
9 , and 8
6 microns , respectively .

The septa are relatively thick , and they contain a thin dark
central layer and outer less dense and thicker layers . The septal

counts o
f

the first to the fourth volution of a typical specimen are

6 , 11 , 1
4 , and 1
9 , respectively . The septa are straight , but they

extend slightly anteriorly in the outer part of the shell .
The spirotheca is relatively thick , and it is composed of a thin
dark central layer and thicker less dense outer layers . The thick
nesses o

f

the spirotheca in the second to the fifth volution o
f a

typical specimen measure about 9 , 14 , 14 , and 1
8 microns , respec

tively .

The tunnel is narrow and high . The tunnel angle of the holo
type measures about 1

1 degrees in the fourth volution and 1
9

degrees in the fifth volution . Chomata are well developed in the
third to the fifth volution , and they extend almost to the poles .

Remarks . — This variety differs from the typical variety advena

in that it is larger in size , has more nearly straight lateral slopes ,

and has a less tightly coiled shell . Also , the spirotheca o
f the

variety ampla is thicker than the spirotheca o
f

the variety advena .

Occurrence.Specimens o
f

this variety are common in a core
sample from about 45 feet below the top of the Kearny formation ,

Specimens which I am referring with question to this variety were
obtained from the upper part of the Brentwood limestone member

o
f

the Bloyd shale at Morrow , Arkansas .



Pennsylvanian Morrowan Rocks and Fusulinids 431

REFERENCES

Adams , G. I. , 1904, Zinc and lead deposits of northern Arkansas ; with a section
by ULRICH , E. O. , Determination and correlation of formations : U. S. Geol.
Survey , Prof. Paper 24, pp . 1-118 , pls. 1-27 .

GALLOWAY , J. J. , AND HARLTON , B. H. , 1928, Some Pennsylvanian Foraminifera
of Oklahoma , with special reference to the genus Orobias : Jour . Paleon
tology , vol . 2, pp . 338-357 , pls. 45, 46.>

GILES , A. W. , AND BREWSTER , E. B. , 1930, Hale Mountain section in northwest
Arkansas : Am . Assoc . Petroleum Geologists Bull ., vol . 14, pp . 121-138 ,
figs. 1, 2.

HENBEST , L. G. , AND READ , C. B. , 1944, Stratigraphic distribution of the Pennsyl
vanian Fusulinidae in a part of the Sierra Nacimiento of Sandoval and Rio
Arriba counties , New Mexico : U. S. Geol . Survey , Oil and Gas Investiga
tions , Prel . Chart 2.

MOORE , R. C. , 1933, Historical Geology , pp . 1-673 , figs . 1-413 , McGraw -Hill
Book Company , Inc. , New York .

MOORE , R. C. , et al ., 1944, Correlation of Pennsylvanian formations of North
America : Geol . Soc . America Bull ., vol . 55, pp . 657-706 , pl . 1.

PURDUE , A. H. , 1907, Description of the Winslow quadrangle : U. S. Geol . Sur
vey , Geol . Atlas , Folio 154, pp . 1-6 , 2 maps .

SCHOFF , S. L. , 1943, Geology and ground water resources of Cimarron county ,
Oklahoma : Oklahoma Geol . Survey , Bull. 64, pp . 1-317 , figs. 1-27 , pls . 1-23.

THOMPSON , M. L. , 1942, New genera of Pennsylvanian fusulinids: Am . Jour .
Sci ., vol . 240, pp . 403-420 , pls. 1-3 .

1942a , Pennsylvanian system in New Mexico : New Mexico School

of Mines , State Bur . Mines and Mineral Resources , Bull . 17, pp . 1-90 , figs.
1-8 , pls . 1, 2.

VER WIEBE , W. A. , 1942, Exploration for o
il

and gas in western Kansas during

1941 : Kansas Geol . Survey , Bull . 42 , pp . 1-123 , figs . 1-42 .



INDEX
1944 REPORTS OF STUDIES

Clay Creek limestone , 180, 280
Cliotrypa , 261
Clyde formation , 290
Coal, 81, 213
analyses , 101, 221
bibliography ,133
production ,85 , 221
register of mines in Weir -Pittsburg
bed, 222
reserves of Thayer coal , 106

Coal Creek limestone , 177, 282
Coal mining , history of , 215
room and pillar system of , 216, 217

Coelocaulis , 262
Colorado , 412, 418
Colorado group ,152
Columbus coal, 199, 218
Comanchean series , 154
Condra , G. E. , 236
Cooper , James, 69
Cottage Grove sanastone , 87, 88, 92, 97,

113,116, 189
Council Grove group , 165, 293
Courtier , W. H. , 36
Crawford county , 101, 215, 216, 218, 219
Cretaceous system , 144, 151, 154, 155
Croweburg coal, 199, 218
Cyclotrypa , 254, 266
species described , index of , 408
stratigraphic aistribution of species ,
247

Cynomys ludovicianus , 11, 15, 18, 19
Cynomys vetus , 18

Decatur county , 23
Deer Creek limestone , 178, 278, 281
Delaware Mountain formation , 292, 294,
297, 298
Dennis limestone , 88, 191
Derryan series , 417, 418, 420, 423
Desmoinesian series , 194, 271, 272, 420
Devonian rocks , 259, 261, 262, 263, 267
Dewey limestone , 275
Dockum group , 156
Douglas county , 281
Douglas group , 182
Dover limestone , 170, 173, 301
Drum limestone , 87, 190, 271, 300
Dry Creek mining district , 110, 111, 117,
118

Abernathy, G. E. , 213
Admire group ,168
Allen county , 88, 91, 93, 97, 108, 113,
120, 125
Alluvium , 38, 145
Anderson county , 97, 108, 112, 125
Argentine limestone , 187, 188, 270, 271
Arizona , 304
Arkansas , 411, 413, 417, 421, 423, 429, 430
Atoka formation , 269
Auburn shale , 175, 301

Barneston limestone , 164, 289
Beattie limestone , 166, 293, 300, 303
Bevier coal , 199, 218
Bloyd shale , 413, 421, 423, 427, 429, 430
Bluejacket sandstone , 199, 218
BlueMound mining district , 102, 103, 104,
107, 108, 111
Bonner Springs shale , 187, 272
Botryllopora, 255
Bourbon shale , 193
Breezy Hill limestone , 36, 197
Brentwood limestone , 413, 421, 423, 427,
429, 430
Bronson group , 191, 273, 274, 278
Brown county , 293
Brownville limestone , 170, 172, 283, 300,
301
Bryozoans , 229
Pennsylvanian and Permian , oc
currence , 244
vesicle -bearing stony , nature and
relationships , 256

Bryozoans , " fistuliporoids "
internal structure , 251
stratigraphic distribution of species ,
247
surface features , 250
zoarial forms, 248

Buskopora , 263

Dudley , Ruth Mary , 229
Dunbar strip coal mine ,98, 102
Dybowskiella , 253, 254,262

Calamites , 87
Calamopora , 253
Calhoun shale , 178, 278, 279
Canis lupus , 10
Capitan limestone , 298
Cenozoic rocks , 142, 143, 145, 150, 156.
159
Ceramoporidae , 256
Chanute shale , 86, 189, 300
outcrop area , 89
stratigraphy , 87
thickness , 87, 88. 93
topography of area , 92

Chase group , 160
Cheilotrypa , 261
Cheilotrypıdae , 256, 266
characters of genera , 258
geologic distribution of genera , 264
index of genera and species described ,
408
summary of genera , 265
zoarial types , 258

Chemical constituents of ground water ,
63, 65
Cherokee coal bed , 219
Cherokee county , 101, 215, 216, 218, 219
Cherokee shale , 35, 40, 197, 215, 216, 218,
219, 220, 411
Cherryvale shale , 88, 191
Chesterian series , 200, 299
Chetopa Creek mining district , 103, 107,
110, 111, 113, 117
Cisco group , 285, 287, 420
Citellus richardsonii, 11, 15, 17, 18, 19

Elias , M. K. , 3, 4
Elk county , 281
Equilibriuin method for determining
permeability , 46
Equus sp., 12
Eridopora , 258
Erosional unconformities , 220
Evactinopora , 303

Favicella , 259
Fistuliphragma , 261
Fistulipori , 248, 255
Fistuliporella , 259
Fistuliporidae , 253, 255
Fistulocladia , 260
Fistulotrypa , 261
Fleming coal , 199, 218
Florena shale , 166, 293, 300, 303
Foraker limestone , 168, 288, 289, 300
Foraminifera , 409, 416
Formations , index of , 209
Fort Riley limestone , 164, 289
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Fort Scott limestone , 35, 197, 215, 216, 218
Fossil “nests ," 246
Frye , John C. , 1, 137
Fusulinella , 417
Fusulinids , 409

Galloway, J. J. , 418
Gaptank formation , 286, 302
Gastropods , 13, 19, 24, 25
Geologic names , index of , 209
Glen Eyrie shales , 418
Graham group , 284
Ground water in Neosho River valley , 29
geology in relation to , 35
observation wells , 62
physical properties of water -bearing
materials , 42
quality , 63
quantity , 58
shape of water table and movement
of water , 53

Guadalupian series, 156, 290, 291, 292,
294, 295, 297, 298, 303, 307
Gulfian sexies, 151, 155
Gunsight limestone , 284

Leavenworth county , 101, 278
Lecompton limestore , 179, 278, 279, 281
Leonard , A. Byron , 1
Leonardian series , 157, 290, 292, 294, 295,
296, 303, 304, 307
Lichenotrypa , 259
Linn county , 88, 91, 92, 93, 97, 99, 100, 101,
102, 103, 104, 105, 107, 108, 111, 112, 120,
121, 123
Loess , 8
Loveland formation , 6
Lugn , A. L. , 3, 4
Lyon county , 301

Hale formaticn , 268, 413
Harlton , B. H. , 418
Harpersville formation , 300, 301
Henbest , L. G. , 418
Hertha limestone , 187, 191, 193, 194, 274
Hexagonella , 263
Hibbard ,Claude W. , 1
Horsebacks , 221
Howard limestone , 176, 278
Hughes Creek shale . 168, 288, 289, 300

Magdalena limestone , 285
Marble Falls limestone , 417, 419, 421, 423
"Marlite ," 88
Marmaton group , 194
Meekopora , 246, 263, 298
species described , 408
stratigraphic distribution oi species ,
247

Meekoporella , 263, 304
species described , 498
stratigraphic distribution of species ,
247

Members , index of , 209
Meramecian series , 200
Mesozoic rocks , 142, 143, 151, 155, 156
Miami county , 87, 88, 92, 93, 97, 100, 108,
110, 120, 122
Microtus cf. pennsylvanicus , 11, 19
Millerella , 413, 415, 417, 418, 419
? advena , 424, 427
? advena var . ampla , 424, 429
marblensis , .119, 420, 424, 425, 428, 429
pinguis , 424, 125
pressa , 423, 428

Mineral coal , 199, 218
Mining methods and practices , 99
types of mines in Thayer bed , 99

Mississippian limestones , 411, 414, 420
Mississippian system , 200, 216, 218, 261,
262, 267, 299
Missouri , 101, 215, 269, 272, 300
Missourian series , 184, 200, 271, 272, 273,
274, 275, 276, 300, 306
Montana group , 151
Montgomery county , 87, 88, 91, 92, 93, 97,
99, 100, 102, 103, 104, 105, 106, 107, 111,
113, 118, 120, 130
Moore , R. C. , 137, 229, 417, 418
Morris county , 289
Morrowan rocks , 409, 413, 417, 418
Morrowan series , 268, 411, 413, 416, 420
type section of , 413

Mulky coal , 197, 218

latan limestone , 184, 276
Igneous rocks, 144, 200
Illinois , 299
Imbt , W.C , 413, 415
Index of bryozoan species described or
illustrated , 408
of stratigraphic names , 209

Invertebrate fossils . 12, 19, 229, 409
Iola limestone , 87, 88, 108, 117, 189

Jacksboro formation , 284
Jewell county ,20
Jewett , J. M., 92, 99, 137
Johnson county , 87, 88, 91, 92, 93, 97,
108, 109, 122

Kaibab limestone , 304
Kansas , bryozoans from , 239, 246, 270,
271, 275, 279, 280, 281, 282, 288, 289, 293,
300, 301, 303, 396
eastern , coal resources of Thayer
bed , 81
north -central , Pleistocene deposits , 1
outcropping rocks , 137
southeastern , ground water in Ne
osho River valley , 29
southeastern , mined areas of Weir
Pittsburg coal bed , 213
southwestern , Morrowan rocks and
fusulinids , 409

Kansas City group , 81, 187, 269, 271, 272,
275
Kanwaka shale , 180, 280
Kearny county , 411, 414
Kearny formation , 413, 414, 416, 421,
423, 425, 427, 429. 430
Kessler limestone , 413
Knifeton coal , 218

Nebraska , 3, 272, 273, 276, 279, 283, 288,
289, 300, 301
Neosho county , 87, 88, 91, 92, 97, 99, 100,
103, 104, 105, 107, 110, 111, 113, 117,
120, 126
Neosho River valley
alluvial soils in . 59
analyses of water from , 65
geologic profiles in , 39
geology of , 35
ground -water conditions in , 29
movement of water in , 56
observation wells in , 62
pumping test of well in , 43
quality of water in , 63
quantity of ground water in , 58
water table , shape of , 56
wells and test holes in , 57

Newell , N. D. , 88, 91, 92
New Mexico , 285, 417, 418, 420, 423
Nippewalla group , 157

Labette county , 33, 101, 220
Ladore shale , 193, 273
Lansing group , 186
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Sheridan county , 23
Silurian rocks , 259, 260, 262, 263
Smith county , 20, 21
Specific yield of water -bearing forma
tions, determination of , 54
Spring -Fawn Creeks mining district , 107,
111, 118, 119
Staffella ciscoensis , 420
Stanton limestone ,184, 186, 272, 276, 278,
306
Stonebreaker limestone , 174, 300
Stoner limestone , 186, 276, 300, 306
Stratigraphic names , index , 209
Stratigraphic sections , 20
Strotopora , 262
Sulcoreteporidae , 257
Sumner group , 159
Sycamore mining district , 106, 107, 111,
119

Tarkio limestone , 174, 283
Terrace deposits , 36, 40, 146, 147
Tertiary system , 143, 148
Texas , 284 , 285, 286, 287, 288, 290, 291,
294, 295, 296, 297, 298, 301, 302, 303,
307, 417, 418, 423
Thayer coal , 81, 91, 189
contact rock , 97
economics of , 116
estimated cumulative production , 106
geographic distribution , 92
mining methods and practices , 99
outcrops and mines , register of , 122
physical and chemical characteristics ,
98
production , 103
proximate analyses , 100
reserves , 106
stratigraphic position within Chanute
formation , 92, 122
thickness , 97, 122
types of outcrops , 122

Thayer mining district , 104
Thayer -Coal Hollow mining district ,
107, 110, 111, 117, 118
Theis recovery formula , 52
Thiem formula , 46
Thomas county , 4
Thompson , M. L., 409
Thrifty formation , 285, 300
Topeka limestone , 177, 279
Trematopora , 257
Trepostomata , 257
Triassic system, 151 , 154
Triceracrinus , 301
Triphyllotrypa , 260, 291
species described , index , 408
stratigraphic distribution of species ,
247

Non -equilibrium method of determining
permeability , 52
Norton county , 21

Oklahoma , 268, 269, 272, 275, 283, 288,
300, 301, 412, 417, 418, 423
Ordovician , 266
Oread limestone , 181, 267, 278, 279
Orobias biumbonata , 418, 419, 420
Orobias radiata , 418, 420, 423
Osagian series , 200
Outcropping rocksof Kansas , 137, 209
Ozawainella , 417, 419

Paleontology , invertebrate , 12, 14, 19,
24, 25, 229, 409
vertebrate , 10, 15, 17

Paleozoic rocks , 142, 143, 156
Patterson field , 411
" Patterson sand ", 411
Patterson well , Kearny county , 411, 412,
413, 417, 421, 423, 425, 427, 429
description of core samples from , 415

Pedee group , 184, 276
Pelecypods , 19
Pennsylvanian rocks , 35, 144, 170, 185,
198, 201, 216, 267, 284, 286, 306
bryozoans from , 229
coal in , 81, 213
fusulinids from , 409

Peorian formation . 6
Permeability of water -bearing materials ,
determination of , 46
Permian rocks , 143, 156, 161, 162, 171
bryozoans from , 229, 259, 260, 262,
263, 266, 267, 288, 290, 291, 293,
297, 298, 301, 303, 304

Phillips county , 21
Pierce , W. G. , 36
Pierre shale , 26, 151
Plattsburg limestone , 187, 275
Plattsmouth limestone , 181, 278
Platygonus leptorhinus , 12, 19
Pleistocene series , 1, 145, 146, 148
Pliocene series , 148
Plummer , F. B. , 236
Profusulinella , 417
Proximate analyses of Kansas coals , 100,
101
Pseudostaffella , 417

Quartermaster group , 156
Quaternary deposits , 36, 145

Vertebrate fossils , 10, 15, 17
Virgilian series , 170, 280, 281, 283, 285,
300, 301, 302

Rawlins county , 26
Read , C. B. , 418
Reading limestone , 174, 279
Recent series , 145
Red Eagle limestone , 167, 288
Riley county , 144, 200
Riverton coal , 199, 218
Rooks county , 24
Ryniker , Charles , 418

Saddle Creek limestone , 300
Salter , M. J. , 103
Sanborn formation , 4. 147
invertebrate fossils from , 12, 19
measured sections of , 20
physiographic expression of , 7
pre -soil zone deposits , 15
regional extent of , 6
soil zone , 13
upper gray loess of . 8
vertebrate fossils from , 10, 15, 17

Schoewe , Walter H. , 81
Selenopora , 259
Shawnee county , 282
Shawnee group , 177, 278, 279, 280, 281

Wabaunsee group , 170, 278, 279, 283
Wakarusa limestone , 175, 283, 300
Waldrip shale , 300, 301
Wallace county , 25
Wapanucka limestone , 418, 419, 423
Water -bearing materials
permeability , determination of , 46
physical properties of, 42
specific yield , determination of , 54

Water table in Neosho river valley , shape
of , 56
Wayland shale , 281
Weir -Pittsburg coal, 199, 213, 218, 219
analyses of, 221
depth of , 220
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erosional unconformities in , 220
history of mining , 215
horsebacks in , 220
location of bed, 215
mined areas , 213
position in Cherokee shale , 218
production of , 221
register of mines , 222
stratigraphy , 218
thickness of, 200
topography of area , 215

Well logs, 69
Wewoka formation , 271, 272
Williams, Charles C. , 29

Wilson county , 88, 91, 92, 93, 97, 98, 99,
100, 102, 103, 104, 105, 107, 110, 111,
113, 114, 117, 120, 127, 275, 306
Winterset limestone , 187, 191, 272, 278
Wolfcampian series, 160, 200, 286, 288,
293, 300, 303, 307
Woodhouse clay , 26. 149
Woodson county , 144, 200
Word formation , 290, 291, 292, 294, 295,
297, 303, 307
Worthenia tabulata , 87
Wyandotte county , 87, 88, 92, 93, 97, 108,
122
Wyandotte limestone , 188, 269, 271
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